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Simple Summary: Studies on animal behavior and welfare have reported that improving the man-
agement practices of pullets can enhance their growth, as well as their physical and mental condition,
thus benefiting the productivity of laying hens. Therefore, in this review, we elaborated on the
key effective farm management measures, including housing type and matching, flock status, and
environmental management and enrichment, to provide the necessary information to incorporate
welfare into chicken rearing and its importance in production, with the aim of improving the quantity
and quality of chicken products.

Abstract: Studies on animal behavior and welfare have reported that improving the management
practices of pullets can enhance their growth, as well as their physical and mental condition, thus
benefiting the productivity of laying hens. There is growing confidence in the international com-
munity to abandon the conventional practices of “cage-rearing and beak-trimming” to improve
the welfare of chickens. Therefore, in this review, we summarized some of the effective poultry
management practices that have provided welfare benefits for pullets. The results are as follows:
1. Maintaining similar housing conditions at different periods alleviates fear and discomfort among
pullets; 2. Pullets reared under cage-free systems have better physical conditions and temperaments
than those reared in cage systems, and they are more suitable to be transferred to similar housing
to lay eggs; 3. Improving flock uniformity in appearance and body size has reduced the risk of
pecking and injury; 4. Maintaining an appropriate population (40–500 birds) has reduced flock
aggressiveness; 5. A combination of 8–10 h of darkness and 5–30 lux of light-intensity exposure via
natural or warm white LED light has achieved a welfare–performance balance in pullets. (This varies
by age, strain, and activities.); 6. Dark brooders (mimicking mother hens) have alleviated fear and
pecking behaviors in pullets; 7. The air quality of the chicken house has been effectively improved by
optimizing feed formulation and ventilation, and by reducing fecal accumulation and fermentation;
8. Complex environments (with litter, perches, straw bales, slopes, platforms, outdoor access, etc.)
have stimulated the activities of chickens and have produced good welfare effects. In conclusion, the
application of comprehensive management strategies has improved the physical and mental health
of pullets, which has, in turn, improved the quantity and quality of poultry products.

Keywords: welfare; pullet status; housing type; environmental management

1. Introduction

In recent years, animal welfare campaigns and studies have increased worldwide. A
series of “group-rearing and untrimmed” strategies for poultry farming, combined with
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the selection of good-tempered pullets, the integrated application of various environmental
enrichments, and the adoption of appropriate management measures, can effectively
promote the welfare of chickens, especially at early ages [1,2]. Pullets with well-developed
musculoskeletal and nervous systems easily adjust to various complex environmental
changes, thereby significantly reducing the incidence of fear and pecking during laying
(even if kept in traditional laying cages after rearing) [3,4], and they exhibit better health
and production performance, thereby producing quality products [5–7]. Therefore, the aim
of this review is to elaborate on key, effective farm management measures, focusing on
three main aspects, including housing type and matching, flock status, and environmental
management, to provide information needed to incorporate welfare into chicken rearing
and to discuss its importance in production.

2. Housing Type and Matching

Currently, in poultry production, pullets are rearing in multilayer colony cages or
cage-free houses, and they are later transferred to laying systems consisting of four options
(cages, barns, aviaries, and outdoor ranges). Such a shift requires the flock to adapt to
the new environment, which can be more or less stressful depending on the matching of
different housing types. Major shortfalls and solutions to current laying housing systems
and management practices that require immediate attention are discussed in these two
rearing systems, as shown in Table 1.

Table 1. The matching effects of different housing types on transfers from rearing to laying.

