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Abstract

High environmental temperatures have a negative effect on the 
production efficiency of poultry reared in hot climates. This study 
evaluated the efficiency of electrolyte supplementation under high 
environmental temperature conditions by manipulating water and feed 
electrolyte balance (EB) on the survival and performance of European 
quails. In experiment 1, a completely randomized experimental design 
was applied in a 4 x 2 factorial arrangement. Treatments consisted in 
four feed EB values (0, 120, 240, 360 mEq/kg), and two environmental 
temperatures (25 and 34 ºC). Feed electrolyte balance was manipulated 
by the addition of sodium bicarbonate and ammonium chloride. In 
experiment 2, birds were randomly distributed according to a 5 x 2 
factorial arrangement. Treatments consisted in five BE values in the 
drinking water (0, 30, 60, 90, 120 mEq/L) and two environmental 
temperatures (25 and 34 °C). Only sodium bicarbonate was added 
to the water to obtain the different BE values. The experiments were 
carried out simultaneously in environmental chambers at constant 
temperatures with 20- to 37-d-old quails. Most evaluated parameters 
were influenced by temperature in both experiments. In experiment 
1, EB affected water intake and intestinal length. In experiment 2, EB 
values influenced (p < 0.05) water intake and heart and liver relative 
weights. Electrolyte balance values of 120 mEq/kg of feed and of 30 
mEq/L of drinking water are recommended to increase water intake of 
grower European quails reared under hot temperature. 

Introduction

High environmental temperature is the main cause of heat stress and 
may negatively affect poultry production in tropical regions, particularly 
when its interactions with radiation, relative humidity, and air velocity 
are considered. The production efficiency in these regions may be 
improved by reducing heat stress, by minimizing effective temperature, 
or by favoring heat loss. The supplementation of electrolytes in the 
drinking water or feed is well accepted by both researchers and farmers 
because it is convenient and cheap. The use of electrolytes, particularly 
saline solutions, prevents dehydration and promotes voluntary water 
intake in humans (Wilk et al., 2007), and have similar effects in poultry.

Electrolyte concentrations and the maintenance of acid-base balance 
in body fluids (Mongin, 1981) are studied under the term electrolyte 
balance (EB). The electrolyte balance varies as a function of diet and 
water balance, and it is particularly important in poultry under high 
temperatures due to panting. In addition, EB values in the diet change 
with animal species, production category, and age, as well as with 
the intensity and duration of heat stress. Experiments carried out with 
broilers, commercial layers, and broiler breeders determined different 
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dietary EB for these categories of chickens (Junqueira 
et al., 2000, Borgatti et al., 2004) and for different 
environmental temperatures. Quails originate from hot 
regions (McIlvaine, 2000), and therefore, probably are 
more resistant to heat stress than chickens.

There are few literature reports on the electrolyte 
balance of quails. Therefore, the results of experiments 
with broilers reared under high environmental 
temperatures using very narrow EB ranges may not 
be extrapolated to quails. Ross (1979) investigated 
sodium intake in two broilers strains and concluded 
that sodium is more efficiently utilized when added to 
the drinking water than to the feed. This indicates that 
not only the salts added, but also supplementation 
route may be relevant and influence the results. 
Such considerations have practical effects on quail 
production in hot climates and improve production 
efficiency. The objective of the present study was 
to evaluate the effect of electrolyte balance of the 
drinking water and of the feed in quails reared at 34 
and 25 °C.

Materials and Methods

Experiment 1: 240 male and female European quails 
were distributed at 20 days of age to the treatments 
according to a completely randomized experimental 
design in a 4 x 2 factorial arrangement. Treatments 
consisted of feeds with four electrolyte balance values 
(0, 120, 240, 360 mEq/kg) and two environmental 
temperatures (34 and 25 °C ± 2 °C) with five replicates 
of six birds each.

