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Abstract

Vitamin D supplements play in animal nutrition and the potential risks to safety. Numerous physiological functions, including the metabolism
of calcium and phosphorus, bone formation, immune system function, muscle growth, and reproduction, depend on vitamin
D. Supplementation is required since many animals, particularly those kept in enclosed spaces like industrial farms, do not get enough sun
exposure to produce vitamin D naturally. Ergocalciferol (D,) and cholecalciferol (Ds), the two primary forms of vitamin D used in animal
feed. D3 has a better bioavailability and a more physiological role. It emphasizes the necessity of a tailored supplementation approach to
meet the unique needs of different species and production systems and the potential risks of toxicity and insufficiency. Progress in vitamin D
supplementation, including the development of improved metabolites such as 25-hydroxyvitamin Ds, and the necessity of dietary intake
monitoring to avoid excess. To improve animal health, productivity, and welfare while resolving safety concerns, this study aims to inform
evidence-based decision-making in animal nutrition through a comprehensive evaluation of the body of existing literature and practical
applications. It is recommended that future studies look at sustainable vitamin D sources and the best supplementation techniques in line
with evolving farming methods.
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Introduction

Vitamins are the micronutrients that animals require in trace amounts to sustain their growth, development, health, and physiological
processes (Benedik, 2021). Among these, vitamin D has a vital role, especially in controlling the metabolism of calcium and phosphorus, which
are essential for bone health and several metabolic functions (Gall & Székely, 2021). Similar to humans, animals cannot internally synthesize
sufficient levels of several vitamins; in these cases, dietary intake is essential (Plebani et al., 2025). This is especially important for animals in
regulated environments, such as commercial farms and indoor housing systems, where natural vitamin D production is inhibited by limited or
nonexistent sunshine (Rondanelli et al., 2023).

Ergocalciferol, or vitamin D,, is derived from plants, while cholecalciferol, or vitamin Ds, is made in the skin of animals exposed to
ultraviolet B (UVB) radiation from sunshine (Babazadeh et al., 2022). While both forms can be used in animal diets, most animals respond
better to vitamin D3 due to their higher physiological activity and bioavailability (Aggarwal & Bains, 2022). The primary circulating metabolite
used to assess vitamin D status, 25-hydroxyvitamin D (25(OH)D), is produced in the liver after vitamin D is absorbed from the diet or
synthesized in the skin (Pludowski et al., 2024). The kidneys then transform this into 1,25-dihydroxyvitamin D (1,25(0H),D), a physiologically
active metabolite that affects other tissues (Bargagli et al., 2021).

Vitamin D is an essential ingredient in the manufacture of animal diets because it plays a key role in bone building, immunological
regulation, muscle growth, and reproduction (Steg et al., 2025). Serious illnesses such as rickets, osteomalacia, reduced productivity, and
immunodeficiency can result from deficiencies, whereas toxicity, soft tissue calcification, and organ damage can result from excess intake
(Xiang et al., 2024). Therefore, veterinarians, animal nutritionists, and livestock management must know exactly how much vitamin D is
needed (Guerra Lépez et al., 2024).

Several reasons support the addition of vitamin D to animal feed. First, animals raised in modern production systems are frequently
deprived of direct sunshine, preventing them from producing vitamin D naturally (Mavar et al., 2024). Second, vitamin D levels in natural feed
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ingredients are often inconsistent and insufficient, making it impossible to meet the physiological demands of animals, particularly during
periods of rapid development, lactation, or reproduction (Chen et al., 2025). Thirdly, a one-size-fits-all approach will not work because species
and breeds have different metabolic requirements and efficiency. As a result, particular supplementation is required to provide optimal animal
welfare, improve performance, and prevent deficiencies (Dodd et al., 2024).

Recent scientific developments have produced improved vitamin D compounds, such as 25-hydroxyvitamin D3, that bypass the liver
conversion process and provide faster, more efficient usage. Despite these developments, vitamin D's importance in animal health care has
grown due to growing interest in its non-bone effects, such as immunological function and reproduction success (Lilburn & McIntyre, 2024).

