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Vitamin A is essential for poultry health, influencing vision, growth, antioxidant
defense, reproduction, and immune function. However, it is highly sensitive to
degradation when exposed to light, moisture, heat, and oxygen. To address this,
vitamin A is typically formulated as retinyl acetate in small beadlets. These
beadlets are commonly included in premixes for industrial poultry diets.
However, variations in beadlet formulations among different producers can
lead to differences in stability and bioavailability, potentially impacting their
effectiveness and biological value for poultry. Understanding the stability and
bioavailability of various vitamin A sources is crucial for optimizing poultry
feeding strategies and ensuring adequate vitamin A supply. The stability of
vitamin A can be evaluated through several methods, including premix stability,
stability during pelleting, storage stability in feed, and the stability of pure vitamin
A products. Bioavailability, which reflects how effectively vitamin A is absorbed
and utilized by the animal, is typically assessed through in vivo studies, with liver
retinol levels serving as a key indicator. To enhance poultry production, it is
important to select vitamin A sources that offer both high stability and
biocavailability. Effective feed management, including the use of stable and
readily absorbed forms of vitamin A, can improve poultry health, growth rates,
and overall production efficiency.
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1 Introduction

Poultry farming is increasingly challenged by the need for sustainable production
practices and optimal micronutrient management, driven by significant advancements in
performance and metabolic rates over the past three decades (Korver, 2023). Vitamin A,
comprising retinol, retinal and retinoic acid, plays a critical role in poultry health,
impacting vision, growth, antioxidant status, reproduction, and immune function
(Cortes et al., 2006; Shastak and Pelletier, 2023a; Guo et al., 2023). Consequently, it is
often considered the most important vitamin by animal and veterinary nutritionists
(McDowell, 20005 Silver, 2024; Shastak et al., 2024).
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Vitamin A is highly susceptible to degradation when exposed to
light, humidity, heat, and oxygen, making it one of the most
sensitive vitamins (Allwood, 1982; Shurson et al, 2011; Galli
et al, 2024). To mitigate this instability, vitamin A is commonly
formulated as retinyl acetate in small solid beadlet particles or,
alternatively, in a dispersible spray-dried formulation by various
suppliers (Figure 1). These beadlets are universally supplemented
via premixes into all industrially produced poultry diets. However,
the formulation is unique for each producer, leading to variations in
the stability and bioavailability of vitamin A products, which can
affect their efficiency and biological value for birds (Hirai et al,
2023; Shastak and Pelletier, 2023a; Table 1).

This mini review aims to summarize the limited published
knowledge on the different sources of vitamin A used in poultry
diets, their stability, bioavailability, and the factors influencing it.
Understanding these key aspects is crucial for developing effective
feeding strategies and ensuring optimal vitamin A provision,
thereby enhancing poultry health and productivity.

2 Importance of vitamin A in
metabolism and
dietary recommendations

In poultry, vitamin A plays a critical role in maintaining proper
vision and overall health. It serves as a precursor to retinal, which is
a key component of rhodopsin, the visual pigment essential for low-
light vision (Bridges et al., 1987). Additionally, vitamin A is crucial
for protecting the cornea and conjunctiva, preventing dryness, and
ensuring adequate tear production by the lacrimal glands (Lima and
Souza, 2018). A deficiency in vitamin A can result in night blindness
and, in severe cases, complete blindness, impairing a bird’s ability to
forage and navigate (Shastak and Pelletier, 2023b).

Vitamin A, sometimes referred to as the “anti-infective”
vitamin, is also vital for immune function. It maintains the
integrity and functionality of epithelial tissues, which act as the
primary barrier against pathogens (Fan et al., 2015). Additionally,
vitamin A influences immune responses by promoting the
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differentiation of regulatory T cells, modulating cytokine
production, and enhancing the activity of innate immune cells,
thereby contributing to immune homeostasis (Chang and Hou,
2015; Oliveira et al., 2018).

Furthermore, vitamin A is essential for cellular differentiation
and tissue development. The active form of vitamin A, retinoic acid,
regulates cell cycle progression, particularly during the G1 phase, by
activating genes that promote cell division and inhibiting those
associated with cell cycle arrest (Qiu et al., 2020; Ma et al,, 2023).

Vitamin A also supports the activity of several antioxidant
enzymes, including superoxide dismutase and catalase, through
its influence on gene expression (Ahlemeyer et al, 2001). In
addition, it is crucial for reproductive processes in domestic fowl.
In males, vitamin A promotes spermatogenesis by stimulating
spermatogonia, while in females, it supports oocyte maturation,
ovulation, and transport through the oviducts, all via the retinoic
acid signaling pathway (Abdelnour et al, 2019; Shastak and
Pelletier, 2023c).

