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Abstract
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Estimation of Vitamin D3 Content in Table Eggs and its Stability 
during Cooking

Vitamin D3 has a pivotal role in bone development together with maintaining the normal level of both calci-
um and phosphorous inside the body. Dietary intake is of great importance as a good source of vitamin D in 
addition to sunlight. Eggs, for instance, are excellent sources for naturally occurring cholecalciferol (vitamin 
D3) in daily meals. Hence, the aim of the current study was to measure the level of vitamin D3 in two kinds 
of table eggs (Balady and farm eggs) in Assiut Governorate. 150 eggs were collected from supermarkets and 
outlet retails and then subjected to determine the level of vitamin D3 using High-Performance Liquid Chroma-
tography. Additionally, the stability of vitamin D3 after cooking (boiling and frying methods) was estimated 
throughout the study. The obtained results showed that the level of vitamin D3 was higher in farm eggs (0.13 
to 8.5 mcg/100g) in comparison to Balady eggs (0.006 to 5.6 mcg/100g). After cooking, the reduction rate of 
vitamin D3 content was lower after boiling (47.43 %) than frying (65.78 %). In conclusion, farm eggs are a 
good source for vitamin D3, and the cooking methods may be implicated in adverse loss of vitamin D3 content 
in eggs. Herein, it is suggested to use the boiling method for cooking eggs than frying method to minimize the 
possible loss in such vitamins.
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INTRODUCTION

Vitamin D is one of the most important fat-soluble vitamins 
in both human and animal diet. It could be existed in two forms 
as vitamin D2 and D3 that are initially inactive before being me-
tabolized in the liver to calciferol (Farag et al., 2018). The first one, 
named ergocalciferic, is of less bioavailability so it is not widely 
used than vitamin D3. On the other hand, vitamin D3 (cholecalcif-
erol) is the most important one and it could be obtained through 
synthesis from 7-dehydrocholesterol after exposure to ultraviolet 
rays or absorption from the diet rich in such vitamin (Gupta and 
Tripathi, 2015). Human could drive the majority of daily vitamin D 
through the action of sun light in their skin (Mason et al., 2011). 
Interestingly, vitamin D has a crucial role in calcium-phospho-
rus metabolism (Holick, 2007) that is required for either bone or 
teeth development. Additionally, it helps in muscle building due 
to the presence of its receptors inside the muscle tissue (Schmid 
and Walther, 2013). Moreover, several previous studies showed 
a wide range of pharmacological and physiological functions of 
vitamin D. It could play a vital role as an anti-inflammatory, anti-
oxidant, and antiviral agent together with regulatory properties 
in the adaptive and innate immune systems (Bishop et al., 2020). 

Notably, it was reported that the deficiency of vitamin D was 
quite common among COVID-19 patients (Karahan and Katkat, 

2021). A recent clinical study by Castillo et al. (Entrenas Castillo 
et al., 2020) investigated that those COVID-19 patients who sup-
plemented with vitamin D showed less severe symptoms of such 
disease. Furthermore, Demir et al. (2021) found that the high vi-
tamin D levels could decrease COVID-19 PCR positivity, D-dimer 
and C-reactive protein levels and the number of affected lung 
segments in COVID-19-positive patients which lead to shorten-
ing the duration of hospital stays and minimizing the severity of 
COVID-19.

Vitamin D through exposure to sun light is not always ad-
equate due to the current lifestyle with most activities indoors. 
Additionally, season may influence the intensity of the sun, so 
interfere with the amount of vitamin D synthesized inside the 
body. Hence, the dietary intake of vitamin D becomes increasing-
ly important (Dimartino, 2019; Mason et al., 2011). Vitamin D3 and 
its metabolites are present only in foods of animal origin such 
as fish, meat, eggs, and milk (Foote et al., 2004; Mandrioli et al., 
2020; Barnkob et al., 2020). The European Food Safety Authority 
recently set an adequate intake for vitamin D at 10 μg/day for 
infants aged 7-11 months and 15 μg/day for children aged 1-17 
years and adults (EFSA Panel on Dietetic Products and Allergies, 
2016).

