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Abstract

Hormonal compounds were historically investigated in poultry as potential tools to improve
growth performance, feed efficiency, reproductive control, and egg quality. During the second
half of the twentieth century, anabolic steroids and synthetic progestogens, including trenbolone
acetate and melengestrol acetate, were evaluated experimentally in chickens, turkeys, and quail
for growth promotion, reproductive suppression, and induced molting. Some studies reported
transient improvements in muscle accretion, feed conversion, reproductive regression, or post-
molt egg quality. However, these responses were inconsistent and were often accompanied by
important physiological and toxicological concerns, including endocrine disruption, reproductive
dysfunction, skeletal abnormalities, locomotor disorders, immunotoxicity, developmental
alterations, and the possibility of residues in poultry products. These concerns, together with
increasing attention to food safety, animal welfare, environmental contamination, and endocrine-
disrupting chemicals, contributed to stricter international regulation and the abandonment of
hormonal growth-promoting strategies in poultry. Contemporary poultry production now relies
on non-hormonal approaches, including genetic selection, precision nutrition, microbiome
modulation, vaccination, environmental management, and welfare-oriented husbandry. This
review summarizes the historical use of hormonal compounds in poultry, examines their
biological and toxicological consequences, and discusses current regulatory perspectives and
modern alternatives within a sustainable One Health framework.
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Introduction

Hormonal compounds have been the focus of
extensive scientific investigation in animal
agriculture due to their capacity to affect growth,
reproduction, metabolism, and product quality.
While hormonal growth promoters have become
established in certain cattle production systems,
their use in poultry has remained limited and

controversial, and is ultimately prohibited or
unapproved in many regions. Despite these
restrictions, from the mid-twentieth century
onward, researchers conducted experimental
studies on various anabolic and reproductive
hormones in chickens, turkeys, and quail to
assess whether endocrine modulation could
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enhance poultry productivity (Hocking, 2010).
Trenbolone acetate (TBA), melengestrol acetate
(MGA), testosterone derivatives, and synthetic
estrogens have received considerable attention
in the scientific literature. Researchers have
evaluated these compounds for their effects on
muscle accretion, reproductive suppression,
molting, feed conversion, and egg quality.
Although some studies reported short-term
productivity  improvements, results were
inconsistent across species, age groups,
dosages, and management practices.
Importantly, experimental studies also identified
adverse effects, including skeletal abnormalities,
locomotor impairment, endocrine disruption,
reproductive  dysfunction, immunotoxicity,
developmental alterations, and concerns
regarding residues in edible tissues and eggs
(Scanes et al., 1984; Wise and Ranaweera, 1981;
Quinn et al., 2007). As scientific understanding
of endocrine disruption advanced and consumer
concerns about food safety increased, interest in
hormonal manipulation of poultry declined.
Concurrently, progress in genetics, nutrition,
health management, biosecurity, environmental
control, and microbiome science provided more
reliable and publicly accepted methods to
enhance performance (Havenstein et al., 2003;
Zuidhof et al., 2014; Dittoe et al., 2018).
Regulatory requirements and the demonstrated
of integrated,
strategies have driven the transition away from
endocrine interventions in poultry production.
This review outlines the historical development
of hormonal manipulation in poultry, assesses
its physiological and toxicological implications,
and explores the regulatory and technological
shift toward non-hormonal approaches that
promote animal welfare, food safety, and One
Health principles.

effectiveness non-hormonal

Historical development of hormones

The application of hormonal growth promoters in
beef cattle provides essential for
understanding subsequent investigations of
similar endocrine strategies in poultry. Since
their introduction in the mid-twentieth century,
hormonal implants have been widely used in
several beef-producing countries to enhance
growth performance, feed efficiency, and carcass
yield (Johnson and Beckett, 2014). Adoption of
these technologies has been driven by their
capacity to increase muscle accretion and
nutrient utilization, thereby

context

improving

production efficiency and reducing resource use
per unit of beef produced. Growth-promoting
agents in beef cattle include both naturally
occurring steroid hormones, such as estradiol-

