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ABSTRACT - Vitamin A is listed in the fat-soluble vitamins group, whose absorption,
transport, and storage are similar to the lipids. However, the vitamin A functions
go beyond those reported in the ocular cells’ metabolism being also described in
reproductive functions, growth, and specific tissue maintenance through gene regulation.
In ruminants, vitamin A supplementation can be done in different ways. Orally with
carotenoids which B-carotene is the main representative, and intramuscularly by
injectable applications of synthetic vitamin A. In cows, it is common to perform oral
supplementation with f-carotene in the middle and/or final third of gestation to
increase plasma retinol concentrations, benefiting the fetus, colostrum synthesis, and
reproductive indices. In newborn calves, vitamin A administrated intramuscularly
might favor cell differentiation for lipogenesis increase in muscle tissue indicating a
higher intramuscular fat degree and resulting in a future improvement in meat quality.
Thus, this review aimed to address the vitamin A supplementation dynamic on the
effect on gestational/maternal and neonatal metabolism in beef cattle.
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1. Introduction

The micronutrient requirements related to minerals and vitamins must be considered in ruminant
nutrition. Given that these nutrients have essential functions in animal organisms acting as cofactors
and enzymes, they are related to improving animal metabolism, and subsequently increasing growth
and performance (Harris et al.,, 2018). Regarding fat-soluble vitamins, vitamin A supplementation
in the diet can be done by providing plant-originated provitamin A molecules, or by intramuscular
injections of molecules artificially synthesized (Maciel et al., 2022).

Until now, cases of vitamin A deficiency in beef cattle produced in pasture systems are rare, once
tropical pastures contain adequate (-carotene concentrations (Factor et al.,, 2024), and its storage in
liver tissue ensures long-term use (D’Ambrosio et al,, 2011). A reduction in B-carotene concentrations
can be observed in pastures during the dry periods of the year, reinforcing the importance of animal
supplementation with vitamin A, or its precursors (Reynoso et al.,, 2004).
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Vitamin A recommendations for beef cattle are reported considering the animal physiology and
category. According to the NASEM (2016) system for beef cattle, vitamin A requirements can be
expressed per international unit in kilograms of dry matter per day (IU/kg DM) or Retinol Equivalents.

Ruminal degradation of vitamin A precursors can affect its bioavailability for animal metabolism. In
general, microbial vitamin requirements are limited to water-soluble vitamins, e.g., those of the B
complex and vitamin C, to stimulate their cell growth and are associated with biochemical reactions as
enzymatic cofactors in microbial metabolism (Nagaraja et al.,, 1997).

However, in vitro studies conducted by Hino et al. (1993) demonstrated that supplementation with
B-carotene and a-tocopherol, whether administered individually or in combination, stimulates the
growth of ruminal microorganisms and enhances the digestion of the fibrous fraction of the diet.
Therefore, the vitamin A metabolism mechanisms in the rumen are still unclear (Zeoula and Geron,
2006). Vitamin A supplementation is valid when there is an increase in animals’ requirements which
depends on the animal’s physiological phase, or when the food quality sources that provide carotenes
are poor. Supplementation should be provided for pregnant beef cows, in which the need for macro
and micronutrients increases in the peripartum period (Jo et al., 2020). In this case, -carotene
supplementation is indicated and has a positive effect on oxidative stress (Kamiloglu et al., 2005), fetal
growth (Marceau et al., 2007; Jo et al., 2020), colostrum synthesis (Nishijima et al.,, 2017; Ishida et al,,
2018), ovulation (Hidalgo et al., 2005; Ay et al., 2012a) and embryonic adherence (Agarwal et al., 2006;
Gouvéa et al,, 2018). In addition, the vitamin A supplementation in beef cows at late gestation enhances
intramuscular adipogenesis in offspring (Dean et al., 2024).

Furthermore, when dealing with the supplementation effect of injectable synthetic vitamin A in
newborn calves, it is common to observe a gene action in cell regulation and differentiation through
hyperplasia and hypertrophy in intramuscular fat (Harris et al., 2018; Campos et al., 2020; Peng et al.,
2020; Maciel et al., 2022; Scapol et al., 2023). These are related to ensuring higher weaning weight
(Jo et al., 2020; Peng et al., 2020), and intramuscular fat deposition (Peng, et al., 2020; Maciel, et al,,
2022; Scapol etal., 2023) via lipogenesis, providing a higher meat marbling degree during the slaughter
period in beef cattle (Daniel et al., 2009; Wellmann et al., 2020; Scapol et al., 2023). Thus, this literature
review aimed to analyze the effects of vitamin A supplementation on gestational, maternal, and
neonatal metabolism in beef cattle.

2. Vitamin A characterization

Micronutrients, although required in smaller quantities compared to macronutrients, play a crucial
role in maintaining health and the proper functioning of the body (Andrés et al, 2024). Among
micronutrients, vitamins stand out for their variations and specific functions, which are grouped into
two main categories: water-soluble vitamins, including ascorbic acid (vitamin C) and the B-complex
vitamins, and fat-soluble vitamins, which include retinol (vitamin A), as well as cholecalciferol
(vitamin D), tocopherol/tocotrienol (vitamin E), and phylloquinone/menaquinone (vitamin K)
(Andres et al., 2024).

Vitamin A exhibits a specific affinity for hepatic tissue, where it is primarily stored, although smaller
amounts can also be found in the adipose tissue of animals (Peng et al., 2021). In the body, it may
bind to plasma transport proteins. Furthermore, vitamin A is present in plant pigments in the form of
carotenoids, such as (3-carotene, which are generally considered to be abundantly available. Despite
structural differences, these carotenoids share an unsaturated isoprenoid chain and perform similar
physiological functions in the organism (Carazo et al., 2021).

In grasses and legumes, the reflected light spectrum that results in the green color of the plants
indicates proper levels of provitamin A, particularly represented by (-carotene. However, there is a
significant decrease in the biodisponibility of B-carotene as the forage matures or undergoes drying
or preservation processes (Elgersma et al.,, 2013; NASEM, 2016; NASEM, 2021). In such conditions,
vitamin A supplementation becomes necessary to ensure animals receive an adequate amount of this
nutrient.
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Vitamin A is biologically active in the forms of retinol, retinal, or retinoic acid, which contain an alcohol
group, an aldehyde group, and a carboxylic acid group, respectively (Figure 1) (Polcz and Barbul, 2019).
Understanding the different bioforms of vitamin A and its metabolism is crucial for comprehending
its role in cellular growth and tissue differentiation in animals.

