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SUMMARY

In-ovo sexing opens the door to on-farm hatching in the laying hen sector, but knowl-
edge on the implications of different hatching system factors remains limited. This study
addressed the influence of continuous light exposure during the last 3 d of incubation,
posthatch feed and water access, and posthatch litter access on stress responsivity and
body weight gain in laying hen chicks. Through a pilot experiment and two replicated
experiments, we investigated the influence of these factors on physiological stress
responsivity and body weight gain up to 8 wk of age. Short-term stress responsivity was
evaluated by serum corticosterone and cloacal temperatures during processing procedures
(e.g., sexing, sorting, vaccinating). Additionally, cumulative stress responsivity until 8
wk of age was assessed through corticosterone analysis in feather samples, and chick
weights were recorded throughout. The presence of continuous lighting during the last 3
d of incubation affected stress responsivity, potentially by disrupting the circadian release
of melatonin and thus corticosterone secretion. Immediate access to posthatch feed and
water affected serum corticosterone levels, indicating a relationship between early
feeding and stress responsivity. However, the underlying mechanisms remain unclear.
Posthatch feed and water access did not have long-term effects on body weight gain, as
fully deprived chicks were able to catch up within a day. Despite our study’s exploratory
nature, a complex relationship between stress responsivity and the hatching environment
was shown, highlighting the need for future research to focus on disentangling and
optimizing hatching system factors to minimize early life stress.
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DESCRIPTION OF PROBLEM

Hatchery-hatched chicks hatch in environ-
ments that are typically continuously dark
(Archer and Mench, 2014, 2017) with high path-
ogen loads (De Gouw et al., 2017), high dust
levels (De Gouw et al., 2017) and high noise
levels (Hedlund et al., 2019). Due to a spread in
hatching over a 24- to 48-h period (i.e., hatching
window), some chicks might spend up to 2 d in
hatchers before the hatch is pulled (Decuypere
et al., 2001; Careghi et al., 2005). The pulling is
then followed by human and/or automated han-
dling that includes a range of processing proce-
dures, such as sorting, sexing, vaccinations, and
subsequent transportation to rearing farms (Hol-
lemans et al., 2018; Hedlund et al., 2019; Giers-
berg et al., 2020). The delay in feed and water
intake for hatchery-hatched chicks could there-
fore add up to 72 h (Sklan et al., 2000; Careghi
et al., 2005; Willemsen et al., 2010; De Jong et
al., 2019). Besides that, as a practical manage-
ment procedure, hatchery-hatched chicks get
access to litter substrate when they arrive to the
rearing barn or after aviaries are opened
(Brantseter et al., 2017).

Adverse conditions during development are
known to activate the hypothalamic-pituitary-
adrenal (HPA) axis, resulting in non-essential
physiological processes and behavior to be
attenuated, as well as in adaptive programming
of behavior (Zimmer et al., 2013; Bateson et
al., 2014). Moreover, the level of exposure to
adverse environmental factors during develop-
ment could even have long-term effects on
physiological and behavioral responses, by cali-
brating stress responsivity, and coping strate-
gies (Monaghan and Haussmann, 2015). In
fact, numerous studies, mostly in broilers, have
reported that hatchery-hatched chicks are pre-
sented with environmental challenges that
affect their performance and welfare. For
instance, darkness during late incubation has
been found to negatively affect the behavioral
development and stress responsivity, and the
ability to cope with stressors, due to a lack of
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functional brain lateralization in broilers (Rog-
ers, 2008; Archer and Mench, 2013, 2017).
Also, limited litter access during rearing made
adult laying hen more fearful compared to hens
that had continuous access to litter during rear-
ing (de Haas et al., 2014; Brantseter et al.,
2017). In addition, posthatch feed- and water
deprivation has been found to negatively affect
growth performance (Bigot et al., 2003; Gon-
zales et al., 2008; De Jong et al., 2017), gut
development (Sklan et al., 2000; Gonzales et
al., 2003), and disease susceptibility in chickens
(Panda et al., 2015; Simon et al., 2015). More-
over, Hedlund et al. (2019) showed that hatch-
ery-hatched laying hen chicks were more
fearful of novelty, and had higher blood corti-
costerone levels after hatching, processing, and
during the first weeks of life compared to
unprocessed control chicks.

To address potential adverse effects of hatch-
ery-hatched systems, two alternative hatching
systems have been developed during the last
decades. In the first alternative system, chicks
are hatched in a hatchery and have immediate
access to feed and water in the hatcher baskets
but still need to be processed and transported to
rearing farms. In the second alternative system,
hatching eggs are transported on d 18 of incuba-
tion, and the chicks hatch on the litter of rearing
barns (Van de Ven et al., 2009; De Jong et al.,
2019; Giersberg et al., 2021; Souza da Silva et
al., 2021). So far, several broiler studies have
investigated how individual hatching system fac-
tors, such as light exposure in hatchers (Archer
and Mench, 2013, 2014), and posthatch feed and
water deprivation (e.g., Bigot et al., 2003; Gon-
zales et al., 2003; Van den Brand et al., 2010),
affect stress responsivity. However, to our
knowledge, only a limited number of studies
have investigated the effects of individual hatch-
ing system factors and interactions between
those factors on stress responsivity in laying hen
chicks. In addition, the influence of litter sub-
strate provision on early feeding during the
hatching period has not been investigated. There-
fore, our study aimed to investigate the impact
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of three hatching system factors on aspects of
HPA-axis reactivity in laying hen chicks up to
an age of 8 wk. The objective of the first experi-
ment was to identify which of the hatching sys-
tem factors have an impact on the laying hen
chick’s acute and cumulative physiological and
neuroendocrine responses by measuring body
weight gain, cloacal temperature, and corticoste-
rone levels in blood and feather samples. For the
first experiment, which was a pilot experiment,
we devised three treatments: light exposure dur-
ing the last 3 d of incubation (L), immediate
feed and water access (FW), and litter access
posthatch (LIT) as hatching systems factors of
interest. After completing the first experiment,
we selected L and FW for a two-level factor
study design for a more focused examination.
The aim of the second experiment was to inves-
tigate the interaction of the selected hatching
system factors. We hypothesized that chicks
with exposure to light (i.e., L) and access to feed
and water (i.e., FW) would show different acute
and cumulative physiological stress responses
compared to chicks that were kept in darkness
during incubation and/or did not have access to
feed and water posthatch.

