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Abstract: Social dynamics and lighting conditions influence floor egg-laying behavior (FELB) in hens.
Hens prefer to lay eggs in darker areas, leading to mislaid eggs in cage-free systems. Consistent
lighting is crucial to prevent mislaid eggs, but equipment obstructions can result in a dark floor area.
These dark areas entice hens to lay their eggs outside the designated nesting area, which can lead
to potential losses, damage, or contamination, creating hygiene problems and increasing the risk of
bacterial growth, resulting in foodborne illnesses. Therefore, additional lighting in dark areas can
be a potential solution. The objectives of this study were to evaluate the effectiveness of providing
additional light in darker areas in reducing the number of mislaid eggs and FELB. Approximately
720 Hy-Line W-36 hens were housed in four cage-free experimental rooms (180 hens per room), and
6 focal hens from each room were randomly selected and provided with numbered harnesses (1–6) to
identify which hens were performing FELB and identify the effect of illuminating solutions. Eggs
laid on the floor and in nests were collected and recorded daily for two weeks before and after the
light treatment. Statistical analysis was performed using paired t-tests for mislaid eggs and logistic
regression for FELB in R Studio (p < 0.05). This study found that additional lighting in darker areas
reduced the number of mislaid eggs by 23.8%. Similarly, the number of focal hens performing FELB
decreased by 33.3%. This research also unveiled a noteworthy disparity in FELB, with approximately
one-third of hens preferring designated nesting areas, while others opted for the floor, which was
influenced by social dynamics. Additionally, egg-laying times varied significantly, ranging from 21.3
to 108.03 min, indicating that environmental factors and disturbances played a substantial role in this
behavior. These findings suggest that introducing additional lighting in darker areas changes FELB
in hens, reducing mislaid eggs and improving egg quality in cage-free systems.

Keywords: animal welfare; cage-free housing; egg production; laying hen; lighting system; mislaid
eggs; mitigation strategy

1. Introduction

Cage-free egg production has become increasingly popular as consumers demand
more humane treatment of animals [1–3]. However, this new type of production system
comes with new challenges. One of the significant challenges is mislaid eggs, which
affect egg quality, production efficiency, and profitability [4,5]. Mislaid eggs refer to eggs
laid outside the designated nesting area, leading to potential losses, damage [5,6], or
contamination [7,8]. Therefore, mislaid eggs can create hygiene problems and increase the
risk of bacterial growth [7], resulting in foodborne illnesses [9–11].

Previous studies have shown that mislaid eggs can account for 0.2–2% of a poultry
farm’s daily egg production, and, in extreme cases, this number can reach up to 10% in
cage-free aviary housing [12]. However, the average weekly mislaid eggs in cage-free
floor-raised housing was 31.6–59.6%, which is higher than other housing systems [13].
Mislaid eggs result from various factors. In response, numerous management strategies
have been examined to prevent their occurrence. One approach involves training young
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pullets to use nest boxes by providing early access to the nest boxes [14]. However, in some
cases, birds may lack the necessary nesting training or have restricted access to the nest
boxes, leading to floor laying. Cleaning and drying nest boxes, using soft and comfortable
materials, and creating a dimly lit environment can make it more attractive for birds to lay
their eggs [14,15]. Similarly, providing young pullets with a perch also helps to reduce floor
eggs [16]. A delayed collection of mislaid eggs can also encourage other birds to lay on
the litter floor and become habituated to this behavior [5,17]. Moreover, mislaid eggs that
are not promptly collected are at an increased risk of bacterial contamination from litter or
manure [7] and can be eaten or broken by other birds [5].

