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Bioavailability of vitamin D and its health promoting 

activity: A review 

 
Amisha Nakra, Pratik Dighe and Shruti Singhdeo 

 
Abstract 
Vitamin D is a fat-soluble vitamin which is mainly required to maintain calcium and phosphorus levels in 

the body. Although many animal and plant-based sources are known now, still the main source of 

Vitamin D is sunlight. Vitamin D is present in two forms Vitamin D2 and Vitamin D3 in the body and 

their absorption and metabolism in the body are found to be slightly different. Vitamin D is also seen to 

be in synergic relation with many elements which can enhance the bioavailability of Vitamin D and help 

in improving bone density, cardiovascular health, osteoporosis and overall it maintains adaptable & 

innate immunity of the body but in contrast, many factors are responsible for hindering the bioavailability 

of Vitamin D such as antagonistic minerals, skin pigments, drugs, processing of food etc. Different 

technologies and processes have been developed to enhance the bioavailability of Vitamin D such as UV 

radiating the food which can enhance the vitamin D content in the food products just like in humans 

when UV radiation falls on foods products like mushrooms in the range of 290 –330 nm the outer layer 

produces 7-dehydrocholesterol as it is the precursor of Vitamin and nano-encapsulation improves the 

solubility of Vitamin D and provides acidic, thermal and enzymatic stability. 

 

Keywords: Vitamin D, bioavailability, vitamin D2, vitamin D3, sources, synergistic, enhancement, 

nano-encapsulation 

 

1. Introduction 

Vitamin D is one of the major fat-soluble vitamins which is involved in calcium metabolism 

thus it plays a vital role in bone formation and resorption. The active form of vitamin D is 1, 

25-dihydroxy vitamin D3. Apart from animal sources of Vitamin D, sun exposure is the main 

source of vitamin D3. Presently, vitamin D3 deficiency has become one of the most common 

deficiencies because of less exposure of the body to the sun due to a sedentary lifestyle, 95% 

coverage of the skin and also variable sun hours and other factors responsible for vitamin D 

deficiency may be variable and limited sources of vitamin D in the diet. The richest source of 

vitamin D is fatty fish which is not consumed aa s staple food and the o vegetarian population 

is restricted to consume it (Dary, O., & Hurrell, R. 2016) Most circulating 25-hydroxyvitamin 

D is produced by the skin in human from exposure to sunlight; however, seasonal changes, 

living at high latitudes, dark skin pigmentation, ageing, and other factors can hinder this 

process, necessitating periodic dependency on dietary sources to supply the needed precursor 

to 25-hydroxyvitamin D. The sources of vitamin D, including vitamin D,2 is obtained from 

plants and fungi whereas vitamin D3 is obtained from animal sources, fortified foods, and 

supplements. Low concentrations of 25-hydroxyvitamin have increased the risks of chronic 

diseases, including diabetes mellitus, cancer, autoimmune disorders, and osteoporosis. (Babu, 

U. S., & Calvo, M. S. (2011). Natural foods rich in vitamin D are not frequently consumed by 

most of the population. Also, concentrations of vitamin D in foods are variable. Mushrooms 

and egg yolks are listed as rich sources of vitamin D, but the concentrations are often very low 

and variable, which res results poor concentration of serum 25-hydroxyvitamin D of the 

vitamin D content in these foods. 

 

2. Sources of vitamin D2 and D3 
Vitamin D is mainly classified into two forms Vitamin D2 (ergocalciferol) and Vitamin D3 

(cholecalciferol) Vitamin D2 is mainly known to be present in mothest abundant form 

mushroom shares Vitamin D3 is found in animal sources and is also significantly produced by 

Human Skin on being exposed to radia radiation sunlight. (Wilson, et al., 2017). The forms of 

vitamin D differ in many aspects such as structure, bioavailability, sources, side chains, 

absorption in the body etc. Mostly VitaD-rich rich richrce known till now is fatty fit fish 
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veterinarian Population is mainly known to be dependent the 

