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Background: Vitamin D deficiency and insufficiency are recognized as a worldwide problem with serious 
consequences. Fortification of foods with Vitamin D is a certain approach to improve serum Vitamin D 
status if the stability of vitamin in the foodstuffs was controlled. The purpose of this study was to examine 
the stability of Vitamin D3 added to low‑fat yogurt and yogurt drink “Doogh” during the products shelf‑life.
Materials and Methods: Two kinds of Vitamin D3, water‑  and oil‑dispersible forms, suitable for food 
fortification, were compared to find out whether they show different stability in the products. The products 
were packed in opaque or translucent containers. The content of Vitamin D3 was determined by high 
performance liquid chromatography method.
Results: Vitamin D was not affected by the heat treatment (pasteurization) and other processes (homogenization 
and fermentation). Both water‑ and oil‑dispersible forms were stable during the shelf‑life of yogurt samples 
packed in opaque containers. The Vitamin D3 content of yogurt fortified with water‑dispersible form and 
packed in translucent containers was not stable during the shelf‑life and significantly reduced after 1, 
2, and 3 weeks of storage compared to the day 0. The Vitamin D3 content of samples fortified with the 
oil‑dispersible form packed in the same container was only stable after 1‑week and significantly reduced 
after 2 and 3 weeks of storage. The Vitamin D3 content of Doogh packed in the opaque containers remained 
stable during the shelf‑life while it was not stable in the samples packed in translucent containers.
Conclusion: The results suggested that both forms of Vitamin D are suitable for fortification, and opaque 
container is a better choice for packaging of the product.
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Abstract

INTRODUCTION

Besides to its important role in calcium homeostasis 
and bone functions, Vitamin D is known to have many 
extra‑skeletal effects like anti‑inflammatory and 
immunomodulatory functions.[1] Body of evidence is 
increasing about the influence of Vitamin D in several 
diseases such as obesity,[2] cardiovascular disease,[3] 
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autoimmune disorders,[1] metabolic syndrome,[4] 
some forms of cancers,[5] diabetes,[2] and microbial 
infections.[6] Vitamin D deficiency and insufficiency 
are recognized as a worldwide problem with serious 
consequences. It is estimated that near 1  billion 
people around the world suffer from various degrees 
of Vitamin D deficiency.[7] Studies have demonstrated 
that Vitamin D deficiency is not only high in North 
America and Northern Europe but also people in 
the sunniest areas of the world like Mediterranean 
and Middle East countries suffer from the deficiency 
or insufficiency.[8‑10] It might be due to avoidance 
of exposure to the sun because of environmental, 
psychological, and cultural factors.[7,11]

People get Vitamin D from 4 sources: Sun exposure, 
natural food sources, dietary supplements, and 
fortified foods.[12] The major source of Vitamin 
D is exposure to sun when 7‑dehydrocholesterol 
in the skin converts to pre‑Vitamin D3 under 
the penetration of solar ultra‑violet B. However, 
cutaneous synthesis is affected by several factors 
such as season, latitude, day‑time, skin pigment, 
widespread use of sunscreens, and aging.[10] The 
richest dietary sources of Vitamin D are fatty fish, 
fish liver oil, egg yolk, and sun‑dried mushrooms, 
which are not commonly consumed in many diets.[13] 
Currently used foods are naturally poor in Vitamin D 
content.[14,15] It has been estimated that people cannot 
earn > 2 μg (80 IU)/day of Vitamin D from dietary 
intake while according to Institute of Medicine 
recommendation, adults aged 19–50 years require 
at least 15 μg (600 IU)/day of Vitamin D to improve 
bone functions.[16] Hence, oral intake of Vitamin D 
via fortified foods or supplements seems necessary. 
Subjects who use supplements currently, tend to be 
old, white, female, educated and usually have a good 
income.[17] Although Vitamin D supplementation 
improves serum 25‑hydroxy Vitamin D  (25‑OHD) 
concentration significantly,[18] it is not a suitable way 
to enhance Vitamin D status of the general public 
as a whole. Hence, dietary intervention seems to be 
inevitable.