17B, progesterone, and testosterone, and
synthetic  compounds, including zeranol,
trenbolone acetate (TBA), and melengestrol

acetate (MGA) (Preston, 1999). Most products are
administered as subcutaneous ear implants,
while MGA is delivered through feed and is
primarily used in feedlot heifers to suppress
estrus and improve feed efficiency (Smith and
Johnson, 2020). The principal hormonal growth
promotants used in beef production are
summarized in Table 1. These compounds act
through endocrine pathways to stimulate protein
synthesis, increase muscle accretion, improve
nutrient utilization, and enhance growth-related
signaling, resulting in improved average daily
gain and carcass performance (Smith and
Johnson, 2020; Duckett et al., 1996). The
widespread use of hormonal growth promotants
in cattle has generated both scientific and public
debate. Major concerns include animal welfare,
environmental sustainability, food safety, and the
potential impact of hormone residues on human
health. Although critics have questioned whether
exposure to hormone residues in edible tissues
may contribute to endocrine disruption or other
adverse health effects, regulatory agencies in
countries that permit their use have consistently
determined that approved products are safe when
administered according to established guidelines
and residue-monitoring requirements (Andersson
and Skakkebaek, 1999; Raman et al., 2004).
Nevertheless, differing interpretations of scientific
evidence, combined with precautionary
regulatory approaches and consumer
perceptions, have led to significant differences in
international policy. The regulatory status of
hormonal growth promotants differs
substantially across regions. Countries such as
the United States, Canada, Australia, Brazil, and
several other major beef producers permit the use
of approved hormonal implants under strict
regulatory oversight. In contrast, the European
Union prohibits the use of hormonal growth
promotants in food-producing animals, reflecting
a more precautionary regulatory approach. These
divergent policies have contributed to ongoing
international discussions regarding food safety,
trade, and consumer confidence.
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Table 1: Major growth-promoting hormones used in beef cattle production and their regulatory status in selected regions.

Hormone Classificatio Primary Mechanism of Route of Typical Production Effects U.S. Canada Australia Brazil European
n Action Administra Union
tion
Estradiol-17p Natural Stimulates the secretion Ear implant Increased average daily gain Approved Approved Approved Approved Prohibited
estrogen of growth hormones and (ADG), improved feed
IGF-1, enhances protein efficiency, enhanced carcass
deposition and growth growth
Progesterone Natural Modulates endocrine Ear implant Improved growth Approved Approved Approved Approved Prohibited
progestogen pathways and enhances performance, typically used
growth response when in combination with
combined with estrogenic implants
compounds
Testosterone Natural Promote muscle growth Ear implant Increased lean tissue Approved Approved Approved Approved Prohibited
androgen and protein accretion deposition and growth rate
through anabolic effects
Zeranol Synthetic Mimics estrogenic Ear implant Improved weight gain and Approved Approved Approved Approved Prohibited
estrogenic activity, increasing feed conversion efficiency
compound growth hormones and
(derived from  anabolic responses
zearalenone)
Trenbolone Synthetic Potent anabolic activity Ear implant  Significant increases in Approved Approved Approved Approved Prohibited
acetate (TBA) androgen increases protein growth rate, feed efficiency,
synthesis and muscle and carcass lean yield
accretion while reducing
protein degradation
Melengestrol Synthetic Suppresses estrus in Feed Improved feed efficiency, Approved Approved Limited/Re  Approved Prohibited
acetate (MGA) progestin feedlot heifers, reducing additive weight gain, and stricted
behavioral stress and management of heifers in Use*

improving feed utilization

feedlots

*Regulatory approvals and specific use conditions may vary among Australian states and product registrations.
Abbreviations: ADG, average daily gain; IGF-1, insulin-like growth factor 1; TBA, trenbolone acetate; MGA, Melengestrol acetate.

Note: Regulatory status reflects general approval for growth-promotion purposes in beef cattle as of 2025-2026. Specific products, combinations, approved indications, and management

requirements may differ among jurisdictions. The European Union prohibits the use of hormonal growth promotions in food-producing animals under Council Directive 96/22/EC and
subsequent amendments
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To ensure compliance with established safety
standards, permitting hormonal
growth promotants employ extensive residue-
monitoring and surveillance programs. These
programs routinely test animal-derived food
products to verify compliance with regulatory
requirements and to ensure that residue
concentrations remain within established safety
limits (USDA, 2024).

