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Abstract: Vitamin D deficiency is a prevalent issue, particularly in developing countries, and 

fortifying foods with vitamin D is an essential strategy to enhance public health. Enriching white 

cheese with vitamin D3 is an appealing option for consumers, especially for infants who require 

vitamin D supplementation. This study aimed to optimize the white cheese production process by 

directly adding commercial non-emulsified vitamin D3 oil to pasteurized milk and quantifying the 

resulting vitamin D3 content in the cheese. Traditional white cheese was produced to achieve a 

final concentration of 10 µg (400 IU) of vitamin D3. Using the HPLC-UV method, we compared 

the fortified cheese to a non-fortified control group regarding vitamin D3 content. Sensory analysis 

and microbiological analyses were also conducted. The study revealed that the fortified cheese 

contained 6.9 µg (276 IU)/100g of vitamin D3, with no statistically significant differences 

observed in sensory evaluation or microbiological safety between the two groups. Consequently, 

our findings suggest that vitamin D3-fortified cheeses can effectively contribute to meeting daily 

vitamin D requirements. This research highlights the potential for developing cheeses with 

specified vitamin D content and represents a significant advancement in functional food 

production, promoting public health. 

Keywords: traditional food, functional food, dairy products, supplementation, microbiology, 

sensory quality 

 

 

 

INTRODUCTION 

Today, there is a growing awareness of nu-

trition, with individuals increasingly recogni-

zing the importance of a healthy and balanced 

diet. In this context, many people strive to meet 

their body's basic nutrient needs by consuming 

nutritious foods. However, vitamin D defi-

ciency, a crucial nutrient not abundantly present 

in many natural food sources, has emerged as a 

global health issue, particularly since it has be-

come a recommended addition to infant nu-

trition (Basedow, 2022; Wu et al., 2023). Vi-

tamin D is vital in bone health, immune system 

function, and overall well-being.  

This deficiency is notably prevalent in deve-

loping countries, where various risk factors con-

tribute to its occurrence, including malnutri-

tion, advanced age, sun avoidance, sunscreen 

use, sedentary lifestyles, and obesity (Basedow, 

2022; Płudowski et al., 2023).  
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The prevalence of vitamin D deficiency has 

remained significant worldwide from 2000 to 

2022 (Cui et al., 2023), with recent studies 

highlighting hypovitaminosis D among infants 

and children (Corsello, Spolidoro, Milani & 

Agostoni, 2023; Płudowski et al., 2023; Wu et 

al., 2023). 

The implications of vitamin D deficiency are 

concerning, as it can lead to various health 

issues, particularly adverse effects on bone 

health and immune function. Research suggests 

that insufficient vitamin D levels during infancy 

and childhood may increase the risk of de-

veloping autoimmune diseases, cancer, and car-

diovascular diseases later in life (Corsello et al., 

2023; Cui et al., 2023). In response to this 

growing concern, fortifying foods with vitamin 

D has become a prominent strategy to combat 

vitamin D deficiency and enhance public health 

(Neill, Gill, McDonald, McRoberts & 

Pourshahidi et al., 2023). While the global con-

sumption of dairy products is declining, cheese 

consumption remains high, with projections 

indicating a 30% increase in global dairy pro-

duct consumption, particularly cheese, by 2032 

(Sohail et al., 2023). This trend positions white 

cheese fortified with vitamin D3 as an appealing 

option for consumers looking to meet their vi-

tamin D needs through a nutritious diet. 

Numerous studies have shown that vitamin D3 

is more effective than its D2 counterpart as a 

dietary supplement (Batacchi et al., 2017; Shieh 

et al., 2016; van den Heuvel, Lips, Schoonmade, 

Lanham-New & van Schoor, 2023). While re-

search indicates no significant differences 

between the activities of D3 and D2 (Fisk, 

Theobald & Sanders, 2012; Nikooyeh and Ne-

yestani, 2022), vitamin D3 is favoured for its 

higher bioavailability, greater shelf stability, 

and reliability in supply (Buttriss and Lanham-

New, 2020). Our study opted for vitamin D3 

due to the limited number of studies examining 

the effectiveness of D2 and its predominant use 

in dairy fortification studies. 

