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ABSTRACT The aim of this research was to evaluate
the production and hematologic responses of confined
Rhode Island Red chickens consuming water with 3
different levels of salinity and housed at different den-
sities. Seven hundred and twenty birds were distributed
in 36 experimental boxes built inside a poultry house
according to a completely randomized design with a 3!
3 factorial scheme with 3 salinity levels (SL) of water (1,
4, and 8 dS/m) and 3 housing densities (8, 10, and 12
birds/m2). Four birds were evaluated from each exper-
imental box, thus totaling 16 repetitions (birds) per
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treatment. The productive performance, carcass yield,
and hematologic traits of the birds in different experi-
mental conditions were evaluated. Increasing water SL
resulted in a significant increase (P, 0.05) in water and
feed consumption beginning in the sixth week of life,
causing an increase in the percentage of carcass and
heart weight, with no changes in serum responses.
Increasing housing density led to a reduction in water
and feed consumption, weight gain, and feed conver-
sion, thus reducing the chickens’ blood magnesium
levels.
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INTRODUCTION

Farming country or colonial broilers is a potential ac-
tivity in Brazil, especially in the northeast region, as they
are low-maintenance birds capable of presenting high
production results. For efficient husbandry in this re-
gion, some factors must be taken into account, such as
climatic conditions (Rama Rao et al., 2018), production
system (Liu et al., 2011; Fu et al., 2015; Li et al., 2017),
and drinking water quality (Al-Mufarrej et al., 2005;
El-Sabrout and Hanafy, 2017).
The areas within in this semiarid region experience

low annual rainfall and consequently have scarce drink-
ing water (Gomes et al., 2018); the availability of this
nutrient is one of the factors that need to be considered
when undertaking commercial husbandry of chickens. In
addition to low rainfall, another concern to be taken into
account is the water quality, as the reservoirs in this re-
gion can have water with high electrical conductivities,
thus classified as brackish. This is due to the geological
characteristics of most of the semiarid soil, specifically
the predominance of crystalline rocks in the subsoil
(ANA, 2007).

Elevated levels of sodium chloride in drinking water
result in increased blood pressure in birds
(Honarbakhsh et al., 2007). To expel salt, animals in-
crease water consumption, reducing the amount of po-
tassium in their blood (Kalimuthu et al., 1987; Balnave
and Gordon, 1993); consequently, the anion–cation ratio
becomes unbalanced. This imbalance can affect many
physiological and metabolic bodily functions and, there-
fore, can reduce the productive performance of animals
due an increase in the feed conversion rate (Kalimuthu
et al., 1987; Julian, 1993).

The balance of body fluids in animals is meticulously
regulated by neuroendocrine control systems
(McKinley et al., 2004). After a change in the volume
or content of the extracellular fluid (including blood
plasma), these control systems provide appropriate
compensation to maintain them within narrow ranges.
In the body water balance equations, the 2 main vari-
ables are water and sodium, with extracellular
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osmolarity being regulated mainly by water intake and
excretion (Geerling and Loewy, 2008).

Conventional industrial production of broiler chickens
is an activity that has high production efficiency due to
technological and genetic advances, and Brazil is one of
the world’s highest producers (ABPA, 2018). High pro-
duction efficiency has not yet been achieved in the pro-
duction of free-range chickens. One of the ways
through which conventional industrial producers have
increased production efficiency is by adopting high den-
sities in bird housing (Rashidi et al., 2018). Thus, to
improve efficiency in the production of free-range
chickens, it is necessary to define the appropriate hous-
ing density (D) for these birds in order to ensure
adequate conditions so that they can achieve their
maximum productive potential (El-Deek and El-
Sabrout, 2019).

Therefore, this research aimed to evaluate the produc-
tion and hematologic responses of Rhode Island Red
breed chickens consuming water with increasing levels
of salinity and confined to different Ds.
MATERIALS AND METHODS

Experiment Location

The experiment was carried out at the premises of the
Federal Institute of Education, Science and Technology
of Pernambuco—IFPE, Campus Barreiros, Pernam-
buco, Brazil. This semiarid region in the northeast of
Brazil has a maximum annual precipitation of 800 mm,
an average annual temperature ranging from 23�C to
27�C, and an average relative humidity of approximately
50% (Moura et al., 2006).
Animals and Housing

