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INTRODUCTION

1 INTRODUCTION

1.1 Background and research objective

Poultry has an important role amongst agricultural industries in many countries. Poultry
products are the major source of animal protein for most people throughout the world. There
are many factors which can decrease the performance such as diseases, management,
nutritional deficiencies, housing and climate ete. Temperature is a major environment variable
that affects poultry production. Under tropical conditions, high temperature especially when
coupled with high humidity, imposed severe stress on birds and leads to poor performance,
inereased mortality (Daghir, 1995), decreased growth rate in broilers (Lin et al, 2005) and
reduced egg production and poor eggshell quality in laying hens (Saffar and Rose, 2002).
Therefore, keeping chicken in high ambient temperature is a big problem, especially in

developing countries where farmers cannot afford air conditions in poultry houses.

Several methods have been suggested for maintaining performance of birds in high
temperature. Genetic selection to improve tolerance to high temperature was studied by Arad
and Marder (1982), Setter et al. (1999), Gowe and Fairfull (1995). Important genes related to
heat tolerance were studied such as the major gene for naked neck (Na) (Yalcin et al., 1997),
scaleless (Cahaner, 2007), dwarf (dw) (Gowe and Fairfull, 1995). indicating a genectic
component in heat tolerance. Acclimatization of chicken to heat stress was shown by Reece et
al. (1972), Deaton et al. (1982). Leeson (1986), Sykes and Fataftah (1986). Chicken house
environment management and housing design were considered for chicken in high ambient
temperature (Teeter, 1994; Ernst, 1995). However, in general these methods are too expensive
and too difficult to be applied by small holders in developing countries. Nutritional strategies
for reducing heat load are also very important and may be easier to apply. The use of high
density feeds, alternation of the energy: protein ratio, improving the amino acid profile,
addition of vitamins, alternation of the anion:cation balance, use of lipids as source of energy
supplied, use of time feeding were recommended by Gous and Morris (2005). Water, in
addition to being a vital nutrient, is involved in many aspects of poultry metabolism, digestion
and absorption of food, transport of nutrients, and the elimination of waste products via urine

from the body, and body temperature control (Jafari et al., 2006).
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In heat stress, water intake becomes more important for chicken by evaporative cooling

through the respiratory system.

The role of water intake on chicken under heat stress was reported by Belay and Teeter
{1993), Balnave and Brake (2005), and survival of chicken in hot environment depends on the
consumption of large volumes of water (Fox., 1951). Bessei (1998) showed that there is
considerable individual variation of water intake within breeds which can not be explained by
maintenance and performance. Birds showing high voluntary water intake under moderate
temperature seem to better cope with episodic heat stress. This finding was confirmed in a
study, which revealed that birds with excess water consumption under moderate conditions,
maintained high feed intake and egg production under heat stress while birds with low water
mtake reduced egg production (Bessei et al., 1999). Wilson (1949) found that White Leghom
hens which voluntary consumed more water under hot environmental temperature than New
Hampshire and Rhode Island Red hens, maintained high egg production under these
conditions. So, it is not unreasonable to assume that such birds will benefit from an increase

in water intake.

There are various methods to inerease water intake in chicken. Supplementation of sodium
and potassium salts in the diet or in drinking water was reported to increase water intake
{Teeter, 1994; Smith, 2001). Furthermore. it is known that mineral salts should be
supplemented for chicken under heat stress, because heat stress modifies the extent of mineral
excretion leading to mineral unbalance. The negative effect of heat stress on electrolytes
balance was reported by Ait-Boulahsen (1989), Deyhim and Teeter (1991b), Brake et al.
(1994), Belay and Teeter (1996). Supplementation of minerals, such as NaCl and KCl, is
recommended to compensate for the losses of munerals through excretion. It seems better to
provide electrolytes through the drinking water than through feed. because in high ambient
temperature, water intake is increased while feed intake is reduced. Most of studies have
focused on the effects of mineral salts on the performance and egg characteristics in the
moderate conditions (Yoselewitz and Balnave, 1989; Khafafalla and Bessei, 1996; Damron
B.L., 1998: Richter et al. 2006), studies of mineral supplementation in drinking water for heat

stressed laying hens and broilers under tropical field conditions are scare.

(B
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The objective of this study is to elucidate the role of high wvoluntary water mtake by
supplementation sodium or potassium chloride in drinking water on heat tolerance under high

temperature conditions in laying hens and broilers.

1.2 Design of the study

The study including three experiments was conducted in two environmental conditions:
controlled temperature conditions and tropical field conditions. Two experiments were carried
out with laying hens in controlled temperature conditions at Hohenheim University, Germany.

One experiment was conducted with broilers in tropical summer conditions of Viet Nam.

The first experiment was conducted to study the effect of cyelic heat stress and KCl
supplementation in drinking water on laying hens. A total of 48 Hisex hens (76 weeks old)
were kept in individual laying cages in environmental controlled chambers and were
randomly allocated to three experimental groups of 16 hens each. These groups were given 0:
0.2 and 0.4 % KCl in the drinking water for seven consecutive days of heat stress. Before and
after heat stress, the birds were given normal drinking water. Water and feed were provided
ad libitum. The birds were fed a layer diet containing 11.45 MI/’kg Metabolizable Energy
(ME). 16.97 % Crude Protein (CP). 3.73% calcium (Ca), 0.62% phosphorus (P), 0.22%
sodium (Na) and 0.33% chloride (Cl). The study was done at the research station of
Hohenheim University, Germany from 26 March to 16 April 2007 (3 weeks). The room
temperature was kept constant at 21=1°C for 7 days, afterwards, it was cyeled from 21=1°C to
34=1°C (from 9 to 22 hrs) for 7 days, and then constant at 21=1°C for 7 days. Humidity was
not controlled. 14-hours lighting schedule was maintained during the experiment. Water and
feed intake, water: feed ratio, body weight, body temperature, egg production, egg weight,
eggshell thickness, egg deformation, eggshell strength, yolk colour and Haugh Units (HU)

were recorded.

