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ABSTRACT: Healthy diet and development of proper dietary habits in adolescence combined with 
sufficient physical activity are recognized as the key factors of a long-term health. This study was 
conducted to gain an insight into the dietary habits, the frequency of meal intake and physical activity 
of the young population by applying a survey. Surveyed participants were Hungarian nationality 
students who attended elementary and high schools in the province of Vojvodina, Serbia. The total 
number of participants was 525 (42.5% males and 57.5% females) most of which were from the rural 
area. To address the nutritional status and risk for overweight among the young population, body 
mass index (BMI) of the participants was determined. The majority of participants had normal range 
nutritional status (70.48%) followed by overweight (19.81%) and obese (7.62%). Overweight and 
obese nutritional statuses were more common among male participants. Increasing number of 
participants with overweight nutritional status was noticed in the 7th grade of elementary school 
(25.81%). Insufficient physical activity and irregularities in meals intake were also noticed within the 
studied population which is an indicator of potential obesity development in adulthood.  
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INTRODUCTION 

According to the concept presented by the 
World Health Organization (WHO, 2016a), 
a healthy diet should include high intake of 
fruits, vegetables, and whole grains, 
coupled with low intake of saturated fats, 
salt, and refined carbohydrates. The right 
amount of energy and nutrients intake also 
reduces the risk of the long-term health 
problems particularly obesity, cardiovas-
cular diseases and type 2 diabetes (Ros-
siter et al., 2012). Decisions regarding 

what to eat, when to eat and how much to 
eat represent our dietary habits. Under-
standing dietary habits is crucial since our 
food choices have significance for indivi-
dual health and thus the general health of 
the entire community. 
Proper nutrition is essential for young chil-
dren optimal growth and development. It is 
established that cognitive functioning and 
academic performance of children are 
connected to diet quality as well as break-
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fast consumption (Hoyland et al., 2009; 
Florence et al., 2008). Dietary habits esta-
blished during childhood and adolescence 
are usually maintained later in life (Singer 
et al., 1995). However, concern about 
young population dietary habits is rising 
since high levels of fast food consumption, 
low intake of fruits and vegetables, and 
breakfast skipping seems to be common 
among young population (Larson et al., 
2012; Niemeier et al., 2006). In case those 
aforementioned unfavourable dietary ha-
bits are not corrected in adolescence, they 
tend to be carried further into adulthood 
and may lead to long-term health implica-
tions. 
One of the most important factors which 
affect young population dietary habits is 
family environment established by the 
household economic situation and related 
living conditions, place of residence, as 
well as parental education (Powell et al., 
2010). Parents commonly shape children’s 
dietary habits which should be later com-
plemented with the proper education pro-
vided in schools. With the beginning of 
school education factors such as the 
school environment and peers also gain 
greater impact on dietary habits, conside-
ring a prolonged time of being outdoors 
due to school attendance (Krusinska et al., 
2017). In addition, direct positive influence 
on school children dietary habits can be 
implemented through policies regarding 
diversity and price of foods available in 
schools. However, a potentially negative 
influence in relation to dietary habits could 
be gained indirectly through peer’s body 
image perception (Stevenson et al., 2007). 
Furthermore, dietary habits and the diver-
sity of consumed food are greatly depen-
dent on socioeconomic status since low 
economic status might alter children's 
current and long-term dietary habits 
(Krusinska et al., 2017). Not all factors 
affecting dietary habits are changeable 
but, environmental and food-related expe-
riences are, and these are proved to be 
crucial for the children's dietary habits de-
velopment (Birch, 1999). 

Another emerging problem related to 
young population diet is time and fre-
quency of meal intake and meal skipping. 
Common habits among the young po-

pulation are skipping or having an inap-
propriate or insufficient breakfast and re-
placing dinner with snacks. An outcome of 
such habits could be low nutritional diet 
quality caused by inappropriate nutrient in-
take and an increased risk for overweight 
and obesity (Rodrigues et al., 2017). 
Additionally, factors such as high-density 
energy intake, sedentary lifestyle and lack 
of physical activity also have an impact on 
obesity development among the young 
population. More than double increase in 
obesity rate occurred since 1980 world-
wide implying an emerging problem (Meşe 
et al., 2017). To assess the individual’s 
nutritional status, regarding obesity, body 
mass index (BMI) is used. According to 
the WHO a 4 class classification consi-
dering BMI is presented: underweight 
(BMI<18.5 kg/m2), normal range (BMI 
19−24.99 kg/m2), overweight (BMI≥25 
kg/m2) and obese (BMI≥30 kg/m2) valid for 
adults of both genders (WHO, 2016b). In 
order to estimate children’s nutritional 
status WHO developed special Growth 
Charts for school-aged children and ado-
lescents and introduced BMI cut-offs in 
respect to BMI for adults (WHO, 2007). 
The share of obese (BMI≥30 kg/m2) in the 
adult population in Serbia was 21.50% for 
both genders according to the data 
reported by the WHO (2016c). Conside-
ring corresponding shares in the sur-
rounding countries, excluding Bosnia and 
Herzegovina, Serbia is a country with the 
lowest prevalence of obesity and occupies 
31st place in Europe. Obesity is on third 
place among risk factors (24.8%) for the 
development of cardiovascular diseases, 
which are the leading cause of mortality in 
Serbia (54%) (WHO, 2014). The leading 
risk factor for the development of diabetes 
in Serbia is overweight (57.5%), while se-
cond and third place occupy physical 
inactivity (41.4%) and obesity (21.1%) 
(WHO, 2016d). 