Rearing Type Housing Conversion Matching Effects References

Cage rearing

To aviaries Higher risk of feed waste, dehydration, and
ground eggs Tauson 2005 [8]

To aviaries Prone to flight accidents, keel fractures, and vent
pecking Gunnarsson et al., 1999 [9]

To perches chicks exposed to perches earlier behaved better at
moving between the layers later. Gunnarsson et al., 2000 [10]

To floor barns with perch Delaying access to perches for at least 10 weeks Mitchell et al., 2015 [11]

To enriched colony cages *
Reduces discomfort, enhances the development of

bone mass parameters better than those of the
traditional cage layers

Regmi et al., 2016 [12]

Cage-free rearing

From aviaries or cages to the same
housing type or enriched cages

Total medullary and pneumatic bone weight and
ash content scores from high to low were A-A, C-E,

A-C and C-C hens, respectively
Neijat et al., 2019 [13]

From aviaries to furnished cages
at 16 weeks

Mortality (20–76 wk) is higher (5.52% vs. 2.48%)
than cage-reared birds Tahamtani et al., 2014 [14]

From aviaries to cages Early transfer (16 weeks or earlier) could reduce
mortality and increase nest eggs Janczak et al., 2015 [15]

From aviaries to enriched cages *
Fewer acceleration events and collisions during

daytime at 21 and 35 weeks of age, and more
high-perching compared to conventional cages

Pulin et al., 2020 [16]

From aviaries to enriched cages at
16 weeks *

Lower levels of fearfulness indicated by spending
less time away from the novel object at 19 and

21 weeks compared to conventional cages
Brantsæter et al., 2016 [17]

From aviaries to * aviaries More eggs in the nest compared to barn-reared
hens Colson et al., 2008 [18]

To outdoor * The high outdoor hens showed the highest spleen
and empty gizzard weights Md Saiful et al., 2020 [19]

To modified cages (with 2 nests
each) *

Expressed a full repertoire of pre-laying activities;
displacement behaviors and pacing were less

frequent; more eggs in the nest than conventional
cages without nests

Shervin et al., 1993 [20]

* Indicates the best matching effects.
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2.1. Cage Rearing and Transfer Effects

Cage rearing system is the most predominant system of rearing chickens worldwide,
in which birds are fed and watered in prefabricated cages with specific dimensions for
efficient management [8–10].

The cage rearing system of keeping chickens is faced with key problems that affect the
welfare of the birds. First, due to the lack of life experience in three dimensions, cage-raised
pullets that lay eggs in aviaries are at a higher risk for feed waste, dehydration, and ground
eggs [8], as basic needs (such as feed, water, perches, and nest boxes) are usually placed
at different tiers in the aviary. Flocks without aviary experience are also prone to flight
accidents after transition, resulting in keel fractures and a high rate of vent pecking [9]. In
addition, chicks exposed to perches from hatching behaved better at moving between the
layers of the coop at 16 weeks than those first exposed to perches at 8 weeks [10]. Delaying
access to perches and laying nests until 25 weeks of age usually affects movement, use of
vertical space, and the nocturnal falls of pullets for at least the next 10 weeks. Moreover,
dust particles, management level, and total costs of aviaries are much higher than those
of colony cages (including perches, dust bath mats, and laying boxes during the laying
period) and traditional floor barns [11]. Therefore, it is important to avoid transferring
cage-raised pullets to aviaries for laying in the production system. However, if necessary,
the transition should be completed before 17 weeks of age with a supply of perches and
laying nests [21,22].

Nevertheless, transferring cage-reared pullets to enriched colony cages for laying
greatly reduces the discomfort, as well as the density and hardness of the tibial cortex
of hens in the later laying period, over that of traditional cage-layers, indicating that
the enriched cages provide opportunities for the hens to exercise, which enhance the
development of bone-mass parameters [12].

2.2. Cage-Free Rearing and Transfer Effects

Compared with cage-reared pullets, cage-free-reared pullets show better adaptability
and bone-bearing capacity [13], and they are usually transferred to one of the four current
laying systems: battery cages, conventional barns, aviaries, or outdoor ranges.

