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Abstract

The broiler industry plays an inevitable role in global food security, requiring optimal formulation
strategies tailored to each growth phase, starter, grower, and finisher for sustainable production. This
review explores phase-specific nutrient requirements and their implications for broiler performance,
meat quality, welfare, and economics. During the starter phase (1-10 days), nutrition focuses on
immune development, gut health, and skeletal growth, with high protein and low energy needs. In the
grower phase (11-20 days), nutrient strategies prioritize muscle growth and feed efficiency while
preventing excessive fat accumulation. The finisher phase (21 days to market) aims for optimal body
weight and carcass quality by enhancing high energy and moderate protein intake. Beyond growth,
phase-specific nutrition influences behavior, reducing stress-related behaviors like feather pecking. It
also enhances gut health, improving nutrient absorption and reducing disease risk through additives
like prebiotics and probiotics. Early protein intake affects meat quality by promoting muscle
development and improving meat composition through dietary fat. Welfare is enhanced by addressing
phase-specific issues, such as leg health, metabolic disorders, and immune system, reducing mortality
rates. Economically, tailored diets improve feed conversion ratios, minimize feed waste, and lower
veterinary costs, leading to improved profitability. Overall, precise phase-specific nutrient strategies
optimize broiler performance, welfare, meat quality, and economic efficiency, supporting sustainable
production and meeting consumer demands for high-quality poultry products.
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INTRODUCTION
The poultry industry is one of the fastest-growing sectors in global animal agriculture, driven by the
increasing demand for affordable and high-quality protein sources. Among poultry species, broiler
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starter phase (1-10 days) is a critical window where rapid development of the gastrointestinal system,
immune system, and skeletal structure occurs, necessitating highly digestible protein and energy-dense
diets [1]. As broilers transition to the starter and grower phases (11-20 days), nutrient requirements
shift, with energy-protein ratios needing careful balancing to support continued growth while promoting
feed efficiency [2]. The finisher phase (21 days to market) is primarily focused on optimizing muscle
deposition and preparing broilers for the market, where specific nutrient formulations influence meat
yield and quality [3]. While growth performance is a primary objective, modern broiler production
increasingly recognizes the importance of gut health and behavior. The gastrointestinal tract not only
facilitates nutrient absorption but also serves as a critical line of defense against pathogens. A well-
balanced diet tailored to each growth phase can support the development and maintenance of a healthy
gut microbiota, which plays a vital role in disease resistance, nutrient utilization, and overall well-being
[4]. Phase-specific nutrition, incorporating prebiotics, probiotics, and appropriate fiber sources, has
been shown to enhance gut integrity and reduce incidences of gastrointestinal disorders, thus
contributing to improved feed conversion and productivity [5].

Furthermore, behavior and welfare are closely linked to nutritional strategies. Inadequate or
imbalanced diets can lead to stress, abnormal behaviors (such as feather pecking or aggression), and
compromised welfare, all of which detract from production efficiency [6]. By addressing nutrient needs
in each phase, not only can growth be optimized, but animal welfare can also be significantly enhanced,
reducing stress and promoting more natural behaviors that align with ethical production standards. Meat
quality is a key determinant of consumer satisfaction and market success. Nutritional interventions
during specific growth phases can influence important meat characteristics, such as tenderness,
juiciness, flavor, and nutrient composition [7]. For instance, amino acid profiles, dietary fats, and
vitamins all play crucial roles in muscle development and final product quality. Adjusting nutrient levels
in the finisher phase can lead to enhanced meat texture and flavor, contributing to higher consumer
demand and premium pricing.

From an economic standpoint, phase-specific nutrition offers considerable opportunities for cost
savings and profitability. Efficient nutrient utilization across growth phases minimizes feed wastage,
reduces the occurrence of health issues, and enhances overall production efficiency [8]. Balancing the
cost of feed ingredients with optimal performance outcomes is crucial for ensuring the economic
sustainability of broiler operations, especially considering fluctuating feed prices and market
competition. Furthermore, improvements in welfare, health, and meat quality can translate into better
market positioning and access to premium markets focused on ethical and high-quality poultry products.
Given the complexity of phase-specific nutritional requirements and their far-reaching implications,
this review aims to synthesize current research on broiler nutrition and its effects on multiple facets of
production, including growth performance, gut health, behavior, welfare, meat quality, and economics.
By providing a comprehensive analysis of these interconnected factors, this review will identify key
gaps in knowledge, propose strategies for optimizing broiler nutrition, and offer insights into future
directions for research and industry practices.