The BE values were obtained by adding sodium 
bicarbonate (NaHCO3) and/or ammonium chloride 
(NH4Cl) to the basal feed. Feed electrolyte balance 
[Na+ + K+ - Cl-] was calculated according to Mongin 
(1981) as [(%Na+ x 104/23) + (%K+ x 104/39.1) – %Cl- 
x 104/35.5)]. The highest and the lowest EB values 
were calculated to higher and lower than the upper 
and lower limit of the normal EB range expected in 
practical diets (Silva e Costa, 2009). 

Experiment 2: 360 male and female European quails 
were distributed at 20 days of age to the treatments 
according to a completely randomized experimental 
design in a 5 x 2 factorial arrangement. Treatments 
consisted of drinking water with five electrolyte 
balance values (0, 30, 60, 90, 120 mEq/kg) and two 
environmental temperatures (34 and 25 °C ± 2 °C) with 
five replicates of six birds each. In both experiments, 
birds were individually weighed (initial weight of 126.2 
± 5.4 g) before distribution into the experimental units 
in order to obtain uniform unit weight. Birds were fed 

a “null” EB value, in mEq/kg, by adding 1.18% NH
4Cl 

to the basal diet. The NaHCO3 supplementation doses 
in de-ionized drinking water were established after a 
pilot study that resulted in mortality of quails  drinking 
water with EB values higher than 120 mEq due to 
starvation. In order to obtain the EB values of 30, 60, 
90, and 120meq/L, sodium bicarbonate levels of 2.55, 
5.1, 7.65, and 10.2 g were added to the drinking 
water, respectively. Water was supplied in plastic 
drinkers (300 mL), which were refilled four times daily.

The diets contained 23% crude protein and 2900 
kcal metabolizable energy/kg, according to the 
recommendations of Silva & Costa (2009), as shown 
in Table 1. 

Table 1 – Composition of the experimental feeds used in 
experiments 1 and 2.
EB (mEq/kg) (1)Null 120 240 360

Ingredients

Corn 62.3 62.3 62.3 62.3

Soybean meal 33.3 33.3 33.3 33.3

Dicalcium phosphate 1.01 1.01 1.01 1.01

Limestone 0.84 0.84 0.84 0.84

DL-methionine 0.249 0.249 0.249 0.249

Salt 0.177 0.177 0.177 0.177

Vitamin premix(3) 0.1 0.1 0.1 0.1

Mineral premix(5) 0.07 0.07 0.07 0.07

Choline chloride (4) 0.09 0.09 0.09 0.09

L-threonine 0.122 0.122 0.122 0.122

L-Lysine HCL (4) 0.112 0.112 0.112 0.112

BHT(6) 0.01 0.01 0.01 0.01

NH4Cl 1.179 0.533 0 0

NaHCO3 0.142 0.142 0.320 1.342

Inert material 0.281 0.927 1.282 0.26

Total 100 100 100 100

(1) Feed with null EB used in experiment 2; (2) Vitamin premix (content/kg): Vit. A – 
12,000,000 IU; Vit. D3 - 3,600,000 IU; vit. B1 – 2,500 mg; Vit,B2 – 8,000 μg; Vit, 
B6 - 5,000 mg; pantothenic acid - 12,000 g; biotin - 200 mg; Vit, K3 – 3,000 mg; folic 
acid – 1,500 mg; nicotinic acid - 40000 mg; vit, B12 – 20,000 mcg; selenium – 150 
mg; excipient, q.s.p. - 1000 g. (3) Chlorine content derived from lysine HCl and choline 
chloride were calculated. (4) Mineral premix (content/kg): manganese 160.0 g ; iron - 
100.0 g; zinc – 100.0 g; copper - 20.0 g ; cobalt - 2.0 g ; iodine - 2.0 g; excipient q. s. 
p. – 1000 g. (5) Antioxidant.

Birds were housed in vertical battery cages (0.33 
x 0.5 x 0.15 m each) placed in an environmentally 
controlled room with temperatures of 25ºC or 34ºC. 
Birds were identified per experimental unit using color 
plastic rings. 