In the second experiment, the effect of NaCl supplementation (0.2 and 0.4%) in drinking
water on laying hens was tested under the same temperature program as in the first

experiment. A total of 48 Hisex hens (80 weeks old) were used.
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In the third experiment, the effect of NaCl or KC1 supplementation in drinking water on
performance of broilers under tropical summer conditions of Viet Nam was studied. The
study was conducted on a commercial chicken farm from 26 June to 14 August 2007 (49
days) in Song Cong Town, Thai Nguyen provinee situated in mountainous and midland
region of northeastern Viet Nam. It lies in the monsoon tropical climate zone with summer
season from May to October and winter season from November to April. The average summer
temperature is about 29°C and humidity is about 75%. A total of 240, 21-day-old broiler
chicks (Lohmann Meat) provided by Viet Nam Japfa Comfeed Indonesia were randomly
allocated into 5 treatmental groups. Each treatment group consisted of three replicates of 16
chickens each. NaCl or KCI was supplemented at 0.2% and 0.4% to drinking water, and
unsupplemented water was used as control. NaCl or KCl was supplemented from the
beginning of the 4% to 7% weeks of age. Birds were vaccinated according to the recommended
commercial poultry practices being used in the region. The birds were kept in an open sided
poultry house on the rice hull litter. Temperature and humidity of the house were not
controlled. The light program was 24 hours light from 1-3 weeks of age, thereafter, 18 hours
light per day. Water and feed were provided ad libitum. Water was offered by nipple drinkers.
Commercial broiler feed (starter, grower and finisher) were used. Water and feed
consumption. feed conversion ratio (FCR). body weight, body weight gain, body temperature,

carcass traits and mortality were recorded.

The experimental data were statistacally analyzed by IMP 5.0.1 program (SALL et al., 2005).
The effect of salt supplementation was tested by the MANOVA analysis with salt
concentration as fixed effect and the period (before, during and after heat stress) as the

repeate d measurement.

Differences between means of salt concentrations within the periods were tested by Student’s
t-test. using ANOVA procedure. Differences of means between periods with salt
concentration were tested by Matched Pairs test. MANOVA and Matched Pairs analysis was
not applied for egg quality analysis since hens did not lay every day, and the data contained

too many missing values. The two following statistical models were used:

The first model was used for analysis between groups:

Vi =T SiT e



vij = Parameter of j bird in 1 group

1t = Total mean

8, = Effect of salt supplementation (NaCl or KCI) (1= 0, 0.2, 0.4%)

&jj = error
The second model was used for analysis the experimental periods:
(ot T(¥lp2 T(vidps = 0+ Sit ey

(¥i)p1 T(¥ipp2 T(¥ij)ps = Parameter of period 1, 2, 3 (before, heat stress and after heat
stress)

1 = Total mean

S; = Effect of salt supplementation (NaCl or KCl1 (1= 0, 0.2, 0.4%)

€jj = error
1.3 Structure of the thesis

Chapter 1 includes introduction and general discussions.

Chapter 2 (corresponding to paper 1) describes the effect of heat stress and KCl
supplementation in drinking water on water and feed intake, water:feed ratio, body weight,
body temperature, egg laying rate, and egg quality of laying in hens in cyclic heat stress under

controlled conditions.

Chapter 3 (corresponding to paper 2) describes the effect of heat stress and NaCl
supplementation in drinking water on water and feed intake, water: feed ratio, body weight,
body temperature, egg laying rate, and egg quality of laying in hens in eyelic heat stress under

controlled conditions.

Chapter 4 (corresponding to paper 3) presents the effect of NaCl or KC1 supplementation in
drinking water on water and feed intake, water: feed ratio, feed conversion, body weight,
body temperature, and carcass characteristics of broiler under summer conditions of Viet

Nam.
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2 GENERAL DISCUSSION

2.1 Effect of heat stress and NaCl or KCI supplementation in drinking water on water

and feed intake, feed conversion ratio and water: feed ratio

Water intake in chicken varies with age, breed, ambient temperature, humidity, density and
nutritional factors. Ambient temperature is probably an important factor affecting water intake
of birds (Daghir, 1995). In the present study, cyclic heat stress significantly increased water
consumption of laying hens. Hens increased water consumption by 38.8% to 40.5% in the
week of heat stress in comparison with the before and after heat stress period. This finding
was in agreement with other studies , they showed that water intake increases by 100% when
temperature increases from 21°C to 32°C (Portsmouth, 1979), and by 135% when temperature
rises from 26.6°C to 37.8°C (Wilson, 1949). The high level of water intake was maintained
for the first two days of heat stress only. With continued exposure to high temperatures water
intake by hens returned to normal level (Smith, 2001), however the present result of two
experiments with laying hens revealed that birds maintained high water consumption during
heat stress (7 days), and it only refwrned to normal when ambient temperature decreased to a

moderate level.

Beside temperature, KCl or NaCl supplementation in drinking water increased water intake of
hens in our study. Birds recetving 0.2% and 0.4% KCI in drinking water had higher water
consumption (27.9% and 29.6%, respectively) i comparison with the control group under
heat stress. Even higher water intake was seen in birds recerving 0.2% and 0.4% NaCl in
drinking water (38% and 48.8%., respectively). The different water intake between birds

receiving two levels of KCl or NaCl supplementation was not significant.

Heat stress combined with KCI or NaCl supplementation in drinking water a had greater
effect on water intake of hens than either factors alone. In heat stress, birds recerving 0.2%
and 0.4% KC1 increased water consumption by 67.6% and 67%. respectively, than before the
heat stress period while birds received 0.2% and 0.4% NaCl in drinking water, it increased by
74.7% and 108%, respectively. Hence. supplementation of NaCl was more efficient in
inereasing water intake than KCl. This was also found in broilers where water intake in high
temperature was affected by 0.2% and 0.4% NaCl or 0.4% KCl in drinking water while 0.2%