This research was approved by the Research Ethics
Committee (CEP) of the Federal University of Campina
Grande, Paraíba, Brazil, under Protocol CEP Nº 092-
2018.
Figure 1. Floor plan of the shed showing the arrangement of the boxes for
8 dS/m) and D the housing density factor (8, 10, and 12 birds/m2).
For the following experiments, 720 one-day-old male
Rhode Island Red chicks were acquired and were vacci-
nated for the prevention of Marek’s disease, fowl pox,
and infectious bronchitis. The experiment was initiated
when the birds were 15 d of age, at which point they
were weighed individually and marked with plastic rings
with different colors fixed on the shank for identification.
The experimental period lasted from 23 March to 17
May 2018, totaling 56 d. During the experimental
period, the birds were exposed to a light-dark cycle of
23 consecutive hours of illumination with an hour in
the dark.
The experimental aviary (Figure 1) was 26.0, 8.2, and

2.8 m in length, width, and height, respectively, oriented
in the east-west direction. Within it, 36 experimental
boxes with dimensions of 2.0 ! 1.1 m were built, with
a usable area of 2.0 m2 (excluding feeder and drinker
areas). The boxes were equipped with tubular feeders
and bell-shaped drinkers, while the floor was covered
with wood shavings, which were replaced whenever
necessary.

Experimental Design

After reaching 15 d of age, the birds were distributed
in the experimental boxes according to a completely ran-
domized design and a 3 ! 3 factorial scheme, with 3
different levels of water salinity and 3 Ds. Four birds
were evaluated per experimental box, thus totaling 16
repetitions (birds) per treatment. The tested salinity
levels (SL) were 1.0, 4.0, and 8.0 dS/m and were adopted
based on the results of Luke (1987), which defines
4.7 dS/m as the safe maximum limit of total water salts
for chickens. The evaluated densities were 8 (low den-
sity), 10 (ideal density), and 12 birds/m2 (high density),
defined based on the guidelines by Schmidt and
Figueiredo (2007) for free-range chickens.

Experimental Procedures

Throughout the experimental period, the birds
received water and feed ad libitum, and during the first
each treatment, where S represents the levels of water salinity (1, 4, and
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Table 1.Analysis of representative quality parameters of the water
offered to chickens.

Parameters analyzed MAV Values

Total dissolved solids (mg/L) 500 38.98 6 2.98
Conductivity (mS/cm) ND 87.14 6 0.83
Turbidity (uT) �100 uT 32.52 6 2.17
pH 6.0–9.0 6.21 6 0.03
Hardness (mg CaCO3/L) 110 65.67 6 3.07
Chloride (mg Cl2/L) 250 8.75 6 1.25
Nitrates (mg NO3

2/L) 10 0.60 6 0.01
Sulfates (mg SO4

22/L) 250 15.30 6 2.50
Total ammoniacal nitrogen (mg N/L) 13.3 0.29 6 0.01
Escherichia coli (organisms/100 mL) Absence Presence

Abbreviations: MAV, maximum allowed value; ND, undefined; uT,
turbidity unit.

PRODUCTIVE AND HEMATOLOGIC RESPONSES OF BIRDS 3
week of life, the birds consumed water without addi-
tional sodium chloride. The analysis of this water is
shown in Table 1, as per the standards established in
the Resolution of the National Council for the Envi-
ronment (CONAMA), No. 357 of 17 March 2005. After
that, solutions with additional sodium chloride at pre-
determined concentrations were offered to the
chickens.
The diet was formulated based on the NRC (1994) rec-

ommendations for broiler birds, which suggests a diet of
3,200 kcal/kg of metabolizable energy and approxi-
mately 23, 20, and 18% crude protein in the initial,
growth, and final phases, respectively. The formulation
is shown in Table 2.
Zootechnical Performance

During the experimentation period, all birds were
weighed individually each week. The weekly food and
water intake was calculated by measuring the difference
between the quantity offered and that left over; subse-
quently, the total consumption of feed and water per
week was calculated by dividing the amount of feed
and water consumed by the number of birds in each
experimental box, thus determining the average intake
per bird. The body weight gain was calculated from
Table 2. Formulation for 100 kg of poultry feed u

Macronutrients Initial ration (

Ground corn 7.50/730 37
Ground rice 20
Soy flakes 45.0/80 38
Soy oil 2
Premix CC BC pre-initial 30 kg/T 3
Premix CC BC growth 30 kg/T -
Premix CC BC final 30 kg/T -
Total 100

Nutritional levels
Metabolizable energy (kcal/kg) 2,988.62
Crude protein (%) 21.46
Crude fat (%) 4.20
Ash (%) 5.74
Total calcium (%) 0.80
Total phosphorus (%) 0.45
Sodium (%) 0.18

Abbreviations: BC, broiler chicken; CC, concentrate
the difference between the initial and final weight of
the chickens each week. The feed conversion index was
calculated by dividing the amount of food consumed in
a given period by the weight gain in the same period,
expressed in the same unit of weight.