Although vitamin A is not directly involved in coenzyme-catalyzed reactions, it plays hormonal and
regulatory functions in gene expression (Balmer and Blomhoff, 2002). However, both its deficiency
and excess can compromise animal metabolism (Gonzalez and Silva, 2019).
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1) Part of the B-carotene contained in the diet, related to the forage content and/or in vitamin and mineral supplements, undergoes the enzymatic
action of 15-15’ B-carotene decarboxylase enzyme (from B-carotene to retinal) and retinaldehyde reductase (from retinal to retinyl and/or retinyl
esters) to form the micelle for absorption by facilitated diffusion, cleaving the B-carotene molecule into free retinol and/or retinyl esters; some
B-carotene fraction or other carotenoids can be absorbed by membrane receptors without necessarily undergoing enzymatic action. As in lipid
digestion, vitamin A precursors are re-esterified and grouped into chylomicrons by the retinol transport proteins (RBPs) action. 2) After re-
esterification and chylomicron formation, the aggregate containing lipids, fat-soluble vitamins, and lipoproteins is directed to the lymphatic
system, once this system caliber supports the transporting lipids and their aggregates function, with the liver as the final destination in the
remaining chylomicrons form. In the liver tissue, retinol and retinol esters are transported to the liver stellate cells, where they are stored in the
retinyl palmitate form (the most stable vitamin A form). 3) When the vitamin A need in tissue is triggered, the vitamin A stored in the liver is
converted by enzymatic action into free retinol or retinol esters, which are transported to the hepatic portal system with the cytoplasmic RBPs help,
and to the plasma system by type II RBPs in addition to albumin and transthyretin (TTR), which direct the provitamin A molecules to the target
tissue. Some of the provitamin A molecules are converted into all-trans retinoic acid (ATRA), being absorbed by the target cell.

Figure 1 - Schematic of the -carotene and vitamin A precursors absorption, transport, and storage in the beef
cattle intestine.

2.1. Bioavailability and functions

The bioavailability of micronutrients refers to the fraction of the ingested nutrient that effectively
contributes to meeting the physiological demand of the target tissue (Jackson, 1997). In the case of
vitamin A, this availability is essential for the performance of vital functions, such as the regulation
of reproductive function, growth, tissue maintenance (Ambroésio et al, 2006), and gene regulation
(Balmer and Blombhoff, 2002).
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The degradation of vitamin A begins in the rumen, where retinol esters are cleaved by microorganisms,
releasing free retinol (Rode et al., 1990), which can be converted into retinal and retinoic acid
(Srinivasan and Buys, 2019). In the small intestine, vitamin A esters are hydrolyzed by pancreatic
lipases, releasing retinol, which is absorbed and re-esterified in enterocytes, being incorporated into
chylomicrons. These chylomicrons are transported to the liver, where vitamin A is esterified and
stored in hepatic stellate cells (Grumet et al., 2017). Retinol-binding protein (RBP) carries retinol in
circulation, being absorbed by cells expressing Stimulated by Retinoic Acid-6 (STRA6) (Kelly and von
Lintig, 2015).

Intracellularly, vitamin A is converted into its active form, retinoic acid, which binds to nuclear receptors
such as retinoic acid receptors (RAR) and retinoid X receptors (RXR), regulating the transcription of
genes involved in cell differentiation and metabolism (Huang et al., 2014). One of its primary biological
roles is to promote cellular differentiation, a process essential for the development and specialization
of tissues and organs from embryogenesis to adulthood (Barber et al., 2014). In early life stages—
particularly during fetal development, the suckling phase—retinoic acid influences the commitment
of mesenchymal stem cells toward the adipogenic lineage, favoring the development of intramuscular
adipocytes (Harris et al,, 2018). Adequate vitamin A status during these phases, either via maternal
colostrum, milk, or forage, is thus critical for proper adipose tissue programming.

Interestingly, the role of vitamin A appears to shift in later stages of production. During the finishing
phase, for instance, vitamin A restriction has been associated with increased intramuscular fat
deposition or marbling (Kruk et al., 2018). This paradoxical effect may stem from the reduced inhibitory
action of retinoic acid on adipocyte differentiation at this stage. Mechanistically, retinoic acid acts as
a ligand for RAR, forming heterodimers with RXR (Chawla et al.,, 2001; de Thé et al.,, 1990), which
bind to retinoic acid response elements in the genome, modulating the expression of key adipogenic
and lipogenic genes such as PPARy (Lefterova et al., 2009). Moreover, there is evidence that retinoic
acid influences skeletal muscle metabolism by enhancing fatty acid oxidation, potentially limiting lipid
accumulation in muscle tissue (Amengual et al., 2018). Collectively, these findings highlight the stage-
specific effects of vitamin A on adipogenesis and energy metabolism, emphasizing the need for targeted
nutritional strategies across different phases of cattle development.

2.2. Deficiency and toxicity

In pasture-based production systems, particularly under tropical conditions, clinical cases of
vitamin A deficiency or toxicity in beef cattle are uncommon. This is largely attributed to the high
availability of B-carotene in fresh green forages, which is efficiently converted into retinol and stored
in the liver, ensuring sufficient reserves to maintain vitamin A homeostasis over extended periods
(Pickworth et al., 2012).

Fresh tropical forages have been reported to contain vitamin A equivalents ranging from 39,000
to 59,600 IU per kilogram of dry matter (DM), while conserved forages, such as good-quality hay,
typically contain much lower concentrations, between 1,400 and 3,600 1U/kg DM. These values are
highly susceptible to oxidative degradation during storage, particularly under inadequate drying and
preservation conditions (Pickworth et al.,, 2012). Vitamin A requirements vary according to animal
category and physiological status. According to NASEM (2016) and Valadares Filho et al. (2023),
beef feedlot cattle require approximately 2,200 IU/kg of dry feed, pregnant heifers around 2,800 1U/kg,
and lactating cows or breeding bulls up to 3,900 1U/kg. Under well-managed grazing conditions,
cattle typically meet these requirements through voluntary intake of (-carotene from fresh forages.
In contrast, animals consuming primarily conserved or low-quality forages are at increased risk of
deficiency and may require dietary supplementation to ensure adequate intake and hepatic storage of
vitamin A.