ous synthesis of Vitamin D by UV radiations falling in the 

range of 290 –330 nm producing 7-dehydrocholesterol as it is 

pre the cursor of Vitamin D3. (Adamec, et al., 2011) [2]. The 

retention for all the raw Vitamin D rich foods is found to be 

100%. Till date meat, mushroom, orange juice, milk and 

fortified cheese is considered to contain bioavailable vitamin 

D. Vitamin D2 present in mushrooms (Agaricus bisporus or 

Lentinula edodes) after UV irradiation treatment is 

significantly bioavailable. The pig meat contains 60% more 

significant amount of Vitamin D2 rather than Vitamin D2 

supplements. On comparing the Vitamin D2 supplementation 

of 14 µg with dietary Vitamin D2 present in Mushroom it was 

found that the Serum 25(OH) D concentration increase at 

same levels, furthermore the serum levels were comparatively 

higher than the group without supplementation. The UVB 

radiation technique used to enhance the Vitamin D2 level is 

approved by European Union (EU) under the novel food 

Regulation (EC) No. 258/97 in order to the Vitamin D2 level 

of <10µg/100g for sale of Button Mushrooms (Agaricus 

bisporus) in Europe. Vitamin D2 concentration in food matter 

of interest because Vitamin D2 is not found in any other 

animal source till now. (Tripkovic, et al., 2012) [70]. The 

formulation of Vitamin D matrix also plays a significant role 

on comparing oil, ethanol and lactose encapsulated, it was 

observed that lactose encapsulated vitamin D is has the 

highest bioavailability. The fortified bread prepared with 

vitamin D2-rich yeast was found to increase the serum level 

up to 98 nmol/L whereas Rye bread fortified with Vitamin D3 

increased serum level upto 16.3 nmol/L in healthy adult 

women. Both 1000 IU of Vitamin D2 and Vitamin D3 obtain 

in orange juice and Vitamin D supplements were equally 

efficient in increasing Serum 25(OH) D. Vitamin D3 was 

found to be more suitable for fortification of eggs as Vitamin 

D2 fortified feed in birds consistently showed the lower 

Serum 25(OH) D levels. (Hohman, et al., 2011) [25-26]. 

Vitamin D2 concentration in decline after 28 wks in case of 

egg fortification indicating the age related metabolic 

clearance of Vitamin D2 but still Vitamin D3 is considered 

relatively much reliable because of its consistent 

concentrations in long run. Consuming one Vitamin D 

fortified per day enriches the body with 1.9 to 2.8μg which is 

2-3 times more than that of average egg. As mentioned above 

the retention for raw Vitamin D sources is 100% however the 

cooking and processing of these sources like boiling, frying, 

and baking, as well as whether the addition of lemon juice can 

alter its retention. (Ložnjak, et al., 2018). Some Vitamin D 

rich sources have been shown in Table 1.  

 
Table 1: Sources of Vitamin D and their Vitamin D content 

 

S. No. Source Form of Vitamin D Amount Reference 

Sources of both Vitamin D3 

1. Fish Oil Capsule Vitamin D3 50 µg/ 840 mg Manson et al., (2020) [49]. 

2. Fortified Egg Yolk Vitamin D3 25.3 to 33.7 µg/100 g Mattila et al. (2014). 

3. Salmon Vitamin D3 12.4 µg/100 g Lamberg-Allardt, et al. (2016). 

4. Fortified Orange Juice Vitamin D3 1.663 μg/100 g Byrdwell, et al., (2011) [10]. 

Sources of both Vitamin D2 and D3 

5. Fortified margarine Vitamin D2 and Vitamin D3 530 IU/100 gm Lips et al., (2014) [44] 

6. Cod liver oil Vitamin D2/ vitamin D3 250 µg/ 100g Moulas, et al., (2018) [53]. 

7. Reindeer lichen Vitamin D2/ vitamin D3 87 μg/100 g Baur, et al., (2016) [5]. 

8. 

Plant oils 

Wheat germ oil 

Avocado oil 

Sunflower oil 

Vitamin D2 

22.1–34.2 μg/g 

4.2–23.4 μg/g 

7.9–17.4 μg/g 
Byrdwell, et al., (2011) [10]. 

9. Herring 

Vitamin D2 

and 

Vitamin D3 

20 µg/ Herring Lamberg-Allardt, et al. (2016). 

10. Fortified Yogurt Vitamin D2/ vitamin D3 10 ug/ 100g Manson et al., (2020) [49]. 

11. Fortified Milk 

Vitamin D2 

and 

Vitamin D3 

10 µg/ 1000 ml 

 
Lips et al., (2014) [44] 

Sources of Vitamin D2 

12. 

UV Radiated Mushroom 

Agaricus bisporus 

Pleurotus ostreatus 

Lentinula edodes 

Vitamin D2 

<10µg/100g 

1340 µg/100 g 

6900 µg/100g 

5390 µg/100g 

Kučan et al, (2018) [37] 

13. 