To prevent the emergence of health 
implications in adulthood, tracking the die-
tary habits among the young population is 
crucial as well as tracking of other factors 
(environmental factors, socioeconomic 
status, food availability, food-related expe-
riences) which affect these habits. The ob-
jective of the present study was to esti-
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mate and compare basic dietary habits, 
the frequency of meal intake and physical 
activity of elementary and high school stu-
dents considering their BMI. 

MATERIALS AND METHODS 

Study population 

Survey was conducted in elementary and 
high schools in the province of Vojvodina, 
Serbia among Hungarian nationality stu-
dents. Participants were students atten-
ding 5th and 7th grade of elementary school 
and 3rd grade of high school with age 
ranging from 11 to 18. The total number of 
surveyed participants was 525 of which 
223 were males (42.5%) and 302 were 
females (57.5%). The majority of the parti-
cipants were from rural area (80%). Basic 
characteristics of the studied population 
are presented in Table 1. The participation 
in the survey was anonymous and on a 
voluntary basis. Information about study’s 
aim and collected data handling were 
envisaged to participants before comple-
ting the questionnaire.  

Survey characteristics 

A self-designed questionnaire was deve-
lopped in order to collect information on 
dietary habits, the frequency of meal in-
take and physical activity of the par-
ticipants. One section of the questionnaire 
included demographic data (gender and 

age) along with social and cultural data 
focused on degree course and place of 
residence. In the second section, partici-
pants completed the questionnaire by mar-
king the offered responses on their dietary 
habits and physical activity practice.  
Data analysis 
The answers provided by the survey were 
coded and collected in a database using 
Microsoft Excel 2010. Results were proc-
essed using the pivot tables in the 
Microsoft Excel 2010 and expressed as 
the percentage of participants based on 
BMI. For the graphical presentation of the 
survey results, Statistica 13.3 (TIBCO 
Software Inc., USA) was used. 

RESULTS AND DISCUSSION 
Survey was conducted among Hungarian 
nationality students during 2017/2018 
school year in elementary and high scho-
ols in the province of Vojvodina, Serbia. 
High school students were among the ma-
jority of the surveyed population (38.9%), 
followed by the participants from 7th 
(35.4%) and 5th (25.7%) grade of elemen-
tary school. With respect to gender, the 
number of female participants was slightly 
higher compared to male participants 
(Tab. 1). Nutritional status of the studied 
population based on BMI-for-age consi-
dering gender and education level is pre-
sented in Tables 2 and 3, respectively.  

 
Table 1.  
Basic characteristics of the studied population  

Table 2.  
Distribution of males and females (n) in the studied population according to the BMI-for-age  

Education level Males Females Total 
n % n % n % 

Elementary school 5th  
grade 

66 48.89 69 51.11 135 100 

Elementary school 7th  
grade 

86 46.24 100 53.76 186 100 

High school 3rd  grade 71 34.80 133 65.20 204 100 
Total 223 100 302 100 525  

BMI classification Males Females Total 
n % n % n % 

Underweight 2 0.90 9 2.98 11 2.10 
Normal range 142 63.68 228 75.50 370 70.48 
Overweight 53 23.77 51 16.89 104 19.81 
Obese 26 11.66 14 4.64 40 7.62 
Total 223 100 302 100 525 100 
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of physical activity also have an impact on 
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adults of both genders (WHO, 2016b). In 
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both genders according to the data 
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which are the leading cause of mortality in 
Serbia (54%) (WHO, 2014). The leading 
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tary school. With respect to gender, the 
number of female participants was slightly 
higher compared to male participants 
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Table 3.  
Distribution of education levels in the studied population according to the BMI-for-age 