Previous studies have shown that, in the first few days after the transition of pullets
reared in an aviary to a laying system consisting of one of the four options (cages, barns,
aviaries, and outdoor ranges), transfer results in crouching; however, there is no difference
after 15 days of transition [23,24], which means hens habituate to new spaces in a relatively
short period. Meanwhile, compared to the cage-reared birds, mortality in furnished cages
caused by frustration and feather pecking is higher among aviary-reared pullets, suggesting
that their later welfare may be compromised [14,25,26]; however, early transfer to a laying
aviary (16 weeks or earlier) could reduce this effect [15]. In addition, pullets transferred
from aviaries to enriched cages exhibit less fear, more dust bath activity, and use higher
perches compared to cage-reared pullets [16,17]. Similarly, a study showed that birds
reared in an aviary have higher laying rates in the nest, as compared to those reared in a
barn-housed group [18].

Compared with the pullets kept indoors, outdoor-range-reared pullets showed im-
proved growth and development because they were exposed to available natural light. The
reason for this is that those pullets that are kept outdoors are free to exercise, which readies
them to utilize the available outdoor area as adults and thus improve their health [19,27]. A
study has achieved similar effects by adopting aviary or other enrichment methods during
rearing to optimize the growth and development of pullets, and the follow-up effect of
outdoor stocking. This could help pullets to adapt to the laying environment, thereby
encouraging hens to lay eggs in their nests [20].

In summary, cage-free-reared pullets are raised with abundant environmental stim-
ulation and provided with enough space for exercise, improving skeletal characteristics,
reducing fear, and enhancing adaptability, compared to the cage-reared ones. Worldwide,
we can find producers and technicians who need to be convinced about these systems. It is
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therefore recommended that pullets raised in cages should not be transferred to aviaries
to lay eggs, but rather should preferably be transferred to enriched cages. Again, it is
recommended that if the goal is to lay eggs in an aviary, it is better to rear pullets in an
aviary. If aiming for free-range laying, it is better to provide pullets with the necessary
outdoors experience as early as possible.

3. Flock Status

Good feather and physical condition of pullets are parameters that are used to predict
high egg production and low mortality rates, and the welfare of pullets can be improved by
ensuring flock uniformity, appropriate flock size, distribution, and stocking density [1,28].

3.1. Flock Uniformity

Flock uniformity includes consistency in body weight, feather color, and state. Studies
have shown that preventing underweight conditions in pullets, increasing flock uniformity,
and preventing pain and lameness among chickens could reduce the risk of pecking and
cannibalism [15]. Furthermore, a study by Janczak et al. (2015), reported that Lohmann hens
with a uniformity above 90% at 15 weeks old have a lower mortality rate during the laying
period than flocks with uniformity rates between 85 and 90% or below 85%, whereas the
average body weight at 15 weeks old had no effect on mortality [15]. In addition, a survey
of 122 Canadian egg farms found that isolating chickens with abnormal conditions (such
as being underweight, having messy or prominent plumage, or suffering from surface
lesions or lameness) could reduce the risk of severe feather pecking and cannibalism
(chickens pluck feathers from their companions for fiber rather than simply swallowing
naturally shed feathers), as chickens with different appearances or behaviors are vulnerable
to attack [29]. Therefore, the level of harmful pecking behavior can be significantly reduced
through a combination of lighting, feeding, and flock adjustment [30], and a “no trimming”
policy is expected to be incorporated into the sustainable egg-production system [31].
However, these management tasks are highly dependent on the conscientiousness and
competence of the farm staff.

3.2. Flock Size and Distribution

Since social animals usually behave synchronously, resources should be allocated on
the basis of flock size, stocking density, and behavior, especially in non-cage production sys-
tems. Several studies on the effects of feather pecking and aggression on the social behavior
of pullets and laying hens have shown that aggressive pecking is most common in smaller
flocks, possibly because these birds usually form social hierarchies, whereas birds in larger
groups often have trouble distinguishing between familiar and unfamiliar companions and
then develop tolerance strategies, so they tend to be less aggressive [32–34]. Furthermore,
with increasing group size, chickens became less vigilant, with more hens resting on the
lower perch [35], fewer birds roosting on higher perches, and more birds engaging in preen-
ing on the floor [36]. In cage-free systems, smaller flocks tend to have a higher proportion of
outdoor activities [37], which can reduce pecking injuries. Therefore, the flock size should
be controlled at fewer than 500 [38,39] and more than 40 individuals [32–34].