Hormonal growth promotion in cattle
illustrates both the productive potential and the
challenges with endocrine
manipulation in food animals. The relative
success of these technologies in cattle generated
interest in adapting similar methods to poultry.
However, significant biological differences
between mammalian and avian species, along
with concerns about residues, animal welfare,
operational feasibility, and consumer
acceptance, ultimately limited the adoption of
hormonal growth-promoting strategies in
commercial poultry production. These factors
provide essential historical context for the
subsequent exploration of hormonal approaches
in poultry.

countries

associated

Translation of hormonal strategies to poultry

The industrial expansion of poultry production
during the mid- and late-twentieth century
stimulated research into technologies aimed at
increasing growth rate, feed efficiency,
reproductive output, and production uniformity.
Given the productive effects of anabolic agents
in cattle, researchers investigated whether
similar endocrine approaches could be adapted
to avian species (Evans et al., 2022).

Experimental work generally followed two
directions. The first focused on growth
promotion in meat-type birds, particularly
turkeys, where anabolic steroids such as TBA
were evaluated for their capacity to increase
nitrogen retention, protein synthesis, and
muscle accretion (Wise and Ranaweera, 1981).
The second focused on reproductive control in
laying hens, in which synthetic progestogens,
such as MGA, were studied as possible
alternatives to conventional induced molting
programs (Koch et al., 2005a; 2005b). Other
compounds, including testosterone derivatives,
estradiol compounds, zeranol, hexoestrol, and
diethylstilbestrol, were also investigated under
experimental conditions.

Although certain hormonal interventions

produced measurable responses, their practical

value was constrained by biological
inconsistency, animal  welfare concerns,
operational impracticality, residue risks, and
heightened  regulatory  scrutiny. Skeletal

disorders, reproductive disturbances, endocrine
disruption, and immunotoxicity were particularly
significant concerns. Over time, advancements in
breeding, nutrition, disease prevention, and flock
management diminished the perceived need for
endocrine manipulation and offered safer, more
sustainable alternatives (Patterson and Salter,
1985; Gilyazova et al., 2025).

Major hormonal compounds evaluated in

poultry
Several hormones were experimentally evaluated
in poultry (Tables 2 and 3)

Trenbolone acetate

Reports of leg weakness, locomotor impairment,
skeletal abnormalities, and chondrodystrophy-
like lesions suggested that hormonally
accelerated muscle growth could exceed the
adaptive capacity of the developing skeleton. In
addition, embryonic exposure to TBA in Japanese
quail altered development of the Bursa of

Fabricius, leukocyte profiles, and immune
maturation, demonstrating that anabolic steroids
may act as endocrine disruptors and

immunotoxicants in avian species (Quinn et al.,
2007).

Melengestrol acetate

Melengestrol acetate is a synthetic progestogen
originally developed for reproductive control in
cattle (Qaid and Abdoun, 2022). In poultry, it was
investigated primarily as a hormonal method for
inducing molt in laying hens. Administration of
MGA reduced egg production and produced
reversible regression of the ovary and oviduct,
most likely through suppression of the
hypothalamic-pituitary-gonadal axis activity.
After withdrawal, hens generally resumed egg
production, reported
improvements in shell quality and internal egg
quality (Koch et al., 2005a; 2005Db).

Despite these findings, MGA-based molting
was not implemented as a practical commercial
strategy. Concerns about hormone residues,
endocrine effects, regulatory restrictions, and
consumer acceptance outweighed its potential
benefits relative to fasting-based or nutritional
molt This  historical

and some studies

programs. example
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demonstrates that an intervention may exhibit
biological effectiveness under experimental
conditions but still remain unsuitable for routine
poultry production.

