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H I G H L I G H T S  

• Light transmission through eggshell is dependent on eggshell color. 
• Light during incubation does not impact hatching performance in laying hens. 
• Laying hen hybrids and sexes have similar hatching performance scores. 
• Future research should focus on effects of lighted incubation on laying hen welfare.  
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A B S T R A C T   

Providing light during incubation is being investigated as a method to improve welfare in later life in poultry. 
This incubation method would more closely approximate chicken natural environment compared to the current 
incubation in darkness. Previous studies showed promising results of light during incubation on broiler welfare, 
but little is known about effects of light during incubation on laying hens. Especially, information about its 
effects on hatching characteristics (hatch time, hatchability, chick quality, body weight and embryonic age of 
death) is scarce and requires investigation in both white and brown egg layers. In the current study, Dekalb 
White (DW) and ISA Brown (ISA) eggs were incubated in complete darkness (dark) or in a light:dark cycle of 
12L:12D throughout incubation (light), resulting in four treatment groups: DW-dark, DW-light, ISA-dark, and 
ISA-light. In the light treatments, green LEDs of 520 nm wavelength were used, at an intensity of 400 lux. First, 
light transmission through the eggshell was measured through 27 eggs. Then, an analysis of the effects of light 
during incubation on hatching characteristics was performed on 711 chicks in two consecutive experimental 
rounds. Light transmission was higher through white eggshells than through brown eggshells (N = 27, p <
0.001). Light during incubation had no effects on hatching characteristics (N = 711, p ≥ 0.1). Despite the dif-
ference of light transmission through eggshell between hybrids, there was no interaction between incubation 
treatment and hybrid on hatching characteristics (N = 471, p ≥ 0.06). Hatch time was longer and navel quality 
was better in DW than in ISA, while body weight and embryonic age of death were lower in DW than in ISA (all p 
< 0.001). Males and females had similar chick quality scores except for the beak quality, which was better for 
males (N = 486, p = 0.003). To conclude, green light during incubation did not negatively affect hatching 
characteristics in either DW nor ISA laying hen hybrids. Future research should therefore focus on its potential 
benefits for laying hen welfare.   

1. Introduction 

Poultry eggs are typically incubated in complete darkness, while in 

nature eggs are exposed to some light during the day when the hen 
leaves the nest. A growing number of investigations are performed on 
effects of light during incubation in broiler chicks and show negative, 
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neutral or positive effects of light during incubation on hatching char-
acteristics (Archer et al., 2009; Archer and Mench, 2014a; Huth and 
Archer, 2015; Özkan et al., 2012a; Tong et al., 2018; Yu et al., 2018). 

Laying hens are a sizable part of the poultry industry, but few studies 
have investigated effects of light during incubation in laying hens. These 
studies also showed no negative effects on hatching characteristics, with 
a more synchronized hatching window and similar hatchability in light- 
incubated chicks compared to dark-incubated chicks (Özkan et al., 2022; 
Wang et al., 2020). In addition, effects on laying hen welfare seems 
positive. Light-incubated layer chicks performed better in a cognitive 
task (transitive inference) (Daisley et al., 2010) and displayed less severe 
feather pecking behavior (Özkan et al., 2022) compared to 
dark-incubated chicks. If light during incubation is promising to 
improve laying hen welfare, it therefore seems reasonable to investigate 
further its effects on additional hatching characteristics, such as chick 
quality, body weight and embryonic death. 

This is even more pertinent considering that eggshell color varies 
between laying hen hybrids. Light is transmitted more readily through a 
lighter eggshell (white) than through a darker eggshell (brown) (Shafey 
et al., 2005, 2004, 2002). Chicken pink eggs (Yu et al., 2016) and wild 
bird eggs (Lahti and Ardia, 2016; Maurer et al., 2015) also showed more 
light transmission through light-colored eggshells than through 
dark-colored shells. To our knowledge, these are the only published 
studies on the effect of eggshell color on light transmission through the 
eggshell. Light intensity plays a role in the effect of light during incu-
bation on chicken welfare (Tong et al., 2018), thus it may also affect 
hatching characteristics. Consequently, it seems crucial to broaden our 
knowledge on the topic. For the present study, we focused on ISA Brown 
and Dekalb White hybrids. They are the most common Dutch layer hy-
brids hatching from brown and white eggs, respectively. 