If hepatic retinol stores decline, clinical signs of vitamin A deficiency may emerge (NASEM, 2016).
According to Speer et al,, 2022, the deficiency is characterized by low plasma retinol concentrations
(<300 ng/mL) and deficient liver retinol reserves (<300 pg/g DM). Clinically, affected cattle exhibit
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stunted growth, especially in bone development; impaired immunity—marked by reduced phagocytic
activity in macrophages and neutrophils, leading to increased susceptibility to infections and, in
severe cases, mortality; and reproductive disorders. In females, common manifestations include
prolonged estrous cycles, anovulation, reduced conception rates, abortion, and retained placenta. In
males, testicular atrophy, degeneration of accessory sex glands, poor sperm quality, and disrupted
spermatogenesis have been reported (Zeoula and Geron, 2006).

Regarding hypervitaminosis/toxicity from vitamin A, toxicity in cattle has not been reported under
grazing conditions. This may be explained by the ruminal fermentative metabolism and the
degradation of carotenoids by the microbiota, which prevents excessive absorption of vitamin A by
the intestinal epithelium, ensuring adequate plasma levels for the animal’s metabolic homeostasis
(NASEM, 2016; NASEM, 2021; Valadares Filho et al., 2023).

3. Vitamin A metabolism

Such any other nutrient, vitamin A performs specific functions in cellular metabolism. As a result,
there is a mechanism for the activation of this biomolecule at both the cytoplasmic and nuclear levels,
optimizing the absorption, storage, and transport processes and its use in target tissues (Polcz and
Barbul, 2019). The functionality of this regulatory system depends on the lipoproteins association,
and proteins and molecular complexes transport, which provide the dynamic for the activation and
storage of this molecule for cellular metabolism (Polcz and Barbul, 2019).

3.1. Absorption, storage, and transport

The absorption of vitamin A is directly related to the intake of its precursors, known as provitamin
A, represented by carotenoids (D’Ambrosio et al,, 2011). The main carotenoids, such as a-carotene,
[B-carotene, and B-cryptoxanthin (Conaway et al., 2013), are found in the foods provided to animals,
meeting the nutritional requirements of this vitamin. After ingestion, these compounds are
emulsified in the intestine, forming a micellar aggregate that includes fatty acids, monoacylglycerol,
phospholipids, cholesterol, bile salts, and free retinol (Blaner et al., 2016). This emulsification process
prepares the carotenoids for hydrolysis, which is carried out by enzymes such as pancreatic lipases.
Hydrolysis releases free retinol, which is absorbed by intestinal cells (enterocytes) through facilitated
diffusion (Soprano et al., 1994; Bennekum et al., 2000; Reboul et al., 2006).

Since retinol is insoluble in water, it must bind to transport proteins, such as retinol-binding protein I
(RBP I) and retinol-binding protein II (RBP II), which facilitate the transport of retinol through intestinal
cells (Ong and Chytil, 1978; Conaway et al., 2013; Blaner et al., 2020). Retinol derived from 3-carotene
can be converted into all-trans retinoic acid (ATRA), also known as tretinoin, or it can remain in the
form of retinol. This conversion occurs not only in enterocytes but also in hepatocytes and other cells,
where ATRA can be converted back into retinol and released into the bloodstream for use by the body
(Carazo et al,, 2021).

Retinol-binding proteins are involved in the formation of chylomicrons through the reesterification of
compounds absorbed during the digestion of long-chain fatty acids, a process mediated by the enzyme
retinyl acyltransferase (Harrison, 2012; Polcz and Barbul, 2019). This results in the formation of a
complex that includes retinal esters, carotenoids, and provitamin A, which are esterified with fatty
acids, incorporated into chylomicrons, and transported via the lymphatic system for later storage in the
liver (Polcz and Barbul, 2019). In this process, as the absorption and transport of retinol depend on the
presence of fat, approximately 50% of the consumed provitamin A is absorbed intact by the intestinal
mucosa and directed to the portal system, while the other 50% undergo oxidation to be converted
into retinol (Conaway et al., 2013). Thus, fat intake is essential to ensure the effective absorption of
vitamin A, a fat-soluble compound (Blomhoff et al., 1990). Additionally, some carotenoids, such as
[-carotene, are absorbed by enterocytes with the help of membrane proteins, such as the scavenger
receptor class B1 (SCARB1) and cluster of differentiation 36 (CD36) (Blomhoff et al., 1990).
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After intestinal absorption, vitamin A is incorporated into chylomicrons and transported via the
lymphatic system to the liver. In hepatocytes, chylomicron remnants are internalized through
receptor-mediated endocytosis, a process involving apolipoprotein E and lipoprotein lipases, which
hydrolyze retinyl esters to release free retinol (Harrison, 2012; Cooper, 1997). Once in the liver, retinol
may be re-esterified by hepatic cells, primarily as retinyl palmitate, and stored for future use in the
absence of immediate metabolic demand (Conaway et al., 2013). It is estimated that approximately
90% of the body’s vitamin A is stored in the liver, with around 40% utilized in metabolic processes
and the remainder retained in hepatic reserves. When needed, retinol is mobilized by the action of
retinyl ester hydrolase and released into circulation bound to plasma retinol-binding protein (RBP-II)
or as complexes with cytoplasmic RBP. These complexes are then transported to storage sites, such as
hepatic and adipose tissues (Ambrosio et al., 2006).

The transport of vitamin A in plasma occurs through the esterification of retinyl esters in liver cells,
which can be converted into retinol. Retinol then binds to RBP, forming the retinol-RBP complex,
which is transported through the bloodstream with the help of membrane transporters (Soprano
and Blaner, 1994). In plasma, the retinol-RBP complex requires a carrier protein, which may be
transthyretin (TTR), prealbumin, or albumin, to ensure proper transport (Carazo et al, 2021). In
addition to transporting the retinol-RBP complex, TTR also carries the thyroid hormones (T3 and T4).
Thus, the complex formed by retinyl esters and/or retinol-RBP with TTR helps prevent the excretion
of vitamin A through renal filtration (Carazo et al,, 2021), protecting circulating vitamin A precursors
from depletion or oxidation until they are utilized by specific tissues (Figure 1).

