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INFLUENCE OF FREQUENCY OF FERMENTED MILK PRODUCTS
CONSUMPTION IN PERSONS WITH HYPERINSULINEMIA AND ELEVATED
BODY MASS ON THE DEGREE OF INSULIN RESISTANCE

Eleonora Delinikolova®, Vezirka Jankuloska, Tatjana Blazhevska, Tatjana Kalevska,
Tanja Stojanovska, Katerina Temelkovska, Daniela Nikolovska Nedelkoska

Faculty of Technology and Technical Sciences, Veles, “St. Kliment Ohridski” University- Bitola, Dimitar Vlahov 57,
1400 Veles, Republic of North Macedonia

original scientific paper
Summary

Fermented dairy products with a low percentage of fat play a role in modulating the function of p-cells of the pancreas and increased
sensitivity to insulin. The purpose of this research is to verify the influence of the type and quantity, of consumed fermented milk products
(yogurt and kefir), on the degree of insulin resistance, through Homeostatic Model Assessment for Insulin Resistance (HOMA-IR). The
research was conducted on 175 people, from whom 103 women and 73 men, aged 25 to 75 years, with hyperinsulinemia and have increased
body mass. Respondents were interviewed with a survey questionnaire that refers to the frequency, quantity, and type of consumed
fermented milk products with different percentages of fats. From the obtained results, 56 (32%) have a habit of daily consumption, and the
most frequently used daily amount is 250 mL in 127 (74.70%) participants. Statistical significance (p=0.015) was determined between the
frequency of consumption and HOMA-IR in the age group between 41 and 55 years. The participants of this age group who have a higher
value of the index tend to consume fermented milk products more often, which leads to the conclusion that the consumption of the
fermented milk products can have an impact on HOMA-IR in this age group. The statistical analysis of the results obtained for the age
groups: 25 to 40 years, and 56 to 75 years showed that there is no significant difference between the frequency of fermented dairy products
consumption and HOMA-IR index of the subjects in the groups.

Keywords: hiperinsulinemia, nutrition, fermented dairy products, insulin resistance

Introduction

Lifestyle diseases are conditions resulting from our
lifestyle, work habits, and daily functioning (Balwan etal.,
2021). Metabolic syndrome (MetS) is a cluster of
comorbid conditions including obesity, hypertension, and
disordered carbohydrate and lipid metabolism (Alberti et
al., 2009; Dobrowolski et al., 2022). Abdominal obesity
and insulin resistance are among the most prominent
factors contributing to the development of MetS, along
with other associated health issues, sedentary lifestyles,
the aging process, and hormonal imbalances (Grundy et
al., 2005). The distribution of body fat is also a critical
factor; an increased proportion of visceral fat relative to
subcutaneous adipose tissue can lead to a greater degree of
insulin resistance. This is attributed to the release of non-
esterified fatty acids that accumulate in other tissues and
internal organs, thereby exacerbating insulin resistance
(Swarup et al., 2022). In the development of metabolic
syndrome, the changes often commence with the onset of
hyperinsulinemia, followed by an increase in body mass.
In such instances, the initial visible symptom of metabolic
alterations is the increase in body mass (Crofts et al.,
2016). Type 2 diabetes (T2D) is usually preceded by
increased insulin resistance, i.e. decreased insulin
sensitivity, which can be assessed by the insulin resistance
index (HOMA-IR) (Vladu et al., 2022). Insulin resistance
is closely linked to hyperinsulinemia. Both insulin

*Corresponding author: eleonora.delinikolova@uklo.edu.mk

resistance (IR) and inadequate insulin secretion are the
primary pathogenic factors contributing to impaired
glucose tolerance (IGT) and the onset of type 2 diabetes
(T2D) (Kelly et al., 2014; Crofts et al., 2015). Mortality
associated with hyperglycemia and overweight/obesity is
estimated at 6% and 5%, respectively (Wylie-Rosett &
Jhangiani, 2015).

Diet and lifestyle play a significant role in influencing
hyperinsulinemia (Crofts et al., 2016). The consumption
of low-fat fermented dairy products, such as yogurt, has
shown positive effects in preventing glucose intolerance
and the development of type 2 diabetes. Research
indicates that consuming 200 g of yogurt per day results in
a 57% risk reduction for the development of MetS and a
22% risk reduction for T2D, while consuming 244 g of
yogurt per day leads to an 18% risk reduction, and 80 g of
yogurt per day results in a 14% risk reduction compared to
a diet without yogurt (Cheraghi et al., 2016; Fernandez et
al., 2017).

Milk contains multiple components that promote insulin
sensitivity, including calcium, magnesium, potassium,
vitamin D, protein, and other compounds (Fumeron et al.,
2011; Aune et al., 2013). Additionally, the positive impact
of whey protein on the regulation of certain hormones
related to satiety, lipid metabolism, and insulin secretion
has been observed (Elwood et al., 2010). Cis-9, trans-11
conjugated linolenic acid present in milk products has
been shown to play a role in regulating body weight
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(Moloney et al., 2007; Mozaffarian et al., 2010).
Furthermore, the lactic acid bacteria found in fermented
products have an impact on gut microbiota and sensations
of satiety (Sluijs et al., 2012; Garcia-Burgos et al., 2020).
On the other hand, the consumption of dairy products with
a high energy content, such as full-fat dairy products, may
lead to adverse metabolic effects (Struijk et al., 2013). As
per a meta-analysis conducted by Tong et al. (2011),
individuals with the highest consumption of milk and
dairy products had a 14% lower risk of developing type 2
diabetes (T2D) compared to those who consumed fewer
or no dairy products. The same authors also observed an
inverse correlation between the consumption of full-fat
dairy products and the risk of T2D, a correlation that was
evident only in the case of skimmed milk and low-fat dairy
products. The association has not been confirmed for full-
fat dairy products (Tong et al., 2011). The consumption of
full-fat dairy products, including cheese with 25% and
32% fat, or reduced-fat cheese with 13% and 16% fat,
does not have a direct impact on fasting glycemia, fasting
insulin, or HOMA-IR (Raziani et al., 2016). Fermentation
enhances the nutritional value of yogurt compared to milk,
as it improves the bioavailability of certain trace elements,
including calcium, magnesium, and vitamin B, which
are associated with a reduced risk of type 2 diabetes (T2D)
(Pittas et al., 2007). Dietary guidelines in the United States
suggest a daily consumption of 3 cups of fat-free or low-
fat (up to 1%) milk, yogurt and dairy products. Similarly,
in the UK, low-fat, low-sugar dairy products are
recommended as part of the Eatwell Guide, but no specific
guantity recommendations are provided (Middleton et al.,
2016).

Materials and methods

In this study, a group of 175 individuals, consisting of 71
men and 104 women, who had been diagnosed with
hyperinsulinemia and had elevated body mass, were
included. All participants were aged 25 or older and had a
body mass index (BMI) indicating excessive weight gain

30%
25%
20%

15%

10%
5% I
0% l

25-40 years 41-55years 56-75 years

Man

or obesity. Through survey questionnaires, participants
were interviewed regarding the quantities and frequencies
of dietary product consumption. Additionally, the same
criteria were applied to assess the inclusion and inquire
about the frequency, amount, and percentage of fat content
in fermented dairy products, specifically yogurt and kefir,
in their diet. The data collected through subjective
responses served as the basis for further analysis
(Delinikolova & Jankuloska, 2022). The degree of insulin
resistance, as calculated using the formula for
Homeostatic model assessment for insulin resistance
(HOMA-IR), is obtained by dividing the product of fasting
glucose (mmol/L) and fasting insulin (mIU/L) by 22.5
(Matthews, 1985). The degree of obesity is calculated
using the formula for Body Mass Index (BMI), which
involves the ratio of body mass (kg) to the square of body
height (m)? (Weir, 2023). The analysis was conducted
using Python software, specifically version 3.4 (Payton,
2014). To test the hypotheses, Pearson's chi-square ()
test was applied at a significance level of 0=0.05
(Ludbrook, 2008).

Results and discussion

The anthropometric characteristics of the subjects were as
follows: In women, the average age was 34.33 + 12.66
years, the average height was 163.48 & 6.69 cm, and the
average weight was 86.44 + 13.35 kg. For men, the
average age was 47.06 = 11.00 years, the average height
was 172.26 & 7.24 cm, and the average weight was 98.11
+ 12.48 kg. From these parameters, average BMI values
were derived, with values of 32.21 + 3.57 kg/m? in women
and 33.02 + 3.32 kg/m? in men. For the purposes of the
study, the subjects were categorized into three age groups:
25 10 40 years, 41 to 55 years, and 56 to 75 years. In both
sexes, the most prevalent BMI range was > 30 (kg/m?) and
< 35 (kg/m?) in the age groups of 25 to 40 years,
accounting for 24% of women and 20% of men.

Body mass, expressed as a percentage, for all subjects
within each gender and age group is shown in Figure 1.

25-40 years 41-55years 56-75 years

Women

M Obesity Obesity | Obesity type Il Obesity type Ill
> 25 (kg/m2) > 30 (kg/m2) > 35 (kg/m2) > 40 (kg/m2)
- <30 (kg/m2) - <35 (kg/m2) 1 <40 (kg/m2)

Figure 1. Body mass by sex and age in all age groups
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The degree of insulin resistance was determined using
the HOMA-IR formula. In women, fasting glucose
levels were 6.10 + 0.46 mmol/L, and fasting insulin
levels were 18.87 + 5.04 mIU/L. In men, fasting
glucose measured 6.24 + 0.51 mmol/L, while fasting
insulin was 19.14 + 4.35 mIU/L. The mean HOMA-IR
for all subjects was 5.21 + 1.44. Of the 175 subjects,
the majority, 130 individuals, exhibited high insulin
resistance  (HOMA-IR > 3.8), 44 subjects had

Somethimes

750 ml

1-2 Times per week
500 ml

3-5 Times per week
250 ml

Every day

o

moderate insulin resistance (HOMA-IR = 2.6 to 3.8),
and only one subject had low insulin resistance
(HOMA-IR < 2.6). This analysis confirms that all
subjects exhibit hyperinsulinemia or a pre-diabetic
condition, putting them at risk of developing type 2
diabetes (T2D) (Delinikolova & Jankuloska, 2022).
The results regarding the consumption of dairy
products, such as yogurts and kefir, are shown in the
Figure 2.

70 80

Figure 2. Fermented dairy products (quantity and frequency)

The results indicate that dairy products, such as yogurt
and/or kefir, are a part of the subjects' diet. A
significant portion of respondents have a daily
consumption habit, with 32% of them incorporating
these products into their diet every day. Additionally,
29.14% consume them three to five times a week.
There is also a percentage of individuals who consume
yogurt and kefir once to twice a week, accounting for
19.42%, and occasionally, with a percentage of 6.57%.
Regarding the quantity of consumption, 74.70% of
those who consume yogurt and kefir do so in the
amount of 250 mL, while 25.29% consume 500 mL.
Only a small portion, 2.8% of the total respondents, do
not consume yogurt and kefir at all.

The dependence of HOMA-IR and the consumption of
fermented milk products was tested. This was done by
formulating the following hypotheses:

Ho: HOMA-IR index and frequency of
consumption of fermented dairy products are
independent variables.

H:: HOMA-IR index depends on the frequency
of consumption of fermented dairy products.

The statistical analysis of the results confirmed that the
frequency of consumption of fermented dairy products
has a statistically significant difference with the
HOMA-IR index of the subjects in the most numerous
(N= 77) age group of subjects, aged between 41 and
55 years (x?(4) = 12.415, p <0.015).