Our focus was therefore to investigate interaction effects of light 
during incubation and hybrid on hatching characteristics. First, we 
studied whether eggshell color (or the hybrid) influenced green light 
transmission through the eggshell (experiment 1). Then, we investigated 
whether a cycle of green 12L:12D throughout incubation affected 
hatching characteristics of the different hybrids compared to an incu-
bation in complete darkness (experiment 2). Green light was used 
because of its promising results to improve welfare (Özkan et al., 2022), 
the long-term goal of using light during incubation. 

Based on the results of the forementioned studies (Lahti and Ardia, 
2016; Maurer et al., 2015; Shafey et al., 2005, 2004, 2002; Yu et al., 
2016), we hypothesized there would be a higher light transmission 
through white eggshells of Dekalb White hybrids compared to brown 
eggshells of ISA Brown hybrids. This could potentially lead to stronger 
light effects on chicks from white than from brown eggs. 

In addition, we hypothesized there would be no negative effects of 
the light during incubation on hatching characteristics (Hannah et al., 
2020; Huth and Archer, 2015; Özkan et al., 2012a, 2022; Wang et al., 
2020). 

Based on the information provided by the breeders and a recent 
study (Hendrix-Genetics, 2020a, 2020b; Wang et al., 2020), we hy-
pothesized that the only hatching characteristics that would show 
hybrid differences would be hatch time and body weight. 

2. Materials and methods 

2.1. Experiment 1: effect of the eggshell color on the light transmission 
through the eggshell 

2.1.1. Ethical statement 
The experiment was performed on fertilized eggs of embryonic day 0, 

which does not require any ethical approvement. 

2.1.2. Eggs and preparation 
15 eggs from ISA Brown and 12 eggs from Dekalb White hybrids were 

used for the light transmission experiment, the unbalanced sample size 

being due to human and technical errors. The fertilized eggs of embry-
onic day 0 from both hybrids originated from 43-weeks old parental 
flocks housed in traditional single-tier housing. For the measurements, 
the eggs were broken open as close as possible to the small pole to 
remove the egg contents. 

2.1.3. Light measurements 
An empty eggshell was placed under a green LED strip (Barthelme 

Y51515213 182,007 LED strip, 520 nm), at the same distance from the 
LED than it would have in the incubators in Experiment 2. The sensor of 
a spectrometer AvaSpec-ULS2048 (Avantes, Serial nr: 1601107U1) was 
placed underneath the eggshell and was connected to a laptop equipped 
with AvaSoft-Basic software (Avantes). The light of the room was turned 
off so that only the light from the LEDs was perceived by the sensor, and 
the measurement was recorded. The data consisted in the number of 
photons perceived (called “light transmission”) (in counts) for 1614 
wavelengths from 173.8 to 1100.07 nm. 

A control measurement was also made by placing the spectrometer 
sensor below the light without any eggshell. The highest light trans-
mission corresponded then to a wavelength of 516.32 nm (from now 
onwards referred to as the control peak). For consistency, the control 
peak was used to compare the two hybrids in the results (see statistics 
section). 

After the measurements, the eggshells were transported to the lab 
and their thickness was measured using an electronic micrometer IP 54 
(Helios Preisser; precision: 0.001 mm; range: 0 – 25 mm). 

2.1.4. Statistical analysis 
All the data was analyzed using RStudio 2022.02.3 (Build 492). 
Because the eggshells had different colors, we hypothesized they 

would filter the light differently. We compared the wavelengths corre-
sponding to the highest light transmission through the eggshell of each 
hybrid, using a Mann-Whitney U test for non-paired data. Non- 
parametric analyses were used because of problems with distribution 
and homogeneity of variances. 

The eggshell thickness was normally distributed and its variances 
were homogeneous. A t-test was therefore used to determine whether or 
not the two hybrids had a significantly different eggshell thickness. 

Finally, for each hybrid, a Spearman correlation test was performed 
to investigate the correlation between eggshell thickness and light 
transmission through the eggshell at the control peak. 

All of these analyses were also performed based on the wavelength 
corresponding to the highest light transmission for each hybrid 
mentioned earlier; the results were the same to that of the control peak 
(data not shown). 