Participants with normal range nutritional 
status were the most numerous (~70%, 
Tab. 2 and 3) followed by participants with 
overweight nutritional status (~20%, Tab. 
2 and 3) regardless of gender and edu-
cation level. Underweight and obese nu-
tritional status in the studied population 
was recorded in a lesser extent with a 
share of 2.1% and 7.62%, respectively 
(Tab. 2 and 3). Considering gender, there 
were more overweight and obese males 
(23.77% and 11.66%, respectively) com-
pared to the females (16.89% and 4.64%, 
respectively) (Tab. 2). Furthermore, the 
number of females with normal range 
nutritional status was about 11% higher 
compared to males (Tab. 2). Underweight 
nutritional status among females was 
2.98%, while for males was 0.9%. 
Considering education level, the number 
of overweight participants was 10% higher 
in 7th grade of elementary school compa-
red to the 5th grade and 3rd grade of high 
school (Tab. 3). Increase in the number of 
overweight participants in 7th grade of ele-
mentary school (25.81%) consequently 
reflected on decrease in the number of 
participants with normal range nutritional 
status (63.90%, Tab. 3). The share of par-
ticipants with normal range nutritional 
status within the 5th grade of elementary 
school was around 70% while for 3rd grade 
of high school was the highest, 77.94%. 
Distribution of participants with under-
weight nutritional status was approxima-
tely uniform across the examined edu-
cation levels (Tab. 3). A small group of 
participants with underweight nutritional 
status was present in the studied popu-
lation (2.10%) which is reflected by their 
wider share regarding calculations based 
on their number, and hence these results 
were considered irrelevant.  
In terms of physical activity, the results 
showed that 59.43% of participants were 

engaged in some physical activity which is 
in agreement with findings of Simovska-
Jarevska et al. (2012). 40% of participants 
were physically inactive which could po-
tentially forecast a sedentary lifestyle with 
all its consequences in adulthood (Ács et 
al., 2011). When addressing the frequency 
of physical activity, only 18.64% of parti-
cipants were physically active on daily 
basis, whereas 47.91% and 33.44% of 
participants were active 3−4 and 1−2 
times per week, respectively. In Figure 1 
are presented responses obtained for 
leisure-time physical activity practice 
among participants in relation to BMI-for-
age. A higher share of participants with 
normal range nutritional status (60.81%) 
affirmed that they were physically active 
compared to participants with obese nu-
tritional status (55%).  

The opposite results were observed for the 
lack of physical activity, 38.38% and 45% 
of participants with normal range and 
obese nutritionnal status, respectively (Fig. 
1). Obtained results showed that partici-
pants with effective physical activity had 
lower BMI similarly to the previous findings 
re-ported by the Breitenbach et al. (2016) 
and Saris et al. (2003).  

As regard to the meal skipping and meal 
frequency, it is determined that 11.05% of 
all participants do not have breakfast at all, 
while snack (8.76%), lunch (6.29%), and 
dinner (2.86%) are omitted in a lower per-
centage. Breakfast was also the most 
skipped  meal   (47.83%)   among   partici-
pants. These results are consistent with 
the previous study of Meşe et al., (2017) 
conducted in Turkey where the breakfast 
skipping share was 39.2%. 

A similar study conducted in Bosnia and 
Herzegovina reveal that only 25% of par-
ticipants have regular breakfast (Lošić and 
Čačić Kenjerić, 2015). 

 BMI classification  
Education level Underweight Normal range Overweight Obese Total 

n % n % n % n % n % 
Elementary school 5th grade 3 2.22 94 69.63 22 16.30 16 11.85 135 100 
Elementary school 7th grade 5 2.69 117 63.90 48 25.81 16 8.60 186 100 
High school 3rd grade 3 1.47 159 77.94 34 16.67 8 3.92 204 100 
Total 11 2.10 370 70.48 104 19.81 40 7.62 525 100 
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Figure 1. Regular physical activity practice among the studied population according to the BMI-for-age 

Making a habit of breakfast skipping in 
childhood tend to be carried into adulthood 
and is correlated with higher values of 
fasting insulin, higher BMI, higher total 
cholesterol, and low-density lipoprotein 
cholesterol concentrations (Smith et al., 
2010). The regular number of main meals 
per week had 66.48% of participants 
whereas the number of snacks between 
meals was lower than recommended. 
33.52% of participants stated that they 
have one snack in a day which is in ac-
cordance with reported results from similar 
study (Meşe et al., 2017). Discouraging 
fact is that only 0.19% of participants 
consumed two snacks on daily basis 
considering that consumption of five meals 
per day is important for school children 
growth and cognitive function develop-
ment. Additionally, main meals skipping on 
daily basis influences the metabolism of 
carbohydrates and lipids, and is related 
with a reduced thermogenic effect of 
foods, hence affecting long-term weight 
gain (Farshchi et al., 2015). 

