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Abstract

Underestimating the negative impacts of ammonia produced in litters of poul-
try birds raised under high temperature-humidity index is dangerous, as broiler
chickens (BC) are sensitive to high ammonia concentrations which can result in
blindness and overall decrease in productive performance. Hence, it is ideal to
maintain litter moisture by optimizing the utilization of water by broiler chicks.
The balance of acid-base in broilers could be enhanced by supplementing diets
or water of BC under heat stress with electrolytes. However, electrolytes in-
crease water intake and might affect litter quality. Therefore, effect of varying
dietary electrolyte balance (DEB) on water intake (WI), litter moisture (LM)
and productive performance of BC were investigated at pre-starter and starter
phases using a total of three hundred, 1-day-old Arbor Acre chicks that were
randomly allotted to six dietary treatments [210 (T,), 240 (T,), 270 (T5), 300
(T,), 330 (T5) and 360 (T,)] mEq/Kg DEB, in a completely randomised design.
Birds were reared at pre-starter phase (PSP) of 0 - 14 days and starter phase
(SP) of 14 - 21 days, under the temperature-humidity index of 24.97 - 35.19.
Water intake and litter moisture were monitored. Data were analysed using de-
scriptive statistics and ANOVA at q,,;. Water intake was enhanced at PSP and
SP in birds on 360 mEq/kg, but with increased litter moisture. However, a die-
tary electrolyte balance of 270 mEq/kg improved performances of broiler chicks
at pre-starter and starter phases.

Keywords
Broilers, Electrolytes, Feed Conversion Ratio, Heat Stress, Homeostasis, Litter
Moisture
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1. Introduction

Water is crucial in poultry nutrition, as it functions in metabolism, regulation of
body temperature, transport of nutrients and excretion of waste materials [1].
[2] reported that it is an acceptable practice to daily monitor birds’ water con-
sumption, which gives an early indication of a health problem when water con-
sumption is compared to the standard consumption expected. [3] reported that
water consumption in birds can be affected by factors such as environmental
conditions; feed and water quality, among others like external air humidity, type
and management of a drinker system, age and weight of birds [4]. [5] reported
that inadequate management practices in a poultry house leading to increased
ammonia concentration in air often result in health problems including contact
dermatitis, enteritis and respiratory diseases. [6] noted that drier poultry litter
reduces the emission of ammonia into the environment, and this would help
avoid environmental and animal welfare problems, with increasing economic
profits as one of the end results. Feed ingredients may also affect the rate of wa-
ter consumption and excretion [7]. However, [2] concluded that daily water
consumption is a reliable indicator of broiler performance. Respiratory alkalosis
is a product of heat stress, a condition of excess blood bicarbonate reacting with
other ions such as sodium ion (Na*), calcium ion (Ca**), magnesium ion (Mg*"),
and potassium ion (K") before being eliminated [8]. Hence, maintenance of
bird’s acid-base balance is crucial for efficient performance under high temper-
ature as suggested by [9]. Additional potassium and sodium are favorable for
birds reared in heat stress environment, but also increases water intake. There-
fore, this study aimed at assessing the effect of different dietary electrolyte bal-
ance and water intake on the feeding potential and excreta quality of broiler

chicks reared under heat stress at pre-starter and starter phases.

2. Materials and Methods

The protocol for the experiment was reviewed and approved by the Institutional
Animal Care and Use Committee through the Agricultural Biochemistry and
Nutrition Unit of the Department of Animal Science, University of Ibadan, Ni-
geria. The study was carried out at the Teaching and Research Farm, University
of Ibadan during the dry season with high environmental temperatures. A total
of three hundred, 1-day-old Arbor Acre broiler chicks were randomly allotted to
six treatments [mEq/Kg: 210 (T,), 240 (T,), 270 (T5), 300 (T,), 330 (T5), 360 (T,)
DEB] with five replicate groups of ten birds each, in a completely randomized
design (CRD). The gross compositions (g/Kg) of starter diets fed to the
heat-stressed broiler chicks in each treatment group were shown in Table 1. The
DEB was calculated using the equations derived by [10]. The derived equation of
DEB is

TDEB=Y(Na"+K")-XCI -[y][¢]

where ¥ DEB = aggregate DEB;
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Table 1. Gross composition (g/Kg) of starter diets fed to heat-stressed broiler chicks.