Other steroidal and endocrine-active

compounds

Several other endocrine-active compounds,
including testosterone derivatives, estradiol
compounds, zeranol, hexoestrol, and
diethylstilbestrol, were evaluated experimentally
in poultry for anabolic, metabolic, or
reproductive effects (Stephany, 2009).
Productive responses were generally
inconsistent, and many of these compounds
raised toxicological concerns related to
carcinogenicity, endocrine disruption, residue
persistence, or reproductive toxicity. These
limitations contributed to the
restriction or  prohibition of
compounds in poultry production worldwide.

progressive
hormonal

Physiological and toxicological consequences

Exogenous hormones can disrupt endocrine
homeostasis in birds and affect reproductive,
metabolic, developmental, and
behavioral systems. The experimental literature

immune,

shows that some interventions generated short-

term productive responses, but these benefits
were usually offset by biological costs and
regulatory concerns (Scarth et al., 2009).

Endocrine and reproductive effects

Synthetic progestogens, anabolic steroids, and
estrogenic compounds can alter hypothalamic-
pituitary-gonadal axis signaling, resulting in
suppressed ovulation, altered gonadal
development, and modified endocrine feedback
(Yousaf and Chaudhry, 2008; Mishra et al.,
2022). In laying hens, MGA induced temporary
reproductive quiescence and reversible
regression of the reproductive tract through
reduced gonadotropin activity (Koch et al.,
2005a).

The timing of exposure is critical. Hormonal
exposure during embryonic or
development may affect reproductive organ
development and secondary sexual
characteristics, with  possible  long-term
consequences for reproductive physiology
(Ottinger et al., 2001). These observations are
consistent with broader concerns about
endocrine-disrupting chemicals, in which low-
dose or developmental exposure may have effects
that are not reflected in short-term productivity
outcomes

juvenile

Table 2: Hormonal compounds historically evaluated in poultry production and associated concerns.

Hormone/compound

Intended effect

Major adverse findings

Current regulatory status

Trenbolone acetate

Melengestrol acetate

Testosterone
derivatives

Estradiol compounds

Diethylstilbestrol

Hexoestrol

Zeranol

Growth promotion,
muscle accretion

Reproductive
suppression, molt
induction

Growth promotion,

anabolic effects

Metabolic and
reproductive modulation

Growth promotion
Estrogenic growth
effects

Anabolic growth
promotion

Skeletal abnormalities,
immunotoxicity,
endocrine disruption

Hormone residue
concerns, endocrine
effects

Reproductive
disturbances, behavioral
alterations

Endocrine disruption,
residue concerns

Carcinogenicity,
endocrine disruption

Toxicological and
reproductive concerns
Estrogenic activity,
endocrine-disrupting
potential

Prohibited or not approved in
poultry production in most
countries

Not approved for poultry use

Prohibited /restricted

Prohibited /restricted in poultry

Banned internationally in food
animals

Prohibited /restricted

Restricted /prohibited in many
regions
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Growth, metabolism, and welfare

Anabolic steroids such as TBA can increase
nitrogen retention and protein synthesis,
resulting in greater muscle accretion under
some experimental conditions (Galbraith and
Topps, 1981). However, accelerated muscle
growth may create an imbalance between soft
tissue development and skeletal maturation. In
rapidly growing birds, this imbalance can
contribute to leg weakness, impaired mobility,
skeletal abnormalities, and reduced welfare
(Patterson and Salter, 1985).

These findings are particularly relevant
because modern broilers already encounter
significant biological challenges associated with
rapid growth. Interventions that further
accelerate muscle deposition without adequate
support for skeletal, cardiovascular, and
metabolic adaptation are difficult to justify from
an animal welfare perspective.

Immunotoxicity and developmental effects

Endocrine-active compounds may also interfere
with immune ontogeny. Experimental exposure
to TBA altered bursal development, leukocyte
profiles, and immune maturation in Japanese
quail (Quinn et al., 2007). Because the Bursa of
Fabricius is central to avian immune
development, disruption of bursal maturation
may compromise immune competence later in
life. These observations support the view that
endocrine manipulation should be evaluated not
only for growth or reproductive responses, but
also for broader effects on developmental biology
and disease resistance.