Comfort temperature was controlled using an air 
conditioner (18000 BTU). The room was heated using 
250-W incandescent lamps (Mega Spot IV22514, 
Empalux) placed one meter away from the battery 
and one meter from the floor. Thermal environment 
was monitored using maximum-minimum digital 
thermometers (INCONTERM) and a thermo-hygrometer, 
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consisting of a dry and a wet bulb thermometer to 
control air relative humidity. Water temperature was 
measured using an infrared digital thermometer (MT-
360, Minipa) in 20% of the experimental units. The 
temperatures measured by the thermometers were 
recorded daily at 08:00, 11:00, 14:00, and 17:00 hours. 

Water intake and average feed intake were 
calculated per experimental unit, divided by the 
number of birds in the unit and by the number of 
experimental days. Average weight gain was calculated 
as the weight gain of the experimental unit divided 
by the number of birds in each unit. At the end of 
the experimental periods, birds were fasted for 12 
h, weighed, and sacrificed. Carcass yield and organ 
relative weights were evaluated in two quails per 
experimental unit that represented the average weight 
of the unit. Carcass yield was calculated as the ratio 
between plucked carcass weight and body weight 
after fasting. Liver, gizzard, intestine, and heat relative 
weights were calculated relative to carcass weight. 

Data complied with the assumptions of normality of 
studentized residuals (Shapiro-Wilk test) and variance 
homogeneity (Hartley test), and were submitted to 
analysis of variance. When results were significant, 
analysis of regression was applied considering the 
linear and quadratic fit of the data according to the 
best of the model for each parameter. The coefficient of 
determination, which indicates how well the obtained 
means are fit to the model. 

Interactions were deployed even when they were 
not significant by the F test, but the parameters 
were significantly affected by both evaluated factors. 
According to Sampaio (1998), when the degree of 
freedom is higher than 2, the F test is not conclusive, 
and therefore, means were compared to detect 
relevant differences.

Data of all parameters were also submitted to 
canonical discriminant analysis with the aim of 
identifying parameters that would allow discriminating 
differences between feed and water electrolyte balance 
for quails reared at different temperatures. Both analysis 
of variance, using the GLM procedure, and canonical 
discriminant analysis, using the CANDISC procedure, 
were carried out by SAS 9.0 (2002) software package 
and 5% significance levels was applied. 

Results
Experiment 1: Feed electrolyte balance

Environmental temperature influenced (p <0.01) 
the evaluated parameters (Tables 2 and 3), except for 
gizzard relative weight, as shown in Table 3.

Table 2 – Effect of feed electrolyte balance (EB, mEq/kg) 
and environmental temperature (T, ºC) on the performance 
of European at 37 days of age.
EB WG (g) FI (g) FCR (g/g) (1)WI (mL)

0 95.0 353.7 3.79 1067.1

120 96.3 369.6 3.87 999.2

240 96.0 367.4 4.1 866.7

360 93.1 348.3 3.65 1140.3

T WG (g) FI (g) FCR (g/g) WI (mL)

34ºC 88.04b 305.3b 3.48b 1315.7a

25ºC 100.4a 414.2a 4.22a 720.94b

ANOVA WG (g) FI (g) FCR (g/g) WI (mL)

EB ns ns ns *

T * * * *

EBxT ns ns ns ns

CV % 13.4 7.6 16.6 15.5

(1) y = 1090.6 - 2.0618x + 0.0059x2; R² = 0.73. Means followed by the same letter 
are not significantly different by the F test at 5% probability level; *p<0.05; ns = not 
significant; WG = weight gain; FI = feed intake; FCR = feed conversion ratio; WI = 
water intake.

Table 3 – Effect of feed electrolyte balance (EB, mEq/kg) 
and environmental temperature (T, ºC) on carcass yield and 
organ relative weight of European quails at 37 days of age.