Chocolates 

Dark Chocolate 

White Chocolate 

Chocolate Nut 

Vitamin D2 

1.90-5.48 µg/100 g 

0.19-1.91 µg/100 g 

0.15 µg/100 g 
Taofiq, et al. (2017) [68]. 

14. UV radiated yeast in Bread Vitamin D2 2.25 µg /100 g, Hohman et al. 

 

3. Bioavailability Vitamin D3 and Vitamin D2 

3.1 Mechanism of Vitamin D3 vs. D2 metabolism 

Although the pathway followed by Vitamin D3 and Vitamin 

D2 is same still there are many differences in their efficiency 

of being metabolized in the body. There are no evidence 

based studies explaining why vitamin D2 is less bioavailable, 

however many studies suggest that it may be due to the fact 

that Vitamin D2 comprises of an additional double bond at 

carbon 23 and a methyl group at carbon 24 which shows the 

factor that Vitamin D3 may have different potency than that 

of Vitamin D2. (Jones et al., 2012). The metabolism of 

Vitamin D is completed in three steps as follow: first of all 

Vitamin D when enters the blood stream is not available for 

body therefore it needs to be transferred to liver through 

Vitamin D Binding Proteins for the process of Hydroxylation 

through the enzyme called 25-hydroxylase. The enzyme 25-
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hydroxylase prefers Vitamin D3 as substrate rather than 

Vitamin D2. (Jones, et al., 2013) [32]. Moreover, In Liver the 

enzyme CYP27A1 doesn’t hydroxylate Vitamin D2, therefore 

there are chances that more amount of Vitamin D3 is being 

converted into 25-hydroxyvitamin D (25OHD) than that of 

Vitamin D2 by all other enzymes. It has also been noted that 

Vitamin D Binding Protein has more affinity towards Vitamin 

D3 rather than Vitamin D2, the structural differences between 

Vitamin D2 and Vitamin D3 may play a significant role in 

determining its affinity towards Vitamin D binding Protein. 

All the reasons might be enough to understand the 

bioavailability of Vitamin D2 and Vitamin D3. (Tripkovic et 

al., 2012) [70]. Further 25-hydroxyvitamin D (25OHD) is 

transferred to Kidney with the help of Vitamin D binding 

Proteins where the enzyme called 1-α- Hydroxylase converts 

the Vitamin D into its bioactive form known as Vitamin D 

(1,25 OH2D). The enzyme involved in this process CYP2R1 

which equally Hydroxylates 25-hydroxyvitamin D (25OHD2) 

and 25-hydroxyvitamin D (25OHD3). Three Hormones are 

known to control this process namely: Parathyroid hormone 

(PTH), fibroblast (FGF23) and 1,25 OH2D itself. Parathyroid 

hormone is found to stimulate the Hydroxylation of Vitamin 

D in the body whereas the other two hormones (fibroblast and 

1,25 OH2D) inhibit the process. These hormones work in co-

ordination with each other to maintain the Vitamin D serum 

levels in the body. (Heaney et al., 2011). Vitamin D3 vs. 

Vitamin D2 metabolism has been shown in Figure 1. 

 

 
 

Fig 1: Mechanism of Vitamin D2 vs. Vitamin D metabolism 

 

