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INTRODUCTION

Children’s growth and development is a continuous 
process which involves specific physical and cognitive 
changes happening throughout 5 stages: infant (0-12 
m), toddler (1-3 y), preschool (3-5 y), school (5-12 y) 
and teen (12-18 y) [1]. It is essential to ensure adequate 
intake of all nutrients during childhood, taking into ac-
count specific needs of children, especially during the 
periods of the most intensive/rapid growth which hap-
pen during infant, toddler and teen stages [2]. Recom-
mended dietary allowances (RDAs) for vitamins and 
minerals differ within the pediatric population by age 
groups and gender [3].

According to the United Nations Children’s Fund 
(UNICEF) [4], one third of world’s children younger 
than 5 years are malnourished (stunted, wasted or 
overweight) while one in two children (340 million) ex-

periences micronutrient deficiencies (hidden hunger). 
Malnourished children struggle to reach their full po-
tential, which consequently hinders the development 
of societies as a whole [4].

Minerals such as iron, zinc, calcium, iodine, as well 
as vitamins D and A are most commonly cited as defi-
cient among children [5,6]. In addition, specific diets, 
namely vegetarian and vegan, have been linked to 
certain micronutrient deficiencies including iron, zinc, 
calcium, vitamins D, A, B12 and B2 [7].

Aforementioned deficiencies can be alleviated and/
or corrected with the use of dietary supplements (DS). 
DS are concentrated sources of vitamins, minerals and 
other substances intended to supplement the diet, de-
signed for oral use and regulated as food in the Euro-
pean Union, as well as in Serbia [8,9]. In reality, in gen-
eral population dietary supplements are used not only 
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to fill nutrient gaps, but also to maintain or improve 
general health, „prevent“ health problems, „boost“ the 
immune system, etc. [10–12]. 

Frequency of DS use in pediatric populations varies. 
The prevalence of DS use has been estimated to range 
from as low as 7% [13] to around 20-35% [14–18], pos-
sibly higher among children with chronic illnesses 
(65%) [19]. Concomitant use of multiple DS among 
children, although not frequent, is still commonly re-
ported [14,15].

Unfortunately, use of DS is rarely based on health-
care professionals’ advice (in only 15% of children) 
while in the majority of cases the decision to use DS 
is made by parents/legal guardians [10,12]. As a con-
sequence, DS use among children is often not rational.

Regardless, vitamin and mineral DS top every list 
of the most frequently used DS across all population 
groups, including children [10,12,14,17,18], but the in-
formation on the characteristics of those DS is scarce.

The aims of this research were to identify vitamin 
and mineral dietary supplements intended for use in 
children available at the Serbian market, to assess their 
characteristics (qualitative and quantitative content, 
daily doses, health claims, pharmaceutical forms and 
excipients) and their compliance with the relevant na-
tional legislation.

MATERIALS AND METHODS

Dietary supplements intended for use in children avail-
able at the Serbian market were identified by specific 
terms used on their labels such as “baby”, “(for) kids”, 
“junior” or by their marketed use. DS identified in such 
manner were screened for vitamin and/or mineral 
presence. Those that contained only vitamins and/or 
minerals were included in this analysis.

Data on the ingredients, contents and recommend-
ed daily dose of the selected DS together with infor-
mation on health claims, pharmaceutical forms and 
present excipients were collected from DS labels.

The compliance of the chemical sources of vita-
mins and/or minerals as well as their contents were 
checked against the national Rulebook on the safety 
of dietary products [20], while daily doses of vitamins 
and/or minerals were compared to Dietary Reference 
Intakes, i.e. recommended dietary allowance (RDA) 
and adequate intakes (AI) of the United States National 
Institutes of Health [21] where applicable.

Compliance of the health claims used on analyzed 
DS labels was checked against the regulatory require-
ments of the national Rulebook on nutrition and 
health claims used on food labels [22], specifically with 
lists 13.1 and 14.1.b, the latter pertaining to children’s 
growth and development.

The potential of excipients used in DS formulations 
to cause adverse reactions was assessed and com-
mented in relation to the Annex to the European Com-

mission guideline on ‘Excipients in the labelling and 
package leaflet of medicinal products for human use’ 
(despite it not being obligatory for DS) [23].

All of the described analyses were performed from 
November through December 2020.