Ingredients 210 240 270 300 330 360
mEq/kg mEq/kg mEq/kg mEq/kg mEq/kg mEq/kg
Corn 617.00 608.10 606.40 598.70 593.00 585.30
Soyabean meal 292.00 292.00 292.00 292.00 292.00 292.00
Fish meal 45.00 47.00 48.00 50.00 51.00 53.00
Soya oil 12.00 16.00 17.00 20.00 22.00 25.00
Dicalcium phosphate 18.00 18.00 18.00 18.00 18.00 18.00
Vitamin-mineral premix' 2.50 2.50 2.50 2.50 2.50 2.50
Limestone? 9.00 9.00 6.00 6.00 6.00 6.00
DL-methionine 1.00 1.00 1.00 1.00 1.00 1.00
L-lysine 1.00 1.00 1.00 1.00 1.00 1.00
Salt 2.50 2.50 2.50 2.50 2.50 2.50
Potasium Chloride (KCI) 0.00 1.00 2.00 3.00 4.00 5.00
Sodium bicarbonate (NaHCO,) 0.00 1.90 3.60 5.30 7.00 8.70
TOTAL 1000.00  1000.00  1000.00  1000.00  1000.00  1000.00

Calculated analysis

Crude protein, g/kg 225.01 225.69 226.26 227.05 227.29 228.07

ME, kcal/kg 3007.13  3016.56  3022.08 3027.13  3027.65 3032.70
Calcium, g/kg 10.66 10.76 9.67 9.77 9.82 9.92
Non-phytate P, g/kg 4.28 4.27 4.27 4.27 4.27 4.26

'Composition of premix per kg of diet: Vitamin A, 12,500 1.U; Vitamin D3, 2500 1.U; Vitamin E, 40 mg;
Vitamin K3, 2 mg; Vitamin B1, 3 mg; Vitamin B2, 5.5 mg; Niacin, 55 mg; Calcium pantothenate, 11.5 mg;
Vitamin B6, 5 mg; Vitamin B12, 0.025 mg; choline chloride, 500 mg; Folic acid, 1 mg; Biotin, 0.08 mg;
Manganese, 120 mg; Iron,100 mg; Zinc, 80 mg; copper, 8.5 mg; Iodine, 1.5 mg; Cobalt, 0.3 mg; Selenium,
0.12 mg; Antioxidant, 120 mg. *Limestone contains 38% calcium.

[y] = mineral sources;

[c] = other macro ions (Ca, Mg, P, S etc) held constant.

Aggregate DEB = Inherent DEB in rations + DEB in Electrolyte sources.

A total of 38 pens were used in this study in order to measure water intake in
heat-stressed broiler chickens as described by the authors. This methodology
was premised on the assumptions that the study of water kinetics is important in
agricultural research and helps to solve critical issues affecting efficient broiler
chicken productivity. To adequately measure actual water intake in birds, 8 pens
were randomly isolated. Plastic drinkers of the same size, shape and thickness
were put in 38 pens. Equal volume and height of water in the drinkers were
maintained daily in the 38 pens. This method is premised on the theories pro-
pounded by Pascal’s principle of pressure and principle of thermal expansivity of
liquids [11].

S(Va-Vy/Va)

Daily evaporative rate (DER) =
n
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where Va = Initial volume of water supplied in the drinker at the evaporation
chamber;
Vy = Final volume of water left in the drinker at the evaporation chamber;

n = Number of isolated pens (8).

Actual water intake = (¥; -, )x DER

where V] = Initial volume of water supplied to birds;

V, = volume left over.

Maximum and minimum average ambient temperature and relative humidity
of the pen were monitored on a daily basis using a digital hydro thermometer.
Assay was conducted in each diet for sodium and potassium (Flame spectro-
photometer), and chloride (titration) [12] as shown in Table 2. Feed intake was
calculated from the difference between supplied feed and feed left in each pen.
Feed weighing was performed on the same dates the birds were weighed. Feed
conversion was calculated as the ratio between weight of total feed intake and
weight gain within the period in each pen and was adjusted for mortality.

Litter moisture content was evaluated weekly. For each replicate pen, four
samples of around 500 g of litter were collected at random locations following
equal distances with later homogenization to make a single sample per pen.
Analysis for litter dry matter was performed by oven drying using the forced
ventilation method at 55 £ 5 C for 72 h and evaluation by weight difference. Da-
ta obtained were subjected to descriptive statistics and analysis of variance using
SAS package [13]. Means for treatments in the analysis of variance were com-

pared using Duncan Multiple Range Test and based on probability level of 0.05.

3. Results and Discussion

At prestarter phase, significant (p < 0.05) differences in dry matter intake of
birds fed different DEB were observed. Birds on 330 mEq/Kg DEB had higher (p
< 0.05) dry matter (431.70) intake compared to birds on 270 (377.77) mEq/Kg
DEB. However, at 14 to 21 days, feed intake of birds was not significantly (p >

Table 2. Analysed nutrients in experimental diets fed to broiler chicks at pre-starter and
starter phases.