A study on the behavioral synchronization and spatial clustering of commercial pullets
reported that the relative synchronization degree of ingestion, drinking water, resting, and
preening declined exponentially as flock size (5–120 individuals per group) increased
although the absolute number of pullets increased. Among these behaviors, preening was
the most synchronous behavior (more than twice that of the least synchronized behavior),
and feeding was the most clustered behavior in space (three times more clustered than
the other behaviors) [40]. This demonstrates the importance of providing sufficient space
(especially feeding space) for individual birds, which is more important in small flocks
(more synchronous) than in large or cage-free flocks.
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In general, ensuring that all pullets are occupied during the day, as well as avoiding
their pecking at each other, is very important to improve the welfare of pullets, and this can
be achieved by adopting proper housing systems and using the correct stocking density.

3.3. Stocking Density

Stocking density can influence the health condition and adaptability of pullets during
the rearing stage. Usually, decreased stocking density and the provision of proper envi-
ronmental enrichment can reduce plumage damage. The maximum suitable density of
16-week-old laying pullets is 11–14 per m2 without environmental enrichment, and it is
important to adjust the density required by different breeds of chickens through behavioral
observation [41]. In the presence of enrichment (pecking stones, pecking blocks, and alfalfa
bales), the stocking density can be properly increased, and the increasing effect can be
better than simply decreasing the stocking density (from 22 to 17 pullets per m2) [42,43].
Crowded pullets exhibit more anxious behaviors and elevated corticosterone levels in
their plasma and feathers, which could impair the adaptability of the pullets and cause
long-term, adverse consequences [44].

In addition, studies have shown that different hens occupy different spaces when
expressing different behaviors. On average, compared with a white hen, a brown hen
needs 89.6 cm2 more space when standing, 81.5 cm2 more space when lying, 572 cm2 more
space when flapping, 170.3 cm2 more space when dust bathing, and 3.38 cm more length
while perching. Hens of all strains were wider when roosting than the recommended 15 cm
per hen. Therefore, various factors (including breed type, body size, flock size, stocking
density, environmental management and enrichment, facility layout, and synchronicity)
should be comprehensively considered in the development of industry guidelines and
regulations [45,46].

4. Environmental Management

Chickens are naturally disposed to fearfulness and sensitivity, whereas young red
jungle fowls exhibit fear responses and flight behavior for a few days post-hatch [47].
The peak for fear responses exhibited by chicks is within 10 days of hatching, and this
is due to their visual development and novelty evaluation [48,49]. Stress reduces feed
intake and growth and impairs immune response and function, resulting in high disease
susceptibility [50]. Therefore, appropriate environmental management in production
systems is beneficial for alleviating fear and stress among chickens.

4.1. Lighting Management

Light is an important environmental factor which could influence the behavior, growth,
productivity, and welfare of poultry via three characteristics based on the natural photope-
riod: duration, intensity, and color/wavelength, with each consisting of multiple practices.
This makes the use of an artificial lighting regimen a popular and complex option for
manipulating laying hen production; however, few studies have been published on the im-
portant early stages of laying hens [51–53]. With the emergence of multiple housing types
and the current accumulation of knowledge of chicken behavior, early light management
of pullets is worth attempting, through adjustments of the three aspects with the concern
of the chicken’s welfare in mind.

4.1.1. Light Duration

Light duration is important for the growth, reproduction, and welfare of chickens. In
poultry production, chickens are confronted with long-light phases. However, extremely
long-light cycles are associated with reduced performance. In the European Union, an
uninterrupted darkness of 8 h for laying hens is mandatory to maintain normal circadian
rhythms and promote maximum rest because intermittent darkness may affect the rest and
feeding of the chickens, resulting in a variety of metabolic and immune disorders [15,54].
Hence, keeping chickens under short-light conditions could lead to stronger responsiveness
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against bacterial infections and better responses to vaccinations [53], and decrease the risk
of vent pecking [55]. Given the freedom to choose different light intensities (<1 lux–100 lux),
W-36 laying hens (23–30 weeks) spent an accumulation of 10.0 h in darkness (<1 lux) per
day, and dark hours were distributed intermittently throughout the day, which differed
from the typical commercial practice of providing continuous dark periods for certain parts
of the day (e.g., 8 h at night) [56].