MATERIAL AND METHODS

For the study we performed two experi-
ments: experiment 1 (E1) was a pilot study,
which ran from October until December 2021.
The second experiment (E2) had 2 replicates,
E2.1 and E2.2. The first replicate, E2.1, ran
from June until August 2022, and the second
(E2.2) from October until December 2022. The
experiments were conducted at the Aviforum in
Zollikofen, Switzerland.

Ethical Statement

All experimental procedures involving live
animals were approved by the Veterinary Office
of the canton of Berne, Switzerland (Cantonal
license number BE54/2021).

Animals and Housing

The hatching eggs for all experiments were
acquired from Prodavi SA (Switzerland). For

Table 1. Number of hatching eggs delivered, number of
viable hatching eggs upon delivery, total number of
female chicks, total number of male chicks, male to
female ratio, hatchability, mortality around hatching,
total number of chicks, number of experimental and
focal animals during E1, E2.1 and E2.2.

Experiment El E2.1 E2.2

Number of hatching 600 630 650
eggs delivered

Number of viable 583 613 628
hatching eggs upon
delivery

Total number of 270 283 338
female chicks

Total number of male 302 319 282
chicks

Male to female ratio  52.8/47.2 53.0/47.0 45.5/54.5
(%)

Hatchability (%) 95.3 95.6 95.4

Mortality around 4.7 44 4.6
hatching (%)

Total number of 572 602 620
chicks

Number of used 243 268 282
experimental
animals

Number of focal 75 64 64
animals

each experiment, we used hatching eggs from
a Super Nick hybrid-parent flock (H&N Inter-
national GmbH, Cuxhaven, Germany) with a
reproductive age of 32 to 33 wk. The number
of hatching eggs, experimental animals, and
focal animals per experiment is shown in
Table 1. A male to female ratio of 50:50, treat-
ment, and embryonic mortality during the last
3 d of incubation were considered when decid-
ing on the number of eggs within each pen.
During all experimental procedures, the chicks
were housed in an experimental barn without
natural daylight. The behavioral tests took
place in an adjacent room. The light schedule
and barn climate settings were adjusted with
each day or week of age according to the stan-
dard rearing management used by the Avifo-
rum for white hybrids (Supplementary 1).
During El, the pens were set up in one row of
seven pens and one row of nine pens. Fifteen
out of the sixteen pens acted as treatment pens
(3 pens/treatment group) with the sixteenth
serving as a sick pen. The pen walls and doors
were built with mesh frames (pen height: 206
cm) with plastic sheets attached as visual



barriers (height: 155 cm) (Supplementary 2).
All pens could be individually accessed by a
door. The pen interior consisted of a litter area
(108 x 103 cm) with litter (provided from 7 d
of age in the litter area of all pens) and a
raised plastic tier (102 x 103 x 72.5 cm).
Manure fell under the tier and was only
removed at the end of the experiments. All
pens were equipped with a ramp between the
raised tier and litter area (116 x 24 cm, angle:
40°), one perch at tier level, one perch raised
5.5 cm above the tier (length: 100 cm, diame-
ter: 4 cm), pen lights (height: 196 cm; SILOX,
22 W, 3,000 K (warm white), 2,400 Im, Once
Animal Lighting, Signify, The Netherlands),
drinker lines, and round feeders providing ad
libitum feed. The light could be dimmed to a
minimum of 15 lux by the animal caretakers
or turned off as they were during incubation of
the dark exposed treatments, according to flock
management needs. During E2, one treatment
pen was added on to the row of seven pens,
resulting in seventeen pens in total. Sixteen
out of the seventeen pens acted as treatment
pens (4 pens/treatment group) with the seven-
teenth serving as a sick pen.

To divide the barn into a light and dark
section and prevent light pollution during the
treatment exposure period, tarpaulin sheets
were attached to the barn ceiling and hung
down to the ground. The dark section could
only be accessed via a sluice (Supplementary
3). Multiple light intensity measurements
were taken with a lux-meter (MAVOLUX
5032C/B USB, GOSSEN GmbH, Nirnberg,
Germany) at the levels of the eggs (e.g., in
the hatching tray), in the pens, and in the
corridors. In the dark section, the readings
gave <0.01 lux. In the light section, the
readings gave 50 to 60 lux depending on the
sensor position.

Climate loggers (HOBOware, Onset Com-
puter Corporation, Bourne, MA) were spread
across six of the pens during each experi-
ment. The climate loggers registered temper-
ature and relative humidity in the barn at 1-h
intervals.

The pens were designed to house up to 20
chicks during the study period, however the
total number of chicks per pen varied due to dif-
ferences in hatching rates (Table 2).
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Table 2. Number of chicks per pen during E1, E2.1 and
E2.2.