This chapter aims to provide a thorough analysis of the application of vitamin D supplements in animal feed. It will cover the physiology
of vitamin D in various animals, the effectiveness of supplementation programs, and safety and toxicity concerns. This chapter aims to support
evidence-based decision-making in animal feeding operations and nutritional care by combining the results of contemporary research with
practical experience.

2. Animal Physiology of Vitamin D

Ergocalciferol (vitamin D,) and cholecalciferol (vitamin D) are the two primary forms of vitamin D. In contrast to vitamin D3, which
comes from plants, vitamin Dj is created in the skin of most animals when they are subjected to ultraviolet B (UVB) light (Barszcz et al., 2024).
In several species, endogenous synthesis may be reduced by geographic location, indoor dwelling, and hair or feathers, necessitating food
supplements.

The primary circulating form of vitamin D, 25-hydroxyvitamin D (25(0H)D), is produced in the liver following consumption or synthesis
and is used to assess vitamin D status (Shastak & Pelletier, 2024). The physiologically active metabolite 1,25-dihydroxyvitamin D, which
regulates intestinal calcium and phosphorus absorption, bone resorption, and renal reabsorption, is created when 25(OH)D is hydroxylated in
the kidneys (Wei et al., 2024). The role of vitamin D extends beyond the metabolism of minerals. According to recent data, it influences immune
response modulation, reduces inflammation, and promotes muscular growth. However, the specific processes and actions vary mainly
depending on the species and developmental stage (Kalia et al., 2024).

3. Bioavailability and Sources of Vitamin D

Animals can obtain vitamin D through food, supplementation, or sun exposure. In the environment, UVB-induced synthesis is often how
animals graze outside to obtain theirs. However, feed is the primary source of vitamin D for animals kept in houses and intensively farmed
livestock (Kianfar et al., 2025). Although the amount of vitamin D in natural products like fish meal or sun-cured hay can vary and be
insufficient, it does exist. As a result, vitamin D supplements are frequently added to prepared foods (Gao et al., 2024). Several variables affect
their bioavailability, including the supplements' chemical type, dietary fat intake, gastrointestinal health, and interfering chemicals. In most
animals, vitamin D3 is often more potent and accessible than vitamin D, (Kolln et al., 2025).

For instance, pigs and poultry are more efficient in absorbing and using D3 compared to D,, resulting in superior bone mineralization and
growth. An underappreciated and pervasive issue in animal nutrition is vitamin D insufficiency, particularly in intensive, high-input production
systems where there is little exposure to natural sunlight and a significant reliance on artificial diets (Condoleo et al., 2021). The effects of
inadequate vitamin D synthesis or ingestion are extensive, affecting multiple physiological systems and resulting in various health and
productivity problems in different animal species (Figure 1) (Giustina et al., 2023).

4. Vitamin D Deficiency Causes

Lack of exposure to ultraviolet B (UVB) radiation from sunshine, which the skin needs to generate vitamin Ds, is the primary cause of
vitamin D insufficiency in animals. Seasonal variations, geographic latitude, indoor life, and high-density production facilities significantly
impact how much UVB an animal is exposed to (Asif & Farooq, 2023).

Pigs and poultry kept in indoor systems, for example, may have very little, if any, exposure to sunlight and, therefore, are entirely reliant
on dietary vitamin D. Another contributing reason is the variation and frequently low vitamin D content of natural feedstuffs (Babazadeh et al.,
2022). Most traditional feed ingredients, including grains and crop proteins, have little or no vitamin D, and sun-cured forages may not be
constant in their levels (Eder & Grundmann, 2022). Additionally, by decreasing the vitamin's bioavailability, feed preparation, storage, and
pelleting can lower the amount of vitamin D present (Webster et al., 2023).

There are also metabolic limitations particular to a species. Dogs and cats, as well as humans, are entirely dependent on dietary sources
of vitamin D because their skins are unable to manufacture them. This is also true for young animals, animals that grow quickly, and animals
with higher physiological needs (such as high-yielding chickens or lactating sows), which increase the likelihood of vitamin D insufficiency if
diets are poorly designed (Giustina et al., 2023).

i. Deficiency-Related Health Conditions

Skeletal illness, caused by faulty calcium and phosphorus metabolism, is the well-documented consequence of vitamin D insufficiency. It
manifests as rickets in young animals, which are characterized by stunted growth, lameness, and bone abnormalities. It softens bones, increases
fracture risk, and reduces adult productivity (Rinninella et al., 2022).