On the contrary, pullets reared on long durations (14 h to 17 h) mature faster than
birds reared on constant 10 h [57]. Introducing 2 h midnight lighting (ML, 2 h + 12 h)
late in the growing period (12–18 wk) also induced early maturity and had the least egg
production (302) from 18 to 70 wk, whereas providing 2 h ML from 0–18 wk resulted in
the greatest number of eggs (317), and ML given only from 0–12 wk of age had the effect
of delaying maturity and produced a middling number of eggs (310–312) [58]. However,
the midnight lighting treatments had quite minor effects on the growth and feed intake of
pullets according to another study by the same authors [59].

4.1.2. Light Intensity

Light intensity may affect laying hen behaviors and production performance. For
caged, laying hen production, the dominant light intensity (LI) regime is 20 lux in the
early stage, 5–10 lux in the growing stage, and 10–15 lux in the laying period [52].With the
concerns of behavior and welfare, a study revealed that pullets spent more time preening
at 50 lux than at 10 lux, spent more time wall pecking at 10 lux than at 50 lux, and had
higher jumping frequency at 30 lux than at 10 lux [60]. When exposed to extremely high
LI (500 lux [61], 121.8 lux [62]), layers produced smaller eggs in size and total egg mass,
which indicated inadequate feed intake under high LI conditions. When exposed to low
LI (1, 5, 11.9), a reduced rate of egg production resulted [61,62]. Given the freedom to
choose LI, W-36 laying hens (23–30 weeks) generally spent more time in lower LI per day
(an accumulation of 10.0 h at <1 lux, 6.4 h at 5 lux, 3.0 h at 15 lux, 3.1 h at 30 lux, and
1.5 h at 100 lux), and ingested the highest amount of feed at 5 lux (28.4 g/hen, 32.5% daily
total) and the lowest amount at 100 lux (5.8 g/hen, 6.7%) [56]. The above studies revealed
that pullets generally preferred a different intensity of light for different activities; and it
suggested providing light intensities varying between 5 and 30 lux at different locations to
achieve welfare–performance balance.

4.1.3. Light Color/Wavelength

Birds can perceive colored light (400–700 nm) as well as the ultraviolet (UV) portion of
the spectrum (100–400 nm) due to the presence of external retinal cones in their eyes [63].
Light colors may affect poultry behaviors, well-being, and performance and produce
different results. Current mainstream light-emitting diode (LED) lights are better than
incandescent lamps and fluorescent light in energy savings, longevity, and other aspects [64].
With LED lamps widely applied in poultry housing systems, specific light colors (white,
red, blue, green, or combinations) have been investigated as an additional management
tool to achieve better performance and welfare of chickens [53].

Studies have confirmed that pullets exposed to longer wavelengths of light (LWL,
red/yellow/orange) have increased egg production later in life compared to shorter wave-
lengths of light (SWL, blue/green) although responses may vary depending on bird strain
and the intensity of the light used [63,65]. In addition, it was monitored that follicle-
stimulating hormone (FSH) concentration, ovarian weight, and follicle number increased
in hens raised under LWL [66]. The reason is that LWL contains more energy and can
penetrate deeper tissues more easily, thus, releasing more gonadotropin-releasing hor-
mone (GnRH) and FSH, increasing egg production. Some researchers have speculated
that SWL plus higher intensities may produce the same effect as red light, which has been
demonstrated to stimulate an increase of luteinizing hormone (LH) in quails [67].