Pen El E2.1 E2.2
1 14 20 14
2 18 19 20
3 14 12 20
4 18 16 20
5 17 18 20
6 15 13 16
7 13 15 20
8 16 14 18
9 16 14 19
10 16 17 15
11 18 20 12
12 15 18 18
13 15 20 20
14 18 15 14
15 18 19 19
16 - 18 17
Treatments

The hatching eggs were incubated in dark-
ness during the first 18 d of incubation. Before
candling, the egg trolleys were covered with fit-
ted tarps when moved into the candling room.
The eggs were kept in darkness during transpor-
tation and there was a sluice with tarps to enter
the truck. Upon arrival at our site, the trolleys
were covered with tarps and moved into the
dark section of the barn, after which the eggs
were assigned to one of the treatment groups.
The treatment exposure period started as soon
as the eggs were placed on the hatching trays in
the pens on d 18 of incubation (Supplementary
2). The treatment exposure period ended when
processing began with trained hatchery person-
nel to process the 1-day old chicks at our site.
Thus, when light exposure was included as a
treatment factor, the hatching eggs were
exposed to artificial light (50—60 lux) upon
placement in the pens on d 18 of incubation
until chick were processed at 1 d of age. When
light exposure was not included as a treatment
factor, the eggs were kept in darkness (<0.01
lux). After hatching, the chicks were exposed to
the same treatment conditions as described
above until 1 d of age.

Experiment 1. Treatments consisted of con-
tinuous light exposure during the late incu-
bation phase (d 18-21) (L), immediate feed
and water access after hatching (FW),
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Table 3. Treatment groups and treatment factors during E1.

Treatment Light exposure Feed and water access Litter access
Fully enriched (ALL) + + +
Fully deprived (CON) - -

Light (L) + -

Feed and Water (FW) - + -
Litter (LIT) - - +

immediate litter (i.e., wood shavings) access
after hatching (LIT), fully enriched with all
above mentioned treatment factors (ALL),
or fully deprived (CON) (Table 3).
Experiment 2. Experiment 2 (E2) followed a
2x2-factorial design, with light exposure
during the late incubation phase (L) and feed
and water access after hatching (FW) as
main treatment factors (Table 4). E2 had 2
replicate trials, E2.1 and E2.2. The light and
feed and water access treatment factors for
E2 were the same as described for E1.

On-Farm Hatching and Eggshell
Temperature Monitoring

Upon arrival to the barn, the hatching eggs
were parked in the dark section of the barn,
after which groups of 40 hatching eggs were
arbitrarily placed onto hatcher trays (67 x 57
cm; HatchTech B.V., Veenendaal, The Nether-
lands) within individual pens. The hatcher trays
were elevated on bricks 20 cm above the raised
plastic tiers (102 x 103 x 72.5 cm). The barn
climate before hatching was set to an air tem-
perature of 32°C, relative humidity of > 30%,
and air flow < 0.15 m/s. The barn climate was
monitored in real-time at an interval of every 3
h, starting after the eggs were set until the last
marked egg had hatched. The hatching was fur-
ther monitored at this interval by measuring the

Table 4. Treatment groups and treatment factors dur-
ing E2.

Feed and water

Treatment Light exposure access

Light and feed and + +
water (L+/FW+)

Light (L+/FW-) + -

Feed and Water - +
(L-/FW+)

Fully deprived - -
(L-/FW-)

eggshell temperatures of three marked eggs per
pen, where the objective was to maintain egg-
shell temperatures between 36°C and 38°C.
Measurements were made by placing an infra-
red thermometer probe (MEDISANA TM 750,
MEDISANA GmbH, Neuss, Germany) on the
eggshell below the position of the air sac (i.e.,
on egg equator). The barn temperature was
adjusted whenever the eggshell temperatures of
the focal eggs were equal or below to 35.5°C.
The climate settings could only be changed at
barn-level. During El, the barn temperature
was adjusted once throughout the treatment
exposure period. During E2.2, the barn temper-
ature the barn temperature was adjusted
four times throughout the treatment exposure
period. Due to the darkness, we were not able
to accurately assess the hatching window in the
dark section of the barn, therefore we can only
report the hatching window for at barn-level.
The hatching window was approximately 24 h
for E1, 29 h for E2.1 and 28 h for E2.2.

Chick Processing, Chick Quality Assessment
and Break-Out Analysis

At 1 d of age, trained hatchery personnel
came to the Aviforum site and processed the
chicks according to commercial standards in
the experimental room, which is attached to the
barn. All chicks were subjected to processing
procedures, which comprised of counting, sort-
ing, sexing, grading, and vaccinating. The
chicks were thereafter gathered in pen-specific
crates to prevent mixing of treatment groups.
All the processing steps combined, from catch-
ing to rehoming, took approximately 30 min in
total. The female chicks remained in the barn
and were vaccinated according to a commercial
program (Supplementary 1). After all process-
ing steps were completed, the chicks were relo-
cated to a new home pen in a process that
ensured that experimenters were blinded to the
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Table 5. Numbers of male chicks used for blood sample collection, weighing and temperature measurements at pre-
processing, postprocessing, and recovery for E1, E2.1, and E2.2.

