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OBJECTIVE. Study of the effect of a vitamin-mineral complex, Vitacor Junior, on 
children’s health, physical development and learning performance. 

METHODS. Children attending the grammar school in the Zhytomyr region 
received one tablet daily of a vitamin-mineral complex with school meals (n = 
69, the vitamin group) while children in the control group (n = 34) received only 
their regular school meals. Evaluation of the children was carried out before and 
after seven months of supplement intake. 

RESULTS. After seven months, children in the vitamin group had improved 
functional status of their muscular and cardiac-respiratory systems and showed 
a decrease in the incidence and likelihood of acute forms of illnesses. Average 
level of acute morbidity was decreased by 25.5 % (from 1.83 ± 0.13 to 1.37 ± 0.13 
incidents per year, t = 2.44; p < 0.05) compared to the similar index before taking 
the supplements. The reduction of the probability of two to four acute illnesses 
in the year was decreased by 2.83 % (RR = 2.83; 95 % CI 1.46-5.49; EF = 64.7 %). 
Functional status of the cardio-respiratory systems assessed by Skibinski index 
was improved by 28.2 % (from 5.82 ± 0.42 to 7.46 ± 0.57, t = 2.29; p < 0.05), and 
diastolic blood pressure and heart rate decreased from t = -3.64; p < 0.001 to t 
=-2.43; p < 0.05, respectively. Functional status of the muscular system based on 
the indicator of the strength of hand muscles was improved by 16.2 % (t = 2.15; 
p <0.05) and based on evaluation of the power index (χ2 = 16.33; p < 0.01). It 
is established that the proportion of children with low adaptation body reserve 
opportunities in the control group tends to increase (y = 18.2, x – 0.1), however 
in the vitamin group  it tends to decrease (y = -7.2,  x + 49.2). 

CONCLUSIONS: Daily intake of a vitamin-mineral complex contributed to the 
improvement of the health status of children and it should be recommended for 
use in children’s nutrition.
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Introduction
Nutrition is the most important physiological 
requirement and it affects our health as well as our 
working capacity. It is essential for generation and 
constant renewal of cells and tissues, replenishment 
of energy, production of enzymes, hormones and 
other regulators of metabolic processes and vitality. 
A balanced diet based on scientific principles ensures 
preservation of our health, resistance to harmful factors 
in the environment, and supports longevity. 

Under exposure to ecological (foreign) stress, nutrition, 
apart from its traditional functions, must address 
other aspects. These include decreasing assimilability 
of xenobiotics in the gastrointestinal tract, lowering 
harmful effects of toxic substances and factors on 
cellular and organism levels by limiting accumulation 
of xenobiotic in embryonic or growing tissues and 
facilitating their quick elimination from the body. 

In order to accelerate the biotransformation of 
xenobiotics, it is necessary to provide the body 
with micronutrients which function as enzyme co-
factors or metabolites involved in regulating various 
protective metabolic processes. These biologically 
active substances include vitamins, trace elements 
(iron, selenium, copper, zinc, cobalt, iodine and others), 
essential amino acids and others. Therefore, a well 
balanced diet is defined not only by its energy value in 
the form of proteins, fat and carbohydrates, but also by 
an adequate supply of micronutrients, i.e., vitamins and 
trace elements. All vitamins and trace elements interact 
with each other and it is their balance and synergy that 
are important for optimum cellular metabolism. 

A balanced diet is one of the most important factors 
assuring the vitality, optimum development and overall 
health of children. Micronutrients (vitamins A, C, E, PP, 
the B group, and D) and trace elements (I, Se, Cr, Cu, Co, 
Zn and others) play a special role in a child’s nutrition. 
Lack of or long-term insufficient intake of these 
micronutrients has a negative effect on the physical and 

mental development of children affecting their growth, 
metabolism and increased susceptibility to illnesses.

Having studied the nutritional status of the Ukrainian 
population, we have found that the last decades saw 
a reduction in the consumption of milk and dairy 
products, meat, fish, and fruits and vegetables, and an 
increase in the consumption of bread, baked goods, 
pasta, pastries and sugar. All of this led to an increase 
in inadequate nutrition, especially in children, which is 
characterized by deficiencies of proteins, vitamins, and 
micro and macro elements. According to the data from 
the Institute of Paediatrics, Midwifery and Gynaecology, 
NAMSc of Ukraine, micronutrient deficiencies in the 
nutrition of primary school age children include: iodine, 
selenium, zinc - 42.3 %, iron - 47.6 %, manganese - 91.0 
%, copper - 32.3 %, cobalt - 31.3 % and other micro 
elements - 25-55 % [1]. Deficiencies of protein, vitamins 
A, C, E, the B group, and P are also evident. These 
deficiencies can be compensated by supplements.