Poultry diets should include sufficient levels of vitamin A,
typically achieved through the inclusion of vitamin A supplements
via premixes. The recommended level of vitamin A from breeding
companies currently ranges between 8,000 and 15,000 IU per kg of
feed, depending on species, age, physiological state, and function. For
detailed numbers on requirements and recommendations, the reader
is referred to the paper by Shastak and Pelletier (2023b).

3 Measurement of stability

Stability refers to the ability of retinyl acetate in a formulated
dry product (such as beadlets or spray-dried powders) to retain its
chemical integrity and potency over time under various
environmental conditions. Key factors influencing stability
include exposure to light, heat, oxygen, oxidizing and reducing
agents (e.g., trace elements), pH, moisture, pressure (during
processes like pelleting and extrusion) as well as other feed
processing parameters, all of which can lead to the degradation
and loss of vitamin activity (Riaz et al., 2009; Galli et al., 2024).
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Structure of a beadlet and dispersible spray-dried formulation containing vitamin A acetate.
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TABLE 1 An example of variations in the approximate composition of
commercial vitamin A sources.

Activity,

Approximate

Formulation o
composition

Source IU/g

Retinyl acetate, gelatin,
carbohydrates, butylated
hydroxytoluene, silica

Product A 1,000,000 Beadlet

Retinyl acetate, gelatin,

sugar, o.-tocopherol,

Product B 500,000 Beadlet

ascorbic acid, silica,
corn starch

Retinyl acetate, gelatin,

glucose, mineral salt of

Product C 1,000,000 Beadlet

ascorbic acid, silica,
corn starch

Retinyl acetate, gelatin,
monosaccharide, butylated
hydroxytoluene, silica,
trivalent alcohol

Product D 1,000,000 Beadlet

Retinyl acetate, gelatin,

Product E 500,000 Beadlet carbohydrates,

ethoxyquin*, silica

Retinyl acetate, gelatin,

Product F 1,000,000 Beadlet glucose, ethoxyquin*, silica,

corn starch

Retinyl acetate, mixture of
carbohydrates, ethoxyquin*,
sugar, corn starch

Product G 1,000,000 Beadlet

*Ethoxyquin-containing products are only available in regions where the use of ethoxyquin is
still permitted.

The stability of different sources of vitamin A is typically
assessed through several approaches:

1. Premix Stability: This involves evaluating the stability of
vitamin A in premixes with varying compositions, such as
vitamin-only premixes, vitamin-mineral premixes with or
without choline chloride, and vitamin-mineral premixes
containing organically bound forms of zinc, iron, copper,
and manganese (Hirai et al., 2023). The premixes are tested
under different ambient temperatures, relative humidity
levels, and storage durations (Yang et al., 2021).

2. Pelleting Process Stability: This assesses the retention of
retinol activity during the feed pelleting process by
comparing the vitamin A content in the pelleted feed to
that in the mash feed prior to pelleting (Wang et al., 2022).

3. Storage Stability in Feed: This evaluates the stability of vitamin
A in feed during storage under different temperatures and
relative humidity conditions (Kostadinovic et al., 2014).

4. Pure Vitamin A Product Stability: This involves testing the
stability of pure vitamin A products under elevated
temperatures and relative humidity to understand how
these conditions affect their longevity and effectiveness
(Yang et al., 2022).

Hirai et al. (2023) evaluated the stability of four commercial
vitamin A sources in a broiler vitamin-mineral premix, including
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choline chloride, over 56 days at 35°C and 60-70% r.h. Products A
and B lost 51% and 56% of their activity after 28 days, respectively.
In contrast, products C and D lost 80% and 96%, showing
significantly higher degradation (P < 0.0001). After 56 days,
products A and B maintained similar activity levels as at 28 days,
while products C and D showed further degradation to 91% and
99% losses, respectively, remaining significantly worse (P < 0.0001)
than products A and B.

A parallel evaluation was conducted using the same premixes
stored in a refrigerator at 4°C for 56 days. After 28 days, products A,
B, and C exhibited a loss of 5%, 5%, and 9% of their activity,
respectively. In contrast, product D experienced a significant
degradation, with a 58% loss in activity (P < 0.0001). After 56
days, products A, B, and C showed further reductions in activity of
42%, 41%, and 43% compared to their activity at 28 days. Product
D, however, lost an additional 12%, demonstrating significantly
lower stability (P < 0.0001) compared to products A, B, and C.
These results clearly demonstrate that the stability of vitamin A
sources in premixes varies among different suppliers, depending on
storage temperature and duration. The observed differences are
likely due to variations in formulation.

