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Foreword
Heat stress is considered one of the important factors affecting the profitability of the poultry industry
in hot climates. Significant welfare concerns and economic losses occur every year due to impaired
feed efficiency, poorer growth rates and potential mortalities. Under Australian conditions, meat
chickens are exposed to heatwaves that cause heat stress. Global warming is progressively increasing
Earth’s ambient temperatures. The Commonwealth Scientific and Industrial Research Organisation
(CSIRO) predicts that the number of summer days over 35 °C could double by 2030. With these
predicted changes, meat chickens will deal with more frequent heat stress events. This project
investigated the use of electrolyte supplementation as a nutritional strategy to help commercial meat
chickens cope with heat stress. In the experiments, an in-house and a commercial electrolyte were
used, and their effects on performance and meat quality were determined.
The report is targeted at the service managers of the large and medium integrated companies, industry
technical support, and farm owners and managers. It provides strategies to help alleviate heat stress in
meat chickens as the consequences of severe heat stress can be high mortality, reduced performance
and poorer meat quality. The extent of these adverse outcomes will depend on a range of factors
including the chickens’ age and weight, their inherent susceptibility to heat stress, the ambient
temperature and humidity, and the duration of the heat stress. Heat stress can be a risk to chickens
when the temperature range is between 26-28 ⁰C. As the temperature rises above this range, the heat
stress risk increases rapidly, especially under high relative humidity.
This project found that for electrolytes to be an effective strategy to help meat chickens during heat
stress, they need to be given at least 2-3 days before the event. The overall benefit diminishes as the
temperatures move from moderate to severe, however the results show they provide some benefits to
birds with an inherent capacity to cope.
This work will benefit the industry by providing additional measures to implement to improve the
chickens’ ability to endure severe heat events, which will lead to better welfare outcomes and meat
quality.

John Smith
General Manager, Research
AgriFutures Australia
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Executive summary
This report provides a summary of two studies evaluating the use of electrolyte supplementation to
help alleviate adverse effects for meat chickens subjected to high ambient temperatures.
Heat stress is considered one of the important factors affecting the profitability of the poultry industry
in hot climates. Significant welfare concerns and economic losses occur every year due to impaired
feed efficiency, poorer growth rates and potential mortalities. It is difficult to find information about
the total losses to heat stress and costs to production in Australia. Since 2003, there has been an
increase of about 52% in meat chicken numbers processed in Australia. In the future, there are two
key points to consider: amid global warming, the cost of heat stress to the industry is likely to
increase; and any final costing needs to account for welfare concerns associated with heat stress.
The report is targeted at the service managers of the large and medium integrated companies, industry
technical support, and farm owners and managers. It provides strategies to help alleviate heat stress.
Where are the relevant industries located in Australia?
Historically, chicken meat production developed close to consumer markets and labour sources. The
main areas were originally within 100 km of these markets (ACMF, 2018). In most states, the industry
has extended to more regional areas that cover a range of climatic conditions. The research is directed
to growth performance, respiratory alkalosis, meat quality and bird welfare, areas at most risk during
heatwave conditions.
Background
Heat stress is recognised as a major threat to animal wellbeing and productivity, with the effects
dependant on the temperature, relative humidity, duration of exposure, meat chicken genetics and
weight. The adverse effects include decreased feed intake, impaired feed efficiencies, poorer growth
rates, compromised health and high mortality rates (Donkoh, 1989; Mitchell and Carlisle, 1992;
Geraert et al., 1996; Koh and Macleod, 1999).
The continuous genetic selection for rapid growth rate and higher feed efficiency has bred meat
chickens with high metabolic rates. The thermal comfort zone for meat chickens decreases as birds
age and their body weight increases. A physiological consequence of heat stress is a disruption in the
acid-base balance. Electrolyte supplementation of diets or water minimises the acid-base balance
disturbance and improves meat chicken performance under heat stress. Monovalent ions (Na+, K+, and
Cl–) are the key components involved in the acid-base balance of body fluids because they have a
higher permeability and greater absorption than divalent ions (Ca2+ and Mg2+) (Borges et al., 2004).
Growing meat chickens must maintain a positive water balance. High water retention increases heat
dissipation capacity via peripheral blood and evaporation. However, heat-stressed birds lose more
water than birds kept at a thermoneutral temperature.
Studies have established a link between transportation stress and meat quality (Zhang et al., 2009). At
processing, birds experience feed and water deprivation (Zulkifli et al., 2009), catching, crate
confinement (Warriss et al., 2005) and a changing microclimate in and around the transport crate,
transit and lairage (Zulkifli et al., 2009). These aspects of processing can cause stress (Knowles et al.,
1996: Elrom, 2001; Manning et al., 2007). The problems related to heat stress can be exacerbated
during activities associated with transport and processing. The temperature of the crate microclimate
has been reported to be 6-12 ⁰C higher than the ambient temperature. The microclimate effect around
crates during transport may be the single biggest contributor to heat stress and subsequent
dehydration. During transport and lairage, when meat chickens have no access to water, they
experience various degrees of dehydration. A combination of high temperature for a few days before
slaughter, when birds are most susceptible to heat stress, and the stresses of transport and processing,
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can reduce weight, carcass yield and meat quality (Donkoh, 1989; Aksit et al., 2006: Simoes et al.,
2009; Zhang et al., 2012; Yalcin and Güler 2012; Downing et al., 2017).
In a previously funded AgriFutures Australia research project, Electrolyte supplementation of broilers
prior to transport (PRJ-009120), an in-house formulated electrolyte supplement added to the water for
two days before transport, lairage and processing, when the temperature was elevated to 26-28 ⁰C for
nine hours daily, improved meat quality. Giving the electrolyte supplement for five days before
processing, and having the birds exposed to 26-28 ⁰C for nine hours daily for the two days before
transport, lairage and processing, improved growth performance but had limited effects on meat
quality. It was proposed that the temperature these birds were exposed to was just above the upper
limit of the thermal comfort zone for meat chickens. When the ambient temperature reached
28 ⁰C, some birds showed signs of being distressed. More work was proposed to provide a strategy
that would help meat chickens with severe heat stress (32 ⁰C) during the later stages of production
and transport for processing, which formed the basis of the research in this report.
A review of meteorology data for the summer (November-February) of 2017-18 found that the
number of sequential days when the ambient temperature was > 36 ⁰C was 2-4 days. The poultry
industry has used shed design, cooling and ventilation systems to help manage shed temperature.
These strategies provide a differential of 8-10 ⁰C between the outside ambient temperature and inner
shed temperature. Our earlier work (PRJ-009120) suggested that meat chicken performance was
adversely affected at temperatures above 26-28 ⁰C (upper thermoneutral zone). So when the ambient
temperature is > 36 ⁰C, the shed temperature the birds are exposed to would exceed the upper limit of
the thermoneutral zone.

The temperature pattern used in the experiments reported here was designed to simulate that observed
on the 10 hottest days (all > 36 ⁰C) in the western area of the Sydney basin during NovemberFebruary 2017-18.

Aims/objectives

The focus of the research was to provide a cost-effective nutritional strategy using electrolytes for a
short time before farm pick-up and processing that would:
1. Limit the reduction in performance during high temperatures in the final few days of the
production period.
2. Reduce the physiological stress load imposed on meat chickens during transport and lairage,
especially during high summer temperatures.
3. Limit the rate of dehydration of meat chickens during transport and increase processed
carcass weight by maintaining intercellular and intracellular muscle water content.
4. Improve carcass quality by limiting the effects of stress on muscle pH and water loss that
occurs because of high temperatures before and during transport to processing.
5. Reduce dehydration in meat chickens during transport to limit the physiological stress
imposed on their welfare.
In recent years, considerable genetic development of meat chickens has helped to breed larger, fastergrowing birds. Most of the research on heat stress has focused on improving productivity when birds
are exposed to long-term (3-6 weeks) high ambient temperatures (32-36 ºC). Few studies have
considered the effects on meat chicken performance when the birds are exposed to short durations of
high temperatures before processing and given water electrolyte supplementation.
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Methods used
Two experiments investigated the role of electrolyte supplementation on the performance and meat
quality of meat chickens exposed to high temperature. In the first experiment, the supplements were
given for the three-day period before transport and processing. In the second experiment, the
supplements were given on the day before transport and processing. For both experiments, the birds
were exposed to a temperature pattern that could be expected in a commercial tunnel-ventilated shed
during a period of high temperature.
Experimental design for experiments 1 and 2
Day-old, mixed, sexed Cobb 500 meat chickens were brooded following commercial practices. At day
35, birds were identified by fitting coloured numbered plastic leg bands and the number of birds was
adjusted to have 11 males and 11 females in each pen. The pen floor area was adjusted to the
equivalent of 36 kg/m2 at 42 days of age. Pens had individual feeders and water reservoirs.
The 36 floor pens were divided into three blocks of 12, with the three treatments allocated randomly
to four pens in each block, providing a total of 12 pens of 22 birds per treatment. The three treatments
applied were:
1. Control: birds given mains tap water only.
2. Electrolyte supplement ES-A: birds given an in-house electrolyte supplement
3. Electrolyte supplement ES-B: birds given a commercially available electrolyte supplement
In experiment 1, from 16:00 on day 39 of age until 16:00 on day 42 of age, birds received one of the
three treatments (control, ES-A or ES-B).
In experiment 2, from 16:00 on day 41 of age until 16:00 on day 42 of age, birds received one of the
three treatments (control, ES-A or ES-B).
High-temperature treatments
Experiment 1: On days 40-42 of age, the shed temperature remained at 20-22 ⁰C during 17:00-08:00.
Starting at 08:00, the shed temperature was gradually increased to reach a maximum of 32 ⁰C at 12:00
where it remained until 15:00 and was then gradually reduced to 20-22 ⁰C at 17:00. On day 39
starting at 16:00, all birds were weighed and then again at 16:00 on day 42. Pen feed and water
intakes were recorded.
Experiment 2: The shed temperature remained at 20-22 ⁰C during 17:00-08:00 on days 41-42 of age.
At 08:00 on day 42, the shed temperature was gradually increased to reach a maximum of 32 ⁰C at
11:00, where it remained until 14:00 and was then gradually reduced to 20-22 ⁰C at 16:00. Pen feed
and water intakes were recorded.
Transport and processing
The birds were loaded into crates and transported overnight to a commercial processing plant. On
arrival, all birds were weighed, then processed. After evisceration and before entering the chiller, all
carcasses were weighed. After exiting the chiller, the carcasses were transported back to the research
facility and stored overnight.
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Meat quality measures
Forty carcasses (20 male and 20 female) were randomly selected for each treatment, and the breast
muscle was removed at 24 hours post-mortem for quality measurements. A 2 mL blood sample was
taken at the processing plant for determination of the packed cell volume (PCV).
Statistical analysis
Analysis of growth performance, feed efficiency, production losses and breast muscle yields was
conducted using the REML linear mixed model function of Genstat® 18th edition. For analysis of
growth performance and production losses, the model included the fixed effects of supplementary
treatment and sex, and the random effects of block and pen number. The statistical unit was the
individual bird.
Results/key findings
During the three days of high temperatures, the bird losses were 6.8% on the first day, 2.9% on the
second day, and none on the third day. With the single day of high temperature, the bird mortalities
and removals rate was 12.7%. It was not feasible to extrapolate this value to commercial production
because the birds’ removal from the high temperature was based on ethical guidelines requiring a
subjective evaluation of behavioural attributes during heat stress. It is obvious that when the birds are
suddenly exposed to temperatures in the range 30-32 ⁰C, some individuals are more susceptible to
heat stress and succumb within the first high-temperature period. The males were more prone to being
at risk, accounting for about 75-78% of the losses. The higher losses in males are likely to be related
to their higher live weight. In both experiments, the males were on average about 500 g heavier than
the females.
In the three-day study, it was observed that the actual temperature the meat chickens were exposed to
could be higher than the ambient temperature recorded by the digital monitors. On days 2 and 3 of the
three-day high-temperature period, the temperatures recorded at the litter surface, 1 cm beneath the
litter surface and beneath sitting birds were higher than the temperature recorded by the pen monitors
at the level of the birds’ backs when standing. A main concern would seem to be the temperature
beneath sitting birds. While it was not possible to determine how long the birds had been sitting
before the temperature was taken, the difference averaged 4.4 ⁰C throughout the high temperature
treatment period. In one instance, the maximum difference was 10.9 ⁰C.
Ambient temperature and humidity play a role in heat stress, so they should be considered together
when determining the heat stress birds need to cope with. The temperature-humidity index (THI)
integrates temperature and humidity into a single measure that can be used to predict the potential
severity of environmental conditions on bird performance and wellbeing. In the current studies, the
THI values give an overview of the heat stress the birds experienced. Humidity was very high in the
three-day high-temperature period because the area had heavy rain at the time.
For the three-day high-temperature period, the average THI for the three hottest hours ranged from
85.5 to 90.9. The lower averages of 85.5 and 86.4 are considered to be in the middle of the values
categorised as moderately severe (THI 80-89). On the second day, the 90.9 average was just in the
range of values considered to indicate severe heat stress (THI > 90). It is worth noting that the THI
values were 94.2 and 99.7, respectively, when taking into account the temperatures measured at the
litter surface and beneath the birds on day 2; and 93.1 and 93.3, respectively, for the temperatures
measured at the litter surface and beneath the birds on day 3. The temperatures measured at the litter
surface and beneath the birds indicate that heat stress is likely to be more severe than indicated by the
monitored ambient temperature.
On the one day of high temperature, the THI averaged 92.9 during the three hottest hours using the
pen monitors; and 92.3 and 93.1, respectively, using the litter surface and beneath the birds
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temperatures. All values indicate that the birds experienced severe heat stress, but with little
difference between the sites where the temperature measurements were made. This could mean that
longer periods of high temperature are needed to raise the litter temperature and exhaust the birds so
they squat longer, which increases the temperature beneath them.
In the final stages of production, meat chickens spend a lot of time squatting when exposed to high
temperature. This is related to the physical condition of their legs, and they limit their activity to
minimise metabolic heat production. By squatting longer, the heat dissipation from the breast and
pelvic areas allows the temperature to build up between the birds and the litter. This accounts for the
higher temperature recorded beneath the birds compared to the ambient temperature. In some ways,
the efforts of the birds to cope with high temperature are more than likely accentuating their heat
stress. In experiment 2, it was decided to measure the breast muscle temperature of some birds
recorded as mortalities. For some birds it was as high as 46-47 ⁰C.