The distribution of the number of subjects in each of
the categories related to the HOMA-IR index and their
weekly consumption of yogurt and kefir, as shown in
Figure 3, indicates correlation with the level of insulin
resistance observed in the subjects in the age group
between 41 and 55 years. In other words, individuals
with higher HOMA-IR index values tend to consume
yogurt and kefir more frequently on a weekly basis.
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Sometimes

per

1-2 Times

week

3-4 Times

per week

Everyday

Figure 3. Fermented dairy (yogurt and kefir) and HOMA-IR

The statistical analysis of the results obtained for the age
groups: 25 to 40 years, and 56 to 75 years showed that
there is no significant difference between the frequency of
consumption of fermented dairy products and HOMA-IR
index of the subjects in the groups (p >0.05).

n=170

The results of the analysis regarding the consumption of
products with varying levels of fat content are presented in
Figure 4.

M Less than 1% fats

m Between 1-2% fats
Between 2-3% fats
3.2% fats

B More than 3.2% fats

Figure 4. Fermented dairy products (% fat content of yogurt and kefir)

From Figure 4, it is evident that the most commonly
consumed fermented dairy products (yogurts and
kefir), at 43%, are those with a full-fat content of
3.2%. Approximately 22% of the subjects consume
fermented dairy products with fat content between 1%
and 2%, while 14% choose products with fat content
between 2% and 3%. About 20% of the subjects prefer
fermented dairy products with low fat content. The
results indicate that the more frequent consumption of
full-fat and semi-fat fermented dairy products partially
explains the high HOMA-IR values in the subjects
who consume them.

49

Conclusion

The conducted research has led to the conclusion that
diet can influence the insulin resistance index and
hyperinsulinemia. Further exploration is needed to
better understand the effects of nutrition and other
factors, such as lifestyle, genetic characteristics etc., in
order to promote public health and prevent the
progression of type 2 diabetes in the modern society.
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Summary

Aim: To investigate whether additional treatment of ischemic heart disease with trimetazidine, proper nutrition and physical
activity could decrease the number of rehospitalizations and overall quality of life of patients with ischemic heart disease.
Methods: The study included 200 patients with ischemic heart disease. The sample is divided into 2 randomly selected groups:
the experimental and control group. The diagnostic procedures included: trade-mill test according to Bruce protocol, heart
ultrasound for assessment of ejection fraction, test for the assessment of quality of life and subjective problems (Short Form SF
36). Patients were tested on time of discharge from hospital, after 6 and 12 months, including reevaluation of the overall condition
of the previous period. Results: Patients have been tested for the endurance of effort with the measurement Metabolic Equivalent
of TASK (METSs) which is the equivalent of physical labor. Patients treated with trimetazidine since the time of hospital discharge
have achieved an average of 3.68, after 6 months 5.68, and after 12 months 7.79 METs. Control and experimental groups showed
a significant difference in the number of hospitalizations for the periods of 6 months and 12 months after treatment. Fewer
hospitalizations were in the group treated with trimetazidine than in those with only conventional therapy after 6 and 12 months.
There is a significant difference in values Respondents' attitudes about how much they shortened their time at work or other
activities as a result of physical health before starting therapy (Ppt <0.001), as well as for a period of 12 months after starting
therapy shows a significant difference (P12 <0.001). The results we have for HDL and LDL after the clinical study show that
patients who were on conventional therapy and trimetazidine and who used a proper diet as well as those who had physical
activity, that their HDL and LDL values were better than at the beginning studies. Conclusion: Patients treated with conventional
therapy including trimetazidine have better tolerance to effort and fewer hospitalizations in the comparison with those treated
without trimetazidine, so trimetazidine has a beneficial effect on reducing the number of hospitalizations and productiveness at
work and improving the quality of life. They had a better lipid status compared to patients who only used conventional therapy.
BMI index was better in patients who used trimetazidine along with conventional therapy and had better psychological health.

Keywords: ischemic heart disease, quality of life with heart ischemia, metabolic therapy, rehospitalization

Introduction

Ischemic heart disease is a clinical syndrome that
occurs after structural heart diseases that directly lead
to heart function disorders, due to which the heart can
not provide enough blood to reconcile the body's need
for oxygen. These patients have symptoms of heart
failure (suffocation, fatigue, edema), as well as
objective signs of cardiac dysfunction while the
patient is at rest, with a positive response to treatment
(McMurray et al., 2012; Mohan SB et al., 2012).
Physiologically cardiomyocytes are replaced with
connective tissue in elderly people. This process is
known as cardiac remodeling (VIodaver Z and et al.,
2012).

Significant changes have taken place in recent years in
the treatment and rehabilitation of heart patients,
especially those diagnosed with coronary heart
disease. Physical training is accepted as an important
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way of prevention and rehabilitation of cardiovascular
patients. There are two main reasons for this. First,
physical inactivity is one of the risk factors for the
development of atherosclerosis and coronary heart
disease. Although it does not belong to the group of
so-called of the main risk factors - arterial
hypertension, dyslipidemia and smoking, its
importance is not small. During physical activity, the
cardiovascular system goes through numerous
changes, such as an increase in the cardiac output,
which is closely related to the degree of expansion of
the blood vessels of the skeletal muscles, which means
also to the metabolic changes that occur in the skeletal
muscles during physical activity. In addition to this
basic relationship in relation to metabolic events, there
is also a reflex activation of sympathetic nerves in
relation to the heart, as well as in relation to the
resistance and capacity of blood vessels of the
systemic circulation. As a result, there is a reflex
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regulation of peripheral vascular resistance, so that the
increased cardiac output from the left ventricle is
directed to the active muscles, and systemic arterial
pressure is maintained within reasonable limits,
despite a large increase in cardiac output.

A proper (healthy, sensible) diet implies a healthy
intake of all necessary nutrients nutrients
(carbohydrates, fats, proteins, vitamins, minerals and
water), in moderation quantitative, diverse, suitable
for age, physical and mental constitution, work and
intellectual efforts, the climate and working
environment in which we live Science confirms that
improper nutrition, the dangers that come from food,
and in a big way measures lifestyle, risk factors of
chronic non-communicable diseases that are the
causes of 65% of mortality in the world and which
have become a worrying public health problem (Coli¢-
Bari¢ 2007).

Heart failure (HF) is a dominant and growing problem
of public health and society as a whole, accounting for
about 1.2 million hospitalizations per year, despite all
available therapeutic agents, new generations of
drugs, and diagnostic devices (Abraham WT et al.,
2011).

In developed countries heart failure occurs in late
phases of life, but in underdeveloped countries heart
failure occurs earlier. It is known that if one person
does not suffer from any other disease, they will die
from heart failure (Task Force Members, Montalescot
et al., 2013). If there are no other diseases,
atherosclerosis develops in blood vessels and in the
heart at the same time. The dynamic of this process is
affected by many factors, including metabolic,
genetic, dietary, physical activity, hormonal, and
many others (Roffi M. et al., 2016). It is estimated that
in the countries of the European Union, about 2% of
adults suffer from heart failure, while that number
grows after the age of 65 to 6-10%. Epidemiological
studies conducted over the years suggest that the
incidence of HF of a certain age and sex has increased
three to four times in the last few decades. In contrast,
the incidence of age- and sex-specific HF increased
from the 1970s to the early 1990s, due to improved
survival of patients with HF (McMurray JJ. et al.,
2012, Abouezzeddine OF, Redfield MM, 2011).
Converting enzyme inhibitors (ACE inhibitors) are
among the most important drugs today, whose primary
goal is to stop the progression of the cardiovascular
continuum. In addition to ACE inhibitors,
conventional therapy includes calcium channel
blockers, diuretics, and beta-blockers (Wijins et al.,
2010; Stergiopoulos et al., 2014; Teerlink JR, Sliva L,
Opie LH., 2013; Munzel T et al., 2011).
Trimetazidine as a metabolic drug in combination with
standard therapy in ischemic heart disease acts by
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selectively inhibiting KAT-(catalytically active).
enzymes and reducing oxidation of fatty acids,
stimulating glycolysis with the formation of a higher
amount of ATP  (Adenosine triphosphate)
(Belardinelli R, Solenghi M, Volpe L, Purcaro A.,
2011). It proves acidosis in the cell by increasing the
calcium concentration, increasing the metabolic rate
of phospholipids (Fragasso G, et al., 2011). In the
same time it protects the cell membrane from
oxidative stress caused by beta-oxidation of fatty
acids, increases myocardial contractility, prevents
myocardial  apoptosis  (through MAPKYAKT
pathway), reduces cardimyocytes sensitivity to
oxygen radicals and reduces the occurrence of
interstitial myocardial fibrosis (through ROS / CTGF
pathway) (Belardinelli R et al., 2007).

Heart failure could be asymptomatic for a few months
or a few years. The first symptoms of heart failure will
develop during an effort, in the beginning just during
great effort, but later with just limited effort (Ng K et
al., 2016).

Patients and methods
Patients and study design

The study was performed in the Department of
Cardiology in University Clinical Center (UCC) in
Tuzla during the year 2017. The study includes 200
patients with ischemic heart disease, by randomization
divided into two groups. The first one, experimental,
was treated with conventional therapy and metabolic
drug trimetazidine in dose of 35 mg daily. Patients
were on a special diet that included smaller meals
several times a day, reduced carbohydrate intake, fatty
and spiced food, but included larger amounts of fruits
and vegetables, cooked dishes and not fried dishes.
Olive was preferred for cooking. Patients had physical
activity for half an hour every day.

The second group was treated only with conventional
therapy, without trimetazidine, and on special diet
same as the experimental groupe of patients and
physical activity for half an hour every day. At the end
of the study, after one year, in experimental group 95
patients were completely followed up (47 females and
48 males), and in control group 84 (44 females and 40
males).

All patients signed informative consent.

Methods

Patients were examined for conventional risks of
ischemic heart disease, including blood cell count,
total cholesterol, high density lipoprotein (HDL)
cholesterol, low density lipoprotein  (LDL)
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cholesterol, triglycerides, urea, creatinine, and fasting
blood glucose.

Patient’s tolerance to effort was examined by trade-
mill stress testing according to Bruce protocol (Guazzi
et al., 2013). For all patients echocardiography were
performed with measurement of ejection fraction (EF)
(Lang RM er al., 2015; Komajda M et al., 2014).

The ergometry test and measurement of ejection
fraction on echocardiography, as well as analysis of
guality of life considered with standardized
guestionnaires, were performed on time of discharge
from hospital, after six months and after 12 months
(Alagiakrishnan et al., 2013).

Standardized and authoritative questionnaires were
used for a realistic assessment of the all aspects quality
of life, including personal satisfaction with emotional
life, life energy, emotional state, mood or depression,
especially parameters of the physical effort.
Laboratory diagnostic conditions, the Bruce protocol
of ergometry, and on the tolerance to the effort that
affects the possibility of daily activities, such as
staging along the stairs, was analyzed in all patients.
Gradation applied as: easily climbing to the third floor
along the stairs represents a good tolerance to effort,
fatigue already at the beginning of the second floor, as
moderate restriction, and fatigue already in the climb
to the first floor as a significant limitation of the
possibility of climbing the stairs.

Quality of life was assessed with standardized
guestionnaire, short version (Short Form SF 36) (Ware
JE, Sherbourne CD., 1992; Guzi¢ et al., 1998).
Patients were assessed after discharge from hospital,
after six months and after twelve months.

Statistical analysis

Laboratory dana were assessedusing Kolmogorow-
Smirnov test with nonparametric Mann-Whitney test.
The results of quality of life questionnaire were
calculated using nonparametric Fisher exact test, if
frequency was less than 5, otherwise by y” test. p<0.05
was used as statistically significant.

Results

All 200 patients were followed up during twelve
months. In both groups, there were 100 respondents at
the beginning of the study, and by the end of the expert
group, 93 respondents (45 women and 48 men) were
followed, and in the control group, 80 respondents (38
women and 42 men) were followed. The experimental
group received trimetazidine while the control group
did not and both groups had the same diet and exercise
plan. Both groups have approximately the same
anthropological and social characteristics.