Figure 2 illustrates the number of weekly 
meals in the studied population consi-
dering classification according to BMI-for-
age. With respect to breakfast con-sum-
ption, 41.08% of participants with nor-mal 
range nutritional status and 50% of parti-

cipants with obese nutritional status follo-
wed the pattern of regular breakfast con-
sumption on daily basis (Fig. 2). In the 
study of Taljić (2015) conducted in Canton 
of Sarajevo share of participants with 
normal rage nutritional status was two 
times higher (81%), whereas much lower 
percentage of participants with overweight 
(10.1%) and obese nutritional status 
(5.3%) consumed breakfast on daily basis 
compared to presented study. Never-
theless, 10.27% of participants with nor-
mal range nutritional status do not have 
breakfast at all, likewise 17.5% of parti-
cipants with obese nutritional status (Fig. 
2). Furthermore, the habit of having break-
fast two or five times per week in appro-
ximate share (~11%) was observed within 
participants with normal range and over-
weight nutritional statuses (Fig. 2). Never-
theless, the share of participants with obe-
se nutritional status regarding mentioned 
frequencies of meal intake differed, 2.50% 
for two times and 15% for five times a 
week. When addressing the lunch con-
sumption, comparing participants with nor-
mal range and obese nutritional status, 
large differences were not observed since 
81−85% stated that consume lunch on 
daily basis (Fig. 2). Less than 1% of all 
participants, regardless of nutritional sta-
tus, stated that they do not have lunch. 
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n % n % n % n % n % 
Elementary school 5th grade 3 2.22 94 69.63 22 16.30 16 11.85 135 100 
Elementary school 7th grade 5 2.69 117 63.90 48 25.81 16 8.60 186 100 
High school 3rd grade 3 1.47 159 77.94 34 16.67 8 3.92 204 100 
Total 11 2.10 370 70.48 104 19.81 40 7.62 525 100 
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Figure 1. Regular physical activity practice among the studied population according to the BMI-for-age 

Making a habit of breakfast skipping in 
childhood tend to be carried into adulthood 
and is correlated with higher values of 
fasting insulin, higher BMI, higher total 
cholesterol, and low-density lipoprotein 
cholesterol concentrations (Smith et al., 
2010). The regular number of main meals 
per week had 66.48% of participants 
whereas the number of snacks between 
meals was lower than recommended. 
33.52% of participants stated that they 
have one snack in a day which is in ac-
cordance with reported results from similar 
study (Meşe et al., 2017). Discouraging 
fact is that only 0.19% of participants 
consumed two snacks on daily basis 
considering that consumption of five meals 
per day is important for school children 
growth and cognitive function develop-
ment. Additionally, main meals skipping on 
daily basis influences the metabolism of 
carbohydrates and lipids, and is related 
with a reduced thermogenic effect of 
foods, hence affecting long-term weight 
gain (Farshchi et al., 2015). 

Figure 2 illustrates the number of weekly 
meals in the studied population consi-
dering classification according to BMI-for-
age. With respect to breakfast con-sum-
ption, 41.08% of participants with nor-mal 
range nutritional status and 50% of parti-

cipants with obese nutritional status follo-
wed the pattern of regular breakfast con-
sumption on daily basis (Fig. 2). In the 
study of Taljić (2015) conducted in Canton 
of Sarajevo share of participants with 
normal rage nutritional status was two 
times higher (81%), whereas much lower 
percentage of participants with overweight 
(10.1%) and obese nutritional status 
(5.3%) consumed breakfast on daily basis 
compared to presented study. Never-
theless, 10.27% of participants with nor-
mal range nutritional status do not have 
breakfast at all, likewise 17.5% of parti-
cipants with obese nutritional status (Fig. 
2). Furthermore, the habit of having break-
fast two or five times per week in appro-
ximate share (~11%) was observed within 
participants with normal range and over-
weight nutritional statuses (Fig. 2). Never-
theless, the share of participants with obe-
se nutritional status regarding mentioned 
frequencies of meal intake differed, 2.50% 
for two times and 15% for five times a 
week. When addressing the lunch con-
sumption, comparing participants with nor-
mal range and obese nutritional status, 
large differences were not observed since 
81−85% stated that consume lunch on 
daily basis (Fig. 2). Less than 1% of all 
participants, regardless of nutritional sta-
tus, stated that they do not have lunch. 
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Still, 5.41% of participants with normal ran-
ge nutritional status and 7.50% of parti-
cipants with obese nutritional status have 
lunch once a week (Fig. 2). In contrast to 
our findings, Meşe et al. (2017) reported 
that the most skipped meal in Turkey 
among students besides breakfast 
(39.2%) was lunch (39.7%). With respect 
to snack consumption, 35.68% of partici-
pants with normal range nutritional status 
and 32.50% of participants with obese nu-
tritional status have one snack on daily 
basis (Fig. 2). In contrast, 15−15.38% of 
participants with overweight and obese 

