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Vitamin A, a critical micronutrient, plays a vital role in maintaining poultry health and maximizing productivity.

Vitamin A deficiency can have severe consequences on poultry health, compromising growth, reproduction,

immune competence, and overall productivity.

vitamin A  retinol  supplementation  poultry health  requirement

1. Introduction

The well-being and productivity of poultry are closely tied to their nutritional status. Adequate nutrition is essential

for maintaining optimal health, growth, and overall productivity in poultry flocks. Nutritional imbalances can lead to

various health issues, reduced performance, and economic losses for poultry producers . Among the many

essential micronutrients, vitamins play a crucial role in supporting vital physiological functions. Understanding the

significance of vitamins, particularly vitamin A (retinol), in poultry health and productivity is paramount for optimizing

poultry management practices .

Vitamins are organic compounds that are required in small quantities but are essential for normal metabolic

processes in domestic fowl . They act as cofactors for various enzymatic reactions and are involved in critical

physiological functions such as growth, reproduction, immune response, and vision. Among the different vitamins,

vitamin A stands out as a key player in maintaining optimal health and productivity in animals . It plays a vital role

in vision, embryonic development, bone growth, immune function, and maintaining the integrity of epithelial tissues.

Exclusively animal-derived feeds such as fish liver oil and fish meal are the primary sources of vitamin A. However,

there are certain plant pigments called carotenoids (e.g., β-carotene) that have the potential to exhibit vitamin A

activity via metabolic conversion . It is important to note that only a small portion of the carotenoids found in

nature can be converted into vitamin A by mammals and birds . The efficiency of this conversion depends on

various factors such as the type and dietary concentration of protein and fat, total carotene load, animal species,

and the bird’s vitamin A supply status . Consequently, synthetic retinol, primarily in the form of retinyl acetate, is

commonly applied in animal nutrition to meet the dietary requirement for vitamin A .

Vitamin A deficiency can have severe consequences on poultry health, compromising growth, reproduction,

immune competence, and overall productivity . Acute hypovitaminosis A is rare among poultry populations

because retinol in the form of retinyl acetate is usually supplemented using premixes in domestic fowl feed .

However, subclinical vitamin deficiencies may occur more frequently . Various factors contribute to the
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occurrence of hypovitaminosis A, such as incorrect premix and feed formulations, improper storage conditions for

premixes and feeds, inadequate feed management practices, as well as contextual criteria. Poultry raised in

intensive production systems may be particularly susceptible to suboptimal levels of micronutrients due to the

presence of negative environmental factors and stressors . These factors include high ambient temperature,

high stocking density, microbial challenges, and hygienic issues. Under such conditions, the vitamin A requirement

for poultry may increase .

2. The Crucial Contributions of Vitamin A: Metabolism,
Growth, Immunity, Antioxidant Capacity, and Reproduction

Vitamin A plays a pivotal role in the intricate physiology of poultry, showcasing a myriad of essential functions. At

the forefront, its three forms, known as retinol (the alcohol), retinal (the aldehyde), and retinoic acid (all-trans

retinoic acid, ATRA) , assume a critical role in a range of metabolic processes, fostering growth, bolstering

immunity, and even supporting the delicate realm of reproduction .

 Digestion and Metabolism:

Vitamin A digestion and metabolism in poultry are complex processes that ensure the efficient utilization of this

essential micronutrient. In domestic fowl, vitamin A is obtained via the diet in the form of supplemented retinyl

esters . After ingestion, the feed undergoes enzymatic hydrolysis in the digestive system, where pancreatic

enzymes such as esterases and lipases break down the retinyl esters into free retinol .

To facilitate absorption in the small intestine, the free retinol is incorporated into mixed micelles, which are small

structures formed in the presence of bile salts and phospholipids . These micelles aid in the absorption of retinol

by the absorptive cells of the intestinal lining, known as enterocytes . The enterocytes take up the retinol via

specific transport proteins . Once absorbed, retinol enters the bloodstream and is transported to the liver.

In the liver, retinol undergoes esterification, a process where it is conjugated with fatty acids to form retinyl esters.

