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ABSTRACT

The rapid growth of broiler chickens can sometimes lead to metabolic disorders, skeletal issues, and excessive
fat deposition, all of which affect chicken welfare and production efficiency. Feed restriction is a questionable
management method used during various growth periods to improve economic efficiency, optimise gut
development, and reduce the prevalence of metabolic and skeletal issues. This study aimed to ascertain the
effect of feed restrictions on physiological and behavioural responses in broiler chickens. A total of 240 day-
old broiler chickens, with an average body weight of 45 + 3 g, were randomly allocated into three treatment
groups. All chicks were fed ad libitum during the starter phase to promote uniform growth and health during
this critical early stage of development. Upon reaching the grower phase (21 days), they were allocated to one
of three experimental groups (n=80), including an untreated group with no feed restriction (FRO), a mild
restriction (FR1) group with feed withheld for evry other days, and a moderate feed restriction (FR2) group
with feed withheld for every two days. Welfare indicators, including feather condition, pecking behaviour,
footpad and skin health, eye, beak, and comb conditions, gait score, body condition, vent pasting, and
respiratory function, were evaluated at 42 days. Significant differences were observed across the feed
restriction groups in feather condition, pecking behaviour, footpad and skin health, gait score, and body
condition compared to FRO. However, respiratory function, condition of the eye, beak, and comb were not
affected. Chickens in the FRO group exhibited superior welfare outcomes, including the highest feather
condition score, lowest aggression levels, healthiest footpads, and optimal body condition. In contrast, the
FR2 group experienced lowest welfare outcomes including lowest feather wear score, higher aggression, and
poor body condition. The present study demonstrated that broiler welfare indicators, such as feather condition,
pecking behaviour, body condition score, gait score, and footpad and skin condition, are significantly impacted
by feed restriction.
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Chock for
updates

INTRODUCTION

Broiler chickens, such as Ross 308, are a specialised breed
of chicken raised exclusively for meat production
(Rasmussen et al., 2023). Through selective breeding and
genetic advancements, broiler chickens have been
optimised for rapid development and high carcass yield
(Neeteson, 2023). Broiler chickens contribute significantly
to the global poultry industry by meeting the growing
demand for poultry products (Kleyn and Ciacciariello,

2021). However, this rapid growth is linked to several
health issues, including ascites, sudden death syndrome,
and leg problems (Bordbar et al., 2025).

Furthermore, one of the major challenges faced in the
broiler industry is the high cost of feed, which accounts for
a substantial portion of production expenses (Alhotan,
2021). To address this, feed restriction (FR) measures
have been implemented to minimise feed costs, as well as
to improve bird health and some disease control (Korver,
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2023). Feed restriction is a potential technique to reduce
feed costs, which entails limiting the quantity or timing of
feed intake (Karaarslan et al., 2023).

In the poultry industry, FR is a management technique
to regulate growth rates and lessen health problems (Yue
et al., 2024). This strategy is particularly effective for
rapidly developing breeds like the Ross 308 broiler
chicken (Riber and Wurtz, 2024). While it is largely used
to improve feed efficiency and reduce expenses, benefits
include cost savings from increased feed conversion
(Alhotan, 2021), a reduction in sudden death syndrome,
mortality losses, ascites, and skeletal sickness (Eshimutu
etal., 2020; Korver, 2023).

Controlled feed intake has been demonstrated to
strengthen immune function and decrease stress-related
disorders in broiler chickens. Moreover, it reduces the
occurrence of infectious diseases, by enhancing immune
competence, improving gut integrity, and lowering
pathogen load through better biosecurity and physiological
resilience (Yan et al., 2025). This effect is achieved
through decreased fat accumulation and improved
physiological resilience (Chaudhary and Mishra, 2024).
Nonetheless, prolonged or severe FR may hurt welfare,
emphasising the significance of implementing balanced
feeding programs that promote both production and
disease resistance.

Chickens on a restricted diet suffer metabolic and
hormonal alterations such as energy storage mobilisation,
decreased IGF-1 levels, increased corticosterone, and
changes in appetite-regulating hormones (Meyer and
Wittert, 2024). These physiological adaptations are
associated with behavioural responses such as increased
foraging, pecking, and stereotypic activity (Karpinska and
Czauderna, 2022).

This study seeks to address existing gaps in research
concerning the impact of FR on broiler chicken welfare,
while offering recommendations for balancing optimal
growth performance with ethical welfare considerations.