On the day of discharge from the hospital, there was
no difference between the patients in the effort
tolerance by measure of the achieved METSs, 3.6774
METs in experimental and 3.6838 control group
(p=0.880). After six months of treatment trade-mill
showed statistically significant difference e. g.,
patients of experimental group had better tolerance to
effort (p<0.001). Greater tolerance for effort was
recorded after 12 months, 7.77 METs and 3.87 METSs,
respectively (Figure 1).

w £y (9] ()} ~ (o]
1

MET achieved

B Experimental

Control

Discharge 6 months

12 months

Figure 1. Achievment of Metabolic Equivalent of TASK (METS) in ergometry, trade-mill exercise testing
according to Bruce protocol, in three periods of assessement
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The number of hospitalizations between the control
and experimental groups showed a significant
difference for the period of 6 months after treatment
(P6 <0.001), as well as a significant difference for 12
months after treatment (P12 <0.001) and a significant
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difference in values before the start of therapy (Ppt
<0.001) (Figure 2). The treated group had a
significantly lower number of hospitalizations after 6
and 12 months of metabolic therapy used compared to
the control group.
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Figure 2. Number of hospitalizations

Results of value comparison Respondents' attitudes
about how much they shortened their time at work
or other activities as a result of physical health
between the control and experimental groups did not
show a significant difference for 6 months after

treatment (P6 = 0.741), while there is a significant
difference in values for before starting therapy (Ppt
<0.001), as well as for a period of 12 months after
starting therapy shows a significant difference (P12
<0.001) (Table 1).

Table 1. Respondents' attitude about how much they shortened their time at work or other activities as a result of physical health

Before therapy 6 months after therapy 12 months after therapy
Control Experimental Control Experimental Control Experimental
group group group group group group
Frequency Frequency Frequency Frequency Frequency Frequency
(n=100) (n=100) (n=84) (n=95) (n=80) (n=93)
Without change 3 0 0 0 0 10
A small part of time 0 0 3 7 17 34
Part of time 24 0 21 18 17 28
Most of the time 0 5 27 36 30 18
All the time 73 95 33 34 16 3
Total: 100 100 84 95 80 93
P Ppt<0.001 P6=0.741 P12<0.001

The results we have for HDL and LDL after the
clinical study show that patients who were on
conventional therapy and trimetazidine and who used

a proper diet as well as those who had physical
activity, that their HDL and LDL values were better
than at the beginning studies.
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Table 2. Body mass index (BMI)

Before therapy 6 months after therapy |12 months after therapy
Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
(n=100) (%) (n=95) (%) (n=93) (%)
Less than 19,0 0 0 0 0 0 0
19,1-249 42 42 38 40 39 42
25,0 i viSe 58 58 57 60 54 58
In total: 100 100 95 100 93 100

Source: Own research

Table 2 shows the body mass index of the subjects. More than half of the respondents who were examined before
therapy, i.e. 58% of them had a high BMI, and 42% had a normal BMI, while none of the subjects from the
experimental group had a low BMI. Furthermore, 6 months after therapy, i.e. 60% had an increased body mass index,
while 40% of them had a normal BMI. None of the subjects had a low BMI. The body mass index before therapy and
12 months after therapy was identical, and there were 58% of those with a high BMI, i.e. above 25.0, and 42% of those
with a normal BMI, i.e. between 19.1 — 24.9. none of the subjects had a low BMI 12 months after therapy.

Table 3. Physical activity of the patients

Before therapy 6 months after therapy |12 months after therapy

Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
(n=100) (%) (n=95) (%) (n=93) (%)
Yes 83 83 78 82 83 89
No 17 17 17 18 10 11
In total: 100 100 95 100 93 100

Source: Own research
Table 3 shows whether the respondents engaged in physical activity before the therapy and 6 months after
the therapy. The results showed that 83% of the respondents examined before the therapy were engaged in
physical activity, and 17% were not. Furthermore, 82% of the respondents examined 6 months after therapy
engaged in physical activity, while 18% did not. Finally, 89% of subjects who were examined 12 months
after therapy were engaged in physical activity, while 11% were not.

Table 4. Adherence to a proper diet

Before therapy 6 months after therapy |12 months after therapy
Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
(n=100) (%) (n=95) (%) (n=93) (%)
Yes 93 93 88 93 87 94
No 7 7 7 7 6 6
In total: 100 100 95 100 93 100

Source: Own research

Table 4 shows whether the respondents followed the recommendations on proper nutrition. Namely, 93% of
respondents followed the recommendations on proper nutrition before therapy and 6 months after therapy, while 7%
did not. Also, 12 months after therapy, 94% of respondents followed the recommendations on proper nutrition, and

7% did not.

Table 5. HDL level

Befor therapy 6 months after therapy |12 months after therapy
Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
(n=100) (%) (n=95) (%) (n=93) (%)
Low 34 34 11 12 11 12
Normal 62 62 80 84 82 88
High 4 4 4 4 0 0
In total: 100 100 95 100 93 100

Source: Own research

Table 5 shows the level of HDL that the experimental group of subjects had before therapy, and 6 and 12 months
after therapy. The results showed that 62% of the subjects had normal HDL before therapy, 34% low, and 4% high.
Six months after therapy, 84% of subjects had normal HDL, 12% low, and 4% high. Furthermore, 12 months after
therapy, 88% of subjects had normal HDL, 12% had low, and none of the subjects had high HDL.
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Table 6. LDL level

Befor therapy 6 months after therapy |12 months after therapy
Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
(n=100) (%) (n=95) (%) (n=93) (%)
Low 0 0 0 0 0 0
Normal 56 56 61 64 59 63
High 44 44 34 36 34 37
In total: 100 100 95 100 93 100

Source: Own research

Table 6 shows the LDL level of the experimental group of subjects treated with conventional therapy with
trimetazidine, before therapy, and 6 and 12 months after therapy. The results showed that 56% of subjects had normal
LDL before therapy, 44% had low, and none had high LDL. Six months after therapy, 64% of subjects had normal
LDL, 36% had low, and none had high LDL. Furthermore, 12 months after therapy, 63% of subjects had normal
LDL, and 37% had low, while none of the subjects had high LDL.

Discussion

Heart failure (HF) is classified as an epidemic and
represents both clinical and public health problems
associated with high mortality rates, morbidity and
health  expenditures, frequent hospitalizations,
especially among those > 65 years of age. HF is a major
public health issue, with a prevalence of over 5.8
million in the U.S. and over 23 million worldwide. In
clinical practice, the effectiveness of treatment for a
patient with advanced heart failure is often assessed
using parameters such as clinical status,
hemodynamics, neurohormonal status, and echo / MRI
indices. From the patient's perspective, parameters
related to the quality of life, such as functional capacity,
exercise, psychological status, and frequency of
rehospitalization, are much more significant parameters
(Nieminen et al., 2015; Bui Al et al., 2011).

One study examined the need for hospitalization in
patients with diabetes mellitus and ischemic heart
disease. The need for hospitalization was significantly
lower in the trimetazidine-treated group (Zhang L et al.,
2012). Particular attention has been shown to
comorbidities of coronary heart disease, especially with
diabetes mellitus. The positive effect of trimetazidine in
diabetics has been shown (Belardinelli R et al., 2007).

Similar to numerous studies, ours has shown significant
effectiveness in better endurance, reducing the number
of nitroglycerin linguals used equivalent to the number
of anginal attacks during the week. Several
guestionnaires examined the effectiveness of many
aspects of quality of life (feelings of self-reliance,
improvement of strength for everyday life, hidden or
larvae depression). Quality of life was better in patients
who used trimetazidine, compared to those who did not,
in virtually all relevant respects.

To conclude, the result of this study has shown that the
addition of trimetazidine to conventional therapy
improves ischemic cardiomyocyte's metabolism with
the improvement of patient’s ability for effort, results in
fewer hospitalizations in the comparison with those
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treated without trimetazidine, and productiveness at
work so as well as the quality of life is raised.
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Summary

Linseeds are rich in oil and protein and have a high proportion of unsaturated fatty acids. Raw linseed oil has a dark yellow color
and a strong specific smell and taste. In this study, cold-pressed linseed oil was produced on a continuous screw press and the
influence of the process parameters during the pressing of linseed on the utilization of cold-pressed oil was investigated. The
following parameters were tested: the size of the attachment for the cake output, temperature of the press head heater and the
electromotor frequency. The basic parameters of oil quality were determined on the produced cold-pressed linseed oil: peroxide
value, free fatty acids, water content and insoluble impurities. Compliance with the Ordinance on Edible Oils and Fats
(OG 11/19) was established. The results show that the investigated pressing parameters influence the utilization of linseed oil.
The greater quantity of the produced linseed oil was achieved at a press head temperature of 90 °C, frequency of 22 Hz and a
press head extension of 6 mm. The results also show that the studied quality parameters of the oil are in accordance with the
values of the regulation, with the exception of insoluble impurities, which have slightly increased, and that it is necessary to
extend the settling time of the crude oil. The fatty acid composition of linseed oil is well in accordance with the literature data,
with linolenic fatty acid (Q2-3) predominating.

Keywords: linseed oil, screw press, process parameters, yield

Introduction

Linseed, Linum usitatissimum L., was already
cultivated 3000 years ago. It is the oldest and former
most important textile plant in areas with a colder
climate. Today, linseed is used in many different
industries such as chemical, textile, livestock, paper,
pharmaceutical and food industry (Kotodziejczyk et
al., 1995). A new direction of processing, which is still
under development, is the use of linseed as a raw
material for biofuels (Ayhan, 2009). It is an important
oilseed grown in more than 50 countries, mainly for
fiber and oil. Today, Canada is the leading producer,
followed by Argentina, China, USA, Russia and India.
Linseeds contain about 45% lipids, 30 % fibers and
20% proteins (Przybylski and Shahidi, 2005). The
current interest in linseeds is due to its protective effect
against coronary heart disease (Nagaraj, 2009;
Boucher et al., 2012). In the diet, linseed is known as
a rich source of a-linolenic acid (ALA), which can
account for 52-60 % of total fatty acids (Daun et al.,
2003). Several studies have shown that ALA may have
beneficial effects on dyslipidemia, hypertension,
atherosclerosis, platelet aggregation and cardiac
arrhythmias (Shahidi, 2005). Linseeds are also known
for their content of phytoestrogens, the so-called
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lignans, which are said to have a health-promoting and
anti-cancer effect (Bozan and Temelli, 2002). On the
food market, linseed is mainly available in the form of
whole seeds, ground seeds, partially defatted linseed
cake or cold-pressed linseed oil. Depending on the
type of raw material used and the growing conditions,
linseed oil can be dark yellow, brown or dark amber
color (Rubilar et al., 2010). Linseed oil is the natural
edible oil mostly consumed without additives. This oil
is one of the most unstable vegetable oils in relation to
oxidation. The oxidative stability of oils may be
influenced by many factors, such as light, metal ions,
oxygen, temperature, and enzymes (Nawar, 1985).
Because of the polyunsaturated fatty acids, vegetable
oil is susceptible to oxidation (Braddock et al., 1995).
The effect of fatty acid composition on the oxidative
stability of oil has been studied by a number of
investigators (OKeefe et al., 1993). The production of
edible cold pressed oil is done with a continuous screw
press without the use of organic solvents. The
processing of oil through the cold pressing procedure
ensures the maximum retention of active compounds
in oil, like essential fatty acids, phenolic and flavonoid
compounds, tocopherols, tocotrienols, phytosterols,
and others (Teh and Birch, 2013), as well as the
preservation of characteristic sensory properties of the
oil. This pressing procedure results in crude oil, which
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must undergo the procedure of removing insoluble
solid particles (through sedimentation, filtration
and/or centrifuge) in order to obtain final cold pressed
oil. One of the by-products in the process of pressing
is cake, which retains a certain amount of oil,
significant proteins, minerals, fibre, and other
ingredients (Zubr, 1997; Quezada and Cherian, 2012).
Jokic et al. (2014) investigated the optimisation of the
production of cold pressed walnut oil with a screw
press and determined that the processing parameters of
the pressing process have an effect on the utilisation of
oil. Moslavac et al. (2014) indicated that the process
parameters of cold pressing have an effect on the
utilisation of camelina oil (Camelina sativa L.).