KCl did not affect water intake.
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Heat stress usually decreases feed consumption as reported by Emmans (1974), Burd et al
(1988), Cobb (1991), Li et al. (1992) and May and Lott (1992). This decline of feed intake is
shown to be in negative correlation with performance of chicken. Smith and Oliver (1972)
loc. cit. Daghir (1995) showed that 40-50% reduction in egg production and egg weight at
38°C is due to reduced feed intake. Dale and Fuller (1979) reported that 63% of reduction in
growth rate is due to reduced feed intake in high temperature. This decrease is an important
response of chicken to heat stress to reduce the metabolic heat load that requires dissipation
(Etches et al., 1995). Feed intake decreases by about 0.12 percent for each degree rise
environmental temperature over 21°C (Smith, 2001). and 5% when temperature increased
from 26.5 to 37.8 °C (Wilson, 1949). Feed intake of laying fowl fell when temperature was
increased to 30°C, on returning to 20°C it increased to normal (Sykes and Fataftah, 1986). In
the present study, feed intake of laying hens showed a tendency to decrease in the first three
days of heat stress, thereafter it slowly increased to normal again. However, the average feed
intake during and before the heat stress period was not significantly different. This finding is
not in agreement with Emmans (1974), May and Lott (1992), Smith (2001), who reported that
heat stress reduced feed intake of birds. The different results may be due to different intensity
of heat stress. In the cyelic heat stress schedule of our study, the temperature returned to
normal for several hours, this allowed birds to dissipate the heat stored during heat stress
period. Morris (2004) also concluded that constant temperature (30°C) reduced feed intake,
laying rate and egg weight in comparison with at 21°C., however cyclic heat stress (30°C in

light and 24°C in dark period) did not affect these parameters.

KCI supplementation in diet or drinking water was believed to reduce negative effects of heat
stress on chicken (Teeter, 1994; Deyhim and Teeter, 1995), but can not fully correct them
(Daghir, 1995). In our study, NaCl and KC1 supplementation with two levels (0.2% and 0.4%)
did not affect feed intake of both laying hens and broilers in high ambient temperature.
Nevertheless, the highest concentration of KC1 or NaCl in drinking water had positive effects
on FCR which is very relevant economicallsy. Broilers receiving 0.2% NaCl or 0.2% KC1
supplementation did not show differences in FCR. The deterioration of FCR under hot
conditions can be caused by the disturbance of physiological processes. Hai et al. (2000)

reported that the activities of three kinds of enzymes in the intestinal tract (trysin,
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chymotripsin, and amylase) were decreased by hot environment (32°C) compared to normal

environmental temperature (21°C).

Under temperate conditions, the water: feed intake ratio ranges from about 1.5 to 2.5, and at
extremely high temperatures, an even higher ratio may be seen. Interestingly, both meat and
egg-type chickens have similar water: feed ratios (Bell, 2002). In the present study, water:
feed ratio was from 2 to 2.18 in laying hens before heat stress and it increased to about 2.8
during heat stress. For birds receiving 0.2% and 0.4% KCl in heat stress, water: feed ratio
further increased to 3.65 and 3.59, respectively, while in the birds receiving 0.2% and 0.4%
NaCl, it increased to 4.52 and 4.56, respectively. The average of water: feed ratio in broilers
from 4-7 weeks of age was 2.15 in tropical summer conditions. It increased significantly to
2.78 and 2.93 when broilers received 0.4% KCl and 0.4% NaCl added in drinking water,
respectively. The increase in water: feed ratio responding to increasing ambient temperature
reflected the extra water requirement for maintaining body temperature. Addition of 0.2%

NaCl or KCI did not affect the water: feed ratio.

2.2 Effect of heat stress and NaCl or KC1 on body weight

In both experiments with laying hens under cyclic heat stress, body weight had a decreasing
tendency when ambient temperature rose. In heat stress, birds responded differently towards
KCl or NaCl supplementation. Birds receiving KCl in drinking water maintained body weight
during heat stress and thereafter, while birds receiving 0.4% NaCl in drinking water decreased
body weight. This decline may not be due to effect of NaCl, because in normal temperature,
0.2% NaCl added in drinking water improved body weight of birds in first laying period (2-3
months of laying age) (Khalafalla, 1996). At high temperature (35°C), broilers receiving
0.39% NaCl in drinking water had better weight gain (Deyhim and Teeter, 1991a). The
decline of body weight in the present case may be due to heat stress, and it reveals that NaCl
added in drinking water failed to maintain body weight. However, in tropical conditions,
broilers receiving 0.4% NaCl added mn drinking water had better final weight and body weight
gain than birds receiving normal water while KCl supplementation in drinking water did not
affect final body weight and body weight gain. The positive effect of NaCl on weight gain in heat

stressed broilers is m agreement with Smith (1994), Ross (1979), Balnave et al. (1989), Smith and

Teeter (1989), and Ahmad et al. (2004)
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2.3 Effect of heat stress and NaCl or KCI1 on body temperature

The potential of heat loss is a major factor of adaptation to high ambient temperature. Chicken
produce heat through metabolic processes and muscular activity. Body temperature increases
when the production of metabolic heat exceeds the potential of heat dissipation. When body
temperature reaches a critical point (about 47°C), birds will die from heat prostration
(Weaver, 2002). In the present study, body temperature of laying hens increased from about
40.8°C at normal ambient temperature to about 41.4°C on the first day of heat stress, in the
following days body temperature was tendentiously lower. Body temperature of broilers in
tropical conditions (34-35°C and 60-62% humidity) was about 42°C at 23 days of age. When
broilers were heavier, body temperature inereased to about 43°C. It reveals that heat
dissipation in the early age is not a problem since the body surface relative to the body mass is
high, and the birds are not fully feathered. Body temperature of broilers in this case may also
have been influenced by high humidity which reduces evaporative heat loss from the
respiratory tract. The increase in body temperature due to heat stress was reported by Boone
and Hughes (1971), who concluded that if the ambient temperature rose slowly, the birds
maintained their normal body temperature until the ambient temperature reached 33°C. The
inereasing water intake may delay the rise in body temperature. Under hot conditions, the
unmediate increase in water consumption meets the demand for evaporative cooling from
respiratory surfaces (Etches et al., 1995). Smith (2001) showed that water is essential for the
control of body temperature by the birds in hot environments. Panting is an essential heat loss
mechanism under these conditions and lack of water quickly leads to death by hyperthermia.
In our study, 0.4% KCI or 0.4% NaCl added in drinking water increased water intake of
laying hens, therefore it helped birds to reduce tendentiously body temperature from 0.1 to
0.2°C. At a level of 0.2%, NaCl or KCI had no effect on body temperature. At 40 days of age,
the positive effect of increasing water intake on body temperature of broilers was noted in
groups receiving 0.4% NaCl or 0.4% KCI in drinking water in comparison with a group
receiving 0.2% KCL Body temperature of birds in these groups was reduced from 0.2 to 0.3°C
in comparison with the control group, but it was not significantly different. The results

showed that the response of body temperature to mineral supplementation was in agreement
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with the above mentioned responses of feed intake and growth rate. Hence change in body

temperature is a good criteria to appraise heat stress in chicken.