White cheese, a semi-hard cheese widely pro-

duced in Mediterranean and Middle Eastern 

countries, is a popular dairy product consumed 

globally. It is known by various names across 

regions, including Feta, Bulgarian White, 

Brinza, Domiati, Danni, Jibnah, and Teleme. 

Turkish white cheese, specifically, is ripened in 

brine, resulting in a high salinity content, which 

is unsuitable for infant consumption. Mothers 

often introduce this calcium-rich food to their 

babies but typically soak the cheese in water to 

reduce its salt content. Although white cheese is 

rich in protein, calcium, and other essential 

nutrients, it lacks natural vitamin D. This gap 

has led cheese manufacturers to explore the 

fortification of white cheese with vitamin D, 

enabling consumers to fulfil their vitamin D 

needs while enjoying a healthy diet (Sohail et 

al., 2023). 

Our study aimed to create a calcium- and 

vitamin D-rich white cheese without brine by 

incorporating vitamin D3 oil into pasteurized 

milk. We evaluated the effects of this addition 

on the final vitamin D3 content and optimized 

the production process accordingly. The fin-

dings provide valuable insights into the pro-

duction and consumption of vitamin D3-for-

tified white cheese, highlighting its potential to 

shape market demand and trends. 

MATERIALS AND METHODS 

Material 

Raw milk was obtained from the Ankara Uni-

versity Veterinary Medicine Faculty Farm. To 

produce white cheese enriched with vitamin D3 

(Orzak Ocean ® 400 IU), 2 kg of raw milk was 

used, while another 2 kg was the control group 

for non-enriched cheese.  

The experiments were conducted in triplicate. 

Lactococcus lactis subsp. lactis and cremoris 

starter cultures (CHR Hansen R-703, 2%) were 

used. A rennet strength of 1:18,000 was applied 

for the cheese-making process, using 20 mL of 

chymosin (Trakya, CHR Hansen, Istanbul, 

Turkey) and 20 g of CaCl₂ per 100 L of milk. 

HPLC grade solvents were purchased from 

Fisher Scientific (Fairlawn, NJ). The petroleum 

ether was low-boiling (30−60 °C, Fisher #E139-

S4). USP vitamin D3 standard (USP #1711504) 

was used. 

Cheese-making 

In the first step, 2 kg of raw milk with 3.5% 

protein and 3.5% fat was pasteurized at 75 °C 

for 5 min (Tunçtürk, Andiç & Ocak, 2010). 

Next, the pasteurized milk was cooled to 40 °C. 

Then, 12 drops of vitamin D3 (Orzak Ocean ® 

400 IU) were added to the milk at 40 °C. After 

adding vitamin D3, Lactococcus lactis subsp. 

lactis and Lactococcus lactis subsp. cremoris 

starter cultures (CHR Hansen R-703, 2%) were 

added, along with rennet at a strength of 

1:18,000,  using  20  mL of  chymosin (Trakya,  
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Figure 1. Some steps in cheese production 

CHR Hansen, Istanbul, Turkey) and 20 g of 

CaCl₂ per 100 L of milk, with 5-second inter-

vals between each addition (Kasımoğlu et al., 

2004). 

The mixture was then stirred. To achieve coa-

gulation, the milk mixture was placed in an in-

cubator at 36.5 °C, and after 1 h, the resulting 

curd (pH 6.4) was transferred to a curd mesh to 

filter the whey. The titratable acidity of the 

whey was monitored during filtration. When the 

titratable acidity of the whey reached 12-13 SH 

(Soxhlet-Henkel) (after approximately 3 h), 

white cheese with the desired traditional 

titratable acidity was obtained. As a control 

group, 2 kg of raw milk was used to produce 

white cheese without vitamin D3, following the 

same process except for adding vitamin D3.  

Fig. 1A illustrates how pasteurization is perfor-

med for both cheese samples. Fig. 1B, shows 

that both cheese groups appear as depicted after 

being removed from the incubator and cut with 

a knife. Fig. 1C, demonstrates the process of 

draining the cheese in the cheesecloth. Fig. 1D, 

shows that the cheese samples have the same 

appearance at the final stage. 