Food safety, public health, and One health
concerns

The decline of hormonal strategies in poultry is
not attributable solely to animal-level effects.
Food safety, consumer perception,
environmental contamination, and public health
concerns were also central to the regulatory
transition away
production technologies.

from endocrine-based

Hormone residues and consumer Safety

A major concern with hormonal compounds is
the potential for endocrine-active residues to
persist in edible tissues and eggs. Steroid
hormones may exert biological activity at low
concentrations, and modern residue

surveillance  requires  sensitive  analytical
methods capable of detecting trace levels in
animal-origin foods (Scarth et al., 2009; Xue et
al., 2025). These issues contributed to the
adoption of precautionary regulatory approaches
and strengthened consumer expectations for
hormone-free poultry production.

Endocrine disruption and environmental
concerns
Synthetic anabolic steroids and estrogenic

compounds can interfere with hormonal signaling
in exposed animals and, when released into the
environment, may contribute to endocrine
disruption in wildlife (Kolok and Sellin, 2008; da
Silva et al., 2025). Excreted metabolites may
enter soil or aquatic systems through manure
agricultural Although  most
environmental evidence comes from broader
livestock and aquatic contamination studies
rather than from studies of commercial poultry
hormone use,
within a One Health framework.

and runoff.

the concern remains relevant

Public perception and regulatory transition

Public concern about “hormones in chicken” has
strongly influenced consumer perception despite
the absence of approved hormonal growth
promotants in many commercial poultry systems
(Hanlon and Fletcher, 2015; Esquivel-Hernandez
et al., 2016). Such perceptions have regulatory
and market consequences. Labels such as “no
hormones added” may reassure consumers but
can also reinforce misconceptions when hormone
use is already prohibited or not approved.

The trajectory of hormonal compounds
mirrors that of other production-enhancing
technologies that have faced increasing scrutiny
as food safety, public health, environmental, and
animal welfare priorities have gained prominence.
In response, poultry  production
emphasizes genetics, nutrition, microbiome
support, biosecurity, vaccination, and welfare-
oriented management rather than endocrine
stimulation.

modern

One health implications

The relevance of hormonal manipulation within a
One Health framework lies at the intersection of
animal physiology, safety,
environmental exposure, and societal trust.
Historical experience with endocrine-active
compounds demonstrates that production

consumer
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technologies must be evaluated beyond
immediate performance outcomes. Broader
implications for animal health, human health,
environmental integrity, and public confidence
are equally significant.

International regulatory perspectives

Regulatory frameworks have generally converged
toward restrictive positions on hormonal
compounds in poultry. In the United States,
steroid hormone implants and hormonal
compounds are not approved by the Food and
Drug Administration for growth promotion in
chickens, turkeys, or other poultry species
(Hanlon and Fletcher, 2015). The European
Union prohibits substances with estrogenic,
androgenic, gestagenic, or thyrostatic activity for
growth-promotion purposes under
precautionary food safety policies. In Brazil,
hormonal substances are prohibited for
stimulating growth or feed efficiency in poultry,
and production relies on genetics, nutrition,
management, and sanitary control (ABPA,
2023). In China, veterinary drug use and food
safety are regulated under national frameworks
that increasingly restrict growth-promoting uses
and strengthen residue control (Zhang et al.,
2021).

Codex Alimentarius provides international
reference standards for veterinary drug residues
and maximum residue
compounds, but Codex residue standards do not
constitute approval for poultry use in individual
countries (Codex Alimentarius Commission,
2023). National authorization,
monitoring, consumer expectations, and trade
requirements remain decisive.

limits for selected

residue

Several biological and practical limitations
also explain why hormonal strategies did not
become commercially viable in poultry.
Compared with cattle, poultry production
involves shorter production cycles, very large
flock sizes, and rapid turnover. Large-scale
administration, withdrawal management, and
residue monitoring would be difficult and
economically inefficient under commercial
poultry conditions (National Chicken Council,
2023). At the same time, genetic selection,
nutrition, prevention,
environmental have
substantial performance gains without the
regulatory and welfare liabilities associated with
exogenous hormones (Zuidhof et al., 2014).

disease and

control delivered

Modern non-hormonal alternatives

The abandonment of hormonal compounds
coincided with the rise of integrated non-
hormonal strategies that improve productivity
while reducing toxicological, regulatory, and
welfare concerns. These approaches do not
override endocrine regulation directly. Instead,
they support endogenous physiological resilience
through genetics, nutrition, gut health, disease
prevention, and environmental management
(Dittoe et al., 2018).