Male chicks at Male chicks at Male chicks Total number
Experiment preprocessing postprocessing at recovery of male chicks
El 30 30 30 90
E2.1 32 32 32 96
E2.2 32 34 36 102

treatment during behavioral testing. The surplus samples for corticosterone analysis at three
of female chicks was returned to the hatchery to  chick processing-associated times: (1) immedi-
be sold. For each experiment, random first  ately before processing as a baseline (i.e.,
grade male chicks (Table 5) were selected to  preprocessing), (2) postprocessing (i.e., imme-
stay on-site for postmortem blood collection  diately after all chicks were processed and
after the processing procedures. The remaining approximately 4 h after preprocessing), and (3)
surplus male chicks were returned to the hatch- recovery after 20 h (i.e., 24 h after preprocess-
ery to be humanely killed. In addition, a break- ing). During processing, 90 male chicks were
out analysis was performed to determine the = marked with animal spray for E1, and 96 male
underlying cause of unhatched eggs, such as chicks were marked for E2.1. Due to a mis-
embryonic mortalities, contaminations, and count, 102 male chicks were marked for E2.2.
malformations. The breakout analysis revealed =~ Two marked (male) chicks were randomly
that several embryos perished before arriving selected per pen for blood collection at each of
on site, which led to a lower number of viable chick processing times. It was made sure that
hatching eggs (Table 1). the entire process per pen—entering, catching

Chick processing was chosen as a stressful ~ plus handling for blood collection—took less
early life event. It was not possible to include a than 180 seconds in duration (i.e., 2 chicks per
control group without chick processing, pen per acute stress timepoint relating to chick
because our research site operates according to  processing), and a total duration of approxi-
commercial standards. Therefore, all day-old  mately 60 min to minimize confounding effects
chicks had to be vaccinated for biosecurity rea- by the diurnal rhythm. After catching, the
sons. chicks were weighed (Mettler Toledo 1CS425,

The study was designed according to the 3R~ Mettler-Toledo GmbH, CH-8606 Greifensee,
principles and considered the male to female Switzerland) and their cloacal temperatures
ratios and mortality during incubation. There- were measured with an infrared thermometer
fore, we choose to collect samples from male (MEDISANA TM 750, MEDISANA GmbH,
chicks that were be hatched to acquire a certain Neuss, Germany). Subsequently, the male
number of female experimental animals for our  chicks were stunned by concussive blow to the
experiment. This resulted in an overall reduced  head, which was followed by cervical
number of hatching eggs that needed to be incu-  dislocation and immediate decapitation for
bated, and thus 1-day old male chicks that had  blood sample collection (Biindesamt fiir Leben-
to be transported back to the hatchery to be smittelsicherheit und Veterinarwesen, 2024).
killed. It was assumed that the interaction As the male chicks were killed for blood sam-

between treatment factors and sex was negligi-  ples, it was not possible to take longitudinal
ble at the time of taking samples and physiolog- ~ samples, i.e., multiple samples for the same
ical measurements. individual chick.

Blood Sample Collection, Weighing and Blood Serum Collection and Serum
Measuring Cloacal Temperature of Male Corticosterone Analysis

Chicks

Following blood collection, whole blood
The acute stress responsivity in chicks was was left to clot for 30 min at room temperature
assessed by collecting postmortem blood and stored for 4 to 9 h at 3°C. Next, samples
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were centrifuged (MiniSpin, Eppendorf SE,
Hamburg, Germany), for 14 min at 2500 rpm x
1000 serum collected, and stored at —32°C.

A competitive enzyme immunoassay kit for
corticosterone (High Sensitivity, AC- 15F1,
Immunodiagnostic Systems (IDS) Holdings
PLC, Tyne & Wear, UK) was used according to
the instructions of the producer’s manual to
measure serum corticosterone concentrations
(analytical sensitivity 0.17 ng/mL). To validate
the kit, we tested the recovery by spiking sam-
ples with corticosterone standard and found
that recovery was approximately 100%. In
addition, we made serial dilutions of the sam-
ples with assay buffer and checked for potential
matrix effects (i.e., parallelity). The inclusion
of serial dilutions was successful as we did not
detect matrix effects.

A dilution of several samples in assay buffer
was required either because the sample volume
was not sufficient, or because the measured
concentration of the undiluted samples was
beyond the range of the standard curve. There-
fore, the suitability of 1:4 and 1:10 sample
dilutions were validated in three samples. Suit-
ability of dilutions was approved by high paral-
lelism at a CV of 4.5%. The intra und
interassay CV of the corticosterone assay was
5.3 and 6.2%, respectively.

Weighing and Measuring Cloacal
Temperatures of Female Chicks

At 1 d of age, after allocation to the final
home pen, five female chicks per pen (N = 75
focal chicks) were randomly selected as focal
animals for behavioral testing during E1. Four
female focal chicks and four female companion
chicks were selected per pen (N = 64 focal
chicks) for behavioral testing during E2.1 and
E2.2. Companion chicks were included during
E2 to reduce fear and isolation stress during
behavioral testing in focal chicks though no
data of them was collected. The focal and com-
panion chicks were tagged with flexible num-
bered leg rings (Flexiringe, Fieger AG,
Untertuttwil, Switzerland) for individual identi-
fication. The leg rings were replaced by gradu-
ally larger leg rings with the same number at 1,
2, and 5 wk of age. The focal chicks were
weighed (Mettler Toledo ICS425, Mettler-

Toledo GmbH, CH-8606 Greifensee, Switzer-
land) at 1, 7, 35, and 49 d of age during EI.
During E2, both the focal and companion
chicks were weighed at 1, 7, 14, 21, 28, 35, 42,
and 49 d of age. The cloacal temperature of
female chicks was measured in the same way as
for male chicks at 1 d of age.