EB CY (%) G (%) H (%) (1)IL (cm) IW (%)

0 76.6 2.67 1.12 56.8 4.89

120 75.7 2.63 1.15 58.2 5.31

240 75.0 2.79 1.09 63.7 5.32

360 75.3 2.78 1.06 59.9 4.74

T CY (%) G (%) H (%) IL (cm) IW (%)

34 78.3b 2.70 0.89a 55.85 b 4.26

25 73.0a 2.73 1.32b 63.63ª 5.87

ANOVA CY (%) G (%) H (%) IL (cm) IW (%)

EB ns ns ns ** ns

T ** ns ** ** **

EBxT ns ns ns ns ns

CV % 4.3 9.3 12.2 7.79 14.81

 (1) y = 56.13+ 0.0448x -9E-05x2;R² = 0.66. Means followed by the same letter are 
not significantly different by the F test at 5% probability level; *p<0.05; ns = not 
significant; CY = carcass yield; G = gizzard relative weight; H = heart relative weight; 
IL = intestinal length; IW = intestine relative weight.

The feed intake of quails reared at 34 ºC was, on 
average, 29.9% lower than those reared at 25 ºC. 
This feed intake reduction explains the lower weight 
gain of the quails reared under hot temperature. Feed 
conversion ratio was also influenced by environmental 
temperature, and the best values were obtained 
in quails reared at 34 oC. Relative to carcass traits, 
quails reared in the hot environment presented higher 
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carcass yield (Table 3) due to their lower viscera 
development. Intestinal length increased up with 
NaHCO3 supplementation up to dietary 246 mEq/kg 
EB and then decreased. Mortality was not influenced 
by the treatments.

Table 4 – Deployment of the degrees of freedom and 
comparison of water intake means (WI, mL) of European 
quails at 37 days of age.
EB WI

34 °C 25 °C

0 1369.4aA 764.88bAB

120 1323.6aA 674.78bAB

240 1141.3aA 592.02bB

360 1428.5aA 852.07bA

A,B = Means followed by the same upper-case letters in the same column are not 
significantly different by the SNK test (p ≤0.05). a,b = Means followed by the same 
lower-case letter in the same row are not significantly different by the F test (p ≤0.05).

Electrolyte balance affected water intake only of 
the quails reared at 25°C. 

Experiment 2: Water electrolyte balance

Performance and organ relative weight results 
are shown in Tables 5 and 6. Weight gain and liver 
relative weight were influenced by the interaction 
between EB and environmental temperature. Water 
intake and heart relative weight were affected by EB. 
Environmental temperature significantly influenced all 
evaluated parameters. 

Table 5 – Effect of drinking water electrolyte balance (EB, 
mEq/kg) and environmental temperature (T, ºC) on the 
performance of European at 37 days of age.
EB WG (g) FI (g) FCR (g/g) (1)WI (mL)

0 93.08 353.71 3.79 1067.13

30 85.12 351.29 4.17 991.25

60 85.68 346.88 4.12 936.70

90 90.31 377.73 4.24 982.83

120 91.20 364.53 3.90 1173.48

T WG (g) FI (g) FCR (g/g) WI (mL)

34.0 76.49b 296.59b 3.85 1291.50a

25.0 101.67a 421.07a 4.18 769.06b

ANOVA WG (g) FI (g) FCR (g/g) WI (mL)

EB ns ns ns *

T * * * *

EBxT * ns ns ns

CV % 11.223 11.135 14.399 13.831

 (1) y = 1079.9- 5.3542x + 0.0503x2; R² = 0.96. Means followed by the same letter 
are not significantly different by the F test at 5% probability level; *p<0.05; ns = not 
significant. WG = weight gain; FI = feed intake; FCR = feed conversion ratio; WI = 
water intake.

Table 6 – Effect of drinking water electrolyte balance (EB, 
mEq/kg) and environmental temperature (T, ºC) on organ 
relative weight of European at 37 days of age.
EB FW (g) CY (%) G (%) H (%) (1)LW (%) IL (cm)

0 219.3 76.4 2.29 1.04 2.94 56.8

30 213.0 73.4 2.29 1.02 3.24 64.2

60 214.6 75.0 2.57 1.08 3.17 63.0

90 217.9 74.8 2.55 1.18 3.32 61.6

120 221.5 73.2 2.37 1.09 3.17 61.0

T FW (g) CY (%) G (%) H (%) LW (%) IL (cm)