Calculation of vitamin D3 supplementation  

Tippetts, Martini, Brothersen and McMahon 

(2012) conducted a study where they fortified 

cheddar cheese with a commercial non-emul-

sified vitamin D3 preparation. Given our object-

tive to fortify Turkish white cheese with a com-

parable non-emulsified vitamin D3, we used 

their findings as a foundational reference at the 

outset of our research. Tippetts et al. (2012) re-

ported that in their study on enriching cheddar 

cheese with non-emulsified commercial vitamin 

D, 58% of the added vitamin D remained in the 

cheese. 

Assumptions: 

Based on Tippets et al.’s (2012) findings, we 

assumed that 58% of the D3 vitamin we added 

would remain in the cheese. 

Target: 

We aimed to achieve approximately 10 µg (400 

IU) of D3 vitamin per 100 g of cheese. 

D3 Vitamin concentration: 

The D3 vitamin (Orzak Ocean ® 400 IU) was 

such that 3 drops are equivalent to 10 µg (400 

IU) of D3 vitamin. The vitamin was added in 

increments of 3 drops to ensure precise measu-

rements. We used a simple proportional method 

to determine how many drops of D3 vitamin to 

add to reach our target (Toney-Butler, Nicolas 

& Wilcox, 2023). 

Calculation of added D3 vitamin: 

We added 12 drops of D3 vitamin to 2 kg of 

milk at 40°C. 

Total D3 vitamin added:  

12 drops × (10 µg (400 IU) /3) drops = 40 µg 

(1600 IU) 

D3 vitamin remaining in cheese: 

Percentage of D3 vitamin remaining in cheese: 

58% 

Amount of D3 vitamin remaining in 200 grams 

of cheese: 

Remaining D3 vitamin=40 µg (1600 IU) 

×0.58=23.2 µg (928 IU) 

D3 vitamin content per 100 grams of cheese: 

D3 vitamin per 100 grams= 23.2 µg (928 IU) 

/2= 11.6 µg (464 IU) 
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Turkish white cheese is traditionally brined as 

the final step (Yaman, Aykas & Rodriguez-

Saona, 2023). However, this step was omitted in 

our project to produce non-brined cheese 

suitable for infant nutrition. The cheese samples 

were stored in a refrigerator. 

Vitamin D analysis 

The amounts of vitamin D3 retained in 100 g of 

white cheese samples enriched with vitamin D3 

and control group cheese samples were ana-

lyzed and compared in terms of vitamin D3 

amounts using High-Performance Liquid Chro-

matography coupled with Ultraviolet detection 

(HPLC–UV). The method for analyzing vitamin 

D3 involves saponification and extraction, after 

which the extract is transferred to an appropriate 

solvent. The vitamin D3 content was deter-

mined using normal and reverse-phase ana-

lytical HPLC techniques. 

Extraction 

The extraction of samples was performed using 

the ethyl ether/petroleum ether method in ac-

cordance with AOAC Official Method 992.26 

(AOAC, 1999). The sample was first weighed 

into a 250 mL Erlenmeyer flask, followed by 

the addition of 1.0 mL of internal standard and 

400 mg of ascorbic acid as an antioxidant. The 

mixture was then combined with 15 mL of etha-

nol and thoroughly mixed before adding 135 

mL of 1 M KOH solution. The flask was swir-

led to dissolve the KOH or suspend the sample, 

then refluxed at 75 °C for 30 min. After cooling 

the mixture in ice water, it was transferred to a 

separatory funnel with a 5 mL ethanol rinse. 

The vitamin D3 was extracted by adding 130 

mL of ethyl ether, followed by vigorous sha-

king, and then an additional 130 mL of pe-

troleum ether was added with further shaking.  

After phase separation, the aqueous layer was 

discarded, and the ether layer was sequentially 

washed with deionized water. The ether phase 

was collected in a 500 mL round-bottom flask, 

evaporated to dryness at 45 °C, and then re-

dissolved in acetone before being evaporated 

again. 

Finally, the dried sample was dissolved in 10 

mL of ethyl ether, transferred to a centrifuge 

tube, rinsed with additional ethyl ether, and 

evaporated to dryness under nitrogen. The final 

extract was reconstituted in 1.0 mL of hexane 

for analysis. 

