Hatching system and time effects on broiler physiology and posthatch growth
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ABSTRACT A multilevel housing system for broilers
was developed, named Patio (Vencomatic BV, Eersel,
the Netherlands), in which the hatching and brooding
phase are combined. In a Patio system, climate condi-
tions differ from those provided in the hatchers cur-
rently in use. We compared the physiology of broilers
hatched in a hatcher or in a Patio system, and included
the effects of hatching time. Eggs from 1 breeder flock
were incubated until embryonic d 18 in a setter and
subsequently placed in a hatcher or the Patio until the
end of incubation. From each hatching system, 154
chicks were collected per hatching time, at 465 h (ear-
ly), 480 h (midterm), and 493 h (late) of incubation,
from which 24 chicks/group were decapitated for analy-
ses of blood plasma and organ weights. The remain-
ing 130 chicks in each group from both systems were
individually labeled and placed together in the Patio
system. All chicks were given access to feed and water
directly after hatch and were housed up to d 45 to
monitor growth. From embryonic d 18 until the end of
incubation, average ambient temperature and RH were

38.1°C and 50.8% in the hatcher and 35.2°C and 29.7%
in the Patio system. Glucose and corticosterone were
slightly higher in hatcher chicks, whereas organ weights
were not affected by the hatching system. Although
hatchling weights were lower in hatchery chicks, growth
from d 0 to 45 was not affected by the hatching system.
In both systems, glucose increased with hatching time,
whereas lactate and triiodothyronine levels decreased.
Yolk weights decreased with hatching time, whereas ab-
solute and relative weights of the yolk-free body, intes-
tines, stomach, lungs, and heart increased, indicating
more advanced maturation of organs. Growth up to
d 21 was depressed in chicks in the late group, which
was possibly related to lower thyroid hormone levels at
hatching. We conclude that the hatching system had
minor effects on hatchling physiology and that post-
hatch growth and livability were not affected. Because
hatching time affected broiler physiology, it seems im-
portant to take hatching time into account in future
studies related to hatchling physiology.
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INTRODUCTION

Broiler hatching eggs are commonly incubated for 17
to 18 d in setters, after which they are candled and
transferred to hatchers for the last 3 to 4 d of incuba-
tion. Chicks hatch over a time window of approximate-
ly 24 to 48 h and are removed from the hatchers only
when the majority of the chicks have hatched (Careghi
et al., 2005), leading to early posthatch periods of feed
and water deprivation. Suboptimal conditions during
subsequent chick handling and transport and further
delays in chick placement, and thus first feed and water
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intake, are associated with higher early mortality in
chicks and poults (Kingston, 1979; Carver et al., 2002;
Chou et al., 2004) and impaired posthatch performance
(Halevy et al., 2000; Gonzales et al., 2003). The magni-
tude of the response to these adverse conditions seems
to be influenced by the moment of hatching within the
hatch window (Careghi et al., 2005) and late-hatch-
ing chicks seem to be especially vulnerable (Kingston,
1979).

An alternative system that can overcome the negative
effects of early posthatch deprivation of feed and water
is a system that combines the hatching process and the
posthatch phase, in which feed and water are provided
immediately after hatch. Such a system, named Patio
(Vencomatic BV, Eersel, the Netherlands), was devel-
oped between 2002 and 2006 and has proved to func-
tion as an alternative to current hatching and brooding
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systems with regard to hatchability, early growth, and
livability of broiler chicks (van de Ven et al., 2009).

In contrast to conditions typically observed in hatch-
ers in the last phase of incubation, air temperature,
RH, and air speed are lower in the Patio system, where-
as the volume of air per egg is higher (van de Ven et al.,
2009). In the last phase of incubation, thermal condi-
tions can affect the development of several organs (Lek-
srisompong et al., 2007; Molenaar et al., 2010a), ther-
moregulation (Shinder et al., 2009), and muscle tissue
(Piestun et al., 2008) of the chick. Consequently, dif-
ferences in climate conditions between the hatcher and
the Patio system may lead to a difference in posthatch
physiology in the broiler, with possible long-lasting ef-
fects on posthatch performance. Effects of hatching in
the Patio system on broiler physiology and posthatch
growth are not known, and may vary in chicks hatching
at different points within the hatch window.