34.0 203.96b 77.29a 2.75a 1.17a 3.35a 57.16b

25.0 230.57a 71.86b 2.08b 1.00b 2.99b 65.44a

ANOVA FW (g) CY (%) G (%) H (%) LW (%) IL (cm)

EB ns ns ns * ns ns

T * * * * * *

Be*T ns ns ns ns * ns

CV % 5.0 3.9 12.1 10.4 14.5 11.6

 (1) y = 2.9629+ 0.0083x -5E-05x2; R² = 0.77. Means followed by the same letter 
are not significantly different by the F test at 5% probability level; *p<0.05; ns = not 
significant; FW = final weight; CY = carcass yield; G = gizzard relative weight; H = 
heart relative weight; LW = liver relative weight; IL = intestinal length.

Weight gain of the birds fed NaHCO3 via drinking 
water was affected by the interaction of the evaluated 
factors (BE x T), as shown in Table 7. According to the 
deployment of the interaction (BE x T) for weight gain, 
means indicate that temperature had a greater effect 
than BE, as after the deployment, no effect of BE on 
weight gain was found. 

Water intake of birds reared in the hot environment 
was significantly influenced by EB. Water intake was 
higher in birds fed 60 and 90 mEq/L, but similar in 
birds fed diets with EB values of 0, 30, and 120 mEq/L. 

Heart relative weight was quadratically affected by 
drinking water supplementation with NaHCO3 up to a 
maximum EB value of 112.5 mEq/L (Table 7).

Mortality was not influenced by the treatments.
The first two canonical parameters explained 

94% of total variation, but none was significant at 
probability levels higher than 78%.

Discussion

High environmental temperature reduces feed 
intake and weight gain. Birds reduce their feed intake 
in an attempt to decreased heat increment produced by 
nutrient digestion and metabolism (Lesson & Summers, 
2001). In the present experiment, quails reared at 
34°C consumed 35.65% less feed than those reared 
at 25°C in both experiments. The observed weight 
reduction of the quails maintained at 34°C is typical of 
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birds submitted to heat stress due to increase in energy 
requirements for thermoregulation and reduced feed 
intake, resulting in better feed conversion ratio (p < 
0.01). In addition, the reduced feed intake determined 
26% lower protein intake (70 g vs. 95 g crude protein), 
affecting intestinal and liver weight of the heat-stressed 
quails. As observed in both experiments, organ relative 
weights of birds reared at higher environmental 
temperatures tend to be indirectly affected by feed and 
water intake or directly by compensatory metabolic 
changes. Therefore, organs may present different 
development patterns according to their digestive or 
homeostasis purpose: excretion (kidneys), circulation, 
and respiration. This issue was not explored in none of 
the articles mentioned in the present study.

Heart relative weight presented a different behavior 
between experiments under the same environmental 
condition because it was influenced by NaHCO3 
supplementation in the drinking water in experiment 
2 (Tables 3 and 6). Although hypertension, heart 
wall, and heart index were not measured, the results 
suggests that sodium levels affect heart relative weight 
of quails maintained at high temperatures. Bold et al. 
(1981), quoted by Maack et al. (1985), discovered that 
the heart has an important endocrine role in sodium 
excretion through the action of a hormone ANP 
(atrial natriuretic peptide) that is also one of the main 
endogenous substances involved in heart hypertrophy 
(Bubikat et al., 2005). Indeed, heart relative weight was 
reduced under the influence of high temperature in 
experiment 1, but in experiment 2, EB increased it (p < 
0.05), i.e., heart relative weight was affected by sodium 
levels in the drinking water, which ranged between 
68 and 275 mg/L. Sodium ingestion levels may cause 
heart muscle changes in relatively short times, such as 
hypertrophy, as demonstrated in experiments with rats 
(Selye & Bajusz, 1959; Lindpaintner & Sen, 1985). This 
was also observed by Silva et al. (2006) in white and 
brown layer pullets, who, in addition of heavier hearts, 

also found heavier liver, spleen, and cloacal bursa when 
dietary sodium levels increased. 