A lack of vitamin D in poultry results in soft-shelled eggs, decreased hatchability, and weak legs, particularly in broiler birds that grow
quickly. Pigs may experience bowed legs, stunted growth, and difficulty standing or walking (Meza-Meza et al., 2022). Due to impaired calcium
mobilization, vitamin D-deficient dairy cows may have lower milk production, infertility, and a higher incidence of metabolic diseases, including
milk fever (Janousek et al., 2022).

Vitamin D has a role in immunity that is becoming more widely recognized outside of bone health. Reduced resistance to infection, poor
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wound healing, and a higher prevalence of respiratory or
gastrointestinal disease are common symptoms of deficient animals
(Neill et al., 2023). Vitamin D is an essential nutrient to guarantee
disease resistance since it balances immune cell function and controls
the expression of antimicrobial peptides. Additionally, reproductive
An i m al B ased sources functif)r} is compro'rnised. Numerous studies have shown that .Vitamin
D deficiency can impact fetal growth, delay sexual maturity, and
reduce fertility in both male and female animals (Webster et al.,
2023).

Generally speaking, vitamin D insufficiency impacts not only the
health and welfare of animals but also the productivity and financial
e Cod liver oil 450-1000 U rewards of a.nimal hus.bandry Ui@g et al., 20.23). T.O sol.ve the issue,

close attention to diet composition, ongoing vitamin D status
per teaspoon monitoring, and knowledge of the unique requirements of each
e Beef liver ~50 |U per 100g species under various environmental conditions are all necessary

e Egg yolksD3~40 IU per yolk (Fernandes & Bell, 2024).

e Fatty fish (e.g., salmon,
mackerel, sardines, tuna) D3
300-600 IU per 100g

ii. The Reasons for Supplementing Animal Diets with Vitamin D
Since many animals, particularly those kept indoors, receive little
sunlight and cannot spontaneously synthesize adequate vitamin D,

Plants Based sources

* Mushrooms (exposed to UV /,;\ @ vitamin D is frequently added to animal diets (Saidi et al., 2023).
light) 400-1000 IU per 1008 & Furthermore, most elements in standard feed do not contain enough
depending on UV exposure [ vitamin D, so dietary supplements are required to meet the nutritional

demands of animals. Supplementing with vitamin D keeps bones
healthy, promotes healthy metabolism of calcium and phosphorus,
speeds up growth, increases the quality of the eggshell in chickens,
and guards against metabolic illnesses like milk fever in dairy animals
(Rebelos et al., 2023).
Fig. 1: Animals and plants based food source of vitamin D Furthermore, vitamin D is essential for effective reproduction,
strengthens the immune system, and promotes resistance to illness.
Supplementing offers various animal species the best possible health, well-being, and productivity (Hoque et al., 2023).

e Wild mushrooms
e Commercial mushrooms

iii. Types of Supplemental Vitamin D

There are various types of commercial vitamin D supplements, including vitamin D3 (cholecalciferol), vitamin D, (ergocalciferol), and
25(0OH)Dj3. Vitamin Dj is used in animal feed the most. 25(0OH)D; is a recently created metabolically active form that bypasses the hepatic
conversion phase, increasing efficacy and speeding up the physiological response (Steg et al., 2025). The supplements can be applied using
enriched water systems, given by injection, or added to animal feeds as vitamin premixes (Xiang et al., 2024).

Delivery is frequently determined by the animal's age, species, health, and production system.

For instance, 25(OH)D; has been shown to more substantially stimulate bone growth and eggshell quality in chicken than regular D3
(Mavar et al., 2024). Supplementing with vitamin D3 during transitional periods improved immunological resilience and reduced metabolic
problems in dairy cows (Starck et al., 2024).

