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ABSTRACT

Background: Yogurt is obtained by lactic fermentation of milk and plays an important role in the human
diet due fo its nutritional and health properties. Although it is consumed regularly by different age groups
in North Macedonia, the mineral content of commercial yogurt has not been widely studied.
Objective: The objective of this study was to determine the concentrations of essential minerals in se-
lected commercially available plain and fruit yogurts from the North Macedonia market.
Methodology: The elements were analysed using inductively coupled plasma-optical emission spec-
troscopy (ICP-OES) after microwave digestion. The labelled nutrient content and the analysed mineral
contents were evaluated to determine their contribution to the recommended daily intake (RDI), providing
insights into the nutritional composition of different yogurt types. The nutrient data were analysed using
three-dimensional principal component analysis (3D-PCA) to identify similar nutrient profiles.

Results: Protein and fat contents were similar among yogurt types (P > 0.05), while fruit yogurts had
significantly higher carbohydrate content due to added sugars (P < 0.05). Calcium and phosphorus
were the main contributors to the recommended daily intake (RDI). PCA revealed positive associations
among Ca, Mg, P, and Zn, particularly in fruitcontaining yogurts.

Conclusion: Fruit yogurts showed a more favourable mineral profile but contained higher levels of
sugars. These findings provide insight into the nutritional quality of commercially available yogurts in
North Macedonia.
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INTRODUCTION

Yogurt is the most popular and widely consumed
fermented milk product worldwide (1). lts popular-
ity is mainly due to its healthy and nutritious prop-
erties, providing protfein and essential fatty acids
with high biological value (2, 3). In addition to in-
creasing awareness about the health benefits of
yogurt, the availability of various flavours and va-
rieties has significantly contributed to the increase
in yogurt consumption over the past few decades
(2). Yogurt is commercially produced using a vari-
ety of ingredients, flavours, and additives (4). A
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wide range of yogurts with various flavours (un-
sweetened, flavoured, sweetened, fruit, juice, and
other natural products), as well as diverse textures
and consistencies (firm, liquid, shaken, smooth,
frozen), has been developed to satisfy consumer
preferences and provide beneficial effects (5).
Fruits are rich in fibre, antioxidants, vitamin C, and
potential prebiotics that increase the nutritional
value of yogurt (6). Although the micronutrient
composition of yogurt and milk is similar, yogurt
contains higher amounts of micronutrients, includ-
ing calcium, magnesium, potassium, and other
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minerals (7, 8). A study supported the role of yo-
gurt and dairy products as foods that help children
increase their absorption of important micronutri-
ents, including potassium and calcium (9). In par-
ticular, dietary calcium and potassium intake are
associated with the health of children of all ages in
the United States (10). The variety of fruits added
to the yogurt has a significant impact on the min-
eral content of retail products. For example, iron,
manganese, magnesium, and zinc show the most
pronounced variation (11). It is possible to improve
nutrient intake and adequacy, as well as adopt a
healthier diet, by encouraging yogurt consumption
(12). Yogurt consumption offers several benefits to
the host, including improved bone health, en-
hanced nutritional quality, and a reduced risk of
chronic diseases such as obesity and cardiovascu-
lar disease (13). In general, the available literature
suggests that yogurt consumption is positively as-
sociated with overall diet quality (8). Studies have
reported substantial variation in the mineral com-
position of commercial dairy products, including
yogurts (14-18). Considerable differences in min-
eral profiles have also been reported among com-
mercial delactosed dairy products, indicating vari-
ability in the nutritional composition of dairy prod-
ucts (14). An evaluation of flavored dairy products
marketed in Europe reported marked differences
in calcium, potassium, magnesium, and other es-
sential minerals among products, emphasizing the
importance of product-specific nutritional assess-
ment (15). Likewise, studies comparing dairy and
plant-based yogurts have shown considerable var-
iation in mineral composition and bioaccessibility,
further supporting the need for detailed composi-
tional characterization of commercially available
yogurt products (16,17). Investigations of commer-
cially available Greek yogurts have also revealed
significant differences in physicochemical charac-
teristics among products, reflecting variations in
formulation and manufacturing practices that may
influence their nutritional profiles (18). In the re-
gional context, recent research conducted in North
Macedonia on yogurts produced from milk—whey
mixtures supplemented with fruits demonstrated
the growing interest in evaluating the nutritional
quality of fermented dairy products and high-
lighted their potential contribution to dietary nutri-
ent intake (19). Despite the nutritional importance
of yogurt as a source of essential minerals, infor-
mation regarding the mineral composition of com-
mercial yogurts available on the North Macedo-
nian market remains limited. Studies have reported
on the presence of heavy metal content in cow milk
(20, 21) and essential minerals (macro and trace
elements) in raw sheep milk in North Macedonia