4 Evaluation of bioavailability

The bioavailability of vitamin A pertains to the proportion of
ingested retinol, whether in the form of retinyl acetate or other
esters, that is absorbed and effectively utilized by the body. In vivo
studies are the primary method for evaluating bioavailability (Rana
et al,, 20215 Liao et al., 2024). Poultry are fed diets supplemented
with incremental quantities of retinyl acetate, and liver, blood, or
other biological samples are collected after the experimental phase
to measure retinol levels (Sacakli et al., 2024a). Generally, higher
concentrations of retinol in the liver or blood indicate better
bioavailability of the vitamin A source. The liver is considered the
gold standard for evaluating vitamin A bioavailability, as it stores
approximately 90% of the body’s retinol reserves (Idi et al., 2007;
Tanumihardjo et al., 2016).

The statistical calculation of relative bioavailability often employs
the slope-ratio method, as outlined by Finney (1964). This method
involves comparing the slopes of dose-response curves from different
treatments to assess their relative potency. Key aspects of the slope-
ratio method include: (1) a linear dose-response relationship,
meaning the response increases proportionally with dose, (2)
parallelism of slopes, which assumes that treatments act through
similar mechanisms and produce comparable responses, differing
mainly in potency, (3) the ability to compare slopes to determine
relative potency, and (4) precision and reliability, provided that
linearity and parallelism assumptions are met.

The depletion-repletion approach is preferred for bioavailability
studies because it establishes a deficiency baseline by depleting vitamin
A stores, allowing for precise measurement of how effectively different
sources replenish vitamin A (Liu et al, 2013). This method directly
compares repletion rates and ensures that observed effects are
attributable to the vitamin A sources, minimizing confounding
factors and providing accurate comparative data.
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Recent research on broilers suggests that continuous vitamin A
supplementation might better match observed data compared to a
depletion-repletion approach (Sacakli et al., 2024b). In the study,
broilers were fed incremental levels of vitamin A (0, 2000, 4000, or
8000 TU/kg feed) either continuously (days 1-22) or with a
depletion-repletion method (depletion days 1-14, repletion days
15-22). On day 23, liver samples from three chicks per pen were
analyzed for retinol. The continuous approach had a higher
goodness of fit (R* = 0.991) than the depletion-repletion approach
(R* = 0.975), indicating a better match. For adult birds like laying
hens, a depletion-repletion approach is still preferred due to their
ability to store sufficient vitamin A from previous intake.

Data from studies on vitamin A in rats have shown differences
in the relative bioavailability of various vitamin A sources, as
indicated by liver retinol levels (Rana et al, 20215 Liao et al,
2024). However, similar data for poultry have not yet been
generated. Rana et al. (2021) also evaluated the digestibility and
retention of different vitamin A sources. While there was a
correlation between the bioavailability ranking based on liver
retinol levels and the rankings for digestibility and retention,
these rankings were not identical.

One challenge in evaluating the digestibility and retention of
vitamin A is that unprotected forms, such as retinyl acetate, if not
absorbed, can degrade in the digestive tract after being released
from the formulation (Buehler, 2001). This degradation can affect
the accuracy of measurements of digestibility and retention,
potentially leading to overestimation of these values. Therefore,
when measuring vitamin A retention or digestibility, it is important
to consider the potential degradation of unprotected retinyl esters in
the digestive tract and during extraction from feces.

The absorption and utilization of vitamin A and other fat-soluble
vitamins are crucial for ensuring their optimal bioavailability. Several
factors can impact this process, including species-specific differences,
gut health disorders, parasitic infections, imbalances or deficiencies in
other nutrients (such as dietary fat and other fat-soluble vitamins),
stress, mycotoxins in feed, and certain diseases. These factors can
collectively impair the absorption of retinol in the digestive tract
(Leeson and Summers, 2001; Shastak and Pelletier, 2023b).

Finally, bioavailability is closely related to another term,
bioaccessibility. Bioaccessibility refers to the fraction of vitamin A
or other bioactive compounds that is released from its formulation
matrix during digestion and becomes available for absorption in the
gut (Rodrigues et al., 2022). It measures the potential amount of a
micronutrient that the body can absorb and use after consuming a
vitamin supplement. The bioaccessibility of a vitamin A product is
directly influenced by its formulation; making the product too
stable for premix and feed processing steps can reduce its
bioavailability to the animal.