We investigated the consequences of hatching in the
Patio system vs. in a hatcher on organ development,
plasma hormone concentrations, and growth to slaugh-
ter weight in broilers, taking into account the moment
of hatching within the hatch window.

MATERIALS AND METHODS

All procedures in this study were approved by the
Animal Care and Use Committee of Wageningen Uni-
versity, Wageningen, the Netherlands.

Incubation and Chick Management

Hatching eggs were obtained from a commercial Ross
308 breeder flock aged 47 wk. Eggs were stored for 3
d before being set in a HatchTech setter (HatchTech,
Veenendaal, the Netherlands). A standard single-stage
incubation program was used in the setter, with a grad-
ually decreasing machine temperature from 38.1°C at
embryonic day (E) 0 to 37.5°C at E18 of incubation. At
E18, eggs were candled and apparently fertilized eggs
were randomly divided. A total of 15,185 eggs were
transferred to a Petersime hatcher (Petersime, Zulte,
Belgium) and 16,200 eggs were transported to the Pa-
tio system (Vencomatic BV) for 30 min in a climate-
controlled truck at an air temperature of 30°C.

A standard hatching program was used in the hatcher,
beginning at a set point temperature of 37.2°C at E18,
which was gradually decreased to 36.4°C at E21. In the
Patio system, the set point of the air temperature was
35.0°C during the entire hatching process. At approxi-
mately E21.5 (after 514 h of incubation), the hatching
process was ended in both hatching systems. For mea-
surements of physiology and growth, chicks that still
had some wet down, indicating they had just hatched,
were randomly selected from both hatching systems.
This was done at 3 points during the hatching process:
after 465 h (early), 480 h (midterm), and 493 h (late)
of incubation. In total, 154 chicks per hatching time per
hatching system (named a hatch group) were selected,
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from which 24 chicks were decapitated for blood collec-
tion and analyses of organ development. The remaining
130 chicks from each hatch group that had hatched in
the hatcher were transported to the Patio system for
30 min at an air temperature of 30°C. After arrival at
the Patio system, the 130 chicks from the hatchery and
the 130 chicks that had hatched in the Patio system
were individually marked with wing clips and placed in
the Patio system, where they were given free access to
water and feed. When the hatching process was ended,
390 chicks (130 early + 130 midterm + 130 late chicks)
from the hatcher and 390 chicks from the Patio system
were housed together, forming 1 group of 780 chicks in
a separate compartment of the Patio system. Chicks
were fed ad libitum with a commercially available feed
and were raised under standard conditions, according
to the recommendations of the breeder company, until
slaughter weight was reached at d 45.

Data Collection

During the entire hatching process in both hatching
systems, the temperature and RH were logged every 5
min using data loggers (175-H2 Logger, Testo, Almere,
the Netherlands). In the hatcher, 3 loggers were placed
among the eggs in different hatching baskets. In the
Patio system, 3 loggers were placed among the eggs on
the egg trays.

Chick BW were determined immediately after chick
collection and at different ages posthatch: at E21.5
(hereafter termed d 0, meaning the normal day of
placement in the broiler house) and on d 7, 21, and 45.
Chicks were weighed between 1000 and 1600 h in ran-
dom order. At the time of weighing on d 0, the mean
biological age of chicks in the early group was 53 h,
that of the chicks in the midterm group was 38 h, and
that of the chicks in the late group was 25 h. Growth
per hour was calculated for different growth periods:
hatch tod 0, d 0 to 7, d 7 to 21, and d 21 to 45. Dur-
ing the last weighing on d 45, the sex of all birds was
determined.

Blood Plasma and Organ Analysis

For blood sampling, 24 chicks/hatch group were de-
capitated within 1.5 h after collection from the hatch-
ing system. Until that time, none of the chicks had
access to feed or water. Blood samples were collected in
4-mL fluoride tubes (BD Vacutainer, Becton Dickinson,
Franklin Lakes, NJ) to which 10 pL of heparin was add-
ed, and blood samples were placed on ice immediately
after collection. When 6 samples were collected, the
tubes were centrifuged for 6 min at 2,300 x ¢ at 10°C
using a Rotofix 32 centrifuge (Hettich Zentrifugen, Tut-
tlingen, Germany). Plasma was collected and stored in
0.2-mL Eppendorf tubes at —20°C until analysis.