HPLC 

Two chromatographic separations were con-

ducted according to AOAC Official Method 

2002.05 (AOAC, 2006). The first was a normal-

phase preparative HPLC using a 25.0 cm × 4.6 

mm, 5 μm silica column on an Agilent 1200 

system. Two solvent programs were applied: 

one without a column wash for pure vitamin D 

standards, and one with a column wash for food 

sample extracts. The isocratic mobile phase 1 

(0.5% IPA, 2.0% MTBE, 48.75% cyclohexane, 

48.75% n-heptane) was used for 25 min, fol-

lowed by a gradient to mobile phase 2 (20% 

IPA, 80% n-heptane) for sample analysis. Vita-

min D was eluted at around 17.5 min, and frac-

tions were collected between 16 and 19 min, 

then dried and reconstituted in mobile phase 3 

(20% MeOH, 80% ACN) for further analysis. 

The second separation was a reversed-phase 

HPLC using a Thermo Separation Products 

chromatograph with an Inertsil ODS-2 column 

(25.0 cm × 4.6 mm, 5 μm). An isocratic mobile 

phase 3 was used at a flow rate of 1.3 mL/min, 

with detection at 265 nm on a UV6000 DAD. 

Quantification was achieved by integrating the 

UV 265 nm chromatogram. 

Sensory analysis 

Hedonic rating scales quantify the emotional 

aspects of consumers' perceptions of food. A 9-

point scoring system is commonly used, though 

a 5-point scoring system can also be applied 

(Tuorila et al., 2008). To evaluate the sensory 

differences between the two cheese groups, a 5-

point scoring test (5 - like very much, 4 - like 

moderately, 3 - like slightly, 2 - neither like nor 

dislike, 1 - dislike) was applied to 20 consu-

mers. The consumers included 10 males and 10 

females, aged 18 to 65 years. Consumers were 

untrained individuals who frequently consumed 

dairy products as a part of regular diet. Sensory 

evalua-tions were conducted in a sensory 

analysis labo-ratory under controlled lighting 

and temperature conditions (22 °C).  

Cheese samples were cut into 2x2 cm cubes and 

served at room tempe-rature (22 °C). The first 

group consisted of cheese with added vitamin 

D3 that was not brined, while the second group 

comprised cheese without added vitamin D3 

that was also not brined. Consumers evaluated 

the cheeses' colour, consistency, aroma, taste, 

mouthfeel, smell, and general impression. 
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Microbiological analysis 

Initially, a microbiological analysis of the raw 

milk from which cheese would be made was 

carried out. On the other hand, after cheese 

production, both vitamin D-fortified and non-

fortified white cheese samples were microbio-

logically analyzed. Samples were examined 

regarding the enumeration of total mesophilic 

aerobic bacteria, Enterobacteriaceae spp., coli-

form group bacteria, and yeasts and mould 

counts. It aimed to compare the microbiological 

counts of commercial non-emulsified vitamin 

D-enriched cheese and that of unenriched che-

ese.  

Principally, 10 g of samples were taken at 0 

(production day), 1, 3, 5, and 7 days and placed 

in two separate sterile sample bags, and 90 ml 

of sterile 0.1% peptone water solution was 

added. Then, the samples were homo-genized in 

a stomacher device (AES, France) for 1 min, 1 

ml of homogenized sample was mixed with 9 

ml sterile Peptone Water (Peptone water, Oxoid 

CM0009B) solution to obtain se-rial dilutions.  

Microbial analyses were carried out using the 

classic culture method on selective media in 

triplicate. Cheese samples were stored in the 

refrigerator at 4-6 °C during this period. Plate 

Count Agar (PCA, Oxoid CM0325) was used to 

enumerate aerobic bacteria count and the plates 

were incubated at 30 °C for 48 h (Carrillo-

Lopez et al., 2020). Enterobacteriaceae spp. 

and coliform group bacteria were pour-plated on 

Violet Red Bile Glucose Agar (Oxoid CM0485) 

and Violet Red Bile Lactose Agar (Oxoid 

CM0107), respectively.  

These plates were incubated at 37 °C for 48 h 

(Kačániová et al., 2018). Rose Bengal Chloram-

phenicol Agar (Oxoid PO0214) was used for the 

enumeration of yeasts and moulds at 25 °C for 

3-5 days (Mureşan et al., 2021). The colonies 

were counted after incubation, and the results 

were stated as log cfu/ml. Microbiological ana-

lysis results were shown as log cfu/ml-g in 

Table 1. 