2.2. Experiment 2: effects of green light during incubation on hatching 
characteristics of two laying hen hybrids 

The experimental design was a 2 × 2 × 2 factorial arrangement 
(hybrid x incubation treatment x sex) repeated in two consecutive 
rounds. 

2.2.1. Ethical statement 
The research project was approved by the Dutch central authority for 

scientific procedures on animals (the Hague, the Netherlands) under the 
number AVD1080020198685. The experiment is in accordance with the 
directive 2010/63/EU on animals used for scientific purposes. 

2.2.2. Animals, incubation and hatching procedure 
Eggs from the hybrids ISA Brown and Dekalb White were provided 

by Hendrix Genetics through a commercial hatchery (Het Anker, 
Ochten, the Netherlands). They originated from parental flocks between 
37 and 50 weeks of age housed in traditional single-tier housing. 

For practical reasons, the experiment was performed in two 
consecutive rounds. The first round started in September 2020, the 
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second in September 2021. 
In each round, 600 eggs (300 of each hybrid) were incubated at 

Wageningen University and Research (WUR), Wageningen, the 
Netherlands. Eggs from each hybrid were equally and randomly 
distributed over two trays in each of two incubators (each with a 
maximum setting capacity of 1408 eggs; HatchTech, Veenendaal, the 
Netherlands) and of two climate respiration chambers (CRC) (each with 
a maximum setting capacity of 400 eggs) (Verstegen et al., 1987). The 
rest of the egg positions were left empty. For more information about the 
HatchTech incubators and CRC (hereafter all called “incubators”), see 
Güz et al. (Güz et al., 2021). 

In one of the HatchTech incubators and one of the CRC, green LED- 
strips were installed above the eggs (Barthelme Y51515213 182007 LED 
strip) in such a way that the light intensity was approximately 400 lux at 
egg level (an average of the light intensity used in other studies (Archer 
and Mench, 2014a; Özkan et al., 2012a)). The eggs were exposed to a 
cycle of monochrome green light (520 nm) and dark of 12L:12D 
throughout the incubation period. This photoperiod was chosen because 
Archer and colleagues showed on several occasions that was the most 
promising photoperiod to improve chicken welfare (Archer et al., 2009; 
Archer and Mench, 2017, 2014a, 2013). The other two incubators were 
kept in complete darkness. 

The first 18 days of incubation, the eggs were turned every hour at an 
angle of 90◦, and the relative humidity and eggshell temperature were 
set at 57.5% and 37.8 ◦C, respectively. Eggshell temperature was 
monitored and regulated with sensors placed on the eggshells of four 
eggs distributed across each incubator. From embryonic day (ED) 19, the 
egg-turning stopped, and the relative humidity and incubator temper-
ature were set at 58.5% and 36.3 ◦C. The sensors were then removed 
from the eggshells to avoid any disturbance during hatching. 

At ED 19, non-fertile eggs and eggs containing dead embryos were 
identified by candling, and were then removed from the incubators and 
broken out for investigation (see next section). The remaining eggs were 
moved to hatching baskets. From then on, and until ED21, hatching and 
quality checks were performed every six hours (as described in Heij-
mans et al. (2022)), allowing investigation of the hatch time (in hours 
after the start of the incubation). The new hatchlings were marked and 
placed back in the hatching baskets, and quality checks took place six 
hours later. After the quality checks, the males were culled by cervical 
dislocation and the females were placed back in the hatching basket for a 
long-term welfare study (Manet et al., unpublished data). On ED21, all 
unhatched eggs were broken out for investigation (see next section). To 
mimic production practice, no feed was provided in the incubators 
around hatching. 

2.2.3. Hatching quality 
The chick quality protocol followed the one described by Heijmans 

et al. (2022). In brief, chick vitality was investigated by placing a chick 
on its back on a table and measuring after how long it returned on its 
feet. Less than two seconds led to a score of good quality, and more than 
two seconds led to a score of poor quality. In addition, body weight was 
measured, and the absence or presence of red dots on the beak and hocks 
was recorded as additional measures of good and poor quality, respec-
tively. Finally, the quality of the navel was also evaluated, grading them 
from good, to moderate, to poor quality (Table 1). 

2.2.4. Break outs 
Eggs removed from the incubators at ED19 and unhatched eggs at 

ED21 were broken out and fertility or age of embryonic death were 
determined by visual inspection (Reijrink et al., 2009). 