RESULTS AND DISCUSSION

A total of 30 different DS containing vitamins and/
or minerals intended for use in pediatric population 
available at the Serbian market were identified (23 im-
ported, 7 produced in Serbia). All were registered in 
the national dietary products database which was af-
firmed by the presence of the registration number on 
the DS labels.

Ingredients of the analyzed DS

The majority of DS contained vitamin C (80%), D (67%), 
A (60%), B6 (57%) and B12 (57%). Figure 1 shows the 
percentage of the analyzed DS containing specific vi-
tamins.

The most frequently present minerals in the ana-
lyzed DS were zinc (37%), iron (30 %) and iodine (23%). 
Figure 2 shows the percentage of DS containing spe-
cific minerals.

Most of the analyzed DS were multicomponent. 
Some were composed of both vitamins and minerals 
(57%), while others were strictly multivitamins (23%). 
Only 17% were monocomponent DS, specifically DS of 
vitamin C, D and B12.

Figure 1. Percentage of the analyzed DS containing specific 
vitamins.

Figure 2. Percentage of the analyzed DS containing specific 
minerals.
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Research shows that the frequently supplemented 
vitamins in pediatric users are vitamin C, combinations 
of vitamin B, as well as vitamin D, while calcium, iron 
and zinc are commonly minerals [11,12,17].

All of the chemical sources of vitamins and miner-
als used in the analyzed DS were compliant with the 
national Rulebook on the safety of dietary products 
and are shown in Table 1.

Sodium L-ascorbate used in some of the analyzed 
DS has similar bioavailability to ascorbic acid, but is 
less of an irritant to gastrointestinal mucosa, making it 
more suitable for individuals experiencing gastrointes-
tinal adverse effects of the ascorbic acid [24]. 

Cholecalciferol and ergocalciferol are absorbed in 
the gastrointestinal system with similar effectiveness 
but cholecalciferol has been shown to be more effec-
tive in improving vitamin D status in comparison to er-
gocalciferol [25]. Nevertheless, both forms of vitamin D 
were present in the analyzed DS. 

Non-hem iron bioavailability can be increased by 
the presence of pH-lowering substances, such as ascor-
bic acid [24,26]. In the analyzed DS, iron was always 
present together with ascorbic acid, which is especially 
important for preschoolers as an age group most fre-
quently affected by iron deficiency anemia [27].

Concomitant use of DS with zinc and/or iron salts 
together with copper-containing DS is not recom-
mended as zinc and iron might hinder the absorption 
of copper. This interaction is important to be noted as 
the combination of zinc and/or iron and copper was 
present in 13% of the analyzed DS.

Calcium carbonate is considered a cost-effective 
source of calcium and it is well absorbed, especially 
when taken with a meal [28]. Although calcium citrate 
absorption is less sensitive to the presence/absence 
of food [28], still carbonate salt was the only chemical 
source of calcium contained in the analyzed DS. There-
fore it is advisable for healthcare professionals (phar-
macists) at the point of purchase to communicate the 
benefits of taking the said calcium supplements with 
meals. The rate of calcium absorption is inversely pro-
portional to its amount available in the gastrointesti-
nal system, so it is better absorbed if taken in several 
smaller doses over the course of the day (not exceed-
ing 500 mg) [24,28]. As the highest amount of elemen-
tal calcium present in the recommended daily dose of 
analyzed DS was 150 mg, it is safe to assume that there 
was no need for dosing regimen adjustment.

Table 1. Chemical sources of vitamins and minerals used in the analyzed DS.

VITAMIN/ 
MINERAL

Chemical sources of vitamin/mineral in the analyzed DS 

Vitamin A Retinyl palmitate, retinyl acetate

Vitamin D Cholecalciferol, ergocalciferol

Vitamin E D-α tocopherol, D-α tocopheryl acetate, D-α tocopherylhydrogene succinate

Vitamin K Phytomenadione

Vitamin B1 Thiamine hydrochloride

Vitamin B2 Riboflavin 5′-monophosphate sodium, riboflavin

Niacin Nicotinamide, nicotinic acid

Pantothenic acid Pantothenic acid, calcium D-pantothenate

Vitamin B6 Pyridoxine hydrochloride

Folic acid Folic acid (pteroylmonoglutamic acid)