5. Efficiency of Supplementation in All Species

i. Poultry: The development of the skeleton and the formation of eggshells depend on vitamin D. Numerous research attest to the fact that
feeding diets supplemented with D3 or 25(0H)Dj5 increases shell thickness, reduces limb abnormalities and improves bone mineral content
(Wei., 2024). Layers with adequate vitamin D produce eggs with superior hatchability and shell quality (Zhou et al., 2024).

ii. Swine: Vitamin D affects pigs' immune system, development rate, and bone strength, especially weaned piglets and sows (Phir et al., 2024).
Increased weight gain and decreased lameness have been associated with 25(OH)D; supplementation. Additionally, vitamin D facilitates the
absorption of calcium, which is necessary for both fetal and milk production, throughout late gestation and breastfeeding (Fernandes & Bell,
2024; Stein, 2024; Steg et al., 2025).

iii. Ruminants: As ruminants, sheep and cattle generate vitamin D when sunlight exposes them. However, in confined animals or throughout
the winter, supplementing is crucial. In dairy cows, enough vitamin D reduces the risk of milk fever, improves reproductive efficiency, and aids
calcium metabolism during lactation (Smotucha et al., 2024).

iv. Animal companions: Due to their inability to generate adequate amounts through exposure to sunshine, cats and dogs require vitamin D
through their diets. Supplementation promotes healthy immune systems in mature animals and appropriate skeletal growth, especially in
young pups and kittens (Figure 2) (Garcia-Maldonado et al., 2024).

6. Toxicity and Safety Considerations

Supplementing with vitamin D is beneficial, but taking too much of it might be harmful (Abbas et al., 2025). Vitamin D poisoning or
hypervitaminosis D can cause increased blood calcium levels (hypercalcemia). Symptoms include decreased feed intake, animal vomiting, soft
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tissue calcification, renal damage, and death (Shastak & Pelletier, 2024). Each species has a different amount of toxicity (Shodiqulovich et al.,
2024). For example, dogs are extremely sensitive, and even little overdoses can have serious adverse health effects. L livestock will tolerate
higher dosages, but long-term over-supplementation will impair organ function and performance (Starck et al., 2024).

Nutritionists follow species-specific guidelines from organizations such as the Association of American Feed Control Officials (AAFCO), the
European Food Safety Authority (EFSA), and the National Research Council (NRC) for safety (Sivagurunathan et al., 2024). Thorough formulation
processes, cautious application of high-potency preparations like 25(0OH)Dj3, and routine feed analysis are necessary. It is also crucial to consider
how nutrients interact. Excessive dietary calcium or phosphorus may impact vitamin D metabolism and vice versa (Zhang et al., 2024). Therefore,
a balanced formulation strategy is required to avoid imbalances that could affect animal productivity and health (Steg et al., 2025).

POULTRY

Increases eggshell
thickness

Enhances bone mineral
content

Reduces limb
abnormalities

Boosts hatchability

SWINE

Improves weight gain
Decreases lameness
Enhances fetal bone
development
Supports calcium
absorption in sows

RUMINANTS

Prevents milk fever
Enhances reproductive
efficiency

Boosts calcium metabolism
in lactation

Important in winter or
indoor housing

COMPANION
ANIMALS

Ensures healthy skeletal
growth in young

Supports immune function
in adults

Vital as they can't
synthesize D from sunlight

Fig. 2: Efficiency of Supplementation in poultry, swine, ruminants and companion animals

7. New Developments and Research Deficits

Recent developments in animal nutrition have made precision feeding techniques possible. Vitamin D supplementation is tailored to each
animal's requirements based on factors such as age, stage of production, health, and genetics (Xiang et al., 2024). One technology that has been
shown to increase the stability and bioavailability of vitamin D in feed is nanoencapsulation. The non-skeletal effects of vitamin D, such as
immunological regulation, reproductive function, and even stress reduction, are currently being studied (Chen et al., 2025).

More controlled studies are necessary to guarantee causation and the best dosage, as many of these actions are poorly understood (Dodd
et al., 2024). Natural and sustainable sources of vitamin D, such as algae-based D3 and UV-treated fodder, are gaining popularity because they
may lessen reliance on artificial pills. More research should be done on these options' economic and environmental aspects (Lilburn & Mclntyre,
2024).