It was reported that increasing the intensity at shorter wavelengths can compensate
for differences in light-color effects. Moreover, SWL could reduce the activities and fear
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responses of chickens, with younger chickens being more sensitive to green light, whereas
older chickens are more sensitive to blue light [68]. Moreover, providing layer pullets
(54–82 d) freedom to stay under 4 LED color lights, they preferred blue light the most
and red light the least [69], and most pullets preferred to drink under the blue and white
lights [70]. This is understandable because chicks in their natural state often stay under
hens’ wings and rarely encounter red lights. (See the following section on the dark brooder).
Based on the above studies, Wei et al. (2020) exposed chickens to combinations of LED
lights (white light (400–700 nm, WL), blue/green (435–565 nm, BG), and yellow/orange
(565–630 nm, YO), in the following patterns: BG at 1 D–13 wk + YO at 14–20 wk (BG–YO))
on pullets from 1 D to 20 wk, and revealed that, compared with the other treatments, the
YO treatment significantly increased the bone-mineral density of the layer (p < 0.05) and
reached 50% egg production age first; BG–YO treatment promoted the development of the
sexual organs (oviducts and ovaries) of the laying hens at the age of 20 wk (p < 0.05); the
BG–YO and BG treatment had higher serum Ig concentrations at 13 wk of age (p < 0.05) [65].
The results are consistent with the above studies, suggesting and demonstrating that
appropriately using LED lights during brooding and rearing periods could have positive
effects on the immune performance, bone development, and later production performance
of pullets.

Currently, transforming the color of the light to red or dimming the light has been
regarded as an effective method to alleviate the fear responses and reduce the risk of feather
pecking in layers and mortality from cannibalism because it reduces the birds’ ability
to recognize blood and bare skin [71]. However, the red light may interfere with other
wavelengths penetrating the eyes [72], or dim light may not provide enough stimulation
to develop the reproduction system of the pullets. Therefore, red light is best used as a
short-term, curative measure, and not as a long-term, preventive measure, while green or
blue light could have some comforting effects based on the age of birds [68,73]. However,
further studies are needed to confirm the impact of color LEDs as a production practice on
pullets.

Chickens can sense UV light [74], and natural-light-reared pullets showed a preference
for natural light [19] and natural-like light (white LEDs or red + green + blue LEDs to
match the forest understory spectra, 4500 K, with UV) were associated with more active
behaviors and better plumage in laying hens, compared with artificial commercial lighting
(warm white LED, 3000 K, no UV) [75]. The benefits of UV light are mediated through
its ability to activate cholecalciferol from 7-dehydroxycholesterol in the skin, resulting
in improvements in eggshell quality [63]. However, providing sunlight in addition to
standard lighting [76,77] or increasing UV illuminance during the laying period could
increase the risk of pecking because of excessive light intensity [78]. However, lack of UV
light can negatively affect basal corticosterone levels and exploration [79,80], encouraging
feather damage and cannibalism [81].

In conclusion, light duration and intensity are the most important factors that impact
the development, activity, production, and welfare of chickens. This is due to the fact that
light intensity can compensate for short-wave lights (blue/green) to achieve similar effects
of long-wave lights (red/yellow/orange). Pullets can achieve welfare–performance balance
with a guaranteed 8–10 h of darkness, 5–30 lux light intensity exposed by natural-like
or warm white LED (which varies by age, strain, and activities). Red or dim light is a
short-term measure to prevent pecking addiction, whereas short-wave lights have some
comforting benefits on pullets, but this requires further study.

4.2. Dark Brooder

In poultry production, chicks and hens are usually separated, leading to high levels of
stress, fear, crowding, suffocation, injury, and pecking [82]; especially, young free-range
flocks are prone to panic [83].

The presence of hens during the rearing period has an important influence on the
behavioral development of chicks, such as increasing their foraging activity, reducing



Animals 2022, 12, 729 8 of 14

fear [84], and avoiding danger [85,86]. During the first week, the brooding hens pecked
the ground four times as much as their chicks, presumably stimulating pecking behavior.
Such pecking did not result in a higher feather pecking frequency because the chicks were
guided by the hens to peck at materials such as feed and bedding materials [87]. Pullets
with hen-care during their first 53 days of life are less fearful and more socially motivated
between 14 and 29 weeks of age than non-brooded pullets [88]. In addition, brooding hens
guide their chicks to roosting earlier (3.5 days earlier), which reduces the risk of pecking
due to ground congestion [87].