Vitamin B12 Cyanocobalamin, methylcobalamin

Biotin D-biotin

Vitamin C L-ascorbic acid, sodium L-ascorbate

Calcium Calcium carbonate

Magnesium Magnesium oxide

Iron Iron(II) fumarate, iron(III) pyrophosohate, iron(II) gluconate, iron(III) saccharate

Copper Copper(II) carbonate, copper(II) gluconate

Iodine Potassium iodine

Zinc Zinc oxide, zinc citrate, zinc sulphate, zinc gluconate

Manganese Manganese sulphate

Selenium L-selenomethionine, sodium selenate

Chromium Chromium(III) chloride, chromium(III) picolinate

Molybdenum Potassium molybdate
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Daily doses of vitamins and minerals in the 
analyzed DS

Daily doses of vitamins and minerals supplied by the 
analyzed DS calculated by age using the dosing in-
structions provided on the labels are shown in Table 2.

Calculated maximum daily doses of vitamins and 
minerals present in the analyzed DS were the same in 
the 3-5, 6-12 and 12+ age groups except in the cases 
of vitamin E, iron, calcium, manganese, chromium and 
molybdenum. The amount of vitamin D, iodine and 
nicotinic acid in DS for children equaled the maximum 
amounts allowed in daily doses of DS for adults in the 
national regulations [20] (400 IJ, 150 μg and 10 mg, re-
spectively). The dosage regimen recommended on the 

label of iodine-containing DS provided the users with 
150 μg of iodine per day – an amount that exceeds 
the recommended dietary allowance and adequate 
intakes for iodine [21] in all children except in boys 
aged 14-18. Daily intake of 10 mg of niacin surpasses 
the recommended dietary allowance and adequate in-
takes for all children younger than 8 years. As the maxi-
mum daily amount of vitamins or minerals allowed in a 
daily dose of DS intended for children is not defined in 
the corresponding Rulebook [20] (except in the cases 
of infants and toddlers) and no standards or recom-
mendations exist at a national level, the question of 
adequacy of vitamins’ and minerals’ doses in DS for 
children is still unresolved. 

Table 2. Range of daily doses of vitamins and minerals supplied by the analyzed DS by age groups.

VITAMIN/
MINERAL

Age group [years]

Maximum amount 
of vitamin or min-
eral allowed in a 
daily dose of DS 

for adults [20]
0-2 3-5 6-12 >12

Vitamin A [µg RE1] 300 125-900 150-900 300-900 1000

Vitamin D [µg] 10  
(400 IJ)

1,5-10  
(60-400 IJ)

2,25-10  
(90-400 IJ)

2,5-10  
(100-400 IJ)

10

Vitamin E [mg TE2] - 1,8-30 5-47 5-47 100

Vitamin K [µg] 25 5-50 10-50 15-50 100

Vitamin B1 [mg] - 0,5-1,2 0,5-1,2 0,5-1,3 10

Vitamin B2 [mg] - 0,4-2,1 0,5-2,1 0,5-2,1 10

Niacin:
NK3 [mg]
NA4 [mg]

-
-

5 
5-30 

5 
5-30 

10
5-30

10
48

Pantothenic acid [mg] - 2-12 2-12 2-12 30

Vitamin B6 [mg] - 0,3-1,8 0,42-1,8 0,5-1,8 10

Folic acid [µg] 160 37,5-420 75-420 100-420 600

Vitamin B12 [µg] - 0,3-6 0,5-6 0,5-6 1000

Biotin [µg] - 6-200 12-200 18-200 500

Vitamin C [mg] 30 20-200 25-200 27-200 1000

Calcium [mg] - 60-120 120-240 120-240 1200

Magnesium [mg] - 25-60 50-60 60-75 400

Iron [mg] 12,5 2,5-12,5 3-15 3-15 20

Copper [µg] - 150-500 150-500 150-525 2000

Iodine [µg] - 22,5-150 36,6-150 36,6-150 150

Zinc [mg] 5 1,5-10 2,5-10 2,5-10 15

Manganese [mg] - 0,43-0,75 0,45-0,87 0,45-1,3 4

Selenium [µg] - 5-10 10-10 10-15 100

Chromium [µg] - 7,5-20 7,5-40 7,5-60 200

Molybdenum [µg] - 20 20-40 20-60 200

1RE – all-trans retinol equivalent; 2TE – α-tocopherol equivalent; 3NK – nicotinic acid; 4NA – nicotinamide.
Note: “New Rulebook on dietary supplements (Sl. glasnik RS, 45/2022) came into force in April 2022. The data shown in this table 
corresponds to the previous Rulebook (20) that was relevant at the time of writing of this article.”
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Health claims used on the labels of analyzed DS