When the chickens were 72 d of age, 4 chickens from
each experimental box were selected to determine the
carcass yield. The birds were subjected to a 24-hour
fast with free access to water, after which they were
weighed, stunned, and subsequently slaughtered by cut-
ting the neck. After 5 min of bleeding, each chicken was
scalded (60�C for 3 min), plucked, and eviscerated, and
the head, neck, and legs were removed. The carcass,
without giblets, was weighed and subsequently
expressed as a percentage of its live weight (Pliv), and
this value was considered the carcass yield (Pcarc). In
addition, the weights of the liver (Pliver, without gall-
bladder), gizzard (Pgizz), proventricle (Ppro), heart
(Phea), bursa of Fabricius (Pfab), small intestine (Psmall),
blind intestine (Pblind), and visible fat (Pvisf, around the
viscera, gizzards, and subcutaneous) were determined,
and the relationship between the weight of each organ
and the live weight of the birds was calculated as
percentages.
Hematologic Responses

From each of the 4 chickens selected in each experi-
mental box, a 10-mL blood sample was collected by
brachial vein venipuncture after a 24-hour fast to obtain
serum and fluorinated plasma. Both serum and fluori-
dated plasma were obtained after centrifuging the blood
at 3,000 rpm for 10 min. The supernatant was aliquoted
in Eppendorf microtubes and stored at 220�C until
biochemical analysis.

All serum samples were analyzed in a Labmax 240
automated analyzer (Labtest Diagn�ostica S.A., Minas
Gerais, Brazil) at the Metabolic and Nutritional Dis-
eases Laboratory of the Advanced Research Center of
Goats at the Federal Rural University of Pernambuco
(UFRPE).
sed.

kg) Growth ration (kg) Final ration (kg)

47 57
15 10
32 26
3 4
- -
3 -

3
100 100

3,117.22 3,235.55
19.12 16.78
5.40 6.60
5.46 5.24
0.79 0.66
0.43 0.38
0.19 0.17

d core.
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Statistical Analysis

For optimal data analysis, the experimental period
was divided into 3 phases, namely, F1, including the
third to the fifth week of life, F2, including the sixth to
eighth weeks of life, and F3, including the ninth to
10th week of life. The average measured responses were
analyzed when considering the entire experimental
period.

The productive and hematologic responses are pre-
sented as means 6 SEM of the data. For the statistical
analysis, the ExpDes.pt package (version 1.1.2,
Ferreira et al., 2013, Brazil) of the statistical software
R version 3.4.1 (R Core Team, 2013) was used. The re-
sidual normality and homogeneity of the sample vari-
ances were tested using the Shapiro-Wilk and Bartlett
tests, respectively. To evaluate the effects of the different
water SLs and Ds on the productive and hematologic re-
sponses of the birds, ANOVAs and F tests were used, ac-
cording to the statistical model presented in Equation 1.
The Tukey test was used to compare the averages, with a
probability of error of 5% (P , 0.05).

yijr 5m1ai1bj1ðabÞij1εijr (1)

where yijr is the rth response that received the ith level of
factor a and jth level of factor b; m is the constant
(average); ai is the effect of the ith factor a (water SL),
i 5 1, 2, 3.a; bj is the effect of the jth level of factor b
(D), j 5 1, 2, 3.b; abij is the interaction effect; and εijk

is the experimental error.
RESULTS

Productive Responses

The interaction between SLs and D (SL ! D) had no
significant effect (P . 0.05) on any of the productive re-
sponses evaluated (Table 3). Notably, when considering
the periods from the sixth to the 10th week of life of the
birds (F2 and F3), there was a significant difference (P,
0.05) in water consumption by the birds as the SLs
increased, as it increased 10 and 7%, when comparing
the SL from 1 to 8 dS/m in phases F2 and F3, respec-
tively. This was also found when analyzing the total wa-
ter consumption (considering the entire experimental
period), in which there was an increase of approximately
8%.

The chickens consumed a greater (P , 0.05) amount
of feed with increasing levels of water salinity in the F3
phase. The consumption of water and feed, weight
gain, and feed conversion were significantly reduced (P
, 0.05) with increasing D.