2.2.5. Statistical analyses 
The models used and their distribution are shown in Table S1. 

Briefly, the navel quality was analyzed using a Bayesian generalized 
linear multivariate multilevel model, while all other parameters were 
analyzed using generalized linear mixed models. 

The models were all first built with the hybrid, the incubation 
treatment, the sex, the two-way interactions between those three fac-
tors, and the round as fixed factors. When relevant, the experimenter 
was also added as a fixed factor (for the vitality test, beak quality, navel 
quality and hock quality). Interactions with round or with experimenters 
were not included as they were not biologically relevant. 

Finally, though the experimental unit was the individual chicken, the 
incubator was corrected for as a random effect. For the embryonic age of 
death, the tray in which the egg was incubated (up or down) was also 
corrected for as a random effect. The latter data was only available for 
the first breakout day, as the eggs were moved after candling to hatching 
baskets. 

When the interactions were not significant, they were stepwise 
removed from the models until only main factors and significant in-
teractions were left. 

For the main effects, only the outcomes from the final models are 
hereafter reported. For the interactions, the outcome from the last model 
including them are reported. The estimate (abbreviated as est), the 95% 
confidence interval (hereafter referred to as 95% CI) and the p-values 
are reported. An effect was considered significant if the 95% CI did not 
include 0 and if p < 0.05. In the case of the Bayesian model, the statistics 
software did not provide p-values; these were therefore calculated using 
Wald’s statistic: 2*(1-pnorm(abs(w1)), with w1 = coefficient / standard 
error. 

For practical reasons, the chick quality and body weight of the males 
were only measured in round 1. To avoid any bias due to the difference 
in sample size, two analyses were therefore performed for each 
parameter scored: (1) on the data from the females, to allow round 
comparison; (2) on the data from round 1, to allow sex comparison. 
Since only female laying hens are used in practice, the data from the 
females are presented in details, while only a summary of the results 
from round 1 is mentioned. 

3. Results 

The datasets of the two experiments are available at the following 
address: https://doi.org/10.5281/zenodo.8004765. 

3.1. Experiment 1: effect of the eggshell color on the light transmission 
through the eggshell 

The wavelength of the highest light transmission was different be-
tween hybrids (p = 0.0018). The light transmitted at the control peak 
was 5.5 times higher for white eggshells compared to brown eggshells (p 
< 0.001). Brown eggshells were thicker than white eggshells (p =
0.009). There was no significant correlation between the eggshell 
thickness and the light transmitted for either hybrid (p ≥ 0.45) (Fig. 1). 
More detailed results are available in Table S2. 

Table 2. 

Table 1 
Summary of the different chick quality assessments measured at hatching. Each 
parameter was scored on a binary scale with 0 = good and 1 = poor quality, 
except for the navel, which had three scores: 0 = good, 1 = moderate and 2 =
poor quality.  

Measurement Good quality Moderate quality Poor 
quality 

Chick vitality ≤ 2 s  > 2 s 
Hock No red dots  Red dots 

present 
Navel Flat and closed, 

nothing 
protruding 

Dried membrane, black button 
< 2 mm, swollen, red, and/or 
presence of a string 

Black 
button >
2mm 

Beak No red dots  Red dots 
present  
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3.2. Experiment 2: effects of green light during incubation on hatching 
characteristics of two laying hen hybrids 

The results of experiment 2 are summarized in Table 3. 

3.2.1. Hatch time 
Hatch time was not influenced by the interaction between incubation 

treatment and hybrid (p = 0.53) nor by the incubation treatment alone 
(p = 0.26). Chicks from white eggs hatched on average 8.6 h later than 

chicks from brown eggs (p < 0.001) (Fig. 2). Chicks from round 1 
hatched 2.2 h earlier than chicks from round 2 (p < 0.001). Hatch time 
was also not influenced by sex (est = − 0.06, 95% CI = [− 0.8 – 0.7], p =
0.89) or any other interaction (p > 0.1; for detailed estimates, 95% CI 
and p-values, see Table S3). 

3.2.2. Fertility and hatchability 
Fertility was not influenced by the interaction between incubation 

treatment and hybrid, incubation treatment, hybrid or round (p ≥ 0.15). 