3.2 Evidence based studies 

The higher bioavailability of Vitamin D3 may be much 

related to lower serum levels of 25(OH) D3 on addition of 

vitamin D2. Seven studies claim that Serum 25(OH) D 

significantly increased after the supplementation of vitamin 

D3. (Lehmann et al., 2013). In studies equal 500 IU of 

vitamin D2 and Vitamin D3 supplemented to a healthy 

individual showed similar effects on the serum levels of 

25(OH) D within 3 days but in long run vitamin D2 has more 

chances of getting depleted as compared to Vitamin D3 in 60 

Days of interval. Another studies also showed a rapid decline 

in vitamin D2 within 14 days. The serum level of Vitamin D3 

was approx 5 times more than that of Vitamin D2 i.e 512 

nmol.d/L and 151 nmol.d/L Vitamin D2 and Vitamin D3 

respectively. (Heaney et al., 2011). Vitamin D3 was known to 

increase the Serum 25(OH) D 56-87% higher than that of 

Vitamin D2. A consistent bioavailability for both Vitamin D2 

and Vitamin D3 was observed in both supplemented and 

fortified form in Orange Juice. In contrast many studies 

indicated that Vitamin D3 was 2 times more bioavailable than 

its other form Vitamin D2. (Adamec, et al., 2011) [2]. It may 

be stated that bioavailability of any form of Vitamin D is not 

just dependent on the form of vitamin D but also on form in 

which it is consumed. The Vitamin D3 was more bioavailable 

in supplement rather than Vitamin D2 consumed in oil. The 

human health condition also plays a crucial role in 

determining the bioavailability of both the forms. The 

subjects suffering from cystic fibrosis had lower absorption 

rates. (Tripkovic et al., 2012) [70]. However, bio equivalency 

of both forms of Vitamin D is still debatable. The contrasting 

results obtained in bioavailability of both forms of Vitamin 

D2 and Vitamin D3 may dependent on multiple factors as 

absorption of both forms Vitamin D2 and Vitamin D3 is 

independent from its hydroxylation rather it is more 

dependent on the fact that both the forms differ in their 

affinity towards VDR for different class of Vitamin D.  
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4. Synergic Effects of Vitamin D and other micronutrients 

on Human Health 

4.1 Vitamin K and Vitamin D 

Vitamin K is found to play synergic role with Vitamin D in 

curing many diseases. It has been found in a study that 

Vitamin K supplemented along with Vitamin D and Calcium 

can improved Bone Mineral Density of postmenopausal 

women. (Je et al., 2011) [31]. It has been found that insufficient 

amount of vitamin K in the body reduced the affinity of 

Calcium to bone matrix as calcium levels are significantly 

controlled by Vitamin D. A therapy including intake of 

combination of Vitamin k2 and Vitamin D3 can elevate BMD 

and lower serum UcOC. (Van Ballegooijen et al., 2017) [76-77]. 

In study it was clearly shown that taking Vitamin D+ K can 

significantly lower baseline eGFR (22.4 ±10.1 

ml/min/1.73m2 vs 30.2 ±12.6 ml/min/1.73m2) lower serum 

uric acid levels (6.8 ±1.7 vs 8.5 ±1.9 mg/dl) and higher 

calcium × phosphate product (3.3 ±1.06 vs 2.7 ±0.6 

mmol2/l2). The BMD after 6 months treatment of 

postmenopausal women significantly in increased from 0.01 ± 

0.03 g/cm2 vs -0.008 ± 0.04 g/cm2 as shown in Table 3. A 

proved that by intake of 1000 μg/day vitamin K1 + 320 IU 

vitamin D in combination can improve cardiovascular health 

cardiovascular health maintaining the characteristic of wall of 

vessels in cartid artery along with balancing CAC and 

lowering carotid intima-media thickness (CCA-IMT) in the 

heart as compared to the patients taking alone vitamin D. 

(Van Ballegooijen et al. 2017) [76-77]. The mechanism behind 

Vitamin K and Vitamin D interaction can be studied in the 

figure, where it is shown that Vitamin D Binding Receptors 

undergo gamma Carboxylation which further results in 

altering the biochemical properties and increasing Osteocalcin 

which maintains the bone health as shown in Fig 2. The 

interaction has also been seen to play important role in 

glycoxidation can be counterbalanced by adding Vitamin D + 

Vitamin K which can enhance the maturation of Osteoblastic 

cells. The role of Vitamin K and Vitamin D can be understood 

in maintaining the cardio vascular health by favoring γ-

glutamate carboxylation to prevent vascular calcification 

which is not desirable for CVD Patient. 

 

 
 

Fig 2: Mechanism of Vitamin D and Vitamin K interaction in maintaining Bone Health 
 

4.2 Vitamin D, Vitamin C and Zinc 

Vitamin D, Vitamin C and Zinc are seen to play synergic role 

in improving the adaptive as well as innate immunity in the 

body by enhancing the function of epithelial barriers, cellular 

defense and antibodies constituting the three main lines of 

immune defense. An increase in respiratory infections has 

been observed even with deficiency or insufficiency of one of 

them. They work such that the role and activity of each of 

them is stimulated as well as the functions performed by them 

is divided in the body. Vitamin C plays its role in minimizing 

the symptoms of Common Cold or Influenza and reduces the 

stress level in human reducing the level of cortisol by 50%. 

On the other hand Zinc in the form of lozenges plays role in 

relieving the symptom of Common Cold or Infection if 

consumed within 24. Zinc is another co-factor for vitamin D 

in maturation and activity of osteoblast cells. (Schwalfenberg, 

et al. 2015) [62]. It has been observed that vitamin D caused 

significant (159%) increase in zinc transport in cultured Caco-

2 cells which improves anti oxidative properties of both the 

elements. Therefore, consumption of combination of 1000 mg 

ascorbic acid plus 10 mg zinc is recommended for 

Rhinorrhea. Simultaneously, Vitamin D enhances the activity 

of potent antimicrobial peptides, synthesized in neutrophils, 

monocytes, NK cells and in epithelial cells lining which 

protect the lungs from getting infected. It has been suggested 

that Vitamin D deficiency can increase the risk of respiratory 

infection by 12%. (Maggini et al., 2017) [47].  