Triiodothyronine (T3) and thyroxine (T4) concen-
trations were measured in plasma samples by RIA as
described by Darras et al. (1992), using antisera and
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T3 and T4 standards (Byk-Belga, Brussels, Belgium).
Corticosterone concentrations were analyzed as de-
scribed previously (Decuypere et al., 1983; Meeuwis et
al., 1989), using a double-antibody RIA-kit (IDS Ltd.,
Boldon, UK). Plasma glucose, lactate, and uric acid
were analyzed by colorimetric diagnostics using a bio-
chemical analyzer (VetTest 8008, Idexx Laboratories
Inc., Westbrook, ME).

The residual yolk, heart, liver, stomach (proventricu-
lus plus gizzard), intestines, and lungs were dissected
and weighed, and the relative organ weight was calcu-
lated as the ratio of organ weight to BW. The sex of
each chick was determined by visual inspection after
dissection.

Statistical Analyses

All data were analyzed with the SAS 9.1 software
package (SAS Institute, 2004). Individual chick mea-
surements were treated as the experimental unit in
all statistical analyses. Nonnormally distributed data
were log-transformed before analyses. Data on plasma
hormone concentrations, absolute and relative organ
weights, chick BW, and growth per hour were analyzed
using the GLM procedure of SAS, according to the fol-
lowing model: Yjj = sex; + HTj + SYSy + interaction
terms + ejjx1, where sex; is the sex of the chick, HTj is
the hatching time (early, midterm, late), SYSy is the
hatching system (hatchery, Patio), and ejj is the re-
sidual error term. Data on mortality and sex distribu-
tion were analyzed using the LOGISTIC procedure of
SAS, using the following model: Vi = HT; + SYS; +
interaction term + ejjk.

In all analyses, P-values <0.05 were considered statis-
tically significant and nonsignificant interaction terms
were deleted from the model. When the means of the
GLM were statistically different, means were compared
using least squares means with Tukey’s adjustment
for multiple comparisons. Data are expressed as least
squares means + SE unless otherwise stated.

RESULTS

Registrations of temperature and RH in both hatch-
ing systems were used from 449 h of incubation until
the end of incubation. The mean £+ SE, minimum, and
maximum temperatures were 38.1 £+ 0.02, 36.3°C, and
40.1°C in the hatcher and 35.2 + 0.02, 32.7, and 36.0°C
in the Patio system. The mean + SE, minimum, and
maximum RH were 50.8 £ 0.54, 22.9, and 89.8% in the
hatcher and 29.7 4+ 0.17, 18.0, and 46.1% in the Patio
System.

Hatching Time

Female chicks hatched earlier than male chicks (P <
0.01; Figure 1). Chick BW at each age are presented
in Table 1. No difference in hatch weight was observed
among hatching times, but BW gain per hour from
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Figure 1. Sex distribution in chicks hatched early (465 h), midterm
(480 h), or late (493 h) in the hatching process.

hatch to d 0 decreased with hatching time (P < 0.01).
At d 0, chick BW were higher among chicks in the
early group (52.9 £ 0.3 g), compared with those in the
midterm (51.0 + 0.3 g; P < 0.01) and late (48.3 £ 0.3
g; P < 0.01) groups. From d 0 to 7, growth per hour
decreased with hatching time (P < 0.01; Figure 2). Day
7 BW were higher for chicks in the early group (168.4 +
1.4 g) compared with those in the midterm (162.7 + 1.3
g; P < 0.01) and late groups (151.8 + 1.3 g; P < 0.01).
From d 7 to 21, chicks in the late group showed lower
growth than chicks in the early (P = 0.05) and midterm
groups (P = 0.02). At d 21, chicks in the early (823 £
8 g) and midterm groups (821 &+ 7 g) were heavier than
those in the late group (788 + 7 g; P < 0.01). The ef-
fect of hatching time on chick growth was not affected
by hatching system or sex. From d 21 to 45, growth was
not affected by hatching time, and d 45 BW did not
differ among hatching times.