2.4 Effect of heat stress and NaCl or KCI1 on egg production and egg quality

The effect of high ambient temperature on egg production appears to be progressive and
consequently hens kept at ambient temperature above 32°C show a decline in egg production
(Smith, 2001). In the present results, egg production of birds recerving normal drinking water
was declined during the first four days of heat stress only, thereafter it increased to normal
rate. Mean laying rate during heat stress was not significantly different from the before and
after heat stress period. The decrease in laying rate was parallel with the decline of feed intake
in heat stress. Etches et al. (1995) reported that the diminished egg production under heat
stress 1s suspected to be at least partly influenced by the ovulatory hormones. Donoghue et al.
(1989) showed that reproductive decline in the acute heat stressed hen is mediated by reduced
luteinizing hormone (LH) releasing ability of the hypothalamus. The direct physiological
effect on egg production can be explained by increased body temperature and reduced blood

flow to the uterus in high temperature (Wolfenson et al., 1981).

The negative effect of heat stress on eggshell defects was found in the experiment 1, but it
was not significant in the experiment 2. This difference may be due to body temperature of
birds in heat stress. It can be seen that hens in experiment 2 had lower body temperature
(about 0.1°C) than hens in experiment 1. though the ambient temperature was similar. Ernst
(1995) reported that panting due to heat stress imcreases water evaporation from the
respiratory surfaces, but it also results in a loss of carbon dioxide from the blood via the
lungs. This results in alkalosis, which interferes with eggshell calcification. This can cause
egg shell defects due to poor eggshell formation. In the present study. heat stress decreased
eggshell thickness and egg weight and increased eggshell defects. This finding is in
agreement with Tyler and Geake (1958), Belyavin et al. (1987) and Zeidler (2002), whe
reported that ambient temperature above 32°C results in decease in eggshell thickness and

shell strength, resulting in inerease in percentage of cracked eggs.

The effect of KC1 added in diet or drinking water on performance of broilers in heat stress and
NaCl added in diet or drinking water on performance of laying hens in moderate conditions

have been the subject of several researches, but there is not much information about the effect

10
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of them on performance of laying hens under heat tress. In normal ambient temperature,
supplementation of 2g NaCl/l in drinking water (Yoselewitz and Balnave, 1989; Khafaflla and
Bessei, 1996) for laying hens increased eggshell defects. However, in Leghorn hens fed diets
with no added salt, feed consumption and body weight was declined. After 14 days, there
were no ova in the rapidly maturing stage. After 17-21 days. egg production dropped to 0%
(Nesbeth et al., 1976). The positive effect of KCI supplementation on broilers under high
ambient temperature was reported by Teeter and Smith (1986), Smith and Teeter (1987) and
Teeter (1994), however the effect of KCl supplementation in drinking water on laying hens in
high ambient temperature has not been documented yet. In the present study, 0.2% or 0.4%
KC1 added in drinking water supported to maintain the laying rate during the time of heat
stress. But this maintenance of laying rate was found with 0.4% NaCl supplementation only.
During heat stress, egg weight of birds receiving normal water decreased continuously while
birds receiving KC1 added in drinking water laid eggs with constant weight. This effect was
not seen in the birds receiving NaCl supplementation. Shell thickness was also better when
birds received drinking water with 0.4% KCl. However, birds receiving drinking water with
NaCl had a tendency of thinner eggshell thickness. Egg shell strength, shell deformation, yolk
color and HU were not affected by KCl or NaCl supplementation. Khalafalla (1996) reported
that 1 moderate temperature, 0.2% NaCl supplementation mn drinking water did not affect

shell deformation, shell strength, HU and yolk color, but decreased shell thickness.

2.5 Effect of NaCl and KC1 on carcass characteristics in broilers

Dressing percentage of birds receiving normal water was similar to birds receiving drinking
water with 0.4% NaCl and higher than birds receiving water with two levels of KCland 0.2%
NaCl. Abdominal fat increases under high continuous high temperature (32°C) in comparison
with 22°C (Ain et al., 1996). This increase was about 1.6 percent with each degree rise in
temperature (Smith, 2001). A similar result was shown by Lu et al. (2007) when broilers were
kept at high ambient temperature (34°C). In the present study, the control birds under summer
conditions in Viet Nam had high abdominal fat (3.05%). Addition of 0.4% NaCl in drinking
water reduced the abdominal fat in comparison with birds in the control and 0.2% NaCl
group. The lower abdominal fat may be related to better FCR (Buyse et al., 1998). This

finding was in agreement with Marks and Washburn (1983), who reported that abdominal fat

11
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was reduced by 2.4% NaCl supplementation in diets under normal conditions. They indicated
that high water to feed ratio may be associated with reduced abdominal fat. A lower
abdominal fat of broiler receiving 0.3% Na in diets under summer conditions (35°C
temperature and 58.2% humidity) was found by Mushtag et al. (2005). He showed that the
better use of energy of broilers may reduce abdominal fat. In our study, lower abdominal fat is

related with both better FCR and higher water to feed ratio.
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EFFECT OF POTASSIUM CHLORIDE SUPPLEMENTATION IN DRINKING WATER ON WATER AND
FEED INTAKE AND EGG QUALITY OF LAYING HENS UNDER CYCLIC HEAT STRESS