Conclusion

Vitamin D is essential for animals to be healthy, productive, and happy. Adding it to animal diets has shown beneficial for the majority of
species, particularly when natural synthesis is compromised. However, utilizing the appropriate form, dosage, and delivery method—while
accounting for species-specific needs and safety margins—is essential for the greatest outcomes. Evidence-based, balanced supplementation
improves performance and infection resistance while guarding against deficient conditions. However, over-supplementation can be
detrimental, and strict adherence to recommended criteria requires rigorous consumption monitoring. Given the ongoing developments in
animal nutrition, future research is needed to address the sensitive roles of vitamin D, novel delivery systems, and the incorporation of
supplements into larger sustainability contexts.

References

Abbas, Z. A. K., Hameed, Z. C., & Al-Yasiri, S. A. M. (2025). Vitamin D Supplements overdose toxicity-Review. Technium BioChemMed, 12, 51-
61.

Aggarwal, R., & Bains, K. (2022). Protein, lysine and vitamin D: Critical role in muscle and bone health. Critical Reviews in Food Science and
Nutrition, 62(9), 2548-2559. https://doi.org/10.1080/10408398.2020.1857023

249



Aggeletopoulou, 1., Kalafateli, M., Geramoutsos, G., & Triantos, C. (2024). Recent Advances in the Use of Vitamin D Organic Nanocarriers for
Drug Delivery. Biomolecules, 14(9), 1090.

Asif, A., & Farooq, N. (2023). Vitamin D toxicity. In StatPearls [Internet]. StatPearls Publishing.

Babazadeh, D., Razavi, S. A., Abd El-Ghany, W. A., & Cotter, P. F. (2022). Vitamin D deficiency in farm animals: A review. Farm Animal Health
and Nutrition, 1(1), 10-16.

Bargagli, M., Ferraro, P. M., Vittori, M., Lombardi, G., Gambaro, G., & Somani, B. (2021). Calcium and vitamin D supplementation and their
association with kidney stone disease: A narrative review. Nutrients, 13(12), 4363. https://doi.org/10.3390/nu13124363

Benedik, E. (2021). Sources of vitamin D for humans. International Journal for Vitamin and Nutrition Research.

Chen, H., Pang, X., & Huang, Y. (2025). Higher dietary vitamin D intake influences brain and mental function in elderly Americans: A cross-
sectional analysis. Frontiers in Nutrition, 12, 1564568. https://doi.org/10.3389/fnut.2024.1564568

Condoleo, V., Pelaia, C., Armentaro, G., Severini, G., Clausi, E., Cassano, V., & Sciacqua, A. (2021). Role of vitamin D in cardiovascular diseases.
Endocrines, 2(4), 417-426.

Dodd, S. A., Adolphe, J., Dewey, C., Khosa, D., Abood, S. K., & Verbrugghe, A. (2024). Efficacy of vitamin D2 in maintaining serum total vitamin
D concentrations and bone mineralisation in adult dogs fed a plant-based (vegan) diet in a 3-month randomised trial. British Journal of
Nutrition, 131(3), 391-405.

Eder, K., & Grundmann, S. M. (2022). Vitamin D in dairy cows: Metabolism, status and functions in the immune system. Archives of Animal
Nutrition, 76(1), 1-33.

Fernandes, T. H., & Bell, V. (2024). The imprecision of micronutrient requirement values: The example of vitamin D. Journal of Food Science,
89(1), 51-63.

Gall, Z., & Székely, O. (2021). Role of vitamin D in cognitive dysfunction: New molecular concepts and discrepancies between animal and human
findings. Nutrients, 13(11), 3672. https://doi.org/10.3390/nu13113672

Garcia-Maldonado, E., Gallego-Narbon, A., Zapatera, B., Alcorta, A., Martinez-Suarez, M., & Vaquero, M. P. (2024). Bone remodelling, vitamin
D status, and lifestyle factors in Spanish vegans, lacto-ovo vegetarians, and omnivores. Nutrients, 16(3), 448.