Materials and Methods
The study was carried out at Vatslavpolskaya Grammar 
School in the Chernoarmeyskiy district of the 
Zhitomirskiy region which is located 200 km from Kiev. 
The study protocol was developed in cooperation with 
the Dr. Rath Research Institute (California, USA). 
The nutritional supplement used in the study was the 
vitamin-mineral complex (VMC), Vitacor Junior, provided 
by Dr. Rath Health Programs (Heerlen, The Netherlands). 
This supplement contains vitamins A, C, D3, B1, B2, B6, 
B12, niacin, folic acid, biotin, and pantothenic acid, 
minerals (Ca, P, Mg, and K), trace elements (Zn, Se, 
Cu, Mn, Cr, and Mo), amino acids (L-lysine, L-proline, 
L-cysteine, and L-carnitine), coenzyme Q10 and other 
natural components. A full list of ingredients in Vitacor 
Junior is presented in Table 1. The supplement was 
approved by the Sanitary-and-Hygienic Committee and 
the Ministry of Health of Ukraine (05.03.02-03/24793 
from 17.03.2011).
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Table 1. Composition of nutritional supplement Vitacor Junior (VMS) contents per table

Vitamin A (natural carotenoids)  264 μgRE 

Vitamin C (ascorbyl palmitate)  28.33 mg 

Vitamin C (ascorbic acid)  38.33 mg 

Vitamin C (magnesium ascorbate)  16.67 mg 

Vitamin C (calcium ascorbate)  16.67 mg 

Vitamin D3 (cholecalciferol)  21.67 μgRE 

Vitamin E (D-alpha-tocopherol,  21.67 μgRE

other tocopherols blend) 

Vitamin B1 (thiamine mononitrate)  1.16 mg 

Vitamin B2 (riboflavin)  1.16 mg 

Vitamin B3 (niacin, nicotinamide)  7.50 mg 

Vitamin B6 (pyridoxine HCL)  1.67 mg 

Folic Acid  15 μg 

Vitamin B12 (cyanocobalamin)  3.33 μg 

Biotin  10.83 μg 

Pantothenic acid (D-calcium pantothenate)  6.67 mg 

Calcium (calcium glycinate, calcium  9.17 mg

phosphate, calcium ascorbate, calcium 

D-pantotheate) 

Phosphorus (calcium phosphate)  2.5 mg 

Magnesium (magnesium glycinate,  6.33 mg

magnesium ascorbate) 

Zinc (Zinc glycinate)  1.16 mg 

Selenium (L-selenium-methionine)  3.33 μg 

Copper (copper glycinate)  0.05 mg 

Manganese (manganese glycinate)  0.217 mg

Chromium (chromium glycinate)  1.67 μg 

Molybdenum (molybdenum glycinate)  0.67 μg 

Potassium (potassium glycinate)  3.33 mg 

L-Lysine (L-Lysine-HCL)  18.33 mg

L-Proline  18.33 mg 

Bioflavonoids from citrus peel  16.67 mg 

L-Arginine (L-Arginine -HCL)  6.67 mg 

L-Cysteine (L-Cysteine-HCL)  5.83 mg 

Inositol  5.83 mg 

L-Carnitine (L-Carnitine tartrate)  5.83 mg 

Tocopherol (beta, gamma and delta)  5.0 mg 

Quenzyme Q10  1.17 mg 

Pycnogenol  1.17 mg 

Additional natural carotenoids 11.00 μg

(Alpha-carotene, lutein, zeaxanthin and cryptoxanthin) 

Vitamin B1 (thiamine mononitrate)  1.16 mg 

Vitamin B2 (riboflavin)  1.16 mg 

Vitamin B3 (niacin, nicotinamide)  7.50 mg 

Vitamin B6 (pyridoxine HCL)  1.67 mg 

Folic Acid  15 μg 

Vitamin B12 (cyanocobalamin)  3.33 μg 

Biotin  10.83 μg 

Pantothenic acid (D-calcium pantothenate)  6.67 mg 

Calcium (calcium glycinate, calcium  9.17 mg

phosphate, calcium ascorbate, calcium D-pantotheate) 