nutritional statuses confirmed that they do 
not have snack at all which was appro-
ximately two times higher compared to 
participants with normal range nutritional 
status. Habit of having snack five times 
per week was noticed for 23.24% of par-
ticipants with normal range and 15% of 
participants with obese nutritional status 
(Fig. 2). As regard to dinner consumption, 
62.16% of participants with normal range 
nutritional status and 62.50% of partici-
pants with obese nutritional status followed 
the pattern of regular dinner consumption 
on daily basis (Fig. 2). Similarly to snacks, 
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a higher percentage of participants with 
obese nutritional status (5%) stated that 
they do not have dinner when compared to 
participants with normal range nutritional 
status (1.35%). Nevertheless, the habit of 
having dinner once per week was more 
noticeable among participants with normal 
range nutritional status (7.03%) compared 
to participants with obese nutritional status 
(5%). On the other hand, dinner consum-
ption five times per week was most fre-
quent among participants with obese nu-
tritional status (15%) (Fig. 2). To over-co-
me irregularities in meal intake, adopting 
proper eating habits in early childhood is 
essential. Furthermore, maintenance of 
the adopted habits should be a priority re-
gardless of other activities.  
The obtained results concerning the fre-
quency of various foods consumption ac-
cording to the BMI-for-age are summa-
rized in Table 4. The participants were 
asked to respond on intake frequency of 
basic foodstuff from the food pyramid and 
foodstuff considered as unhealthy (pizza 
and carbonated juices). It was noticed that 
meat was consumed usually 2−4 times a 
week among all participants regardless of 
nutritional status (Tab. 4). Participants with 
normal range nutritional status were the 
most numerous regarding the mentioned 
frequency of meat consumption (57.57%) 
followed by overweight (52.88%), obese 
(52.50%) and underweight (45.45%) parti-
cipants. These findings are in agreement 
with results obtained in the study of Lošić 
and Čačić Kenjerić (2015) conducted 
among young population in Bosnia and 
Herzegovina where 35.3% of studied po-
pulation affirmed that consumes meat 2−3 
times a week. Compared to participants 
with normal range nutritional status, over-
weight nutritional status participants con-
sumed meat in a higher extent on daily ba-
sis (22.22%) but also more often exclude 
meat from the diet (10.42%, Tab. 4). 
Bread and bakery products were con-
sumed most frequently on daily basis re-
gardless of nutritional status (Tab. 4). This 
was expected since bakery products, es-
pecially bread, are traditionally consumed 
in large quantities in the Western Balkan 
region which was confirmed through pre-
vious studies (Šereš et al., 2017a; Šereš 
et al., 2017b; Simovska-Jarevska et al., 