The aim of this study was to investigate the influence
of the process parameters during the pressing of
linseeds on the utilization of cold pressed oil. The cold
pressed oil was produced using a continuous screw
press. Of the pressing process parameters, the
influence of the attachment, i.e. the size of the opening
for the cake outlet (6, 8 and 11 mm), the electromotor
frequency (22, 28, 34 and 40 Hz) and the temperature
of the press head (90, 100, 110 and 120 °C) on the oil
utilization was investigated. The composition of the
fatty acids and basic quality parameters of the
produced cold pressed oil were determined: peroxide
value, free fatty acids, water content, insoluble
impurities, iodine and saponification value, and
compliance with the Regulation on edible oils and fats
(NN 11/19) was established.

Materials and methods
Materials

The raw material for the production of cold pressed
linseed oil were cleaned, dried and unground linseeds
purchased from the OPG Luka Ivos, Croatia. All other
chemicals and reagents were of analytical reagent
grade.

Methods

Determination of oil and water content

The initial oil content in linseeds and cake residual oil
(CRO) were measured using the automatic extraction
system Soxterm by Gerdhart with n-hexane (Aladi¢ et
al., 2014). The initial water content (moisture) of the
linseeds was determined according to the AOAC
Official Method 925.40 (AOAC, 2000). The
determination of moisture in the defatted cake was
done using the modified standard HRN EN I1SO 6496
(2001). The measurements were performed in
duplicate.
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Cold-pressing

The linseed oil was obtained by pressing, using
different process conditions. The linseeds (1 kg) were
pressed in a screw expeller (power of the electric
motor 1.5 kW, press capacity 20-25 kg/hour). The
produced crude oil was collected in a graduated
cylinder and the volume and temperature were
measured. After the precipitation of crude oil (nine
days), vacuum filtration was carried out to remove
insoluble particles from the oil.

Oil quality parameters

The peroxide value (PV) of produced oil was
determined according to HRN EN ISO 3960 (1998)
and expressed as mmol Oa/kg of oil. Free fatty acids
(FFA) were determined using HRN EN ISO 660
(2020) and expressed as % of oleic acid. Insoluble
impurities and moisture content were determined
according to HRN EN ISO 663 (1992) and HRN EN
ISO 662 (1999), respectively. All measurements were
carried out in duplicate.

Parameters for oil identification

Saponification number and iodine number of produced
cold pressed linseed oil were determined by ISO
methods HRN EN ISO 3657 (2013) and HRN EN ISO
3961 (2018), and expressed as mg KOH/g and g 1,/100
g of oil, respectively.

Determination of fatty acids

The fatty acids methyl esters (FAMES) were prepared
with cold methanolic potassium hydroxide solution
according to the procedure described in Annex X B of
the Commission Regulation No 796/2002 (EC, 2002).
FAMEs were afterwards separated on a Shimadzu
GC-2010 Plus gas chromatograph equipped with a
flame ionization detector (FID) and fitted with a SH-
Rtx-Wax capillary column (30 m, 0.25 mm i.d. and
0.25 um thick stationary phase). Nitrogen was used as
carrier gas, flowing at the constant linear velocity of
1.33 ml/min. The split/splitless injector was set at 250
°C, split ratio was 1:10, and the injection volume 2 pl.
Initial column temperature of 110 °C was held for 2
minutes, then gradually increased 10 °C/min until
temperature of 175 °C that was hold for 8§ minutes,
followed by gradual increase 5 °C/min until 210 °C
hold for 5 minutes, and temperature increase to final
temperature of 230 °C by rate of 5 °C/min. Final
temperature was hold for 7 minutes. Flame ionization
detector temperature was 300 °C. Identification of
separated FAMES in samples was achieved based on
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the comparison of retention times with the retention
times of certified reference standard (Supelco
F.AM.E. Mix, C4-C24, St. Louis, USA) analyzed
under the same conditions. The results were expressed
as a percentage of identified fatty acid on total fatty
acids (%).

Results and discussion

Table 1 shows the results of determining the basic
quality parameters of linseeds. The resulting values
were for the oil content 39.72 + 0.12 % and for the
moisture content 6.69 = 0.09 %.

Table 1. Linseed oil and moisture content

Parameter Content (%)
Oil 39.72 £0.12
Moisture 6.69 +0.09

The results of testing the influence of pressing process
parameters on the utilization of cold pressed linseed
oil are shown in Tables 2-4. Table 2 shows the
influence of the temperature of the press head on the
utilization of cold pressed linseed oil. The tested
temperatures of the press head were 90, 100, 110 and
120 °C. The extension on the head of the press for the
cake output used in these tests was 8 mm, and the
frequency regulator was set at 22 Hz to ensure a
constant speed of the auger. By pressing linseeds at a
press head temperature of 90 °C, a volume of crude oil
of 400 mL and a temperature of 47 °C were obtained.
After settling (sedimentation) of the produced crude
oil for nine days and vacuum filtration, in order to

remove residual insoluble impurities, the obtained
volume of cold pressed oil was 330 mL (final oil). The
share of residual oil in the cake was 14.67%. By
applying higher temperatures of the press head heater
(100, 110 and 120 °C), a gradually decreasing volume
of crude oil (390, 385 and 370 mL) was obtained with
a gradual increase in the temperature of the crude oil.
It is evident that the largest volume of crude oil was
obtained at 90 °C, and that at higher temperatures of
the press head heater, the volume decreases. After
sedimentation and vacuum filtration of the crude oil, a
decreasing amount of final oil (cold pressed oil) was
obtained. Based on the obtained results, it can be
concluded that the tested temperatures of the press
head do not have a significant impact on the amount
of oil obtained. At higher temperatures of the press
head, the volume of produced cold pressed linseed oil
is slightly smaller. This phenomenon can be explained
by the composition of the linseed, which affects the
utilization of oil during pressing at the mentioned
process parameters. Moslavac et al. (2016), Vladi¢ et
al. (2020) and Martinez et al. (2013) published in their
papers that the increase in the temperature of the head
increases the process pressure and lowers the viscosity
of the oil, which results in greater oil draining as well
as greater utilization during pressing. The temperature
of the produced crude linseed oil increased as the
heating temperature of the press head increased. At
press head temperatures of 110 and 120 °C, the
temperature of the raw oil slightly exceeded the
requirement for the cold-pressed oil category (50 °C)
(Regulation on Edible Oils and Fats, NN 11/19). The
content of remained oil in the cake was highest
(15.72%) at the highest temperature of the press head
(120 °C), and the lowest at 90 °C (14.67%).

Table 2. The influence of press head heater temperature on oil yield

. Crude oil Temp._ Cold pressed oil | Cake | Oil content WaFer content
Linseeds (kg) (mL) crude oil (mL) @ | incake (%) in cake

W9 (%)

N=8mm

T=90°C 1 400 47 330 634.10 14.67 7.71

F=22Hz

N =8 mm

T=100°C 1 390 49.5 320 641.15 14.78 7.55

F=22Hz

N =8 mm

T=110°C 1 385 51 315 641.80 14.93 7.18

F=22Hz

N=8mm

T=120°C 1 370 52 306 644.44 15.72 7.30

F=22Hz

N - extension on the press head that defines the diameter of the cake output (mm),
F - frequency regulator, regulates the screw speed of the press (Hz),
T — the temperature of the press head heater at the outlet of the cake (°C).
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Table 3 shows the influence of the electromotor
frequency (screw speed) during pressing on the
utilization of the cold pressed linseed oil. The
electromotor frequencies used for pressing were 22,
28, 34 and 40 Hz. The temperature of the press head
heater at the cake outlet was 90 °C and the extension
on the press head, which defines the diameter of the
cake outlet, was 11 mm. Pressing linseed at 22 Hz
produced the largest amount of crude oil (370 mL). On
the other hand, at 28 Hz the crude oil volume was 360
mL, at 34 Hz was 340 mL and at 40 Hz the smallest
amount of oil was produced (335 mL). The results
show a direct influence of the electromotor frequency
on the amount of crude oil extracted. The slower the
screw was at the tested speeds, the greater the amount
of linseed oil was extracted. Joki¢ et al. (2016) found
the same phenomenon in their study, in which
increasing the frequency resulted in a lower quantity

of cold pressed hazelnut oil. After nine days of settling
and vacuum filtration, the influence of the screw speed
on the amount of the obtained cold pressed oil was
clearly observed, as the most oil was obtained at 22 Hz
(310 mL) and the least at 40 Hz (260 mL). The
temperature of the crude oil corresponds to the
conditions for cold pressed oils (Regulation on Edible
Oils and Fats, NN 11/19), as it is below 50 °C in all
cases. The proportion of residual oil is lowest in the
cake obtained by pressing at 22 Hz (15.26%). When
pressing at 28 Hz, the proportion of residual oil in cake
was 17.73%, at 34 Hz 18.69% and at 40 Hz 20.79%.
The direct influence of the electromotor frequency on
the amount of oil remaining in the cake is therefore
visible. The lower the frequency, the lower the amount
of residual oil in the cake, and thus the greater
utilization of oil by pressing the linseeds, thus the
greater the amount of linseed oil produced.

Table 3. The influence of electric motor frequency (screw speed) on oil yield

Linseeds (kgy |CTuce ol et | Cold pressed oil| Cake |Oil content| V21" Content

(mL) °C) (mL) (@) [in cake (%) %)

N=11mm

T=90°C 1 370 46 310 650.40| 15.26 8.60

F=22Hz

N=11mm

T=90°C 1 360 48 295 666.83| 17.73 8.13

F=28Hz

N =11 mm

T=90°C 1 340 44 270 676.46| 18.69 8.17

F=34Hz

N =11 mm

T=90°C 1 335 45 260 687.15| 20.79 7.89

F=40Hz

N - extension on the press head that defines the diameter of the cake output (mm),
F - frequency regulator, regulates the screw speed of the press (Hz),
T — the temperature of the press head heater at the outlet of the cake (°C).

Table 4 shows the influence of the attachment on the
press head, which determines the diameter of the outlet
opening of the cake, on the utilization of the linseed
oil. The used attachments had a diameter of 6, 8 or 11
mm. The temperature of the press head heater used in
this test was 90 °C and the electromotor frequency was
22 Hz. When pressing, the largest volume of crude oil
was obtained with a 6 mm diameter attachment and
amounted to 420 mL. The highest process pressure
was generated here during pressing, which leads to
greater extraction of the crude oil. A slightly lower
amount of crude oil was obtained with an 8 mm (400
mL) attachment. The smallest volume of crude oil was
obtained using 11 mm diameter attachment and
amounted to 370 mL. After nine days of sedimentation
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and vacuum filtration of the crude oil, the largest
volume of final cold pressed oil was 340 mL using the
6 mm diameter attachment. The temperature of the
crude oil at the outlet is within the limits of the
Regulation on edible oils and fats (NN 11/19). The
proportion of oil remaining in the cake was lowest
with the 6 mm attachment and amounts to 12.55%.
Cvetkovi¢ et al. (2020) and Moslavac et al. (2016)
explain that reducing the size of the cake outlet on the
press head increases the working pressure during seed
preparation.
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Table 4. The influence of extension on the press head, which defines the diameter of cake outlet, on oil yield

. Crude oil Temp. Cold pressed oil| Cake | Oil content Water content
Linseeds (kg) (mL) crude oil (mL) @ |incake (%) in cake

O (%)

N =6 mm

T=90°C 1 420 47 340 620.37| 1255 8.15

F=22Hz

N=8mm

T=90°C 1 400 47 330 634.10| 14.67 7.71

F=22Hz

N=11mm

T=90°C 1 370 46 310 650.40| 15.26 8.60

F=22Hz

N - extension on the press head that defines the diameter of the cake output (mm),
F - frequency regulator, regulates the screw speed of the press (Hz),
T — the temperature of the press head heater at the outlet of the cake (°C).