Behavioral Testing and Animal handling

Animal handling during behavioral tests is
described in this paper as it could have resulted
in physiological stress responses and thus the
deposition of corticosterone in the feathers. The
results of the behavioral testing during E1 and
E2 are planned for publication elsewhere. All
focal and companion chicks were subjected to
carrying, catching, crating, transportation, wait-
ing, habituation, and behavioral testing. For the
multitasking test and retention test, each indi-
vidual focal and companion chick underwent
habituation to the test arena. For the step detour
test, each individual focal animal underwent
habituation to the test arena.Companion ani-
mals were excluded from the step detour test.
In addition, all focal and companion animals
were weighed. Table 6 gives an overview of the
different experimental phases during E1 and
E2, and at what days of age the experimental
animals were handled and approximate han-
dling times per individual per experimental
day. The habituation and behavioral tests are
described in detail elsewhere (Supplementary
4).

Feather Sample Collection and Feather
Corticosterone Analysis

At 8 wk of age, 10 plumage feathers (i.e., 20
mg) close to the neck and wings were collected
from 60 focal and 60 nonfocal chicks (n = 12
focal chicks/treatment; n = 12 nonfocal chicks/
treatment) during E1. During both E2.1 and
E2.2, feathers were collected from 64 focal
chicks and 64 companion chicks (n = 16 focal
chicks/treatment; n = 16 companion chicks/
treatment). The feathers were collected by cut-
ting immediately above the base of the feather
shaft.



Table 6. Overview of days of age (DOA) at which experimental animals were handled during different experimental phases,approximate handling times per individual during all

the experimental phases and the total of days at which chicks were handled for focal chicks during E1 and focal and companion chicks during E2.

Days of age during experimental phase (DOA)

Experiment 2 (E2)

Experiment 1 (E1)

Handling time / chick / day (in minutes)

Companion chick

Focal chick

Focal chick

3—7 DOA

9DOA
10 DOA

Experimental phase

30
30
15

3—9DOA

Habituation to multitasking and retention test arena

Multitasking test
Retention test

10or 11 or 12 or 13 DOA

If multitasking test at 10 or 11 DOA, then retention test at 14 DOA

If multitasking test at 12 or 13 DOA, then retention test at 15 DOA

22—-26 DOA
29-34 DOA

30
30

22-26 DOA
29-34 DOA

Habituation to step detour test arena

Step detour test

43—-48 DOA

43—-48 DOA
1,7,35,49 DOA

28d

15

1,7, 14,21, 28, 35, 42,49 DOA

34d

Weighing

17d

Total of d on which chicks were handled
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Feather Corticosterone Analysis

An average feather mass of 25.1 mg from
three to five feathers (range 16.0—28.0 mg) per
individual was used to measure feather CORT.
The feathers were weighed, and the length mea-
sured to the nearest millimeter (E1: feather
mass 24.8 £ 1.9 mg, feather length 164.3 £
17.5 mm; E2: feather mass 25.2 £+ 1.4 mg,
feather length 173.0 £ 20.1 mm). Before
weighing and measuring the feathers, the cala-
mus was removed. The feathers were placed in
a 2 ml polypropylene microcentrifuge tube, cut
into small pieces and ground to powder using a
mixer mill (RETSCH MM400, Haan, Ger-
many) at 30 Hz for 6 min with 10.3 mm metal
balls. Then 1.5 ml of methanol was added to
each tube and the tubes were placed in an ultra-
sonic bath for 30 min at room temperature and
then incubated overnight at 50°C in a water
bath. The methanol with the feather powder
was pipetted into a new microcentrifuge tube,
centrifuged at 14.000 rpm for 10 min and 1 ml
of the supernatant was transferred to a glass
centrifuge tube. The methanol was evaporated
with nitrogen gas at 50°C and the extracts were
stored in a freezer at —20°C until measurement.
The extracted CORT was measured using a
commercially available corticosterone ELISA
kit (ENZO ADI-901-097, Farmingdale, NY)
according to the instructions. To check for
potential matrix effects (i.e. parallelism) for our
samples in the assay, we made a five-point
serial dilution (1:10—1:80) of the chicken pool
with assay buffer. Dilutions between 1:10 and
1:30 are parallel to the standard curve and are
accepted in the assay. The extracted corticoste-
rone was resuspended in 330 ul of assay buffer
prior to ELISA analysis. A pool of chicken
feathers was run in duplicate on each plate as
an internal control (mean intra and interassay
variation: 10.5 £ 5.7 %; 24.8 £ 1.1 %, respec-
tively).

Statistical Analysis

The statistical analyses were carried out with
R (R Core Team, Version 4.3.1) using RStudio
(Rstudio Team, Version 2023.06.1+524). The
dataset for E1 and E2.1/E2.2 were analyzed sep-
arately. E2.2 was a replicate experiment of E2.1,
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therefore the datasets were combined and ana-
lyzed as E2. For both analyses, P < 0.05 was set
as the limit for statistical significance. The
response variables (body weight of male and
female chicks, serum corticosterone concentra-
tion of male chicks, cloacal temperature of male
and female chicks, and feather corticosterone
concentration of female chicks) were classified
as continuous responses and analyzed using lin-
ear mixed effects (package Ime4; Bates et al.,
2015). The response variables were the same in
analyses of E1 and E2. Responses for E1 and E2
were fitted with a different linear mixed-effects
model for each variable. The linear mixed-
effects models for body weight, cloacal tempera-
ture, and serum corticosterone concentrations of
male chicks included a two-way interaction
between treatment (levels for E1: CON, ALL, L,
FW, LIT; levels for E2: FW+/L+, FW+/L-.
FW-/L+, FW-/L) and processing time (levels:
preprocessing, postprocessing, recovery) as fixed
factors. The cloacal temperature in female
chicks was measured only once, therefore only
treatment was included as a fixed factor. The
model for body weight of female chicks included
a two-way interaction for treatment and age (4
levels for E1: 1 DOA (day of age), 7 DOA, 35
DOA, 49 DOA; 8 levels for E2: 1 DOA, 7 DOA,
14 DOA, 21 DOA, 28 DOA, 35 DOA, 42 DOA,
49 DOA) as fixed factors. The model for feather
corticosterone concentrations included a two-
way interaction for treatment and chick status
(levels for El: focal, nonfocal; levels for E2:
focal, companion). For all above-mentioned lin-
ear models, pen was nested in treatment group
as a random factor. For the analysis of E2, pen,
and treatment group were nested in replicate
experiment (E2.1 vs. E2.2) as a random structure
for all the above-mentioned linear models. The
model residuals were visually inspected for nor-
mal distribution with Q-Q plots or tested with
the package DHARMa (Hartig, 2018). If the
residuals were nonrandom, the raw data was
transformed by the square-root function on the
response variable and re-evaluated. The full
model was reduced to the final model by step-
wise backwards model reduction using likeli-
hood ratio tests (LRT) for model comparisons.
Subsequently, Tukey’s post hoc tests were per-
formed (package multicomp; Holthorn et al.,
2008) to determine differences between levels of