(22). Additionally, studies have been conducted on
the heavy metal content in milk in the neighbouring
country of Kosovo (23-26) and commercial yogurts
sold in this region (27). Multivariate analyses of
cow’s milk and animal feed across different re-
gions of Kosovo have revealed marked spatial dif-
ferences in mineral composition, highlighting the
importance of feed characteristics and regional
production conditions in determining the mineral
profile of dairy systems (28). However, to date, no
studies have reported on the mineral composition
of commercial yogurts in North Macedonia. The
objective of the present study was to determine the
mineral composition of eleven commercial yo-
gurts, evaluate their contribution to the recom-
mended daily intake (RDI) for adults, and assess
how mineral content and labelled nutrient infor-
mation contribute to the nutritional characteriza-
tion of different yogurt varieties.

MATERIALS AND METHODS

A total of eleven (11) yogurt samples were pur-
chased in September 2021 at different supermar-
kets in Skopje, Republic of North Macedonia. Two
types of yogurts were analysed, including five plain
yogurts and six fruit yogurts (four strawberry and
two blueberry). Following collection, samples were
placed into sterile polypropylene bottles and la-
belled. The products were transported and subse-
quently stored at 4°C in the laboratory until before
analyses.

Samples of yogurts (500 mg) were weighed into
the digestion vessel, and 5 mL of H,O, 5 mL of
HNO; (65% v/v), and 2 mL of HCI (32% v/v) were
added. The mixture was thoroughly shaken with a
clean Teflon bar. The sample was pre-digested for
48 hours in a digestion vessel before being sealed
and heated in the microwave. A microwave oven,
MWS-3 (Begerhof, Germany), was employed to
perform the acid digestion of the sample at the
Agrovet laboratory, Fushé Kosové, Republic of Ko-
sovo. An iCAP 7000 Series (Thermo Scientific, USA)
inductively coupled plasma-optical emission spec-
trometer (ICP-OES) was used for essential mineral
determination (Ca, K, Mg, Na, P Fe, and Zn) ac-
cording to EPA method 6010C at the University of
Belgrade, Serbia (29).

Nutritional composition data were obtained from
the information provided on yogurt labels, includ-
ing energy, fat, protein, carbohydrates, and salt
content. Dietary fiber and ash were not declared
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on the product labels of the analyzed yogurts and
were therefore excluded from the proximate com-
position analysis. In addition, following ICP-OES
analysis, the contribution of the mineral and mac-
ronutrient content of the yogurt samples to the Rec-
ommended Daily Intake (RDI) values for adult hu-
man nutrition was evaluated. Nutrient contribution
values were calculated based on a serving size of
100 g of yogurt. The percentage contribution of
each nutrient to the RDI was calculated using Eq.
(1), adapted from (24), to assess the extent to
which the consumption of 100 g of yogurt contrib-
utes to the daily requirements of essential minerals
and macronutrients in adult human nutrition.

i o Nutrient content in yogurt (mg/100)
% nutrient contribution = (RDIJDRV)value (mg/d) X 100

Statistical analyses were performed using the SPSS
25.0 software (SPSS, Chicago, IL, USA), and the
obtained values were presented as the mean * SE.
The normality of the data was evaluated using
Shapiro-Wilk’s test. Data following a normal distri-
bution were analysed using one-way ANOVA, fol-
lowed by Fisher’s post hoc test. Data that did not
meet normality requirements were analysed using
the non-parametric Kruskal-Wallis test with Dunn’s
multiple comparisons. The differences between
means were considered significant at P< 0.05. The
relationships between individual commercial yo-
gurts and the studied variables were evaluated

using three-dimensional Principal Component
Analysis (3D-PCA) in OriginPro 2021b trial version
(OriginLab Corporation, Northampton, MA).