5 Practical implications for
poultry production

In animal production, the choice of vitamin A sources and
their stability and bioavailability have substantial practical
implications for the health and efficiency of the livestock
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(Hu et al., 2020; Hirai et al., 2023; Sacakli et al., 2024a, b). In the
end, what truly matters is not just the initial quantity of vitamin A
planned for the animal, but rather the actual amount that reaches
the animal and the bioavailability of the vitamin form used.

Vitamin A stability varies among different commercial sources
due to differences in formulations provided by various suppliers
(Shastak et al., 2024). This instability can lead to a significant
decrease in the vitamin’s activity over time, posing a risk of
deficiencies if not managed properly (Hirai et al., 2023).

Proper storage and handling of premixes and feeds are essential
to preserve vitamin A and other vitamins (Galli et al., 2024).
Premixes and feeds should be kept in cool, dry environments and
protected from light exposure to prevent vitamin breakdown
(Menegat et al., 2019). Additionally, incorporating antioxidants
into premixes and feed can help stabilize fat-soluble vitamins,
mitigating degradation effects (Desbruslais and Wealleans, 2022).
Understanding and managing these factors ensure that poultry
receive a steady supply of vitamin A, supporting their health
and growth.

Bioavailability is another critical factor influencing the
effectiveness of vitamin A supplementation due to several reasons:

1. Absorption Efficiency: Bioavailability determines how well
vitamin A is absorbed in the animal’s digestive tract
(Cerqueira et al.,, 2017). Even if feed contains sufficient
vitamin A, it will not be effective if the vitamin A source is
not properly absorbed. Efficient absorption ensures that the
birds receive the full nutritional benefit of the
supplemented vitamin.

2. Physiological Function Support: Vitamin A is essential for
various physiological functions. Adequate bioavailability
ensures sufficient active vitamin A is available to support
these functions, maintaining the well-being and
productivity of the poultry (Alagawany et al., 2020). Poor
bioavailability can lead to deficiencies, compromising the
birds’ overall health and reducing production efficiency.

3. Commercial Value: Vitamin A supplements with higher
bioavailability often provide higher commercial value
(Shastak and Pelletier, 2023c). Feed producers can use
lower doses of more bioavailable forms of vitamin A to
achieve the desired physiological vitamin A status, which
can potentially reduce feed costs. Alternatively, using a
more bioavailable vitamin A source at the same
supplementation level can offer a higher safety margin
under field conditions, where birds are frequently
exposed to increased physiological demands due to higher
stress and pathogenic pressures. Conversely, less
bioavailable sources may require higher doses, increasing
costs and leading to micronutrient waste.

4. Growth and Development: During critical growth phases,
adequate vitamin A is essential for optimal development
(Cortes et al., 2006; Feng et al., 2019). Bioavailable sources
ensure that growing poultry receive necessary
micronutrients to reach their full genetic potential,
resulting in better growth rates and higher yields. This is
particularly important in commercial operations where
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growth performance directly impacts profitability
(Wongnaa et al., 2023).

Thus, to optimize poultry production, it is vital to select vitamin
A sources that are both stable and bioavailable. Effective feed
management, including the use of stable and easily absorbed forms
of vitamin A, enhances poultry health and improves growth rates,
ultimately supporting more efficient production systems.

6 Conclusions and perspectives

In conclusion, the stability and bioavailability of vitamin A in
poultry nutrition play crucial roles in ensuring optimal health,
growth, and productivity. The stability of vitamin A sources can
vary among different suppliers, highlighting the importance of
selecting reliable sources with proven stability. Proper storage and
handling practices are essential to preserve the activity of vitamin A
in premixes and feeds (Tavcar-Kalcher and Vengust, 2007; Menegat
et al., 2019).

Bioavailability, determined by factors such as absorption
efficiency and physiological function support, directly influences
the effectiveness of vitamin A supplementation (Combs and
McClung, 2017). Choosing vitamin A sources with higher
bioavailability can lead to improved commercial value, growth,
and development in poultry. It allows for better utilization of the
supplemented vitamin A and ensures the provision of adequate
levels for physiological needs.

Future research should continue to explore ways to enhance the
stability and bioavailability of vitamin A in poultry diets. This
includes investigating novel formulations and delivery systems that
optimize absorption and utilization (Zhang et al., 2021).
Additionally, further studies are needed to assess the impact of
vitamin A stability and bioavailability on specific poultry
populations, such as broilers, turkeys, ducks, layers, and breeders,
to tailor nutritional strategies accordingly.
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