3.2. Molecular mechanisms of retinoid signaling in target tissues

As previously mentioned, the absorption and transport of vitamin A precursors intended for storage
depend on specific proteins that convert retinoic acid into retinol, which is subsequently retained in
the liver. A portion of this retinol is then mobilized as retinyl esters and converted back into retinoic
acid. Thus, when specific tissues require it for metabolism, target cells activate mechanisms to
capture these precursors in the bloodstream through membrane receptors. This process directs the
precursors to the cell nucleus, where gene expression occurs to benefit cellular metabolism (Figure 2).

When the ATRA complex is available with RBP, or by plasmatic albumin in low concentrations,
peripheral cells absorb this compound (Conaway et al., 2013) through the transmembrane receptor
Strat6, encoded by retinoic acid 6 stimuli (Kawaguchi et al., 2007; Conaway et al., 2013; Carazo et al,, 2021).

In this way, the target tissues’ cellular metabolism for vitamin A precursors, especially retinol, depends
on binding proteins and receptors for their signaling pathways, beginning with the retinol oxidation
into all-trans retinal acid by cytosolic alcohol dehydrogenase (ADH), being complexed with the
cellular retinol receptor protein (CRBP), passing through the oxidative action of the enzyme retinal
dehydrogenase (RALDH), providing the active vitamin A metabolite, ATRA, being bound to a cellular
retinoic acid receptor protein (CRABP; Conaway et al., 2013; Carazo et al., 2021) at the cytosol level.

Despite the cell nucleus, vitamin A and its precursors are an important factor for gene expression
(Balmer and Blomhoff, 2002; Bohn, 2017) in which nuclear receptors interact with transcription,
modulating the target gene expression (Carazo et al., 2021). Furthermore, nuclear hormone receptors
are responsible for enabling the transport of vitamin A precursors + binding proteins present in
the cytosol, namely retinoic acid receptors (RARs) and retinoid X receptors (RXRs). Therefore, RAR
receptors form heterodimers with RXR receptors and RXR receptors (e.g., isolated in homodimer
form) have transcription factor functions, leaving retinoic acid response elements (RAREs) active in
target genes (Bastien and Rochette-Egly, 2004; Conaway et al., 2013; Carazo et al., 2021).

Retinoic acid exerts its biological effects primarily through its interaction with nuclear receptors,
particularly the retinoic acid receptors (RARs), which include the isoforms RARa, RARB, and RARy
(Giguere et al,, 1987). Among these, RAR«a is the most widely expressed isoform in the body, whereas
RARB is predominantly localized in the liver, kidneys, and nervous tissue. The interaction between
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vitamin A and gene expression is mediated by all-trans retinoic acid (ATRA), which binds to RARs and
activates signaling pathways involved in key physiological processes such as cell differentiation and
tissue development (Bastien and Rochette-Egly, 2004). Once vitamin A precursors are mobilized
from hepatic stores into the circulation—complexed with specific binding proteins—they become
available to intracellular receptors. RARs preferentially bind to ATRA, while retinoid X receptors
(RXRs) exhibit higher affinity for the 9-cis-retinoic acid isomer (Germain et al., 2002). The functional
divergence between RAR and RXR is largely attributed to differences in their ligand-binding domains
(LBDs), which define their ligand specificity and determine the nature of the receptor-ligand complex
that translocates from the cytosol to the nucleus, ultimately regulating the transcription of target
genes (Carazo et al., 2021).

At the molecular level, the inactivated RAR form occurs when there is no binding to retinoids,
remaining deprived in the cell nucleus composing the co-repressors complex (Carazo et al., 2021).
In this way, there is a structural molecule rearrangement with the specific ligand for the co-activator
RAR, generating the co-repressor activation (Chebaro et al., 2017). The transcription machinery of
cellular genetic material must be accomplished by the RAR heterodimerization with RXR to carry out
transcription, providing the co-activator ligand heterodimer complex for DNA sequences recognition,
binding to the promoter region of target genes (e.g. retinoic acid responsive elements, RARE) which
affect the genes transcriptional regulation (Carazo et al., 2021).

Regulatory function
in protein translation

CRBP

Blood
vessel

After transport to the target tissue, at the cellular level, membrane receptors allow the retinyl esters, retinol, and all-trans retinoid acid (ATRA)
entry into the cytoplasm. This results in a retinyl ester and retinol to ATRA conversion, which will be oxidized by cytosolic alcohol dehydrogenase
(ADH) and the enzyme retinal dehydrogenase (RALDH), enabling the molecule to have bioactivity as vitamin A. The ATRA + CRBP complex
associates with RAR molecules, which have a regulatory function in protein translation in the cytoplasmic environment. Some transport proteins
found in the cytosol have an affinity for ATRA and have the function of transferring the molecule to the cell nucleus, with this function being
commonly performed by cellular retinoic acid-binding protein (CRABP) and fatty acid transport protein (FABP). Thus, in a nuclear environment
when bioactivated, ATRA associates with the co-activators + nuclear receptors complex, represented by RAR, RXR, PPAR, and RARE, activating
genomic functions through the target genes transcription or their repression, when necessary.

Figure 2 - Schematic of the cellular uptake and intracellular transport of vitamin A metabolites in target tissues.
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The RARs present in the cell nucleus also have a binding action to the CRABPII (0) complexes,
transporting ATRA to the nucleus (Conaway et al., 2013), which is another active form of vitamin A
precursor transport for gene regulation. Another nuclear receptor with a hormonal nature forms
heterodimer with RXR and is called peroxisome proliferative activated receptors (PPARs) with isomers
a, B, v, and 8. The PPAR synthesis might be affected by the cellular retinal concentrations in adipose
tissue with antagonistic PPAR activity effect, inhibiting adipogenesis and increasing the cell insulin
sensitivity (Ziouzenkova et al, 2007). This RXR-PPAR complex called a heterodimer, for example,
has transcription factor functions activating specific gene expression responses (Conaway et al.,
2013; Carazo et al., 2021). Additionally, to the transporters aforementioned, retinoid transporters
might complex with orphan transporters (RORs), which do not form dimers and might regulate gene
expression in monomers by binding to RARE (Conaway et al., 2013; Carazo et al,, 2021), with «, 3, and
y isoforms.