The determined quality parameters of the cold pressed
linseed oil were in accordance with the Regulation on
edible oils and fats (NN 11/19), and are presented in
Table 5. The results show that the peroxide value (PV),
free fatty acids (FFA) and moisture content comply
with the prescribed values. The share of insoluble
impurities in the oil (0.16%) was slightly higher than
specified in the regulation (max. 0.05%) but increased
sedimentation time of the crude oil could be
implemented to separate the solid particles from the
oil. The values of the parameters for oil identification
(saponification value and iodine value) corresponded
to the values given in the literature.

Table 5. The basic quality parameters of produced cold
pressed linseed oil

Oil quality parameters Content
Peroxide value (PV), mmol O2/kg 0
Free fatty acids (FFA), % 0.39
Moisture, % 0.067
Insoluble impurities, % 0.16
Saponification number, mgKOH/g 191
lodine number, g 12/100g 176

Table 6 shows the composition of the fatty acids
contained in cold pressed linseed oil. The analysis was
carried out using gas chromatography with an FID
detector. The analysis of the composition of the fatty
acids in a sample of linseed oil showed that
polyunsaturated linolenic acid (C18:3) dominated
with 54.21%, followed by monounsaturated oleic acid
(C18:1) with 18.11% and linoleic acid with 16.65%.
The saturated fatty acids are dominated by palmitic
acid (C16:0) 6.28% and stearic acid (C18:0) 4.73%.
These data were consistent with the literature (Dimi¢,
2003).
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Table 6. Fatty acid composition of cold-pressed linseed oil

Fatty acid Content (%)
Palmitic acid C16:0 6.28
Stearic acid C18:0 473
Oleic acid C18:1 18.11
Linoleic acid C18:2 16.65
Linolenic acid C18:3 54.21

Conclusions

The results show that the pressing parameters investigated
influence the utilization of cold pressed linseed oil. The
heating temperature of the press head has a minor
influence on the oil utilization when pressing linseeds. By
pressing linseed at a press head temperature of 90 °C, a
larger quantity of raw and cold pressed linseed oil was
obtained. On the other hand, the electromotor frequency
had larger effect on oil utilization. When using a lower
frequency (22 Hz), a larger amount of linseed oil (raw and
ready pressed) was obtained and the amount of residual oil
in the cake was lower. The use of a different attachment
on the head of the press for dispensing the cake affects the
use of the oil when pressing linseeds. The smaller the
diameter of the nozzle (6 mm), the greater the amount of
oil was produced. The results show that the studied quality
parameters of the oil comply with the values of the
Regulation on edible oils and fats (NN 11/19), with the
exception of insoluble impurities, which have slightly
increased, and that it is necessary to increase the settling
time of solid particles from the crude oil. The temperature
of the obtained crude oils complied with the conditions for
cold pressed oils (Regulation on Edible Oils and Fats), as
they were below 50 °C, with the exception of the press
head temperatures of 110 °C and 120 °C. The fatty acid
composition of linseed oil corresponds to the information
in the literature. It was found that linolenic fatty acid
(omega-3) dominates.
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RAZLIKA U ZNANJU O PRAVILNOJ PREHRANI IZMEDU
PROFESIONALNIH SPORTASA I REKREATIVACA

Anja Pozai¢”, Dominik Lonéarié, Ivana Rumora Samarin, Ines Panjkota Krbav¢i¢
Sveudiliste u Zagrebu, Prehrambeno-biotehnoloski fakultet, Pierottijeva 6, 10000 Zagreb, Hrvatska

izvorni znanstveni rad
Sazetak

Pravilna sportska prehrana neophodna je za odrzavanje optimalnog stanja organizma sportasa u trenaznom, natjecateljskom te
procesu oporavka uz zadovoljavanje svih energijskih i nutritivnih potreba. Istrazivanja su pokazala da je znanje sportasa jedan
od ¢imbenika za provedbu pravilne sportske prehrane, $to je usmjerilo fokus znanstvenih istrazivanja na procjenu znanja u
razli¢itih populacija sportasa. Cilj ovog presje¢nog rada bio je procijeniti znanje profesionalnih sportaa i sportasa rekreativaca
o pravilnoj sportskoj prehrani. Op¢e znanje o pravilnoj prehrani i znanje o sportskoj prehrani procijenjeno je pomocu validiranog
upitnika Abridged version of The Nutrition for Sport Knowledge Questionnaire (A-NSKQ) prevedenog na hrvatski jezik za
potrebe istrazivanja. Rezultati istrazivanja pokazali su da najve¢i udio ispitanika (63,2 %) ima loSe znanje o pravilnoj prehrani s
postignutim prosje¢nim rezultatom od 16,0 + 5,0 bodova dok je tek 0,9 % ispitanika pokazalo odli¢no znanje. Ne postoji zna¢ajna
razlika u znanju s obzirom na spol (p=0,729), dob (p=0,731) i stupanj obrazovanja ispitanika (p=0,900), ali ni izmedu
profesionalnih i rekreativnih sportasa (p=0,643). Kod 54,3 % profesionalnih i 69,1 % rekreativnih sportasa znanje o prehrani
procijenjeno je kao loSe. Dobiveni rezultati ukazuju na potrebu za edukacijom rekreativnih i profesionalnih sportasa o pravilnoj
sportskoj prehrani koja je neophodna u osiguravanju optimalne sportske izvedbe. Potreban je multidisciplinaran pristup u
postizanju i odrZzavanju forme sportasa i ukljuéivanje nutricionista u proces edukacije kako bi se sportasima pruzio profesionalni
pristup i provjerene informacije o sportskoj prehrani uz podizanje svijesti o izvoru informacija koji koriste u svojoj svakodnevnoj
edukaciji, ukljucujuci uéestalije koristenje znanstvene i stru¢ne literature.

Kljucne rijeci: A-NSKQ, znanje, sportska prehrana, profesionalni sportas, rekreativni sportas§

Uvod ritam (Blake, 2008). S druge strane, profesionalni
sporta$ trenira veé¢im intenzitetom od rekreativca
kako bi bio spreman za napore koje donosi
natjecateljska sezona sporta kojim se bavi,
fokusiraju¢i se na snhagu, agilnost i izdrzljivost

Redovita tjelesna aktivnost ima mnogobrojne
pozitivne utjecaje na zdravlje, kao $to su kontrola
tjelesne mase, poboljSanje zdravlja kostiju,

smanjenje rizika za razvoj koronarnih bolesti srca i
hipertenzije, ali i smanjenje razine anksioznosti i
depresije. Za osobe starosne dobi od 18 do 65
godina preporucuje se minimalno 150 minuta
umjerene tjelesne aktivnosti ili 75 minuta intenzivne
tjelesne aktivnosti tjedno (Svjetska zdravstvena
organizacija, 2017). Europska zdravstvena anketa
(Antoljak i sur., 2016) pokazala je da je ¢ak 45,8 %
muskaraca i 30,5 % zena u Hrvatskoj prekomjerne
tjelesne mase, dok je 20,1 % muskaraca i 16,2 %
zena pretilo. Nadalje, 52,9 % Hrvata ne prakticira
tjelesnu aktivnost duze od 60 minuta tjedno, pri
¢emu navedena statistika svrstava Hrvate na
europsko zadelje $to se ti¢e osvijeStenosti o vaznosti
i utjecaju tjelesne aktivnosti na sveukupno zdravlje,
takoder dovodec¢i u pitanje aspekt znanja o pravilnoj
prehrani.

Tjelesno aktivne osobe dijele se na rekreativne i
profesionalne sportase, pri ¢emu se rekreativni
sporta$ definira kao osoba koja je tjelesno aktivna s
fokusom na tjelesnu formu, opustanje i zabavu te ne
trenira intenzitetom koji zahtijeva natjecateljski

“Autor za korespondenciju / Corresponding author: avukomanovic@pbf.hr

(Dunford i Doyle, 2008). U oba sluaja, prehrana
ima pozitivan utjecaj na sportsku izvedbu,
unaprjeduje adaptaciju na trening i povecava
sposobnost oporavka (Kreider i sur., 2010) te bi
prehrana za svakog sportasa trebala  biti
personalizirana prema vrsti sporta, ciljevima,
preferencijama prema odredenoj vrsti hrane te
ostalim individualnim ¢imbenicima (Kerksick i sur.,
2018). Vaznost pravilne prehrane posebno je
naglasena u profesionalnih sportasa koji trebaju
teziti tome da natjecanju pristupe u optimalnom
stanju sa zadovoljenim svim energijskim i
nutritivnim potrebama uz pravilan odabir hrane
tijekom natjecanja, $to moZe utjecati na sportsku
izvedbu i na krajnji rezultat. Takoder, prehrana ima
znaCajnu ulogu u procesu oporavka nakon
natjecanja te je u navedenim slucajevima sportski
nutricionist od velikog znac¢aja pojedinom sportasu
ili sportskoj mom¢cadi (Parks i sur., 2016; Thomas i
sur., 2016).

S obzirom na neraskidivu povezanost prehrane i
sportske izvedbe, znanje o pravilnoj prehrani sve je
c¢es¢e u fokusu znanstvenih istrazivanja.
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Istrazivanja provedena na razli¢itim populacijama
sportasa su pokazala da je znanje o pravilnoj
prehrani varijabilna komponenta koja utjeCe na
prehrambeni unos (Nelson i sur., 2008), kao i na
sportsku izvedbu (Trakman i sur., 2016). Nutritivne
intervencije u populaciji sportasa uglavnom se
baziraju na edukaciji o pravilnoj prehrani s ciljem
podizanja svijesti o prehrambenim preporukama i
njihovoj primjeni u praksi, zbog Cega je znacajan
interes usmjeren prema procjeni znanja sportasa o
pravilnoj prehrani i njihovom znanju o specifi¢noj
sportskoj prehrani (Raymond-Barker i sur., 2007).
Rezultati procjene znanja u razli¢itim populacijama
sportasa do sada su se pokazali uglavhom
razocCaravajuci (Trakman i sur., 2016; Heaney i sur.,
2011). Naime, u nekim je istrazivanjima utvrdeno
da ne postoji znacajna razlika u znanju o prehrani
izmedu sportasa i opée populacije koja se ne bavi
sportom. Primjerice, u istrazivanju provedenom na
mladim kosarkaSima iz Srbije, rezultati su pokazali
da, u usporedbi s mladim osobama koje nisu tjelesno
aktivne, nema razlike u znanju o pravilnoj prehrani,
raspodjeli makronutrijenata kao izvora energije
tijekom dana, odabiru namirnica i kvaliteti prehrane
(Niki¢ i sur., 2014). Nadalje, istraZivanja su
pokazala da treneri ¢esto nisu adekvatna potpora
rekreativnim 1 profesionalnim sportasima U
provodenju pravilne prehrane uslijed nedostatnog
znanja, ukazujuéi na potrebu za dodatnom
edukacijom trenera i sportasa te ukljuéivanjem
nutricionista u rad s tjelesno aktivnim osobama na
rekreativnoj i profesionalnoj razini (Danaher i
Curley, 2014; Feldvari i sur., 2018).

Cilj ovog istrazivanja bio je procijeniti znanje
profesionalnih sportasa i sportasa rekreativaca o
pravilnoj sportskoj prehrani pomocu validiranog A-
NSKQ upitnika kako bi se pridonijelo boljem
razumijevanju znanja o prehrani populacije koja je
tjelesno aktivna uz osnovnu hipotezu istrazivanja da
profesionalni sportasi posjeduju bolje znanje o
pravilnoj prehrani od rekreativnih sportasa.

Materijali i metode
Ispitanici

U ovom popreénom istrazivanju je sudjelovalo
ukupno 127 ispitanika. Istrazivanje je provedeno u
razdoblju od 1. lipnja 2020. godine do 15. srpnja
2020. godine. Svi ispitanici koji su sudjelovali u
istrazivanju bili su povezani sa sportom na
rekreativnoj ili profesionalnoj razini, u istrazivanju
su sudjelovali dobrovoljno, osigurani su im
anonimnost i zastita podataka te su im objasnjene
metode, cilj istrazivanja i nacin rjeSavanja upitnika.
Osnovne karakteristike ispitanika, kao S$to su
stupanj i podruje  obrazovanja,  razina
profesionalnosti i vrsta sporta kojim se bave te
izvori informacija kojima se sluze za ucenje i
nadopunu znanja o pravilnoj prehrani, prikupljeni
su op¢im upitnikom. Ispitanici su prikupljani
individualno, upitnik je proveden putem interneta, a
prosjecno  Vrijeme potrebno za rjeSavanje
cjelokupnog upitnika bilo je 12 minuta. Nakon $to
su iz istrazivanja uklonjeni nepotpuno rijeSeni
upitnici, dobiven je konaéni broj od 114 ispitanika,
59 muskaraca i 55 Zena dobi od 19 do 66 godina.