Diets (mEq/kg)
PERIODS NUTRIENTS (%)
210 240 270 300 330 360

Crude protein 22.90 22.95 23.10 22.93 22.79 22.89

Crude fat 5.29 5.26 5.44 5.54 5.46 5.66

Calcium 10.09 10.16 10.36 10.06 10.20 10.25

0-21d Phosphorus 8.02 8.03 8.09 8.12 8.13 8.16
Sodium 1.40 2.20 2.92 3.63 433 5.05

Potassium 8.16 8.65 9.18 9.73 10.21 10.66

Chloride 2.32 2.81 3.27 3.75 4.28 4.77
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0.05) affected by different DEB treatments. The observed differences in feed in-
take could be attributed to intake of water, solely driven by dietary salt concen-
trations. At 0 to 21 days, analysis of variance showed no significant (p > 0.05)
differences in feed intake and DM intake of birds fed different DEB treatments.
This result has shown that birds ‘appetite was not enhanced by dietary electro-
lyte balance at starter phase. These findings disagree with the report of [14] who
stated that regardless of ambient temperatures, increasing DEB stimulated feed
intake, which could be the result of increasing Na" levels in diets (0.15% to
0.45%). [15] reported that the weight of birds, when assessed at 42 d, decreased
when DEB was lower than 180 mEq/kg and higher than 300 mEq/kg while an
optimal electrolyte balance was found for feeds at 250 to 300 mEq/kg. [16] inves-
tigated the effect of feeds containing DEB in different ratios with varying cal-
cium levels of 1.38% and 0.95%, and noted that the worst and the best weight
gains were achieved when the DEB was 174 and 215 mEq/kg, respectively. In the
current study, the body weight (BW) of birds on different dietary treatments was
not significantly (p > 0.05) affected at pre-starter and starter phases. However, at
0 - 21 d period, the BW of birds on 330, 270 and 240 DEB were significantly (P <
0.05) higher compared to other dietary treatments. The lowest (p < 0.05) BW
was observed in birds on 210 and 360 mEq/kg DEB. This result agrees with the
findings of [17] and [18] who established an optimal DEB for modern broiler
strains to be between 246 and 315 mEq/Kg at starter phase. [19] reported that
optimal chick growth performance, when fed purified diets, was achieved using
DEB (Na" + K — CI") of around 250 mEq/kg. The observed body weight gain
(BWG) of birds in the current study was not significantly (p > 0.05) affected by
different DEB treatments at pre-starter phase. However, at 0 to 21 days, signifi-
cant (p > 0.05) differences were observed in BWG of birds fed different dietary
treatments. Birds on 330 mEq/Kg DEB had higher (p < 0.05) BWG compared to
210 and 360 mEq/Kg DEB. Similar BWG values were observed in birds on 240,
270, 300 and 330 mEq/Kg DEB. [20] noted that electrolyte manipulation signifi-
cantly influenced the best electrolyte balance for broilers.

At 0 to 14 d, water intake of birds was affected (p < 0.05) by different DEB
treatments. It was observed that birds on 240, 270, 300 and 330 mEq/Kg DEB
had similar water intake, but higher (p > 0.05) compared to those on 210 and
360 mEq/kg at prestarter phase. During 15 to 21 d, there were no significant (p >
0.05) differences observed in water intake of birds on 240, 270, 300, 330, and 360
mEq/Kg DEB, but differed significantly (P < 0.05) compared to birds on 210
mEq/kg DEB. It was observed that birds on 360 (821.89 mL) mEq/Kg DEB had
significantly (p < 0.05) higher water intake compared to birds on other dietary
treatments at 0 to 21 days. It is well known that water is an essential nutrient in
poultry nutrition, especially during hot environmental temperature. [21] re-
ported that increased survivability during heat stress has been shown to correlate
with water consumption. The increase in water consumption is advantageous to

birds because it increases the amount of heat dissipated by evaporative cooling
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through the respiratory tract [22]. In the current study, the effect of different
DEB on mortality of chicks (0 - 21 days) showed no significant (p > 0.05) differ-
ences. This result shows that heat-stressed birds at starter phase can ionically
manipulate their survivability through systemic intake of water. Also, the effect
of different DEB on water intake of broiler chickens at starter phase showed sig-
nificant (p < 0.05) differences. It was observed that birds on 270, 240 and 300
mEq/Kg DEB had reduced intake of water when compared to birds fed other di-
etary treatments. This result has shown that the intake of water was dependent
on dietary cation and anion balance inside the birds. Also, the excretion of
excess metabolic acids plus water was not dependent on volume of water taken
in by the birds. According to [23], dissipation of more than 80% of the heat
produced through evaporative cooling has showcased the importance of in-
creased water consumption in heat-stressed broilers. Water consumption de-
pends on the age of the bird, ambient and water temperatures, physiological
state, water pH, levels of macro-nutrients in feed, amount and types of salt add-
ed in feed and water. The increase in water consumption benefits the birds by
acting as heat receptor and also increases the amount of heat dissipated per
breath [22].