According to Santos et al. [18], the rapid rise in the global population and shifts in
dietary preferences have brought production technology research to the forefront. Opti-
mizing production by providing adequate environmental conditions supports producers
in increasing efficiency and productive sustainability. Reducing mislaid eggs is the most
challenging management aspect to ensure egg quality and safety. The Food and Drug
Administration (FDA) in the United States [11] and the European Food Safety Authority
(EFSA) in Europe [19] are aware of how mislaid eggs can harm consumers. That is why
they mandate that food producers have strategies to prevent mislaid eggs and ensure
safe products. As a result, many food producers, researchers, and other agencies have
adopted approaches like regular inspections [20], employee training [20], sanitation [21],
and using technology like egg detection systems to detect defective eggs [22] and make
their food products safer. Recent technologies, such as automated floor monitoring systems
and computer vision, have also been developed to detect mislaid eggs [17,23,24] and floor
egg-laying behavior (FELB) [5]. These systems use cameras to monitor hens’ FELB or detect
eggs outside the designated nesting area. These technologies allow producers to identify
problem areas and take corrective action, reducing the number of mislaid eggs.

The cage-free housing system, commonly used for raising egg-laying hens, has been
known to cause the development of dark areas within the housing area, which might be
due to various pieces of equipment such as fans, heaters, perches, drinkers, feeders, or
the whole aviary structure present [25]. This equipment blocks the light and creates dark
areas or spots (where the light intensity is lower than other places within the room) on the
floor (Figure 1). These areas can trigger the hens to perform mislaying behavior, which
refers to laying eggs in areas outside their designated nests [26]. Hens may be drawn to
these areas because they perceive them as safe, secluded nest areas. However, this behavior
can have negative consequences for both the hens and the farmers, resulting in decreased
egg production and an increased risk of egg breakage and egg-eating behavior [5,6,27].
Therefore, farmers and researchers need to identify and address the underlying causes
of mislaying behavior to ensure the health and productivity of their hens. Research on
mislaid eggs in cage-free housing has been ongoing and is examining the causes, impacts,
and possible mitigation solutions. One potential solution that has been explored is the
provision of high-intensity lighting in dark areas of the production facility [25,26], as it
encourages hens to lay their eggs in designated nesting areas. The theory was that hens
lay eggs in dark areas, leading to mislaid eggs. Therefore, providing additional lighting
can help to reduce the number of mislaid eggs. This research hypothesizes that providing
additional lighting in darker areas decreases mislaid eggs and mislaying behaviors in hens.
The objective of this study was to evaluate the effectiveness of providing additional light in
darker areas in reducing (a) the number of mislaid eggs and (b) FELB.
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Figure 1. Experimental room showing (a) shadows from equipment that cause a dark area, (b) floor 
egg-laying behavior of hens, and (c) mislaid eggs on the floor litter in a darker area. 

2. Materials and Methods 
2.1. Ethical Approval 

This study was conducted at the University of Georgia’s Poultry Research Center in 
a facility where laying hens were raised on the litter floor. Four identical experimental 
rooms were used in this research, and all procedures were approved by the Institutional 
Animal Care and Use Committee (IACUC) prior to the start of the study (AUF#: A2020 
08-014-A1, approved on 5 October 2020). 

2.2. Housing and Management 
Each room in the facility measured 7.3 m in length, 6.1 m in width, and 3.1 m in height 

(Figure 2). Each room raised 180 laying hens (Hy-line W-36) from 27 to 30 weeks of age 
(WOA). The litter space in each room (excluding perches and other equipment) was ap-
proximately 37.9 square meters (408 square feet), with a stocking density of 0.21 square 
meters of litter floor space per bird, which is higher than the recommended stocking den-
sity (minimum 1.5 square feet/hen) for commercial cage-free housing in the United States 
[28]. Each room consisted of pine wood shavings (with an initial depth of 2 inches) as 
bedding material and an A-shaped perch of 36.6 m in total length (equivalent to 0.2 m of 
perch space per bird). In addition, 4 nest boxes (0.71 m2; 0.016 m2 per hen; 45 hens per nest 
box) were provided in each room at 14 WOA to make birds habituate the nesting areas. 
The hens were fed an antibiotic-free mash feed during this research. The diets were for-
mulated in the feed mill located at the University of Georgia’s Poultry Research Center 
with the following nutritional specifications: metabolizable energy: 1.26 MJ/hen/day, 
crude protein: 16.70 g/day, calcium: 4 g/day, and digestible phosphorus: 0.40 g/day. Hus-
bandry and management followed the Hy-Line W-36 commercial layers management 
guidelines [29]. 