The vitamin D deficiency is implicated in many health prob-
lems such as muscle weakness, rickets, osteomalacia, cardiovas-
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cular disease, cancer, autoimmune disease, diabetes mellitus and 
hypertension (Ross et al., 2011). Furthermore, the deficiency of 
such vitamin could also affect the normal growth and develop-
ment of the newly born infants (Principi et al., 2013). When the 
level of vitamin D is above 10.000 IU, it could exert a toxic effect 
as a result of excessive absorption of calcium from intestine and 
resorption of calcium from bone. Therefore, it was important to 
develop an accurate method to estimate the amount of vitamin 
D in table eggs (Dimartino, 2019). The last decade, high perfor-
mance liquid chromatography (HPLC) method offers the best 
technique to measure the level of vitamin D3 accurately in foods 
(Farag et al., 2018).

The stability of vitamin D in different kinds of food was pre-
viously reported showing variable losses in the level of vitamin 
D and its metabolites. In this context, the fortification of food 
with such vitamin was the possible choice to avoid its loss. For 
instance, the stability in fortification regiments was examined 
during spray-drying of milk to produce vitamin D fortified UHT 
milk and cheese. The loss of vitamin D was insignificant in such 
products (Wagner et al., 2008; Hanson and Metzger, 2010). More-
over, a previous study on fortification of bread with vitamin D3 
investigated a lower retention (Natri et al., 2006; Madsen et al., 
2013). Saghafi et al. (2018) examined the effect of time and tem-
perature on stability of added vitamin D3 in some vegetable oils 
(corn, sunflower, and canola oils) and identified that the retention 
rate of the fortified vitamin D3 was varied from 68.6% to 87.4%. 
Therefore, the temperature, time, and pH of the food could affect 
the level of vitamin D retention during cooking (Jakobsen and 
Knuthsen, 2014). It was emphasized that the current information 
on the fate of vitamin D metabolites during processing of food is 
insufficient (Lešková et al., 2006). 

The current study was designed to determine the level of 
vitamin D in most consumed table eggs in Egypt. Besides, the 
retention of vitamin D during cooking of eggs was also studied.

MATERIALS AND METHODS

Collection of samples

A total of 150 fresh hen’s egg samples were collected from 
different outlet retails and supermarket in Assiut Governorate 
during a period from September to January 2021. Eggs samples 
were collected from different sources to obtain random and rep-
resentative samples. They were transferred in plastic bags to the 
laboratory (The Analytical Chemistry Unit at Assiut University). 
The samples were protected from air and light during transpor-
tation and then kept refrigerated at 4ºC until further analysis. The 
samples were categorized into two major groups: Farm eggs and 
balady eggs throughout the study.

Measuring of vitamin D3 in egg samples using HPLC

Reagents and materials

All the used chemicals in the current study were of the high-
est purity and this experiment were done using HPLC system (Ap-
paratus: Agilent Technologies1200 series, G 1321A FLD, Column: 
Zorbax Eclipse XDB C18; Analytical 4.6×150 mm 5-Micron), De-
tector: FLD at 280 nm. (excitation), 360 nm (emission) with flow 
rate: 1ml/min, temperature: 30 ºC, injection volume: 20 µl, Mobile 
phase: Methanol: Water (95%: 5%). The total run time was equal 
to 7 min. The standard solution of Cholecalciferol (vitamin D3) 
was prepared by dissolving 1mg of standard cholecalciferol in 
1ml methanol. 

Saponification and extraction

Saponification step was done by weighing 25 g of the pooled 
egg yolk sample in a measuring flask and was completed with 
warm deionized water at 40ᵒC to the mark, then vortexed for 10 
min until complete homogenization. 20 ml of 50% KOH solution 
and 1 g of ascorbic acid were added to the previous mixture in a 
new 100 ml measuring flask then covered with foil. Ethanol was 
added to the solution with continuous shaking and then over-
night incubated at room temperature in a water bath until the 
sample was completely saponified. The organic layers were col-
lected and washed twice with cyclohexan for 2 min; then evapo-
rated with liquid nitrogen. 