the fixed factors. The post hoc test output was
used to obtain estimates and standard errors. For
both E1 and E2, the data for serum corticoste-
rone concentrations and body weight of female
chicks required square-root transformations. The
model estimates for serum corticosterone con-
centrations of male chicks, and body weight of
female chicks were back-transformed for presen-
tation of results.

RESULTS AND DISCUSSION

The experiments were aimed at assessing the
effects of various hatching system factors on
aspects of the physiological stress responsivity
and body weight gain in laying hen chicks up to
an age of 8 wk. In the experiments, we assessed
the impact of continuous light exposure during
the last 3 d of incubation, immediate feed and
water access posthatch, and litter access post-
hatch, and their interactions.

Serum Corticosterone Levels in Male Chicks

The analysis of serum corticosterone levels
revealed that the physiological stress response
in newly hatched male chicks was affected by
an interaction between treatment and process-
ing time (E1: X = 24.577, df = 8, P = 0.002;
E2: X° = 536.92, df = 6, P < 0.001, respec-
tively) (Figure 1). However, the stress response
deviated from the typical adaptive pattern,
where corticosterone levels rise in response to
acute stressors and return to baseline levels
after removal of those stressors (Cockrem,
2007; Scanes, 2016; Majer et al., 2023). Serum
corticosterone levels were higher at preprocess-
ing compared to postprocessing in ALL, CON,
and LIT chicks during E1 (2.9 £ 0.5 ng/ml; 5.3
+ 0.5 ng/ml; 2.7 £ 0.5 ng/ml, respectively).
Additionally, serum corticosterone levels were
higher at preprocessing compared to recovery
in CON and LIT chicks during E1 (4.1 &+ 0.5
ng/ml; 5.9 £ 0.5 ng/ml, respectively). The
same pattern was also observed during E2,
where serum corticosterone levels were higher
at preprocessing compared to recovery in fully
deprived chicks (1.6 = 0.4 ng/ml) (Figures 1
and 2). During our experiments, the hatching
eggs were exposed to either continuous light or
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darkness during late incubation, whereas under
natural conditions, eggs are exposed to light
intermittently under natural brooding condi-
tions (Rogers, 1995; Buschmann et al., 2006).
Potentially, the lack of intermittent light expo-
sure during our experiments might have
affected the circadian rhythm, as occasional
dark periods during embryonic development
are crucial for the establishment of circadian
rhythms through melatonin secretion (De Jong
et al., 2001; Zeman et al., 2004). Additionally,
melatonin modulates the physiological stress
response by inhibiting an increase in corticoste-
rone (Saito et al., 2005). Our unexpected find-
ings about the corticosterone release might
therefore reflect that continuous light exposure
and darkness disrupted the rhythmicity of mela-
tonin secretion, and thereby HPA-activity and
corticosterone secretion, which subsequently
led to the higher baseline levels found at pre-
processing compared to postprocessing and
recovery. The interpretation is also supported
by our findings during E2, where FW-/L- chicks
had higher serum corticosterone levels than FW
+/L+ chicks at pre-processing (1.7 £ 0.4 ng/
ml). In support of our findings, a broiler study
reported reduced corticosterone levels after
crating in light-incubated chicks compared to
dark-incubated chicks (16 h light: 8 h dark),
(Ozkan et al., 2012). Another broiler study that
compared different lighting schedules, found
lower corticosterone levels after crating in 12 h
light-incubated chicks (12 h light: 12 h dark)
compared to chicks that were exposed to shorter
daylight periods (1 h light: 23 h dark, 6 h light:
18 h dark) (Archer and Mench, 2013).

Moreover, it is assumed that all chicks had
the same experience prior to preprocessing aside
from the treatment they were exposed to. Thus
alternatively, the greater serum corticosterone
levels in CON and LIT chicks at preprocessing
compared with postprocessing and recovery
could be attributed to the sudden switch from
darkness to light shortly before blood collections
started at preprocessing. The rapid transition
from darkness to light could have triggered acute
physiological and behavioral response in dark-
incubated chicks, which might have resulted in a
more pronounced increase in CORT.