These esterified forms of vitamin A are stored in hepatic stellate cells within the liver, serving as a reservoir for the

release of retinyl esters into circulation as needed .

Within target tissues, such as the eyes, skin, immune system, and reproductive organs, retinyl esters are

hydrolyzed back into retinol . This conversion is facilitated by cellular enzymes, and the released retinol can be

further metabolized into its active form, ATRA . ATRA acts as a ligand for nuclear receptors, regulating the

expression of genes involved in various physiological processes, including vision, growth, reproduction, and

immune function .

Any excess retinol that is not immediately needed can partly be eliminated via biliary excretion  or

reesterified and stored in hepatic stellate cells . The initial step of biliary excretion involves the secretion of

retinol and its metabolites into the bile, enabling their eventual removal from the body via feces.
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 Growth and Development:

ATRA plays a crucial role in regulating the ontogeny of poultry. It exerts its effects via various mechanisms that

primarily focus on promoting growth and supporting organ development . By binding to specific retinoic acid

receptors (RARs) in target cells, ATRA acts as a transcriptional regulator, activating the transcription of genes

involved in cell differentiation, proliferation, and tissue development . This process ensures proper cell

specialization and the formation of specific tissues and organs during embryonic development .

In addition, ATRA influences skeletal development in poultry by promoting the synthesis and mineralization of bone

tissue. It regulates the expression of genes associated with bone growth and remodeling, resulting in the formation

of a robust skeletal system . Moreover, ATRA affects the development and function of the vital organs involved in

growth. It stimulates the growth and maturation of intestinal villi, thereby enhancing nutrient absorption and

digestion . In the respiratory system, ATRA plays a role in lung development and surfactant production,

facilitating efficient gas exchange .

Furthermore, ATRA supports growth and development by stimulating the production of growth factors such as

insulin-like growth factor (IGF) and transforming growth factor-beta (TGF-β) . These growth factors play crucial

roles in tissue maturation, repair, and overall development.

 Immune Function:

Vitamin A, specifically in ATRA, plays a vital role in supporting a strong immune system in domestic fowl. ATRA

binds to specific nuclear receptors RARs and retinoid X receptors (RXRs) present in the immune cells . The

binding of ATRA to these receptors triggers a sophisticated cascade of processes that regulates the transcription of

genes and the synthesis of proteins, ultimately impacting immune function .

One of the primary ways in which vitamin A (via ATRA) regulates gene expression is by influencing the

differentiation and maturation of immune cells . Retinoic acid signaling facilitates the activation of cistrons, which

are essential for lymphocyte development and triggering . It plays a role in promoting the differentiation of T cells

into various effector subsets, including helper T cells (such as Th1, Th2, and Th17) and regulatory T cells (Tregs)

. These subsets of T cells have critical functions in coordinating immune responses and maintaining

immune balance. Additionally, ATRA aids in the maturation of B cells and enhances the production of specific

antibodies by regulating the genes involved in antibody synthesis .

Furthermore, vitamin A plays a significant role in regulating the expression of genes associated with the integrity

and barrier function of epithelial cells. ATRA signaling stimulates the production of proteins that maintain the

structural resilience of epithelial cells, such as tight junction proteins and mucins . These proteins

contribute to the physical barrier that prevents the entry of pathogens into the body. By regulating the expression of

cistrons involved in epithelial cell function, vitamin A helps fortify the first line of defense against infections.
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Another important mechanism by which vitamin A impacts immune function is through its regulation of cytokine

production. Cytokines are signaling molecules that coordinate immune responses and inflammation. ATRA

influences the expression of the genes encoding cytokines and their receptors, thereby modulating the immune

response . For example, ATRA enhances the production of interleukin-10 (IL-10), an anti-inflammatory

cytokine that helps mitigate excessive immune responses . Moreover, vitamin A also promotes the expression of

cistrons responsible for antimicrobial peptides, which are vital components of innate immunity .

 Antioxidant Capacity:

Antioxidants play a crucial role in maintaining the health of poultry, and vitamin A is particularly noteworthy due to

its remarkable antioxidant properties .