Fortified foods are defined as foods, which are enriched 
with one or more essential nutrients  (whether 
or not they might have been existed in the food 
naturally) for the purpose of preventing or treating 
a demonstrated deficiency.[19] In the third decade of 
20th century, rickets was eradicated by fortification 
of dairy products specially milk with Vitamin 
D.[13] Today, fortification of foods with Vitamin 
D has been accepted as a certain approach to 
improve serum Vitamin D status. Canada and 
United States are famous countries that fortified 
some foods such as dairy products, margarine and 

breakfast cereals mandatorily or optionally.[11] Milk 
is the most commonly food source for Vitamin D 
fortification, but it seems that consumption of milk 
has gradually declined during the past decades.[11,20] 
Moreover, considering the high prevalence of lactose 
deficiency, many children and adults avoid to 
drink it continually.[21] Hence, research are going 
on to introduce more sources of food that seems to 
be feasible for fortification with Vitamin D. The 
stability of Vitamin D is reported in bread,[22] orange 
juice,[13,23] cheddar cheese, ultra‑violet light‑enhanced 
mushrooms,[24] and edible oils.[10]

In Iran, fortification of foods with Vitamin D is 
not customary, and there is not a definite Vitamin 
D‑fortified staple food that the general public can 
earn currently. Vitamin D‑fortified milk is the 
most common product, which is not available every 
time or everywhere. Recently, Nikooyeh et  al.[25] 
demonstrated that fortification of Persian Doogh (a 
yogurt drink consist of plain yogurt, water, and salt) 
with Vitamin D, improves 25(OH) D levels in type 2 
diabetic patients. Yogurt is suggested as a good 
candidate for Vitamin D fortification in Iran because 
of (i) its popularity and widely consumption, (ii) its 
milk fat basis which is important for Vitamin D 
stability and absorption,[26] (iii) its calcium content, 
and  (iv) its well tolerance by people who suffer 
from lactose deficiency. Moreover, individuals in 
any level of the economic situation seem to be 
able to provide it usually. Therefore, this study 
was aimed to determine the stability of different 
forms of Vitamin D3 in yogurt and Persian yogurt 
drink  (Doogh) packed in opaque and translucent 
containers.

MATERIALS AND METHODS

Experimental design
Two forms of Vitamin D3, water‑ and oil‑dispersible, 
were used for fortification of yogurt at doses of 
90 and 120  IU/100  g product. Doogh was only 
fortified with water‑dispersible form because of 
its watery nature, at 90 and 120 IU/100 g product. 
The prepared products were packed in opaque and 
translucent containers, and stored in a retail display 
case illuminated with 1000 lux fluorescent light 
during the shelf‑life. Yogurt was stored at 4°C for 
21 days while Doogh was stored at 15°C for 8 weeks. 
The yogurt samples were analyzed for Vitamin D 
stability at day 0, 7, 14, and 21 of storage while 
Doogh samples were analyzed at day 0, and week 2, 
4, and 8 of storage. For each treatment, 3 batches 
were prepared, and 3 samples from each batch were 
analyzed.
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Chemicals and reagents
All of the used chemicals and reagents were of analytical 
or high performance liquid chromatography (HPLC) 
grade and obtained from Merck  (Darmstadt, 
Germany). Crystalline Vitamin D3 (cholecalciferol, 
purity  ≥98%) reference standard was obtained 
from Sigma‑Aldrich  (St .  Luis ,  Mo,  USA) . 
Vitamin D3 oily solution  (25  mg cholecalciferol/g) 
and cold water‑dispersible powder of Vitamin D3 
(2.5  mg cholecalciferol/g) were obtained from DSM 
Nutritional Products Ltd.,  (Basel, Switzerland). 
Deionized water (Milli‑Q Millipore 18.2 MΩ resistivity) 
was applied through this study.

Stock solution of Vitamin D3 (100 µg/ml) was prepared 
by dissolving the crystalline standard in acetonitrile. 
This solution was diluted in acetonitrile to prepare the 
intermediate standard solution of 10 µg/ml. Working 
standard solutions were prepared by diluting of 
intermediate standard solution in acetonitrile.

Preparation of fortified yogurt
Low‑fat milk was prepared by adding 1.5%  (w/v) 
of milk fat to the skim milk. The water‑dispersible 
form of Vitamin D3 was added to the low‑fat milk in 
2 different concentrations to prepare milks with 90 and 
120 IU Vitamin D3/100 ml. To prepare the oily form of 
Vitamin D3 for fortification, the adequate amounts of 
this form were blended with milk fat and added to skim 
milks to prepare the low‑fat milks (1.5% fat), which 
were contained 90 and 120 IU Vitamin D3/100 ml. After 
homogenization at a pressure of 150 bar (APV 1000 
laboratory homogenizer), the milks were pasteurized 
and then inoculated with a starter culture at 40–42°C 
for about 7 h. When the pH declined to ~4, the process 
was stopped and final product “low‑fat yogurt” was 
packed and stored at 4°C.