The novelty of this review lies in its comprehensive, integrative approach to examining phase-
specific nutrient requirements in broilers, particularly focusing on how tailored nutrition across distinct
growth phases impacts multiple interconnected aspects of production, behavior, gut health,
performance, meat quality, welfare, and economic sustainability. This review goes beyond traditional
growth performance studies by incorporating behavior, welfare, and gut health, offering a holistic view
of how nutrition impacts broiler well-being and productivity. It highlights the underexplored areas of
phase-specific nutrition’s influence on broiler behavior and welfare, which are gaining importance due
to ethical standards and consumer preferences. By examining diet’s role in shaping gut microbiota and
maintaining intestinal integrity across growth phases, the review provides insights into nutrition as a
tool for enhancing disease resistance and overall health. Additionally, it links dietary strategies in the
finisher phase to improved meat quality and market success.
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PHASE-SPECIFIC REQUIREMENTS

Broiler chickens grow rapidly, and their nutrient requirements vary significantly across different
phases of their life cycle. These growth phases are typically categorized into three main stages: the
starter, grower, and finisher stages, each with distinct nutritional needs aimed at optimizing growth,
health, and performance. Proper nutrition management at each stage is crucial for ensuring that broilers
reach their genetic potential, maintain health, and produce high-quality meat.

The starter phase (1-10 days) represents the initial stage of the broiler’s life, where nutrient intake is
primarily focused on supporting immune development, organ growth, and early skeletal formation [9].
During this phase, broilers require high levels of protein (around 23-24%) and energy, as well as
adequate amounts of vitamins (such as vitamins A, D, and E) and minerals (calcium, phosphorus, and
sodium) to promote healthy growth. The importance of gut health is paramount at this stage, as the gut
microbiota is still developing. Inadequate nutrition can compromise gut barrier function, predisposing
chicks to infections and poor feed conversion.

In the grower phase (11-28 days), the focus shifts to maximizing growth efficiency and muscle
deposition. The protein requirement slightly decreases to around 20-22%, while the energy demand
remains high to support the rapid growth spurt. Amino acids, such as lysine, methionine, and threonine,
are particularly crucial for muscle protein synthesis during this stage [10]. Additionally, the feed
formulation in this phase should balance energy and protein intake to avoid excess fat deposition, which
can lead to poor carcass quality. Adequate provision of micronutrients, including zinc, selenium, and
magnesium, is essential to support enzymatic functions and metabolic processes.

The finisher phase (29 days to market) is characterized by a greater emphasis on energy for final
weight gain and fat deposition [8]. Protein requirements further reduce to around 18-20%, while the
energy content of the diet may increase. The finisher diet should also be designed to improve feed
efficiency and meat quality, with a focus on ensuring proper lipid metabolism and minimizing oxidative
stress [11]. Nutrient imbalances or deficiencies in this phase can negatively affect meat quality, fat
content, and overall carcass yield.

While these general guidelines offer a framework for broiler nutrition, the nutrient requirements can
vary based on several factors, such as breed, sex, and environmental conditions. Precision nutrition,
where the exact nutrient needs of broilers are closely matched to their growth stage and individual
characteristics, is an emerging approach that offers potential benefits in both performance and
sustainability.

IMPLICATIONS FOR BEHAVIOR

Broiler behavior is intricately linked to their nutritional intake, and phase-specific nutrient
adjustments can play a pivotal role in managing both normal and abnormal behaviors. Nutrient
imbalances, particularly deficiencies in key amino acids, vitamins, or minerals, can result in stress,
leading to the emergence of undesirable behaviors, such as feather pecking, cannibalism, or
hyperactivity [12]. Conversely, well-formulated diets that meet the specific needs of broilers during
each growth phase can enhance their well-being and reduce the prevalence of stress-induced behaviors.

