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Abstract
This experiment aimed to simulate cyclic high temperature conditions in sum-
mer layer houses and investigate the effects of different temperatures on pro-
duction performance, eggshell quality, and calcium and phosphorus metabolism
in laying hens. A total of 288 28-week-old high-producing Hy-Line Brown lay-
ers were randomly allocated to four groups: a 21°C thermoneutral group (ad
libitum feeding), a 27-30°C cyclic heat stress group (ad libitum feeding), a 29-
35°C cyclic heat stress group (ad libitum feeding), and a 21°C pair-fed group
(fed according to the feed intake of the 29-35°C cyclic heat stress group on the
previous day), with six replicates per group and 12 hens per replicate. The
birds were housed in four artificial climate chambers for a 4-week experimental
period. The results showed that, compared with the 21°C thermoneutral group,
the 27-30°C cyclic heat stress group exhibited significantly decreased average
daily feed intake, body weight gain, and average egg weight (P<0.05), signifi-
cantly reduced eggshell strength (P<0.05), no significant difference in calcium
and phosphorus metabolic rates (P>0.05), but significantly decreased calcium
and phosphorus absorption (P<0.05); except for significantly decreased yolk
color (P<0.05), other egg quality-related parameters showed no significant dif-
ferences (P>0.05). The 29-35°C cyclic heat stress group showed significantly
decreased average daily feed intake, body weight gain, and average egg weight
(P<0.05), as well as significantly reduced laying rate (P<0.05), significantly
decreased eggshell thickness and eggshell strength (P<0.05), and significantly
increased broken egg rate (P<0.05). Calcium and phosphorus metabolic rates
showed no significant difference (P>0.05), while calcium and phosphorus ab-
sorption also decreased significantly (P<0.05). Both albumen height and yolk
color decreased significantly (P<0.05). Compared with the 21°C pair-fed group,
the 29-35°C cyclic heat stress group showed significantly decreased average egg
weight (P<0.05), significantly increased feed-to-egg ratio (P<0.05), significantly

chinarxiv.org/items/chinaxiv-201711.01467 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01467
https://chinarxiv.org/items/chinaxiv-201711.01467


reduced eggshell strength (P<0.05), no significant differences in calcium and
phosphorus metabolic rates and absorption (P>0.05), and no significant differ-
ences in egg quality (P>0.05). These results indicate that temperature fluctua-
tions of 27-30°C in summer chicken houses can significantly reduce body weight
gain, average egg weight, and eggshell quality in laying hens; while 29-35°C
not only significantly reduces body weight gain, laying rate, average egg weight,
and eggshell quality, but also significantly affects albumen height and yolk color.
The effects of high temperature on laying performance and on albumen height
and yolk color may be related to reduced feed intake; high temperature may di-
rectly affect eggshell formation, or may affect eggshell quality through reduced
calcium and phosphorus absorption.
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Abstract

This experiment aimed to simulate the cyclic high temperature conditions in
laying hen houses during summer and investigate the effects of different tem-
perature regimens on production performance, egg shell quality, and calcium
and phosphorus metabolism in laying hens. A total of 288 high-producing Hy-
Line Brown hens aged 28 weeks were randomly allocated to four treatment
groups: a 21 °C thermoneutral group (ad libitum feeding), a 27–30 °C cyclic
high-temperature group (ad libitum feeding), a 29–35 °C cyclic high-temperature
group (ad libitum feeding), and a 21 °C pair-feeding group (fed according to the
previous day’s intake of the 29–35 °C group). Each group consisted of 6 replicates
with 12 hens per replicate, housed in four artificially controlled environmental
chambers for a 4-week experimental period. The results showed that compared
with the 21 °C thermoneutral group, the 27–30 °C cyclic high-temperature group
exhibited significantly reduced average daily feed intake, body weight gain, av-
erage egg weight (P<0.05), and egg shell strength (P<0.05). No significant
differences were observed in calcium and phosphorus metabolic rates (P>0.05),
although calcium and phosphorus absorption decreased significantly (P<0.05).
Except for a significant reduction in yolk color (P<0.05), other egg quality pa-
rameters showed no significant differences (P>0.05). In the 29–35 °C cyclic high-
temperature group, average daily feed intake, body weight gain, and average
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egg weight decreased significantly (P<0.05), and laying rate also declined signif-
icantly (P<0.05). Both egg shell thickness and shell strength were significantly
reduced (P<0.05), while broken egg rate increased significantly (P<0.05). Cal-
cium and phosphorus metabolic rates remained unaffected (P>0.05), but their
absorption decreased significantly (P<0.05). Albumen height and yolk color
were also significantly lower (P<0.05). Compared with the 21 °C pair-feeding
group, the 29–35 °C cyclic high-temperature group showed significantly lower av-
erage egg weight (P<0.05), significantly higher feed-to-egg ratio (P<0.05), and
significantly reduced shell strength (P<0.05), with no significant differences in
calcium and phosphorus metabolic rates, absorption, or egg quality (P>0.05).
These results indicate that temperatures fluctuating between 27–30 °C in sum-
mer hen houses can significantly reduce body weight gain, average egg weight,
and egg shell quality. Temperatures of 29–35 °C not only reduce these parame-
ters but also significantly decrease laying rate, albumen height, and yolk color.
The effects of high temperature on laying performance, albumen height, and
yolk color may be related to reduced feed intake, while high temperature may
directly affect shell formation or influence shell quality through decreased cal-
cium and phosphorus absorption.