Chicks are more comfortable when resting under the dark wings of hens, but the
development of hen-raising systems that do not endanger animal health or efficiency is a
challenge for research and industry. Hence, the creation of dark brooders (DB, mimicking
hens) with heating and shading effects was introduced. Studies have shown that chicks of
laying hens raised in DB were similar to the effect of brood hens [89,90], with significant
synchronous activities (longer active period and resting period) [91], better feathers and
skin conditions at 23 of weeks age (greatly reducing feather pecking frequency), and lower
mortality [87,92]. Such effects have been reported in commercial chicken production, from
1 to 35 weeks old, and the pecking rate of DB chickens was significantly lower than that of
the control group, while the feather condition was improved with no adverse effects on the
growth rate, weight uniformity, or production performance [73,93].

In conclusion, dark brooders can better simulate the brooding effect of hens, reduce
fear and pecking among chicks, have no adverse effects on production performance, and
have good commercial applications.

4.3. Manure Management

Harmful gases inevitably accumulate in intensive chicken farms and interact with
other environmental components, especially at the stage of sensitive chicks with reduced
ventilation during the cold season [53]. Continuous exposure to high concentrations of
harmful gases can impair the immune system of chickens (resulting in widespread and
secondary infections) [94], behavioral capacity [77], production characteristics, and the
death of chickens [95,96]. Ultimately, this could cause acidification and eutrophication of
ecosystems, which could harm human beings [97].

Usually, the air pollution of chicken houses is mainly caused by NH3 emission pro-
duced by urease degradation of uric acid in feces [98,99]. Therefore, manure management
(especially ammonia control) is a major concern in the poultry industry. The European
Union established Directive 2010/75/EU, and some developed countries have conducted
inventories and measurements of odorants emitted from animal farms [100,101]. In addi-
tion, NH3 emissions usually increase under warm and wet conditions and worsen due to
global warming [97].

Studies have shown that NH3 concentrations are generally high and exceed 20 ppm
(the maximum allowable concentration in European countries) in litter-based housing
types, including floor housing (66–120 ppm) and aviary systems (21–42 ppm), and low
concentrations in furnished cages (3–12 ppm) [95,102]. Moreover, a study showed that
human exposure to ammonia concentration associated with significant pulmonary function
decrements was 12 ppm [103]. Therefore, under different circumstances, it is particu-
larly important to maintain an ammonia concentration below 10–20 ppm in a chicken
house [95,101]. Studies have revealed three main series of methods that can effectively
reduce ammonia emissions in chicken farms: optimizing feed formula and additives to
reduce uric acid excretion; proper drying, collection, or removal of poultry droppings from
the chicken house in time to avoid uric acid decomposition; and centrally decomposing
poultry droppings with manure additives.

Since uric acid excreted by birds is highly related to undigested proteins, it is essential
to reduce the amount of uric acid in feces by avoiding overfeeding chickens with protein
and improving their digestive capacity. Therefore, addition of essential amino acids (such as
lysine and methionine) to substitute part of the protein, is a practical approach for reducing
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the protein level of diets. Furthermore, the addition of feed additives (probiotics) [104],
wheat bran [105], and enzymes [106] (phytase, xylanase, and proteases) can promote feed
digestibility.

To avoid accumulation and decomposition of feces in the chicken houses, a variety
of methods for timely management of manure, such as the timely removal of feces by
belts, scrapers, catchers, or other technological equipment [98]; replacing old litter with
dry (dust-free), clean, fluffy, and mildew-free material; improving barn ventilation while
maintaining an appropriate ambient temperature, or pump in heated air before ventilation
in winter [97], and avoiding decomposition by keeping stacked manure dry in chicken
houses (using fans, no leakage on waterline) [95].

Chicken manure is usually centrally collected and processed in special processing
rooms, with continuous inoculation of probiotics to decompose feces at an appropriate
temperature and humidity [107]. Moreover, spraying on or mixing additives (bentonite,
sugarcane bagasse, and saline additives) with litter can reduce air pollution in chicken
farms [108,109].