During the starter phase, nutrition must support the proper development of the central nervous system
and immune system. Chicks deprived of sufficient nutrients, particularly essential amino acids like
tryptophan, are more likely to exhibit stress-related behaviors [13]. Tryptophan is a precursor to
serotonin, a neurotransmitter that plays a critical role in mood regulation. Deficiency in tryptophan or
other amino acids can lead to heightened aggression or anxiety-like behaviors [14]. Similarly, a
deficiency in B vitamins, such as niacin and thiamine, can impair nervous system development, leading
to erratic behaviors in young chicks [15].
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In the grower phase, energy and protein levels must be carefully balanced to maintain optimal growth
without inducing metabolic stress. Overfeeding energy-rich diets can lead to rapid weight gain, which
increases the risk of leg problems and poor mobility, causing frustration and inactivity [16]. On the
other hand, providing an energy-deficient diet can result in competition for food and increased
aggression. Broilers that are underfed may also engage in feather pecking or cannibalism due to the
stress of insufficient nutrient intake. Therefore, ensuring that nutritional levels are neither excessive nor
deficient during this phase is crucial for maintaining calm and productive flock behavior.

In the finisher phase, broilers reach maturity, and their behavior is influenced by both their physical
condition and the quality of their diet. High-fat diets during this phase can lead to excessive fat
deposition, reduced mobility, and increased frustration. Providing adequate levels of fat-soluble
vitamins, such as vitamins E and A, helps support immune function and reduce oxidative stress, which
can contribute to improved behavior [17]. Moreover, maintaining a balanced calcium-to-phosphorus
ratio is essential for preventing leg disorders, which are common in broilers nearing market weight and
can lead to pain, reduced mobility, and stress-related behaviors [18].

Behavioral management through nutrition is not only important for welfare but also for economic
performance, as stress-related behaviors can lead to injuries, reduced feed intake, and lower
productivity. Tailoring nutrient intake to match the specific behavioral needs of broilers during each
growth phase can enhance overall flock harmony and lead to more consistent and efficient production
outcomes.

GUT HEALTH

Gut health is a critical determinant of broiler performance, and phase-specific nutrition plays a central
role in maintaining a healthy and functional gastrointestinal tract (GIT). The gut is responsible for
nutrient absorption, immune responses, and maintaining a balanced microbiome, all of which are
essential for the overall health and productivity of broilers [19]. Poor gut health can result in nutrient
malabsorption, increased susceptibility to diseases, and impaired growth performance.

During the starter phase, the broiler’s gut is still developing, and the early colonization of beneficial
gut microbiota is vital for establishing a robust immune system and enhancing nutrient absorption [20].
Nutrition during this phase should include easily digestible protein sources, as well as prebiotics,
probiotics, and feed additives that promote the growth of beneficial bacteria. Prebiotics, such as
mannan-oligosaccharides (MOS) or fructo-oligosaccharides (FOS), help stimulate the growth of
beneficial bacteria, while probiotics like Lactobacillus and Bifidobacterium can help establish a healthy
microbial balance [21]. A diet rich in soluble fiber during this phase can also enhance the development
of gut villi, increasing surface area for nutrient absorption [22].

In the grower phase, gut health remains a priority, as nutrient absorption efficiency directly influences
growth rates and feed conversion ratios (FCR). Protein and energy sources should be carefully selected
to minimize undigested feed material that can ferment in the gut, leading to dysbiosis or imbalances in
gut microbiota. An overabundance of pathogenic bacteria, such as Clostridium perfringens, can lead to
enteric diseases like necrotic enteritis, which severely compromise gut integrity and broiler health [23].
Supplementing the diet with organic acids, such as butyric acid or lactic acid, can help lower gut pH
and inhibit the growth of pathogenic bacteria, thereby improving gut health and nutrient absorption.

In the finisher phase, maintaining gut integrity and minimizing inflammation is critical for optimizing
feed efficiency and meat quality. Diets during this phase should continue to support the gut barrier
function through the inclusion of antioxidants, such as vitamins E and C, which help reduce oxidative
stress in the gut [24]. Additionally, supplementing with omega-3 fatty acids or other anti-inflammatory
compounds can help mitigate gut inflammation, which can occur as broilers near market weight [25].
The inclusion of adequate fiber in the diet during this phase can also help promote gut motility and
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prevent constipation or digestive blockages, contributing to overall gut health and improved nutrient
absorption.