Phosphorus (calcium phosphate)  2.5 mg 

Magnesium (magnesium glycinate,  6.33 mg

magnesium ascorbate) 

Zinc (Zinc glycinate)  1.16 mg 

Selenium (L-selenium-methionine)  3.33 μg 

Copper (copper glycinate) 0.05 mg 

Manganese (manganese glycinate)  0.217 mg

Chromium (chromium glycinate)  1.67 μg
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After receiving written permission from the parents, 
two groups of participating children were formed: the 
vitamin group (69 pupils), and the control group (34 
pupils). During the period from 12 October 2012 to 
15 May 2013, children in the vitamin group took one 
tablet of VMC per day at the school with lunch under 
supervision of their Biology teacher, and at home on 
weekends (Saturday, Sunday) under supervision of 
their parents. Study progress was recorded in the study 
journals kept at the school.

Physical and health examinations: All children underwent 
two physical and health examinations before taking 
VMC (05-12 October 2012) and seven months after 
taking VMC (13-17 May 2013).

Health assessments
The following health/physical assessments were 
conducted: 

Indicators of physical development 
1  Body length (BL) 
2   Chest circumference (CC) at rest, on the inhale and 

on the exhale 
3  Body weight (BW) 
4  Dynamometry of right and left arm muscles 
5  Ponderal index by Rohrer (PI)

The following formula was used to determine the 
Ponderal Index 1 [2]:

(1) PI = BW (kg)/BL3 (m) 
PI  Ponderal index 
BW  body weight, kg 
BL  body length, m

Fitness
Fitness was assessed by Skibinsky’s circulatory-
respiratory index commonly used to evaluate the 
efficiency of the cardio-respiratory systems [3].

(2) SI = VCL (ml) x HTE (sec)/HR (beat per min) 
SI  Skabinsky Index 
VCL  Vital capacity of lungs, ml 
HTE  hold time on exhale, sec 
HR  heart rate, beat per min

Life index (LI)
Life index, which characterizes function reserves of 
outer breathing, was determined by the formula 3 [4]. 

(3) LI = VCL (ml)/BW (kg) 
LI  life index 
VCL  vital capacity of lungs, ml 
BW  body weight, kg

The power index
The power index, which determines development of 
myodynamics (muscle performance) of the hand in 
relation to the body weight, was calculated by the 
formula 4 [4]. 

(4) PI = MH (ml)/BW (kg) 
PI  power index 
MH myodynamic of the hand, ml 
BW body weight, kg

Proneness to illnesses 
Proneness to illnesses, measured as number of illnesses 
per year, was obtained from the data in medical files. 
Quantitative characteristics of the effects of VMC on 
proneness to illness was assessed with the help of 
valuation of relative risk (RR) and etiological fraction 
(EF) [10].

General health, physical activity and emotional wellbeing 
of the children were assessed through personal 
questionnaires [5]. The CAH [6] questionnaire was 
used. Adaptive reserve capabilities were determined by 
calculating indexes of Rohrer, Robinson and Kerdo [7,8].
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Statistics: Statistical data was generated with the help 
of STATISTICA 8.0. Classification of the material and 
mathematical processing were carried out using Microsoft 
Excel 2010. In order to assess rank data and risk calculation, 
contingency tables were created. Pearson’s lemma was used 
for studying the measure of associativity (χ2). To estimate 
differences between quantitative indicators, two methods 
of evaluation and assessment of Student’s t-test were used 
in accordance with formulas 5 and 6 [9]. Comparison of 
the results from the control group and the test group were 
carried out using methods for independent samples when 
comparing average values using formula 5:

(5) 

where  X 1 – average for the first group,
  σ 1 

2 – variance for the first group,
  n1  –  volume of the first group 

(number of students),
  X 2 – average for the second group,
  σ2

2 – variance for the second group,
  n2  –  volume of the second group 

(number of students) 

Assessment of quantitative variable difference before
and after taking the VMC was carried out with the help
of the Student’s t-test which is more sensitive than the
traditional version of the criterion for conjugated
samples {Xi} and {X’i}, which in pairs relate to the same
i-object. In this research we studied indicators which were 
registered before and after taking the VMC.
Therefore, in this case the variable is the difference
between indicators Xi - X’i = Δi, and the Student’s test
was carried out according to formula 6:

(6)

where

Xi - X’i  –    values of the same indicator before and after 
taking the VMC.