Performance

Experiment 1: The electrolyte supplements had an effect on live weight gain (LWG) but it depended
on the sex of the birds. For the in-house electrolyte (ES-A), the males and females had higher LWG
than the same sexes on the control treatment. Also, for this electrolyte treatment, males and females
had similar LWG. For birds supplied with the commercial electrolyte (ES-B), only the males had
higher LWG than the control males, but similar to the males supplied with ES-A. The females given
ES-B electrolyte had similar LWG as the control females. The different responses of females and
males given ES-B is difficult to interpret unless it is weight-dependent and has something to do with
the differences in the actual live weight (LW) between the sexes.
The improved LWG for birds given the ES-A supplement was not associated with any differences in
feed intake because intakes were similar for all treatment groups. However, when LWG and feed
intake were reviewed together, there was a significant improvement in feed conversion ratio (FCR)
for birds treated with the ES-A supplement, but not the ES-B supplement. During the days of high
temperature (40-42 days), the improvements observed in birds’ LWG and FCR when given the ES-A
supplement could be attributed to an improved acid-base balance, better water retention and/or
increased energy availability. The ES-A supplement increased fluid intake and could have helped to
increase water retention. The same ES-A treatment was shown to enhance fluid intake and increase
body water retention in a previous study (Sayed and Downing, 2011). This might act to improve the
birds’ capability to dissipate heat via peripheral blood and evaporation, and act to lower body
temperature.
Based on the Cobb 500 performance objectives, males supplemented with ES-A and ES-B, and those
subject to the control treatment, had 67%, 63% and 51%, respectively, of the expected LWG for their
age. Females supplemented with ES-A and ES-B, and those subject to the control treatment, had 91%,
57% and 59%, respectively, of the growth expected based on the Cobb 500 specifications. These
results indicate that the high temperature severely limited LWG. The birds had 16 hours overnight at a
thermoneutral temperature, but it was not sufficient to compensate for the heat stress.
Experiment 2: The sudden high temperature elevation caused severe heat stress and resulted in 12.7%
mortality or removals. The LWG was very poor, ranging from 24 to 53 g in total. These LWGs were
well below the Cobb 500 performance objectives of 85 g and 108 g LW, and 193 and 229 g/day feed
intake, for females and males, respectively. The analysis suggested that the control birds had better
LWG, but this needs to be clarified in light of the very low LWG in all groups and the very large
variation in LWG for individual birds. Of all treated birds remaining in the study and for whom the
LWG could be determined, 28.8% had lost weight; of these, 23.4% were control birds, 38.3% were
ES-A treated birds and 40.1% were ES-B treated birds. Another 38.8% had a gain of less than 50 g; of
these, 33.9% were control birds, 31.3% were ES-A treated birds and 34.8% were ES-B treated birds.
The high-temperature treatment ended at the time when birds were weighed, loaded into crates and
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transported to the processing plant (off feed and water). It failed to provide them with a thermoneutral
period when they could recover some of the LW losses.
A further complication for the birds exposed to high temperature for one day is that the sudden
exposure occurred at their maximum processing weight. The negative LWG recorded for many birds
limited the FCR analysis to 24 pens as the other pens had a negative total pen LWG. So, while there
were no treatment differences in the FCR for the pens with a positive total LWG, they were very high,
and realistically this evaluation is of limited value.
Transport and processing losses
Experiment 1: During transport and lairage, the percentage weight loss after the three days of
supplementation was 3.2 and 3.8%, but was not different between treatments. This weight loss was
similar to that reported by others (Delezie et al., 2007; Orlic et al., 2007). The eviscerated carcass
weight was higher for the ES-A and ES-B supplemented birds compared with the controls. The higher
eviscerated carcass weight for the ES-B treated birds resulted in higher eviscerated carcass yield as a
percentage of the final farm weight compared with the control birds, which in turn had a higher yield
than the ES-A supplemented birds. Carcass yield as a percentage of the pre-processing weight was
similar for ES-B and control birds, but the percentage for the ES-A birds was lower than for the ES-B
birds.
Experiment 2: For the one-day supplementation before processing there were no effects of the
supplements on transport losses, eviscerated carcass weight or percentage carcass yields based on
farm weight or processed weight.
Breast muscle (BM) yields
Experiment 1: After the three-day supplementation there were no treatment differences in absolute
BM weight. Based on the final farm weight, the percentage BM yield was higher for ES-B
supplemented birds, but this did not correspond to any differences in percentage BM yield based on
processed carcass weight.
Experiment 2: After the one day of supplementation, there were no treatment differences in absolute
BM weight or percentage yield based on the final farm or processed carcass weight.
Meat quality
Experiment 1: The three days of supplementation had no effect on BM 24 hours pH, shear force, drip
loss or cooking loss. There were some trends in the meat colour values. There was a tendency for ESB and ES-A birds to have slightly lighter meat colour. The meat from the ES-A supplemented birds
tended to be slightly yellower, but overall, the measures of yellowness were very low for all meat
samples.
Experiment 2: After the one day of supplementation there were no treatment differences for any of the
meat quality measures analysed.
The degree of PSE (pale soft exudative) meat is regularly determined by measuring the degree of
‘lightness’, using a chromameter set on the L*, a*, b* system (where L* measures relative lightness,
a* relative redness, and b* relative yellowness). Values of L* (lightness) are used to categorise BM as
PSE, normal, or as dark firm dry (DFD). Muscle with L* values > 53 is categorised as being PSE, BM
with values < 53 and > 48 is considered to be normal, and BM with values < 48 is DFD (Qiao et al.,
2001; Soares et al., 2009).
For the one day of high-temperature treatment, 81% of the birds sampled for the ‘L’ meat colour had
values < 48, categorised as DFD. When the high temperature was applied for three days, 52.8% of the
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birds had values < 48, categorised as DFD. The DFD condition is also defined by the muscle having a
pH ≥ 6 at 12-48 hours post-mortem (Viljoen et al., 2002). The breast muscle pH for birds exposed to
the one day of high temperature ranged between 6.24 and 6.28, which further categorises the meat as
being DFD.
Sex differences
There were significant effects of sex on performance and meat quality measures. For both
experiments, males were heavier than females.
The differences in weight resulted in the males having higher eviscerated carcass weight, but as a
yield based on final farm or processed weight, there were no sex differences. Because of their greater
live weight, males had higher absolute BM weights. There were no sex differences in percentage BM
yield based on final farm weight, but based on processed carcass weight, the percentage was higher
for females.
Males tended to have a higher BM pH after three days of treatment, but significantly higher after only
one day of supplement. The pH value is an important measure of meat quality because it is associated
with denaturing of proteins (Lopez et al., 2011). A low muscle pH is associated with the PSE
condition. It has been reported that when the 24 pH is less than 5.7, the meat is typically of the PSE
condition and lower quality (Van Laack et al., 2000; Schilling et al., 2008). After three days of high
temperature, males tended to have a higher pH than females, but both were higher than the 5.7 pH
indicative of PSE. Males also had higher pH than females after the one day of high temperature, but
for both sexes it was above 6.2. The high pH is indicative of DFD, with a slower protein denaturing
rate and higher capacity to retain water.
After one day of treatment, males had lighter meat colour, but for both sexes, the meat was
categorised as DFD, just more so for the females. After three days of supplementation, males tended
to have the lighter meat. No sex differences in degree of meat ‘yellowness’ were recorded after the
three days of supplementation but after just the one day, the meat from males was rated as being
yellower. After three days of supplementation, the females had a lower degree of meat redness, but
only in the control treatment. Males had higher shear forces, less drip loss, but more cooking losses
after three days of supplementation. Again, males had higher shear force, but no differences in the
levels of drip or cooking losses when supplementation was for one day only.
In general, because males are heavier and have higher muscle collagen content than females
(Salakova et al., 2009), they may be more susceptible to BM changes when exposed to high
temperature. After the three-day and one-day treatment periods, the ranges in shear force values for
samples were 9.75–24.4 and 7.34–19.66 N, respectively. Regardless, in the current experiments, the
shear force values for the sexes were relatively low, and would produce meat highly acceptable to
consumer preferences (Schilling et al., 2003; Lopez et al., 2011).
Implications for relevant stakeholders
Heat stress is a production and welfare concern for meat chickens. The adverse effects include lower
feed intake, impaired feed efficiencies, poorer growth rates, lower meat quality, compromised health
and high mortality rates. The severity of the heat stress will determine the possible strategies that can
be used to reduce production losses and limit mortality rates. The risk of heat stress is elevated in
meat chickens by their high metabolic heat load.
The most effective way to improve performance in hot climates is housing design. Good shed
insulation and evaporative cooling can reduce shed temperature by 8-10 ⁰C. However, in summer
when the outdoor temperature exceeds 28-32 ºC, it is difficult to keep the indoor temperature within
the most ideal thermal comfort zone (18-22 ºC). The extent of production losses will depend on how
high the indoor temperature rises.
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What is important to producers is the need to identify the features of heatwave conditions that have
the potential to influence bird performance and wellbeing (Vale et al., 2010), and it has been proposed
that these need to be defined as a management tool (Abaurrea et al., 2006; Vale et al., 2010). The
temperature-humidity index (THI) integrates temperature and humidity into a single measure that can
be used to predict the potential severity of environmental conditions on bird performance and
wellbeing. In the current studies, the THI used was:
THI = Tdb – [0.55 – (0.55 x RH/100)] x (Tdb – 58).
The severity of heat stress was determined to be mild if the values were between 72 and 79, moderate
if they were between 80 and 89, and severe if > 90. (Note: Tdb = dry bulb temperature)
The THI values for the three-day high-temperature experiment rated the heat stress conditions as
moderate on day 1 (85.5) and day 3 (86.4) and severe on day 2 (90.9); and as severe for the one-day
high-temperature experiment (92.9). These THI values were sufficient to be associated with
mortalities. After the single day of high temperature the mortality rate was 12.7%, and on the first day
of the three-day high-temperature experiment it was 6.8%. It is most probable that individual birds
have an inherent susceptibility to heat stress. With the THI values in the current studies, the most
susceptible birds would have succumbed as mortalities or removals. The differences on day 1 of each
of the two experiments are likely due to differences in live weight (3,073 vs 2,804 g) when the
temperature was applied; and this is supported by the much higher mortality rate (75-78%) of males,
which are the heavier sex. In the three-day high-temperature experiment there were no mortalities on
the third day. It could be that the birds remaining after two days of high temperature had an inherent
capacity to cope with the heat stress imposed. It is reasonable to propose that when the birds are
exposed to moderately high to high THI conditions, there is probably no nutritional strategy that can
prevent the most inherently susceptible birds succumbing to heat stress.
As meat chickens approach market weight, their activity level decreases and birds spend long periods
squatting on the litter, which allows build-up of heat beneath the birds. When the litter surface
temperature and temperature beneath birds were recorded in the current studies, the THI was higher,
especially in the three-day high-temperature experiment, but less so in the one-day high-temperature
experiment.
Electrolyte supplementation had a significant effect on the LWG, but it depended on the sex. In males,
both electrolyte supplements supported higher LWG compared with the control males. However, for
the females, only electrolyte solution ES-A supported higher LWG. The differences in LWG were not
associated with any differences in feed intake. Birds supplemented with ES-A (in-house supplement)
had a better FCR than birds on ES-B (commercial supplement) or the controls. The failure of the
females supplemented with ES-B to show improved LWG probably accounted for the non-significant
effect of this treatment on FCR. The ES-A supplement resulted in higher water intake, but not the ESB supplement.
The differences between ES-A and ES-B responses could be related to the differences in absolute
electrolyte amounts supplied by the supplements. The commercial recommended inclusion rate for
ES-B was 2 g/L, The ES-A electrolyte solution supplied 4.16 g/L. The much higher solute
concentration in ES-A likely helped to account for the increase in water intake, which could also
account for higher LWG in the females and overall better feed efficiency. The inclusion rate of ES-B
may need to be higher to support a LWG response in the lighter females.
In the one-day high-temperature experiment, the analysis suggested that control birds had better
LWG, but this needs to be clarified based on the very low LWG in all groups (23-50 g) and the very
large variation in LWG for individual birds. Of all treated birds remaining at the end of the heat
period and for whom the LWG could be determined, 28.8% had lost weight. Of these, 23.4% were
control birds, 38.3% were ES-A treated birds, and 40.1% were ES-B treated birds. A further 38.8%
had a gain of less than 50 g. Of these, 33.9% were control birds, 31.3% were ES-A treated birds, and
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34.8% were ES-B treated birds. There were no treatment effects on feed or water intakes. This
indicates that if the birds experience temperatures in the range 30-32 ⁰C during the day before
transport, lairage and processing, electrolyte supplementation is not beneficial. Under these same
severe heat stress conditions, the electrolyte supplements had no beneficial effects on breast muscle
yields or measures of quality.
In addition to lower performance and increased mortality, heat stress has an effect on meat quality.
Meat colour is used as a measure of quality. Two characteristics that are considered measures of
diminished quality are PSE (pale, soft, and exudative) meat and DFD (dark, firm, dry) meat.
Recommendations
1. Meat chickens are especially vulnerable to heat stress if the rise in shed temperature is abrupt,
causing ‘heat shock’. In the final week of production, keeping the shed temperature below
28 0C is critical to avoiding high rates of mortality. Based on the observations of the previous
funded project and the current results, during week six of a 42-day production cycle, the
critical temperature range when meat chickens will be at risk of heat stress is 26-28 ⁰C. As the
temperature rises above this range, heat stress risk increases rapidly, especially under high
relative humidity
2. As meat chickens approach market weight, their activity level decreases, and under high
temperature their activity is limited to reduce metabolic heat production. The overall
reduction in activity results in meat chickens squatting for longer periods, and this enables the
build-up of heat and higher temperature beneath the birds. As a result, the actual temperature
meat chickens need to cope with could be higher than the measured ambient temperature.
3. Ambient temperature and humidity should be considered together when determining the heat
stress imposed on birds. The temperature-humidity index (THI) integrates temperature and
humidity into a single measure that can be used to predict the potential severity of
environmental conditions on bird performance and wellbeing. While the THI includes
temperature and humidity factors, it would be more beneficial if it included some component
of body weight as this seems essential to how birds can cope with heat stress. With the
volume of research data available, different patterns and specific characteristics of heatwave
conditions at different locations could be defined.
4. Providing electrolyte supplements overnight before expected high temperatures that result in
moderately high (THI 85-89) to severe heat stress (THI > 90) is not likely to have any effect
on reducing mortality, improving performance or meat quality, especially if the heat stress is
just before transport and processing.
5. For electrolytes to be a strategy to help meat chickens during heat stress, they need to be
given before the event. Based on results from this and a previous study, it is recommended
that electrolytes be supplied for at least 2-3 days before the expected heat stress period. They
are likely to be far more beneficial under conditions of moderate heat stress.
6. When heat stress is severe (THI < 90), the birds most susceptible to heat stress will succumb.
Any nutritional strategy should be directed at helping birds that are more tolerant and are
coping with the conditions.
7. The commercial electrolyte was not as successful as the in-house electrolyte in some aspects
of performance. This could be due to the large differences in the concentrations of electrolyte
salts between the two. Using a higher addition rate, e.g. 4 g/L, might overcome these
differences.
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Introduction
It is recognised that heat stress constitutes a major threat to animal wellbeing and productivity, with
the effects dependant on the temperature, relative humidity, duration of exposure, genetics and weight
(Lin et al., 2006). Heat stress is responsible for a series of physiological and chemical reactions,
including oxidative damage, acid-base imbalance, increased osmotic pressure and increased loss of
body water that can result in prostration, and even death. The adverse effects of heat stress include
decreased feed intake, impaired feed efficiencies, poorer growth rates, compromised health and high
mortality rates (Donkoh, 1989; Mitchell and Carlisle, 1992; Geraert et al., 1996; Koh and Macleod,
1999).
To avoid producing metabolic heat load, meat chickens will reduce their feed intake during periods of
high temperature (Yahav et al., 1995). This reduction has the adverse consequence of reducing energy
for thermoregulation and normal growth. Under high ambient temperatures, birds rely on panting as
the primary method of heat dissipation; it accounts for 80% of heat dissipation at 30 °C. Panting
increases the CO2 concentration of the blood, which increases blood pH (Toyomizu et al., 2005). To
help readjust, birds excrete bicarbonate ions (HCO3-) in their urine; however, the HCO3- ions are
coupled with sodium (Na+) and potassium (K+) ions. Overall, these actions disrupt the acid-base
balance.
Electrolyte supplementation of diets or water minimises the acid-base balance disturbance and
improves meat chicken performance under heat stress (Ahmed et al., 2006, Teeter et al., 1985,
Downing et al., 2017). Monovalent ions (Na+, K+, and Cl–) are the key components involved in acidbase balance of body fluids because they have a higher cell permeability and greater absorption than
divalent ions (Ca2+ and Mg2+) (Borges et al., 2004).
Growing meat chickens must maintain a positive water balance. High water retention increases heat
dissipation capacity via peripheral blood and evaporation. However, heat-stressed birds lose more
water than birds kept at a thermoneutral temperature (Belay and Teeter, 1993). In addition, birds
increase their reliance on panting when the ambient temperature reaches 26-28 °C, which further
affects body water reserves. Although birds avoid dehydration by consuming considerably more water
during high-temperature periods (Zhou et al., 1999), higher intake causes plasma expansion, lowering
the plasma arginine vasopressin concentrations, which acts to increase urine output (Reece, 2004). In
addition, heat stress increases K+ excretion in urine and faeces (Smith and Teeter, 1987). Stimulating
water intake is recommended during heat stress. It could be accomplished by enhancing water
palatability with salts (electrolytes). Increased water consumption acts like a sink, reducing body
temperature by facilitating peripheral heat dissipation (Smith and Teeter, 1989).
Continuous genetic selection for rapid growth rate and better feed efficiency has bred meat chickens
with high metabolic rates. The thermal comfort zone for meat chickens decreases as birds age and
their body weight increases. Heavier breeds, in general, will have a greater problem with heat stress,
essentially because they have less body surface area for heat dissipation per unit weight.
Global warming is progressively increasing Earth’s ambient temperatures. The Commonwealth
Scientific and Industrial Research Organisation (CSIRO) predicts that the number of ‘very’ hot
summer days over 35 °C could double by 2030. The proposed increase in ambient temperature and the
higher susceptibility of meat chickens to heat stress pose a risk to future meat chicken production
during Australian summers.
In a previous AgriFutures Australia research project, Electrolyte supplementation of broilers prior to
transport (PRJ-009120), an in-house formulated electrolyte supplement improved meat quality when
added to the birds’ water for two days before transport, lairage and processing when the temperature
was raised to 26-28 °C for nine hours daily. Providing electrolyte supplementation for five days
before processing and having the birds exposed to 26-28 °C for nine hours daily for the two days
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before transport, lairage and processing improved growth performance, but had limited effects on
meat quality. It was proposed that the temperatures the birds were exposed to were just above the
upper limit of the thermal comfort zone for meat chickens. When the ambient temperature reached 28
°C, some birds showed signs of being distressed. Further work was proposed to provide a strategy that
would help meat chickens with severe heat stress (32 °C) during the late stages of production and
transport for processing. This formed the basis of the research in this report.
A review of the maximum temperatures in the Western Sydney basin during the summer (NovemberFebruary) of 2017-18 identified that the number of sequential days when the ambient temperature was
> 36 °C was 2-4 days. The poultry industry has used shed design, cooling and ventilation systems to
help manage shed temperature. These strategies provide a differential of 8-10 °C between the outside
ambient temperature and inner shed temperature. Our earlier work suggests that meat chicken
performance is impaired at temperatures above 26-28 °C (upper thermoneutral zone), so when the
ambient temperature is > 36 °C, the shed temperature the birds are exposed to would be above the
upper limit of their thermoneutral zone.
The temperature patterns used in the experiments for this report were designed to simulate those
observed on the 10 hottest days (all > 36 °C) in the western area of the Sydney basin during
November-February 2017-18. The proposed experimental shed temperature was determined by
assuming it to be eight degrees lower than the outside ambient temperature (Figure 1). The proposed
shed temperature pattern is the one simulated in the following studies.