Gut health is closely linked to broiler performance, and phase-specific diets that prioritize gut health
can lead to better feed conversion ratios, enhanced growth rates, and improved meat quality.
Maintaining a healthy gut also reduces the reliance on antibiotics and other medical interventions,
supporting more sustainable and welfare-friendly broiler production systems.

PERFORMANCE OPTIMIZATION

Performance optimization in broilers is the primary goal of phase-specific nutrient strategies, as
growth rate, feed efficiency, and overall productivity are directly influenced by the quality and balance
of the nutrients provided. Each growth phase demands a tailored approach to ensure that broilers reach
their genetic potential without compromising health or welfare. During the starter phase, the focus is on
promoting rapid growth and development, as this stage sets the foundation for future performance.
Protein intake is particularly critical, as broilers require sufficient amino acids for muscle growth and
organ development [26]. Essential amino acids like lysine and methionine must be provided in adequate
amounts, as they are key drivers of protein synthesis. Any deficiencies in these amino acids can lead to
reduced growth rates, poor feather development, and an overall decline in productivity [27]. Moreover,
the provision of high-quality feed ingredients that are easily digestible is important for maximizing
nutrient uptake and minimizing early mortality.

In the phase of growth, broilers experience their most rapid growth, and nutritional strategies must
aim to optimize feed conversion efficiency. Balancing protein and energy levels is essential to prevent
overfeeding or underfeeding, both of which can negatively impact performance. High-energy diets can
lead to excessive fat deposition, which can reduce feed efficiency and carcass quality [28]. Conversely,
energy-deficient diets can slow down growth and lead to poor feed conversion ratios (FCR). Amino
acid supplementation, particularly with limiting amino acids like threonine and valine, is often required
during this phase to optimize growth without leading to excess nitrogen excretion [29].

In the finisher phase, performance optimization involves maximizing final body weight and ensuring
high-quality meat production. While the protein requirement decreases, energy intake becomes a greater
focus, as broilers accumulate fat and reach market weight. Feed ingredients that provide high levels of
unsaturated fatty acids can improve feed efficiency and enhance meat quality by increasing the
proportion of lean muscle relative to fat [11]. Additionally, ensuring adequate levels of micronutrients,
such as zinc, copper, and selenium, is essential for maintaining metabolic processes and preventing
performance-related issues, such as oxidative stress or immune dysfunction.

Optimizing performance across the different growth phases requires a fine-tuned approach to
nutrition, where the exact nutrient requirements of broilers are met at each stage. This not only enhances
growth rates and feed efficiency but also contributes to the economic viability of broiler production by
reducing feed costs and improving overall productivity.

MEAT QUALITY

Meat quality is a critical aspect of broiler production, and nutrition plays a central role in determining
the final quality attributes of the meat. Phase-specific nutrient strategies can influence several key
characteristics of broiler meat, including tenderness, flavor, juiciness, and the composition of lean
muscle and fat [30]. During the starter phase, the primary focus is on promoting lean muscle
development and ensuring that nutrient imbalances do not negatively affect meat quality. Adequate
protein intake, particularly essential amino acids, is crucial for muscle protein synthesis, which directly
influences the texture and tenderness of the meat [8]. Deficiencies in key nutrients during this early
phase can lead to poor muscle development, resulting in tougher, less desirable meat. Additionally,
providing sufficient antioxidants, such as vitamins E and C, can help prevent oxidative damage to
muscle tissues, which can negatively impact meat quality [31].
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In the grower phase, nutrient intake must be carefully managed to prevent excessive fat deposition,
which can reduce meat quality by increasing the proportion of subcutaneous and intramuscular fat [32].
While some fat is necessary for flavor and juiciness, excessive fat can lead to poor carcass yields and
lower consumer acceptance. Nutrient strategies during this phase should focus on providing balanced
levels of protein and energy to support muscle growth without promoting excessive fat accumulation
[8]. Supplementing with omega-3 fatty acids or other polyunsaturated fats can also improve the lipid
profile of the meat, leading to healthier, more marketable products [33].