 

4.3 Magnesium and Vitamin D 

Magnesium and Vitamin D have been seen to be synergic to 

each other as magnesium is reported to play an important role 

in activation of Vitamin D and vice versa. Magnesium is one 

the cofactors for vitamin D binding proteins whereas 

magnesium serum levels have been seen to elevate with 
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increased consumption of Vitamin D to 2000 IU for 6 months 

in diabetic patients. In addition to this, hepatic and renal 

metabolism of Vitamin D dependent on magnesium levels in 

the body. (Uwitonze et al., 2018) [75]. Lower levels of 

magnesium in the body also results in impaired PTH function, 

which one of the major stimulant of Vitamin D metabolism. It 

plays significant role in bone mineralization by activating 

vitamin D metabolites. Higher consumptions of magnesium 

lower the risk of Vitamin D deficiency. Apart from Vitamin D 

and Calcium, magnesium can also reduce the chances of 

Osteoporosis. Oral supplementation of magnesium gave some 

clinically important results as it elevated the osteocalcin levels 

by 44% in women and lowered Urine deoxypyridinoline 

levels by 41%. (Dai, et al.2018).  

 

4.4 Other Synergic factors 

The combined effect of Vitamin D and Metformin was 

studied and it was observed that insulin IGFBP-3 level 

increased and increased Phosphorylation of Akt which 

inhibited the activity of mTOR, P70S6K and S6P proteins; 

this improves the chemo preventive activity of vitamin D3 (Li 

et al., 2015) [42]. The proteins c-Myc and Cylin D1 

significantly increased which enhanced the expression of 

VDR and CYP27B1 as compared to taking Vitamin D or 

metformin alone in colorectral Cancer patients. Vitamin D 

was also found to be in positive correlation with estradiol (E2) 

in women having metabolic Syndrome. Low estradiol (E2) 

elevated the risk of Vitamin D defeiciency in postmenopausal 

women. Soyisoflavone and Vitamin D increase the BMD in 

menopausal women as Soyisoflavones stimulate the 

expression of VDR consequently increasing osteoblast 

activity in maintaining Bone density. Not only isoflavones 

and Vitamin D increase the BMD but also prevents the Bone 

resorption by releasing Estrogen Receptor which inhibits 

osteoclast maturation thereby increasing the OPG formation. 

(Park, et al., 2012) [56]. Monounsaturated fatty acids 

consumption in the diet can improve the bioavailability of 

vitamin D3 in healthy older adults compared to 

polyunsaturated fatty acid. Phytosterols also enhanced the 

absorption of Vitamin D being a fat soluble Vitamin.  

 

5. Factors Affecting the Prevalence of Vitamin D 

Bioavailability 

Vitamin D deficiency has become a common micronutrient 

deficiency not only in India but in many other countries. The 

prevalence of Vitamin D deficiency depends on multiple 

factors; some of those factors are discussed below and the 

table 2. Below shows prevalence of Vitamin D deficiency 

throughout many countries of world on based of different life 

cycles. 

 
Table 2: Prevalence of Vitamin D deficiency in World and India 

 

S. 

No.  

New borns 

-infants 
>5 years 

12-18 

years 

18-50 

years 

Pregnant and 

Lactating Mothers 

Elderly 

People 
References 

1. India 86% 61.4% 94.8% 83% 74% 91.2% Mehlawat, et al.,(2014) [51] 

2. US 70% 40% 21% 80% 50% >40% 

Parva, et al., (2018) [57], Lee, et al. (2017), Dawodu, et 

al., (2012) [14]. Kunadian, et al. (2014) [39]. Forrest, et 

al., (2011) [16]. Turer, et al. (2013) [72]. Andıran et al. 

(2012) [3]. 

3. China 36.3% 50% 
40% 

90% 
76% 90.5% 70-90% 

Zhang et al., (2013). Yu, et al., (2014) [83], Tao, et al. 

(2012) [67]. Lu et al., (2012) [45]. 

4. Australia 40-57% 10% 68% 20% 60-80% 75% 
Paxton et al. (2013) [58]. Nowson et al., (2012) [54]. 

Malacova, et al. (2019) [48]. Tran et al., (2013) [69]. 