3.1 Abstract

This experiment was carried out to study the responses of laying hens to eyclic heat stress
and the effects of potassium chloride supplementation in the drinking water on water intake,
feed intake and productivity traits under heat challenge. A total of 48 hens were kept in
environmental controlled chambers and randomly allocated to three experimental groups of
16 hens each. These groups were given 0, 0.2 and 0.4% KCI in drinking water for seven
consecutive days. The room temperature was constant at 21=1°C for one week and cycled
from 21=1°C to 34=1°C (from 9 to 22 o’clock) for following week, then returned to constant
at 21+1°C for one week. Water and feed intake, egg production and egg quality of the
individual hens were recorded throughout the experimental period. Body temperature was
recorded at one day before, and 1%, 3, 5% and 7% day of experiment. Heat stress increased
water intake, water: feed ratio, body temperature, eggshell defects in comparison with pre-
heat stress. Feed intake of control and 0.2% KCI group decreased on first 3 days of heat tress.
Laying rate decreased on 2™, 3™ and 4® day and egg weight and body weight of control group
decreased during heat stress. Eggshell thickness, eggshell strength, egg deformation, yolk
color and HU seem to be not affected by heat stress. In heat stress, supplementation of KC1 in
drinking water incrsased water intake, maintained body weight, egg weight and egg
production, and had less eggshell defects. There was a tendency towards lower body
temperature and thicker eggshell with 0.4% KCI solution. Feed intake, egg deformation, yolk
color and HU were not significantly affected by KCI supplementation. These results showed

that KC1 supplementation through drinking water may be a means to maintain egg production

and egg quality which usually occurs when the temperature in the layer house increases.

Key words: Egg quality, feed intake, heat stress, potassium chloride, water intake.
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4.1 Abstract

The objective of this study was to study the responses of laying hens to cyclic heat stress and
effect of inereasing water mtake of laying hens through NaCl supplementation in the drinking
water on body weight, body temperature and productivity traits under heat challenge. A total
of 48 hens were kept in environmental controlled chambers and randomly allocated to three
experimental groups of 16 hens each. These groups were given 0, 0.2 and 0.4% NaCl in the
drinking water during cyelic heat stress. The room temperature was constant at 21=1°C for
one week before heat stress. During heat stress, temperature was cycled from 21=1°C to
34=1°C (from 9 to 22 o’clock) for 7 days, then returned to 21=1°C for one week. The result
showed that heat stress increased water consumption, water: feed ratio and body temperature
of laying hens while feed intake. egg production, egg weight. body weight, eggshell thickness,
eggeshell strength, egg deformation, yolk color and HU were not affected. NaCl
supplementation significantly increased water intake and water: feed ratio as compared to
control group. NaCl supplementation reduced feed intake and tendentiously decreased egg out
put during heat stress period, but after heat stress the laying rate reached to the pre-heat stress
level in the both treatments. The control birds did not reduce laying rate and feed
consumption during heat stress, but laying rate declined in the period after heat stress. This
effect was explained by a delayed response to the heat stress due to inadequate increase of
water consumption. The effect of NaCl supplementation on the performance of laying hens
was not clear, the positive effects may be produced by NaCl application under higher

temperature or constant high temperature schedule.

Key words: Egg quality, feed intake, heat stress, sodium chloride, water intake.
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EFFECTS OF SODIUM CHELORIDE AND POTASSIUM CHLORIDE SUPPLEMENTATION IN DRINKING
WATER ON PERFORMANCE OF BROILEES UNDEER TROPICAL SUMMER CONDITIONS

5.1 Abstract

It is well known that water intake has a vital role in resistance of chicken to high temperature
and maintenance of electrolyte balance is very important to maintain the performance in high
temperature conditions. This experiment was carried out to study the effects of sodinm
chloride (NaCl) and potassium chloride (KCl) in the drinking water on water intake, feed
intake, produetivity traits and carcass quality of broilers under tropical summer conditions. At
the age of 21 days, a total of 240 chicks of Lohmann meat breed were randomly assigned into
5 groups. Each treatment group consisted of three replicates of 16 birds each in a open sided
poultry house. Three different levels (0, 0.2, and 0.4%) of sodium and potassium chloride
were added in drinking water. Weekly water and feed intake were measured. Body
temperature of 15 birds per treatment was measured at 23, 33 and 40 day of age. Body weight
of all birds was individually weighed on day of hatching and afterwards at weekly intervals up
to 7 weeks of age. At 49 days of age, one male and one female bird from each replicate (a
total of 30 birds) were slaughtered to determine carcass characteristics. The results showed
that addition of KCI and NaCl in drinking water enhanced water intake and water: feed ratio.
The addition of 0.4% NaCl reduced body temperature increased significantly body weight,
and improved feed conversion ratio and decreased abdominal fat. Thigh meat was higher with
0.4% KCl supplementation. NaCl and KCl supplementation did not affect feed intake.
However, carcass percentage was reduced by 0.2% NaCl and KCI, and 0.4% KCI
supplementation. Therefore, in the tropical summer conditions, higher levels of KCl

concentration and economic aspect should be further studied.

Key words: feed intake, potassium chloride, sodium chloride, tropical condition, water

mtake.



SUMMARY

6 SUMMARY

It is well known that water intake and maintenance of electrolyte balance play a vital role in
the resistance of chicken to high temperature. It was hypothesis that voluntary water intake in
response to heat stress may not be sufficient to prevent the reduction of performance in laying
hens and broilers, and that stimulation of water intake through supplementation of electrolytes
m drinking water may assist the birds to maintain high productivity under heat stress. The
present study includes three experiments. Two experiments were carried out with laying hens
in controlled ambient temperature conditions to study the effects of sodium chloride (NaCl)
and potassium chloride (KCI) supplementation in the drinking water on water intake, feed
intake, egg quality, body temperature, body weight and productivity of laying hens under high
temperature, The third experiment with broilers was conducted in tropical summer conditions
of Viet Nam to find out whether supply NaCl and KCl in drinking water would improve
productivity and carcass quality of broilers under tropical summer conditions and which
concentration of both minerals should be used. The first experiment was conducted for three
weeks (from 26 March to 16 April 2007) at the research station of Hohenheim University,
Germany. A total of 48 Hisex hens (76 weeks old) were kept in individual laying cages in
climatic chambers and were randomly allocated to three experimental groups of 16 hens each.
These groups were given 0: 0.2 and 0.4 % KCl in the drinking water for seven consecutive
days of heat stress. Before and after heat stress, birds were given normal drinking water.
Water and feed were provided ad libitum. The birds were fed a layer diet containing 11.45
MI/kg Metabolizable Energy, 16.97 % Crude Protein, 3.73% calcium, 0.62% phosphorus,
0.22% sodium and 0.33% chloride. The room temperature was constant at 21=1°C for 7 days,
afterwards, it was cyeled from 21+1°C to 34=1°C (from 9 to 22 o’clock) for 7 days, and then
constant at 21=1°C for 7 days. Humidity was not controlled. 14-hours lighting schedule was
maintained during the experiment. Water and feed intake, water: feed ratio. body weight,
body temperature, egg production, egg weight, egg shell thickness, egg deformation, egg shell
strength. yolk colour and Haugh Unit (HU) were recorded. In the second experiment, effect of
NaC1 supplementation (0.2 and 0.4%) in drinking water on laying hens was tested under the
same temperature program as in the first experiment. A total of 48 Hisex hens (80 weeks old)
were used. The third experiment was carried out on the commercial chicken farm from 26