Thus, with the retinol oxidation reducing ATRA, genomic function modifications are regulated by the
action of nuclear transporters/receptors related with vitamin A precursors (PPGRs, RARs, RXRs, and
RORs) for gene expression or target genes regulation. Considering this, the transcription may not
occur when no ligands are available to be associated with the transport complexes present in the
nucleus through cellular retinoic acid-binding proteins (CRABP) or fatty acid-binding proteins (FABP),
otherwise, transcription is not directed (Carazo et al., 2021).

4. Vitamin A utilization

The vitamin A requirement for beef cattle is expressed in international units (IU) or retinol equivalents
(RE) relative to body weight. For ruminants, -carotene is the recommended precursor of vitamin A
to be used in diets and supplements. According to NASEM (2016), the vitamin A requirement varies
in accordance to beef cattle category and physiological state, in which at 2,200 IU/kg dry feed for beef
feedlot cattle, 2,800 IU/kg dry feed for pregnant beef heifers and 3,900 IU/kg dry feed for lactating
cows and breeding bulls.

Regarding the vitamin A requirements for pregnant beef females (e.g., heifers and cows) and pre-
weaned calves, there are limitations in data validation for these categories (NASEM, 2016). This makes
it essential to understand the role of vitamin A supplementation for performance and metabolism
during these specific physiological stages.

4.1. Supplementation forms

The dietary supply of vitamin A in ruminants is influenced by both the type of diet and the rate of
ruminal fermentation. Various carotenoid isoforms—such as [3-carotene, a-carotene, y-carotene, and
cryptoxanthin—are present in forages and grains and serve as vitamin A precursors (NASEM, 2016).
However, the availability of these compounds can fluctuate significantly depending on forage quality,
particularly in pasture-based systems. During dry seasons, when forage carotenoid content is reduced,
supplementation with provitamin A sources is often required to meet nutritional demands (Pickworth
et al., 2012; NASEM, 2016). Although the precise requirements of vitamin A for pregnant ruminants
and growing calves have not yet been fully defined, cases of hypervitaminosis A are rare. This low
incidence is mainly due to the extensive microbial degradation of vitamin A and its precursors in the
rumen, which limits their intestinal absorption and systemic accumulation (Casals and Calsamiglia,
2012; NASEM, 2016; Valadares Filho et al.,, 2023). In practice, dietary vitamin A supplementation is
commonly achieved through the inclusion of B-carotene-rich feedstuffs, vitamin-mineral premixes, or,
in some cases, parenteral administration. Injectable vitamin A is typically used in strategic phases such
as early life, weaning, or gestation, particularly in situations where dietary intake may be insufficient
(Harris et al., 2018; Campos et al., 2020; Peng et al., 2020; Wellmann et al., 2020; Song et al.,, 2023;
Scapol et al,, 2023; Dean et al., 2024).

While both supplementation routes are effective in increasing vitamin A status, injectable forms tend
to yield more immediate and consistent increases in plasma and hepatic retinol concentrations (Knight
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and Death, 1999), particularly in neonates and periparturient cows, where gastrointestinal absorption
may be limited or dietary intake insufficient. Conversely, long-term maintenance of adequate vitamin
A status is more efficiently sustained through dietary supplementation, which better supports
gradual accumulation and storage in hepatic tissue (Knight and Death, 1999). Therefore, the choice
of supplementation method should consider the animal’s physiological stage, nutritional status, and
production system.

4.2. Effects on pregnant beef cows

Metabolic alterations associated with physiological transitions in the pre- and postpartum periods
are well-documented in mammals (Redmer et al., 2004). This transition is often characterized
by a negative energy balance due to the sudden increase in energy demands for fetal development,
parturition, and the onset of lactation. Such an imbalance leads to the mobilization of body reserves,
which consequently increases oxidative stress in peripheral tissues as a result of elevated reactive
oxygen species (ROS) production at the cellular level (Sordillo and Aitken, 2009). The accumulation
of free radicals can disrupt systemic homeostasis (Castillo et al., 2005; Sordillo, 2005), diverting
energy toward milk production for the calf and thereby reducing antibody synthesis and reproductive
hormonal activity, ultimately compromising maternal health (Tufarelli et al., 2023).

Evaluations of the vitamin A supplementation effects in beef cows at the end of gestation are scarce
(Jo etal,, 2020; Dean et al,, 2024), but hypotheses might be generated by adopting analogies to other
ruminant production systems, such as dairy cows or lambs. Jo et al. (2020) identified the vitamin A
oral supply interaction for pregnant beef heifers at the end of gestation. It was found that maternal
supplementation in the period from 225 days of gestation until the day of calving, with 78,000 IU/day
of vitamin A in the total diet leads to a decrease in vitamin A serum levels after calving due to its use
for fetal growth, and the female nutritional needs increase during the lactation period. These findings
indicate that the supplementation level used should be higher than those suggested by the nutritional
requirements of beef cattle nowadays.

It is well established that placental morphology plays a crucial role in the maternal-fetal transfer of
nutrients (Fowden et al, 2009). Ruminants, including cattle, possess an epitheliochorial placenta,
which consists of multiple cellular layers separating maternal and fetal blood supplies, and therefore
significantly limits the passive transfer of vitamin A from the dam to the fetus (Donoghue et al., 1985).
Despite this anatomical limitation, vitamin A and its derivatives (retinoids) are critical for embryonic
development and fetal tissue differentiation, particularly during late gestation, when adipogenesis is
actively occurring.

Recent studies have shown that vitamin A supplementation during late gestation enhances
intramuscular adipogenesis in the offspring. Dean et al. (2024) reported increased mRNA expression
of retinoic acid receptor B (RARB) and greater protein abundance of adipogenic markers (DLK1 and
PPARY) in the offspring of beef cows supplemented with vitamin A, which was associated with
increased intramuscular fat deposition throughout postnatal development. These findings suggest
that maternal retinoid status during late gestation can modulate fetal adipocyte differentiation via
retinoid signaling pathways, despite the restrictive placental environment.

In addition to developmental effects, vitamin A and its precursors, such as [3-carotene, have recognized
antioxidant functions, particularly important during the peripartum period when oxidative stress
is heightened due to increased metabolic demands and hormonal fluctuations. Carotenoids can
neutralize reactive oxygen species (ROS) through mechanisms involving electron transfer and hydrogen
abstraction, contributing to maternal redox balance (Zubova et al.,, 2021; Mitsuishi and Yayota, 2024).
Elevated cortisol levels during labor can exacerbate oxidative stress and modulate immune responses;
thus, maintaining adequate antioxidant status through dietary carotenoids may help mitigate these
effects (Oliveira, 2014).