HPLC protocol

For the chromatography step, the residues in the previous 
step were dissolved in 2 ml methanol and filtered through 0.45 
mm filter. Then, 20 ml of the extract was subjected to analysis 
using HPLC. The level of vitamin D3 in the examined samples was 
measured in µg/100g of egg weight.

Stability of vitamin D3 after cooking (boiling and frying) of table 
eggs

Pooled egg samples were punctured by a sterile needle to as-
pirate 25 g of egg yolk (control group) for measuring the level of 
vitamin D3 before treatments (boiling and frying); and then part 
of the same pooled samples was put in a beaker on a hot plate 
to boil the eggs for 10 min. After boiling, 25 g of egg yolk was 
used to estimate the retention of vitamin D3 using HPLC method. 
Other aliquots of pooled eggs were subjected to frying in a pan 
without adding any greasy substances and then vitamin D3 was 
measured. The current experiments were done in three replicates 
(n = 5 pooled egg samples for each treatment).

Statistical analysis

The observed data were statistically analyzed using SPSS sta-
tistics 21 for windows (IBM SPSS, Amonk, NY, USA). Descriptive 
statistics such as mean and standard deviation were calculated 
from the obtained data with MS Excel (Microsoft Corporation). 
The statistical analysis consisted of mean comparison tests, uni-
variate Analysis of variance (ANOVA) followed by Tukey’s post-
hoc test (p < 0.05) to evaluate significant differences between 
the level of vitamin D3 in farm and balady eggs before and after 
cooking procedures.

RESULTS

Levels of vitamin D3 in farm and in balady eggs

The obtained findings in the current study showed the dif-
ferences between vitamin D3 content in two major categories of 
hen’s eggs purchased in Assiut city, Egypt including farm and 
balady eggs. The data presented in Table 1 illustrated that the 
level of vitamin D3 in farm eggs, which was ranged from 0.13 
to 8.50 µg/100g with an average of 2.03±0.52 µg/100g of the 
examined sample, while in balady eggs the content of such vi-
tamin was between 0.0.1 and 5.69 µg/100g and the mean value 
was 1.04±0.49 µg/100g. Vitamin D3 was higher in farm eggs in 
comparison to balady eggs however the difference was not sig-
nificant (p > 0.05)
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Effect of heat treatment on content of vitamin D3 in table eggs

The results for the retention of vitamin D3 in the cooked eggs 
(boiled eggs and fried eggs) were presented in Tables 2 and 3. 
This part was applied using samples of farm eggs due to the 
higher level of vitamin D3 in such kind of eggs than the other 
one. The boiling process could reduce the content of vitamin D3 
from 2.53±0.77 µg/100g in raw shell egg to 1.20±0.13 µg/100g 
in boiled eggs. While, frying decreased such vitamin to 1.48±0.55 
µg/100g in the fried eggs. Concerning the true retention percent-
age of vitamin D3 after cooking; it was ranged from 40.3 to 60.8% 
and, between 64.24 and 69.4% for boiling and frying procedures, 
respectively (Table 3). On average, there was a significant differ-
ence (p < 0.05) in retention rate of vitamin D3 between boiling 
(47.43%) and frying (65.78%) methods.

DISCUSSION

Dietary vitamin D may compensate the inadequate exposure 
to sun lights. There have been few previous investigations on vi-
tamin D3 content in Egyptian eggs, which used as a base for the 
current study to present new data for the level of vitamin D3 in 
the most consumed table eggs in Egypt.