Organ weights are presented in Figure 3. All abso-
lute and relative organ weights, except yolk weights,
increased from the early and midterm groups to the
late group. Both absolute and relative yolk weights de-
creased with hatching time (P < 0.01). Yolk-free body
mass was calculated as BW minus yolk weight, and was
not affected by hatching time.

Concentrations of blood parameters at hatch are pre-
sented in Figure 4. Chicks in the late group had higher
glucose than those in the early and midterm groups (P
< 0.01). Lactate was higher in chicks in the early group
than in those in the late group (P < 0.01), with chicks
in the midterm group being intermediate and not dif-
ferent from the other groups. No effect of hatching time
on corticosterone level was observed.

Hatching System

The sexes were distributed equally across the hatch-
ing systems. At hatch, chicks in the Patio system were
heavier (48.7 £ 0.2 g) than those in the hatcher (47.4
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Figure 2. Growth per hour from d 0 to 7 of chicks hatched early
(465 h), midterm (480 h), or late (493 h) in the hatching process in
a hatcher (Petersime, Zulte, Belgium) or a Patio system (Vencomatic
BV, Eersel, the Netherlands). Data lacking a common letter (a, b) are
significantly different (P < 0.05).

+ 0.2 g; P < 0.01). From hatch to d 0, chicks in the
hatcher gained more BW per hour than chicks in the
Patio system (P < 0.01). Although given immediate
access to feed, chicks in the late group of the Patio sys-
tem lost BW during the first 25 h posthatch. From d
0 onward, chick BW or growth per hour was no longer
affected by hatching system.

No main effects of hatching system were observed for
any of the absolute or relative organ weights (Figure
3). Plasma glucose was higher for chicks in the hatcher
than for those in the Patio system (P = 0.02; Figure 4).
For lactate level, no difference was observed between
chicks in the hatcher and in the Patio system. Corti-
costerone was higher for chicks in the hatcher than for
those in the Patio system (P = 0.02).

Hatching Time x Hatching System

Overall mortality at d 45 was 2.92% (n = 23) and
showed an interaction of hatching time x hatching sys-
tem (P = 0.01). For chicks in the hatcher, d 45 mortal-
ity was 0.72, 0.77, and 6.98% for chicks in the early,
midterm, and late groups, respectively, and for chicks
in the Patio system, d 45 mortality was 3.88, 2.96, and
2.36% for chicks in the early, midterm, and late groups,
respectively. Of the 6.98% mortality (n = 9) for late-
hatching chicks from the hatcher, approximately half (n
= 4) died before d 7 for no clear reason.

For both absolute and relative stomach weights, a
hatching time x hatching system interaction was ob-
served (P < 0.01). In chicks in the late group, stomach
weights were higher for those in the Patio system than
for those in the hatcher (P < 0.01), whereas no dif-
ferences between hatching systems were observed for
chicks in the early and midterm groups.

For uric acid, T3, and T4, an interaction of hatching
time x hatching system was observed (P < 0.01). Uric
acid was higher for chicks in the late group than for

Table 1. Least squares means (£SE) of weights (g) of approximately 130 chicks hatched early (465 h), midterm (480 h), or late (493 h) in the hatching process in a hatcher! or in

a Patio system?