A-NSKQ upitnik

Provjera znanja o pravilnoj prehrani provedena je uz
pomo¢ validiranog upitnika Abridged version of The
Nutrition for Sport Knowledge Questionnaire (A-
NSKQ) (Trakman i sur., 2018) koji je izveden
sazimanjem upitnika The Nutrition for Sport
Knowledge Questionnaire (NSKQ) (Trakman i sur.,
2017) sastavljenog od strane sportskih nutricionista
i validiranog na sportskoj populaciji. U ovom
istrazivanju, koriStena je posljednja revidirana
verzija upitnika iz 2019. godine (Trakman i sur.,
2019a). Za koristenje upitnika trazeno je dopustenje
autora, a upitnik je za potrebe istrazivanja preveden
na hrvatski jezik. U Tablici 1 prikazana je ocjena
znanja ispitanika ovisno o postotku to¢nih odgovora
u upitniku.

Tablica 1. Kategorije za vrednovanje rezultata upitnika A-NSKQ (eng. Abridged version of The Nutrition for Sport Knowledge

Questionnaire) (Trakman i sur., 2018)

Table 1. Categories for evaluation of A-NSKQ (Abridged version of The Nutrition for Sport Knowledge Questionnaire) results

(Trakman et al., 2018)

Ocjena znanja ispitanika

Udio (%) to¢nih odgovora

Lose

<50 %

Prosjecno

50 - 65 %

Dobro

66 - 75 %

Odli¢no

>75%

67
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Statisticke metode

Prilikom statisticke obrade podataka KkoriSteni su
Microsoft® Excel® (verzija 16.0.) i STATISTICA,
StatSoft Inc. (verzija 8.0). Za statisti¢ku obradu podataka
koriStene su standardne metode deskriptivne statistike.
Varijable s normalnom statistickom razdiobom prikazane
su kao srednja vrijednost, dok su one koje nemaju
normalnu statisticku razdiobu prikazane kao medijan. Za
usporedbu rezultata upitnika izmedu muskaraca i Zena te
izmedu rekreativaca i profesionalnih sportasa koristen je t-
test, dok je za utvrdivanje razlike izmedu ispitanika s
obzirom na stupanj i podrucje obrazovanja koriStena
ANOVA. Pearsonovim koeficijentom korelacije utvrdeno
je postoji li korelacija izmedu rezultata upitnika i
odredenih karakteristika ispitanika, pri ¢emu su rezultati
bili znacajni ako je p<0,05.

Rezultati i rasprava
Karakteristike ispitanika

U istrazivanju je sudjelovalo 114 ispitanika Cije su
karakteristike prikazane u Tablici 2. Prosje¢na dob
svih ispitanika bila je 29,9 + 10,5, a ostale dobne
karakteristike prikazane su u Tablici 3. Nastavno na
stupanj obrazovanja, najve¢i udio ispitanika s visom i
visokom struénom spremom te doktoratom (N=75)
pripadao je podrucju drustvenih (42,7 %) i tehnickih
znanosti (26,7 %), dok je najmanji udio ispitanika
pripadao podru¢ju humanistickih znanosti (1,3 %).
Biotehni¢kim znanostima, u koje spada i znanstveno
polje Nutricionizam, pripadalo je 10,7 % ispitanika.

Tablica 2. Karakterizacija uzorka ispitanika (N=114) obuhvacenog istrazivanjem
Table 2. Characterization of the sample of respondents (N=114) included in the research

Uzorak ispitanika

Spol

Muskarci

Zene

Stupanj obrazovanja

Osnovna Skola

N_| Udio (%)
59 | 518
55 | 482
0 0,0

Srednja struéna sprema | 39 34,2
Struéni prvostupnik 28 24,6
Visoka struéna sprema | 41 36,0
Doktorat 6 55
Razina profesionalnosti
Rekreativni sportas 68 60,0
Profesionalni sportas 46 40,0
Tablica 3. Dobne karakteristike ispitanika (N=114)
Table 3. Age characteristics of respondents (N=114)
Ispitanici N Prosjek SD Minimum | Maksimum | Medijan | p-vrijednost
Ukupno 114 29,9 10,5 19 66 24 -
Mugkarci 59 26,1 8,0 19 53 24
Zene 55 34,1 11,3 19 66 32 <0001
Rekreativni sportasi 68 34,1 11,4 19 66 33,5 0.010
Profesionalni sportasi 46 23,7 4,3 19 40 23 !

Od rekreativnih sportasa, njih 57,4 % treniralo je do 3 puta
tjedno, dok su preostali rekreativci (42,6 %) trenirali vise
od 3 puta tjedno. Nogometom se bavio najve¢i udio

profesionalnih sportasa (58,7 %), dok se najve¢i udio
rekreativnih sportasa bavio fitnessom, odnosno vjezbama
snage koje su izvodili u teretani (29,4 %) (Tablica 4).

Tablica 4. Raspodjela svih ispitanika (N=114), profesionalnih (n=46) i rekreativnih sportasa (n=68) prema primarnoj vrsti sporta
Table 4. Distribution of all respondents (N=114), professional (n=46) and recreational athletes (n=68) according to the primary

type of sport

Vrste sporta i tjelesne aktivnosti Svi ispitanici, N (%) Profesionalni sportasi, n (%) | Rekreativni sportasi, n (%)
Nogomet 30 (26,3) 27 (58,7) 3(4,4)
Tranje 21 (18,4) 2 (4,3) 19 (27,9)
Fitness 20 (17,5) 0(0,0) 20 (29,4)
Odbojka 9(7,9 7 (15,2) 2(2,9
Ostalo 34 (29,9) 10 (21,8) 24 (35,4)
Ukupno 114 (100) 46 (100) 68 (100)

68
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Rezultati A-NSKQ upitnika

Prosjecni broj bodova koje su ispitanici ostvarili u A-
NSKQ wupitniku iznosio je 16,0 + 5,0 bodova od
maksimalnih 35. Najve¢i udio ispitanika (63,2 %)
imao je loSe znanje o pravilnoj prehrani. Konacni
rezultati upitnika zajedno s pripadaju¢om ocjenom

Internetski portali

Strucni i znanstveni radovi
DruStvene mreze

Novine i ¢asopisi
Popularne knjige
Radionice i webinari
Udzbenici

Ostalo

Struc¢ne osobe

znanja ispitanika prikazani su na Slici 1. Neka
znanstvena istrazivanja koja su se bavila procjenom
znanja razliCitth populacija sportasa o pravilnoj
prehrani takoder su znanje sportasa procijenila kao
nedovoljno (Cockburn i sur., 2014; Spendlove i sur.,
2012; Torres-McGehee i sur., 2012; Pasali¢ i sur.,
2012).

86,8

40 60
Udio ispitanika (%)

80 100

Slika 1. Izvori informacija za uéenje i nadopunu znanja medu ispitanicima
(N=114); bio je mogu¢ visestruki izbor odgovora
Figure 1. Sources of information for learning and supplementing knowledge among respondents
(N=114); multiple choice answers were possible

Na temelju ostvarenih bodova A-NSKQ upitnikom,
nije utvrdena znaCajna razlika izmedu musSkaraca
(16,0 £ 5,7) i zena (16,1 = 4,2) s obzirom na znanje o
prehrani (p=0,729). Cak 59 % ispitanika (N=59) i 67
% ispitanica (N=55) imalo je lose znanje o prehrani,
dok je odli¢no znanje pokazalo samo 2 % ispitanika i
nijedna ispitanica. Suprotno dobivenim rezultatima,
Spronk i sur. (2015) procjenjivali su znanje o prehrani
medu australskim profesionalnim sporta§ima i
sportaSicama te su zakljucili da sportasice posjeduju
veCu razinu znanja o prehrani od sportasa. Jednake
rezultate pokazalo je istrazivanje provedeno na
ultramaratoncima i ultramaratonkama u Italiji
(Citarella i sur., 2019), kao i u finskih sportasa i
sportasica koji se bave sportovima izdrZljivosti
(Heikkila i sur., 2018).

lako u ovom istrazivanju nije utvrdena korelacija
izmedu rezultata A-NSKQ upitnika i dobi ispitanika
(p=0,731), druga istrazivanja su pokazala da postoji
korelacija izmedu dobi profesionalnih sportasa i
znanja o pravilnoj prehrani, odnosno stariji ispitanici
pokazali su bolje znanje (Heikkild i sur., 2018;
Spendlove i sur., 2012). Istrazivanje provedeno na
poluprofesionalnih nogometasima u Grékoj takoder je
pokazalo veéu razinu znanja u starijih nogometasa
(Nikolaidis i Theodoropoulou, 2014).
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Nije utvrdena znacajna razlika u rezultatima upitnika
S obzirom na stupanj obrazovanja ispitanika
(p=0,900). Najbolji rezultat upitnika postigao je
ispitanik s najviSim stupnjem obrazovanja (titula
doktora znanosti), dok je najlosiji rezultat postigao
ispitanik sa srednjoSkolskim stupnjem obrazovanja.
Ipak, postoji razlika u rezultatima upitnika s obzirom
na podrucje obrazovanja ispitanika (p<0,001). Prema
prosjeku ostvarenih bodova u A-NSKQ upitniku,
najbolje znanje su pokazali ispitanici u biotehnickom
podrucju (21,0 +4,7), dok su najlosije znanje pokazali
ispitanici u tehni¢kom podru¢ju (14,8 =+ 4,5)
obrazovanja, §to se moze objasniti time $to u
biotehnicko podrucje spadaju znanosti koje se
primarno bave znanosti o prehrani, kao S§to su
nutricionizam i prehrambena tehnologija, za razliku
od ostalih znanstvenih podruéja koja nemaju
poveznicu s edukacijom o prehrani.

lako su istrazivanja pokazala da  razina
profesionalizma i uspjesnosti u sportasa moze biti
povezana sa znanjem sportasa o pravilnoj prehrani
(Trakman i sur., 2016), u ovom istrazivanju ne postoji
znacajna razlika u znanju izmedu profesionalnih i
rekreativnih sportasa (p=0,643) (Tablica 5). LoSe
znanje o prehrani pokazalo je 69 % rekreativnih
sportasa (N=68) i 54 % profesionalnih sportasa
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(N=46) (Tablica 6). Ove rezultate potvrduje
istrazivanje provedeno u Australiji na profesionalnim
i poluprofesionalnim igra¢ima australskog nogometa i
profesionalnim igrac¢ima klasi¢nog nogometa gdje nije
utvrdena razlika u znanju izmedu sportasa s obzirom
na razinu profesionalnosti, jednako kao i u
australskom istrazivanju gdje nije utvrdena razlika u
znanju izmedu profesionalnih i  amaterskih

nogometasa (Andrews i Itsiopoulos, 2016). Takoder,
Dragigevié i Satali¢ (2015) su u svome radu ispitivali
op¢e znanje o prehrani u hrvatskih profesionalnih
nogometasa i usporedivali ga s populacijom koja se ne
bavi sportom. Znanje nogometasa o pravilnoj prehrani
procijenjeno je kao loSe te nije bilo znacajne razlike u
usporedbi s opéom populacijom.