Preparation of fortified Doogh
The yogurt was prepared from skim milk as described 
above. Milk fat, water, and salt were added to 
the product. To prepare the fortified product with 
water‑dispersible form of Vitamin D3, the powder was 
added with the other ingredients. The materials were 
then homogenized at a pressure of 185 bar (APV 1000 
laboratory homogenizer) to prepare the final product 
“Doogh” with the following characteristics: Fat 1.5%, 
total solid content 5%, and NaCl 0.5%. The prepared 
samples were packed and stored at 15°C.

Vitamin D analysis
A portion of 15 g of a sample (yoghurt or Doogh) was 
diluted and homogenized with 20  ml of water. The 
homogenized sample, 35  ml of aqueous potassium 
hydroxide solution (35% KOH w/v), and 2 ml of ethanolic 
pyrogallol solution (1% w/v) were transferred into a foil 

covered 125 ml glass‑stoppered low‑actinic erlenmeyer 
flask, mixed gently, and flushed with nitrogen to 
remove oxygen. In order to saponify the mixture, the 
flask was capped and placed in a water bath at 70°C for 
30 min with occasional stirring. The saponified sample 
was cooled in an ice‑water bath for 15 min and extracted 
with ethanol and a mixture containing petroleum 
ether: Diethyl ether (90:10, v/v) according to the method 
described by Renken and Warthesen (1993). The ether 
extract was evaporated to dryness under a stream of 
nitrogen at 40°C. The residue was dissolved in 3 ml of 
hexan and cleaned on a solid phase extraction (SPE) 
column  (Silica Spe‑Pak C18 Vac Cartridge; Waters 
Corporation, Dublin, Ireland), which was previously 
conditioned with 2.5 ml of hexane. The SPE column 
was successively washed with 2 ml of hexane, 2 ml of 
a mixture containing chloroform: Hexane (78:22, v/v), 
and eluted with 2  ml of methanol. The methanol 
rinsed eluate containing Vitamin D3 was collected and 
evaporated to dryness under a stream of nitrogen at 
40°C. The remaining residue was dissolved in 1 ml of 
acetonitrile. The sample was filtered through a 0.45 µm 
syringe filter prior to analysis.

Vitamin D3 was quantified using an Agilent 1260 Infinity 
HPLC System (Agilent Corporation, USA) equipped 
with a quaternary pump, and auto‑sampler, a vacuum 
degasser, and a G1315D diode‑array detector set at an 
absorbance wavelength of 254 nm. Chromatographic 
separation was performed on a VYDAC® reverse‑phase 
C18 analytical column (250 mm × 4.6 mm i.d., 5 µm 
particle size, 300 A° pore size; Vydac Separation 
Group, Hesperia, CA, USA). The HPLC mobile 
phase was acetonitrile: Methanol  (70:30, v/v) at a 
flow rate of 1.5 ml/min. The injection volume of the 
sample or standard solutions was 100 µl. The mean 
recoveries of Vitamin D3 in spiked yoghurt and Doogh 
samples  (n  =  5) were 79.9% and 83.5% for spiking 
level of 90 IU/g of product, and 83.7% and 88.3% for 
spiking level of 120 IU/g of product, respectively. The 
relative standard deviations were <10%. The results 
were corrected based on recovery scores.

Statistical analysis
To evaluate the storage stability of Vitamin D3 in the 
fortified products, the multifactorial repeated measure 
ANOVA from SPSS software version 20 (SPSS Inc., 
Chicago, IL, USA) was used. The difference among 
means at P  <  0.05 was considered statistically 
significant.

RESULTS AND DISCUSSION

Stability of Vitamin D3 in milk
Vitamin D3 fortified milk used for preparation of yogurt 
was analyzed for the content of Vitamin D3 before and 
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after pasteurization. The results demonstrated that 
there was no significant Vitamin D3 loss  (P > 0.05) 
due to the pasteurization either for water‑  or 
oil‑dispersible form (data not shown). It was stated 
that Vitamin D was not affected by heat treatments, 
that is, pasteurization and sterilization used in dairy 
industries.[27‑29]

Multivariate tests
The results of multivariate tests showed that the 
content of Vitamin D3 significantly changed (P < 0.001) 
during the products shelf‑life. The interaction 
between time and packaging type was statistically 
significant  (P  <  0.001), whereas the interaction 
between time and Vitamin D3 type was not statistically 
significant (P > 0.05); [Table 1]. The tests of between 
subject effects showed that about 50% and 80% of 
changes in Vitamin D3 contents in yogurt and Doogh, 
respectively, was due to the packaging type (data not 
shown).