Fig. 1. Correlation between the eggshell thickness light transmitted at control peak for Dekalb White and ISA Brown.  

Table 2 
Summary of the results of experiment 2. The means for each hybrid and each incubation treatment are given in the relevant columns for each parameter. The estimate, 
95% CI and p-value are given (in this order) in the remaining columns. Estimates indicate how the data from white, light-dark cycle, white:light-dark cycle and round 2 
changed compared to their respective counterpart. Significant results are in bold, trends are in italics.  

Parameter Hybrid:Incubation Incubation Hybrid Round 
Statistics outcome Means Statistics outcome Means Statistics outcome Statistics outcome  

D1 L2  B3 W4   

Hatch time (h) est = 0.5 467.2 466.7 est = − 0.5 462.7 471.3 est ¼ 8.6 est ¼ 2.2 
95%CI = [− 1.1 – 2.1] 95% CI = [− 1.2 – 0.3] 95% CI ¼ [7.8 – 9.3] 95% CI ¼ [1.4 – 2.9] 
p = 0.53 p = 0.26 p < 0.001 p < 0.001 

Fertility (%) est = − 0.2 98.96 99.16 est = 0.2 98.82 99.29 est = 0.5 est = − 1.0 
95% CI = [− 2.8 – 2.4] 95% CI = [− 1 – 1.5] 95% CI = [− 0.7 – 1.9] 95% CI = [− 2.5 – 0.3] 
p = 0.88 p = 0.71 p = 0.42 p = 0.15 

Hatchability (%) est = − 0.4 83.38 83.36 est = − 0.008 82.52 84.22 est = 0.09 est = − 0.1 
95% CI = [− 1 – 0.2] 95% CI = [− 0.3 – 0.3] 95% CI = [− 0.2 – 0.4] 95% CI = [− 0.4 – 0.2] 
p = 0.22 p = 0.96 p = 0.56 p = 0.70 

Vitality est = 0.1 0.236 0.181 est = − 0.4 0.267 0.151 est = − 0.29 est = − 0.3 
95% CI = [− 0.9 – 1.1] 95% CI = [− 0.9 – 0.1] 95% CI = [− 0.8 – 0.3] 95% CI = [− 0.9 – 0.4] 
p = 0.80 p = 0.10 p = 0.30 p = 0.42 

Beak est = − 0.7 0.120 0.152 est = 0.3 0.134 0.138 est = 0.2 est − 0.3 
95% CI = [− 1.8 – 0.4] 95% CI = [− 0.3 – 0.8] 95% CI = [− 0.5 – 0.8] 95% CI = [− 0.9 – 0.3] 
p = 0.25 p = 0.30 p = 0.58 p = 0.39 

Navel est = 0.04 1.845 1.892 est = 0.08 2.082 1.655 est ¼ 1.07 est = 0.2 
95% CI = [− 0.7 – 0.8] 95% CI = [− 0.3 – 0.5] 95% CI ¼ [¡1.5 – ¡0.7] 95% CI = [− 0.2 – 0.7] 
p = 0.96 p = 0.64 p < 0.001 p = 0.30 

Hock est = − 0.8 0.155 0.182 est = 0.05 0.194 0.142 est = 0.6 est ¼ 1.2 
95% CI = [− 1.9 – 0.4] 95% CI = [− 0.5 – 0.6] 95% CI = [− 0.07 – 1.3] 95% CI ¼ [0.4 – 2.0] 
p = 0.19 p = 0.88 p = 0.08 p ¼ 0.0034 

BW5 est = − 0.8 41.21 41.33 est = 0.02 42.46 40.07 est ¼ ¡2.43 est ¼ 0.7 
(g) 95% CI = [− 1.6 – 0.07] 95% CI = [− 0.6 – 0.6] 95% CI ¼ [¡3.0 – ¡1.8] 95% CI ¼ [0.2 – 1.3]  

p = 0.07 p = 0.94 p < 0.001 p ¼ 0.01 
EAD6 est = − 1.3 9.18 9.11 est = 0.2 9.34 8.92 est ¼ ¡1.3 est = 1.1 
(d) 95% CI = [− 3.4 – 1.1] 95% CI = [− 0.9 – 1.4] 95% CI ¼ [¡2.4 – ¡1.3] 95% CI = [− 0.1 – 2.3]  

p = 0.31 p = 0.68 p ¼ 0.02 p = 0.21  

1 Dark. 
2 Light-dark cycle. 
3 Brown. 
4 White. 
5 Body Weight. 
6 Embryonic Age of Death. 
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The average fertility was of 99.1% (Fig. 2). 
Hatchability of fertile eggs was not influenced by the interaction 

between incubation treatment and hybrid, incubation treatment, hybrid 
or round (p ≥ 0.22). The average hatchability of fertile eggs was of 
83.3% (Fig. 2). 