In the present study, the level of vitamin D3 was higher in farm 
eggs than in balady eggs. This difference may be due to several 
factors such as the breeds of laying hens and vitamin D3 sup-
plementation in poultry ration. Especially in farms, vitamin and 
mineral supplementations are one of the basic constituents of 
poultry feed to enhance the productivity and avoid outbreaks of 
vitamin and mineral deficiency. Yao et al. (2013) found that the 
content of vitamin D3 in table eggs increased in a dose-depen-
dent manner by the addition of vitamin D3 in poultry feed. Fur-
thermore, exposure to sunlight could also affect the level of such 
vitamins. Vitamin D3 content usually higher in chickens reared 
outside cages than that stayed inside cages as reported previous-
ly by Roseland et al. (2018).

The current result agreed with Dunlop et al. (2017) who mea-
sured the level of vitamin D3 in raw free-range egg in Austra-
lia and demonstrated that vitamin D3 content in raw free-range 
eggs was ranged from 0.3 - 2.4 µg/100g with an average of 1.3 
µg/100g. However, a lower level of the vitamin was indicated in 
caged eggs (average 0.6 µg/100g). On the other hand, a higher 

level of vitamin D3 was determined by Mattila et al. (2011) who 
analyzed pooled egg yolk samples from commercial chicken 
eggs in autumn (4 µg/100g); while in spring, it was 4.9 µg /100g. 
Moreover, Schmid and Walther (2013) reported that the level 
of vitamin D3 in egg yolk ranged between 3.2 and 5.5 µg/100g 
in Switzerland city. Lower level of vitamin D3 was measured in 
Alexandria, Egypt in table eggs by Aborhyem et al. (2020) who 
found that the mean value of such vitamin was 0.161µg/100g. 
In this study, vitamin D3 content in the examined egg yolk dif-
fered widely between samples; this could reflect the variation in 
nourishment, species and the production practices due to water 
clearness, season and location (Mattila et al., 2011).

After exposing the egg samples to different cooking methods 
(boiling and frying), the obtained result illustrated that the high-
est loss in vitamin D3 content was observed after frying than boil-
ing. Hence, it is recommended to use boiling method in cooking 
of eggs to avoid the excessive loss of such vitamins. This finding 
was in harmony with Mattila et al. (1999) who found that when 
egg exposed to boiling for 10 min, vitamin D3 content decreased 
when compared with raw egg. Additionally, Dunlop et al. (2017) 
measured the retention rate of vitamin D3 during cooking and 
observed that the reduction percentage was ranged from 39 – 
104 % in free range egg and 36 – 113 % in cage eggs. In contrast, 
Indyk et al. (1996), and Schmid and Walther (2013) stated that 
heat treatment of milk and eggs with ultra-heat treatment, ster-
ilization or pasteurization does not provoke a significant loss of 
vitamin D3 level. 

CONCLUSION

The results obtained from this study indicate that content of 
vitamin D3 is higher in farm eggs than in balady eggs. Cooking of 
egg by boiling and frying could be implicated in excessive loss in 
the content of vitamin D3. Besides, the stability of such vitamin is 
obvious in cooked eggs than in frying. Hence, it is suggested to 
use boiled farm eggs as a supplementary source of vitamin D3.
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Groups
Examined samples Level of vitamin D3 

(µg/100g)(No.)

Farm eggs 15 2.03±0.52

Balady eggs 15 1.04±0.49

Total 30 1.53±0.36

Table 1. Content of Vitamin D3 in the examined samples (balady eggs and farm eggs).

Table 2. Level of vitamin D3 in farm eggs subjected to different cooking methods (boiling 
and frying) using HPLC.

Table 3. True retention of vitamin D3 in farm eggs after cooking.

Cooking methods True retention%

Boiling 40.3 - 60.8

Frying 64.24 - 69.4

Data are presented as Mean±SE

Data are presented as Mean±SE

Cooking methods
Level of vitamin D3 (µg/100g)

Before treatment After treatment

Boiling 2.53±0.77 1.20±0.13

Frying 2.25±0.91 1.48±0.55
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