Therefore, manure management is an important factor in promoting quality air in the
poultry industry, and an optimal solution can be found through comprehensive measures,
such as optimizing feed formulation, manure ventilation, collection and removal facilities,
and manure fermentation technology.

4.4. Complex Environment (CE)

In addition to the above environmental factors, there are other combinations of facilities
that pullets have a high incentive to enjoy, collectively termed ‘complex environments’ (CE,
with perches, litter, dark brooders, straw bales, slopes, platforms, outdoor access, etc.). CE
has profound and long-lasting benefits for the welfare and stress adaptation of chickens,
especially in the early stage. Studies have revealed that aviary-reared birds have low levels
of fearfulness and use elevated areas of the pen more often compared with cage-reared
birds [110], and CE (perches and dark brooder) birds had a higher resting behavior and
more optimistic response (better resilience), approached ambiguous cues more quickly, and
had lower heterophil/lymphocyte ratios after stressful challenges than birds reared in a
simple environment [111]. Furthermore, when subjected to a predator test at 42 days of age,
chicks (from one day old) reared in CE (perches and litter materials) were characterized
by decreased fearfulness, lower plasma corticosterone, improved gut microbial functions,
lower relative mRNA expression of GR, and elevated mRNA expressions of stress-related
genes CRH, BDNF, and NR2A in the hypothalamus, compared to a litter-materials group or
a barren environment group, thus enabling CE birds to comfortably cope with any future
challenge [112].

Of all the CE, litter is considered unimportant, because it is prone to accumulating
feces, as well as encouraging the spread of diseases, thereby prompting farmers to adopt the
cage-rearing system. However, studies have shown that ectoparasite significantly increases
preen behavior in caged chickens due to the lack of litter material, resulting in messy
plumage, skin lesions, anemia, slow growth, lower egg production, and higher chances
of being pecked [42,113,114]. Recently, studies have reported that changes in intestinal
flora affect neurological diseases (anxiety, depression, etc.) through neural or hormonal
pathways, and environmental enrichment in early life can affect adult behaviors, stress
physiology [1,115], musculoskeletal and neurological development, health, egg quality,
and other long-term benefits of pullets through the brain–gut axis, which could improve
its response capacity in complex environments [116]. Therefore, litter material may have
profound effects by establishing certain connections with nerves or hormones through the
gut flora.

Chickens are selective about bedding material, depending on their physiological status
and the behavior of their companions. They preferred materials such as peat, sand, and
wood chips (which easily seeped into their feathers) for dustbathing, and preferred straws
(long straws are better than short straws) for foraging [117,118]. Even in cage rearing, the
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provision of paper to chicks from day 1 led to less feather damage and fear at 30 wks than
their counterparts [119,120]. Partially or completely removing chicken paper from the cage
without providing other foraging materials caused the foraging behavior of the chicks to
decrease, and the frequency of severe pecking to increase [121]. Therefore, the provision of
appropriate litter materials and litter quality is of great significance for promoting foraging,
dustbathing, and reducing pecking injuries among chickens.

5. Conclusions

In general, the welfare of pullets has been enhanced by several management prac-
tices, such as rearing pullets under cage-free systems, ensuring proper bird’s status and
proper flock size (40–500 birds), providing 8–10 h of darkness and 5–30 lux of different
light-intensity exposure via natural-like LED lights, furnishing appropriate complex envi-
ronments (litter, perches, dark brooders, straw bales, slopes, platforms, etc.), improving
the air quality of the chicken farm through good manure management. However, using
appropriate management systems to promote the welfare of birds is complex due to the
costs of materials, different chicken strains, ages, and diverse activities, as well as different
housing conditions and seasons in different geographical locations. Therefore, there is a
need for intensive education and the development of affordable strategies that will aid
chicken farmers to ensure proper management practices by making use of any available
resources to meet the welfare requirements of pullets and improve productivity.
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