A total of 58 health claims were present on the ana-
lyzed DS labels. The majority (93%) of the health claims 
were in compliance with the appropriate national Rule-
book [22]. Most of the compliant health claims were 
“function health claims” (Article 13) (86%), while only 
7% of the analyzed DS carried health claims referring 
to children’s development (Article 14.1.b) despite all of 
the DS in question being intended for use in pediatric 
population. Although the use of article 14.1.b would 
be better suited for the analyzed DS, the number of 
such claims approved by the European Food Safety 
Authority and included in the national regulations is 
limited and might be the reason for their scarce use.

Pharmaceutical forms of the analyzed DS

The analyzed DS were, in most cases, in solid (63%) and 
liquid (34%) pharmaceutical forms (Table 3).

Among the solid forms, chewable tablets and gels 
were the most dominant. This was expected as chew-
able forms are easily administered to children over the 
age of 3, especially those who object to syrups [4]. In 
addition, chewable forms are also available in different 
kid-friendly shapes (dinosaurs, lions, bears, Martians) 
and flavors (strawberry, orange, raspberry) which is 
probably positively affecting adherence. An interest-
ing find was a DS in lollipop form – a form gaining mo-
mentum when it comes to active substance delivery 
to children via oral mucosa [29]. Lollipops are easy to 
administer, but their use has some drawbacks. In the 
long run, children could possibly start linking lollipops 
(“sweets”) to health which could compromise their 
ability to adopt healthy eating habits [30] which take 
the form of lollipops (lollipop supplements. Another 
novel pharmaceutical form was granules in a straw. As 

most children master the technique of using a straw at 
around 9 months, granules in straw can, in theory, be 
used from an early age (depending on the substances 
they contain) [31].

Liquid forms are mostly used for younger children 
as they are easy to dose and swallow. Liquid DS can be 
difficult to formulate, and later on, store and transport 
which might be why their share in the market is lower 
in comparison to solid forms.

Excipients

Excipients were labeled in 80% of the analyzed DS. 
Excipients with a known action or effect, (e.g. saccha-
rose, glucose, aspartame, benzoic acid/salts, sorbitol, 
xylitol, glycerol and propylene glycol) were present in 
77% of the analyzed DS. The most striking example of 
excipient side effect might be the neurotoxicity of pro-
pylene glycol in children under 5 years of age when 
co-administered with other alcohol dehydrogenase 
substrates due to capacity of the mentioned enzyme 
being exceeded [23]. Propylene glycol was present in 
12% of the analyzed DS.

Unexpected problems and takeaways

During this analysis, the authors have encountered a 
few unexpected problems – there were a lot of regu-
latory issues (not country-specific) concerning DS in-
tended for use in children.

To begin with, national dietary product database is 
hard to navigate as there is no uniformity within item 
inputs and only limited data on every product is avail-
able. Data that are available are mostly commercial 
characteristics of the product (e.g. number of units in 
a packaging), and of lesser importance for healthcare 
providers (e.g. list of ingredients would be helpful but 
is not available). In addition, the last publicly available 
version of the database is the one updated in 2018.

Next, dietary supplements for children are not spe-
cifically defined as such in the national (or any other) 
legislation, and are, therefore, identified on the market 
only by the inclusion of children-related terms on the 
label or by their marketed use.

Another problem is the previously mentioned lack 
of legislation pertaining to the maximum daily amount 
of vitamins or minerals allowed in a daily dose of DS 
intended for children of different ages (with the excep-
tion of infants and toddlers) so the adequacy of pro-
posed dosing regimens is hard to determine.

Additionally, most of the health claims used on DS 
labels are general function claims which apply to gen-
eral, healthy population groups, meaning adults and 
infants/children. Article 14.1.b health claims (referring 
to children’s development and health) are seldomly 
used, but unapproved health claims are still present 
on some DS labels.

Table 3. Pharmaceutical forms of the analyzed DS.