In the finisher phase, the focus shifts to maximizing meat yield and ensuring high-quality carcasses.
Nutrient adjustments during this phase can influence several important meat quality traits, including
color, pH, and water-holding capacity. For example, diets high in unsaturated fats can improve the
oxidative stability of the meat, leading to longer shelf life and improved flavor [34]. Additionally,
providing adequate levels of minerals like zinc and selenium can enhance the antioxidant capacity of
the meat, preventing lipid oxidation and improving overall meat quality [35].

The nutrient composition of broiler diets can also influence post-slaughter characteristics, such as
drip loss, which affects the juiciness and tenderness of the meat [36]. Phase-specific nutrition strategies
that prioritize lean muscle growth and minimize oxidative stress can lead to superior meat quality, with
better texture, flavor, and consumer appeal.

WELFARE ISSUES

Broiler welfare is a growing concern in modern poultry production, and nutrition plays a key role in
addressing many of the welfare challenges that broilers face. Nutrient imbalances or deficiencies can
lead to a variety of welfare issues, including skeletal deformities, metabolic disorders, and compromised
immune function [37]. Phase-specific nutrition strategies offer a proactive approach to improving
broiler welfare by providing the necessary nutrients to support healthy growth and prevent welfare-
related problems.

During the starter phase, welfare considerations focus on promoting early development and
preventing conditions like early mortality or weak bone development. Adequate levels of calcium,
phosphorus, and vitamin D3 are essential for proper skeletal formation [38], while antioxidants, such
as vitamins A and E, help support immune function and prevent early infections. Poor nutrition during
this phase can lead to conditions like rickets or poor bone mineralization, which can compromise
welfare and lead to increased mortality rates [16].

In the grower phase, broilers are at risk of developing metabolic disorders, such as ascites or sudden
death syndrome, due to rapid growth and high metabolic demands [39], [40]. Nutrient strategies that
provide balanced levels of energy and protein can help mitigate these risks by preventing excessive fat
deposition and supporting cardiovascular health. Additionally, ensuring adequate levels of trace
minerals, such as selenium and zinc, can help support immune function and reduce the risk of infectious
diseases, which can negatively impact welfare [24].

In the finisher phase, welfare considerations shift to managing leg health and preventing conditions
like lameness or footpad dermatitis [41]. Overfeeding energy-rich diets can lead to rapid weight gain,
which puts additional strain on the broiler’s skeletal system and increases the risk of leg deformities
[16]. Providing adequate levels of calcium, phosphorus, and vitamin D3 can help support bone health
and reduce the incidence of leg problems. Additionally, managing litter quality through appropriate
nutrient strategies, such as reducing excess nitrogen in the diet, can help prevent footpad dermatitis,
which is a common welfare issue in broilers nearing market weight [42].

Addressing welfare concerns through phase-specific nutrition not only improves the overall well-
being of broilers but also contributes to better production outcomes by reducing mortality rates,
improving growth performance, and enhancing meat quality.
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ENVIRONMENTAL ISSUES

Phase-specific nutrient management plays a crucial role in enhancing the environmental
sustainability of broiler production. By precisely adjusting nutrient levels to match the broilers’ needs
at each growth stage, farmers can minimize nutrient waste, such as nitrogen and phosphorus excretion,
which are key contributors to environmental pollution. Excessive nutrient supplementation, common in
non-phase-specific feeding strategies, can lead to increased greenhouse gas emissions and water
pollution through runoff and leaching [43]. Incorporating phase-specific feeding reduces the overuse of
feed ingredients, optimizing resource utilization and decreasing the overall feed conversion ratio. This,
in turn, lowers the demand for raw materials, lessens the environmental burden of feed production, and
minimizes the carbon footprint of broiler farming. Sustainable feeding practices that align with each
growth phase not only promote efficient nutrient use but also contribute to the broader goals of reducing
waste, conserving natural resources, and fostering more environmentally responsible poultry production
systems [44].

ECONOMIC IMPACT

The economic impact of phase-specific nutrient strategies is a critical consideration for broiler
producers, as feed costs represent the largest expense in poultry production. Optimizing nutrient intake
across different growth phases can lead to significant cost savings by improving feed efficiency,
reducing waste, and enhancing overall productivity [32]. However, it is important to balance the cost
of high-quality feed ingredients with the potential economic benefits of improved performance, welfare,
and meat quality.