The study results showed that after seven months the
average life index in the control group of children decreased 
by 14 %, which means the functional condition of the 

respiratory system worsened 
(t = - 2.62, р < 0. 05). In the 
vitamin group this index did 
not change (р > 0.05).

Evaluation of the dynamics of 
morpho-functional indicators 
in children after seven months 
of supplement intake showed 
positive effects in the following 
categories: average level 
indicator of dynamometry of 
left hand increased by 16.2 
% (from 18.07 to 21.05 kg 
t = 2.15, р < 0.05), average 
indicator for diastolic pressure 
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average life index in the control group of children 
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dynamometry of left hand 
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0.05), average indicator for 
diastolic pressure decreased 
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Figure 1. – Dynamics of average indicator values of features of the cardio-respiratory system 
of children representing the control and the vitamin groups. 
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decreased from 66.26 to 60.57 mm of mercury column ( t= 
-3.64, р < 0.001), and heart rate at rest decreased from 82.1 
to 78.0 beats per minute, (t = -2.43, р < 0.05). The increase 
of the average value of Skibinsky index by 28.2 %, t= 2.29, р 
< 0.05 indicates an improvement of functional condition of 
the muscular and cardio-respiratory systems (Figure 1).

There was no statistically significant difference observed in 
the indicators of physical development of children (χ2 = 3.6; 
p > 0.7) as well as respiratory system functions (χ2 = 13.8; 
p > 0.3) between the vitamin and control groups over the 
seven-month period.

Study of the power index indicator in children in the vitamin 
group showed marked differences between the levels 
obtained before and after seven months of taking VMC (χ2 = 
16.33, р < 0.003). Children in the control group have shown 
a tendency to feel worse (χ2 = 3.73, р > 0.444).

Susceptibility to illnesses in the children in the vitamin 
group over the past year, in comparison to the previous 
year, decreased by 25.5%: from 1.83 ± 0.13 to 1.37 ± 0.13 
illnesses per year (t = -2.44, р < 005). The similar indicator 
in the control group showed a tendency to increase from 
1.68 ± 0.17 to 1.89 ± 0.30 (t = 0.62; p > 0.5) (Figure 2). Both 

groups had calculated probability of two to four illnesses 
per year based on the calculation of relative risk (RR). The 
results showed that the indicators of susceptibility to illness 
in the control group did not change (RR = 1.0 , 95 % CI 0.55 
- 1.83 , EF = 0.0 % ) maintaining two to four illnesses per 
year. However, in the vitamin group this index decreased 
by 2,83 % (RR = 2.83 , 95 % CI 1.46 - 5.49 , EF = 64.7 %). 
Due to the same impact of various environmental factors 
on both groups of children, except for taking the MVC, it is 
quite likely that decreased susceptibility to illness by 64.7 % 
could result from the intake of the VMC. The assessment of 
adaptive-reserve capabilities (ARC) of children in the control 
and the vitamin groups showed that a number of the risk 
group children (children with critically low and low ARC) 
in the control group had a tendency to increase (y = 18.8 
х – 0.1), and to decrease in the vitamin group (y = - 7.2 х + 
49.2) (Table 2). The results showed that during the study the 
number of children with high level of ARC did not change in 
the control group, however it increased from 8.7 % to 14.5 
% in the vitamin group as shown in the linear model (y = 5.8 
х + 2.9). The evaluation of the children’s learning progress at 
school in both groups conducted before entering the study 
showed no statistically significant differences between the 
groups and the progress was roughly the same. However, 
the comparison of learning progress indicators in children 

in the vitamin group over 
the previous and current 
year showed that there 
was a statistically significant 
improvement in the following 
subjects: Ukrainian language 
(t = 3.32; р = 0.002), Ukrainian 
literature (t = 2.65; р = 0.010), 
music (t = 3.70; р = 0.001), 
physical education (t = 5.57; р 
= 0.001), biology (t = 2.10; р = 
0,042), information science (t 
= 2.82; р = 0.009), and physics 
(t = 2.82; р = 0.009). At the 
same time the control group 
showed improvement in only 
a few subjects: Ukrainian 
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Figure 2. – Change in indicator of susceptibility to illness in children in the control group and vitamin group 
over tested year in comparison to the previous year (number of illnesses per year)
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language (t = 3.74; р = 0.001), history (t = 2.17; р = 0.037), 
physical education (t = 2.55; р = 0.016), and physics (t = 2.22; 
р = 0.041).