The litter moisture content of birds fed varying DEB treatments at pre-starter
and starter phases is presented in Table 3. Increased (p < 0.05) litter moisture
was observed in birds on higher DEB values of 330 (35.06) and 360 (41.52)
mEq/Kg compared to other treatments. However, there were no significant (p >
0.05) differences in litter moisture content of birds on 240 and 270 mEq/Kg
DEB. At 15 to 21 d (Max: 38°C + 2°C, Min: 23°C £ 2°C), significant (p < 0.05)
differences were observed in litter moisture content of birds on varying levels of
DEB. Birds on 360 mEq/Kg had higher (p < 0.05) litter moisture content than
birds on other treatments. There were no differences (p > 0.05) observed in litter
moisture content of birds on 240 and 300 mEq/Kg DEB. Birds on 210 mEq/Kg
DEB had the lowest (p < 0.05) litter moisture content at 15 to 21 d. Results ob-
tained from current study on litter moisture content revealed that different DEB
affected litter quality at starter phase. The lowest litter moisture was observed for
birds on 210 mEq/Kg DEB when compared to other dietary treatments. This re-
sult corroborates the findings of [24] that any increase in the dietary Na and K
intake enhanced water consumption and excreta moisture. Also, that increased
water consumption caused by greater DEB values had a direct impact on litter
moisture and also reduces the rectal temperatures in birds. [14] observed linear
increase in water intake of heat-stressed broilers with increasing DEB levels in
the diets and with bird’s age.

4. Implication

A dietary electrolyte balance of 270 mEq/kg improved performances of broiler
chicks at pre-starter and starter phases. Water intake was enhanced at pre-starter
and starter phases in birds on 360 mEq/kg but with higher litter moisture.
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Table 3. Effect of varying dietary electrolyte balance on performance of heat-stressed
broiler chicks at prestarter and starter phases.

Litter
Period DEB DMI BW BWG FCR wI st Mortality
erioas moisture
mEq/Kg (g/bird) (g/bird) (g) (g/g) (mL/bird/day) (%) (%)
210 412.63® 319.60 283.40 1.56* 235.63¢ 14.56° 0.00
240  405.07° 33124 294.66 1.48% 261.93° 23.65¢ 0.00
270 377.77°  332.16 295.80  1.38° 265.18° 26.06° 0.00
0-14d
300  388.58° 339.39  303.17 1.43® 265.69° 30.33¢ 2.00
330  431.70° 333.40 297.10  1.55* 280.67% 35.06" 0.00
360  388.32° 320.14 28454 1.51® 297.16* 41.52° 0.00
SEM 12.59 10.99 10.96 0.05 7.67 1.00 0.82
p Value 0.06 0.77 0.78 0.11 0.00 0.00 0.44
210 39479  319.60 309.54 1.38® 449.32° 40.43¢ 0.00
240 389.78  331.24 32856 1.29%® 498.95° 50.72¢ 0.00
270 407.04 332.16  341.28 1.30® 501.98* 60.52° 0.00
15-21d
300 406.56  339.39 317.11  1.43* 507.48* 53.32¢ 0.00
330 392,52 333.40 34628 1.21° 506.55* 63.44° 0.00
360 380.53  320.14 304.64 1.39%® 524.72* 73.27% 0.00
SEM 11.45 10.99 14.43 0.06 10.51 2.46 0.00
p Value 0.56 0.77 0.26 0.18 0.00 0.00 0.00
210 807.41  629.14° 592.94* 1.47* 684.95¢ - 0.00
240 794.84  659.80° 623.22%° 1.38%® 760.88° - 0.00
270 784.81  673.44° 637.08" 1.34° 767.15° - 0.00
0-21d
300 778.46  656.50° 620.28%° 1.38%® 773.17° - 2.00
330 824.22  679.68* 643.38* 1.37® 787.22° - 0.00
360 768.85  625.78° 590.18" 1.45% 821.89* - 0.00
SEM 20.29 1466 14715  0.04 15.31 - 0.82
p Value 0.44 0.08 0.08 0.11 0.00 - 0.44

®Means for treatments within a column with no common superscript showed significant (p < 0.05) differ-
ences using DMRT, DMI—dry matter intake, BW—body weight, BWG—body weight gain, FCR—feed
conversion ratio, DEB—dietary electrolyte balance, p value—probability, SEM—standard error of mean.
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