3.2.3. Chick quality 
The chick quality results are summarized in Fig. 2. 
Vitality and beak scores were not influenced by the interaction be-

tween hybrid and incubation, hybrid, incubation treatment or round (p 
≥ 0.10). 

Navel score was not influenced by the interaction between hybrid 
and incubation, incubation treatment or round (p ≥ 0.30). The navel 

score of chicks from white eggs was on average 1.07 unit lower (better) 
than that of chicks from brown eggs (p < 0.001). 

Hock score was not influenced by the interaction between hybrid and 
incubation or by incubation treatment (p ≥ 0.19). Chicks from white 
eggs tended to have a 0.6 unit higher (worse) hock score than chicks 
form brown eggs (p = 0.08). The hock score was 1.2 units higher (worse) 
in round 2 than in round 1 (p = 0.003). 

There was an experimenter effect on vitality score (est = − 1.8, 95% 
CI = [− 2.5 – − 1.1], p < 0.001), navel score (est = − 0.76, 95% CI =
[− 1.3 – − 0.2], p = 0.01) and hock score (est = − 2.63, 95% CI = [− 3.5 – 
− 1.8], p < 0.001), but not on beak score (est = 17.6, 95% CI ∋ 0, p =
0.90). 

3.2.4. Body weight 
Body weight was not influenced by the interaction between hybrid 

and incubation or incubation treatment alone (p ≥ 0.07). Chicks from 
white eggs weighed 2.4 g less than chicks from brown eggs (p < 0.001). 
Body weight was 0.7 g lower in round 1 than in round 2 (p = 0.01) 
(Fig. 3). 

3.2.5. Embryonic age of death 
Embryonic age of death was not influenced by the interaction be-

tween incubation treatment and hybrid, incubation alone or round (p ≥
0.21). Non-hatched embryos of white eggs died on average 1.3 days 
earlier than those of brown eggs (p = 0.02). 

3.2.6. Sex comparison 
The analyses of the vitality, beak, navel and hock scores, and body 

weight with only the data from round 1 are summarized in Table 3. 
Briefly, the males’ beak score was 0.9 unit lower (better) than the fe-
males, while none of the other parameters differed between sexes. 

The only slight difference regarded the hock score: here, there was no 
significant difference due to the hybrid, while in the female data, there 
was a trend for the chicks of white eggs to have a higher (worse) hock 
score than chicks of brown eggs. 

4. Discussion 

Light transmission was measured through eggshells of Dekalb White 
and ISA Brown eggs (white and brown shells, respectively). Consider-
ably more light was transmitted through the white shells compared to 
the brown shells. That confirmed our hypothesis and was consistent with 
previous studies by Shafey et al. (2002, 2004, 2005). This difference 
might be related to the thickness of the eggshells: brown eggshells were 
thicker than white eggshells. However, in this experiment, eggshell 
thickness was not correlated to light transmission through the eggshell. 
That supports the hypothesis that eggshell color, rather than eggshell 
thickness, was responsible for this difference in light transmission. 

We hypothesized that light during incubation might affect chickens 
differently depending on their eggshell color. If that was the case, we 
could not conclude whether the differences were only due to the color of 
the eggshell, or also to other egg characteristics or to the genetic back-
ground of the different lines. Future investigation could focus on dis-
entangling effects of the color of the eggshell and of the genetic 
background. One way would be to filter the light so it is transmitted the 
same way for both hybrids (e.g. using different light intensities, different 
LED colors, a physical filter, or paint). 

Our main argument to use light during incubation was its close 
similarity to natural incubation. In natural incubation conditions, effects 
of genetics and eggshell color cannot be disentangled. For that reason, 
we decided to use the same LED lights (resulting in different light 
transmission levels) for both hybrids in experiment 2. 