Keywords: cyclic high temperature; laying hens; laying performance; egg shell
quality; calcium and phosphorus metabolic rate

Introduction
High ambient temperature during summer adversely affects laying hen produc-
tion performance and egg shell quality, causing substantial economic losses. Nu-
merous studies have demonstrated that sustained high temperature reduces feed
intake, body weight, laying rate, egg weight, and shell quality in laying hens.
However, prolonged constant high temperatures rarely occur in practice, and
research on cyclic high temperature is relatively limited. Emery et al. reported
that cyclic temperatures of 21.1–37.7 °C decreased feed intake by 15.6%, egg
weight by 7.4%, and shell thickness by 15.4%. De Andrade et al. similarly found
that cyclic temperatures of 26.7–35.6 °C impaired production performance and
shell quality.

Egg shell formation is closely associated with calcium and phosphorus
metabolism. Mahmoud et al. demonstrated that acute heat stress at 35 °C
reduced calcium ion absorption and transport capacity in the duodenum,
disrupted acid-base balance, and decreased total blood calcium levels. Odom et
al. also reported that acute heat stress significantly reduced blood calcium ion
concentrations. Roberts documented that high ambient temperature affects
carbonic anhydrase activity related to calcium and phosphorus metabolism.
Zhang et al. showed that continuous heat stress at 30.5 °C downregulated
expression of the shell gland calcium transport protein CaBP-d28k, thereby
affecting shell quality. These studies indicate that both sustained high
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temperature and higher cyclic temperatures influence laying performance, shell
quality, and calcium-phosphorus metabolism.

The optimal temperature for laying hens is generally considered to be 21–23 °C,
with some research suggesting peak performance occurs at 21 °C. Currently,
most large-scale layer houses in China have installed fan-pad cooling systems,
maintaining temperatures generally below 30 °C during summer, while only a
few houses rely on natural or mechanical ventilation (where temperatures typ-
ically fluctuate between 29–35 °C). However, it remains unclear whether these
lower cyclic temperatures affect laying performance and shell quality, leading
many producers and researchers to overlook the impact of summer heat. There-
fore, this study simulated summer temperature variations in layer houses to
investigate the effects of different cyclic high temperatures (27–30 °C and 29–
35 °C) on laying performance, shell quality, and calcium-phosphorus metabolism,
providing a scientific basis for summer management of laying hens.

Materials and Methods
Experimental Animals and Design

A total of 288 healthy, continuously laying Hy-Line Brown hens aged 28 weeks
were selected and randomly divided into four groups: a 21 °C thermoneutral
group (ad libitum feeding), a 27–30 °C cyclic high-temperature group (ad libi-
tum feeding), a 29–35 °C cyclic high-temperature group (ad libitum feeding),
and a 21 °C pair-feeding group (fed according to the previous day’s intake
of the 29–35 °C group). Each group comprised 6 replicates with 12 hens per
replicate (housed in 4 layer cages), distributed across four artificially controlled
environmental chambers. All groups were maintained on a 16 h light:8 h dark
photoperiod with relative humidity set at 60% and free access to water. The
4-week trial was conducted in programmable artificial climate chambers at the
State Key Laboratory of Animal Nutrition.

The 21 °C thermoneutral and pair-feeding groups were maintained at a constant
temperature of (21± 1) °C throughout the experiment, while the two cyclic high-
temperature groups were subjected to daily temperature fluctuations of 27–30 °C
or 29–35 °C. Chamber temperatures were recorded using micro temperature log-
gers (DS1922L, USA, accuracy $±$0.5 °C). The daily temperature variations in
each chamber are shown in Figure 1 [Figure 1: see original paper].

Experimental Diet and Management

Hens were fed a corn-soybean meal basal diet formulated according to NRC
(1994) and the Chinese Feeding Standard of Chickens (NY/T 33—2004), com-
bined with practical production requirements. The composition and nutrient
levels of the basal diet are presented in Table 1 . Daily management followed
the Hy-Line Brown Management Guide (2014).
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Sample Collection and Measurements

Laying Performance: Body weight was measured at the beginning and end
of the experiment. Daily feed intake, egg number, broken eggs, and total egg
weight were recorded per replicate to calculate body weight gain, average daily
feed intake, laying rate, broken egg rate, average egg weight, and feed-to-egg
ratio.