During the starter phase, high-quality feed ingredients that promote early growth and development
can lead to better overall performance and reduced mortality rates, resulting in cost savings over the
long term. While the cost of providing easily digestible protein sources and essential vitamins and
minerals may be higher, the investment pays off through improved growth rates, better immune
function, and reduced early mortality [45].

In the grower phase, feed costs can be managed by balancing energy and protein intake to maximize
feed efficiency without promoting excessive fat deposition. Nutrient strategies that improve feed
conversion ratios (FCR) can lead to significant cost savings, as less feed is required to produce each
kilogram of body weight [46]. Additionally, optimizing amino acid supplementation can reduce the
need for excess protein, leading to lower nitrogen excretion and reduced environmental impact, which
can also have economic benefits in terms of regulatory compliance and sustainability.

In the finisher phase, the focus is on maximizing final body weight and carcass yield while
minimizing feed costs. Providing high-energy diets that promote efficient fat deposition and lean muscle
growth can lead to better meat quality and higher market prices [8]. Additionally, nutrient strategies
that enhance meat quality, such as improving lipid profiles or reducing oxidative stress, can increase
the value of the final product, leading to higher profits for producers.

The economic impact of phase-specific nutrient strategies also extends to welfare improvements, as
healthier broilers with fewer welfare-related issues, such as leg deformities or metabolic disorders, are
more likely to reach market weight and produce high-quality meat. Reducing the incidence of welfare-
related problems through proper nutrition can lead to lower veterinary costs, reduced mortality rates,
and improved overall productivity, resulting in significant cost savings for producers [47].

In conclusion, phase-specific nutrient strategies offer a comprehensive approach to optimizing broiler
performance, meat quality, welfare, and economics. By tailoring nutrient intake to match the specific
needs of broilers during each growth phase, producers can achieve better production outcomes, reduce
feed costs, and improve the overall sustainability of broiler production systems.
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CONCLUSIONS

Understanding and implementing phase-specific nutrient requirements in broilers is essential for
optimizing their growth performance, gut health, and overall welfare. The precise adjustment of dietary
components across different growth stages can positively impact feed efficiency, meat quality, and
behavior while reducing health complications. By tailoring nutritional strategies to each developmental
phase, producers can not only enhance the economic viability of broiler production but also promote
sustainable practices that align with animal welfare standards. Future research should further explore
the interactions between nutrition, genetics, and environmental factors to refine nutrient
recommendations that can support the ever-evolving demands of broiler production systems.

Limitations

Environmental variability, including temperature and housing conditions, may also influence broiler
performance and health, which the study may not have adequately addressed. Additionally, the
variability in the nutrient composition of feed ingredients can impact the accuracy of the nutrient
requirements identified. Short trial durations may limit the understanding of long-term effects, and
while behavioral aspects are discussed, comprehensive assessments could provide deeper insights into
welfare impacts. The economic analysis might rely on theoretical models rather than real-world
scenarios, potentially reducing practical applicability. Furthermore, focusing on specific nutrients
without considering dietary interactions could limit the effectiveness of the recommendations. Finally,
if the study involved a narrow range of broiler genotypes, the findings may not be applicable to other
breeds. Recognizing these limitations can help direct future research efforts.

Future Directions

Comprehensive research should explore the interactions among various dietary components for a
holistic understanding of their impact on development. Additionally, more detailed investigations into
behavioral responses to different nutrient formulations could enhance welfare insights. Including a
broader range of genetic lines in research is crucial to determine if nutrient requirements vary among
breeds. Studies should also examine how environmental conditions affect the effectiveness of nutrient
strategies. Robust economic analyses that reflect real-world scenarios are essential for evaluating the
practical implications of these feeding strategies. Furthermore, research on gut health and microbiome
interactions with nutrition can provide valuable insights for optimizing performance. Finally,
integrating sustainability and welfare assessments will ensure that phase-specific nutrition aligns with
ethical farming practices. Addressing these gaps will contribute to more effective and sustainable broiler
production.
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