Statistical analysis 

Sensory and microbiological analysis results 

were expressed in terms of mean and standard 

deviations using Microsoft Office Excel 2019. 

T-test (SPSS for Windows 11; One-way 

ANOVA) determined significant differences 

between means. 

RESULTS AND DISCUSSION 

Vitamin D analysis 

According to the analysis report, there was no 

vitamin D3 in the control cheese sample that 

was not enriched with vitamin D3. This analysis 

showed that Turkish white cheese does not 

naturally contain vitamin D3. On the other 

hand, in the cheese sample fortified with vita-

min D3, the content of 0.69 μg/100g was ob-

served to be equal to 6.9 µg (276 IU) /100g. The 

analysis shows that 34.5% of the vitamin D3 we 

added during cheese-making was re-tained in 

the chees 

The literature shows numerous studies on for-

tifying various cheeses with vitamin D, 

commonly using its emulsion form. Researchers 

either used pre-made emulsions or created 

emulsions through different methods (Crevier,  

Bélanger, Vuillemard & St-Gelais, 2017). 

Various studies have explored fortifying cheese 

with vitamin D using different methods. Crevier 

et al. (2017) enriched cottage cheese by adding 

emulsified vitamin D to milk cream. Ganesan, 

Brothersen and McMahon (2011) fortified ched-

dar cheese by directly adding vitamin D emul-

sion to milk. Banville, Vuillemard and Lacroix 

(2000) used water-soluble vitamin D for ched-

dar cheese. Stratulat et al (2015) used encapsu-

lated vitamin D3 from flaxseed oil in cheddar 

cheese.  Flaxseed oil is a rich source of omega-3 

fatty acids, particularly alpha-linolenic acid 

(ALA). However, it does not naturally contain 

vitamin D3. 

These studies highlight the effectiveness of 

using emulsified vitamin D for cheese forti-

fication. 

Tippetts et al. (2012) used commercial non-

emulsified vitamin D oil to fortify cheddar che-

ese, retaining 58% of the vitamin D in the final 

product. 

In our study, Turkish white cheese was fortified 

with commercial non-emulsified vitamin D oil, 

resulting in a 34.5% retention rate of vitamin D. 

Various factors could explain the difference 

from similar studies. To properly analyze this 

data, it was necessary to compare the methods 

used in the production of two different types of 

cheese. For instance, the milk used in the Tip-

petts et al. (2012) study, was pasteurized at 72 

°C for 15 seconds, was cooled to 5 °C before 

being used in cheese making, and then the milk 
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was heated to 39 °C and cooled to 31 °C to pre-

vent coagulation problems that may arise from 

cooling. Commercial non-emulsified vitamin D 

oil was added to milk cooled to 31 °C. On the 

other hand, in our study, after raw milk was 

obtained, it was kept in the refrigerator (4 °C) 

for approximately 20 h and then heated at 75 °C 

for 5 min for pasteurization. The pasteurized 

milk was cooled to 40 °C, and at this tempera-

ture, the commercial non-emulsified vitamin D 

oil we used for enrichment was added to the 

milk. Factors such as differences in paste-

urization temperature-time parameters and vita-

min D addition temperatures in the studies may 

have caused different vitamin D retention rates 

in both cheeses. It is reported that the stability 

of vitamin D3 may vary depending on exposure 

to heat, light, moisture, and oxygen (Maurya, 

Bashir & Aggarwal, 2020), cheese production 

conditions, and cheese type (Ganesan et al., 

2011). 

Hendy, Gamal El Din and Awad (2023) pro-

duced cheese using a process similar to ours, 

using the non-emulsified form of vitamin D3 to 

enrich Karish cheese, Egypt's traditional cheese. 

In their study, non-emulsified vitamin D3 was 

added directly to pasteurized and cooled milk, 

as in our study. However, unlike the cow milk 

we use to enrich white cheese, fat-free buffalo 

milk makes Karish cheese. Similar to our study, 

after the pasteurization process was carried out 

using temperature and time parameters, it was 

observed that the vitamin D3 retention rate in 

Karish cheese (33.3%) was very close to ours 

(34.5%). Since vitamin D is a fat-soluble vita-

min, it is thought that the difference in the 

amount of fat in milk may have affected the re-

tention of vitamin D3 in cheese. 