Conclusions:
The study established that a daily intake of the VMC for 
seven months by a group of school age children resulted in 
positive shifts in several indicators of health and morpho-
functional condition.

•  Reduction of proneness to illnesses: Reduction of 
proneness to illnesses by 25.5 % (from 1.83 ± 0.13 to 
1.37 ± 0.13 illnesses per year, t = 2.44; p < 0.05). The 
probability of illness to two to four illnesses per year 
decreased by 2.83 % (RR = 2.83; 95 % CI 1.46-5.49; EF 
= 64.7 %).

•  Improvement of the functional status of the cardio-
respiratory systems: Improvement of the functional 
status of the cardio-respiratory systems based on the 
indicator of the Skibinsky index by 28 % (from 5.82 
± 0.42 to 7.46 ± 0.57) (t = 2.29; p < 0,05), reduction 
in diastolic arterial pressure (t = -3.64; p < 0.001), 
reduction in heart rate at rest (t = -2.43; p < 0.05).

•  Increase in the functional status of the muscular 
system: Increase in the functional status of the 
muscular system with the indicator of the muscle 
power of the hand increasing by 16.2 % (t = 2.15; p < 
0.05) and power index (χ2 = 16.33; p < 0.01).

The study showed that a number of children with low level 
of ARC in the control group had a tendency to increase (y = 
18.8 x – 0.1), and in the vitamin group to decrease (y = -7.2 
x + 49.2).

There was a tendency among the children in the control 
group to feel worse (y = 0.15 x + 3.53), and in the children in 
the vitamin group to feel better (y = 0.03 x + 3.16).

It was established that during the period of the study children 
in the control group showed a decrease in the average life 
index indicator by 14%. This criterion characterizes reserves 
of external respiration functions (t = -2.62; p < 0.05), and 
in the vitamin group this indicator stayed unchanged. The 
results obtained in this study allow us to recommend the 
VMC as a nutritional supplement to improve children’s 
nutrition.
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Conclusions: 

The study established that a daily intake of the VMC 
for seven months by a group of school age children 
resulted in positive shifts in several indicators of 
health and morpho-functional condition. 

o Reduction of proneness to illnesses: 
Reduction of proneness to illnesses by 25.5 % 
(from 1.83 ± 0.13 to 1.37 ± 0.13 illnesses per 
year, t = 2.44; p < 0.05). The probability of 
illness to two to four illnesses per year 
decreased by 2.83 %  (RR = 2.83; 95 % CI 1.46-
5.49; EF = 64.7 %). 

o Improvement of the functional status of the 
cardio-respiratory systems: Improvement of 
the functional status of the cardio-
respiratory systems based on the indicator of 
the Skibinsky index by 28 % (from 5.82 ± 0.42 
to 7.46 ± 0.57) (t = 2.29; p < 0,05), reduction 
in diastolic arterial pressure  (t = -3.64; p < 

0.001), reduction in heart rate at rest (t = -
2.43; p < 0.05). 

o Increase in the functional status of the 
muscular system: Increase in the functional 
status of the muscular system with the 
indicator of the muscle power of the hand 
increasing by 16.2 % (t = 2.15; p < 0.05) and 
power index (χ2 = 16.33; p < 0.01). 

The study showed that a number of children with low 
level of ARC in the control group had a tendency to 
increase (y = 18.8 x – 0.1), and in the vitamin group to 
decrease (y = -7.2 x + 49.2). 

There was a tendency among the children in the 
control group to feel worse (y = 0.15 x + 3.53), and in 
the children in the vitamin group to feel better (y = 
0.03 x + 3.16). 

It was established that during the period of the study 
children in the control group showed a decrease in the 
average life index indicator by 14%. This criterion 
characterizes reserves of external respiration 
functions (t = -2.62; p < 0.05), and in the vitamin group 
this indicator stayed unchanged. The results obtained 
in this study allow us to recommend the VMC as a 
nutritional supplement to improve children’s 
nutrition.  

Groups level ARC  χ2 р 

Critically low low average high  

C1 6.2 12.5 71.9 9.4  3.02 0.388 

C2 9.4 28.1 53.1 9.4  

MCV1 13.0 29.0 49.3 8.7  1.52 0.678 

MCV2 11.6 23.2 50.7 14.5  

Table 2 – Details of the adaptive-reserve capabilities (ARC) in children in the control and the vitamin groups  ( % ) 
Table 2 – Details of the adaptive-reserve capabilities (ARC) in children in the control and the vitamin groups ( % )
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