2012). Nevertheless, a decrease in daily 
basis consumption of bread and bakery 
products from 90.91% to 55% was ob-
served among nutritional status classes 
from underweight to obese. Furthermore, it 
was noticed that participants with the 
overweight and obese nutritional statuses 
more often omit or even exclude bread 
from the diet compared to participants with 
underweight and normal range nutritional 
status (Tab. 4). It is assumed that partici-
pants with corresponding nutritional sta-
tus are more attentive to weight control 
and the prevailing opinion is that bread 
consumption contributes to gain in body 
weight which is the main reason for avoi-
dance. 
The highest share of fruits consumption on 
daily basis (≥54.55%) was reported by 
participants from all nutritional status clas-
ses (Tab. 4). Corresponding frequency of 
fruit consumption was also reported 
among adolescents in the study of Lošić 
and Čačić Kenjerić (2015) and male ado-
lescents in the study of Taljić (2015). Par-
ticipants with overweight nutritional status 
were the most numerous regarding daily 
fruit consumption (68.75%) while the share 
of participants with other nutritional sta-
tuses was in the range of 54.55%−57.30% 
(Tab. 4). The reported frequency of pizza 
consumption for all participants regardless 
of nutritional status was 1−2 times a 
month (Tab. 4).  
Participants who reported pizza consum-
ption at corresponding frequency in the 
highest share were those with normal 
range nutritional status (52.16%). The sa-
me share for participants with overweight, 
obese and underweight statuses was 
4−16% lower (Tab. 4). Compared to parti-
cipants with normal range nutritional sta-
tus, participants with obese nutritional sta-
tus consumed pizza in a higher extent on 
daily basis (10%). 
However, an interesting observation was 
that the highest share of participants with 
overweight nutritional status (10.42%) 
confirmed that pizza was not included in 
their diet, followed by participants with 
obese nutritional status (10%, Tab. 4).  
The frequency of carbonated juices con-
sumption differed for different nutritional 
statuses (Tab. 4). 
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a higher percentage of participants with 
obese nutritional status (5%) stated that 
they do not have dinner when compared to 
participants with normal range nutritional 
status (1.35%). Nevertheless, the habit of 
having dinner once per week was more 
noticeable among participants with normal 
range nutritional status (7.03%) compared 
to participants with obese nutritional status 
(5%). On the other hand, dinner consum-
ption five times per week was most fre-
quent among participants with obese nu-
tritional status (15%) (Fig. 2). To over-co-
me irregularities in meal intake, adopting 
proper eating habits in early childhood is 
essential. Furthermore, maintenance of 
the adopted habits should be a priority re-
gardless of other activities.  
The obtained results concerning the fre-
quency of various foods consumption ac-
cording to the BMI-for-age are summa-
rized in Table 4. The participants were 
asked to respond on intake frequency of 
basic foodstuff from the food pyramid and 
foodstuff considered as unhealthy (pizza 
and carbonated juices). It was noticed that 
meat was consumed usually 2−4 times a 
week among all participants regardless of 
nutritional status (Tab. 4). Participants with 
normal range nutritional status were the 
most numerous regarding the mentioned 
frequency of meat consumption (57.57%) 
followed by overweight (52.88%), obese 
(52.50%) and underweight (45.45%) parti-
cipants. These findings are in agreement 
with results obtained in the study of Lošić 
and Čačić Kenjerić (2015) conducted 
among young population in Bosnia and 
Herzegovina where 35.3% of studied po-
pulation affirmed that consumes meat 2−3 
times a week. Compared to participants 
with normal range nutritional status, over-
weight nutritional status participants con-
sumed meat in a higher extent on daily ba-
sis (22.22%) but also more often exclude 
meat from the diet (10.42%, Tab. 4). 
Bread and bakery products were con-
sumed most frequently on daily basis re-
gardless of nutritional status (Tab. 4). This 
was expected since bakery products, es-
pecially bread, are traditionally consumed 
in large quantities in the Western Balkan 
region which was confirmed through pre-
vious studies (Šereš et al., 2017a; Šereš 
et al., 2017b; Simovska-Jarevska et al., 

2012). Nevertheless, a decrease in daily 
basis consumption of bread and bakery 
products from 90.91% to 55% was ob-
served among nutritional status classes 
from underweight to obese. Furthermore, it 
was noticed that participants with the 
overweight and obese nutritional statuses 
more often omit or even exclude bread 
from the diet compared to participants with 
underweight and normal range nutritional 
status (Tab. 4). It is assumed that partici-
pants with corresponding nutritional sta-
tus are more attentive to weight control 
and the prevailing opinion is that bread 
consumption contributes to gain in body 
weight which is the main reason for avoi-
dance. 
The highest share of fruits consumption on 
daily basis (≥54.55%) was reported by 
participants from all nutritional status clas-
ses (Tab. 4). Corresponding frequency of 
fruit consumption was also reported 
among adolescents in the study of Lošić 
and Čačić Kenjerić (2015) and male ado-
lescents in the study of Taljić (2015). Par-
ticipants with overweight nutritional status 
were the most numerous regarding daily 
fruit consumption (68.75%) while the share 
of participants with other nutritional sta-
tuses was in the range of 54.55%−57.30% 
(Tab. 4). The reported frequency of pizza 
consumption for all participants regardless 
of nutritional status was 1−2 times a 
month (Tab. 4).  
Participants who reported pizza consum-
ption at corresponding frequency in the 
highest share were those with normal 
range nutritional status (52.16%). The sa-
me share for participants with overweight, 
obese and underweight statuses was 
4−16% lower (Tab. 4). Compared to parti-
cipants with normal range nutritional sta-
tus, participants with obese nutritional sta-
tus consumed pizza in a higher extent on 
daily basis (10%). 
However, an interesting observation was 
that the highest share of participants with 
overweight nutritional status (10.42%) 
confirmed that pizza was not included in 
their diet, followed by participants with 
obese nutritional status (10%, Tab. 4).  
The frequency of carbonated juices con-
sumption differed for different nutritional 
statuses (Tab. 4). 
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Table 4.  
Relation between participants’ BMI-for-age and consumption of various foods  

 

The highest intake of carbonated juices on 
daily basis was observed among parti-
cipants with overweight nutritional status 
(29.17%, Tab. 4). However, the highest 
share of participants with normal range 
nutritional status (29.46%) stated that they 
drink carbonated juices 2−4 times a week. 
Similarly to pizza, participants with over-
weight nutritional status (11.11%) confir-
med carbonated juices exclusion from diet 
in higher extent compared to participants 
with normal range nutritional status 
(9.19%). 