Tablica 5. Bodovni rezultati A-NSKQ upitnika (eng. Abridged version of The Nutrition for Sport Knowledge Questionnaire)

profesionalnih sportasa i rekreativaca (N=114)

Table 5. Score results of the A-NSKQ (Abridged version of The Nutrition for Sport Knowledge Questionnaire) questionnaire of

professional and recreational athletes

Razina profesionalnosti Prosjek SD Minimum Maksimum p-vrijednost
Profesionalni sportasi 16,1 5,0 7 26 0.643
Rekreativni sportasi 16,0 51 1 29 !

SD - standardna devijacija

Tablica 6. Rezultati upitnika A-NSKQ (eng. Abridged version of The Nutrition for Sport Knowledge Questionnaire) izrazeni za

sve ispitanike te za rekreativne i profesionalne sportase

Table 6. A-NSKQ (Abridged version of The Nutrition for Sport Knowledge Questionnaire) results for all respondents and for

recreational and professional athletes

Rezultati A-NSKQ n (%)
Svi ispitanici (N=114)
Lose 72 (63,2)
Prosje¢no 31 (27,2)
Dobro 10 (8,8)
QOdli¢no 1(0,9)
Profesionalni sportasi (n=46)
Lose 25 (54,3)
Prosjeéno 16 (34,8)
Dobro 5(10,9)
Odliéno 0(0,0)
Rekreativni sportasi (n=68)
Lose 47 (69,1)
Prosje¢no 15 (22,1)
Dobro 5(7,3)
Odliéno 1(1,5)

Na pitanja unutar A-NSKQ upitnika kojima se
provjeravalo znanje ispitanika o izboru namirnica i
jela ispitanici u ovom istrazivanju uglavnom nisu
toéno odgovorili, Primjerice, na pitanje koje nudi
visestruki izbor jela za bolji oporavak poslije treninga
za sportasa koji zeli povecéati miSi¢énu masu tocno je
odgovorilo 26 9% ispitanika izabravsi obrok od
cjelovitih  namirnica koji sadrzi sve skupine
makronutrijenata. Taj udio ispitanika moZe se smatrati
niskim ako se u obzir uzme da je povecanje misi¢ne
mase uobicajen cilj mnogih sportasa te da se znacajan
udio ispitanika u ovom istraZivanju bavi prvenstveno
treninzima snage uz koriStenje teZinskih opterecenja.
Najvisi udio ispitanika (32 %) u ovom je pitanju
odabralo proteinski dodatak prehrani i kajganu kao
optimalni obrok za oporavak, S§to pokazuje
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mispercepciju tjelesno aktivnih  pojedinaca o
vrijednosti koriStenja dodataka prehrani naspram
konzumacije cjelovitog obroka, ali i pridavanje velike
vaznosti unosu proteina pri oporavku od treninga, gdje
ugljikohidrati imaju znacajniju ulogu. Pregledni rad iz
2019. godine ukazuje da ¢okoladno mlijeko produljuje
vrijeme koje sportasi mogu provesti u maksimalnom
naporu u usporedbi s koristenjem placeba i dodataka
prehrani koji sadrze ugljikohidrate, proteine i masti
(Amiri i sur., 2019) te se banana se tijekom naporne
tjelesne aktivnosti (npr. 75 km voznje bicikla)
pokazala kao jednako djelotvoran izvor ugljikohidrata
kao i napitak s ugljikohidratima (Nieman i sur., 2012).
U skladu s navedenim, 67 % ispitanika toc¢no je
procijenilo da jedna srednja banana ne sadrzi dovoljno
ugljikohidrata za oporavak nakon aerobnog treninga
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visokog intenziteta u trajanju jednog sata uz
pretpostavku da sporta$ ima 70 kg te da sljede¢i dan
takoder ima vaZzan trening. Ipak, na identi¢no pitanje u
kojem je jedna srednja banana zamijenjena obrokom
koji se sastoji od jedne Salice kuhane kvinoje uz jednu
konzervu tune, pri ¢emu navedeni obrok sadrzi vrlo
sli¢nu koli¢inu ugljikohidrata kao jedna banana, 32 %
ispitanika toc¢no je procijenilo da navedeni obrok nece
biti dovoljan za oporavak nakon treninga. Razlika u
udjelu ispitanika koji je dao to¢an odgovor moze se
objasniti time $to je u odgovoru uz namirnicu bogatu
ugljikohidratima navedena i namirnica bogata
proteinima, $to jo§ jednom potvrduje pridavanje velike
vaznosti unosu proteina pri oporavku od tjelesne
aktivnosti. Razlog ovakvog odgovora moze biti
neznanje ispitanika o sastavu pojedinih namirnica i/ili
o primarnoj funkciji odredenog makronutrijenta. Jo$
jedan moguéi razlog ovakvih odgovora je taj da
ispitanici misle da je energijska vrijednost obroka
najvazniji Cimbenik za oporavak, no negativne
posljedice pretreniranosti mogu se Sprijeiti ve¢im
unosom ugljikohidrata, dok nedovoljan unos
ugljikohidrata moZe negativno utjecati na sportske
rezultate (Satali¢ i sur., 2016).

S tvrdnjom da vedi unos energije iz proteina nego $to
je to organizmu potrebno moze dovesti do nakupljanja
udjela masti u organizmu ispravno se slozilo 40 %
ispitanika. Prevelik unos energije, premda on bio iz
proteina, dovest ¢e do nakupljanja udjela masti u
organizmu, §to moze izazvati loSiju izvedbu i
nezadovoljstvo u sportasa te je primarno potrebno
voditi raCuna o unosu energije u skladu s
individualnim potrebama sportasa (Satali¢ i sur.,
2016).

Izvori informacija

Ispitanici u ovom istrazivanju Kkoriste internetske
portale kao glavne izvore informacija o pravilnoj
prehrani (Slika 1). Internetske portale kao iskljucivi
izvor informacija koristi 30,9 % rekreativnih i 17,4 %
profesionalnih sportasa. Strucne i znanstvene radove
koriste vise profesionalni (39,1 %) od rekreativnih
sportasa (29,4 %), pri ¢emu su oni iskljuéivi izvor
informacija za 8,6 % profesionalnih i 2,9 %
rekreativnih sportasa. Potrebno je ukazati na vaznost
znanja o pravilnoj prehrani i na profesionalno iskustvo
kako bi se dostupne informacije kriticki analizirale i
kako bi se sa sigurnos¢u procijenilo koji se izvori
informacija mogu smatrati pouzdanima. PoSto su
internetski portali najc¢e$¢i izvor informacija i S
obzirom na udio profesionalnih sportaSa koji se
informiraju isklju¢ivo putem internetskih portala,
potrebno je teziti stvaranju baza informacija
temeljenih isklju¢ivo na znanstvenim i stru¢nim
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¢injenicama neupitne vjerodostojnosti. Nadalje,
potrebno je usmjeriti sportase k ucestalijem koristenju
znanstvene i stru¢ne literature. Naspram ispitanika u
ovom istrazivanju, treneri u Australiji su smatrali
znanstvenu  literaturu  najvaznijim  izvorom
informacija koji je pozeljno slijediti (Barnes i sur.,
2016), dok su australski profesionalni i amaterski
sportasi ocijenili dijeteticare i nutricioniste, uz
Internet, najvaznijim izvorom informacija (Trakman i
sur., 2019b).

Zakljucak

Ovo istrazivanje je pokazalo da je znanje o pravilnoj
sportskoj prehrani u rekreativnih i profesionalnih
sportaSa uglavnom lose. Usporedujuci znanje izmedu
rekreativnih i profesionalnih sportaSa, gotovo da ne
postoji razlika u prosje¢nom broju ostvarenih bodova
izmedu te dvije populacije te samim time ne postoji
znacajna razlika u njihovom znanju unatoc¢ oc¢ekivanju
da ¢e znanje profesionalnih sportasa biti bolje S
obzirom na intenzitet bavljenja sportom i
profesionalne ciljeve. Takoder, razlika u znanju
ispitanika o pravilnoj sportskoj prehrani nije utvrdena
s obzirom na spol, dob i stupanj obrazovanja, dok
razlika ipak postoji s obzirom na podruéje obrazovanja
ispitanika, pri ¢emu prednjace ispitanici obrazovani u
biotehnickom podrucju ¢ija edukacija ukljucuje i
znanost o prehrani. Dobiveni rezultati naglasavaju
potrebu za intervencijom u pogledu edukacije
rekreativnih 1 profesionalnih sportasa o pravilnoj
sportskoj prehrani koja je neophodni ¢imbenik u
odrzavanju tjelesnog zdravlja sportasa i osiguravanju
optimalne sportske izvedbe. Takoder, rezultati
ukazuju na vaznost ukljucivanja nutricionista u rad
rekreativnih i profesionalnih sportasa kako bi se
osigurao Sto kvalitetniji obrazovni program i
sportaSima pruzile provjerene informacije o sportskoj
prehrani.
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DIFFERENCE IN NUTRITION KNOWLEDGE BETWEEN
PROFESSIONAL AND RECREATIONAL ATHLETES

Anja Pozaié, Dominik Lon¢ari¢, Ivana Rumora Samarin, Ines Panjkota Krbav¢ié¢
University of Zagreb, Faculty of Food Technology and Biotechnology, Pierottijeva 6, 10000 Zagreb, Croatia

original scientific paper
Summary

Proper sports nutrition is necessary to maintain the optimal state of the athlete's body during training, competition and recovery,
while meeting all energy and nutritional needs. Research has shown that one of the factors for the implementation of proper
sports nutrition is the knowledge of athletes, which has directed the focus of scientific research on the assessment of knowledge
in different populations of athletes. This cross-sectional study aimed to assess the knowledge of professional and recreational
athletes about proper sports nutrition. General knowledge about proper nutrition and knowledge about sports nutrition were
assessed using the validated Abridged version of The Nutrition for Sport Knowledge Questionnaire (A-NSKQ) translated into
Croatian for research purposes. The results of the research showed that the largest share of respondents (63.2%) had poor
knowledge about proper nutrition, achieving an average score of 16.0 + 5.0 points, and only 0.9% of respondents showed
excellent knowledge. There is no significant difference in knowledge with regard to gender (p=0.729), age (p=0.731) and level
of education of the respondents (p=0.900), but neither between professional and recreational athletes (p=0.643). In 54.3% of
professional and 69.1% of recreational athletes, nutrition knowledge was assessed as poor. The obtained results indicate the need
for education of recreational and professional athletes about proper sports nutrition, which is necessary to ensure optimal sports
performance. A multidisciplinary approach is needed in achieving and maintaining the shape of athletes, also involving
nutritionists in the education process to provide athletes with a professional approach and verified information about sports
nutrition while raising awareness of the source of information they use in their daily education, including more frequent use of
scientific and professional literature.

Keywords: A-NSKQ, knowledge, sports nutrition, professional athlete, recreational athlete
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review paper
Summary

The choice of food by modern consumers is highly affected by its visual appearance, with color as a key constituent making it
more attractive to consumers. The emergence of food technology has brought about a wide range of artificial food colors and the
possibilities of their use. Colors are additives used to provide or enhance characteristic colors in food products. They are routinely
added to foods and beverages to improve their appearance, compensate color loss during processing, and give color to otherwise
colorless food products. Food additives marked with E-numbers, the use of which is approved in the European Union, are also
allowed in Croatia according to the national legislation, with defined maximum permitted amounts of certain colors in foodstuffs.
Artificial food colorings have been the subject of controversy for many years and have been scrutinized for possible links to
cancer, allergies, and hyperactivity. The negative impact on children's attention and activity is most often mentioned. The aim of
this review is to give an overview of current knowledge on the toxicity issues and possible detrimental effects of food colorants

on children's health.