Many commercially available baby foods meet 

the infant's daily vitamin D requirement of 10 

µg (400 IU), obviating the need for additional 

vitamin D supplementation for infants con-

suming vitamin D-fortified formula (Abrams, 

2020).  

However, upon weaning from breastfeeding 

and/or formula, it is recommended that infants 

consume milk enriched with vitamin D to en-

sure an intake of at least 10 µg (400 IU) per day 

(Wagner and Greer, 2008). In our study, 34.5% 

of the added vitamin D3 (6.9 µg /12 drops) was 

retained in the cheese. Adding 19 drops of vi-

tamin D3 to cheese milk using this fortification 

method would result in ≈ 10.9 µg (437 IU) in 

the final product. Consequently, vitamin D3-

fortified cheeses could effectively contribute to 

meeting the daily vitamin D requirements of 

infants and children who do not receive vitamin 

D supplements. 

Sensory analysis 

The arithmetic mean results obtained from the 

scoring test applied to 20 consumers are pre-

sented in the graph. Consumers reported no no-

ticeable difference between the cheese samples 

regarding colour, consistency, and odour cha-

racteristics. While no statistically significant 

differences were found in the aroma and taste 

attributes, a preference for the cheese without 

vitamin D enrichment was observed. This sug-

gests that other factors, such as texture or after-

taste, might influence consumer preference, 

even when sensory attributes appear similar. Al-

though these findings provide valuable insights, 

instrumental analyses conducted in future stu-

dies could provide more detailed data, enhan-

cing the validity of the sensory results and of-

fering a more comprehensive understanding of 

the cheese samples' characteristics. Moreover, it 

is important to recognize that sensory pre-

ferences can be subjective and influenced by 

various external factors, such as individual taste 

preferences, cultural backgrounds, and previous 

experiences with fortified products. As a result, 

larger sample sizes and a more diverse group of 

participants may be needed to capture a broader 

range of consumer perceptions. Additionally, 

exploring the long-term effects of vitamin D 

fortification on consumer acceptance could pro-

vide useful information on how fortification 

might affect product perception over time. Fig. 

2 presents the arithmetic mean values based on 

the scoring test. 

In their study, Hendy et al. (2023) stated that in 

their sensory analysis on Karish cheese, to 

which they added non-emulsified vitamin D di-

rectly to milk, the samples with added vitamin 

D received lower scores than the other cheese 

groups they compared, similarly to our study. 

Microbiological analysis 

According to the results of microbiological ana-

lysis, microbiological counts of two groups of 

cheeses are given in Table 1. Microbial counts 

of raw milk at day 0 are shown in Fig. 3. 

According to the microbiological analysis re-

sults, it was determined that there was no differ-

rence in terms of total mesophilic aerobic 

bacteria, Enterobacteriaceae spp., coliform 

group bacteria, yeast, and moulds in the cheese  
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Figure 2. Arithmetic mean of the 5-point scale scoring test 

Table 1  

Microbiological counts of cheese groups (log cfu/g) 

D+: Sample of cheese enriched with vitamin D; D-: Sample of cheese not enriched with vitamin D 
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Figure 3. Microbiological counts of raw milk at day 0 (log cfu/ml). 

Parameters Examined cheese 

samples 

Day 0 Day 1 Day 3 Day 5 Day 7 

Total mesophilic aerobic 

bacteria 

D+ 2.78 <2.0 <2.0 <2.0 <2.0 

D- 2.7 <2.0 <2.0 <2.0 <2.0 

Enterobacteriaceae spp.  D+ <2.0 <2.0 <2.0 <2.0 <2.0 

D- <2.0 <2.0 <2.0 <2.0 <2.0 

Coliform group bacteria  D+ <2.0 <2.0 <2.0 <2.0 <2.0 

D- <2.0 <2.0 <2.0 <2.0 <2.0 

Yeasts and molds  D+ 2.7 <2.0 <2.0 <2.0 3.14 

D- 2.78 <2.0 <2.0 2.78 3.11 
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samples with and without vitamin D added. 