30-32 ⁰C

Figure 1: Average ambient temperature pattern for the 10 hottest days during November-February 2017-2018,
and the proposed tunnel-ventilated shed temperature to be simulated in the experimental studies.

Studies have established a link between transportation stress and meat quality (Zhang et al., 2009). At
processing, birds experience feed and water deprivation (Zulkifli et al., 2009), catching, crate
confinement (Warriss et al., 2005) and a changing microclimate in and around the transport crate,
transit and lairage (Zulkifli et al., 2009). These aspects of processing can cause stress (Knowles et al.,
1996; Elrom, 2001; Manning et al., 2007). Schaefer et al. (1997) list the meat quality attributes
affected by stress to include pH, texture, colour and moisture content, which may cause undesirable
palatability and increased toughness. Meat quality and composition are dependent on the muscle fibre
number, size and type, and are affected by glycolysis elicited by stress and amount of water loss
(Rybarczyk et al., 2011). The problems related to heat stress experienced on-farm can be exacerbated
during the activities associated with transport and processing. The temperature of the crate
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microclimate has been reported to be 6-12 °C higher than the ambient temperature. The effect of the
microclimate around the crates during transport may be the single biggest contributor to heat stress
and subsequent dehydration. During transport and lairage, meat chickens have no access to water and
experience various degrees of dehydration.
The meat quality of poultry is ultimately affected by the duration of transportation as a result of the
stress experienced, especially before slaughter (Schaefer et al., 1997). A combination of high
temperature for a few days before slaughter, when birds are most susceptible to heat stress, and the
stresses of transport and processing can reduce weight, carcass yield and meat quality (Donkoh, 1989;
Aksit et al., 2006: Simoes et al., 2009; Zhang et al., 2012; Yalcin and Güler, 2012; Downing et al.,
2017).

Objectives
The focus of the research was to provide a cost-effective nutritional strategy using electrolytes for a
short time before farm pick-up that would:
1. Limit the reduction in performance during high temperatures in the final few days of the production
period.
2. Reduce the physiological stress load imposed on meat chickens during transport and lairage,
especially during high summer temperatures.
3. Limit the rate of dehydration of meat chickens during transport, and increase processed carcass
weight by maintaining intercellular and intracellular muscle water content.
4. Improve carcass quality by limiting the effects of stress on muscle pH and water loss that occurs
because of high temperatures before and during transport to processing.
5. Reduce dehydration in meat chickens during transport to limit the physiological stress imposed on
their welfare.
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Methodology
Animal ethics: The experiment was approved by the University of Sydney Animal Ethics
Committee (Protocol: 2018/143) and the procedures complied with the requirements of the Australian
Code for the Care and Use of Animals for Scientific Purposes (National Health and Medical Research
Council 2004).
Experiments: Two experiments investigated the role of electrolyte supplementation on the
performance and meat quality of meat chickens exposed to high temperature. For the first experiment,
the supplements were given for the three days before transport and processing. In the second
experiment, the supplements were given for the day before transport and processing. For both
experiments, the birds were exposed to a temperature pattern that could be expected in a commercial
tunnel-ventilated shed during periods of high temperature.
Birds: Day-old, mixed, sexed Cobb 500 meat chickens were obtained from a commercial hatchery
and transported to the University of Sydney Poultry Research Unit. On arrival, they were randomly
allocated to 36 floor pens in a tunnel-ventilated shed. For the first 21 days, birds were brooded
following commercial practices, with the shed temperature gradually decreasing from 32 ⁰C to 20 ⁰C.
Then all efforts were made to maintain the shed temperature at 20⁰C until the high-temperature
treatment was applied in the last three days (experiment 1) or one day (experiment 2) of the six-week
production cycle. At day 35 of age, birds were identified by fitting coloured numbered plastic leg
bands. The number of birds was adjusted to have 11 males and 11 females in each pen. The pen floor
area was adjusted to the equivalent of 36 kg/m2 at 42 days of age. Pens had individual feeders and
water reservoirs.
Feeding: A starter diet was fed over days 1-14, a grower diet over days 15-28, and a finisher diet
over days 29-42, all as pellets. The diet formulations and calculated nutrient composition are given in
Table 1 (experiment 1) and Table 2 (experiment 2). To assist in these formulations, the wheat and
soya bean meal ingredients were analysed for gross energy and crude protein. Birds had free access to
feed; feed intake was determined by recording weight of feed delivered minus the feed refused. The
feed intake and weight change during the treatment periods were used to determine feed efficiency
(FCR: Feed Conversion Ratio).
Treatments: The 36 floor pens were divided into three blocks of 12, with the three treatments
allocated randomly to four pens in each block, making a total of 12 pens of 22 birds per treatment.
Three treatments were applied:
Treatment 1, control: Birds were given mains tap water only.
Treatment 2, electrolyte supplement ES-A: Birds were given an in-house electrolyte supplement
consisting of sodium chloride (157 g), sodium bicarbonate (171 g) and potassium chloride (88.4 g)
dissolved in 100 L of mains tap water.
Treatment 3, electrolyte supplement ES-B: Birds were given a commercially available electrolyte and
supplemented at the recommended rate of 200 g/100 L of mains tap water.
Transport and processing: The birds were loaded into crates and transported overnight to a
commercial processing plant in Western Sydney. The journey time was 60-90 minutes. At the
processing plant at 06:30 hours, all birds were weighed, then processed at 09:00 hours. After
evisceration and before entering the chiller, all carcasses were weighed. After exiting the chiller, they
were held in a cold room for four hours before being transported to the research facility in a
refrigerated truck and held in storage overnight at 2 °C.
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Table 1: Diet formulations and calculated nutrient concentrations for experiment 1.