Late

Midterm

Early

Females

Males

Females

Males

Females

Males

Patio

Hatcher Patio Hatcher

Patio

Hatcher

Patio

Hatcher Patio Hatcher

Patio

Hatcher

Item

48.9 £ 0.5
48.3 £ 0.6

150.8 + 2.8

47.0 £ 0.5
48.1 £ 0.7

152.5 + 3.0

48.7 £ 0.5
48.4 + 0.6

154.7 + 2.6

47.6 £ 0.4
48.1 £ 0.5

149.9 + 2.4

49.1 £ 0.4
50.6 £ 0.6

162.3 + 2.5

47.8 £ 0.4
50.8 £ 0.6

159.8 £ 2.5

48.6 £ 0.5
51.5 £ 0.6

164.8 + 2.7

474 £ 0.5
51.1 £ 0.6

164.3 £ 2.7

48.4 £ 0.4
52.5 £ 0.5

166.5 + 2.2

475+ 04
53.5 £ 0.5

168.9 = 2.0

48.0 £ 0.7
51.5 £ 0.9

165.9 + 4.2

47.0 £ 0.6
53.3 £0.8

170.4 £ 3.6

Hatch
do

d7

761 £ 14
2,466 £ 39

775 + 15
2,467 + 41

820 £ 13
2,734 £ 37

799 £ 12
2,731 £ 34

811 £ 12
2,515 £ 35

781 £ 12
2,452 £+ 35

839 £ 13
2,757 £ 37

851 £ 13
2,805 £ 37

780 £+ 11
2,434 £ 30

798 + 10
2,462 + 28

869 + 21
2,937 £ 57

847 £ 18
2,772 £ 50

d 21
d 45

IPetersime hatcher (Petersime, Zulte, Belgium).
2Vencomatic BV (Eersel, the Netherlands).
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Figure 3. Least squares means of organ weights at hatch of chicks hatched early (465 h), midterm (480 h), or late (493 h) in the hatching
process in a hatcher (Petersime, Zulte, Belgium) or a Patio system (Vencomatic BV, Eersel, the Netherlands). A) Intestines; B) liver; C) stomach;
D) heart; E) lungs; F) yolk. SYS = hatching system; HT = hatching time; HT x SYS = hatching time x hatching system interaction.

those in the midterm and early groups in the hatcher
(P < 0.01), whereas for chicks in the Patio system,
no differences in uric acid level were observed among
hatching times. In chicks in the early group, uric acid
was higher for chicks in the Patio system than for those
in the hatcher (P < 0.01). Plasma T3 was higher for
chicks in the hatcher than for those in the Patio system
only in the midterm group (P < 0.01), whereas for
chicks in the early and late groups, T3 did not differ be-
tween hatching systems. A general trend was observed
for decreasing T3 with hatching time: for chicks in the
hatcher, plasma T3 was lower in chicks in the late group
than in those in the early and midterm groups (P <
0.01), and for chicks in the Patio system, T3 was lower
for chicks in the late and midterm groups than for those

in the early group (P < 0.01). A comparable interaction
between hatching time x hatching system was observed
for T4, which was higher for chicks in the hatcher than
for those in the Patio system only in the midterm group
(P < 0.01). For chicks in the Patio system, those in the
midterm group had lower T4 levels than those in the
early (P < 0.01) and late (P = 0.05) groups. The T3:Ty
ratio was higher for chicks in the midterm group than
for those in the late group (P < 0.01), with chicks in
the early group being intermediate (data not shown).

Sex

The sexes were not distributed equally in the experi-
mental chicks (P < 0.01); 58.16% of all chicks were
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Figure 4. Least squares means of plasma hormone concentrations in chicks hatched early (465 h), midterm (480 h), or late (493 h) in the
hatching process in a hatcher (Petersime, Zulte, Belgium) or a Patio system (Vencomatic BV, Eersel, the Netherlands). A) Glucose; B) lactate;
C) uric acid; D) corticosterone, E) triiodothyronine (T3), F) thyroxine (Ty). SYS = hatching system; HT = hatching time; HT x SYS = hatching

time x hatching system interaction.

female. No effects of sex were observed on hatch weight,
on growth from d 0 to 7, or on BW at d 7. From d
7 to 21 and d 21 to 45, males showed higher growth
rates than females (P < 0.01). Males were heavier than
females at d 21 (837 4+ 6 vs. 784 + 5 g, respectively;
P < 0.01) and at d 45 (2,786 + 17 vs. 2,466 + 14 g,
respectively; P < 0.01). Overall, BW gain/h from hatch
to d 45 was affected only by sex, with higher growth in
males (2.45 £+ 0.02 g/h) than in females (2.16 £+ 0.01
g/h). No effects of sex were observed for absolute or
relative organ weights or plasma hormone concentra-
tions at hatch.