During E2, only the corticosterone response
of FW+/L+ chicks conformed to the expected

JAPR: Research Report

pattern with greater postprocessing values
compared to preprocessing (1.4 + 0.3 ng/ml),
similar to reports by Hedlund et al. (2019).
This suggests that fully enriched chicks were
able to develop an appropriate stress response
in terms of glucocorticoid concentrations
(Figure 2). The stress response in FW+/L+
chicks (and the corresponding lack of a differ-
ence in the other groups) might be explained
by the chicks hatching under conditions with
comparable elements to the natural hatching
environment, including access to feed and
water after hatching, and more space to move.
However, it is unclear how the combination of
these environmental conditions affects the
development of the physiological stress
response in chicks.

Serum corticosterone levels were expected
to be lower at postprocessing in light-incubated
chicks in comparison to dark-incubated chicks
because the lights for the latter were on for
approximately 4 h (i.e., immediately before at
preprocessing). De Jong et al. (2001) showed
that the corticosterone concentration reaches its
circadian peak levels after 4 h of light exposure.
Animal handling could have affected the serum
corticosterone release by introducing additional
stressors, although, the chicks might have been
habituated to our presence and activity in the
barn due to the monitoring during hatching.
Unexpectedly, lower postprocessing serum cor-
ticosterone levels were found in FW+/L- chicks
compared to FW+/L+ and FW-/L+ (2.7 £
0.4 ng/ml, 2.5 £ 0.4 ng/ml, respectively), indi-
cating that immediate feed and water access
posthatch might have affected CORT. How-
ever, it is unclear which mechanisms are
involved and if early feeding affected stress
sensitivity in chicks with immediate access to
feed and water posthatch.

Focusing on the recovery period, serum corti-
costerone levels were anticipated to be similar to
the preprocessing serum corticosterone levels.
This stress responsivity pattern was only
observed for FW+/L- and FW-/L+ chicks during
E2, as they showed lower serum corticosterone
at recovery compared to postprocessing (1.7 £
0.3 ng/ml; 1.0 = 0.3 ng/ml, respectively). In con-
trast, fully deprived chicks showed higher serum
corticosterone at preprocessing compared to
recovery (1.6 &= 0.4 ng/ml). It might be possible
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that these chicks needed a longer time to habitu-
ate to the continuous lighting schedule that
started at preprocessing and/or changes in the
home pen environment compared to chicks that
were not deprived, which in turn could have
affected stress responsivity.

Overall, the serum corticosterone levels did
not show the anticipated increase after chick
processing but corresponded with serum corti-
costerone levels that have been reported in
other studies that focused on 1-day old chicks
(Ericsson and Jensen, 2016; Hedlund et al.,
2019). Therefore, it is important for future
work to explore whether the induction of multi-
ple stressors, in this case the chick processing
steps, have additive effects including habitua-
tion or sensitization in chicks.

One of the limitations of our study is that we
were not able to perform within- individual
comparisons at different processing times since
the male chicks were killed for blood samples,
while both basal and “stress-induced” eleva-
tions in corticosterone levels are subject to
within- and between-individual variation (Littin
and Cockrem, 2001).

Body Weight in Male Chicks

Body weight demonstrated an interaction
between treatment and processing time in
(male) chicks during E1, which aligns with our
hypothesis (X° = 36.275, df = 14, P < 0.001).
Notably, weight gain was only observed in the
fully deprived chicks (CON), with a tendency
for higher body weights at recovery compared
to preprocessing (4.0 & 1.2 g), and higher body
weights at recovery compared to postprocessing
(4.73 £+ 1.2 g) (Figure 3). Feed and water depri-
vation and darkness during late incubation
seemed to impact preprocessing body weight.
However, these effects only appear to be short-
lived since fully deprived chicks did not differ
in weight by recovery. The chicks had access to
feed and water for 20 h before weighing at
recovery, raising the possibility that the depri-
vation period was not severe enough since all
chicks were provided with feed and water after
postprocessing, which might have allowed fully
deprived chicks to adapt within this 20-h time-
frame (i.e., from postprocessing to recovery).

Peer-reviewed literature on early feeding is lim-
ited, where some studies in broiler chicks sug-
gest that there is a relationship between
hatching time, early feeding behavior, and feed
intake (Nielsen et al., 2010; De Jong et al.,
2016; Jessen et al., 2021). Unfortunately, we
could not record individual hatching times and
feeding behavior during our study.

For E2, the body weights of male chicks
were affected by processing time but not by
treatment (X° = 29.735, df = 12, P < 0.01),
which likely reflects daily body weight gain
(Figure 4). The feed and water deprivation
treatment might not have been severe enough to
cause treatment differences in body weight gain
during our study. Alternatively, laying hen
chicks may respond differently to immediate
feed and water access posthatch, and feed and
water deprivation, potentially due to different
metabolic demands compared to broilers. Sev-
eral studies examining on-farm hatching in
broilers demonstrated that immediate feed and
water access posthatch results in higher body
weights in on-farm hatched chicks compared to
hatchery-hatched chicks (Van de Ven et al.,
2009; De Jong et al., 2019; Jessen et al., 2021),
as well as hatchery-fed chicks (Souza da Silva
et al., 2021; Molenaar et al., 2023). Therefore,
it is important to consider genetic differences
between laying hens and broilers in the context
of on-farm hatching and early feeding studies.