Components

Starter diet

Grower diet

Finisher diet

Wheat
Soybean meal
Canola meal
Vegetable oil
Sodium chloride
Limestone
Di-calcium phosphate
Lysine
DL-methionine
Threonine
Sodium bicarbonate
*AXTRA XB 201
**AXTRA PHY 5,000
***Premix

60.74
28.00
6.00
2.02
0.17
0.99
1.04
0.21
1.10
0.08
0.24
0.01
0.01
0.20

62.31
23.36
7.00
4.69
0.14
0.88
0.82
0.26
0.22
0.07
0.30
0.01
0.01
0.02

68.53
18.00
6.00
4.80
0.14
0.87
0.65
0.25
0.17
0.06
0.31
0.01
0.01
0.02

Calculated composition
AME (MJ/kg)
Protein (%)
Fat (%)
Starch (%)
DLysine (%)
DMethionine (%)
DThreonine (%)
Available P (%)
Calcium (%)

12.31
23.68
4.01
37.20
1.20
0.59
0.80
0.41
0.91

13.13
22.87
6.71
38.04
1.13
0.50
0.73
0.38
0.82

13.35
19.90
6.80
41.63
0.98
0.42
0.64
0.35
0.76

* AXTRA XB 201: Xylanase and beta-glucanase enzyme combination (Danisco Animal Nutrition,
Marlborough, Wiltshire, UK).
** AXTRA PHY 5,000: Phytase enzyme (Danisco Animal Nutrition, Marlborough, Wiltshire, UK).
*** The vitamin mineral premix provided the following (per kg of diet): vitamin A, 10000 IU; Vitamin D3,
2500 IU; Vitamin E, 30 mg; vitamin K3, 2 mg; vitamin B1, 1.5 mg; vitamin B2, 8 mg; Vitamin B6, 4 mg; vitamin
B12, 0.02 mg; calcium pantothenate 15 mg; folic acid, 2 mg; niacin, 45 mg; biotin, 0.135 mg; cobalt sulphate,
0.2 mg; copper sulphate, 6 mg; ferrous sulphate, 50 mg; potassium iodine, 0.75 mg; manganous oxide, 0.075
mg; selenium selenite, 0.15 mg; zinc oxide, 60 mg.
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Table 2: Diet formulations and calculated nutrient concentrations for experiment 2.

Components

Starter diet

Grower diet

Finisher
diet

Wheat
Soybean meal
Canola meal
Vegetable oil
Sodium chloride
Limestone
Di-calcium phosphate
Lysine
DL-methionine
Threonine
Sodium Bicarbonate
*AXTRA XB 201
**AXTRA PHY 5,000
***Premix

60.36
30.64
4.00
0.10
0.33
0.99
0.40
0.09
1.10
1.58
0.20
0.01
0.01
0.20

59.41
26.62
7.00
4.69
0.14
0.88
0.82
0.26
0.22
0.07
0.30
0.01
0.01
0.02

64.11
21.72
6.00
5.50
0.14
0.87
0.65
0.25
0.17
0.06
0.31
0.01
0.01
0.02

Calculated composition
AME (MJ/kg)
Protein (%)
Fat (%)
Starch (%)
DLysine (%)
DMethionine (%)
DThreonine (%)
Available P (%)
Calcium (%)

11.79
23.68
2.01
37.02
1.14
1.38
2.29
0.32
0.76

13.04
22.05
6.69
36.37
1.20
0.51
0.77
0.38
0.82

13.42
20.08
7.47
39.07
1.07
0.44
0.69
0.35
0.77

* AXTRA XB 201: Xylanase and beta-glucanase enzyme combination (Danisco Animal Nutrition,
Marlborough, Wiltshire, UK).
** AXTRA PHY 5,000: Phytase enzyme (Danisco Animal Nutrition, Marlborough, Wiltshire, UK).
*** The vitamin mineral premix was the same as in Table 1.

Meat quality measurements
Details of breast muscle analyses are given in Downing et al., (2017). Forty carcasses (20 males and
20 females) were randomly selected for each treatment and the breast muscle was removed for quality
measurements.
Breast muscle samples: At 24 hours post-mortem, the chilled carcasses were sampled for meat
quality measurements. The breast muscle was removed and weighed. One half of the breast was taken
for measurement of colour, and a subsample collected for shear force analysis and percentage cooking
loss. The remaining breast half was used to determine the pH and a subsample (approx. 50 g) was
taken for drip loss determination at 72 hours post-mortem.
Breast muscle pH: This was determined by an electronic pH meter (Orion 420 plus Benchtop pH
meter, Orion Pacific, Ryde, NSW) using a glass electrode (Thermo Scientific Orion ROSS Ultra
pH/ATC Triode), with the calibration and measurements done at 20 ℃. Measurements were made at
three positions along the cranial-caudal axis on the ventral side of the pectoralis major, with the mean
of the three readings taken as the final value.
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Breast muscle colour: The colour determination for chicken breast muscle (pectoralis major) was
based on a modification of the procedure published by Hopkins et al. (2014). An incision was made
from the sternum side of one half of the breast muscle to expose a cross-section of the muscle fibres.
The cut surface was allowed to bloom for 40 minutes. The meat colour was measured with a Minolta
Chroma camera (model CR400, Osaka, Japan) set on the L*, a*, b* system (where L* measures
relative lightness, a* relative redness and b* relative yellowness), with illuminate C, and an observer
angle of 10°. The chromameter was calibrated using a standardised white tile (Y = 92.8, x = 0.3160, y
= 0.3323). Three measurements were taken at different positions across the face of the breast, and the
average value used for statistical analysis. The chicken breast was trimmed to a 65 g block of about 2
cm depth, and sealed in a vacuum pack bag for later shear force analysis.
Shear force and cooking loss: Sample preparation and cooking methods for shear force analysis
were based on those published by Hopkins et al. (2010). In brief, the 65 g samples were cooked in a
vacuum pack bag in a water bath at 85 °C (+/-5 °C) for 25 minutes. After cooking, samples were
cooled under running water for 30 minutes. Samples were then removed from their bags, dried with
paper towel and weighed. The difference in weight was used to determine cooking loss. The samples
were placed in new bags and stored overnight in a fridge for shear force analysis the next day.
Samples were weighed, and then six slices (about 4–5 cm long and 1 cm2 cross-sectional area) were
generated from each sample by cutting lengths parallel to the direction of the muscle fibres. Peak
force was measured using a Lloyd instrument with a Warner-Bratzler shear V blade fitted (Model
LRX, Lloyd instruments, Hampshire, UK). The mean of the six replicate samples was taken as the
final value.
Drip loss: The drip loss was determined using a method similar to that of Sarsenbek et al. (2013). In
summary, a breast muscle block of about 50 g was cut from carcasses held at 2 °C for 24 hours, and
weighed before being suspended by a fine wire inside a sealed plastic bag for another 48 hours (24-72
hours after processing). The samples were then removed and gently dried of any excess surface water
and reweighed. The percentage drip loss was calculated as the initial weight/final weight x 100.
Blood sampling (experiment 1 only): Blood samples collected at the processing plant were used
to determine packed cell volume (PCV). Blood was held on ice until transferred to microcapillary
tubes, which were sealed with putty and centrifuged at 12,000 rpm for five minutes. Haematocrit %
was determined as the ratio of measured length of the packed red cells (to the nearest 0.1 mm) to the
length of total blood volume in the tube x 100.
Thermal-Humidity Index (THI): The THI integrates temperature and humidity into a single
measure that can be used to predict the potential severity of the environmental conditions on bird
performance and wellbeing. When the temperature exceeds 25 ⁰C, the amount of water in the air
becomes a critical component of heat stress conditions.
The THI was determined using the following relationship:

THI = Tdb – [0.55 – (0.55 x RH/100)] x (Tdb – 58) (sourced from Progressive Dairy 2018)
• Tdb – dry bulb temperature
• RH – relative humidity
The severity of heat stress was determined as:
•
•
•

Mild, when the THI is 72 to 79
Moderate, when the THI is 80 to 89
Severe, when the THI > 90
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Experiment 1: The effect of electrolyte
supplementation on performance and meat
quality of meat chickens exposed to
adverse high ambient temperature for three
days before transport and processing
Introduction
Heat stress is a major stressor of poultry. Even though the industry uses tunnel-ventilated sheds, there
are times (heatwave conditions) when the shed temperature can reach a critical level for meat chicken
wellbeing. At the time of farm pick-up, the meat chickens are at their heaviest and most susceptible to
the effects of high temperature. In addition, if the high-temperature conditions coincide with the time
of farm pick-up, the added stress of transport and lairage can place birds at risk of dehydration.
Stressors during transportation and processing include the thermal environment, water and feed
deprivation, catching, crate density and the changing microclimate of the transport crate, and transit
and lairage times. During heat stress, the birds’ physiological responses include changes in the acidbase balance and osmotic pressure, and the loss of the electrolytes K+ and Na+. The loss of
intracellular ions, especially K+, will inhibit the cell’s capacity to retain water in face of the changing
osmotic gradient. These changes cause free water from the intercellular spaces to move to the
extracellular space, where it can be lost. During transport, when birds are deprived of water, they are
even more susceptible to dehydration.
Supplementation with electrolytes has been shown to be an effective way to help alleviate the
negative effects of heat stress and dehydration in poultry. Previous funded industry research
(AgriFutures Australia project PRJ-009120) provided evidence that electrolyte supplementation in the
days before processing could help meat chickens cope with moderately high temperatures (26-28 ⁰C),
considered to be at the upper limit of the birds’ thermoneutral zone. The question remained as to how
successful this nutritional strategy could be for birds exposed to higher and more adverse
temperatures.

Experimental design
Treatments
All birds, from day-old to 16:00 hours on day 39 of age, had access to tap water only. From 16:00 on
day 39 of age until 16:00 on day 42, birds received one of three treatments (control, ES-A or ES-B)
identified in the methods.
On day 40-42 of age, the shed temperature remained at 20-22 ⁰C from 17:00-08:00. Starting at 08:00
the shed temperature was gradually increased to a maximum of 32 ⁰C at 12:00, where it remained
until 15:00, and was then gradually reduced to 20-22 ⁰C between 15:00 and 17:00. Monitors placed in
some pens throughout the length of the shed recorded temperature and relative humidity.
During the high-temperature period it was observed that the ambient temperature might not be
measuring the actual temperature the birds needed to deal with. On days 2 and 3 of the hightemperature period, more measures were recorded in the pens’ housing monitors. They recorded
temperature and humidity at bird height, and a digital thermometer was used to measure the
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temperature at the litter surface and 1 cm below. In each pen, an infra-red thermometer recorded the
temperature beneath one bird sitting on the litter after it was forced to move.
On day 39 starting at 16:00, all birds were weighed and then again at 16:00 on day 42. During this
same period, pen feed and water intake were recorded.
At 18:00 on day 42, the birds were transported to the processing plant and held in lairage overnight.
On day 43, the birds were processed, as described in the methods, and breast muscle analyses were
performed at 24 and 72 hours post-mortem.
Using the data collected, performance measures were determined for growth rate, feed and water
intake, feed efficiency, transport losses, and carcass yields based on final farm and eviscerated
weights. Breast muscle yield based on final farm and eviscerated weights and meat quality analysis
was determined, as described in the methods.

Statistical analysis
Analysis of growth performance, feed efficiency, production losses and breast muscle yields was
conducted using the REML linear mixed model function of Genstat® 18th edition. The data were first
tested for equality of variance using residual plots. When the equality of variance could be improved
with a loge transformation, the data were transformed. For analysis of growth performance and
production losses, the model included the fixed effects of supplementary treatment and sex, and the
random effects of shed block and pen number. The statistical unit was the individual bird.
Because of mortalities and removals as a consequence of the high-temperature treatment, the sex ratio
which started as 1:1 was modified, depending on the number of males and females removed from the
pens during the treatment period. The sex ratio was determined from the total number of days the
males and females remained in the pens. For example, if all 11 males and 11 females remained in the
pen for the full three days of high temperature, the ratio was calculated as 33 male days to 33 female
days (ratio 1:1). If the number of days males remained in the pens was 26 days out of the possible 33
days, and the total number of days females remained was 30 of the possible 33, then the sex ratio was
determined as 26:30, which equals 0.87 The calculations were made to account for any differences
males and females have in terms of feed and water intake. For feed and water intake and feed
efficiency, the REML analysis included the fixed effects of treatment and sex ratio, and the random
effects of block and pen number. The statistical unit was the pen.
Meat quality was analysed with the two-way ANOVA function of Genstat® 18th edition. The main
effects included were sex and treatment. When no interaction between the main effects was detected,
the factors were analysed separately in a one-way ANOVA.
In all analyses, where differences were significant (P < 0.05), individual comparisons were made
using the least significant difference (LSD), which is equal to twice the standard error of differences
(SED).

Results
Temperature and humidity patterns
Temperature and relative humidity were recorded every 15 minutes on nine monitors located along
the length of the tunnel-ventilated shed (Figure 2). Maximum (Max Temp) and minimum (Min Temp)
temperature were recorded hourly on any individual monitor in the tunnel-ventilated shed and during
lairage (Figure 3). The average difference between the Max and Min temperature was 1.2 ⁰C, and the
difference ranged from 0 to 2.8 ⁰C throughout days 39-42 of age. During days 39-42, average relative
humidity was 92.1%.
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Figure 2: Average (± SEM) temperatures and relative humidity recorded in the tunnel-ventilated shed during
days 39-43 of age. The measurements were made on nine monitors located along the length of the shed.

Figure 3: Maximum and minimum temperatures recorded on any of the individual pen monitors located in the
tunnel-ventilated shed and during lairage.

Temperatures were recorded at the level of the litter (with a digital thermometer), at 1 cm below the
surface of the litter, and beneath a bird resting on the litter (Figure 4). The surface floor temperature
was often higher than the ambient temperature measured at the level of the bird’s back. The
temperature at 1 cm below the surface of the litter was consistently higher than the ambient
temperature. The temperature beneath where a bird had been resting (measured on days 2 and 3 of
treatment only) was also higher than the ambient temperature: on average, it was 4.4 ± 0.2 ⁰C (27.5 ±
0.3 vs 31.9 ± 0.2 ⁰C) higher, however, the range was 0.1 to 10.9 ⁰C.
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Figure 4: Average (± SEM) ambient temperature measured at the level of the bird’s back (Room Monitor);
average (± SEM) surface litter floor temperature measured by a digital thermometer (Floor temp); average (±
SEM) temperature 1 cm below the litter surface (Litter); and average (± SEM) floor temperature beneath a bird
resting on the litter (Beneath bird).