Regarding carcass yield, the effect of the interaction
between SLs and D was not significant (P . 0.05).
Increasing SLs had a significant effect (P , 0.05) on
the percentages of carcasses and hearts, and as D
increased there was a significant increase (P , 0.05) in
the percentage of the small intestine relative to the live
weight (Table 4).
Hematologic Responses

There was no significant interaction (P . 0.05) be-
tween water SL and D on the hematologic responses of
the animals evaluated, which were also not significantly
affected (P . 0.05) by water SL. The increase in D from
8 to 12 birds/m2 significantly reduced (P , 0.05), by
9.32% on average, the amount of magnesium in the
birds’ blood, while the remaining blood variables
remained unaffected (Table 5).
DISCUSSION

The increase in birds’ water consumption with
increasing SL can be highlighted as an osmoregulatory
tool used to avoid considerable variations in the extracel-
lular fluid sodium concentration via the dynamic balance
between water intake and excretion (Geerling and
Loewy, 2008).
Increasing water SL caused an increase in chickens’

feed intake in the last 2 wk of life, but there was no pro-
portional increase in weight gain. Although there were
no relevant changes in feed conversion, one can observe
a reduction in the production efficiency of the birds
when provided with water with increasing levels of
salinity; thus, the chickens had to ingest a larger amount
of feed to maintain the same weight gain.
Weight gain and feed conversion were not affected by

water SLs, and weight gain was within the average
established for the strain. According to Figueiredo
et al. (2007), colonial birds with an approximate age of
70 d usually gain approximately 215 g of live weight
per week with a feed conversion index of approximately
3.7. It can also be seen that the birds evaluated in the
present study showed better feed conversion than the
reference values provided by the aforementioned au-
thors, demonstrating the animals’ ability to consume sa-
line water without compromising their productive
performance (Figueiredo et al., 2007).
The reduction in water and feed intake caused by

increasing D may be linked to a lower availability of
physical space, thus restricting the birds’ mobility and
making access to drinking fountains and feeders more
difficult (Lima et al., 2018). As a result, the birds’ weight
gain was also negatively affected by the increase in D,
and since the weight gain of chickens under normal den-
sity conditions is directly proportional to food intake, it
can be inferred that the reduction in weight gain
observed in birds evaluated at higher densities is directly
related to their lower feed intake.
Similar to what was observed in the present study,

Lima et al. (2018) reported a reduction in broiler weight
gain as D increased, emphasizing that, despite a signifi-
cant reduction in weight gain and feed intake, there
was still a significant reduction in food conversion; that
is, the birds were more efficient in converting metabolic
energy from feed into live weight. The authors justified
that the decreased feed conversion was due to the reallo-
cation of metabolizable energy that would have been
spent on locomotion to weight gain due to the greater
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space restriction caused by the increase in D, which
makes movement difficult for chickens.

Another important consideration regarding the
reduction in feed conversion of birds subjected to
higher Ds is that lower feed consumption by these an-
imals may increase their digestive efficiency. In
response to dietary restriction, the organism may expe-
rience some adjustments, both enzymatic and hormon-
al. In response to reduced food consumption, an
increase in the volumetric capacity of the crop and a
decrease in the passage rate are observed (Cherry
et al., 1987; May, 1987; Katanbaf et al., 1988). This
decrease in the rate of passage and enzymatic adjust-
ments allow for better food digestion and absorption
(Macari et al., 1994).

Analyzing the meat production per square meter, it
was found to be 21.61, 24.16, and 27.14 kg/m2 at D
values of 8, 10, and 12 birds/m2, respectively. It can
therefore be inferred that even with less weight gain
per bird, the density of 12 birds/m2 provided greater
meat production and could be adopted as a way to opti-
mize production costs and use of the facility area. In this
way, higher Ds could be used in the production of coun-
try poultry, although animal welfare conditions have to
be observed.

Increasing SL influenced birds’ percentage of carcass
weight relative to the live weight, despite not having
an effect on the live weight of the animals. This increase
can be explained by extracellular fluids retention in the
carcass caused by the excess sodium in the birds’ diet
(Barros et al., 2001). Barlow et al. (1948) found that
increased salt levels in the diet of broiler chickens tended
to mask the carcass weight data, due to an increase in
body water retention. In addition, Barros et al. (2001)
reported that the percentage of dry matter in broiler car-
casses was not affected by consuming feed with different
sodium levels.