Vitamin A exerts its antioxidant effects via various mechanisms. One of its principal functions is retinol’s ability to

scavenge free radicals , although there is some controversy surrounding this mode of action . Free radicals

are highly reactive molecules that can cause damage to cell membranes, proteins, and DNA, resulting in cellular

dysfunction and oxidative stress. By neutralizing these free radicals, retinol potentially helps protect the integrity of

cellular components and maintain optimal cellular function .

Apart from its possible direct scavenging activity, vitamin A, in the form of ATRA, supports the activity of various

antioxidant enzymes, including superoxide dismutase (SOD) and catalase (CAT), through its effect on gene

expression . When ATRA binds to RARs, it initiates a cascade of molecular events that ultimately lead to

changes in cistron transcription. The ATRA–RAR complex recruits co-activators that facilitate the expression of

nearby genes . In the case of antioxidant enzymes such as SOD and CAT, ATRA enhances the transcription of

their respective cistrons . This increased gene expression results in the synthesis of higher levels of SOD and

CAT proteins. SOD is an important enzyme that catalyzes the conversion of superoxide radicals (O ) into

hydrogen peroxide (H O ) , while CAT converts hydrogen peroxide into water and oxygen . These enzymes

play a crucial role in neutralizing harmful reactive oxygen species within the cells.

By enhancing the activity of SOD and CAT, vitamin A strengthens the antioxidant defense system of poultry birds

. Increased levels of SOD and CAT enable more efficient removal of reactive oxygen species, reducing redox

imbalance and preventing damage to cellular components such as proteins, lipids, and DNA . This additional

layer of protection against oxidative stress contributes to the overall health and well-being of avian species.

 Reproduction:

Vitamin A plays a crucial role in the reproductive processes of domestic fowl. Its mechanism of action involves the

regulation of gene expression, specifically through its effects on the retinoic acid signaling pathway. In the context

of reproductive organs, ATRA influences the development and function of the testes, ovaries, and oviducts . By

binding to RARs and RXRs in these tissues, ATRA regulates the expression of genes involved in the growth,

differentiation, and maturation of reproductive cells . In males, ATRA promotes normal sperm production by
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stimulating the proliferation and differentiation of spermatogonia, which are the precursor cells of sperm . It also

plays a role in the maturation and motility of spermatozoa. In females, ATRA is essential for oocyte maturation and

fertilization . It helps regulate the production and release of mature oocytes from the ovaries, as well as the

transport and viability of the oocytes within the oviducts.

Furthermore, ATRA influences embryonic development and hatchability in poultry . During embryogenesis,

ATRA controls the expression of genes involved in cell proliferation, differentiation, and morphogenesis . It plays

a crucial role in the development of various organ systems, including the cardiovascular system, nervous system,

and reproductive system .

 Vision:

The essential role of vitamin A in poultry vision stems from its multiple important functions . One of its primary

roles is to support and maintain overall eye . Vitamin A in the form of retinal is vital for the synthesis of

rhodopsin, a light-sensitive pigment found in the retina, which is necessary for vision in low-light conditions . On

the other hand, ATRA promotes the development and differentiation of photoreceptor cells, allowing poultry to

effectively perceive and process visual information . Moreover, vitamin A helps protect the cornea and

conjunctiva, preventing dryness and facilitating the production of a clear fluid by the lacrimal glands in birds .

This fluid helps maintain optimal vision clarity.

In conclusion, vitamin A is an essential micronutrient for avian species, serving critical functions in their physiology.

It regulates gene expression, supports growth and organ formation, strengthens the immune system, and protects

against oxidative damage. Additionally, it plays a pivotal role in reproductive processes, influencing organ

development and contributing to successful embryonic development and hatchability. Overall, ensuring adequate

vitamin A intake is crucial for the health and well-being of poultry.

3. Causes of Vitamin A Deficiency: Identifying Key Factors

Instances of severe vitamin A deficiency in poultry operations have significantly decreased in recent times, with

only a few isolated cases observed . This improvement can be attributed to increased awareness among

farmers worldwide who are adopting scientific farming practices and implementing effective measures to address

this issue. However, subclinical vitamin A deficiency can still be encountered .