MATERIALS AND METHODS

Ethical approval

This study was conducted in strict accordance with
established ethical guidelines for animal research and
welfare. The experimental protocol was approved by the
University of Limpopo animal research ethics committee
(AREC), certificate number AREC/06/2024; and adhered
to the guidelines established by the World organisation for

animal health (OIE) to ensure the welfare of animals used
for scientific purposes.

House preparation

The experimental house was carefully cleaned using
water and disinfectant (Virukil, South Africa). After
cleaning, the house was kept open for a week to disrupt
the life cycle of any microorganisms that the disinfectant
was unable to remove. The experimental house was
divided into sixteen floor pens, each measuring around 2.5
mZ. Fresh sawdust was scattered to a depth of 7cm.

Study design and procedures

The study used 240 Ross 308 broiler chicks from
Angela Feeds in Polokwane that were one day old and
weighed between 20 and 45 grams. The chicks were
randomly assigned to three treatment groups in an entirely
random approach replicated five times, with each group
consisting of 16 birds per pen. The treatment groups
included a no feed restriction (FRO) group, FR1 restriction
group (from day 21 to 42 of age) with mild restriction for
every other day (one day), and FR2 moderate restriction
for every two days (from day 21 to 42 of age). The chicks
were provided with starter feed from day-old up to 21 days
of age to support rapid growth and bone development.
From day 22 to day 28, the chickens were fed grower feed
to ensure consistent growth and muscular development, in
accordance with their restriction schedule and the NRC
(1994) recommendation.

The chickens were provided with finisher feed from
day 29 to day 42, during the final stage of growth for
muscle maintenance. Feed intake, growth rate, active
performance, and body weight were recorded weekly to
monitor the welfare indicators. The study used a 16-hour
light and 8-hour dark lighting cycle for broiler chicks,
keeping the light intensity between 20-25 lux and altering
the schedule to enable handling and monitoring while
guaranteeing optimal feed intake and welfare.

Standard management practices were adhered to
throughout the experiment. The broiler house temperature
was maintained between 32 + 34 °. Relative humidity was
kept at 50%, and adequate ventilation was provided to
maintain air quality and prevent heat stress. Clean water
and feed were supplied ad libitum. Litter was properly
managed, bird health was checked daily, and biosecurity
measures were implemented to prevent disease outbreaks.

Live coccidiosis vaccine (Paracox®) Intervet South Africa

(Pty) Ltd was supplemented orally through feed when they
were one day old.
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Table 1. Nutritional and environmental essentials for optimal broiler chicken performance

Nutrient Component

Starter (1-21 days)

Grower (22-35 days) Finisher (36-42 days)

Metabolizable energy (MJ/kg) 125
Crude protein (%) 220
Crude fat (%) 45
Crude fibre (%) 3.0
Calcium (%) 1.0
Available phosphorus (%) 0.45
Lysine (%) 13
DL-Methionine (%) 0.55

13.0 13.2
20.0 18.0
5.0 55
3.5 4.0
0.9 0.8
0.40 0.35
11 1.0
0.45 0.40

Source: NRC (1994)

Data collection

At 42 days of age, all chickens remaining in the study
were evaluated using the Welfare Quality Assessment
Protocol for Poultry (Quality, 2009). They were evaluated
for plumage condition, skin wounds/scratches, footpad
dermatitis, hock burns, footpad hyperkeratosis, plumage
dirtiness, bumblefoot, and accumulation of faeces around
the wvent. Welfare indicators were evaluated using
standardised scoring systems to ensure consistent and
reliable assessments. Plumage condition was assessed
using the system developed by Decina et al. (2019), which
categorises feather damage into three levels, including 0
(no damage), 1 (mild damage), and 2 (severe damage),
allowing for evaluation across different body regions.

Footpad dermatitis was scored using a histologically
validated 5-point scale proposed by Michel et al. (2012),
ranging from 1 (no lesion) to 5 (severe lesion affecting
more than 50% of the footpad). Hock burns were
evaluated according to the Welfare Quality® Assessment
Protocol on a 5-point scale, from 0 (no lesions) to 4 (very
severe lesions), a method widely used to assess skin
lesions on broiler hocks. Bumblefoot severity was graded
on a 5-point scale from 1 (superficial lesion) to 5
(necrosis), enabling categorisation of foot infections
(Poultry DVM). Finally, vent pasting was assessed using a
simple binary scale, with O indicating no pasting and 1
indicating the presence of pasting, which is effective for
detecting digestive issues in poultry (Borgonovo et al,
2024).