The highest water intakes were determined at the 
highest salt supplementation levels in the basal feed 
(1.18% NH4Cl and 1.342% NaHCO3), independently 
of feed electrolyte balance. These compounds have 
other effects than increasing water intake of poultry 
submitted to heat stress. Teeter et al. (1985) showed 
that, under heat stress, the administration both of 
sodium and of acidifiers as ammonium chloride reduce 
the severity of respiratory alkalosis by increasing blood 
pH when broilers were fed 0.5% NaHCO3 in the diet. 
However, no other published data that confirmed 
those results were found.

Most of the mentioned studies do not show any 
evidence of the effect of sodium bicarbonate or 
ammonium chloride on the blood pH of heat-stressed 
poultry. HCO3 is a metabolic product that changes 
acid-base balance. 

Water intake is a parameter that monitors the 
efficiency of salt supplementation, and the addition of 
sodium sources to the drinking water or feed increases 
voluntary water intake in poultry compared with other 
electrolytes, as shown since the first experiments 
on this subject (Ross, 1979; Teeter & Smith, 1986; 
Mushtaq et al., 2005). Therefore, when water intake 
is related with sodium intake in experiment 1, where 
feed sodium levels ranged between 0.109 and 
0.433% (null EB and 360 mEq/kg), the highest Na level 
promoted the highest water intake of the quails in the 
heat-stress environment (Table 4). This also happened 
in experiment 2, with total sodium levels of 0.178-
0.384%. In studies with pre-starter broilers, Maiorka 
et al. (2004) reported that 0.45% dietary sodium 
resulted in the highest water intake compared with 
0.10, 0.22, and 0.34%. When sodium bicarbonate 
was diluted in water (experiment 2), the basal diet 
contributed with 0.109% sodium, and sodium levels 

Table 7 – Deployment of degrees of freedom and comparison of weight gain (WG, g), water intake (WI, mL), heart relative 
weight (H, %), and liver relative weight (L, %) of European quails at 37 days of age.
EB WG (1)WI (2)H (3)L

34 °C 25 °C 34 °C 25 °C 34 °C 25 °C 34 °C 25 °C

0 86.7aA 99.5aA 1369.4abA 764.9aB 1.15aA 0.93bB 3.03aA 2.86aA

30 76.3aB 93.9aA 1255.8abA 726.7aB 1.10aA 0.94bB 3.09aA 3.39aA

60 74.4aB 96.9aA 1191.8bA 681.7aB 1.16aA 1.01bB 3.32aA 3.03aA

90 70.2aB 110.4aA 1186.3bA 779.4aB 1.19aA 1.17aA 3.70aA 2.93aB

120 74.8aB 107.6aA 1454.3aA 892.6aB 1.24aA 0.95bB 3.59aA 2.74aB

Effect ns ns Q ns Q ns L ns

y = 1388.8 – 7.4923x +0.0652x²; R² = 0.9. y = 1.1383- 0.0007x +1E-05x2; R² = 0.88. (3) y = 3.0007 + 0.0058x; R² = 0.86. A,B = Means followed by the same upper-case letters 
in the same row are not significantly different by the SNK test (p ≤0.05). a,b = Means followed by the same lower-case letter in the same column are not significantly different by 
the F test (p ≤0.05).
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in the electrolyte solutions ranged between 0.069 and 
0.275%. Therefore, although the highest level of total 
sodium in experiment 2 was lower than in experiment 
1, water intake was similar. These results indicate 
that sodium supplementation via drinking water was 
more efficient to increase water intake than via feed. 
This is consistent with the finding of Ross (1979), 
who compared these two sodium supplementation 
routes (the basal diet contained 0.095% sodium), and 
concluded that sodium utilization was more efficient 
when it was added to the drinking water. 