Calcium and Phosphorus Metabolism: Total excreta collection method
was used to determine calcium and phosphorus metabolic rates and absorption.
On day 25, one cage per replicate (3 hens) was selected for 3 consecutive days of
accurate feed intake recording. Dietary calcium and phosphorus contents were
measured to calculate intake. Excreta were collected daily (with feathers and
debris removed), mixed thoroughly, dried, weighed, ground, and sieved through
a 40-mesh screen for calcium and phosphorus analysis to calculate excretion.

Metabolic rate (%) = 100 × (intake –excretion) / intake
Absorption (g/d) = intake –excretion

Egg Quality: On day 26, 18 eggs per group (3 per replicate) were randomly
collected. A multifunctional egg quality analyzer (EMT5200, Robotmation,
Japan) measured shell strength, albumen height, Haugh unit, and yolk color.
Shell thickness was measured at the blunt end, equator, and sharp end using an
NFN380 instrument (FHK, Japan) and averaged. Yolk cholesterol and triglyc-
eride contents were determined using a Hitachi 7600 automatic biochemical
analyzer.

Statistical Analysis

Data from the 21 °C thermoneutral, 27–30 °C, and 29–35 °C groups were ana-
lyzed using one-way ANOVA in SAS 9.2, with Duncan’s multiple comparison
test applied when significant differences were detected. Data from the 21 °C
pair-feeding and 29–35 °C groups were analyzed using paired t-tests in SAS 9.2.
Results are expressed as means ± standard deviation, with P≤ 0.05 considered
significant and 0.05<P≤ 0.10 indicating a trend.

Results
Effects of Cyclic High Temperature on Laying Performance

As shown in Table 2 , cyclic high temperature significantly affected average daily
feed intake, laying rate, average egg weight, and body weight gain. Compared
with the 21 °C thermoneutral group, the 27–30 °C group showed significantly re-
duced feed intake, average egg weight, and body weight gain (P<0.05), with no
significant differences in laying rate or feed-to-egg ratio (P>0.05). The 29–35 °C
group exhibited significant reductions in all these parameters (P<0.05). Com-
pared with the 21 °C pair-feeding group, the 29–35 °C group had significantly
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lower average egg weight (P<0.05) and higher feed-to-egg ratio (P<0.05).

Effects of Cyclic High Temperature on Egg Shell Quality

Table 3 shows that cyclic high temperature affected egg shell quality. Com-
pared with the 21 °C thermoneutral group, the 27–30 °C group had significantly
reduced shell strength (P<0.05), while the 29–35 °C group showed significantly
decreased shell thickness and strength (P<0.05) and increased broken egg rate
(P<0.05). Compared with the 21 °C pair-feeding group, the 29–35 °C group ex-
hibited significantly lower shell strength (P<0.05), with trends toward reduced
shell thickness (P<0.10) and increased broken egg rate (P=0.10).

Effects of Cyclic High Temperature on Calcium and Phosphorus
Metabolism

Figure 2 [Figure 2: see original paper] demonstrates that cyclic high temper-
ature did not affect calcium and phosphorus metabolic rates but significantly
reduced their absorption. Compared with the 21 °C thermoneutral group, both
cyclic temperature groups showed no significant differences in metabolic rates
(P>0.05) but had significantly reduced calcium and phosphorus absorption
(P<0.05). Compared with the 21 °C pair-feeding group, the 29–35 °C group
showed no significant differences in metabolic rates or absorption (P>0.05).

Effects of Cyclic High Temperature on Egg Quality

Table 4 reveals that cyclic high temperature affected egg quality. Compared with
the 21 °C thermoneutral group, the 27–30 °C group showed significantly reduced
yolk color (P<0.05), while the 29–35 °C group had significantly lower albumen
height and yolk color (P<0.05). No significant effects were observed on Haugh
unit, cholesterol, or triglyceride contents (P>0.05). However, compared with
the 21 °C pair-feeding group, the 29–35 °C group exhibited significantly higher
egg cholesterol content (P<0.05).