DISCUSSION
Hatching Time

Hatching time is known to be influenced by factors
such as parental age, storage time and storage con-
ditions, and incubation conditions (Tona et al., 2003;
Careghi et al., 2005; Decuypere and Bruggeman, 2007).
In the current study, these factors were standardized
as much as possible: eggs were obtained from a single
breeder flock, produced on the same day of lay, stored in
one storage room, and incubated simultaneously in the
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same single-stage incubator. However, there was still a
spread of hatch of approximately 30 h in both hatching
systems. Additional intrinsic factors influencing hatch-
ing time are the order of an egg in a clutch and egg
weight (Meijer and Siemers, 1993; Careghi et al., 2005),
which were not controlled in the present study.

In agreement with the findings of Careghi et al.
(2005), chick BW at hatch were not affected by hatch-
ing time, but early growth was lower in chicks in the
late group. In accordance with the present data, de-
creased chick quality and chick performance to 7 d in
late-hatching chicks were linked to lower thyroid levels
(Decuypere et al., 1990; Buys et al., 1998; Careghi et
al., 2005; Decuypere and Bruggeman, 2005). The rea-
son for the low quality of late-hatching chicks is not
clear, but studies in other avian species have pointed
to a relationship with yolk androgen levels of maternal
origin and the order of an egg in a clutch (Eising et al.,
2001; Miiller et al., 2004). In the present study, because
no data were available on yolk androgen levels or the
order of an egg in a clutch, such influences could not
be examined.

The present data showed increasing organ weights
and decreasing yolk weights with increasing hatching
time, indicating a more advanced maturation of or-
gans with longer hatching times, as proposed by Rick-
lefs (1987) in a comparison among avian species. The
higher organ weights in chicks in the late group in the
current study coincided with lower posthatch growth,
indicating the relation between organ weights at hatch
and organ functionality or growth potential post hatch
is weak and needs further investigation.

In the current study, plasma glucose at hatch in-
creased and lactate decreased with hatching time.
Christensen et al. (2000, 2001) demonstrated that the
time of hatch, but also the duration of the hatching
process itself, showed a large variation, which was as-
sociated with differences in energy availability in this
phase. The energy required for hatching activities comes
from glucose provided from glycogen in the liver and
muscle tissues (Freeman, 1969), resulting in an increase
in plasma glucose between pipping and hatch (Free-
man, 1965, 1969; Christensen et al., 2001). As hatching
progresses, oxygen becomes limiting and energy comes
from anaerobic glycolysis, leading to increases in plas-
ma lactate (Tazawa et al., 1983; Hgiby et al., 1987;
Moran, 2007). Hypoxic conditions end at the moment
of external pipping, and as soon as oxygen availability
is restored, birds can recycle lactate back into glucose
in the liver (De Oliveira et al., 2008). The combination
of high glucose and low lactate in late-hatching chicks
may point to an increased interval between external
pipping and hatching, enabling chicks in the late-hatch-
ing group to recycle lactate back into glucose before
emergence from the egg. Alternatively, late-hatching
chicks may have used less glucose and produced less
lactate during the hatching process because of a lower
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metabolism. In the current experiment, lower thyroid
levels were found in late-hatching chicks, suggesting a
lower metabolism (Decuypere et al., 1990), which could
be linked to greater external pipping-to-hatching inter-
vals (Tona et al., 2007; Everaert et al., 2008).

Hatching System

During hatching, air temperature and RH were
higher in the hatcher than in the Patio system, but
air speed was lower in the Patio system, which makes
it difficult to quantify sensible and latent heat losses.
However, hatch weights were lower for chicks in the
hatcher than in the Patio system, which could point
to an increased dissipation of latent heat from the em-
bryos in the hatcher. Wineland et al. (2006) also found
higher hatch weights in chicks incubated at a lower
temperature (36°C) than in chicks incubated at a high
(39°C) temperature from E17 to E21. From hatch to d
0, chicks in the hatcher gained more BW than chicks
in the Patio system, which may be related to a greater
need to compensate for the moisture loss in the last
phase of incubation by a higher water intake. Chick
BW at d 0 and chick growth from d 0 to 45 were not
affected by the hatching system.