The consumption of water with high concentrations
of sodium chloride caused an increase in birds’ percent-
age of heart weight relative to the live weight. Frohlich
et al. (2018), when evaluating animals consuming diets
rich in sodium, observed increased cardiac and left ven-
tricular mass without considerable changes in hemody-
namic factors, leading them to suggest that these
pathophysiologic changes occurred exclusively due to
the impact of sodium. Finally, these authors also state
that it is possible that high sodium intake may have
direct myocytic effects inducing cardiac hypertrophy.
Reports also suggest that factors such as cations
(Na1, Ca21) may be involved in cardiovascular changes
(Marban and Koretsune, 1990; Morgan and Baker,
1991).

The present study showed that there was an increase
in the weight of the small intestine with an increase in
D, a phenomenon that can possibly be explained by an
increase in villus height accompanied by an increase in
digestive and absorptive function due to the expansion
of the surface area of the small intestine that results in
increased organ weight (Awad et al., 2009). Reinforcing
this idea, we found that feed conversion was reduced
with increased D, showing that the birds converted
food into live weight more efficiently in higher D
environments.
The increase in D caused a reduction in the birds’

blood magnesium levels, which can be explained by the
reduction in feed consumption in higher D conditions.
Magnesium mainly comes from Premix, and low con-
sumption of these products can cause a deficit in the an-
imals’magnesium level (Severo et al., 2015). In addition,
magnesium is a mineral that is reported to reduce stress
levels; therefore, animals subjected to high D may have
used this mineral to a greater degree.
McDowell (1999) established reference values for the

following broiler serum components: phosphorus (3–
6 mg/dL), calcium (8.5–19.5 mg/dL), gamma glutamyl
transferase (GGT) (18–23.4 mg/dL), alkaline phospha-
tase (1,276–1,506 mg/dL), urea (0–5 mg/dL), albumin
(1.6–2 g/dL), creatine (0.1–0.4 mg/dL), total proteins
(2.7–5.6 g/dL), sodium (151–161 mmol/L), potassium
(4.6–4.7 mmol/L), total cholesterol (125–200 mg/dL),
triglycerides (136–166 mg/dL), and uric acid (2.1 and
7 mg/dL). When comparing the serum responses of birds
to these reported reference ranges, it can be noted that
the hematologic values, except for GGT, albumin, potas-
sium, and triglycerides, are within the normal range, and
none of the assessed responses demonstrated significant
changes (P . 0.05) as a result of the evaluated
treatments.
GGT levels in the evaluated birds were approximately

18% higher than the reported maximum limit, and this
increase may be associated with liver damage suffered
by the birds. This was mainly caused by the high intake
of energy from the feed due to the intensive rearing sys-
tem (Traesel et al., 2011), which resulted in fat accumu-
lation in the liver. That in turn can cause progressive
organ damage in the form of infiltrations and, conse-
quently, increase serum GGT levels (Angulo et al.,
1999).
In comparison with the limits proposed by McDowell

(1999), the levels of albumin and triglycerides in the
birds were 18 and 69%, respectively, below the normal
rates for broilers. The birds’ deficiency of blood albumin
and triglycerides corroborates the hypothesis that they
have suffered some type of liver damage, as these pro-
teins are synthesized by the liver (Traesel et al., 2011).
As the evaluated chickens were fed diets with low levels
of lipids that are digested to form triglycerides, the liver
plays a fundamental role in providing these lipids
(Hermier, 1997), a process which was deficient in the
birds evaluated in this research.
This research shows that free-range Rhode Island Red

chickens have a high degree of adaptability to consume
water with a high SL, with no significant changes (P .
0.05) in their serum markers. Although the adoption of
a high D (12 birds/m2) caused a reduction in feed con-
sumption and weight gain in the animals, this proved,
in productive terms, to be the best density of those eval-
uated, as it resulted in 6 and 3 kg more meat production
per square meter compared with the densities of 8 and 10
birds/m2, respectively.
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CONCLUSION

An increase in SLs causes an increase in birds’ water
consumption beginning in the sixth week of life and
feed consumption beginning in the ninth week, but
does not affect younger birds. This also caused an in-
crease in the percentages of carcasses and heart weight
relative to the live weight of birds. The adoption of a
D of 12 birds/m2 (high density) causes a reduction in wa-
ter consumption, feed intake, weight gain, and feed con-
version in Rhode Island Red chickens. This consequently
causes a reduction in birds’ body magnesium levels and
an increase in the percentage of small intestine weight
relative to the animals’ live weights.
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