5. Europe 57% 80% 55% 45.8% 74.1% 61% 
Hribar, et al., (2021) [27]. Vandevijvere et al., (2012) [78]. 

Saraf et al. (2016) [61]. 

6. Africa 65% 7% 14-25% 36% 44% 48% 

Mogire, et al. (2020) [52], Principi et al. (2013) [60], 

Green et al. (2015) [19], Kalkwarf, et al. (2012) [33], 

Braegger et al. (2013) [9]. 

7. Japan 25% - 90% 60% 73.2% 60.1% 

Kanatani et al. (2019) [85], Okazaki et al. (2017) [84], 

Mackawy et al. (2013), Kubota et al. (2018) [86], Inamo 

et al. (2011). 

8. Korea 48.7% 58.6% 71.8% 83.0% 79.2% 62.1% 

Choi, et al. (2015) [87], Jung, et al. (2013) [88], Nah, et al. 

(2015) [89], Seo, et al. (2013) [90], Kim, et al. (2018) [91], 

Chung, et al. (2014), Choi, et al. (2013) [92]. 

9. 
Sri 

Lanka 
63% 35% 13.2% 58.8% 17% - 

Anusha, et al. (2019) [93], Jayatissa, et al. (2019) [94], 

Subasinghe, et al. (2019) [95], Godawita et al. (2021) [96]. 

 

5.1 Processing of Food 

Cooking eggs in three different ways can also eliminate the 

Vitamin D in significant amount. About 10% of Vitamin D 

was lost by boiling the egg for 10 mins and 20% loss was 

observed by scrambling the eggs for about 3mins. Vitamin D 

in UHT fortified milk was lost upto 10% every month when 

stored at 4 oC. Loss in Vitamin D during pasteurized milk, 

UHT milk, dry milk and dry milk desserts was noticed to be 

20%, 30%, 40% and 20%. Jakobsen et al., (2014) [29.30]. 

  

5.2 Antagonistic Vitamins and Minerals  

The absorption of Vitamin D in GI tract was reduced to 17% 

with higher concentration of Vitamin E in the body. Vitamin 

A also interfered with Vitamin D absorption and reduced by 

30%. In a study it was found that S- calcium decreased after 

intake of retinyl palmitate with 1,25 (OH)2D3 whereas PTH 

levels remained unaffected. The antagonistic nature of both 

Vitamins is expected to be due to fat soluble behavior of 

them. 

  

5.3 Drugs 

Bile acid sequestrants like colestipol and cholestyramine bind 

to fat soluble Vitamins like Vitamin D. Therefore over 

excretion of Bile acid from the body can lead to reduced 
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stores of Vitamin D. Orlistat used for weight loss inhibits the 

absorption of dietary fats in the body corresponding to low 

Vitamin D levels in the body. Statins is another drug used for 

checking the cholesterol levels also interferes with Vitamin D 

metabolism as Vitamin D is derived from Cholesterol. 

Vitamin D and Statins compete for CYP3A4 activity which 

establishes the antagonistic relationships between them.  

 

5.4 Age 

Age is also seen to play important role in Vitamin D 

metabolism in the body due change is lifestyle, Dietary 

(28%). 19% of menopausal women suffering from 

osteoporosis discontinued the intake of calcium + vitamin D 

due to lack of motivation being the most common reason, 

followed by fear of side effects being the other factor. 

(Liyanage, et al. (2011). The fortified milk when stored in 

glass bottle (71.81%) showed higher stability rather than the 

one stored in LDPE pouches. (Moulas, et al. 2018) [53]. 

 

5.5 Skin Pigments: The skin pigments play significant role in 

Vitamin D production. It was found in the study that on 

exposing the individuals from different races to same UVB 

radiation fair skinned individuals showed increased serum 

Vitamin D levels whereas black individuals showed no 

significant difference in serum Vitamin D levels within 2 

weeks. The melenocytes from lower epidermis layer moved to 

middle epidermis increasing melenocytes in black individuals 

4 times more than that of fair skinned individual. The dietary 

intake for fair skinned and black skinned children was 

different 6 and 14 μg vitamin D/d . (Mostafa et. al., 2015). 