Although the transfer of vitamin A across the placenta is limited in ruminants due to the epitheliochorial
barrier, studies suggest that neonates are born with detectable hepatic vitamin A stores (Ross and
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Gardener, 1994; Collins et al,, 1994). This indicates that, despite its restrictiveness, the placenta is
capable of a regulated and selective retinoid transport. According to Marceau et al. (2007), placental
tissues express retinoic acid receptors (RARs) and cellular retinol-binding proteins (CRBPs), which
enable the intracellular uptake and trafficking of maternal retinol—carried in the blood bound to
retinol-binding protein (RBP)—into placental cells and eventually into the fetal circulation.

Notably, during early organogenesis, the concentration of retinoids in placental tissue can be up to eight
times higher than in the embryo, suggesting that the placenta may function as a transient storage site
for retinoids. As gestation advances, particularly in the final trimester, fetal retinoid levels gradually
surpass those of the placenta, indicating a regulated increase in retinol transfer to support tissue
differentiation and accelerated growth (Marceau et al.,, 2007). However, in ruminants, this transfer
remains quantitatively limited due to the structural characteristics of the epitheliochorial placenta,
which imposes a greater barrier to fat-soluble vitamin diffusion compared to species with hemochorial
placentation (Soares et al., 2018).

Given these physiological constraints, postnatal vitamin A sources become essential to sustain
adequate neonatal status. Colostrum, rich in retinol and retinyl esters, plays a crucial role in this regard
(Noziére et al., 2006). Nonetheless, in scenarios of poor colostrum intake or maternal deficiency,
strategic neonatal supplementation—such as intramuscular vitamin A injection shortly after birth—
can be beneficial, promoting immune competence and supporting optimal early development
(Harris et al., 2018; Wang et al,, 2018).

Jo et al. (2020) observed a marked decline in maternal plasma retinol concentrations during the first
week postpartum, attributing this decrease to the high nutritional demands of the fetus during late
gestation and the onset of lactation. This finding is supported by other studies in cattle that demonstrate
significant prepartum redistribution of vitamin A into fetal and colostral compartments. For instance,
Kankofer and Albera (2008) reported that retinol concentrations were significantly higher in the fetal
portion of the placenta compared to the maternal portion, and that colostral retinol levels increased
substantially within the first 24 hours after birth. Similarly, Speer et al. (2024) estimated that
approximately 60% of the vitamin A content in colostrum originates directly from the maternal diet
in late gestation, while the remaining 40% is mobilized from hepatic stores. These findings indicate
that both dietary intake and liver reserves are strategically mobilized to support colostrum formation
at parturition.

Newborn calves typically have reduced hepatic vitamin A stores at birth, and are therefore considered
functionally deficient in vitamin A and -carotene at this stage (Puvogel et al., 2008). Thus, colostrum
represents the primary and immediate source of retinol necessary to normalize neonatal vitamin
A status. Considering that fat-soluble vitamins, such as vitamin A, do not cross the bovine placenta
efficiently, neonatal blood and liver retinol concentrations at birth do not directly reflect maternal
levels. In fact, recent data indicate that many calves exhibit low hepatic vitamin A stores at birth even
when their dams are vitamin A sufficient.

Taken together, these findings highlight a functional maternal-neonatal axis of vitamin A metabolism
in cattle, in which maternal mobilization during late gestation—particularly toward the placenta and
colostrum—plays a central role in establishing the neonatal vitamin A status. In this context, it can
be concluded that plasma vitamin A concentrations in newborn calves are directly influenced by
maternal supplementation during late gestation. This results in elevated vitamin A levels (IU/dL) at
birth—even prior to colostrum intake—thereby supporting the hypothesis that placental transfer
of vitamin A does occur in beef cattle. In a study with beef cows, Jo et al. (2020) observed that
maternal supplementation with 78,000 IU/day of vitamin A during the final third of gestation led to
significantly higher plasma retinol concentrations (~120.3 IU/dL) compared to non-supplemented
controls (~83.7 IU/dL).

Complementing these findings, Lotfollahzadeh and Golchin (2016) reported that calves born to dams
supplemented with 2,000,000 IU of vitamin A via intramuscular injection exhibited pre-colostrum
plasma retinol concentrations ranging from 90.6 to 93.1 pg/dL, compared to only 35.5 pg/dL in
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the control group—representing a more than 2.5-fold increase. Additionally, Kumagai et al. (1994)
demonstrated that plasma vitamin A concentrations in calves more than double between birth and
five days of age, underscoring the importance of colostrum as a critical source of vitamin A during the
neonatal period.

Together, these findings confirm that, although placental transfer of fat-soluble vitamins in ruminants
is generally limited (NASEM, 2021), maternal supplementation in late gestation can promote
biologically and statistically significant increases in neonatal vitamin A status. Further research is
needed to determine the specific vitamin A requirements for pregnant cows—especially considering
the increasing fetal demand in late gestation (Jo et al.,, 2020)—and to better understand how maternal
intake and hepatic reserves influence both fetal supply and early calf development.

As described and indicated previously, few considerations are available about vitamin A or its
precursors supplementation for beef cows, however, studies conducted with dairy cows indicate a
colostrum quality improvement related to higher immunoglobulins (IgG) and fats concentrations when
supplementation is performed in prepartum (Nishijima et al., 2017; Ishida et al., 2018). Considering
the digestive physiology, gestational physiology, and colostrum production physiology analogies of
dairy cattle and beef cattle, we can relate studies carried out with dairy cattle to understand the
vitamin A or its precursors’ supplementation effects in colostrum quality.

Colostrum synthesis is influenced by the blood flow and nutrients circulating in the mammary gland,
which may alter its composition (Foley and Otterby, 1978). Other factors might alter this synthesis,
such as immunity and cow breed. Thus, when cows are supplemented with -carotene in the final
phase of gestation, they provide higher IgG1 and IgA colostral concentrations (Nishijima et al.,, 2017;
Ishida et al., 2018) or not (Kaewlamun et al., 2011; Prom et al., 2022), requiring further investigations
into mammary metabolism for colostrum synthesis and immunological quality.