The supply of saline solutions to stimulate nutrient 
absorption (co-transport) is a well-known practice 
(Jeukendrup et al., 2009). In experiment 1, as previously 
mentioned, EB levels were obtained by the inclusion 
of sodium, as sodium bicarbonate, in the feed, which 
may explain the significant effect (y = 56.13+ 0.0448x 
-9E-05x2; R² = 0.66) of EB on intestinal length (Table 3), 
possibly due to the increase in sodium, glucose, amino 
acid, and water absorption. González et al. (1998) 
verified the presence of specific binding sites of the 
ANP hormone in rats; these sites act as mediators of 
sodium, glucose, and water absorption. These results 
were confirmed in subsequent studies (Nakamura et 
al., 2003), and mentioned in a recent paper on this 
subject (Yoshikawa et al., 2011). 

The use of chlorides (KCl, NH4Cl) to induce water 
intake in heat-stressed poultry has been studied (Souza 
et al., 2005; Sousa et al., 2009), but it seems that water 
intake does not depend only on supplementation, but 
it is also influenced by diet composition, bird sex, and 
stress magnitude and duration. In general, increasing 
the intake of sodium as NaHCO3 and NaCl activates the 
thirst control system to maintain body water balance. 

Based on the mentioned articles and in the results 
of the present study, performance under heat stress 
conditions is extremely variable (Ahmad et al., 2005, 
Mushtaq et al., 2005 Mushtaq et al., 2007, Ahmad et 
al., 2008). In addition to experimental errors inherent 
to animals and diets, toxicity should be considered 
(Teeter & Smith, 1986; Souza et al., 2005), as different 
sodium bicarbonate or ammonium chloride levels 
may change water and feed intake of individual birds. 
Ammonium chloride is an acidifier, and its chronic 
ingestion may have caused metabolic changes, which 
may have been also indirectly affected by changes 
in circulating calcium levels (Dacke et al., 1973) 
and by NaHCO3 ingestion. Teeter & Smith (1986) 
demonstrated that NH4Cl efficiently overcomes heat-
stress effects, but levels of 0.5% or higher are toxic, 
whereas Souza et al. (2005) suggest a maximum 

level of 0.4% NH4Cl. Therefore, the difference in 
ammonium chloride levels in the experimental diets 
(exp. 1) may have influenced quail responses among 
treatments, considering that, in order to obtain the 
expected EB values, different levels of this compound 
were added to the diets. In addition, as well as 
with sodium bicarbonate, the effect of the addition 
of chlorine may change with its source, because 
bicarbonate, ammonium ion, and its oxidized form 
(ammonia) are involved in the acid-base balance 
(Verlander 2004a, 2004b). Scientific studies on the 
use of salts as feeding practice to reduce the effect 
of heat stress generally aim only at increasing water 
intake (Smith, 1994), but this does not seem to be 
the only effects observed when sodium bicarbonate 
and ammonium chloride are used. 

It is difficult to compare the effects and salt 
supplementation levels in the feed and drinking water 
among studies. In addition to different rearing phases 
and different diet compositions, salt sources may also 
be different. Even when equal EB values are used (in 
mEq/kg feed), different sources (KCl, NaCl, NaHCO

3) 
determine different K+, Na+, or Cl- concentrations. 
Therefore, a same EB value may have different effects, 
as shown by the results of Teeter et al. (1986) and 
Ahmad et al. (2005). Moreover, sodium or potassium 
chloride supply a strong anion and a strong cation, 
and the (Na+K)/Cl ratio is not changed, even at high 
concentrations. 

The results showed that temperature was not 
the only detrimental agent or stressor that affected 
quail growth. Changes in dietary and environmental 
patterns may have also influenced their metabolism. 
The observed liver changes illustrate this hypothesis. 
In experiment 2, liver relative weight increased (p < 
0.005) as sodium bicarbonate supplementation levels 
increased (Table 7). However, no direct relationship 
between electrolyte balance and liver relative weight 
was found in literature. The lowest weight gain (70.2 g, 
Table 7), obtained in the hot-temperature environment, 
was not affected by electrolyte balance, as most of the 
other parameters, but EB of 120 mEq/kg feed and 30 
mEq/L water is recommended to increase water intake 
of growing European quails. 

Conclusions

Electrolyte balance values of 120 mEq/kg of feed 
and of 30 mEq/L of drinking water are recommended 
to increase water intake of growing European quails 
reared at 34°C. 
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