Figure 1. Experimental room showing (a) shadows from equipment that cause a dark area, (b) floor
egg-laying behavior of hens, and (c) mislaid eggs on the floor litter in a darker area.

2. Materials and Methods
2.1. Ethical Approval

This study was conducted at the University of Georgia’s Poultry Research Center in a
facility where laying hens were raised on the litter floor. Four identical experimental rooms
were used in this research, and all procedures were approved by the Institutional Animal
Care and Use Committee (IACUC) prior to the start of the study (AUF#: A2020 08-014-A1,
approved on 5 October 2020).

2.2. Housing and Management

Each room in the facility measured 7.3 m in length, 6.1 m in width, and 3.1 m in
height (Figure 2). Each room raised 180 laying hens (Hy-line W-36) from 27 to 30 weeks of
age (WOA). The litter space in each room (excluding perches and other equipment) was
approximately 37.9 square meters (408 square feet), with a stocking density of 0.21 square
meters of litter floor space per bird, which is higher than the recommended stocking density
(minimum 1.5 square feet/hen) for commercial cage-free housing in the United States [28].
Each room consisted of pine wood shavings (with an initial depth of 2 inches) as bedding
material and an A-shaped perch of 36.6 m in total length (equivalent to 0.2 m of perch
space per bird). In addition, 4 nest boxes (0.71 m2; 0.016 m2 per hen; 45 hens per nest box)
were provided in each room at 14 WOA to make birds habituate the nesting areas. The
hens were fed an antibiotic-free mash feed during this research. The diets were formulated
in the feed mill located at the University of Georgia’s Poultry Research Center with the
following nutritional specifications: metabolizable energy: 1.26 MJ/hen/day, crude protein:
16.70 g/day, calcium: 4 g/day, and digestible phosphorus: 0.40 g/day. Husbandry and
management followed the Hy-Line W-36 commercial layers management guidelines [29].

2.3. Experimental Design and Treatment

The temperature, lighting system, and ventilation rates in each room were controlled
using the Chore-Tronics Model 8 controller. The light duration was maintained according to
the Hy-line management guidelines, with the lowest light period being at 27 WOA (15.5 h)
and the highest at 29 to 30 WOA (16 h) during the laying hen peaking phase (the hen’s
life cycle age from 17 to 37 WOA). In addition, the light intensity in all rooms was kept at
12 lux (11.9 ± 1.8 lux) before starting the treatment to decrease the prevalence of pecking
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behavior (the aggressive behavior of hens when one hen pecks at another) among laying
hens previously observed in pullet rearing [30].
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Figure 2. Experimental cage-free room used for this research.

The cage-free housing system consists of equipment attached to the ceiling, such as a
heater, fan, feeder, and perches, that can block light and cause dark areas. This study found
that the heater and circulating fan cause dark areas (low light intensity places compared
to other places within the room). That is why we introduced additional light as treatment
in those places in each room to maintain uniformity of light intensity. Since the mislaid
egg counts varied significantly between the rooms before the treatment started (Figure 3),
this study uses the before (without the addition of additional lighting in darker areas) and
after treatment (addition of additional lighting in darker areas for uniform room lighting)
concept. Data collection was conducted for 4 weeks (the first 2 weeks before treatment and
the following 2 weeks after treatment) in each room.