Several key factors may contribute to vitamin A deficiency in poultry diets, with each factor playing a significant role

in identifying the causes and implementing effective solutions. These key elements include:

 Inadequate feed formulation: One prominent factor contributing to vitamin A deficiency in poultry diets is

inadequate feed formulation . When the formulation of poultry feed does not include sufficient quality sources

of preformed vitamin A, it fails to provide the necessary levels of this essential micronutrient. To address this

issue, careful consideration should be given to the feed formulation process, including the use of least-cost feed
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formulation methods . It is crucial to ensure the inclusion of stable and highly bioavailable commercial

sources of vitamin A to prevent deficiencies.

 Mishandling and improper storage of poultry premixes and feed can contribute to the deficiency of essential

vitamins, including vitamin A. Over time, exposure to light, heat, and oxygen can lead to the degradation of

vitamins in the premixes and feed . For instance, some of the vitamin A sources available on the market,

particularly those that are less stable, may lose their vitamin A activity completely if stored at elevated

temperatures within a short period (Figure 1) . Therefore, it is crucial to store premixes and feed in cool, dry,

and dark conditions for the shortest possible time to maintain optimal levels of vitamin A. Regular quality checks

and timely replenishment of premixes and feed stocks are also vital to preserve the potency of vitamin A and

prevent its degradation. Furthermore, paying meticulous attention to the thermal treatment of feed is of the

utmost importance . Considering the specific example of pelleting, it is crucial to avoid subjecting the feed to

excessively high temperatures for prolonged periods of time, as this can result in significant losses in vitamin A

activity . Under such conditions, implementing an additional safety margin for vitamin activity becomes

sensible.

Figure 1. Stability of four different commercial vitamin A sources stored for up to 56 days in vitamin–mineral

premix (incl., choline chloride) for broilers at 35 °C and 60–70% r.h. . Values are presented as mean ± SD (n

= 3). The premixes were prepared to contain 4.4 Mio IU vitamin A per kg.  Within a time frame (0, 28, or 56 d),

values not sharing a common superscript letter are significantly different (p < 0.05).

 Factors affecting absorption and utilization: Factors that affect the absorption and utilization of fat-soluble

vitamins should not be overlooked . Gut health disorders, parasitic infections, imbalances, or deficiencies of

other nutrients (dietary fat, other fat-soluble vitamins etc.), stress, mycotoxins in feed, and certain diseases can

impair the absorption of retinol in the digestive tract . To mitigate these factors, implementing measures to

promote good gut health, such as using intestinal health promoters or ensuring proper sanitation practices, is

important . These strategies optimize vitamin A absorption and utilization in poultry.
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(4) Bioavailability: The bioavailability of vitamin A sources is often overlooked, but it plays a crucial role . Unlike

other vitamins, vitamin A in the form of retinyl acetate is commonly formulated in small solid beadlet particles by

different suppliers (Figure 2). This can result in variations in stability and bioavailability among the vitamin A

products available on the market . Experienced formulators can easily create highly stable vitamin A products

that can withstand challenging conditions with the help of special formulation aids. However, the main challenge

lies in the digestive tract of poultry, where these stable formulations must release retinyl acetate in the intestinal

lumen. If the formulations are too stable, they may have reduced or no biological value at all . Therefore, it is

essential to strike a delicate balance between the overall stability and bioavailability of a vitamin A commercial

product. This balance ensures the product’s ability to withstand harsh storage conditions in premixes and high

pelleting temperatures in feed, while also facilitating easy release in the digestive tract.

Figure 2. Microencapsulation: Delivering a diverse range of products tailored to target applications.

In conclusion, identifying the causes of vitamin A deficiency in poultry diets requires a comprehensive approach.

Addressing inadequate feed formulation, ensuring proper storage and handling practices, sourcing high-quality

feed ingredients, and mitigating factors that hinder absorption and utilization are all vital steps in preventing and

managing vitamin A deficiency in domestic fowl.
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