The Thermal-Humidity Index (THI)
The THI was determined from the hourly temperature and relative humidity recorded using the pen
monitors over the three days of high temperatures (Figure 5). Also, the THI determined from the pen
monitor recordings was compared to the THI determined from temperature recordings at the litter
surface and beneath the birds (Figure 6).

Figure 5: The Thermal-Humidity Index (THI) for the three days of high temperatures.

On day 1 the THI range was 74.7 to 86.5, and during the three hottest hours it averaged 85.5 (Figure
5). On day 2 the THI range was 75.7 to 91.6 and during the three hottest hours it averaged 90.9. On
day 3 the THI range was 78.0 to 86.8, and during the three hottest hours it averaged 86.4.
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Figure 6: The Thermal-Humidity Index (THI) on days 2 and 3 of the three days of high temperature based on
recordings from the pen monitors (Monitor), at the litter surface (Floor), and beneath the birds (Bird).

On day 2, using the monitor recordings, the THI range was 76.3 to 95.1, and during the three hottest
hours it averaged 92.6 (Figure 6). Based on the day 2 litter surface temperature recordings, the THI
ranged between 81.4 and 97.5, and during the three hottest hours it averaged 94.2. Using the day 2
beneath the birds temperature recordings, the THI ranged between 85.5 and 101.4 and during the three
hottest hours it averaged 99.7.
On day 3, using the monitor recordings, the THI range was 77.0 to 93.3, and during the three hottest
hours it averaged 88.8 (Figure 6). Based on the day 3 litter surface temperature recordings, the THI
ranged between 83.6 and 97.8, and during the three hottest hours it averaged 93.1. Using the day 3
beneath the birds temperature recordings, the THI ranged between 88.6 and 96.3 and during the three
hottest hours it averaged 93.3.

Mortalities and removals
On day 1 of the high-temperature treatment, 6.8% of the birds were removed as mortalities or for
being at risk of death according to the animal ethics guidelines. On day 2 of the high-temperature
treatment a further 2.9% of birds were similarly removed. There were no mortalities or removals on
day 3 of the high-temperature period, giving a total of 9.7% removed. Of the birds removed, 74.7%
were males and weighed (mean ± SEM) 3.04 ± 0.01 kg; 25.3% were females and weighed (mean ±
SEM) 2.82 ± 0.06 kg. Treatment had no effect on the mortality and removal rate (P = 0.760).
Following the mortalities and removals, the sex ratio in individual pens varied. Initially, the sex ratio
of the high-temperature treatment was at 1:1. However, with the higher rate of mortality and removal
of males, this ratio changed in many pens. The sex ratio was calculated for each pen based on the
number of days the males and females remained in the pens. This ratio was used as a variable in
calculating feed and water intake and the feed conversion ratio (FCR). Three pens with large biases
towards the presence of females were removed from these calculations.
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Production performance
The measures of bird performance are given in Table 3.
Initial weight: At the start of the treatment period, all groups had similar initial LW (Table 3;
P = 0.943. There was a significant sex difference in the initial body weights (P < 0.001). The mean
(± SEM) LW for the males was 3,033 ± 14 g compared with 2,573 ± 14 g for the females.
Final weight: At the end of the heat treatment period, all groups had similar final LW (Table 3;
P = 0.137). There was a significant sex difference in the final body weights (P < 0.001). The mean
(± SEM) LW for the males was 3,226 ± 17 g compared with 2,742 ± 17 g for the females (P < 0.05).
Table 3: Performance of meat chickens supplemented with electrolytes ES-A or ES-B for three days before
processing and exposed to high temperature. Control birds received tap water only. Values are given as mean ±
SEM.

Treatments
Performance
measures

Control

ES-A

ES-B

P value

Initial LW
d 39 (g)
Final LW
d 42 (g)
LWG
d 39-42 (g)

2807 ± 16

2800 ± 16

2804 ± 16

T = 0.943

2972 ± 24

3015 ± 23

2965 ± 23

T = 0.137

Male

167 ± 13b

217 ± 12a

205 ± 12Aa

Female

153 ± 13b

200 ± 12a

147 ± 12Bb

165 ± 2

164 ± 2

167 ± 2

T = 0.525

3.37 ± 0.25b

2.37 ± 0.25a

3.14 ± 0.25b

T = 0.015

336 ± 13b

413 ± 13a

350 ± 13b

T < 0.001

Daily feed
intake (g)
Feed-to-gain
ratio
Daily water
intake (mL)

T x S = 0.034

Within a row, values with different superscripts are significantly different (P < 0.05).
Within a column, values with different superscripts are significantly different (P < 0.05).
LW: Liveweight.
LWG: Liveweight gain.
T: The P value for treatment effect.
T x S: The P value for the interaction between treatment and sex.
a, b

A, B

Liveweight gain (LWG): Treatment (P = 0.025) and sex (P < 0.001) had significant effects on the
LWG but there was a significant interaction between the two (Table 3; P = 0.034). Males
supplemented with ES-A and ES-B had higher LWG than the control males (P < 0.05). Females
supplemented with ES-A had higher LWG than those supplemented with ES-B and the control
females (P < 0.05). For birds receiving the control or ES-A treatments, there was no difference in
LWG between males and females. However, males receiving the ES-B treatment had higher LWG
than the females (P < 0.05).
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Daily feed Intake: Treatment did not have a significant effect on daily feed intake (Table 3;
P = 0.525). The sex ratio had a marginally non-significant effect (P = 0.090).
Feed conversion ratio (FCR): Treatment had a significant effect on FCR (Table 3; P = 0.015).
Birds on supplement ES-A had better FCR than birds on other treatments (P < 0.05). The sex ratio had
no effect on the FCR (P = 0.263).
Daily water intake: Treatment had a significant effect on average daily water intake (Table 3;
P < 0.001). Birds supplemented with ES-A had higher intakes compared to those supplemented with
ES-B and the control birds (P = 0.05). The sex ratio had no effect on water intake (P = 0.239).

Processing and transport losses
Treatment had no effect on weight loss during transport and lairage (Table 4; P = 0.659). Similarly,
sex had no effect on transport and lairage loss with it being 3.65 ± 0.19% for females and 3.53 ±
0.19% for males (P = 0.617).
Table 4: Processing losses of meat chickens supplemented with electrolytes ES-A and ES-B for three days
before processing and exposed to high temperature. Control birds received tap water only. Values are given as
mean ± SEM.

Processing
losses

Treatments
Control

ES-A

ES-B

P value

Transport LW
loss (%)

3.88 ± 0.38

3.65 ± 0.36

3.23 ± 0.47

0.659

Eviscerated
weight (kg)

2314 ± 20b

2371 ± 18a

2380 ± 19a

0.012

F-P carcass
yield (%)

78.1 ± 0.2b

76.81 ± 0.3c

79.5 ± 0.5a

< 0.001

A-P carcass
yield (%)

81.3 ± 0.2ab

80.9 ± 0.2b

81.7 ± 0.1a

0.024

Transport LW loss (%): the LW loss calculated as the percentage change from the final farm LW to that
recorded before processing.
F-P carcass yield (%): the LW loss calculated as the percentage change from the final farm LW to the carcass
weight after evisceration (the processed weight).
A-P carcass yield (%): the weight loss calculated as the percentage change from the weight before processing to
the carcass weight after evisceration (the processed weight).
a,-c
Within a row, values with different superscripts are significantly different (P < 0.05).

Treatment had an effect on the final eviscerated weight after processing (Table 4; P = 0.012). The
eviscerated weight was lower for the control birds compared with the electrolyte-supplemented birds
(P < 0.05). The difference between the sexes (P < 0.001) was significant, with males having a higher
mean eviscerated carcass weight of 2,539 ± 15 g than the females 2,171 ± 15 g
The processed carcass yield, as a percentage of the final LW on-farm and as a percentage of the
lairage weight before processing, is given in Table 4. Treatment had an effect on the percentage yield
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based on the final farm LW (P < 0.001). The percentage yield for the ES-B supplemented birds was
higher than the yield for the control birds, and in turn, this was higher than the yield for the birds from
the ES-A treatment (all P < 0.05). The sex had no significant effect on this yield, with it being 78.3 ±
0.2% for males and 78.0 ± 0.3% for the females (P = 0.209).
The treatment effect on the percentage yield based on the lairage weight (pre-processing) was
significant (Table 4; P = 0.024). Birds supplemented with ES-B had higher yield than those
supplemented with ES-A (P < 0.05), with the yield from the control birds being intermediate and not
different to the electrolyte treatments. Sex had a marginally non-significant effect, with a tendency for
the yield to be higher in males (81.4 ± 0.2%) than females (81.1 ± 0.1%) (P = 0.053).

Breast muscle yield (BMY)
Treatment had no effect on the BM weight (Table 5; P = 0.143). The sex (P < 0.001) had an effect on
BM weight, with males (711 ± 9 g) heavier than females (632 ± 8 g). The percentage BMY based on
the final LW was affected by the treatments (Table 5; P = 0.045). Birds supplemented with the ES-B
solution had a higher BMY than the control birds and birds given the ES-A solution (P < 0.05). The
sex effect was not significant, with yield being 22.9 ± 0.2% for females and 22.2 ± 0.2% for males (P
= 0.112).
The percentage BMY based on the eviscerated weight was not affected by the treatments (Table 5;
P = 0.518), but the sex effect was significant (P = 0.010). Females (29.0 ± 0.3%) gave a higher yield
(P < 0.05) than males (27.9 ± 0.3%).

Breast muscle (BM) quality measures
The breast muscle quality measures are given in Table 5.
Breast meat 24 hours pH: Treatment had no effect on breast muscle pH at 24 hours post-mortem
(Table 5; P = 0.927). The effect of sex on breast muscle pH was marginally non-significant
(P = 0.063). Males (5.97 ± 0.04) tended to have a higher breast muscle pH than females (P = 5.89
± 0.04).
Breast meat colour: The effect of treatment on the degree of meat lightness (‘L’ value) was
marginally non-significant (Table 5; P = 0.089); but the trend was for it to be higher in birds
supplemented with ES-B. The effect of sex on the ‘L’ values was marginally non-significant (P =
0.058); but it tended to be higher in males (48.2 ± 0.5) than in females (47.4 ± 0.5). Treatment had no
effect on meat redness (‘a’ value) (Table 5; P = 0.101); while sex had a marginally non-significant
effect (P = 0.071). However, the interaction between treatment and sex was significant
(P = 0.012). For birds supplied with ES-A, the ‘a’ values of males (3.14 ± 0.13) and females (3.14
± 0.13) were similar, and this was the same for males (3.21 ± 0.14) and females (3.31 ± 0.13) supplied
with ES-B. However, the control female birds (2.98 ± 0.15) had a lower ‘a’ value than the male (3.71
± 0.14) birds (P < 0.05). Also, the control female birds had a higher ‘a’ value than females supplied
with either electrolyte solution (P < 0.05). Sex had no effect on meat yellowness (‘b’ value) (P =
0.679). For males, the value was -0.97 ± 0.15 and females -1.03 ± 0.15. The effect of treatment was
marginally non-significant (Table 5; P = 0.065), with a tendency for ‘b’ values to be lower for birds
supplemented with ES-A than those supplemented with ES-B.
Breast muscle shear force: Treatment had no effect on the breast muscle shear force (Table 5;
P = 0.758). Sex had a significant effect on the breast muscle shear force, with it being higher in males
(16.4 ± 0.6 N) than females (14.9 ± 0.6 N) (P = 0.007).
Breast muscle drip loss: Treatment had no effect on the percentage drip loss (Table 5; P = 0.602).
Sex had a significant effect on drip loss (P = 0.019), with males (1.50 ± 0.33%) having less loss than
females (2.29 ± 0.33%).
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Breast muscle cooking loss: Sex had a significant effect on cooking loss. Percentage loss was
higher in males (19.4 ± 0.6%) than in females (18.0 ± 0.6%) (P = 0.028). The effect of treatment on
cooking loss was marginally non-significant (Table 5; P = 0.064).The losses tended be higher for
birds supplemented with electrolytes, especially for those supplemented with ES-A.

Packed cell volume (PCV): Treatment (Table 5) had no effect on the PCV (P = 0.622). Males
(30.8 ± 0.9%) and females (30.7 ± 0.9%) had similar PCV (P = 0.675).
Table 5: Measures of breast muscle meat yield and quality for meat chickens supplemented with electrolytes
ES-A and ES-B for three days before processing and exposed to high temperature. Control birds received tap
water only. Values are given as mean ± SEM

Treatments
Performance measure

Control

ES-A

ES-B

P value

BM weight (g)

659 ± 12

685 ± 11

676 ± 12

0.143

BMY-Fin (%)

22.1 ± 0.3b

22.5 ± 0.3b

23.2 ± 0.3a

0.045

BMY-Proc (%)

28.2 ± 0.4

28.4 ± 0.4

28.8 ± 0.4

0.518

pH

5.94 ± 0.03

5.92 ± 0.03

5.93 ± 0.03

0.927

Meat colour
L*
a*
b*

47.1 ± 0.4
3.36 ± 0.10
-1.04 ± 0.14

47.7 ± 0.4
3.07 ± 0.10
-0.79 ± 0.17

48.4 ± 0.4
3.26 ± 0.10
-1.10 ± 0.18

0.089
0.101
0.065

Shear force (N)

15.9 ± 0.5

15.4 ± 0.5

15.7 ± 0.5

0.758

Drip loss (%)

1.67 ± 0.30

2.11 ± 0.27

1.86 ± 0.29

0.602

Cooking loss (%)

17.6 ± 0.5

19.2 ± 0.5

18.3 ± 0.6

0.064

PCV (%)

30.9 ± 0.7

31.3 ± 0.8

30.5 ± 0.8

0.622

a, b
Within a row, values with different superscripts are significantly different (P < 0.05).
BM: Breast muscle.
BMY-Fin (%): The breast muscle yield calculated as a % of the final on-farm treatment weight.
BMY-Proc (%): The breast muscle yield calculated as a % of the processed carcass weight.
PCV: Packed cell volume.
L* - measure of meat lightness; a* measure of meat redness: b* measure of meat yellowness.