RESULTS

Protein and fat contents did not differ significantly
among plain, strawberry, and blueberry yogurts (P
> 0.05), with mean protein contents of 3.26%,
3.37%, and 3.15%, respectively, and mean fat con-
tents of 2.96%, 4.05%, and 2.75%, respectively.
Carbohydrate contents were significantly lower in
plain yogurts (3.1-4.6 g/100 g) than in strawberry
(12.0-14.0 g/100 g) and blueberry yogurts (11.3-
14.3 g/100 g) (P < 0.01). Salt contents ranged
from 0 to 0.3 g/100 g in plain yogurts, and no
significant differences were observed among yo-
gurt types (P > 0.05). The results of the mineral
composition analysis of commercial yogurts are
presented in Table 1. Concentrations of Ca, K, Mg,
Na, P Fe, and Zn ranged from 680.91 to 1200.12
mg/kg, 661.39 to 1061.58 mg/kg, 74.50 to
119.05 mg/kg, 186.94 to 341.33 mg/kg, 646.48
to 1020.56 mg/kg, 2.80 to 88.47 mg/kg, and
2.11 to 3.78 mg/kg, respectively. In plain and
strawberry yogurts, the minerals followed the con-
centration order Ca = K > P > Na > Fe > Zn,
whereas a similar pattern was observed in blue-
berry yogurts (Ca > K= P > Na > Fe > Zn).

Table 1: Chemical Composition of Different Types of Commercial Yogurt

Proximate composition (g) ! Plain yogurt Strawberry yogurt Blueberry yogurt
Protein 3.26 = 0.07° 3.37 = 0.09° 3.15 = 0.35°
Fat 2.96 = 0.09° 4.05 = 1.39° 2.75 = 0.05°
Carbohydrates 3.98 + 0.29° 13.1 £ 0.43° 12.8 = 1.5¢
Salt 0.10 = 0.05° 0.13 = 0.009° 0.12 = 0.01°
Mineral composition (mg/kg)?

Ca 913.8 = 49.7¢ 1004 = 114¢ 908.7 + 83.9°
K 945.2 + 22.6° 904.6 + 90.6® 702.84 = 7.03°
Mg 83.79 = 5.65° 93.9 + 11.2¢ 92.97 + 2.06°
Na 258 = 22.1° 255.3 = 16.6° 272.9 = 68.4°
P 766 = 27° 895.7 = 87.4° 807.9 = 36.5°
Fe 6.73 £ 2.03* 6.52 £ 1.6° 53.5 = 35°

Zn 2.76 = 0.25° 3.12 £ 0.34 3.06 £ 0.31°

1Source: Product’s label; ?Results are the mean =+ SE: Plain yogurt (n=5); Strawberry yogurt (n=4); Blueberry yogurt (n=2). Within a row, different letters (a, b)

denote significant differences (P< 0.05) between yogurt types

Table 2 presents the percentage contributions of
the yogurt varieties to the Recommended Daily In-
take (RDI) of essential minerals and macronutrients
for adult human nutrition, expressed per 100 g of
yogurt. The nutritional coniribution of yogurts
ranged from 1% to 38.2% of RDI values. Energy
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content was 103 keal/ 100 g in strawberry yogurt,
88 kcal/ 100 g in blueberry yogurt, and 57 kcal/
100 g in plain yogurt.