Four skilled observers assessed the chickens during
the study. The observers were jointly educated on the
technique used for the current study, including how to
discriminate between scores. Furthermore, the chickens in
each pen were dispersed uniformly among the observers,
reducing any potential observer bias. The study used a 16-
hour light and 8-hour dark lighting cycle for broiler
chicks, keeping the light intensity between 20-25 lux and

altering the schedule to enable handling and monitoring
while guaranteeing optimal feed intake and welfare. Four
trained observers visually evaluated the chicks while
discussing various behavioural and physical welfare
scenarios to ensure scoring consistency. Each observer
began assessing chickens in all the pens, each containing
sixteen chickens. After evaluating approximately 25% of
the chickens in one pen, the observer moved on to another
pen. This rotation continued until all chickens in
experimental units had their welfare assessments
completed, ensuring randomisation and minimising
observer bias.

Following the welfare quality assessment protocol for
poultry (2009) slaughter guidelines, the chickens were
humanely killed by cervical dislocation at 42 days of age,
after all welfare evaluations were completed for ethical
compliance. Accuracy, inter-observer consistency, and
adherence to ethical standards were the goals of this
systematic evaluation approach, which was modelled after
the methodology wused in broiler chicken welfare
assessment studies by Riber and Wurtz (2024).

Data analysis

The collected data were analysed using the SPSS
General Linear Model procedure of statistical analysis of
variance (ANOVA) version 27.0 software program. The
Least Significant Difference (LSD) test was used to
separate means. Means were considered significant at 5%
level of significance.

RESULTS

Welfare indicators

The impact of FR on various clinical welfare indices
in Ross 308 broiler chickens is summarized in Table 3.
Significant differences were observed across the treatment
groups in terms of feather condition, pecking behaviour,
footpad and skin condition, gait score, and body condition
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score. No significant difference was observed in
respiratory issues and eye, beak and comb condition (p >
0.05).

Feather condition

Chickens in FRO (no feed restriction) exhibited the
best feather condition with an average score of 4.5,
indicating minimal feather wear or loss. Chicks in FR1
(mild restriction) and FR, (moderate restriction) scored
lower, with average scores of 3.6 and 3.5, respectively,
indicating noticeable loss in feather wear score (p > 0.05).

Pecking behaviour

Feed restriction affected pecking. Aggression, as
measured by pecking behaviour, varied significantly
between groups. The FRO group had the highest score of
4.9, indicating low aggression. In contrast, FR1 and FR2
showed increased aggression, with scores of 2.5 and 1.3,
respectively, reflecting more frequent pecking and injuries
(p > 0.05).

Footpad and skin condition

Footpad health was superior in the FRO group with an
average score of 5.0. Both FR1 and FR2 showed slightly
reduced scores of 4.7, indicating minor footpad irritation
or wear. The differences were statistically significant (p >
0.05).

Gait Score

Gait scores remained relatively good across all
groups, with the FRO group scoring 0.0, indicating no
walking difficulties.FR1 and FR2 showed slightly higher
scores of 0.1 and 0.2, respectively, indicating minor
movement issues (p > 0.05).

Body condition score

The FRO group had the highest body condition score
of 4.0, reflecting good body mass and keel bone coverage.
FR1 scored 3.5, while FR2 had the lowest score at 2.4,
indicating a deterioration in body condition with more
prominent keel bones (p > 0.05).

Weight gain

Figure 1 below shows initial and final weight gain
across different treatments. At day 21, FR also had an
impact on the broilers' weight gain. Initially, FR1 and FR2
chicks had higher mean weights (753.77 g and 734.82 g,
respectively) compared to the FRO group (638 g).
However, the FRO group reached the highest final weight
(2128.63 g) at the end of the research, followed by FR1
(1958.1 g) and FR2 (1300 g), suggesting that FR
considerably decreased weight gain. The FRO group
experienced the greatest weight gain, whereas the FR2
group had the least final weight.

Table 2. Effects of feed restriction on feather condition, pecking behaviour, gait score, body condition, footpad and skin

condition of broiler chickens

Variables FRO FR1 FR2 P-value
Feather condition 45%+ 051 3.6°+0.50 35°+0.51 <001
Pecking 4.9+ 051 2.5°+ 057 1.3°+0.48 <001
Footpad and skin condition 5.0+ 0.18 4.7°+0.47 4.7°+0.48 0.01
Eyes, beak, and comb condition 5.0£0.00 5.0 £0.00 5.0 £0.00 0.01
Gait score 0.0°+0.0 0.1°+0.35 0.22+0.44 0.015
Body condition score 4.0+ 0.00 3.5°+0.51 2.4°+0.49 <001

A Means in the same row with different subscript letters are significantly different (p < 0.05). FRO: No feed restriction (Control). FR1: Mild feed restriction.