June to 14 August 2007 (49 days). A total of 240 21-day-old broiler chicks (Lohmann meat)
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were randomly allocated to 5 treatment groups in a randomized block design. Each treatment
consisted of three replicates of 16 chickens each. Both, NaCl and KCl, were supplemented

from the beginning of the 4% to 7%

weeks of age at 0.2% and 0.4% to drinking town water,
and unsupplemented water was used as control. The birds were kept in an open sided poultry
house on the rice hull litter. Temperature and humidity of the house were not controlled.
Water and feed intake were measured weekly. Body temperature of 15 birds per treatment
was measured at 23, 33 and 40 day of age. All birds was individually weighed on day of
hatching and afterwards at weekly intervals up to 7 weeks of age. At 49 days of age, one male

and one female bird from each replicate (a total of 30 birds) were slaughtered to determine

carcass characteristics.

The results showed that in laying hens, heat stress increased water intake, water to feed ratio,
body temperature and eggshell defects. Feed intake, egg production and egg weight decreased
tendentiously during heat stress. Body weight, eggshell thickness, eggshell strength, egg
deformation, vyolk color and HU were not significantly affected by heat stress.
Supplementation of KCl or NaCl in drinking water increased water intake and water: feed
ratio. Only KCl supplementation maintained body weight, egg weight and egg production,
and decreased eggshell defects. Feed intake, eggshell deformation, yolk color and HU were
not significantly affected by either KC1 or NaCl supplementation. The results showed that
KCI supplementation through drinking water may be a means to maintain egg production and
egg quality which are usually deteriorated when the temperature in the layer house increases

while NaCl was less effective under these conditions.

Supplementation of KCl or NaCl in drinking water enhanced water intake and water: feed
ratio of broilers under tropical summer conditions. 0.4% NaCl supplementation m drinking
water reduced body temperature, increased body weight, improved feed conversion ratio
(FCR) and decreased abdominal fat while feed intake was not affected by both NaCl and KC1
supplementation. Therefore, 0.4% NaCl added in drinking water may be a means to improve
productivity of broiler under high temperature. 0.4% KCI1 supplementation increased thigh
meat, and improved FCR. However, carcass percentage was reduced by KC1 supplementation.

Therefore, in the tropical summer conditions, higher levels of KCl concentration and
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economic aspect should be further studied. It was not clear whether the beneficial effects of
KCl and NaCl supplementation in drinking water was caused by the cooling effect of the

inereased water intake and/or the maintenance of electrolytes balance.
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7 ZUSAMMENFASSUNG
Es ist allgemein bekannt, dass eine hohe Wasseraufnahme und die Aufrechterhaltung der
Elektrolytkonzentration im Organismus eine wichtige Rolle bei der Anpassung an hohe
Temperaturen darstellen. Die vorliegende Arbeit geht von der Hypothese aus, dass die
normale Wasseraufnahme von Gefliigel unter Hitzestress nicht ausreicht, um eine optimale
Leistung zu erhalten und dass die Anreicherung des Trinkwassers mit Elektrolyten die
Wasseraufnahme stimuliert und somit die Tiere in die Lage versetzt, ihre hohe Leistungen
und der Hitzestress bei zu behalten.
Die vorliegende Arbeit umfasst drei Experimente. Zwei Experimente wurden mit Legehennen
in Klimakammern durchgefithrt, wobei ihr Trinkwasser mit Natrium- und Kaliumchlorid
angereichert wurde. Das  dritte  Experiment wurde mit Masthithnern unter
Sommerbedingungen in Vietnam durchgefiihrt. Auch hier wurden Natrium- und
Kaliumehlorid im Trinkwasser supplementiert.
Der erste Versuch wurde mit msgesamt 48 Legehennen (Hisex) an der Versuchseinheit fiir
Nutztierethologie und Kleintierzucht der Universitits Hohenheim durchgefithrt. Die Tiers
wurden auf drei Versuchsgruppen zu je 16 Hennen verteilt. Diese erhielten jeweils 0, 0,2 und
0.4% Kaliumchlorid iiber sieben aufeinander folgende Tage im Trinkwasser verabreicht. Vor
und nach dieser Periode war eine Periode mit konstanter Temperatur von jeweils sieben
Tagen angeordnet. Wihrend des Hitzestresses wurde die Temperatur zyklisch von 21 auf
34°C (von 9:00 bis 22:00 Uhr) variiert. Die Luftfeuchte wurde nicht kontrolliert. Uber die
gesamte Versuchszeit erhielten die Tiere thr Futter und Wasser ad libitum. Das Futter enthielt
11.45 MJT umsetzbare Energic pro Kilogramm, 16,97% Rohprotein, 3,73% Ca. (,62% P,
,22% Natrium und 0,33% Chlorid. Das Lichtprogramm war auf 14 Stunden Tageslicht und 8
Stunden Dunkelheit eingestellt. Es wurden ff. Merkmale erfasst: Futter- und
Wasseraufnahme, Wasser: Futterverhiiltnis, Kérpergewicht, Kérpertemperatur, Eigewicht,
Eizahl, Eischalendicke, Eischalendeformation, Bruchfestigkeit, Dotterfarbe und Haugh Units
(HU). Im zweiten Versuch wurde die Supplementierung von 0, 0.2 und 0,4% Natriumchlorid
im Trinkwasser getestet. Auch hier wurden insgesamt 48 Legehennen eingesetzt. Die
Versuchsanlage und -merkmale waren mit Versuch 1 identisch. Die Tiere waren zum