Commercial yogurts contributed 4.1-6.0% of the
recommended daily intake (RDI) for fat. Carbohy-
drates contributed 1.3% of the RDI in plain yogurt
and approximately 4.3-4.4% in strawberry and
blueberry yogurts. Protein contributed 6.3-6.7% of
the RDI across all yogurt samples. Sodium
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contribution was approximately 1.3% of the RDI
across all yogurt types.

Table 2: Percentage Contribution (%) of Different Commercial Yogurt Types to the Recommended Daily Intake
(RDI) of Minerals and Macronutrients for Adults, per 100 G

Nutrient RDI (g)' Plain yogurt Strawberry yogurt Blueberry yogurt
Total carbohydrate 300 1.3 4.4 4.3
Fat 67 4.4 6 4.1
Protein 50 6.5 6.7 6.3
Sodium (Na) 2 1.3 1.3 1.4
Potassium (K) 3,51 2.7 2.6 2.0
Calcium (Ca) 1 9.1 10 9.1
Phosphorus (P) 0,7 10.9 12.8 11.5
Magnesium (Mg) 0,375 2.2 2.5 2.5
Iron (Fe) 0,014 4.8 4.7 38.2
Zinc (Zn) 0,01 2.8 3.1 3.1

'RDI: Recommended daily intakes by the World Health Organization (WHO).

Figure 1 shows the 3D principal component anal-
ysis (PCA) of the nutritional composition of com-
mercial yogurts. The first three principal compo-
nents explained 73.97% of the total variance, with
PC1 accounting for 41.35%, PC2 for 18.75%, and
PC3 for 13.87%. Principal Component 1 was as-
sociated with Ca, Mg, P and Zn; PC2 with energy
and carbohydrate content; and PC3 with K and

protein (positive loadings) and Na (negative load-
ing). The PCA score plot showed separation of
samples along the first three components. Dimen-
sion 1 reflected variation in mineral content, Di-
mension 2 reflected energy and carbohydrate con-
tent, and Dimension 3 reflected protein, potas-
sium, and sodium confent. Plain and fruit yogurts
were positioned in different regions of the PCA
space.
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Figure 1: 3D-PCA: Nutrients (Vectors) and Commercial Yogurts (Circles). Samples: PY1-PY5 = Plain Yogurt;
SY1-SY4 — Strawberry Yogurt; BY1 and BY2 — Blueberry Yogurt
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DISCUSSION