  

6. Enhancing bioavailability of Vitamin D: 

6.1 Vitamin D Fortification and Food Enhancement: 

Vitamin D fortification is simply adding Vitamin D to foods 

and that food is claimed to have additional amounts of 

Vitamin D. Recently, Vitamin D is fortified by feeding the 

livestock animals with Vitamin D Rich Diet or Feed which 

can increase Vitamin D content up to significant amount. This 

process is also known as Vitamin D bio-addition. Different 

countries have different laws for fortification of Vitamin D, 

for example in Germany Vitamin D fortifications is restricted 

to margarines only whereas in Finland fluid milks, 

margarines/fat spreads are recommended to be fortified. (Pilz 

et. al., 2018) [59]. The countries like U.S, Canada and Finland 

follow the strategy of mass fortification. The mean serum 

levels increased to 7.6 nmol/L from the year 2000 to 2011 in 

Finland. WHO recommends a Dietary intake of Vitamin D to 

be 10 μg (400 IU) per day so as to reach serum level of 40-50 

nmol/L. If more than 2.5% population is seen to be Vitamin D 

deficient then the need for Vitamin D fortification is set up. 

Same recommendations in India are suggested by ICMR i.e. 

400 IU consumption of Vitamin D by 97.5% population of the 

country. (Calvo et al., 2013) [11]. Additional Intake through 

fortified foods may reach up to 1000-4000 IU per day. The 

Vitamin D concentration in fortified foods should not exceed 

20 IU/100 Calories. In elderly Vitamin D deficiency is 

common because surface area of skin decreases with age. The 

evidences indicate that supplement vitamin D has dosage 

effect on improving bone health and muscle strength and in 

the elderly 25(OH)-D serum concentrations of 75110 mol/L 

provide an adequate status for fall and fracture prevention. It 

is also claimed to inhibit the division of cells in colorectal 

cancer, works as immune system regulator and modulate the 

autoimmune diseases. The foods which are commonly 

fortified with vitamin D are juices, bread, milk and dairy 

products. (Gupta, A. (2014) [20] It has been proposed that 

8001,000 IU of vitamin D per day may be needed to achieve a 

satisfactory status in all adults of 75100 nmol/L of 25(OH)-D. 

It has been shown that 49% of adults (57-85 years) consume 

dietary supplements mostly in the form of multivitamin 

(28%). 19% of menopausal women suffering from 

osteoporosis discontinued the intake of calcium + vitamin D 

due to lack of motivation being the most common reason, 

followed by fear of side effects being the other factor. 

(Liyanage, et al. (2011). The fortified milk when stored in 

glass bottle (71.81%) showed higher stability rather than the 

one stored in LDPE pouches. (Moulas, et. al. 2018) [53].  

 

6.2 UV radiations on Vitamin D 

Mushrooms are one of the richest vegetarian sources of 

Vitamin D. It is consumed worldwide as part of their common 

diet when it is cooked in combination with other vegetables. 

Usually, the Vitamin D in mushrooms is present in the form 

of Vitamin D2, whereas other forms of Vitamin D such as 

Vitamin D3 and Vitamin D4 are present in small amounts as 

vitamin D3 is mostly present in animal based sources. 

Mushrooms when exposed to UV radiations by using UV 

lamps can be enhanced with significant amounts of vitamin D. 

(Keegan et al., 2013) [34]. The amount of Vitamin D in fresh 

mushrooms is most likely to be 10µg/100g. On exposing the 

mushroom to UV radiation lamps the vitamin D content in 

mushroom can increase up to 40µg/g dried mass. (Ahlawat, O 

et al. 2016) The most effective range of wavelength of 

radiations used is 280-315 nm. Although the fixed 

temperature range for the radiations is still not known but 

some studies suggest the 25-35 oC to be most ideal 

temperature range for exposure of the mushrooms. UV pulsed 

lamp can also be used for this purpose it can enhance the 

vitamin D content in the mushroom in relatively very short 

period of time (1-3s). High energy pulsed lamp can penetrate 

deep into the flesh of mushroom and produce higher Vitamin 

D content in the mushroom. Vitamin D content in fresh 

mushrooms exposed to UV radiation may depend on whether 

they are sliced or whole, the distance from the lamp housing, 

the size of the mushroom, and the total number of pulses 

received. On being exposed to UVB radiations hens produced 

eggs in which Vitamin D increased from 1.1 µ/100g to 1.7 

µ/100g.  