Genetic selection has been one of the
strongest drivers of poultry productivity. Long-
term breeding programs have improved growth
rate, feed efficiency, carcass yield, egg
production, and wuniformity of performance
(Aggrey et al., 2010; Havenstein et al., 2003;
Zuidhof et al., 2014). More recent genomic and
postgenomic tools are expanding the ability to
identify traits associated with performance,
resilience, reproductive biology, and adaptation
(Gilyazova et al., 2025).

Precision nutrition has also become central to
sustainable production. Phase feeding, digestible
amino acid formulation, mineral optimization,
enzymes, and nutrient-density adjustments
improve feed efficiency and reduce nutrient waste
(Kidd, 2021). These tools help align diet
composition with the bird’s developmental stage
and productive objective.

Microbiome modulation represents another
important area of progress. Probiotics,
postbiotics, prebiotics, synbiotics, enzymes,
organic acids, and phytogenic feed additives may
support intestinal integrity, digestive efficiency,
immune competence, pathogen resistance, and
metabolic stability (Gaggia et al., 2010; Ricke,
2018; Shehata et al., 2022). Although responses
vary depending on strain, diet, bird age, pathogen
pressure, and management, microbiome-based
strategies align well with consumer expectations
for residue-free, welfare-compatible production.

Environmental and welfare-oriented
management practices are equally important.
Lighting programs, ventilation, stocking density,
litter management, thermal control, and
nutritional molt programs influence stress
physiology, reproductive activity, behavior, and
performance. These regulate
physiology indirectly by improving the production
environment rather than imposing exogenous
endocrine control (Deep et al., 2010; Webster,
2003).

interventions
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Future perspectives

The future of poultry production is unlikely to
involve a return to exogenous hormonal
manipulation. Instead, advances in poultry
science increasingly focus on understanding and
optimizing endogenous physiological processes
through integrated approaches that improve
productivity while maintaining animal welfare,
food safety, and environmental sustainability.

Recent developments in genomics,
transcriptomics, metabolomics, microbiome
science, and precision livestock farming have
created new opportunities to enhance
performance without direct endocrine
intervention. These technologies allow producers
and researchers to better understand the
interactions among nutrition,
metabolism, microbial ecology,
environmental conditions, and genetic potential.
Rather than overriding physiological regulation
through exogenous hormones, modern
strategies seek to support the bird’s natural
biological capacity for growth, adaptation, and
disease resistance.

complex
immunity,

Particularly = promising areas include
microbiome modulation, precision nutrition,
functional feed additives, postbiotics, phytogenic
compounds, and data-driven management
systems. These approaches may influence
metabolic and immune pathways indirectly
while avoiding many of the concerns historically
associated with hormonal compounds, including
residual risks, regulatory restrictions,
consumer acceptance challenges.

and

Advances in artificial intelligence, sensor
technologies, and automated monitoring
systems are also expected to transform poultry
production. Continuous assessment of health,
behavior, conditions,
physiological status may enable earlier disease
detection, improved welfare monitoring, and
more precise management decisions. Such

environmental and

technologies are consistent with the broader
transition toward precision agriculture and
sustainable animal production systems.

The historical experience with hormonal
compounds provides a valuable lesson for future
innovation in animal agriculture. Technologies
that enhance production efficiency must be
evaluated not only for biological effectiveness but
also for their implications for animal welfare, food
safety, environmental stewardship, regulatory
acceptance, and public trust. The transition away
from hormonal manipulation in poultry serves as
an instructive example of how scientific progress,
societal expectations, and regulatory frameworks
collectively shape the evolution of livestock
production systems.