The protein and fat contents did not differ signifi-
cantly among plain, strawberry, and blueberry yo-
gurts, indicating that fruit addition had little influ-
ence on these macronutrients. This is likely because
milk solids remain the primary source of protein
and fat in yogurt. The protein and fat contents ob-
tained in the present study were within the ranges
reported for commercial drinking and fruit yogurts
available in UK supermarkets (32). In contrast, fruit
yogurts contained significantly higher carbohy-
drate levels than plain yogurt, reflecting the addi-
tion of fruit preparations and sugars during man-
ufacturing. Consequently, fruit yogurts also pro-
vided higher energy values than plain yogurt (32).
The mineral composition of the analysed yogurts
was characteristic of fermented dairy products,
with calcium, potassium, and phosphorus repre-
senting the predominant minerals. Similar mineral
profiles have been reported in yogurt products,
where calcium, phosphorus, magnesium, and zinc
represent important mineral constituents, although
variations among products have been observed
(33-36). The absence of significant differences in
calcium concentrations among yogurt types sug-
gests that fruit addition had little influence on cal-
cium levels because milk remained the principal
source of calcium in the analysed products. Differ-
ences among yogurt types were more evident for
potassium, magnesium, iron, and zinc. Similar var-
iability in mineral composition has also been re-
ported among commercial flavoured dairy prod-
ucts, reflecting differences in product composition
and formulation practices (37). The lower potas-
sium concentrations observed in blueberry yogurts
and the slightly higher magnesium concentrations
observed in fruit yogurts may reflect differences in
fruit composition, ingredient sourcing, or manufac-
turing formulations. Likewise, the slightly higher
zinc concentrations observed in fruit yogurts may
indicate a modest contribution from fruit ingredi-
ents or formulation-related factors. Previous re-
search has shown that the incorporation of differ-
ent fruit types can significantly modify the mineral
composition of yogurts, with the magnitude and di-
rection of these changes depending on the specific
fruit used (38). Sodium and phosphorus concen-
trations were comparable among yogurt types, in-
dicating that these minerals were less affected by
fruit incorporation. Iron exhibited the greatest var-
iation among the analysed minerals. The substan-
tially higher iron concentrations observed in blue-
berry yogurts may be associated with the composi-
tion of blueberry preparations, differences in in-
gredient sourcing, or potential fortification prac-
tices. The large variability observed among
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blueberry yogurt samples further suggests that
manufacturing formulations may contribute signif-
icantly to differences in iron content among prod-
ucts. Comparison with previous studies revealed
considerable variability in mineral concentrations
among commercial yogurts produced in different
countries. Calcium concentrations in the present
study were lower than those reported for goat milk
and fermented goat milk products (33) and Roma-
nian dairy products (39), but were comparable to
commercial fermented cow- and goat-milk prod-
ucts (34). Potassium concentrations were similar to
those reported for commercial dairy and soy yo-
gurts (35), although lower than values reported in
other studies (33). Magnesium concentrations were
close to the lower limits of previously published
ranges (34,35), whereas sodium concentrations
tended to be lower than those reported in trace el-
ement surveys of yogurt products (40). Iron con-
centrations in plain and strawberry yogurts were
consistent with values previously reported in the lit-
erature (35,40), whereas the elevated iron concen-
trations observed in blueberry yogurts exceeded
most published values for commercial yogurts and
fermented dairy products (33-40). Zinc concentra-
tions were comparable to those reported for com-
mercial fermented milk products and yogurt sam-
ples analysed by ICP-MS (34-36). Overall, differ-
ences among studies likely reflect variation in raw
milk composition, fruit content, geographical
origin, production practices, fortification, and ana-
lytical methodologies. The higher energy contribu-
tion of fruit yogurts was primarily associated with
their increased carbohydrate content. In terms of
recommended daily intake (RDI), fruit yogurts gen-
erally provided higher contributions of certain min-
erals than plain yogurts, although this pattern was
element-dependent. Calcium, sodium, and phos-
phorus contributed similarly across yogurt types,
while potassium, magnesium, iron, and zinc
showed greater variability. In particular, blueberry
yogurts provided a markedly higher contribution of
iron to the RDI, which may be nutritionally relevant
for populations with increased iron requirements.
Principal component analysis confirmed that nutri-
tional composition differed according to yogurt
type. Mineral composition, carbohydrate content,
and the Na/K ratio were the primary factors con-
tributing to variability among samples. The clear
separation between plain and fruit yogurts reflects
differences in formulation and nutrient composi-
tion associated with fruit addition. Although fruit
yogurts generally exhibited higher carbohydrate
contents and, in some cases, greater contributions
to mineral intake, these products also contained
higher levels of sugars. Therefore, future product
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reformulation strategies should aim to preserve the
nutritional benefits of fruit-containing yogurts while
reducing added sugar content.

CONCLUSION

This study demonstrated that commercial yogurts
in North Macedonia provide essential dietary min-
erals (Ca, K, Mg, Na, P Fe, and Zn). Protein content
did not differ among yogurt types, while fruit yo-
gurts provided higher energy values due to their
increased carbohydrate content. RDI evaluation
demonstrated that the nutritional contribution of
the analyzed yogurts varied among minerals, with
calcium and phosphorus showing the highest con-
tributions to daily intake requirements. In particu-
lar, fruit yogurts showed higher contributions for
some minerals, especially iron in blueberry yogurt.
The 3D-PCA analysis indicated associations be-
tween yogurt samples and their mineral profiles,
with PC1 positively correlated with Ca, Mg, P, and
Zn, suggesting distinct clustering based on mineral
composition. Overall, these findings provide useful
information on the nutritional composition of com-
mercially available yogurts and may assist con-
sumers in making informed dietary choices.
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