As previously reported, the vitamin A antioxidant action and B-carotene protect the cells from free
radicals degenerative effects, produced during oxidative metabolism, in the peripartum period and
attenuate oxidative stress by unbalancing the free radical number, also known as reactive oxygen
species (ROS) characterized by glutathione, glutathione peroxidase, vitamin A, vitamin E, -carotene
and others (Kamiloglu et al., 2005), and antioxidants.

Considering a temporal scale, during the peripartum period in cattle, the free radicals production is
intense due to the metabolic increase resulting from oxidative stress. It is common that in intensive
beef cattle production systems, after 60 days of calving, reproductive management occurs with the
dams through artificial insemination (whether at a fixed time or not). However, with the higher
metabolic rate causing oxidative stress, failures related to estrus may be noted, compromising ovulation
(Ay et al,, 2012a). In this sense, it is necessary to observe prepartum supplementation with vitamin A
or (B-carotene, reinforcing the liver storage in the retinoid form idea, or the intramuscular application
of commercial products containing vitamin A and B-carotene might ensure adequate blood levels
granting benefits in the cows’ reproductive phase in the postpartum period (Mitsuishi and Yayota,
2024). Thus, the lack of antioxidant activity in the presence of synergistic interactions between
free radicals and reactive oxygen species (ROS) may impair essential processes such as cell division,
primordial cell differentiation, and embryonic development (Agarwal et al, 2006). In addition,
oxidative stress can damage the membrane structure of luteal cells, leading to reduced progesterone
production and impaired expression of luteinizing hormone receptors, which may ultimately inhibit
ovulation (Agarwal et al,, 2006).

In this context, in front of situations with a low B-carotene serum concentration in the reproductive
period, immediately after parturition, we can witness cases of long estrous periods, low ovulation,
and low conception rates. If there is an ideal -carotene circulation, positive effects are observed
regarding a reduction in the uterine involution time, greater progesterone production by the corpus
luteum, and a shorter service period (Rakes et al., 1985; Arikan and Rodway, 2000).
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Another point that should be addressed regarding the vitamin A effect on the cows’ reproductive
period is related to the corpus luteum (CL) metabolism. In general, adequate (-carotene plasma
concentrations increase the follicles and CL metabolic activity relative to the estrous cycle and
gestation stages (Oliveira, 2014). Regarding CL, when supplementation with B-carotene is used, the
follicular fluid and CL become a vitamin A deposit, observing a positive correlation for the CL weight
and diameter, proving its functionality in the reproductive period (Haliloglu et al., 2002).

Findings indicate that [3-carotene supplementation in the periods preceding the cows’ reproductive
phase can positively affect ovarian activity with greater development of mature oocytes (Hidalgo et al.,
2005), and can be used as a nutritional strategy for higher pregnancy rates with artificial insemination.

Regarding (-carotene plasmatic levels in cows undergoing reproduction, Michael et al. (1994) suggest
a threshold between 300 and 1200 pg/dL, and for vitamin A values between 25 and 80 pg/dL, which
should be associated with the pregnant beef cows or heifers’ requirements, equivalent to 2,800 1U/kg
of vitamin A in a DM basis (NASEM, 2016; Valadares Filho et al., 2023).

Aguiar-Zalzano et al. (2022) compared dairy cows supplemented with (-carotene via two different
routes: a single intramuscular injection administered on day 30 postpartum, and continuous oral
supplementation starting 30 days before calving and continuing until 150 days postpartum. Both
groups showed similar (3-carotene concentrations, all exceeding the reference range (+300 pg/dL).
However, intramuscular administration resulted in higher plasma (-carotene levels over shorter time
periods following application.

Therefore, to optimize the artificial insemination management of beef cows in intensive production
systems, the carotenes or vitamin A application via the intramuscular route can improve ovulation
and CL metabolism, as mentioned above. Using this strategy associated with artificial insemination
protocols in dairy cows, it was reported that there is an increase in serum (3-carotene, causing greater
CL functionality and increasing the pregnancy rate (Ay et al., 2012a; Ay et al.,, 2012b).

Observing the blastocyst interaction after fertilization, the maternal immune system might damage
the cell division and differentiation initial phase, due to production of free radicals compromising
embryonic and fetal development. However, the damage might be prevented by the vitamin A action
with the increase in antioxidant production inactivating the ROS action (Kamiloglu et al., 2005), thus
reducing cell degeneration and affecting embryonic development.

Associated with this, supplementation with 3-carotene with fat-soluble vitamins (e.g., more specifically
vitamins A and E) ensures an increase in the pregnancy rate in beef cows raised on pasture, when
they were aroused to the first breeding season using the fixed-time artificial insemination technique
(Gouvéa et al., 2018), ensuring more developed calves due to better embryonic cells damage prevention
and granting its development (Olson and Seidel, 2000; Gouvéa et al., 2018). This action can be explained
by the vitamin A association with (-carotene allowing antioxidant effectiveness ensuring low lipid
peroxidation action of embryonic cell membranes, which affects the healthy embryo development.

Studies in the reproduction area have clearly demonstrated the adequate vitamin A or -carotene
applicability to optimize reproductive indices in dairy cows, possibly due to its higher oxidative
stress in the peripartum period, reducing the effects of free radicals on ovarian and hormonal action
(Khemarach et al., 2021). When compared with beef cows there is little reported about the use of
this strategy to optimize reproductive indices, and further research is needed into vitamin A and its
precursors use as supplements, when necessary.

4.3. Effects on beef calves

Vitamin A supplementation in neonatal calves has been widely studied from the perspective of muscle
development and intramuscular fat accumulation, particularly in early-finishing production systems
(Waldner and Uehlinger, 2016; Harris et al., 2018; Jo et al., 2020; Peng et al., 2020; Maciel et al., 2022;
Scapol et al,, 2023). However, the effects of this fat-soluble vitamin extend far beyond adipogenesis,
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influencing a range of fundamental physiological processes that begin during gestation and continue
throughout the early stages of calf development (Figure 3). Vitamin A acts as an epigenetic and
transcriptional modulator, primarily through retinoic acid, which binds to nuclear receptors (RAR and
RXR), thereby regulating the expression of genes involved in cellular differentiation (Chawla et al., 2001).
In adipose tissue, this signaling pathway is crucial for the formation and proliferation of preadipocytes,
with direct implications for intramuscular adipose tissue synthesis and, consequently, meat quality
(Peng et al., 2021; Scapol et al., 2023). This process, however, does not occur in isolation. The action
of vitamin A on progenitor cell differentiation is also evident in skeletal muscle tissue, promoting the
development of muscle fibers and the expansion of satellite cell populations—Kkey elements for muscle
hypertrophy and the animal’s future productive performance (Jo et al., 2020; Du et al., 2017). Neonatal
vitamin A supplementation has been associated with increased average daily gain, higher weaning
weights, and improved early growth, particularly when administered within the first 24 hours of life
and, in some protocols, reinforced at 30 days of age (Harris et al.,, 2018; Maciel et al., 2022). On the
other hand, the administration of vitamin A during the growing and finishing phases promotes changes
in lipid metabolism, stimulating pathways related to lipid oxidation and the reduction of lipogenesis
(Daniel et al.,, 2009; Kruk et al., 2018; Campos et al., 2020; Wellmann et al., 2020).