PHARMACEUTICAL FORM [%]

SOLID 
FORMS

Chewable tablet 17

Chewable gel (gummies) 17

Powder 10

Twist-off capsule 7

Orodispersible tablet 3

Lollipop 3

Effervescent tablet 3

Granules (in a straw) 3

AEROSOLS Spray 3

LIQUID 
FORMS

Syrup 17

Oral suspension 7

Oral drops 7

Other oral liquid forms 3
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Finally, one should always be aware that the pedi-
atric population is very diverse, as it ranges from 
newborns to adolescents. Therefore, there will most 
probably never be a one, simple solution for all of the 
abovementioned issues.

CONCLUSION

A total of 30 dietary supplements intended for use in 
pediatric population were legally available at the Serbi-
an market at the time of analysis. Most were multicom-
ponent, containing both vitamins and minerals. Quali-
tatively, all were compliant with the relevant national 
legislation. In specific cases, the doses of vitamins were 
questionable. The majority of the health claims used 
were general function claims, a limited number were 
14.1.b claims, while there was still a number of unap-
proved health claim present on the labels of the ana-
lyzed DS. Solid pharmaceutical forms were dominant. 
The presence of excipients with known effects was 
noted in most of the analyzed DS.

Apart from these results, a number of issues con-
cerning the legislation of dietary supplements intend-
ed for use in children have arisen which complicate 
the assessment of children’s DS characteristics. In the 
future, food legislators should work on keeping the di-
etary supplement-related regulations current and more 
strict in cases in which they pertain to vulnerable sub-
populations such as children.
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Dijetetski suplementi vitamina i minerala namenjeni za upotrebu u 
dečijoj populaciji dostupni na tržištu Republike Srbije 

Kratak sadržaj

Tokom rasta i razvoja neophodno je obezbediti odgovara-
jući unos nutrijenata kako bi se obezbedilo dobro zdravlje 
deteta. Dijetetski suplementi (DS) često se koriste kao do-
datni izvor nutrijenata u ishrani. DS vitamina i minerala su 
najčešće korišćeni DS u populaciji dece, ali podataka o ka-
rakteristikama DS za decu je nedovoljno. Ciljevi istraživanja 
bili su identifikacija vitaminskih i/ili mineralnih DS za decu 
na tržištu Republike Srbije, procena karakteristika i usklađe-
nosti pomenutih DS sa relevantnim propisima. DS vitamina 
i/ili minerala za decu na tržištu Republike Srbije su identifi-
kovani na osnovu imena ili navoda na deklaraciji koji jasno 

ukazuju da je dijetetski suplement namenjen deci. Podaci o sastavu, sadržaju, preporučenom režimu doziranja (maksi-
malna dnevna doza), farmaceutskom obliku i prisutnim pomoćnim materijama u ispitivanim DS, kao i o prisutnim zdrav-
stvenim izjavama, preuzeti su sa deklaracija DS. Procenjena je usklađenost ispitivanih karakteristika DS sa nacionalnom 
regulativom, kao i potencijal pomoćnih materija da izazovu neželjene reakcije. Identifikovano je i analizirano ukupno 30 
DS vitamina i/ili minerala namenjenih deci na tržištu Republike Srbije. Većina ispitivanih DS je bila multikomponentna 
(83%). Najzastupljeniji vitamini u ispitivanim DS bili su C, D, A, B6, B12, a minerali cink, gvožđe i jod. Na deklaracijama is-
pitivanih DS bilo je zastupljeno 58 zdravstvenih izjava, od kojih je 93% bilo u skladu sa nacionalnim propisima. Najčešće 
zastupljeni farmaceutski oblici ispitivanih DS bili su čvrsti (63%) i tečni (34%) oblici. Pomoćne materije koje mogu izazvati 
neželjene reakcije bile su zastupljene u 77% ispitivanih DS. Većina procenjivanih karakteristika ispitivanih DS bila je u 
skladu sa zahtevima iz nacionalnih propisa, ali je istraživanjem identifikovan određen broj regulatornih nedorečenosti u 
pogledu uređivanja oblasti DS za decu. U budućnosti, bilo bi korisno stručno osavremeniti propise koji opisuju DS, poseb-
no u slučaju osetljivih populacionih grupa u koje spadaju i deca.
Ključne reči: deca; dijetetski suplementi; dodaci ishrani; vitamini; minerali; Srbija.
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