Giustina, A., Bouillon, R., Dawson-Hughes, B., Ebeling, P. R., Lazaretti-Castro, M., Lips, P. & Bilezikian, J. P. (2023). Vitamin D in the older
population: A consensus statement. Endocrine, 79(1), 31-44.

Guerra Lopez, P., Urroz Elizalde, M., Vega-Gil, N., Sanchez Santiago, B., Zorrilla Martinez, L., Jiménez-Mercado, M., & Frias Iniesta, J. (2024).
Efficacy and Safety of Calcifediol in Young Adults with Vitamin D Deficiency: A Phase I, Multicentre, Clinical Trial-POSCAL
Study. Nutrients, 16(2), 306.

Hoque, M., Emon, K., Malo, P. C., Hossain, M. H., Tannu, S. L., & Roshed, M. M. (2023). Comprehensive guide to vitamin and mineral sources
with their requirements. Indiana Journal of Agriculture and Life Sciences, 3(6), 23-31.

Janousek, J., Pilafova, V., Macakova, K., Nomura, A., Veiga-Matos, J., Silva, D. D. D., & Mladénka, P. (2022). Vitamin D: Sources, physiological
role, biokinetics, deficiency, therapeutic use, toxicity, and overview of analytical methods for detection of vitamin D and its metabolites.
Critical Reviews in Clinical Laboratory Sciences, 59(8), 517-554.

Jiang, X., Guo, Y., Cui, L., Huang, L., Guo, Q., & Huang, G. (2023). Study of diet habits and cognitive function in the Chinese middle-aged and
elderly population: The association between folic acid, B vitamins, vitamin D, coenzyme Q10 supplementation and cognitive ability.
Nutrients, 15(5), 1243.

Kalia, S., Magnuson, A. D., Sun, T., Sun, Z., & Lei, X. G. (2024). Potential and metabolic impacts of double enrichments of docosahexaenoic acid
and 25-hydroxy vitamin D3 in tissues of broiler chickens. The Journal of Nutrition, 154(11), 3312-3322.

Kianfar, R., Kanani, R., Janmohammadi, H., Olyaee, M., Besharati, M., & Lackner, M. (2025). Implications of high-dose vitamin D3 with and
without vitamin C on bone mineralization and blood biochemical factors in broiler breeder hens and their offspring. Peer], 13, €18983.

Mavar, M., Sorié, T., Bagarié, E., Sarié, A., & Matek Sari¢, M. (2024). The power of vitamin D: Is the future in precision nutrition through
personalized supplementation plans? Nutrients, 16(8), 1176.

Meza-Meza, M. R., Ruiz-Ballesteros, A. 1., & de la Cruz-Mosso, U. (2022). Functional effects of vitamin D: From nutrient to immunomodulator.
Critical Reviews in Food Science and Nutrition, 62(11), 3042-3062.

Neill, H. R., Gill, C. L., McDonald, E. J., McRoberts, W. C., & Pourshahidi, L. K. (2023). The future is bright: Biofortification of common foods
can improve vitamin D status. Critical Reviews in Food Science and Nutrition, 63(4), 505-521.

Phiri, C. B., Davis, C. R., Grahn, M., Gannon, B. M., Kokinos, B. P., Crenshaw, T. D., & Tanumihardjo, S. A. (2024). Vitamin D Maintains Growth
and Bone Mineral Density against a Background of Severe Vitamin A Deficiency and Moderate Toxicity in a Swine Model. Nutrients, 16(13),
2037.

Plebani, M., Zaninotto, M., Giannini, S., Sella, S., Fusaro, M., Tripepi, G., & Cozzolino, M. (2025). Vitamin D assay and supplementation: still
debatable issues. Diagnosis, 12(1), 35-44.

Pludowski, P., Grant, W. B., Karras, S. N., Zittermann, A., & Pilz, S. (2024). Vitamin D supplementation: a review of the evidence arguing for a
daily dose of 2000 international units (50 pg) of vitamin D for adults in the general population. Nutrients, 16(3), 391.