Future advances will likely emerge from
multidisciplinary approaches that integrate
nutrition, microbiology, immunology, genetics,
engineering, and data science within a One
Health framework. Such strategies offer the
potential to  improve  productivity and
sustainability while meeting the increasing
expectations of consumers, regulators,
society regarding responsible food production.

and

Limitations

Most evidence regarding hormonal manipulation
in poultry originates from experimental studies
conducted decades ago under conditions that
differ substantially from those in modern
commercial systems. Many of these studies
involved small populations, variable dosages,
heterogeneous methodologies, and endpoints
that are not directly comparable. Therefore, some
findings should be interpreted within their

historical and experimental context.
Nevertheless, this body of literature remains
valuable as it documents the biological

consequences of endocrine manipulation and

clarifies the evolution of modern poultry
production toward integrated non-hormonal
strategies.
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Table 3: Comparison between hormonal and modern non-hormonal productivity strategies in poultry production.

Strategy

Examples

Objective

Mechanism

Advantages

Limitations

Industry status

Hormonal growth promotants

Hormonal reproductive
modulation

Genetic selection

Precision nutrition

Probiotics/postbiotics

Feed enzymes

Phytogenic additives

Environmental programs

Welfare-oriented molt
programs

Precision livestock
technologies

TBA, testosterone
derivatives

MGA, synthetic
progestogens

Broiler/layer
breeding

Phase feeding,
amino acid
balancing

Bacillus spp.,
metabolites

Phytases,
xylanases

Essential oils,
extracts

Lighting,
ventilation
Nutritional molt

induction

Sensors, Al
monitoring

Increase muscle growth

Suppress ovulation or
induce molt

Improve productivity

Optimize nutrient use

Improve gut health

Improve digestibility
Support
health/performance

Regulate
stress/reproduction

Reproductive rest

Real-time optimization

Direct anabolic
stimulation

HPG-axis
suppression

Selection of
productive traits

Nutritional
adjustment

Microbiome
modulation

Enzymatic
degradation
Antioxidant and
antimicrobial
effects
Physiological
modulation
Nutritional
modulation

Data-driven
monitoring

Rapid anabolic
response

Temporary
reproductive
regression

Sustainable
performance
gains

Improved

efficiency

Residue-free;
immune support

Better feed
conversion

Consumer-
friendly

Welfare-
compatible

Lower stress

Early disease
detection

Residues, endocrine
disruption,
regulatory bans

Residues, welfare
concerns, consumer
rejection

Metabolic imbalance
if excessive

Requires formulation
precision

Variable efficacy

Diet compatibility
variability

Standardization
variability

Infrastructure
demands

Slower molt
induction

High investment cost

Prohibited

Historical /experimental

Widely adopted

Industry standard

Rapidly expanding

Widely adopted

Increasing adoption

Commercial standard

Increasing adoption

Emerging

36



Conclusions

Historical research on hormonal compounds in
poultry demonstrates that exogenous endocrine
agents affect growth, reproduction, metabolism,
and productivity in avian species. Nevertheless,
these effects were inconsistent and prompted
concerns about skeletal development,
reproductive  physiology, immune system
maturation, chemical residues, consumer
safety, environmental exposure, and animal
welfare. The gradual discontinuation of
endocrine-based strategies paralleled significant
advancements in poultry genetics, precision
nutrition, gut health management, vaccination,
biosecurity, environmental control, and welfare-

focused husbandry. Collectively, these
innovations have facilitated sustained
improvements in productivity without

dependence on direct hormonal stimulation.
Contemporary poultry production prioritizes
biological resilience, efficient resource
utilization, animal welfare, and environmental
stewardship within the One Health framework.
Consequently, future advancements are
expected to result from integrated strategies that
combine genomics, microbiome research,
precision nutrition, digital monitoring, and
advanced flock management, rather than from
renewed application of exogenous hormones.
The insights gained from hormonal
manipulation remain pertinent, demonstrating
that production technologies must be assessed
not only for immediate performance outcomes
but also for their broader impacts on animal
health, food safety, public health, environmental
sustainability, and societal trust.
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