Discussion
Effects of Cyclic High Temperature on Laying Performance

With the widespread adoption of fan-pad cooling systems, summer temperatures
in large-scale layer houses can generally be maintained below 30 °C, leading
many producers and researchers to overlook heat effects. This study found that
27–30 °C cyclic high temperature significantly reduced average daily feed intake,
body weight gain, and average egg weight, indicating that summer heat can sub-
stantially affect laying performance even with cooling systems. In houses using
only natural or mechanical ventilation, temperatures may fluctuate between 29–
35 °C. Our results show that 29–35 °C cyclic high temperature significantly re-
duced feed intake, body weight gain, laying rate, and average egg weight. Emery

chinarxiv.org/items/chinaxiv-201711.01467 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01467


et al. reported that 21.1–37.7 °C cyclic temperatures significantly reduced feed
intake and egg weight without affecting laying rate, while De Andrade et al. and
Mashaly et al. reported similar findings. The lack of effect on laying rate in pre-
vious studies may be attributed to their lower temperature 下限 (21.0–23.9 °C).
Our study used a lower limit of 29 °C, which reflects actual summer conditions
in layer houses. Additionally, even at the same feed intake level, 29–35 °C cyclic
high temperature still significantly reduced average egg weight and increased
feed-to-egg ratio, suggesting that reduced feed intake is a major but not sole
factor. High temperature may also affect nutrient digestion, absorption, and
utilization, or directly impact ovarian follicle development, warranting further
investigation.

Effects of Cyclic High Temperature on Egg Shell Quality

High ambient temperature reduces shell thickness and strength, increasing bro-
ken egg rates, which represents a major economic loss. This study found that
27–30 °C cyclic high temperature significantly affected shell strength, with bro-
ken egg rates showing substantial numerical differences (0.347% vs. 1.517%),
demonstrating that summer heat significantly impacts shell quality even with
fan-pad systems. Under ad libitum conditions, 29–35 °C cyclic high temperature
significantly affected shell thickness, strength, and broken egg rate. Even under
pair-feeding conditions, 29–35 °C significantly affected shell strength and showed
trends for thickness and broken egg rate, indicating that high temperature may
directly affect shell formation. Research has shown that (30.5± 0.1) °C signif-
icantly downregulates expression of the shell gland calcium transport protein
CaBP-d28k and affects carbonic anhydrase activity, suggesting direct effects of
high temperature on shell formation that require further investigation.

Effects of Cyclic High Temperature on Calcium and Phosphorus
Metabolism

Egg shell formation is closely related to calcium and phosphorus metabolism.
This study found that cyclic high temperature did not affect metabolic rates.
However, Mahmoud et al. demonstrated in vitro that 35 °C acute heat stress
reduced duodenal calcium ion absorption and transport capacity. Odom et
al. also found that acute heat stress significantly reduced blood calcium ion
levels, indicating that short-term acute heat stress affects intestinal calcium
absorption. Wolfenson et al. reported that 35 °C heat stress for 4 days did
not affect calcium absorption in turkeys but reduced phosphorus absorption,
while after acclimation to 33 °C, 35 °C had no significant effect on either min-
eral, suggesting adaptation can mitigate heat effects. Our study used cyclic
high temperature over a longer duration, which may explain the lack of effect
on metabolic rates. Although metabolic rates were unaffected, absorption de-
creased significantly, primarily due to reduced feed intake. Short-term calcium
deficiency can be compensated by mobilizing bone reserves, but long-term neg-
ative calcium and phosphorus balance can affect shell quality. Studies have
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shown that increasing dietary calcium and phosphorus levels during summer
heat significantly improves shell strength, thickness, and proportion.

Effects of Cyclic High Temperature on Egg Quality

This study found that 27–30 °C cyclic high temperature reduced yolk color, while
29–35 °C reduced both albumen height and yolk color. Usayran et al. also ob-
served reduced yolk color under 35 °C constant heat, and Bozkurt et al. reported
decreased albumen height during summer heat. Our pair-feeding comparison
showed no significant effects on albumen height or yolk color, suggesting these
reductions may be related to decreased feed intake. Albumen height is affected
by thick albumen quantity, while yolk color depends on xanthophyll deposition.
Reduced feed intake may lower protein and xanthophyll consumption, decreas-
ing their deposition in eggs. Interestingly, at the same feed intake level, 29–
35 °C cyclic high temperature increased egg cholesterol content, suggesting that
high temperature may directly promote cholesterol synthesis or transport. The
effects of heat on egg quality are closely related to lipid metabolism, with studies
showing that high temperature promotes hepatic fat synthesis, accelerates fat
transport, and increases abdominal fat deposition in poultry, though the specific
effects on cholesterol synthesis and transport require further investigation.

Conclusions
1. Summer house temperatures fluctuating between 27–30 °C significantly

reduce average daily feed intake, body weight gain, average egg weight, and
shell quality in laying hens. Temperatures of 29–35 °C further significantly
reduce laying rate, albumen height, and yolk color.

2. High temperature may directly affect shell formation or influence shell
quality through reduced calcium and phosphorus absorption.

3. The effects of high temperature on laying performance, albumen height,
and yolk color may be associated with decreased feed intake.
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