Rebelos, E., Tentolouris, N., & Jude, E. (2023). The role of vitamin D in health and disease: A narrative review on the mechanisms linking
vitamin D with disease and the effects of supplementation. Drugs, 83(8), 665-685.

Rinninella, E., Mele, M. C., Raoul, P., Cintoni, M., & Gasbarrini, A. (2022). Vitamin D and colorectal cancer: Chemopreventive perspectives
through the gut microbiota and the immune system. BioFactors, 48(2), 285-293.

Rondanelli, M., Moroni, A., Zese, M., Gasparri, C., Riva, A., Petrangolini, G., & Mazzola, G. (2023). Vitamin D from UV-irradiated mushrooms
as a way for vitamin D supplementation: A systematic review on classic and nonclassic effects in human and animal models. Antioxidants,
12(3), 736.

250



Saidi, L., Hammou, H., Sicard, F., Landrier, J. F., & Mounien, L. (2023). Maternal vitamin D deficiency and brain functions: A never-ending
story. Food & Function, 14(14), 6290-6301.

Shodiqulovich, B. K. (2024). HYPERVITAMINOSIS D OR VITAMIN D TOXICITY. Web of Medicine: Journal of Medicine, Practice and
Nursing, 2(5), 17-25.

Starck, C., Cassettari, T., Wright, J., Petocz, P., Beckett, E., & Fayet-Moore, F. (2024). Mushrooms: A food-based solution to vitamin D deficiency
to include in dietary guidelines. Frontiers in Nutrition, 11, 1384273.

Steg, A., Oczkowicz, M., & Swiatkiewicz, M. (2025). Effects of high-dose vitamin D3 supplementation on pig performance, vitamin D content
in meat, and muscle transcriptome in pigs. Journal of Animal Physiology and Animal Nutrition, 109(2), 560-573.

Steg, A., Oczkowicz, M., & Swiqtkiewicz, M. (2025). Effects of High-Dose Vitamin D3 Supplementation on Pig Performance, Vitamin D Content
in Meat, and Muscle Transcriptome in Pigs. Journal of Animal Physiology and Animal Nutrition, 109(2), 560-573.

Stein, H. H. (2024). Aspects of digestibility and requirements for minerals and vitamin D by growing pigs and sows. animal, 101125.

Webster, J., Dalla Via, J., Langley, C., Smith, C., Sale, C., & Sim, M. (2023). Nutritional strategies to optimise musculoskeletal health for fall and
fracture prevention: Looking beyond calcium, vitamin D and protein. Bone Reports, 19, 101684.

Wei, J., Li, L., Peng, Y., Luo, J., Chen, T., Xi, Q., & Sun, J. (2024). The effects of optimal dietary vitamin D3 on growth and carcass performance,
tibia traits, meat quality, and intestinal morphology of Chinese yellow-feathered broiler chickens. Animals, 14(6), 920.

Wei, X., Pandohee, J., & Xu, B. (2024). Recent developments and emerging trends in dietary vitamin D sources and biological conversion.
Critical Reviews in Food Science and Nutrition, 64(28), 10121-10137.

Xiang, L., Du, T., Zhang, J., Zhang, Y., Zhou, Y., Zhao, Y., & Ma, L. (2024). Vitamin D3 supplementation shapes the composition of gut microbiota
and improves some obesity parameters induced by high-fat diet in mice. European journal of Nutrition, 63(1), 155-172.

Zhang, Y., Zhou, X. Q., Jiang, W. D., Wu, P., Liu, Y., Ren, H. M., & Feng, L. (2024). Emerging role of vitamin D3 in alleviating intestinal structure
injury caused by Aeromonas hydrophila in grass carp (Ctenopharyngodon idella). Animal Nutrition, 16, 202-217.

Zhou, X. Y., Chen, X. C., Fraley, G. S., Zhang, K. Y., Tian, G., Bai, S. P., & Zeng, Q. F. (2024). Effects of different dietary vitamin D combinations
during the grower phase and the feed restriction phase on growth performance and sternal morphology, mineralization, and related genes
expression of bone metabolism in Pekin ducks. Poultry Science, 103(2), 103291.

251