Versuchsbeginn 80 Wochen alt.
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Der dritte Versuch wurde mit Masthithnern auf einer kommerziellen Gefliigelfarm in Vietnam
durchgefiihrt (26. Juni bis 14.8.2007). Es wurden insgesamt 240 21-Tage alte Masthihnchen
{(Lohmann Meat) einer randomisierten Blockanlage fiinf Behandlungen zugeteilt. Jede
Behandlung enthielt drei Wiederholung zu je 16 Tieren. Es wurden Natriumchlorid und
Kaliumchlorid in Konzentrationen von 0,2 und 0,4% dem Trinkwasser zugesetzt. Des
Weiteren wurde eine Kontrolle ohne Supplementierung gehalten. Die Tiere wurden in einem
Offenstall auf Einstreu mit Reisschalen aufgezogen. Temperatur und Luftfeuchte im Stall
wurden nicht kontrolliert. Futter- und Wasseraufnahme wurde tiglich erfasst. Die
Kérpertemperatur von 15 Masthihnchen pro Behandlung wurde am 23., 33. und 40.
Lebenstag gemessen. Alle Tiere wurden am ersten Tag sowie dann in wdchentlichen
Intervallen bis zur Alter von sieben Wochen gewogen. Im Alter von 49 Tagen wurden jeweils
ein minnliches und ein weibliches Tier jeder Wiederholung (insgesamt 30 Tiere)
geschlachtet, um die Schlachtkérperqualititsmerkmale zu erfassen.

Die Ergebnisse zeigten, dass Legehennen unter Wirmestress ihre Wasseraufnahme erhéhten.
Auch das Verhiltnis von Wasser: Futter, Kérpertemperatur und Eischalendefekte waren
erhéht. Futteraufnahme, Legeleistung und Eigewicht waren in der Tendenz reduziert. Das
Kérpergewicht, Eischalendicke, Bruchfestigkeit, elastische Verformung, Dotterfarbe und HU
waren nicht signifikant durch den Hitzestress beeinflusst worden. Die Supplementierung von
Natrium und Kaliumehlorid im Trinkwasser fithrte zu einem Anstieg der Wasseraufnahme
und des Wasser: Futterverhiltnisses iiber das Niveau der Kontrollgruppen. Die Legeleistung,
Eigewicht, Korpergewicht sowie die Eischalendefekte wurden nur durch die
Supplementierung positiv beeinflusst. Futteraufnahme, Eischalendeformation. Dotterfarbe
und HU waren durch die Natrium- oder Kaliumechlorid-Supplementierung nicht signifikant
beeinflusst. Die Ergebnisse zeigten insgesamt, dass die Kaliumechlorid-Supplementierung iiber
das Trinkwasser eine MaBnahme fiir die Verbesserung der Legeleistung und verschiedener
Eiqualititskriterien unter hohen Temperaturbedingungen darstellt. Natriumehlorid war in
dieser Beziehung weniger effektiv.

Die Supplementierung von Natrium und Kaliumehlorid im Trinkwasser von Masthihnchen
verbesserte die Wasseraufnahme und das Wasser: Futter-Verhiltnis unter tropischen
Sommerbedingungen. 0,4% Natriumchlorid im Trinkwasser von Masthihnchen reduzierte die
Kérpertemperatur, verbesserte das Koérpergewicht und die Futterverwertung und reduzierte

den Anteil des Abdominalfetts, wihrend die Futteraufnahme nicht signifikant beeinflusst
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wurde. Es kann deshalb geschlossen werden, dass 0,4% Natriumchlorid im Trinkwasser die
Produktivitit von Masthdhnchen unter hohen Temperaturen verbessert. 0.4% Kaliumchlorid
dagegen verbesserte den Schenkelfleischanteil und die Futterverwertung. Allerdings war die
Ausschlachtung bei Supplementierung mit Kaliumehlorid geringer als in der Kontrollgruppe.
In weiterfilhrenden  Untersuchungen miisste  geklirt werden, ob ein héherer
Kaliumchloridgehalt im Trinkwasser zu besseren Ergebnissen fiihrt.

Insgesamt kann festgestellt werden, dass die Anreicherung von Trinkwasser mit Natrium- und
Kaliumchlorid eine Malinahme darstellt, die zu einer wesentlichen Steigerung der
Wasseraufnahme beitrigt und deshalb unter tropischen Bedingungen die Leistung von
Legehennen und Masthiihnchen verbessern kann. Sie ist auch unter einfachen Bedingungen
im landlichen Bereich durchfithrbar. Es wire in weiteren Versuchen zu klaren, warum bei
Legehennen Kaliumchlorid und bei Masthihnchen Natriumehlorid effizienter war. Des
Weiteren wiire zu kldren, ob die Einfliisse von Kalium- und Natriumehlorid im Trinkwasser in
erster Linie durch die Kithlungseffekte aufgrund des héheren Wasserverbrauchs oder durch

die Elektrolyte bedingt sind.
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8 TOMTAT

Nude udng c6 vai tro rat quan trong déi véi kha nang chéng néng ciia gia cam va viée duy tri
can bang dién giai rat can thiét & duy tri ning suat trong diéu kién nhiét dé cao. Nghién ctru
g6m 3 thi nghiém duge thue hién trong hai diéu kién méi tredng khée nhau. Hai thi nghiém
v ga sinh san dwge thue hién trong diéu kién stress nhan tao nhim nghién ciru anh hwéng
ctia stress nhiét va bd sung muéi natri va muéi kali vao neée uong dén kha nang tidu thu nude
va thite 3n. ciing nhw chét lwong trimg. nhiét dé co thé. trong leong co thé, va ning suét
trémg. Thi nghiém vé1 ga broiler dwge thwre hién trong dicu kién méi trromng mua hé cua Viét
Nam nham chimg minh lidu viée cung cip mudi natri va muéi kali théng qua nude udng cé
ning cao ning suat va chat leong thit ciia ga broiler trong muia néng va xac dinh ty 1& bé sung
phi hop.