CONCLUSIONS 
This study aimed to give an insight on ele-
mentary and high school students’ dietary 
habits and physical activity in relation to 
BMI-for-age. Although the most of partici-
pants fall within normal range nutritional 
status, sedentary lifestyle, physical inac-
tivity, and habits of main meals skipping 
are emerging among the studied young 

population. Confirmation of this obser-
vation relies on increasing number of 
obese participants among 5th grade ele-
mentary school students as well as in-
creased number of overweight partici-
pants among 7th grade elementary school 
students.  
High risk for obesity development in ado-
lescence could forecast long-term health 
implications with consequences in adult-
hood, and hence alter the general health 
of the entire community. In order to com-
pletely understand development and chan-
ges in dietary habits, a complex influence 
of many factors needs to be considered 
and wider population subjected to a sur-
vey.  
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BMI classification Meat Bakery 
products Fruits Pizza Carbonated 

juices 
% % % % % 

Underweight 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
18.18 
45.45 
27.27 
9.09 

0 

 
90.91 
9.09 

0 
0 
0 

 
54.55 
36.36 
9.09 

0 
0 

 
0 

27.27 
18.18 
36.36 

0 

 
18.18 
36.36 
36.36 

0 
9.09 

Normal range 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
19.73 
57.57 
15.95 
3.24 
0.27 

 
67.57 
17.03 
6.22 
3.51 
2.70 

 
57.30 
29.73 
5.68 
4.32 
1.35 

 
2.16 
13.51 
21.62 
52.16 
7.84 

 
20.81 
29.46 
21.35 
16.22 
9.19 

Overweight 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
22.22 
52.88 
19.44 
3.47 

10.42 

 
59.03 
22.22 
8.33 
2.78 
4.86 

 
68.75 
22.92 
4.17 
2.08 
1.39 

 
6.25 
8.33 
25.69 
47.92 
10.42 

 
29.17 
29.17 
16.67 
10.42 
11.11 

Obese 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
17.50 
52.50 
20.00 
7.50 
2.50 

 
55.00 
27.50 
5.00 
2.50 
5.00 

 
55.00 
30.00 
10.00 

0 
2.50 

 
10.00 
2.50 
27.50 
45.00 
10.00 

 
17.50 
37.50 
30.00 
5.00 
7.50 
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The highest intake of carbonated juices on 
daily basis was observed among parti-
cipants with overweight nutritional status 
(29.17%, Tab. 4). However, the highest 
share of participants with normal range 
nutritional status (29.46%) stated that they 
drink carbonated juices 2−4 times a week. 
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BMI classification Meat Bakery 
products Fruits Pizza Carbonated 

juices 
% % % % % 

Underweight 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
18.18 
45.45 
27.27 
9.09 

0 

 
90.91 
9.09 

0 
0 
0 

 
54.55 
36.36 
9.09 

0 
0 

 
0 

27.27 
18.18 
36.36 

0 

 
18.18 
36.36 
36.36 

0 
9.09 

Normal range 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
19.73 
57.57 
15.95 
3.24 
0.27 

 
67.57 
17.03 
6.22 
3.51 
2.70 

 
57.30 
29.73 
5.68 
4.32 
1.35 

 
2.16 
13.51 
21.62 
52.16 
7.84 

 
20.81 
29.46 
21.35 
16.22 
9.19 

Overweight 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
22.22 
52.88 
19.44 
3.47 

10.42 

 
59.03 
22.22 
8.33 
2.78 
4.86 

 
68.75 
22.92 
4.17 
2.08 
1.39 

 
6.25 
8.33 
25.69 
47.92 
10.42 

 
29.17 
29.17 
16.67 
10.42 
11.11 

Obese 
    daily 
    2-4 times a week 
    once a week 
    1-2 times a 
month 
    almost never 

 
17.50 
52.50 
20.00 
7.50 
2.50 

 
55.00 
27.50 
5.00 
2.50 
5.00 

 
55.00 
30.00 
10.00 

0 
2.50 

 
10.00 
2.50 
27.50 
45.00 
10.00 

 
17.50 
37.50 
30.00 
5.00 
7.50 
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НАВИКЕ У ИСХРАНИ И ФИЗИЧКА АКТИВНОСТ ОМЛАДИНЕ У 
ВОЈВОДИНИ У ЗАВИСНОСТИ ОД ИНДЕКСА ТЕЛЕСНЕ МАСЕ 

Зита И. Шереш1, Ференц Е. Киш2, Драгана М. Шороња Симовић1, Петер Распор3, Маријана З. 
Ђорђевић1, Миљана З.Ђорђевић*1, Соња Смоле Можина3, Никола Р. Маравић1,  