2.4. Data Collection and Calculations
2.4.1. Floor Eggs

Eggs in each room were manually collected daily from 27 to 30 WOA. The percentage
of eggs laid on the floor or mislaid eggs each week, from week 27 to 30 WOA, was
determined using the mathematical formula in Equation (1). Similarly, percentages of
mislaid eggs before and after treatment and mislaid eggs reduction changed over time and
were calculated by the formulas given below:

Weekly mislaid egg rate (%) =
Mislaid eggs in a week

Total eggs in a week
× 100 (1)

Before treatment mislaid egg rate (%) =
Mislaid eggs before treatment

Total eggs before treatment
× 100 (2)

After treatment mislaid egg rate (%) =
Mislaid eggs after treatment

Total eggs after treatment
× 10 (3)

Mislaid eggs reduction rate (%) =
(Before treatment − After treatment) mislaid eggs

Before treatment mislaid eggs
× 100 (4)
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Figure 3. Floor egg counts observed before treatment in experimental cage-free rooms. The letters
that differ are statistically significant at p < 0.05 (n = 4). Error bar represents the standard deviation.

2.4.2. Nest Eggs

Nest eggs were collected manually every day from each room and analyzed weekly. In
addition, weekly nest egg, before and after treatment eggs number, and percentage increase
in nest eggs were calculated by the formula given below:

Weekly nest egg rate (%) =
Nest eggs in a week
Total eggs in a week

× 100 (5)

Before treatment nest egg rate (%) =
Nest eggs before treatment
Total eggs before treatment

× 100 (6)

After treatment nest egg rate (%) =
Number of nest eggs after treatment

Number of eggs after treatment
× 100 (7)

Nest egg increment rate (%) =
Before treatment nest eggs − After treatment nest eggs

Before treatment nest eggs
× 100 (8)

2.4.3. Floor Egg-Laying Behavior Monitoring

Floor egg-laying behavior is the primary cause of mislaid eggs. To better understand
this behavior, a study was conducted where 6 focal hens performing FELB were randomly
selected from each room. These focal hens were given lightweight harnesses (8.4 g; made
by our researcher) three days before the study began to make them accustomed to wearing
them. Each harness was labeled 1–6 to help identify the individual hens (Figure 4). The
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FELB of these focal hens was recorded 24 h a day from 27 to 30 weeks of age using six
cameras attached to the ceiling of each room to capture an overview of the entire space.
After the research was completed, videos recorded during daylight hours (16 h, from 5 a.m.
to 9 p.m.) were analyzed in detail to differentiate between focal hens that were laying eggs
on the floor (recorded as “0”) and those that were inside the nest boxes or not performing
FELB (recorded as “1”). A duration of 5 min was selected to conduct this study, as previous
research had indicated that focal hens typically spend at least 5 min during nest-laying
behavior [13]. Therefore, if the focal hens remained inside the nest boxes or were not seen
performing FELB for more than 5 min, they were recorded as “1”; otherwise, they were
recorded as “0”. This distinction was made based on close observation of the recorded
videos taken daily; however, one day of the video was randomly selected each week for
analysis. Similarly, the video recordings were observed closely to determine the total time
spent by each focal hen performing FELB on the floor.
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2.5. Statistical Analysis

This study used four rooms as the experimental unit or replicates to track floor eggs
and six individual focal hens for FELB observations. Additional lighting was used to ensure
consistent light intensity throughout the rooms before and after treatment. The response
was a reduction of mislaid eggs and FELB. This study included data from two weeks before
and two weeks after treatment, which were analyzed using paired t-tests at a significance
level of 0.05 in R Studio 4.2.1. We also used logistic regression for individual focal hen
FELB data, regardless of whether they performed FELB or not.