Stability of Vitamin D3 in yogurt
Stability of Vitamin D3 in fortified yogurt during 
3  weeks storage at 4°C is shown in Table  2. Both 
water‑ and oil‑dispersible forms were stable during 
the shelf‑life of yogurt samples packed in opaque 
containers because no statistically significant 
differences were observed in Vitamin D3 contents 
during 3 weeks of storage. The Vitamin D3 of yogurt 
fortified with water‑dispersible form packed in 
translucent containers was not stable during the 

shelf‑life and significantly reduced after 1, 2, and 
3 weeks of storage compared to the day 0. However, 
the oil‑dispersible form packed in the same containers 
were only stable after 1‑week and significantly 
reduced after 2 and 3  weeks. Kazmi et  al.[20] found 
that water‑ or oil‑dispersible forms of Vitamin D3 were 
stable in yogurt during 4 weeks of storage, but they 
did not mention the type of the containers.

Regardless of the forms of Vitamin D3, no significant 
differences were observed in the content of this 
vitamin in translucent containers among 1st, 2nd, 
and 3rd weeks of storage [Table 2]. It might be due to 
the fact that Vitamin D‑degradation products may 
protect the remaining part of this vitamin from further 
degradation.[30]

Stability of Vitamin D3 in Doogh
Stability of Vitamin D3 in fortified Doogh during 
8  weeks of storage at 15°C is shown in Table  3. 
Water‑dispersible form of Vitamin D3 was stable 
during the shelf‑life of Doogh packed in opaque 
containers while it was not stable in the samples 
packed in translucent containers  [Table 3]. Renken 
and Warthesen[30] reported the greatest reduction 
of Vitamin D due to light exposure of milk samples 
compared to air exposure. Furthermore, exposure to 
light can cause production of light‑oxidized flavor and 
degradation of the other vitamins such as riboflavin 
and retinol.[30,31]

No significant difference was observed in the content 
of Vitamin D3 packed in translucent containers among 
2nd, 4th, and 8th weeks of storage [Table 3]. It is due 
to the protective effects of Vitamin D3‑degradation 
products on remaining Vitamin D3.

[30]

CONCLUSION

In this study, different forms of Vitamin D3 (water‑ or 
oil‑dispersible) were used for the fortification of 
yogurt and Persian yogurt drink “Doogh” to evaluate 
their stability during the products shelf‑life. We also 

Table 1: Interaction between the variablesa

Effect P
90 IU/100 g 120 IU/100 g

Yogurt
Time <0.001 <0.001
Time × packaging type <0.001 <0.001
Time × vitamin D3 type 0.246 0.537

Doogh
Time <0.001 <0.001
Time × packaging type 0.001 <0.001

aResults of multivariate tests (repeated measure of ANOVA)

Table 2: Stability of vitamin D3 in fortified low‑fat yoghurt during the shelf‑life
Packaging Type of vitamin D3 Dosage (IU/100 g) Vitamin D content (IU/100 g) P

Day 0 Day 7 Day 14 Day 21
Opaque Water‑dispersible 90 85.72±1.497ab 86.80±1.528ab 90.63±1.330a 85.43±1.659b 0.219

120 117.33±1.827a 116.43±2.468a 119.48±2.569a 115.65±2.385a 0.594
Oil‑dispersible 90 83.45±1.230a 85.07±1.924a 82.33±2.326a 80.90±1.839a 0.475

120 113.41±1.694a 115.30±2.945a 116.29±1.992a 112.76±2.161a 0.644
Translucent Water‑dispersible 90 86.23±1.862a 75.01±2.175b 73.40±2.109bc 69.92±1.475c 0.005

120 119.13±0.875a 107.25±2.333b 106.24±3.766b 102.53±3.663b 0.009
Oil‑dispersible 90 85.54±1.631a 79.33±1.719ab 75.49±1.629b 73.98±1.748b 0.012

120 115.25±2.094a 108.72±2.479ab 104.69±2.028b 101.81±2.094b 0.010
a,b,cMeans±SEM in the same row with different superscript letters are significantly different (P<0.05). SEM: Standard error of the mean
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assessed two different types of containers, opaque 
and translucent to find out if the packaging type 
could affect Vitamin D3 content of the products. The 
stability of Vitamin D3 in yogurt or Doogh packed in 
translucent containers was not satisfactory, while in 
the opaque containers was acceptable. We strongly 
recommend food industries to use opaque containers 
for storage of yogurt products or even any kinds 
of foodstuffs fortified with Vitamin D3 to reduce 
light‑related degradation of the vitamin during the 
products shelf‑life.
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