Јана Ј. Захорец1 
1 Универзитет у Новом Саду, Технолошки факултет, Катедра за инжењерство угљенохидратне 

хране, 21000 Нови Сад, Булевар цара Лазара бр. 1, Србија 
2 Универзитет у Новом Саду, Технолошки факултет, Катедра за опште инжењерске дисциплине, 

21000 Нови Сад, Булевар цара Лазара бр. 1, Србија 
3 Универзитет у Љубљани, Биотехнички факултет, Катедра за прехрамбену технологију, 

1000 Љубљана, Јамникарјева бр. 101, Словенија 

Сажетак: Здрава исхрана и развијање здравих навика у исхрани у периоду 
адолесценције заједно са одговарајућом физичком ативношћу препознати су као кључни 
фактори за добро дугорочно здравље. Ово истраживање спроведено је у виду анкетног 
упитника са циљем да се прикупе информације о навикама у исхрани, учесталости 
конзумирања оброка и упражњавању физичке активности међу омладином. У истраживању су 
учествовали ученици основних и средњих школа у Војводини (Србија) мађарске националности. 
Истраживањем је обухваћено 525 испитаника (42,5% дечака и 57,5% девојчица) већином 
настањених у руралним подручјима. Индекс телесне масе испитаника одређен је како би се 
проценио нутритивни статус и ризик од појаве прекомерне телесне тежине међу омладином. 
Већина испитаника имала је нормални нутритивни статус (70,48%), док је број оних са 
прекомерном телесном тежином (19,81%) и гојазних (7,62%) био мањи. Више гојазних и оних са 
прекомерном телесном тежином било је међу дечацима. Повећање броја деце са прекомерном 
телесном тежином забележено је у седмом разреду основне школе (25,81%). У популацији 
обухваћеној истраживањем такође је забележена недовољна физичка активност и нередовност 
у конзумирању оброка што је индикатор за потенцијални развој гојазности у зрелом добу.    

Кључне речи: омладина, квалитет исхранe, учесталост оброка, индекс телесне 
масе, физичка активност  
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EFFECT OF MOLECULAR MASS AND SURFACE CHARGE OF ANIONIC 
POLYACRYLAMIDE ON PECTIN PRECIPITATION  
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ABSTRACT: In sugar industry, separation of undesirable compounds in sugar beet juice is done 
mostly by CaO and carbon dioxide. In order to reduce the amount of lime, a new method of pectin 
separation based on the application CaSO4 with the addition of various types of anionic 
polyacrylamides (PAMs) is presented. The effects of molecular weight (MW) and the surface charge 
type of anionic polyacrylamides on the pectin precipitation were investigated. These compounds 
cause the process of charge neutralization of pectin macromolecules, followed by two mechanisms of 
polymeric bridging effect: Ca2+ bridges between anionic polymer molecules and pectin particles that 
promote the coagulation of pectin and Ca2+ bridges between anionic polymers that hinder coagulation 
of pectin. The aim of this paper was to examine the effect of CaSO4 mixture and anionic PAMs of 
different molecular weights and degree of ionizaton to increase the efficiency of removal of pectin from 
sugar beet juice. 
Two pectin preparations were isolated from sugar beet pulp. CaSO4 was added to 100 cm3 (0.1 % wt) 
pectin solution. Studies were performed with 10 different concentrations of CaSO4 solution (50-500 
mg/dm3) with the addition of anionic PAM with two ionization degree and three molecular weight, 
concentrations of 3 mg/dm3. The efficiency of pectin precipitation was monitored by measuring the 
zeta potential. The bridging effect of Ca2+ ions between anionic PAMs and pectin has increased with 
an increase in the MW of the anionic PAMs. Using anionic PAM of the largest MW (1500 · 106g/mol) 
and a lower degree of ionization (30%), the optimal amounts of CaSO4 were measured: 340-355 
mg/dm3. These optimal concentrations were achieved at the zero value of the potential zeta when the 
pectin particles were discharged. 

Key words: pectin, CaSO4, anionic polyacrylamide, molecular weight, ionic degree 

 
 

 

INTRODUCTION 
Removal of impurities (consisting of both 
soluble and insoluble non-sugar com-
pounds) from sugar beet juice by clari-
fication is an essential part of the process 
of raw sugar manufacture. 
Traditional inorganic salts of polyvalent 
metals and their polymers have been used 
for decades as coagulants in various pro-

cesses of separation due to their advan-
tages, above all, due to low prices.  
With various coagulation-flocculation pro-
cesses, the multivalent metals are adsor-
bed onto negatively charged colloidal par-
ticles (Yang et al., 2016). In the recent 
papers (Kuljanin et al., 2015a; Kuljanin et 
al., 2015b), a new method for separating 
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