3. Results and Discussion
3.1. Light Intensity

This study found that in areas of the poultry house where shadows fell, the light
intensity was significantly lower than in other areas. This low light intensity was a major
reason for increased mislaid eggs. A commercial study of aviary housing revealed that
increasing the light intensity from 5 lux to 20–50 lux beneath the housing reduced mislaid
eggs by up to 80% in the areas where the light was installed [25]. In this study, the low
light intensity was measured to be 8.56 ± 1.29 lux at places where the shadow of different
equipment attached to the ceiling falls. Therefore, additional lighting was introduced above
the shadowed areas to address this issue (Figure 5), resulting in a uniform light intensity
of 12.7 ± 0.2 lux throughout the room (Figure 6). Therefore, it is important to maintain a
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uniform light intensity in poultry housing to prevent hens from laying eggs in undesirable
locations.
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3.2. Floor Egg Reduction

The results of this study show that the introduction of light treatment significantly
affected the percentage of mislaid eggs compared to before treatments (p < 0.05; Figure 7).
Before the treatment, the average percentage of mislaid eggs was 82.7%. After the treatment,
the average percentage dropped significantly to 68.3%. Interestingly, mislaid eggs were
highest in floor-raised compared to the aviary cage-free housing systems (0.2 to 10% mislaid
eggs) [12]. In addition, the percentage of mislaid eggs was higher by 31.6–59.6% [13] and
lower by 88% [31] than in previous research. The higher percentage of mislaid eggs could
be due to housing type [16], environment [31], social interaction [32], litter depth [25],
stocking density [33], genetics [34], or nest boxes occupied by dominant hens [35].
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Figure 7. Average floor egg counts before and after treatment every week in a cage-free hen house
(170 hens). The letters that differ are statistically significant at p < 0.05. The error bar represents the
standard deviation.

The overall reduction in mislaid eggs due to the lighting intensity adjustment was
23.8%. Similarly, the data presented in Figure 8 for daily floor eggs indicate a significant
decrease in the floor eggs after increasing of light intensity in darker areas. The floor egg
reduction attributed to the increased intensity of the light in those places because hens
tend to lay eggs in darker areas naturally [26]. Therefore optimizing the light intensity and
uniformity is critical for managing mislaid eggs in the CF houses.

Mislaid eggs are challenging for CF egg production systems [36], so egg producers
and researchers are desperate for practical solutions to prevent economic losses associated
with mislaid eggs. To combat the issue of mislaid eggs, it is necessary to adopt integrated
mitigation methods that address various factors, including behavioral, hormonal, environ-
mental, and managerial aspects. Mislaid eggs are higher in cage-free floor-raised housing
than in aviary housing, indicating that alternative approaches need to be explored. In
this regard, litter substrate depth and types also reduce mislaid eggs, as highlighted in
a recent study [25]. Therefore, effective management strategies are necessary to reduce
the occurrence of floor eggs and maintain the safety and quality of egg products. Further
research is also needed in this field to identify new and effective ways to mitigate the
problem of mislaid eggs.

3.3. Eggs Laid in Nesting Boxes

The effective approach to increasing nest eggs in CF hen houses or breeder houses
is to provide sufficient nest boxes. However, other factors such as lighting and litter
management can also influence nest egg counts. This study observed that the percentage
of eggs laid in the nest boxes increased from 17.3% to 31.7% after the introduction of the
additional lights in darker area (Figure 9). Similarly, the data presented in Figure 10 for
daily nest eggs indicate a significant increase of nest boxes eggs after treatment compared
to before treatment. Overall, the percentage of nest eggs increased by 69.4%. The increase
in nest eggs could be because of the hen’s instinct to seek out enclosed spaces for laying
their eggs, providing a sense of privacy and security.
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Providing nest boxes early can help reduce floor egg incidence [14]. However, in this
study, nest boxes were provided at 14 WOA, but we still found a higher prevalence of
floor eggs instead of nest eggs. Similarly, by providing adequate nesting space, hens are
more likely to lay their eggs in boxes [37–39], which helps prevent damage to the eggs
and reduces the risk of contamination, ultimately improving the quality of the eggs [40,41].
However, it is important to note that the design and placement of the nest boxes can impact
their effectiveness [42,43]. The boxes should be appropriately sized for the breed of hen
and be positioned in an easily accessible area that offers a sense of privacy and security.
Regular cleaning and disinfection of the nest boxes are also important for maintaining
the health and productivity of the flock [44–47]. In addition, taking measures such as
cleaning and drying the boxes, using comfortable substrates [42,48], and creating a dimly
lit environment can enhance their attractiveness [49,50]. Overall, providing nest boxes is a
vital management strategy for reducing the prevalence of floor eggs in poultry housing.