The use of light during incubation as an intervention to improve 
welfare has had promising results in broiler chickens (Archer and 
Mench, 2017, 2014a, 2014b, 2013). In the second experiment, the in-
cubation treatment did not affect any of the hatching characteristics, 

Table 3 
Mean quality scores and body weight per hybrid, incubation treatment and sex 
of chicks from round 1. Estimate, 95% CI and p-values of the fixed effects are 
given. The estimates indicate how the data from white, light-dark cycle and 
males change compared to their respective counterparts. P-values calculated 
with Wald’s statistics are indicated with an aSignificant results in bold, trends in 
italics.  

Parameter Factor Mean Estimate 95% CI p 

Vitality Hybrid B1: 
0.244 
W2: 
0.165 

0.2 [− 0.3 – 0.8] 0.43 

Incubation D3: 
0.232 
L4: 0.180 

− 0.3 [− 0.8 –0.1] 0.14 

Sex F5: 
0.201 
M6: 
0.211 

0.003 [− 0.5 –0.5] 0.99 

Exp7  ¡1.4 [¡2 –¡0.9] < 0.001 
Beak Hybrid B: 0.136 

W: 0.131 
0.1 [− 0.5 –0.8] 0.64 

Incubation D: 0.112 
L: 0.155 

0.4 [− 0.2 –1.1] 0.12 

Sex F: 0.180 
M: 
0.089 

¡0.9 [¡1.4 
–¡0.3] 

0.003 

Exp  − 0.3 [− 0.99 –0.3] 0.29 
Navel Hybrid B: 2.064 

W: 
1.602 

¡1.1 [¡1.6 
–¡0.7] 

< 
0.001a 

Incubation L: 1.846 
D: 1.833 

− 0.06 [− 1.3 –0.8] 0.92a 

Sex F: 1.854 
M: 1.826 

− 0.1 [− 0.5 –0.3] 0.50a 

Exp  ¡0.99 [¡1.4 
–¡0.6] 

< 
0.001a 

Hock Hybrid B: 0.172 
W: 0.068 

− 0.5 [− 1.2 –0.4] 0.13 

Incubation D: 0.124 
L: 0.118 

− 0.05 [− 0.6 –0.5] 0.86 

Sex F: 0.096 
M: 0.146 

0.5 [− 0.1 –1.1] 0.11 

Exp  ¡1.2 [¡1.9 
–¡0.5] 

< 0.001 

Body weight 
(g) 

Hybrid B: 41.81 
W: 
40.40 

¡1.4 [¡2.0 
–¡0.8] 

< 0.001 

Incubation D: 41.10 
L: 41.16 

0.09 [− 1.7 –1.9] 0.94 

Sex F: 40.96 
M: 41.30 

0.3 [− 3.3 –0.9] 0.36  

1 Brown. 
2 White. 
3 Dark. 
4 Light-dark cycle. 
5 Female. 
6 Male. 
7 Experimenter. 
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Fig. 2. Effect of hybrid and incubation treatment on hatch time, fertility, hatchability and chick quality.  

Fig. 3. Female chicks body weight at hatching depending on the hybrid and the incubation treatment. Sample sizes: brown, Dark: 113. Brown, Light-dark cycle: 121. 
White, Dark: 121. White, Light-dark cycle: 116. 
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regardless of the hybrid. The two hybrids differed for a few parameters. 
The Dekalb White chicks were sometimes of better, sometimes of lesser 
quality than the ISA Brown chicks. The only difference between sexes 
was found for the beak quality. 

Consistently with literature, the incubation treatment had no effect 
on hatchability, body weight or age of embryonic death (Huth and 
Archer, 2015; Özkan et al., 2012b, 2022; Wang et al., 2020). However, 
light incubated chicks were expected to hatch sooner and to be of better 
quality (Hannah et al., 2020; Özkan et al., 2022; Wang et al., 2020), 
which we did not observe. The differences with the aforementioned 
studies could be due to the light intensity, color, photoperiod or 
schedule. 