 

6.3 Nano-encapsulation of Vitamin D 

Nanoencapsulation is a technology of entrapping a bioactive 

component within a nano–capsule to enhance the solubility 

and bioavailability of an element. This technology overcomes 

the drawbacks of functions food as the vitamin D fortified 

foods are usually seen to lose vitamin D content overtime 

during processing of the food. (Haham, et al. 2012) [21]. In a 

study starch nanoparticles were used to entrap the Vitamin D 

using ultrasonic technique. Starch is considered as potential 

nanocarrier of Vitamin D as it has amorphous polysaccharides 

in the center which are stable to acid hydrolysis and this sets 

the biocompatibility between both the molecules as shown in 

figure no. 3. Another reason for using Starch is its ability to 

release the attached molecule slowly. Using 

nanoencapsulation improves the solubility of Vitamin D as 

smaller the size small is the Brownian movement due to 

gravity and also nanoparticles smaller in size have high 

dissolution which is favorable for poor water soluble 

compound. Encapsulation efficiency was as high as 71% and 
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Load efficiency also increase due formation of Hydrogen 

Bonding between Vitamin D and Starch which resulted in 

slow release of Vitamin D (Hasanvand et al., 2015) [22]. The 

technology is highly stable in acidic and enzymatic condition 

because only 3.5% of Vitamin D was released within 2 hours. 

Thermostability was also observed in the Vitamin D as no 

peaks of Vitamin D at 87 and 286 °C (melting point of 

Vitamin D) were observed in thermogram. Usually 

nanoemulsion prepared at low frequency and high intensity is 

more suitable for fish oil and reduces the toxicity of 

nanoencapsulation because less surfactant is required. Fish oil 

nanoemulsion was found to be stable even after 45 days when 

kept undisturbed. The encapsulation efficiency was higher in 

nanocapsules having low fish oil (95.7%) as compared the 

nanocapsules having higher fish oil (98.2%), because per unit 

Vitamin D particles decrease in higher Fish oil content. The 

thick layer of oil in encapsulated Vitamin D prevented it from 

getting degraded in mouth (due to salivary amylase) and on 

stomach (acidic condition). (Walia et al., 2017) [79]. Vitamin 

D3 entrapped using lactoglobulin showed encapsulation 

efficiency of 94.5% whereas only 45.8 ± 1.55% to 67.6 ± 

2.76% EE was observed for alginate based nanotechnology. 

However, almost similar EE results were obtained using zein-

based hydrogel beads (96.9%). Free vitamin D when stored 

under refrigerator for 5 weeks lost 91% of Vitamin D whereas 

the lactoglobulin entrapped Vitamin D3 was retained 

significantly with loss of 8.3 ± 1.7% only because of combine 

effect of anti-oxidative properties of thiol group and coaglum 

matrix blocking the accessibility oxidative agents. Vitamin 

D3 was retained successfully in gastric tract as lactoglobulin 

structure remained consistent in the stomach as the pH of 

stomach remained same as that of lactoglobulin-Vitamin D 

complex. Only 3.7% of Vitamin D was lost as compared to 

unprotected Vitamin D 90.0 ± 1.3%. Loss was Vitamin D 

from lactoglobulin and casein was less as compared to nano 

particles of ethanol water mixture. (Diarrassouba et al. 2015) 
[15]. 

 

 
 

Fig 3: Nano-Encapsulation of Vitamin D by Starch to enhance the Bioavailability of Vitamin D 

 

Conclusion 

It can be concluded that Vitamin D is available in our body in 

two forms Vitamin D2 and Vitamin D3. The two forms of 

Vitamin D have different sources Vitamin D3 is found in 

animal based sources whereas Vitamin D2 is found in plant 

based sources. The absorption and metabolism of Vitamin D 

in the body is slightly different from one another as both the 

forms have different structure and DBP have more affinity for 

Vitamin D3 rather than that of Vitamin D2. More enzymes 

are involved in metabolism of Vitamin D3 rather than 

Vitamin D2. Evidence based study is available for Vitamin 

D3 vs. Vitamin D2 bioavailability. Vitamin D is seen to be in 

synergic relation with Vitamin K as both enhance the activity 

of one another and assist in treatment of bone density, 

cardiovascular diseases and hypertension. Vitamin D, zinc 

and Vitamin C are seen to improve immunity. Magnesium 

and Vitamin D are seen to improve the activity of osteoblasts 

and magnesium is major mineral in enzymes involved in 

Vitamin D metabolism. Many factors like processing, 

antagonist elements, aging, skin color, impaired absorption in 

GI tract can reduce the bioavailability of Vitamin D. Vitamin 

D can be enhanced in food by treating the food with UVB 

radiation and by encapsulating the Vitamin D with suitable 

matrix which results in slow release of Vitamin D 

consequently preventing it from being degraded during 

processing or being lost in GI tract.  
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