16

Experiment 2: The effect of electrolyte
supplementation on performance and meat
quality of meat chickens exposed to
adverse high ambient temperature for one
day before transport and processing
Introduction
The adverse effects of heat stress have been highlighted in previous sections of this report. The
introduction noted that in the Western Sydney basin, from November to February 2017-18, the
maximum sequence of days when the ambient temperature exceeded 36 ⁰C was four, but often there
were sequences of two to four days. Several times, the temperature reached 36 ⁰C on a single day, and
on one day, the maximum temperature was 47 ⁰C. These single events can cause severe heat stress for
meat chickens, especially if they occur on the day before transport, lairage and processing. For this
reason, this experiment investigated the role of electrolyte supplements supplied during high
temperatures on the day before processing.

Experimental design
From day-old to 16:00 hours on day 41 of age, all birds had access to tap water only. From 16:00 on
day 41 of age until 16:00 on day 42 of age, birds received one of the three treatments (control, ES-A
or ES-B) identified in the methods section.
The shed temperature remained at 20-22 ⁰C during 17:00-08:00 (days 41–42 of age). Starting at 08:00
on day 42, the shed temperature was gradually increased to a maximum of 32 ⁰C at 11:00, where it
remained until 14:00, and then was gradually reduced to 20-22 ⁰C between 14:00 and 17:00. Monitors
recording temperature and relative humidity were placed in some pens along the length of the shed.
As for experiment 1, other temperature measures were recorded in the pens housing the monitors. The
monitors recorded temperature and humidity at bird height, and a digital thermometer measured the
temperature at the litter surface and at 1 cm below the litter surface. For each pen, an infra-red
thermometer recorded the temperature beneath a bird sitting on the litter after it was forced to move.
All birds were weighed on day 41 of age starting at 16:00, and then again at 16:00 on day 42. During
this same period, pen-feed and water intakes were recorded.
At 18:00 on day 42, birds were transported to the processing plant and held in lairage overnight. On
day 43, they were processed and the breast muscle was analysed, as described in the methods section.
Using the data collected, performance measures were determined for growth rate, feed and water
intakes, feed efficiency, transport losses, and carcass yields based on final farm and eviscerated
weights. As described in the methods section, breast muscle yield (based on final farm and eviscerated
weights) and breast muscle meat quality analyses were performed.

Statistical analysis
Growth performance, production losses and breast muscle yields were analysed with the REML linear
mixed model function of Genstat® 18th edition. The data were first tested for equality of variance
using residual plots. When the equality of variance could be improved by using a loge transformation,
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the data were transformed. For analysis of growth performance and production losses, the model
included the fixed effects of supplementary treatment and sex, and the random effects of shed block
and pen number. The statistical unit was the individual bird.
The effects on feed and water intake and feed efficiency were analysed using the one-way ANOVA
function of Genstat® 18th edition. The statistical unit was the pen.
Meat quality was analysed using the two-way ANOVA function of Genstat® 18th edition. The main
effects included were sex and treatment. When no interaction between the main effects was detected,
the factors were analysed separately in a one-way ANOVA. The statistical unit was the individual
bird.
In all analyses, where differences were significant (P < 0.05), individual comparisons were made
using the least significant difference (LSD), which is equal to twice the standard error of differences
(SED).

Results
Temperature and humidity patterns
Temperature and relative humidity were recorded every 15 minutes on seven monitors located along
the length of the tunnel-ventilated shed (Figure 7). Maximum (Max Temp) and minimum (Min Temp)
temperatures were recorded hourly on any individual monitor in the tunnel-ventilated shed and during
lairage (Figure 8). The average difference between the Max and Min temperature was 1.8 ⁰C and
ranged from 0 to 4.7 ⁰C throughout days 41-42 of age. During days 41-42 the average humidity was
63.9%.

Figure 7: Average (± SEM) temperatures and relative humidity recorded in the tunnel-ventilated shed during
days 41-43 of age. The measurements were made on seven monitors located along the length of the shed.

The temperatures recorded at the various pen sites are given in Figure 9. The temperatures recorded at
1 cm below the surface of the litter tended to be higher than that recorded by the pen monitor at the
height of the bird’s back, especially at 14:00 which was after the peak of the high-temperature
treatment period of 11:00-14:00. While there appeared to be differences in the temperatures measured
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at the different locations, there were no differences in the overall averages of 29.8 ± 0.3 ⁰C for the
room monitors, 29.9 ± 0.3 ⁰C at the litter surface, and 29.9 ± 0.3 ⁰C beneath the birds. The largest
differential recorded at any time between the monitors and temperature beneath a bird was 6.3 ⁰C.

Figure 8: Maximum and minimum temperatures recorded on any of the individual pen monitors located in the
tunnel-ventilated shed and during lairage.

Figure 9: Average (± SEM) ambient temperature measured at the level of the bird’s back (Room monitor);
average (± SEM) surface litter floor temperature measured by a digital thermometer (Floor temp); average (±
SEM) temperature 1 cm below the litter surface (Litter); and average (± SEM) floor temperature beneath a bird
resting on the litter (Beneath bird).
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The Thermal-Humidity Index (THI)
The THI was determined from the hourly temperature and relative humidity recorded by the pen
monitors over the entire high-temperature treatment period (Figure 10). Also, the THI determined
from the pen monitor recordings was compared to the THI determined from the tempertaure
recordings at the litter surface and beneath the birds (Figure 11).
On the day of high temperature the THI range was 78.4 to 93.6, and during the three hottest hours it
averaged 92.9 (Figure 10).

Figure 10: The Thermal-Humidity Index (THI) on the single day of high temperature.

On the high temperature day the THI range was 85.4 to 93.4, and during the three hottest hours it
averaged 92.9 using the monitor recordings (Figure 11). It ranged from 88.0 to 93.4 and during the
three hottest hours averaged 92.3, based on the litter surface temperature recordings. Using the
beneath the birds temperature recordings, the THI ranged from 89.0 to 94.2 and during the three
hottest hours it averaged 93.1.

Figure 11: The Thermal-Humidity Index (THI) on the single day of high temperature based on hourly
recordings (10:00-14:00) from the pen monitors (Monitor), at the litter surface (Floor) and beneath the birds
(Bird).
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Mortalities and removals
During the high-temperature treatment, 12.7% of the birds were removed as mortalities or for being at
risk of severe stress, according to the animal ethics guidelines. Treatments had no effect on the rate of
mortality and removals (P = 0.762). Of the mortalities and removals, 21.8% were females and 78.2%
were males, with the females being significantly lighter (2.9 ± 0.05 kg) than the males (3.31 ± 0.02
kg) (P < 0.001).

Production performance
The measures of bird performance are given in Table 6.
Initial weight: At the start of the high-temperature treatment period, all groups had similar initial
LW (Table 6; P = 0.777. There was a significant sex difference in the initial body weights, with the
mean (± SEM) LW for the males being 3,322 ± 21 g compared to 2,784 ± 20 g for the females
(P < 0.001).
Table 6: Performance of meat chickens supplemented with electrolytes ES-A or ES-B for one day before
processing and exposed to high temperature. Control birds received tap water only. Values are given as mean ±
SEM.

Treatments
Control

ES-A

ES-B

P value

Initial LW
d 41 (g)

3041 ± 27

3055 ± 27

3063 ± 27

T = 0.777

Final LW
d 42 (g)
LWG
d 41-42 (g)
Daily feed
intake (g)
Feed-to-gain
ratio
Daily water
intake (mL)

3064 ± 28

3082 ± 27

3099 ± 27

T = 0.404

53 ± 17a

24 ± 12b

31 ± 12ab

T = 0.040

164 ± 3a

152 ± 3b

163 ± 3a

T = 0.023

4.38 ± 0.71

5.67 ± 1.33

5.31 ± 1.11

T = 0.616

361 ± 17

370 ± 16

348 ± 16

T = 0.666

Within a row, values with different superscripts are significantly different (P < 0.05).
LW: Liveweight.
LWG: Liveweight gain.
T: The P value for treatment effect.
a, b

Final weight: At the end of the heat treatment period, all groups had similar final LW (Table 6;
P = 0.404). There was a significant sex difference in the final body weights (P < 0.001), with the
mean (± SEM) LW for the males being 3,340 ± 25 g compared with 2,824 ± 25 g for the females.
Liveweight gain (LWG): Treatment (P = 0.040) and sex (P < 0.001) had significant effects on the
LWG (Table 6). Birds supplemented with ES-A electrolyte solution had a lower LWG than did the
controls (P < 0.05). Males had a gain of 25 ± 11 g, which was lower than the LWG of 50 ± 11 g for
the females (P < 0.05).
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Daily feed intake: Treatment had a significant effect on daily feed intake (Table 6; P = 0.023). The
feed intake was lower for birds supplemented with the ES-A electrolyte solution (P < 0.05).
Feed conversion ratio (FCR): The effect of the high temperature was sufficiently severe to result
in negative average weight gain in some pens. Only 25 pens (11 control, 7 ES-A, and 7 ES-B) had a
positive weight gain, and so the FCR analysis was based only on values for these 25 pens. Based on
this analysis, treatment had no effect on FCR (Table 6; P = 0.616).
Daily water intakes: Treatment had no effect on average daily water intake (Table 6; P = 0.666).

Processing and transport losses
Treatment had no effect on the weight loss during transport and lairage (Table 7; P = 0.647).
Similarly, sex had no effect on the transport and lairage loss, with it being 3.43 ± 0.17% for females
and 3.49 ± 0.18% for males (P = 0.804).
Treatment had no effect on the final eviscerated weight after processing (Table 7; P = 0.265). The
difference between the sexes (P < 0.001) was significant; males had a heavier eviscerated carcass
weight of 2,655 ± 19 g than females at 2,254 ± 21 g
The processed carcass yield, as a percentage of the final LW on-farm and as a percentage of the
lairage weight before processing, is given in Table 7. Treatment had no significant effect on the
percentage yield based on the final farm LW (P = 0.132). Sex had no significant effect on this yield,
with it being 79.5 ± 0.2% for males and 79.1 ± 0.2% for females (P = 0.142).
The effect of treatment on the percentage carcass yield based on the lairage weight (pre-processing)
was not significant (P = 0.195). Sex had a significant effect on the yield, with it being higher in males
(82.3 ± 0.1%) than females (81.7 ± 0.2%) (P = 0.008).
Table 7: Processing losses of meat chickens supplemented with electrolytes ES-A and ES-B for one day before
processing and exposed to high temperature. Control birds received tap water only. Values are given as mean ±
SEM.
Treatments
Control

ES-A

ES-B

P value

Transport LW
loss (%)

3.57 ± 0.22

3.29 ± 0.22

3.52 ± 0.23

0.647

Eviscerated
weight (g)

2463 ± 24

2451 ± 24

2448 ± 26

0.265

F-P carcass yield
(%)
`
A-P carcass yield
(%)

79.3 ± 0.2

79.6 ± 0.2

78.9 ± 0.2

0.132

82.0 ± 0.2

82.3 ± 0.2

81.7 ± 0.2

0.195

Transport LW loss (%): the LW loss calculated as the percentage of change from the final farm LW to that
recorded before processing.
F-P carcass yield (%): the LW loss calculated as the percentage change from the final farm LW and the carcass
weight after evisceration (the processed weight).
A-P carcass yield (%): the weight loss calculated as the percentage change from the weight before processing
and the carcass weight after evisceration (the processed weight).
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Breast muscle yield (BMY)
Treatment had no effect on BM weight (Table 8; P = 0.413). Sex (P < 0.001) had an effect on BM
weight, with males (761 ± 11 g) having more weight than the females (684 ± 11 g The percentage
BMY based on the final LW was not different between treatments (Table 8; P = 0.132). The sex effect
was not significant with the BMY-Fin being 22.5 ± 0.3 % for females and 22.9 ± 0.2 % for males (P =
0.322). The percentage BMY based on the eviscerated weight was not affected by the treatments
(Table 8; P = 0.464) but the sex effect was significant (P = 0.011). Females (30.0 ± 0.3%) gave a
higher yield than males (28.9 ± 0.3%) (P < 0.05).

Breast muscle (BM) quality measures
The breast muscle quality measures are given in Table 8.
Breast muscle shear force: Treatment had no effect on the shear force (Table 8; P = 0.756). Sex
had a significant effect on the shear force, with it being higher in males (13.2 ± 0.3 N) than females
(11.3 ± 0.3 N) (P < 0.001).
Breast muscle drip loss: Drip loss after 72 hours was not affected by the treatments (Table 8;
P = 0.493). There was no difference between males (2.80 ± 0.23%) and females (2.62 ± 0.22%).
Breast muscle cooking loss: There were no treatment effects on the cooking loss percentage
(Table 8; P = 0.277). Males (23.4 ± 0.7%) had a higher loss than females (19.9 ± 0.7%) (P < 0.001).
Table 8: Measures of breast muscle meat yield and quality for meat chickens supplemented with electrolytes
ES-A and ES-B for one day before processing and exposed to high temperature. Control birds received tap
water only. Values are given as mean ± SEM.