The light intensity in these studies was either 200 or 250 lux, while 
ours was 400 lux. It seems unlikely that a higher intensity led to fewer 
differences between treatments. However, our photoperiod and light 
schedule (12L:12D; 21 days) were also different (12L:12D or 16L:8D; 4, 
13, 18 or 21 days). (Hannah et al., 2020) showed that the light schedule 
does not influence hatch time, but the combination with the light in-
tensity and photoperiod may have played a role in our results. In addi-
tion, light color has shown to greatly influence the effects of light during 
incubation on behavior and physiology (Archer, 2017; Özkan et al., 
2022). Our study was the first to use green light in a cycle of 12L:12D 
during 21 days at an intensity of 400 lux, and knowledge on the inter-
action between these factors (color, photoperiod, schedule and in-
tensity) is lacking to compare our results to others. 

Other possible explanations for the difference with other studies are 
the types of incubators and the hybrids used, both in terms of genetics 
and of eggshell pigmentation variation (Huth and Archer, 2015). 

In addition, no significant interactions between incubation treatment 
and hybrid were found, despite the differences in light transmission 
through the eggshell. A first explanation might be the absence of an 
incubation treatment effect. There was a trend for an interaction be-
tween incubation treatment and hybrid on body weight. However, the 
difference only represented 2% of the average body weight of each 
hybrid, which does not seem biologically significant. Indeed, the weight 
difference was smaller than the margin allowed by the Management 
Guides (Hendrix-Genetics, 2020a, 2020b). A second hypothesis to 
explain the non-significant interaction is that Dekalb White may be 
biologically adapted to a higher light exposure during incubation and 
ISA Brown to a lower one, comparatively. That is, however, still an open 
question which requires research on light reception by Dekalb White and 
ISA Brown embryos. 

This research showed several hybrid differences. Most of these are 
consistent with literature: embryonic age of death, hatchability, hatch 
time, beak score and hock score (Wang et al., 2020). Several explana-
tions are possible, such as hybrid differences or non-hybrid flock char-
acteristics (egg size, egg composition, storage duration and conditions, 
flock health, etc.) (Bouba et al., 2021), which makes it difficult to draw 
any conclusions. 

The only inconsistency with literature resides in the navel score. 
(Wang et al., 2020) found no difference in navel score between White 
Leghorn and Rhode Island Red (the pure lines Dekalb White and ISA 
Brown respectively descend from). On the contrary, the Dekalb White 
chicks in the present study had better navel scores than ISA Brown 
chicks. The main driver for navel quality is temperature (Lourens et al., 
2006). Since ISA Brown chicks were heavier than Dekalb White ones, it 
is likely that the brown eggs were heavier too (Pinchasov, 1991). Yet, 
heavier eggs are at larger risk to be overheated (Lourens et al., 2006), 
and white and brown eggs were mixed in the incubators. It is therefore 
possible that brown eggs experienced a higher temperature than white 
eggs, resulting in a worse navel quality. 

In the literature, studies on laying hens focus on females for obvious 
reasons. In addition, studies on broilers usually do not look into sex 
differences as both sexes are used during rearing. However, it is known 
that, in chickens, females usually hatch earlier than males (Burke, 
1992). In addition, a recent study compared vitality, beak, navel and 

hock quality between sexes in broilers. They found that females had 
worse vitality and navel scores than males, but better hock scores, and 
equal beak scores (Souza Da Silva et al., 2021). Our results are in 
contradiction with these findings. A sex difference was found in beak 
score, but not in hatch time, vitality, navel or hock scores. This may be 
due to the differences between broilers (used in those two studies) and 
layers (used in the present study) (Huth and Archer, 2015). 

This research took place in two different rounds, and differences 
were found between rounds in terms of hatch window, hock quality and 
body weight. Performing experiments in batches brings in uncontrolla-
ble factors, such as seasonal differences or characteristics of the parent 
flocks. Overall, round effects found in the present research reflect the 
difficulty to repeat experiments. This in turn might even explain the 
inconsistencies found in literature. 

To conclude, green light during incubation appears to have minor 
effects on hatching characteristics. Future investigations should be 
performed in an effort to disentangle the effect of light from the genetic 
effect of the hybrid used. Testing the effect of light during incubation on 
more white and brown hybrids is also required. Without that, it is 
impossible to know whether this intervention would suit all laying hens 
or should be hybrid-adapted. Finally, the incubation treatment had no 
effect on any hatching characteristics in these two hybrids. Research can 
therefore be pursued to assess the effects of green light during incuba-
tion on welfare of white and brown pullets without compromising 
productivity. 
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