3.4. Floor Egg Laying Behavior Monitoring

This research observed focal hens and found that some changed their egg-laying
behavior from laying eggs on the floor to nesting. The result was a significant difference
between focal hens that chose to lay eggs in designated nesting areas versus those that
continued to lay eggs on the floor (p < 0.01). Approximately one-third of the hens preferred
to lay their eggs in designated nesting areas, while the others tended to stick to one location
or frequently change locations to find a safer area. The choice of egg-laying location could
be influenced by the dominant hens in the flock, sometimes leading to aggression and
pecking behavior among the hens [51]. When multiple hens lay eggs on the floor together,
piling behavior concerns animal welfare [33,52]. The number of hens laying eggs on the
floor significantly differed when they were in a group versus laying eggs individually
(p < 0.01), which is likely due to piling behavior. To address piling and pecking behavior,
different strategies should be integrated to control FELB. Investigating why hens choose
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certain locations on the floor to lay their eggs could help identify the underlying causes of
FELB in those areas.

3.5. Egg Laying Duration

According to this study, the time spent by individual focal hens laying eggs on the floor
varied significantly (p < 0.05; Figure 11). This study recorded the time taken by 24 labeled
birds to lay their eggs and found that it ranged from a minimum of 12.42 min (0.2 h) to a
maximum of 156.19 min (2.6 h) on the floor. Compared to previous research [13], this study
found that focal hens took longer to lay eggs on the floor than in their nest boxes. This
prolonged duration may be due to disturbances caused by other hens during the laying
period. This study found that out of 24 focal hens, 8 hens performed FELB to lay eggs in a
single attempt, another 8 focal hens in the second attempt, 4 focal hens in a third attempt,
and the remaining 4 hens in the fourth or more than fourth attempt. The average time
taken for a first, second, third, and fourth or more than fourth attempt was 21.30 ± 9.39,
71.45 ± 40.36, 97.34 ± 40.08, and 108.03 ± 69.20 min, respectively. The higher the number
of attempts, the longer it took to perform FELB and lay eggs on the floor.
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Figure 11. Mosaic plot showing the relationship between (a) FELB categorized as “Yes” for hens
engaging in FELB or “No” for hens not involved in FELB and (b) FELB at the same location categorized
as “Yes” for hens performing FELB in the expected location or “No” for hens performing FELB in a
different location. FELB: floor egg-laying behavior.

Overall, this study highlights the significant variation in the time for focal hens to lay
eggs on the floor and the negative impact of disturbances caused by other hens. The findings
also suggest that FELB is not always quick or efficient for hens, especially when laying
eggs on the floor. By shedding light on these factors, this study provides valuable insights
into the behavior and welfare of egg-laying hens in commercial settings. Nonetheless,
limitations exist within this study. For instance, there were challenges in consistently
locating specific focal birds, which could be time-consuming. Furthermore, due to the
similarity in appearance among the hens, it was not possible to track each one individually.

4. Conclusions

In conclusion, this study investigated the effect of lighting management on floor
eggs in the cage-free production systems. Increasing lighting intensity in shadowed areas
resulted in a substantial reduction of mislaid eggs and floor egg laying behavior (FELB) in
laying hens. The introduction of additional lighting led to a remarkable 23.8% decrease



AgriEngineering 2023, 5 2181

in floor-laid eggs. Additionally, our research investigated the floor egg-laying duration,
ranging from 21.3 to 108.03 min for laying an egg on the floor. To enhance the welfare and
productivity of laying hens, future studies should prioritize efforts to mitigate FELB, which
are identified as root cause of mislaid eggs.
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