In addition to its roles in muscle and adipose tissue development, vitamin A plays a pivotal role in the
maturation of the immune system. Newborn calves are born with limited hepatic retinol reserves due
to the restricted placental transfer of this vitamin. As a result, they rely exclusively on colostrum as
their initial source of vitamin A, making them particularly vulnerable to deficiency—especially when
born to dams with insufficient vitamin A status. Studies have demonstrated that hypovitaminosis
A in the early neonatal period impairs epithelial integrity, weakens mucosal immune responses,
and compromises the functional capacity of T lymphocytes and dendritic cells, thereby increasing
the incidence of respiratory disease and enteritis (McGill et al., 2019). In this context, intramuscular
administration of vitamin A at birth has emerged as a practical and effective strategy to enhance
immune competence and reduce the susceptibility of neonatal calves to infectious agents during the
critical period of postnatal adaptation (McGill et al., 2019).
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/ Retinol transport 4 Intramuscular fat deposition
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Figure 3 - Dynamic effects of injectable [-carotene and vitamin A supplementation on the pregnant cows'
metabolism, regarding the antioxidant action metabolic responses, reproduction, and gestation; and
newborn calves, regarding the metabolic responses in the immune system and cellular differentiation
in skeletal muscle tissue.
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It is equally important to recognize that the physiological influence of vitamin A is not confined to the
neonatal stage. The maternal-fetal interface plays a central role in shaping the intrauterine environment
and, consequently, in the developmental programming of the offspring. Cows supplemented with
vitamin A or its precursor -carotene during the final third of gestation produce colostrum with
higher retinol concentrations and are more effective at transferring this vitamin to their calves,
resulting in improved immune function and overall performance through weaning (Scapol et al., 2023).
This evidence highlights the importance of an integrated approach that accounts for both maternal
nutritional management and direct postnatal supplementation to optimize neonatal development.

Within the metabolic-endocrine axis, vitamin A also exerts relevant regulatory effects. The early
deposition of adipose tissue, stimulated by neonatal vitamin A administration, may influence circulating
levels of leptin—a peptide hormone primarily secreted by mature adipocytes (Tan and Jiang, 2024).
Leptin acts as a metabolic signal to the central nervous system, particularly the hypothalamus,
modulating appetite, energy homeostasis, and the activation of the reproductive axis (Tan and Jiang,
2024). The differentiation of mesenchymal stem cells into preadipocytes, followed by their maturation
into fully functional adipocytes—a process driven by retinoic acid, the bioactive form of vitamin A—
leads to an increased pool of leptin-secreting cells. Consequently, early-life vitamin A supplementation
may elevate leptin levels during the pre-weaning period. Although the direct causal relationship
between this intervention and puberty onset in cattle remains to be fully established, elevated
leptin concentrations during early life have been associated with earlier puberty and first estrus in
heifers (Fantuz et al., 2024). Furthermore, vitamin A deficiency in both sexes has long been linked to
reproductive dysfunction, delayed sexual maturity, and reduced fertility (Shastak and Pelletier, 2024),
reinforcing its essential role in gonadal development and neuroendocrine regulation of reproduction.

While the enhancement of intramuscular adipogenesis remains one of the primary advantages
associated with neonatal vitamin A supplementation (Cianzio et al., 1985; Li et al, 2023), the
systemic effects of this strategy are broad and physiologically interconnected. By modulating cellular
differentiation, supporting immune and endocrine maturation, and maintaining epithelial integrity,
vitamin A functions as a key regulatory element in early postnatal development. Recognizing the
multifactorial roles of this micronutrient enables the design of more comprehensive supplementation
protocols that address not only carcass quality, but also calf health, productivity, and reproductive
potential throughout the production cycle.

5. Final considerations and future implications

The scientific evidence presented in this review highlights the pivotal role of vitamin A and its
precursor, (-carotene, in supporting reproductive performance, fetal development, neonatal
growth, and meat quality in beef cattle systems. Although tropical pastures generally meet vitamin
A requirements, critical physiological phases such as late gestation, early lactation, and neonatal
development demand strategic supplementation to address increased metabolic and antioxidant
needs. It is recommended that pregnant beef cows receive elevated levels of vitamin A or -carotene—
approximately 60,000 to 78,000 IU/day of vitamin A via oral supplementation, or 1,000,000 to
2,000,000 IU via a single intramuscular injection during the last 3-4 weeks of gestation—to enhance
hepatic retinol stores, optimize colostrum synthesis, reduce oxidative stress, and support fetal tissue
development. These levels exceed the standard recommendations of 2,800 IU/kg of dry matter and
reflect the increased physiological demands during the peripartum period.

Similarly, a single intramuscular injection of 150,000 to 300,000 IU of vitamin A in newborn calves
within the first 24 hours of life has shown potential to promote intramuscular adipogenesis, improve
early growth, and enhance meat marbling in early-finishing systems.

Given the current gaps in precise vitamin A requirement values for pregnant beef cows and neonates,
further studies are warranted to define optimal dosage, duration, and delivery methods for different
production contexts. A better understanding of the long-term effects of maternal and neonatal
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supplementation on retinoid metabolism, immune competence, reproductive success, and carcass
traits will contribute to the development of more efficient and sustainable beef production systems.

Therefore, the strategic use of vitamin A and (3-carotene—particularly in key physiological windows—
should be considered a valuable nutritional tool to enhance maternal and offspring performance,
improve meat quality, and support animal health in modern beef cattle production.
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