When the microbiological analysis results were 

examined and total mesophilic bacteria, Ente-

robacteriaceae spp., coliform bacteria, yeast, 

and mould counts in raw milk and cheeses on 

day 0 were compared, it was seen that the bac-

terial load decreased after cheese making in 

both cheese groups. These data show that the 

pasteurization  process  applied  during  cheese  

making plays a role in reducing bacterial counts, 

highlighting its importance in producing a hy-

gienic and safe product. 

This effect is particularly relevant for cheeses 

intended for vulnerable groups, such as infants, 

where microbial safety is paramount. The fact 

that there is no statistical difference between the 

bacterial, yeast, and mould loads of the control 

group cheeses enriched with vitamin D3 and the 

unenriched control group cheeses shows that vi-

tamin D3 enrichment does not have a significant 

effect on the change in the microbiological load 

in the cheese with the methods we used. 

Although the total number of live aerobic bac-

teria as well as yeast and mould counts were 2.7 

cfu log/g in the first (Day 0) cheese analysis, the 

decrease in bacterial growth on Day 1 is noti-

ceable. This suggests that the amount of organic 

acid released due to fermentation during cheese 

production suppresses the total number of aero-

bic bacteria, yeast, and moulds in the cheese. 

On the other hand, the fact that there was no 

statistical difference in terms of total mesophilic 

aerobic bacteria, Enterobacteriaceae spp., coli-

form group bacteria, yeast and mould counts in 

cheese samples with and without vitamin D sup-

ports that consumers will not be prejudiced 

about consuming cheese enriched with vitamin 

D. In addition, unlike the traditional method, 

cheeses produced without brining process were 

detected below the detection limit in terms of 

total mesophilic aerobic bacteria, Enterobac-

teriaceae spp., and coliform group bacteria du-

ring the 3-day storage period, which provides 

information about the shelf life of the products. 

CONCLUSIONS 

Vitamin D3-fortified cheeses have been found 

to help meet the daily vitamin D requirements 

of individuals who do not take vitamin D sup-

plements. By furthering this research, manufac-

turers could develop cheeses with specified 

amounts of vitamin D in the final product. Such 

cheeses would contribute to public health and 

represent an advancement in the production of 

functional foods. 
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Sažetak: Nedostatak vitamina D je rasprostranjen problem, posebno u zemljama u 

razvoju, i obogaćivanje hrane vitaminom D je ključna strategija za unapređenje javnog 

zdravlja. Obogaćivanje belog sira vitaminom D3 je privlačna opcija za potrošače, 

posebno za dojenčad koja zahtevaju suplementaciju vitaminom D. Ova studija je imala za 

cilj optimizaciju procesa proizvodnje belog sira direktnim dodavanjem komercijalnog 

neemulzifikovanog uljnog preparata sa vitaminom D3 u pasterizovano mleko i 

kvantifikaciju rezultujućeg sadržaja vitamina D3 u siru. Tradicionalni beli sir je 

proizveden tako da se postigne konačna koncentracija od 10 µg (400 IU) vitamina D3. 

Korišćenjem HPLC-UV metoda, uporedili smo obogaćeni sir sa neobogaćenom 

kontrolnom grupom u pogledu sadržaja vitamina D3. Takođe su sprovedene senzorske i 

mikrobiološke analize. Studija je pokazala da obogaćeni sir sadrži 6,9 µg (276 IU)/100g 

vitamina D3, bez statistički značajnih razlika u senzornoj evaluaciji ili mikrobiološkoj 

bezbednosti između dve grupe. Shodno tome, naši nalazi sugerišu da sirevi obogaćeni 

vitaminom D3 mogu efikasno doprineti zadovoljenju dnevnih potreba za vitaminom D. 

Ovo istraživanje ističe potencijal za razvoj sireva sa specificiranim sadržajem vitamina D 

i predstavlja značajan napredak u proizvodnji funkcionalne hrane, promovišući javno 

zdravlje. 

Ključne reči: tradicionalna hrana, funkcionalna hrana, mlečni proizvodi, 

suplementacija, mikrobiološki kvalitet, senzorski kvalitet 
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