Performance measure

Treatments

P value

Control

ES-A

ES-B

BM weight (g)

739 ± 14

716 ± 13

712 ± 14

0.413

BMY-Fin (%)

22.7 ± 0.3

23.1 ± 0.3

22.2 ± 0.3

0.132

BMY-Proc (%)

29.0 ± 0.6

29.2 ± 0.6

27.5 ± 0.7

0.464

pH
Meat colour
L*
a*
b*

6.28 ± 0.02

6.24 ± 0.02

6.26 ± 0.02

0.335

45.6 ± 0.6
3.62 ± 0.13
-1.61 ± 0.21

45.4 ± 0.6
3.49 ± 0.13
-1.80 ± 0.21

45.9 ± 0.6
3.47 ± 0.14
-1.59 ± 0.23

0.877
0.673
0.768

Shear force (N)

12.4 ± 0.4

12.0 ± 0.4

12.4 ± 0.4

0.756

Drip loss (%)

2.99 ± 0.31

2.53 ± 0.26

2.59 ± 0.25

0.493

Cooking loss (%)

22.3 ± 0.8

20.5 ± 0.8

22.2 ± 0.09

0.277

BM: Breast muscle.
BMY-Fin (%): The breast muscle yield calculated as a % of the final on-farm treatment weight.
BMY-Proc (%): The breast muscle yield calculated as a % of the processed carcass weight.
L* - measure of meat lightness; a* measure of meat redness: b* measure of meat yellowness.
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Discussion
In a previous AgriFutures Australia research project (AgriFutures Australia project PRJ-009120), an
in-house formulated electrolyte supplement improved meat quality. It had been supplied for two days
before transport and processing when the temperature was raised to 26-28 ⁰C for nine hours daily.
Providing the electrolyte supplement for five days before processing and exposing the birds to high
temperatures (28 ⁰C max) for two days before processing improved growth performance. When the
supplement was given for the two days, initial efforts were made to expose the birds to an ambient
temperature of 32 ⁰C. It was quickly realised that this temperature caused adverse heat stress and to
salvage the experiment, the maximum temperature over nine hours was limited to 28 ⁰C. After
completing the project it was evident that 28 ⁰C is likely to be the upper limit of the temperature zone
(depending to a degree on relative humidity); or the limit at which most meat chickens can cope with
high-temperature heat stress. In the project, electrolyte supplementation supported better performance
if supplied before the high-temperature period.
There will be times during the Australian summer when meat chickens will be exposed to
temperatures above 28 ⁰C. For this reason, the current project was supported by the AgriFutures
Chicken Meat Program. The main objective was to evaluate the role of electrolyte supplements when
meat chickens are dealing with ambient temperatures above 28 ⁰C. The temperature pattern used in
the current studies was designed to simulate the 10 hottest days in the Western Sydney basin from
November to February 2017-18. The experiments examined the role of electrolyte supplements
provided over three days (40-42 days of age) and on one day (day 42 of age) during periods of high
temperature before transport and processing.
In previous studies, the electrolyte supplement that was used was made in-house and had positive
effects on performance and meat quality (Downing et al., 2017). In the current project, the in-house
supplement and a commercially available electrolyte were used. The commercial electrolyte contained
no Cl- ions and was quite different in composition to the in-house supplement. The argument made by
commercial producers for excluding Cl- is based on the concept that under heat stress conditions, Clacts to increase the disturbance in the acid-base balance, which is already under pressure because as
birds pant, they lose excess CO2 and this limits their ability to produce HCO3-, an important
component of the acid-base balance.
The actual temperature pattern administered over the three-day period is given in Figure 2; on the
single day of high temperature it is given in Figure 7. Based on the rate of mortalities and removals,
the temperatures caused adverse heat stress. During the three days of high temperature the losses were
6.8% on the first day, 2.9% on the second, and no losses on the third day. On the single day of high
temperature the mortalities and removals rate was 12.7%. It is not feasible to extrapolate this value to
commercial production because birds were removed from the high temperature setting in line with
ethical guidelines requiring their removal. The guidelines are based on subjective evaluation of
behavioural attributes during heat stress. When the birds were suddenly exposed to temperatures in
the range 30-32 ⁰C, some were more susceptible and succumbed within the first high-temperature
period. The males were more prone to being at risk, accounting for about 75–78% of the losses.
The higher male losses are likely related to their higher live weight. In both experiments, the males
were, on average, about 500 g heavier than females. It is known that as birds age and grow, their
thermal comfort zone decreases. Therefore, poultry producers are more concerned about heat stress as
birds mature and approach marketing age; they rarely have any concerns for young birds. Heavier
birds are more susceptible to heat stress because they have less surface area for heat dissipation per
unit weight and have higher metabolic heat production (Wiernusz, 1998).
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Meat chickens are most prone to the effects of high temperature in the later stages of the production
cycle when they are at their highest weight and metabolic heat production. It is clear from the current
studies that when the temperature abruptly increases to 30-32 0C in the later stages of the production
cycle, the birds are in severe danger of heat stress. In the three-day study it was observed that the
actual temperature the meat chickens were exposed to could be higher than the ambient temperature
recorded by the digital monitors. On days 2 and 3 of the three-day high-temperature period,
temperatures recorded at the litter surface, 1 cm beneath the litter surface, and beneath sitting birds
were higher than that recorded by pen monitors at the level of the birds’ backs when standing. A main
concern would seem to be the temperature beneath sitting birds. While it was not possible to
determine how long the birds had been sitting before the temperature was taken, the difference
averaged 4.4 ⁰C during the high-temperature treatment period. However, the maximum difference
found in one instance was 10.9 ⁰C.
Meat chickens work to maintain a constant body temperature at minimum effort by thermoregulatory
mechanisms (Baêta and Souza, 2010). Heat stress occurs when the birds’ core body temperature
increases, and if severe will result in death. The thermal comfort zone is the range of temperatures
when meat chickens show better performance with less energy expenditure and minimal effort to
support thermoregulatory mechanisms. As the temperature exceeds the upper limit of the comfort
zone, birds pant to cool the body by evaporating water from surfaces of the respiratory tract, including
the lungs. While panting is essential, it requires energy and so adds to the energy needed to be
removed. Ambient temperature and humidity play a role in heat stress, and so they should be
considered together when determining the heat stress birds need to cope with. A high relative
humidity reduces the effectiveness of evaporative heat loss during panting and increases susceptibility
to heat stress. When the temperature exceeds 25 ⁰C, the amount of water in the air becomes a critical
component of heat stress conditions. The temperature-humidity index (THI) integrates temperature
and humidity into a single measure that can be used to predict the potential severity of environmental
conditions on bird performance and wellbeing.
The THI values determined in the current studies give an overview of the degree of heat stress the
birds experienced. Humidity was very high in the three-day high-temperature period because of heavy
rain in the area at this time. The average THI for the three hottest hours ranged from 85.5 to 90.9. The
lower averages of 85.5 and 86.4 are considered to be in the middle of the values (THI 80-89)
categorised as moderately severe. On the second day, the 90.9 average was just in the range of values
(THI > 90) considered to be indicative of severe heat stress. When the temperatures measured at the
litter surface and beneath the birds are considered, the THI values of 94.2 and 99.7 for the litter and
beneath the birds, respectively, on day 2; and of 93.1 and 93.3 for the litter and beneath the birds,
respectively, on day 3; indicate that the heat stress experienced by the birds is likely to be more severe
than indicated by the monitor’s ambient temperatures.
On the one day of high temperature, the THI during the three hottest hours averaged 92.9 using the
pen monitors, and 92.3 and 93.1 using the litter surface and beneath the bird temperatures,
respectively. All values indicate that the birds experienced severe heat stress, but there was little
difference between the different sites where the temperatures were recorded. This could mean that
longer periods of high temperature are needed to raise the litter temperature and exhaust the birds so
they squat longer and increase the temperature beneath them.
In the final stages of production, meat chickens spend a lot of time squatting when exposed to high
temperature. This is because of issues associated with the physical condition of their legs, and their
normal genetic predisposition and behaviour to squat to respond to high temperature. From about five
weeks of age, meat chickens start to show signs of reduced mobility, which is more obvious in week
six when they will squat for longer periods (Kestin et al., 1992; Angel, 2007). To avoid producing
metabolic heat load, meat chickens will reduce their feed intake during high-temperature periods
(Yahav et al., 1995), and they also limit activity to minimise metabolic heat production. Less activity
involves more time squatting. By squatting longer, the heat dissipation from the breast and pelvic
areas causes heat to build up between the birds and the litter, which accounts for the higher
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temperatures recorded beneath the birds compared with the ambient temperature. In some ways, the
birds’ efforts to cope with high temperatures are more than likely accentuating their heat stress. In
experiment 2, it was decided to measure the breast muscle temperature of some birds recorded as
mortalities. For some, it was as high as 46-47 ⁰C. The body temperature of meat chickens is
maintained within a narrow range, which in their thermal comfort zone would range between 40.541.5 ⁰C (Daghir, 1995). When meat chickens are heat stressed, their body temperature increases
(Whittow, 2000; Aengwanich et al., 2003). When the ambient temperature exceeds 32 °C, heat stress
can be severe (Cooper and Washburn, 1998), and death can be expected when the body temperature
exceeds 45 ⁰C.

Performance in experiment 1

In experiment 1, the electrolyte supplements had an effect on LWG but it depended on the sex of the
birds. For the in-house electrolyte (ES-A), the males and females had higher LWG than the same
sexes on the control treatment. Also for ES-A, males and females had similar LWG. For birds
supplied with the commercial electrolyte (ES-B), only the males had higher LWG than the control
males, but similar to the males supplied with ES-A. Females given ES-B had similar LWG as the
control females. The different responses of females and males given ES-B is difficult to interpret
unless it is weight-dependent and has something to do with the differences in the actual LW between
the sexes. The improved LWG for birds given ES-A was not associated with any differences in feed
intake because intakes were similar for all treatment groups. However, when LWG and feed intake
were taken together, there was a significant improvement in FCR for birds treated with the ES-A
supplement. The FCR for birds supplied with ES-B was not different to the controls, which can be
attributed to the failure for LWG improvements in the females. Birds supplemented with ES-A had a
higher fluid intake compared with other treatments. The improvements observed in LWG and FCR
during the days of high temperature (days 40-42) when the ES-A was provided could be attributed to
a better acid-base balance, enhanced water retention and/or more energy availability.
Supplementing diets and drinking water with electrolytes, such as NaHCO3, KCl and NaCl, has been
reported to improve meat chicken performance and survivability during periods of high ambient
temperatures (Teeter and Belay, 1996). These improvements are commonly attributed to either acidbase regulation or increased water intake (Smith and Teeter 1989; Ahmad et al., 2006). The ES-A
supplement increased fluid intake and could help to increase water retention. In a previous study, this
treatment was shown to increase fluid intake and body water retention (Sayed and Downing, 2011).
This might act to improve the birds’ capability to dissipate heat via peripheral blood and evaporation,
and act to lower body temperature. In an attempt to achieve thermal balance, birds decrease feed
intake to avoid dietary thermogenesis. Lower feed intake is one of the major physiological changes
that occurs during exposure to high ambient temperature.
It has been estimated that the rate of feed intake decreases by about 1.5% for each 1 ⁰C increase in
ambient temperature above 20 ºC (Howlider and Rose, 1987). With the three days of high
temperature, there was no treatment difference in feed intake, with it being 165-167 g/day. However,
it is clear that based on the performance objectives for Cobb 500 meat chickens (Cobb, 2018), the
high temperature reduced LWG and feed intake. According to these objectives, the male meat
chickens over days 40-42 should have gained 324 g, but males supplemented with ES-A and ES-B
and the control birds had 67%, 63% and 51%, respectively, of the expected LWG. Similarly, over
days 40-42, females should have gained 259 g according to the Cobb specifications, but those
supplemented with ES-A and ES-B and the control birds had 91%, 57% and 59%, respectively, of the
expected growth. These differences indicate that the high temperature severely limited LWG and feed
intake. The birds had 16 hours overnight at a thermoneutral temperature, but that was not sufficient
for them to compensate for the heat stress. Male control birds had only half of the expected LWG, but
the ES-A supplement limited the loss to 67%, and the ES-B supplement to 63%. The differences,
however, were more obvious in the females: for control birds the LWG was limited to 59% of that
expected and the ES-B birds gave a similar result; whereas in the ES-A females, the LWG was limited
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to 91% of that expected based on Cobb 500 performance objectives. This provides reasonable
evidence that the ES-A supplement helped to limit performance losses, but because of the female
results, the effects of ES-B are less conclusive.

Performance in experiment 2
The sudden high temperature elevation caused severe heat stress and a 12.7% rate of mortality and
removals. The LWG was very poor, ranging from 24 to 53 g in total. These LWGs were well below
the Cobb 500 objectives of 85 g and 108 g LW, and 193 and 229 g/d feed intake for females and
males, respectively. The analysis suggested that the control birds had better LWG, but this needs to be
clarified based on the very low LWG in all groups and the very large variation in LWG for individual
birds. Of the treated birds left in the experiment and for whom the LWG could be determined, 28.8%
had lost weight and of these, 23.4% were control birds, 38.3% were ES-A treated birds, and 40.1%
were ES-B treated birds. A further 38.8% had gained less than 50 g. Of these, 33.9% were control
birds, 31.3% were ES-A treated birds, and 34.8% were ES-B treated birds. The fact that the hightemperature treatment ended when birds were weighed, loaded into crates and transported to the
processing plant (off feed and water), failed to provide them with a thermoneutral period when they
could recover some of the LW losses. In the three-day treatment, the birds had two overnight periods
to recover from the heat stress of the previous high-temperature period. A further complication for the
birds exposed for one day was the sudden high temperature exposure that occurred at their maximum
processing weight. With the three-day treatment, period the birds were, on average, about 200 g
lighter when first exposed to high temperature than the birds exposed during that day before
processing. The LW has a significant influence of the birds’ ability to cope with high temperature.
This is obvious when the mortality rate of males and females is compared in both experiments. On
average, males were about 400–500 g heavier than females; they also accounted for 75-78% of the
mortalities. For supplementation given on the day before processing, ES-A resulted in a lower feed
intake but there were no supplement effects on water intake. The negative LWG recorded for many
birds limited the FCR analysis to 24 pens. While there were no treatment differences in the FCR for
pens with a positive total LWG, they were very high and this evaluation is of limited value.