FR2: Moderate feed restriction

2500

2000

1500

1000

Weight (g)

500

CONTROL TREATMENT 1

m Initial mean weight (g)

TREATMENT 2

1 Final mean weight (g)

Figure 1. Effect of different levels of feed
restriction on weight gain in broiler chickens from

21 days to 42 days. Control (FRO): No feed restriction.
Treatment 1 (FR1): Mild feed restriction. Treatment 2 (FR2):

Moderate feed restriction
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DISCUSSION

The findings highlighted the complex trade-offs between
feed management strategies and brioler chicken welfare,
particularly in terms of physical health, behaviour, and
performance. The data provide important insights into how
FR can affect feather condition, behavioural indicators
such as pecking and gait.

Welfare indicators

In the present investigation, FR altered feather
condition. This resulted in reduced feather quality and a
decline in overall welfare indicators in Ross 308 broiler
chickens. Broiler chickens subjected to FRO treatment
showed mild feather damage and minimal feather loss.
This might be because the nutrients needed for feather
growth and maintenance are readily available. Significant
feather loss was seen in broiler chicks exposed to FR1 and
FR2. Nutritional deficiencies, especially in vitamins,
protein, and minerals necessary for feather development,
could be one of the causes (Taylor et al., 2025).

The study has shown that nutritional stress
significantly impacts the development of ornamental
plumage in chickens, with poor feather quality serving as
an indicator of compromised health (Tahamtani et al.,
2024). However, Taylor et al. (2025) postulated that FR is
linked to increased stress and hostility in hens. As a result,
chickens may engage in more pecking behaviour, which
can result in feather loss or damage (Girard et al., 2017). A
known issue with feed-restricted birds is increased feather
pecking, which can lead to harmful behaviours as a result
of frustration brought on by hunger or boredom.

Additionally, Kemper and Tetens (2024)
demonstrated comparable feather-pecking outcomes in
laying hens under extended FR. Feed restriction also
affected pecking behaviour in this investigation. The FRO
group displayed minimal aggression with a high score of
4.9, whereas pecking aggression was significantly higher
in the restricted groups. The chickens' increased feed
competition and related stress during mealtime may be the
cause of this pecking behaviour. Broiler chickens
subjected to FR1 scored 2.5, and FR2 showed the most
aggressive pecking (1.3). This aggressive behaviour in
restricted groups may reflect increased competition for
resources, which can lead to injuries and poor welfare
outcomes. The differences between the groups highlight
the importance of providing adequate feed to mitigate
harmful behaviours. According to Trocino et al. (2020),
feed-restricted broilers were more aggressive than birds

given ad libitum, especially on mornings when feed was
withheld. This suggests that the motivational state brought
on by restriction directly affects competitive interactions
among birds.

Wourtz et al. (2025) suggest that dietary deficits, which
result in a restricted amount of nutrients such as amino
acids, protein, or minerals, may promote cannibalism and
feather pecking. In contrast, another study suggests that
specialised feeding strategies, such as qualitative FR, can
reduce aggressive behaviours by improving feed
satisfaction and reducing competition among chicks (Yan
et al., 2021). In contrast, Pizolotto et al. (2024) discovered
that the ability of chickens to acquire the eating pattern is
diminished when the number of restriction days is
increased.

Footpad and skin conditions were slightly affected by
FR, with the FRO group scoring slightly higher (5.0)
compared to the restricted groups (4.7 for both FR1 and
FR2). Although these observed variations were fairly
minor, the differences were statistically significant. This
implies that FR might not have an impact on footpad
health as it does on other welfare indicators. Despite not
being very large, these differences were statistically
significant. Even slight deterioration can limit mobility
and comfort, raising the risk of secondary infections and
reducing feed intake, so footpad dermatitis is still a
significant  welfare concern for broiler chickens
(Tahamtani et al., 2024).

On the other hand, when properly implemented, FR
can result in notable improvements in footpad health,
according to research by Zukiwsky et al. (2021). This
study indicated that moderate FR, when combined with
suitable environmental conditions, can help reduce the
incidence of footpad dermatitis. This improvement is
achieved by promoting better overall body condition and
minimising obesity-related issues that often worsen
footpad problems. Variations in the feed's nutritional
makeup and the length of the restriction period could be
the cause of this discrepancy, which could have an impact
on general health and well-being (Tahamtani et al., 2024).