Cloacal Temperature in Male and Female
Chicks

The analysis of cloacal temperatures in male
chicks did not reveal any effects of treatment or
processing time for E1 (P > 0.05). Similarly,
there were no effects of treatment on cloacal
temperatures in female chicks for E1 (P >
0.05). However, for E2, cloacal temperatures in
male chicks were found to be influenced by
processing time but not by treatment (X*=
25.034, df = 11, P < 0.01), exhibiting higher
temperatures at both preprocessing and postpro-
cessing compared to the recovery (0.5 + 0.1°C;
0.3 £ 0.1°C, respectively) (Figure 5). The ele-
vated cloacal temperatures at preprocessing and
postprocessing might indicate a physiological
stress response to various environmental
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Figure 6. The plot shows the cloacal temperatures of female chicks during E2. The abbreviations on the x-axis rep-
resent the treatment groups during E2, with light exposure during the late incubation phase (L+) and feed and water
access after hatching (FW+). The cloacal temperatures were affected by treatment (X = 7.8845, df = 3, P < 0.05),
with higher cloacal temperatures for FW-/L+ chicks compared to FW+/L- chicks (0.4 & 0.2°C).

changes, including the transition from darkness
to light for chicks in the dark section of the
barn, as well as human handling in all chicks.
The cloacal temperatures in female chicks dur-
ing E2 were affected by treatment (X° = 7.8845,
df = 3, P < 0.05), with higher cloacal tempera-
tures for FW-/L+ chicks compared to FW+/L-
chicks (0.4 &+ 0.2°C) (Figure 6). Besides affect-
ing the melatonin rhythm which is associated
with body temperature regulation (Yalgin et al.,
2022), lighting has been reported to stimulate
higher activity (i.e., locomotion) in chicks
(Olanrewaju et al., 2006; Wichman et al.,
2021), which in turn could have elevated their
cloacal temperatures (Yahav, 2015).

Body Weight Gain in Female Chicks

Body weights in female chicks demonstrated
an interaction between treatment and week of
age during E1 and E2 (X° = 1,444.5, df=9, P <
0.001; X = 9548.5, df = 7, P < 0.001, respec-
tively), reflecting the weekly body weight gain
for female chicks within all treatment groups
Despite this interaction, the body weight gain
did not differ between treatments. Our findings
might indicate that effects of the treatment
exposure period on body weight gain were
short-lived. Simon et al. (2014), for instance,
reported that early-fed laying hens had higher
body weights (i.e., up to 35 d of age) compared

to hens that were deprived for 72 h posthatch.
However, laying hen chicks in the study by
Simon et al. (2014), did not hatch on-farm and
transport might have affected body weights, as
well. Witjes et al. (2022), for example, reported
higher body weights in on-farm hatched laying
hen chicks up to 75 d compared to chicks that
were resource-deprived and underwent 8 h of
transportation.

Feather Corticosterone Levels in Female
Chicks

The analysis of feather corticosterone in
female chicks revealed an interaction between
chick status (i.e., focal or not) and treatment for
El (X’ =31.888,df=9, P < 0.01). Notably, dif-
ferences in feather corticosterone levels were
only observed in L+ chicks, with higher levels
in non-focal chicks compared to focal chicks
(0.6 £ 0.2 pg/mm) (Figure 7). Possibly, the
combination of human handling and grape
rewards after testing was perceived as positive
by the focal chicks, leading to habituation and
the testing becoming an enrichment (Jones,
1993; Jones and Waddington, 1993; Hems-
worth et al., 1994). The analysis of feather cor-
ticosterone levels in female chicks did not
reveal any effects of chick status (i.e., focal or
companion) or treatment for E2 (P > 0.05).
During E2, we collected feathers from focal
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Figure 7. The plot shows the feather CORT levels of female chicks during E1. The abbreviations (CON, ALL, L, FW,
LIT) on the x-axis represent the treatment groups during E1, with CON for fully deprived chicks, ALL for fully
enriched chicks, L for chicks that were exposed to continuous light during the late incubation phase (d 18—21), with
FW for chicks that had immediate access to feed and water after hatching and LIT for chicks that had immediate
access to litter after hatching. Feather CORT levels in were affected by an interaction between chick status and
treatment (X? = 31.888, df = 9, P < 0.01). Nonfocal chicks in the L treatment group had higher feather CORT com-

pared to focal chicks (0.6 + 0.2 pg/mm).

chicks and companion chicks. It is possible that
the amount of handling between focal chicks
and companion chicks was not large enough to
show differences in status for feather CORT
levels as when comparing focal and nonfocal
chicks during E1 (Table 6). CORT is only
deposited into feathers during their growth
phase (Jenni-Eiermann et al., 2015), which is
why we collected feathers at 8 wk of age. After
this point, molting would result in new feather
growth, preventing us from accurately linking
CORT levels to the experimental period (Lucas
etal., 1972).

CONCLUSION AND APPLICATIONS

Our study investigated the impact of various
hatching system factors on the physiological
stress responsivity and body weight gain of lay-
ing hen chicks.

1. Continuous light exposure and darkness dur-
ing the perinatal period could potentially
affect the development and functionality of
the stress responsivity in chicks by influenc-
ing circadian rhythms.

2. Immediate access to feed and water post-
hatch seemed to influence serum CORT

levels, which suggests a link between early
feeding and stress responsivity. However, it
is unclear which underlying mechanisms are
involved.

. Treatment had a short-lived impact on body

weights with fully deprived chicks already
gaining weight by recovery. No long-term
effects of treatment on body weight gain
were found. While early feeding sounds
promising, genetic differences between lay-
ing hen and broilers should be taking into
consideration.

. Our findings underscore the complexity of

the dynamics between stress responsivity
and the environment during the perinatal
period. We believe that our study helped
to determine future research directions
and want to emphasize that hatching
system factors should be disentangled
further.

. The limitations of our study were that we

were not able to perform within individual
comparisons of serum corticosterone at dif-
ferent processing times nor were we able to
quantify posthatch feeding behavior and the
hatching window. Therefore, observations
on posthatch feeding behavior and the hatch-
ing window should be included in future
studies.
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