Thi nghiém thir nhit duoe thue hién tai tram nghién ciru cua trromg dai hoc té‘zng hop
Hoheheim, Dire. Tong s6 48 ga mai giéng Hisex 76 tudn tudi dwoe nudi trong long nuéi cé
thé, ga duge nudi trong phong diéu khién méi trzdng ty déng. Ga thi nghién duge phan bé
ngau nhién vao 3 nhém thi nghiém, mdi nhém gém 16 ga. Nhitng nhém thi nghiém nay duge
cung cap 0, 0,2% hode 0.4% mudi kali vao nude udng trong 7 ngay stress nhiét. Trude va sau
stress nhiét, ga dwoc cung cap nude udng khéng bé sung muéi. Thire dn va nuée udng duge
cung cap tr do. Thite an cho ga d¢ dwoc siz dung trong thi nghiém véi 11,45 MJkg ME,
16.97% CP, 3.73% calcium, 0.62% phosphorus, 0.62% sodium va 0.33% chloride. Théi gian
thi nghiém kéo dai 3 tuan tir 26.3 dén 16.4 nim 2007. Nhiét d6 phong nuéi duge diéu khién la
21=1°C trong 7 ngay. sau d6 nhiét dé dwoc tang tir 21=1°C 1én dén 34=1°C tir 9 dén 22h
trong 7 ngay, sau d6 nhiét duoe ha xuéng 21=1°C trong 7 ngay. Am dé phong nuéi khéng
duge diéu khién. 14h chiéu sing hang ngay duge duy tri trong suét qua trinh thi nghiém. Cac
chi tiéu duge theo dai bao gém: tidu thu thite in va nwde udng, ty 1& nude udng va thire an
tiéu thu, khoi lwong co thé, nhiét 6 co thé. ning suat trimg, khéi lvong trimg. d6 day vo
trimg, chi s6 bién dang. kha ning chiu lire ctia v6 tritg, ma sic long d6. va don vi Haugh.

Thi nghiém thi hai tip trung nghién ctru anh huéng cua stress nhiét va viée bd sung mubi
natri vao nuwde udng dén ga mai dé. Tng 48 ga mai gidng Hisex 80 tuan tudi duge sir dung.
Bé tri thi nghiém v céc chi tiéu nghién ctru nhue thi nghiém thit nhat.

Thi nghiém thnr 3 dwoe thye hién trén trang trai tie 26.6 dén 14.8 nam 2007, Té}ng 56 240 ga
broiler giéng Lohman 21 ngay tuéi duge phin bé ngau nhién vao 5 16 thi nghiém. Mbi 16 thi

nghiém dwge chia lam 3 16 lap lai, moi 16 gom 16 ga. Muodi natri va kali dwge bo sung vao
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mrée udng véi ty 16 1a 0.2 va 0.4%, 16 khong béd sung mudi duge coi 1a 16 déi chimg. Mubi
natri va kali duge béd sung tir 4 dén 7 tudn tuédi. Ga dwoc tiém nhimg loai vaccine phong
nhimg bénh quan trong phd bién tai dia phuong. Ga thi nghiém dwoe nuéi trén nén dém 16t
bang vo trau trong kicu chuéng nuéi théng thoang tw nhién. Nhiét d6 va dm d6 chudng nuéi
khéng duge diéu khién. Lwgng mrde uéug va thuc &n tiéu thu trong tuin duroce xac dinh. Nhist
d6 co thé duoe do trén 15 ga tai ngay tudi thir 23, 33 va 40 cho méi 16 thi nghiém. Khéi hrong
co thé cia tat ca ga thi nghiém dugc xdc dinh tai thei diém 1 ngay tuéi va hang tuan. Mot
tréng va mét mai trong mot 16 1ap lai (réng la 30 con) duge chon dé mé khao sat tai thei diém
49 ngay tudi.

Két qua cho thay, stress nhiét lam ting lrong nuée tidu thu va ty 1& neée ubng va thire an tidu
thy, ting nhiét d6 co thé, ting ty 1¢ tring hong. Thire &n tidu thu. ning suat tring va khoi
lzong trimg ¢é xu huéng giam trong qua trinh stress nhiét. Trong diéu kién stress nhiét, bé
sung muéi natri va mubi kali lam ting hrong mrée udng tidu thu va ting ty 1& nude udng va
thue an tiéu thu. Trong heong co thé, khéi lwong trimg, va ning suat trimg cia gi ung mrde
bé sung muéi kali dwoc duy tri , déng thei giam sé luong trimg hong trong théi gian tiép xuic
véi nhiét dé cao. Tidu thu thire &n, chi s6 hinh dang trimg va mau sic long d6 khéng bi anh
hwéng béi viée bé sung mudi natri hay muéi kali. Nhimg két qua trén chi ra ring, bé sung
muéi kali vao meée udng cé thé 1a mét phwong phap d duy tri ning suat, chat lrong trimg
trong diéu kién nhiét d6 chuéng nudi tang cao, trong khi dé bé sung mudi natri trong mrde
khéng mang lai két qua mong doi trong diéu kién twong tur.

Trong diéu kién mua hé & ving nhiét déi, bé sung muéi natri hay muéi kali vao nuede udng
lam ting hrong meée ubng tiéu thu va ting ty & nuée ubng va thire in tiéu thu. 0.4% mubdi
natri bé sung vao mrée udng da lam giam nhiét d6 co thé, ting khéi lwvong co thé, va nang cao
hiéu qua st dung thire an, giam ty 1& m& bung. do d6, bé sung 0.4% muéi natri ¢6 thé 1a mét
phrong thite dé ning cao ning suat ga broiler trong diéu kién néng 4m & ving nhiét déi. Bé
sung muédi natri hay muéi kali khéng anh hwéng dén kha ning tiéu thu thire dn. Bé sung 0.4%
mubi kali lam ting ty 1¢ thit ngwe. Tuy nhién, bé sung 0.2% muéi natri hay muéi kali, va
0.4% mudi kali lai lam giam ty 1& thit xé. Chinh vi vay, trong diéu kién mua hé & ving nhiét
déi, can nghién ctru anh huéng cua bé sung mudi kali & ty 1é cao hon, ciing nhw can nghién

ctru khia canh hiéu qua kinh té.
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