Despite differences in climate conditions, and in
hatchling BW and early growth between the hatching
systems, no clear differences were found in absolute or
relative organ weights. In previous studies, high tem-
peratures (>38.8°C) in the last week of incubation led
to lower chick BW (Leksrisompong et al., 2007; Lourens
et al., 2007), lower heart (Givisiez et al., 2001; Leksri-
sompong et al., 2007; Lourens et al., 2007; Molenaar et
al., 2010a), gizzard, proventriculus, and small intestine
weights, and higher yolk sac weights (Leksrisompong et
al. 2007; Molenaar et al., 2010a) compared with control
chicks that were incubated at 37.8 to 38.2°C. The dif-
ference between these studies and the present study
can possibly be explained by the timing and duration
of exposure to high temperatures. In the present study,
eggs were exposed for 2 to 3 d from E18 until hatching,
whereas in previous studies, exposure was from E9 to
E15 onward. In addition, temperatures applied in the
high-temperature groups in previous studies were high-
er than the mean temperature measured in the hatcher
in the current study (38.1°C), which may explain the
different findings. It can be speculated that from E18
to E21, embryos were able to maintain normal organ
development at air temperatures in the range of 35.2 to
38.2°C, as applied in the present study.

Plasma glucose and corticosterone at hatch were
slightly higher for chicks in the hatcher than for those
in the Patio system. Higher corticosterone could point
to a more energy-demanding hatching process (Pies-
tun et al., 2008), resulting in increased gluconeogenesis
(Joseph and Ramachandran, 1992) and higher plasma
glucose at hatch.
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The interaction between hatching time and hatching
system on uric acid and thyroid hormone levels sug-
gests that although the length of the hatch window was
not greatly affected, the hatching peak may have been
delayed for chicks in the hatcher. High temperatures in
the last incubation phase increase energy use from the
anaerobic system by the embryo and suppress embryo
development (Lourens et al., 2006). Under hatcher con-
ditions, chicks in the midterm group may have hatched
relatively early within the hatch window and, conse-
quently, resemble chicks in the early group, whereas
chicks in the midterm group in the Patio system may
have hatched relatively late within the hatch window,
and physiologically resemble chicks in the late group.

For chicks in the hatcher, uric acid was higher in
chicks in the late group than for those in the midterm
and early groups, whereas for chicks in the Patio sys-
tem, no differences in uric acid level were observed
among hatching times. Uric acid is a major nitrogenous
waste product resulting from protein catabolism (Harr,
2002) and was found to increase in broilers subjected
to heat stress at d 21 posthatch (Yalcin et al., 2009).
It can be speculated that in the last incubation phase,
prolonged exposure to a higher temperature may be
related to a greater need for gluconeogenesis (Chris-
tensen et al., 2007) to fuel anaerobic metabolism by
using amino acids as a substrate (Lourens et al., 2006;
Molenaar et al., 2010b), resulting in higher uric acid
levels for chicks in the late group compared with those
in the early and midterm groups.

Sex

At hatch, no effects of sex were observed on organ
weights or any of the plasma hormone concentrations,
corresponding to the findings of Lu et al. (2007). In
addition, no differences in hatch weight were found be-
tween sexes, which agrees with earlier literature (Burke,
1992; Reis et al., 1997; Joseph and Moran, 2005; Lek-
srisompong et al., 2007). Females showed earlier hatch-
ing times than males, which is consistent with previous
findings in chickens (Burke, 1992; Reis et al., 1997).
The reason for sex-linked differences in hatching time
in chickens remains unclear. In the present study, sex
affected growth from d 7 onward, and this effect became
more pronounced as the chicks aged, with males show-
ing higher growth rates than females. Higher growth
rates in broiler males were linked to higher plasma
growth hormone concentrations and better growth hor-
mone receptor occupancy (Kiithn et al., 1996), and are
in accordance with performance expectations provided
by the breeder company.

In conclusion, the present findings show a large effect
of hatching time on the physiology of newly hatched
broilers. Lower early growth was observed in chicks
that hatched late in the hatch window compared with
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chicks that hatched early or at the peak of the hatch
window. This physiological variation related to age dif-
ferences in one batch of day-old chicks is rarely consid-
ered, but it can be advised to take the moment of hatch
into account in future studies on hatchling physiology.
Although there were marked differences between cli-
mate conditions in the hatcher and the Patio system,
physiological differences in chicks at hatch were limited
and posthatch growth and livability were not affected.
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