Growth and body condition

Feed restriction has significant effects on body
composition and growth performance. Initial and final
body weights, weight increase, body condition ratings,
feed intake, and feed conversion ratio were used to assess
the broiler chickens' growth performance. The FRO group
had the highest body condition score (4.0), indicating
well-covered keel bones, while the restricted groups
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showed significantly lower scores (3.5 for FR1 and 2.4 for
FR2). This finding indicated that feed-restricted chicks
had a much more prominent keel bone, reflecting poorer
body condition, which may compromise their long-term
health.

Furthermore, it has been demonstrated that
quantitative FR lowers overall body mass and carcass fat
deposition in broilers during restriction periods. This could
make skeletal structures like the keel more noticeable
because of decreased muscle and fat accumulation
(Naeem, 2025). The significance underscores the
importance of adequate nutrition for maintaining optimal
body condition in broiler chickens. According to the study
conducted by Zukiwsky et al. (2021), it was found that
FRO (fed ad libitum) led to FR, when implemented
appropriately, can lead to improved growth efficiency and
better overall body condition in broiler chickens. The
variation in the results was due to the duration and timing
of FR.

Gait score also worsened with FR, with the FRO group
showing perfect mobility (0.0), while restricted groups
showed slight increases in gait score (0.1 for FR1 and 0.2
for FR2). Statistically significant differences suggest that
even slight feed limitation can impair movement in birds
due to low energy supply and decreased muscular
development, rather than an increase in disease incidence.
Due to underdeveloped muscles and decreased energy
availability, statistically significant differences indicate
that even a small FR can affect a bird's mobility (Duvall et
al., 2025).

Weight gain

Feed restriction also led to reduced weight gain. The
highest final mean weight (2128.63 g) was attained by
broilers in the FRO group, which received unrestricted
feed. This indicates optimal nutrient intake and growth
potential. The FR1 and FR2 groups, on the other hand,
displayed steadily decreasing final weights (1958.1 g and
1300 g, respectively), suggesting that FR decreased
growth efficiency. These findings are in line with other
research showing that quantitative feed limitation
dramatically lowers broiler body weight gain because of
decreased energy intake and restricted nutrient availability
(Karaarslan et al., 2023; Duvall, 2025).

The study reveals that feed availability significantly
impacts broiler chicken growth performance. Rather than
killing the chickens prematurely, which can lower their
final body weight and market value, producers can restrict
their feed intake during certain growth stages to keep them

from eating excessively while permitting them to reach
market weight by the end of the production cycle.

The FRO group achieves the highest body weight,
while the feed-restricted groups show less weight gain.
This highlights the trade-off between limiting feed costs
and preserving optimal growth and welfare. The
significant differences in weight gain highlighted the
potential trade-offs between feed efficiency and growth,
where FR may reduce costs but at the expense of bird
welfare and performance (Ramankevich et al., 2025).
Conversely, a study by Zukiwsky et al. (2021) found that
FR can lead to compensatory growth when chicks are
allowed ad libitum feeding after a period of restriction.
The study found that feed-restricted birds often exhibit
increased feed intake during refeeding periods, which can
mitigate some negative impacts on overall weight gain and
body condition. The difference in the results may be due to
the different compositions of feed used by the treatments.

CONCLUSION

The study's findings show that restricting feed lowers body
condition, growth performance, and some welfare metrics
like pecking behaviour and feather condition. Although
FR may result in lower feed costs, these advantages are
outweighed by the harm done to overall welfare and
physical development, especially at moderate to severe
restriction levels. Research indicates that restricting
dietary intake causes stress-related behaviours, especially
pecking, as well as decreased body health and lower final
weights. These findings highlighted the need for careful
implementation of FR practices to ensure a balance
between economic efficiency and animal welfare. Further
studies are needed to identify alternative feeding strategies
that support both optimal welfare and performance in
broiler chickens.This study was subject to several
limitations. The experimental period was relatively short
(21-42 days) and focused solely on the grower—finisher
phase, which may not adequately reflect long-term
responses to FR. Generalizability to other strains or sexes
is restricted by the exclusive use of Ross 308 broiler
chickens. Even when environmental variables like
humidity and temperature are controlled, there may still be
slight impacts on behaviour and welfare reactions. There is
a chance of observer bias when using visual observations
for behavioural assessments. Other significant signs, such
as immunological response or oxidative stress markers,
were not included in the evaluation of the chosen welfare
criteria. Finally, the study's relevance to commercial
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broiler operations may be diminished by its controlled
setting
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