Transport and processing losses
Experiment 1: During transport and lairage the percentage weight losses following the three days

of supplementation were between 3.2 and 3.8%, but were not different between treatments. This
weight loss was similar to that reported by others (Delezie et al., 2007, Orlic et al., 2007). The
eviscerated carcass weight was higher for the ES-A and ES-B supplemented birds compared with the
control birds. The higher weight result for the ES-B treated birds resulted in higher eviscerated
carcass yield as a % of the final farm weight compared with the control birds which, in turn, had a
higher yield than the ES-A supplemented birds. Carcass yield as a % of the pre-processing weight was
similar for the ES-B and control birds, but the % for ES-A birds was lower than for ES-B birds.

Experiment 2: For the one-day supplementation before processing, there were no effects on

transport losses, eviscerated carcass weight, or % carcass yields based on farm weight or processed
weight.
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Breast muscle yields
Experiment 1: In the three days of supplementation, there were no treatment differences in
absolute BM weight. Based on the final farm weight, the % BM yield was higher for ES-B
supplemented birds, but this did not correspond to any differences in % BM yield based on processed
carcass weight.
Experiment 2: In the one day of supplementation, there were no treatment differences in absolute
BM weight or % yield based on the final farm or processed carcass weight.

Meat quality measures
Experiment 1: The three days of supplementation had no effect on breast muscle 24 hours pH,
shear force, drip loss or cooking loss. There were some trends in the values of meat colour. There was
a tendency for the birds supplemented with ES-B and ES-A to produce sightly lighter meat colour.
The meat from the ES-A supplemented birds tended to be slightly yellower, but overall the measures
of yellowness were very low for all meat samples.
Experiment 2: The one day of supplementation had no effect on any of the meat quality measures
analysed.

Besides losses in performance and increased mortality, heat stress affects meat quality. One effect
often seen is a higher incidence of pale, soft and exudative meat (PSE), which reduces the quality.
The degree of PSE is regularly determined by measuring the degree of ‘lightness’, using a
chromameter set on the L*, a*, b* system (where L* measures relative lightness, a* relative redness
and b* relative yellowness). Values of L* (lightness) are used to categorise breast muscle as PSE,
normal, or as dark, firm and dry (DFD). Muscle with L* values > 53 is categorised as being PSE,
muscle with values < 53 and > 48 is considered normal, and with values < 48 as DFD (Qiao et al.,
2001; Soares et al., 2009).
Using these classifications, the breast muscle for birds exposed to the three days of high temperature
was on the border between the normal and DFD categories, but there were no significant supplement
effects. When high temperature was applied one day before processing, the breast muscle ‘L’ values
classified them as DFD, but again there was no supplement effect. For the one day of hightemperature treatment, 81% of the birds sampled for the ‘L’ meat colour had values < 48; categorised
as DFD. When the high temperature was applied for three days, 52.8% of the birds had values < 48;
categorised as DFD. The most common factor leading to both PSE and DFD in meat is stress antemortem (reviewed by Adzitey and Nurul, 2011). The DFD condition is the result of chronic or longterm stress (Warriss, 2000). Chronic stressors include long transport journeys and lairage times,
extended periods of food deprivation, and high temperature. The stress depletes muscle glycogen
concentrations and its conversion to lactic acid leads to high muscle pH, which results in less protein
denaturing and, in turn, higher water retention. The DFD condition is also defined by the muscle
having a pH ≥ 6 at 12-48 hours post-mortem (Viljoen et al., 2002). The breast muscle pH for birds
exposed to the one day of high temperature ranged from 6.24 to 6.28, which would further categorise
the meat as being DFD. DFD breast meat is significantly darker, redder, and less yellow, and has
higher pH, water-binding capacity, processing cook yield, and lower thaw and cooking loss than
normal meat (Smolinksa and Korzenioeska, 2005).
The differences between the one-day and one-day high-temperature periods on the rate of DFD could
be related to the suddenness of the high temperature exposure before transport and lairage. With the
one-day high period, the birds had gone through the high temperature suddenly and just before crating
and transport. Birds exposed to the three days of high temperature had experienced the first episode
three days before the day of transport. The birds most susceptible to heat stress had already been
removed before transport and lairage.
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Sex differences
In both experiments, there were significant effects of sex on performance and meat quality measures.
Males were heavier than females. The difference in growth rate between males and females is well
established (Brickett et al., 2007; Lopez et al., 2011; Bebyi et al., 2015; Usturoi 2015; Zhao et al.,
2015; Downing et al., 2017).
The weight differences resulted in males having higher eviscerated carcass weight, but as a yield
based on final farm or processed weight, there were no sex differences. Because of the greater live
weight, males had higher absolute breast muscle weights. There were no sex differences in % BMY
based on final farm weight, but based on processed carcass weight, the % was higher for females.
Males tended to have a higher breast muscle pH after three days of treatment, but significantly higher
after only one day of supplement. The pH value is an important measure of meat quality because it is
associated with denaturing of proteins (Lopez et al., 2011). A low muscle pH is associated with the
PSE condition. It has been reported that when the 24 hour pH is less than 5.7, the meat is typically of
PSE condition and of lower quality (Van Laack et al., 2000; Schilling et al., 2008). After three days of
high temperature, males tended to have a higher pH than females, but both were higher than the 5.7
pH indicative of PSE. Males also had higher pH than females after the one day of high temperature,
but for both sexes the average pH was above 6.2 and indicative of DFD meat condition.
No sex differences in degree of meat ‘yellowness’ were recorded after the three days of
supplementation, but after just the one day the meat from males was rated as being yellower. After
three days of supplementation the females had a lower degree of meat redness, but it was only seen in
the control treatment. Males had higher shear force and less drip loss, but more cooking losses after
three days of supplementation. Again, males had greater shear force but no differences in the levels of
drip or cooking losses when supplementation was for one day only.
Lopez et al. (2011) and Downing et al. (2017) found no differences in shear force between males and
females reared under thermoneutral temperature. In the current experiments, when birds were placed
under heat stress conditions, males had higher measures of shear force. In general, males are heavier
and have higher muscle collagen content than females (Salakova et al., 2009), and hence may be more
susceptible to breast muscle changes when exposed to high temperature. The range in shear force
values for samples collected after the three-day and one-day treatment periods were 9.75 to 24.4 N,
and 7.34 to 19.66 N, respectively. Regardless, in the current experiments, the shear force values for
the sexes were relatively low, and would produce a product highly acceptable to consumer
preferences (Schilling et al., 2003; Lopez et al., 2011).
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Implications
Heat stress is a production and welfare concern for meat chickens. In hot climates, the most effective
way to improve performance is housing design. Good shed insulation and evaporative cooling can
reduce shed temperature by 8-10 ⁰C compared with the outside ambient temperature. However, in
summer when outdoor temperatures exceed 28-32 ºC, it is difficult to keep the indoor temperature
within the thermal comfort zone (18-22 ºC). A range of nutritional strategies to assist meat chickens
cope with heat stress can help. The severity of the heat stress will determine the potential of these
strategies to reduce production losses and limit mortality rates.
Producers must identify the heatwave features that have the potential to influence bird performance
and wellbeing (Vale et al., 2010), and it has been proposed that these need to be defined as a
management tool (Abaurrea et al., 2006: Vale et al., 2010). Ambient temperature and humidity should
be considered together when determining the heat stress imposed on birds. The temperature-humidity
index (THI) integrates both factors into a single measure that can be used to predict the potential
severity of environmental conditions on bird performance and wellbeing.
After the single day of high temperature, the mortality rate was 12.7%, and on the first day of the
three-day high temperature experiment, it was 6.8%. It is most probable that individual birds have an
inherent susceptibility to heat stress. With the THI values in the current studies, the most susceptible
birds would have succumbed as mortalities or removals. The differences on day 1 of each of the two
experiments are likely due to differences in live weight (3,073 vs. 2,804 g) when the temperature was
applied; and this is supported by the much higher mortality rate (75-78%) of males, which are the
heavier sex. In the three-day high-temperature experiment, there were no mortalities on the third day.
It could be that the birds remaining after two days had an inherent capacity to cope with the heat stress
imposed.
Another consideration is that the birds might be in situations where they need to deal with above
ambient temperatures. As meat chickens approach market weight, their activity level decreases. Also,
under high temperatures, meat chickens limit their activity to produce less metabolic heat. With an
overall reduction in activity, meat chickens squat for longer periods. Greater contact of the breast and
pelvic regions with litter enables the build-up of heat and higher temperature, so the actual
temperature that meat chickens need to cope with could be higher than the ambient temperature.
Electrolyte supplementation had a significant effect on the LWG but it depended on the sex because
of the significant interaction between treatment and sex. In males, both supplements supported higher
LWG than the control males. However, for the females, only electrolyte ES-A supported higher
LWG. The differences in LWG were not associated with any differences in feed intake. Birds
supplemented with ES-A (in-house supplement) had a better FCR.
The differences between ES-A and ES-B responses could be related to the differences in absolute
electrolyte amounts supplied by the supplements. The commercial recommended inclusion rate for
ES-B was 2 g/L, while the ES-A electrolyte solution supplied 4.16 g/L. The inclusion rate of ES-B
may need to be higher to support a LWG response in the lighter females.
In the one-day high-temperature experiment the analysis suggested that control birds had better LWG,
but this needs to be clarified based on the very low LWG in all groups (23-50 g) and the very large
variation in LWG for individual birds. If birds experience temperatures of 30-32 ⁰C during the day
before transport, lairage and processing, electrolyte supplementation is of no benefit. Under these
same severe heat stress conditions, the electrolyte supplements had no beneficial effects on breast
muscle yields or measures of quality.
Meat colour is used as a measure of quality. Two characteristics that are considered measures of
diminished quality are PSE (pale, soft, exudative meat) and DFD (dark, firm, dry meat). Based on
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measure of meat lightness (L*), 58% of birds exposed to the three days of high temperature were
categorised as DFD. When high temperature was applied one day before processing, 81% of the birds
sampled were classified as DFD. Again, there was no supplement effect. The most common factor
leading to PSE and DFD in meat is stress ante-mortem. The DFD condition is caused by chronic or
long-term stress, while PSE is the linked to short-term stress.
It is reasonable to propose that when the birds are exposed to moderately severely high temperature
(30-32 ℃) resulting in acute ‘heat shock conditions’, as experienced in the one-day study, use of
electrolyte supplements is not likely to prevent the most inherently susceptible birds succumbing to
heat stress.
Providing electrolyte supplements to meat chickens is a strategy to limit the adverse effects of
moderately severe (26-28 ℃) heat stress on bird performance.
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Recommendations
1. Meat chickens can experience heat stress by exposure to a single hot day acting as a ‘heat
shock’ day, or to heatwave conditions with high temperatures over multiple days.
2. The benefit of using electrolytes during heat stress will depend on the duration, temperature
and bird weight.
3. In the final week of production, keeping the shed temperature below 28 °C is critical to avoid
high rates of mortality. Meat chickens are especially vulnerable to heat stress if the rise in
shed temperature is abrupt, resulting in ‘heat shock’.
4. Based on the observations of the previous funded project and the current results, during week
six of a 42-day production cycle, the critical temperature range when meat chickens are at risk
of heat stress is 26-28 ⁰C. As the temperature rises above this range, heat stress risk increases
rapidly, especially under high relative humidity.
5. The improved performance seen in the current three-day high-temperature experiment,
suggests that electrolyte supplementation should be applied before the high-temperature
period for it to be successful. This is also supported by results from AgriFutures Australia
project PRJ-009120).
6. As meat chickens approach market weight, their activity level decreases. With overall
reduction in activity, meat chickens squat for longer periods on the litter and this enables the
build-up of heat. As a result, the actual thermal challenge meat chickens need to cope with
could be higher than the measured ambient temperature.
7. When considering heat stress, most attention is placed on the ambient temperature and
humidity. A temperature-humidity index (THI) integrates temperature and humidity into a
single measure that can be used to predict the potential severity of environmental conditions
on bird performance and wellbeing. The value of any index to predict the potential risk to
meat chickens needs to include bird body weight.
8. Providing electrolyte supplements overnight before expected high temperatures that cause
moderately high (THI 85-89) to severe (THI > 90) heat stress is not likely to reduce mortality,
improve performance or improve meat quality, especially just before transport and
processing.
9. For electrolytes to be a strategy to help meat chickens during heat stress, they must be given
before the event. Based on results from this and the previous study, it is recommended that
electrolytes be supplied for at least 2-3 days before the expected heat stress period. They are
likely to be far more beneficial under conditions of moderate heat stress.
10. When heat stress is severe (THI < 90), the birds most susceptible to heat stress will succumb.
There is a measure of individual resilience to heat stress and selection could be a strategy to
build greater heat tolerance.
11. The commercial electrolyte was not as successful as the in-house electrolyte in some aspects
of performance, but this could be due to the large differences in the concentrations of
electrolyte salts. Using a higher addition rate, e.g. 4 g/L, might overcome these differences.
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