Keywords: additives, artificial colors, children, health, negative impacts

ABBREVIATIONS:

WHO - World Health Organization

FDA - Food and Drug Administration

EFSA - The European Food Safety Agency
NOAEL - No Observed Adverse Effect Level
ADI - acceptable daily intake

AFC — artificial food colors

NHANES - National Health and Nutrition Examination Survey

ADHD - attention deficit/hyperactivity disorder
Introduction

Food scientists and producers know that, alongside
flavor and texture, color plays a crucial role in taste
and food perception (Burrows, 2009). The visual
aspect is one of the main decision factors for food
consumers. In this context, food colors are added to
increase the visual attractiveness or to compensate for
natural color variations in food (Oplatowska-
Stachowiak and Elliott, 2017). Historically, ancient
Egyptians added colorants to wine and confectionaries
(Oplatowska-Stachowiak and Elliot, 2017). Food
coloring could only be obtained from natural sources
(saffron, pepper, turmeric, beet extract, and various
flowers) (Sigurdson et al., 2017). For example, wheat
starch, egg whites, or crushed almonds were used for
white, one of the world’s most expensive spices,
saffron was used as a yellow or golden colorant, and
mint, spinach, and parsley for green (Spence, 2022).
In the 17th and 18th centuries, tea was colored with
copper carbonate, and whiteness of a bread was

*Corresponding author: tanja.markovic@zzjzosijek.hr

enhanced with chalk (Sharma et al., 2011). The first
synthetic color was developed by William Henry
Perkin in 1856 while working with anillines
(petroleum products). It was a purple pigment called
,mauveine" (Mota et al., 2021), which led to synthesis
of thousands of new coloring compounds for industrial
applications (Oplatowska-Stachowiak and Elliott,
2017).

Food coloring can be artificial, created in the same
way as natural coloring, or naturally derived. Natural
colors are extracted from natural sources by more or
less complicated processes. They have many positive
features, such as reliability, functionality, biological
potential, and health benefits, but they also have
certain drawbacks, including sensitivity toward other
food ingredients or in the presence of scents or odors,
as well as instability in water, light and/or heat (Silva
etal., 2022).

In contrast to natural colors that are extracted from
natural sources, artificial colors are produced by the
chemical synthesis or modification of several
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precursors (Konig, 2015). Nowadays, the food
industry prefers artificial colors for their ease of
production, low cost, high stability, and better coloring
properties (Oplatowska-Stachowiak and Elliott,
2017). Additionally, they give the product a strong
color without adding any unwelcome flavors (Barciela
etal., 2023).

Foods on the market may contain excessive amounts
of artificial colors. They have been linked to health
issues including allergenicity, behavioral issues such
as childhood hyperactivity syndrome, neurotoxicity,
genotoxicity, and carcinogenicity, and are a major
cause of food intoxication, according to a number of
studies (Dey and Nagabubu, 2022; Corradini, 2019).
Since many synthetic compounds have been shown to
be toxic and harmful to humans, the use of colors as
food additives in the developed world is strictly
controlled by legislation, which varies from country to

country (Oplatowska-Stachowiak and Elliott, 2017).
The European Food Safety Agency (EFSA) of the
European Union (EU) and the Food and Drug
Administration (FDA) of the United States of America
are the two primary regulatory bodies in the world for
food additives. These institutions carry out safety
regulations, review scientific data, assess potential
toxicity, and estimate human dietary exposure to food
additives. Beyond just naming them, the EFSA gives
each food additive a special identification code made
up of the letter "E" and a number. Colorants range
from E100 (Curcumin) to E180 (Litholrubine BK).
Artificial food colors are restricted by Regulation (EC)
1333/2008. Only those colors listed in Annex II
(European Commission, 2011) are authorized for
foods. A list of the currently authorized artificial food
colors is shown in Table 1.

Table 1. Artificial food colours authorized in the EU according to Regulation (EC) 1333/2008

ARTIFICIAL FOOD COLORS

E-NUMBER NAME

E 102 Tartrazine*

E 104 Quinoline Yellow

E 110 Sunset Yellow FCF/Orange Yellow S

E 122 Azorubine, Carmoisine*

E 123 Amaranth*

E 124 Ponceau 4R, Cochineal Red A*

E 127 Erythrosine

E 129 Allura Red AC*

E 131 Patent Blue V

E 133 Brilliant Blue FCF

E 142 Green S

E 151 Brilliant Blac BN, Black PN*

E 154 Brown FK*

E 155 Brown HT*

E 160e Beta-apo-8'-carotenal (C30)

E 180 Litholrubin BK*
*azo-color

Since all chemicals have the potential to be harmful,
the minimal exposure level at which adverse health
consequences might manifest is estimated to establish
the quantities that should be utilized in meals. This
limit, known as the No Observed Adverse Effect Level
(NOAEL), is mostly established through research
conducted on animals. In order to account for
interspecies differences between test animals and
humans and intraspecies variability among humans,
sensitive populations are taken into consideration
when safety factors are added to the NOAEL. This
results in the chemical's acceptable daily intake (ADI)
value. The ADI is defined as ‘the amount of a
substance that people can consume on a daily basis
during their whole life without any appreciable risk to
health”. ADIs are usually expressed in mg per kg of
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body weight per day (mg/kg body weight/day),
(Martyn et al., 2013).

The level of exposure and individual sensitivity have
direct influence in assessing toxic potential od
substances, including additives. Since the acceptable
daily intake (ADI) is calculated per kilogram of
weight, children may be more sensitive to additive
toxicity.

Compared to adults, children consume more food,
drink more water, and breathe more air per unit of
body weight. Additionally, since children may live
longer than adults in the future, they have more time
to develop chronic diseases brought on by early
exposure to environmental toxins like food additives
(Kraemer et al., 2022).
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Methods

A review of the literature was carried out between June
and September 2023, with a bibliographic search in

the databases ScienceDirect, PubMed, and Google
Scholar. Official documents and studies published
since 2000 were selected (Figures 1 and 2). Keywords
related to food additives, children, artificial colors, and
health effects were used for the search.
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Figure 1. Dynamics of publication (2000 — 2022) of

searches for food colors and health relationships (Based on

data retrieved from Science direct) — visited 05.09.2023.

Results and discussion
Researches

A survey on the percentage of goods containing artificial
colors (AFC) at one supermarket shop was done in North
Carolina in 2014. For 810 goods in 19 categories, the
research team gathered data on the products and food
colorings. 350 goods overall (43.2%) contained AFC.
Allura Red (29.8% of items), Brilliant Blue (24.2%),
Tartrazine (20.5%), and Sunset Yellow (19.5%) were the
most prevalent AFCs (Figure 3). Candy accounted for

Figure 2. Dynamics of publication (2000 — 2022) of

searches for food colors and health relationships (Based on

Other colors

Brilliant Blue
24,2%

Allura Red
29,8%

data retrieved from PubMed) — visited 05.09.2023.

96.3% of all products in this category, followed by fruit-
flavored snacks (94.7%), drink mixes and powders
(89.7%), and frozen breakfast (85.7%). The AFC most
frequently used, found in 29.8% of items geared at
children, was Allura Red. Categories with a high
proportion of products containing Allura Red included
candies (77.8%), drink mixes and powders (71.8%), and
toaster cakes (66.7%), which were present in products in
all 19 categories with products that contained AFC. Fast
green, erythrosine, and other AFCs were found in less
than 5% of items or not at all (Batada and Jacobson,
2016).

Figure 1. An illustration of the findings from a survey on the proportion of products containing artificial colors in one
supermarket conducted in North Carolina in 2014 (adapted from Batada and Jacobson, 2014)
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In the Netherlands, a study was carried out between
September 2012 and December 2013 to determine the
acceptable daily intake (ADI) of artificial food colors
among schoolchildren using a prospective three-day
food diary (two weekdays and one weekend day). It
was found that the colors Brilliant Blue (E133), Patent
Blue (E131), and Indigotine (E132) predominantly
appear in their products in supermarkets (mainly
sweets and carbonated drinks). None of the children
consumed yellow, orange or red artificial food color.
Only Brilliant Blue (E133), Patent Blue (E131),
Indigotine (E132), and Green S (E142) were found to
be used by children in Amsterdam as artificial food
colorings, and their intake was shown to be much
lower than the ADI (Kist-van Holthe et al., 2015).

A German database on the prevalence of food
additives was built in order to obtain a more accurate
estimate of toddlers' and kids' intake of food additives.
It combines qualitative data on the presence of food
additives in the consumed food with consumption data
from two recent national nutrition surveys for toddlers
and kids. Two dietary surveys from 2001-2002 and
2006, respectively, were utilized to collect data on
consumption. The information regarding the presence
of food additives is based on food labeling. Children
in Germany ingest a variety of red hues (E110, E124,
and E129), and their mean intake is 0.16-0.50
mg/kg/day, which is comparable to findings from the
Netherlands (Diouf et al., 2014).

A 24-hour dietary recall was carried out twice in 58
schools to evaluate the use of artificial food color
additives by children aged 5 to 14 in the State of
Kuwait. To assess the potential risk connected to
children in Kuwait consuming artificial color
additives, a comparison with the recommended daily
intakes (ADIs) was made. The findings showed that
four of the nine approved colors: Tartrazine, Sunset
Yellow, Carmoisine, and Allura Red exceed their ADIs
by factors of 2—8. Further research is required to shed
light on any potential negative health effects linked to
the excessive use of these artificial color additives in
the test population (Husain et al., 2006).

For Australian children, food exposure assessments to
added colors were conducted in 2006. To ascertain
whether food intake on a daily basis was likely to
result in a significant health issue, the estimated
dietary exposure to each particular color was
compared to the pertinent, internationally accepted
Acceptable Daily Intake (ADI). Even for high
consumers, dietary exposure to certain added colors
was below the ADI (Stevens et al., 2014).

Utilizing data on food and beverage dietary intake
gathered from individuals in the 2015-2016
NHANES, researchers in the USA estimated AFC
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exposure in women of reproductive age, pregnant
women, and children. The NHANES program polls a
sample of roughly 5,000 people from across the
country to determine the health and nutritional status
of children and adults living in the United States. They
compared them to the acceptable daily intakes (ADIs)
recommended by the FDA and the WHO. Currently,
there are seven FD&C (Federal Food, Drug, and
Cosmetic Act, FDA) color additives approved for
general use in food in the United States: Brilliant Blue,
Indigo Carmine, Fast Green, Erythrosine, Allura Red,
Tartrazine, and Sunset Yellow. The highest projected
exposures for AFC consumers to the seven regularly
used food colors were Allura Red, followed by Sunset
Yellow and Tartrazine. The lowest exposures were
found for Fast Green. Overall, children’s estimated
exposure to Allura Red and Erythrosine, as well as the
other five food colors, tended to be higher compared
with adult women (Bradman et al., 2022).

As they are the biggest consumers of artificial colors,
research was also done in Saudi Arabia among school-
aged children between the ages of 6 and 17. In order
to acquire the data necessary to evaluate how much
and what kind of food the children consume,
individual interviews with the kids were done in their
schools. Data from the 24-hour field survey of dietary
recall were entered into the database and statistically
processed. The questionnaire was used to identify the
colors Sunset Yellow (E110), Tartrazine (E102),
Carmoisine (E122), Brilliant Blue (E133), Allura Red
(E129), Black PN (E151), Indigo Carmine (E132), and
Fast Green (E143). According to the findings,
schoolchildren consumed Carmoisine (32.3%) and
Sunset Yellow (30.1%) of artificial food colors the
most frequently, while Erythrosine (0.05%) was the
least popular. In both sexes, the ADI of AFC declines
with age to varying degrees. Most permitted colors
surpassed their ADIs in the 6- to 11-year old group and
most permitted colors were within the recommended
ADIs in the 12- to 17-year-old age group when
compared to the Food and Agriculture Organization
and World Health Organization acceptable daily
intakes, which indicates age-related decreases in
schoolchildren's average daily consumption of AFC
(Ahmed et al., 2023).

Utilizing information from 142 primary school
students in three districts of Hong Kong, China, ages
8 to 9, who completed food-frequency questionnaires,
it was possible to calculate the dietary exposure to
artificial colors. The average amount of colored foods
ingested was multiplied by the average levels of the
color additives in those meals, and the result was
divided by the average body weight for each group to
get the ADI of authorized artificial food colors. With
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the exception of Sunset Yellow, an average primary
school student's dietary exposure to artificial colors
was significantly lower than the ADI for their ages.
According to the data, 9-year-old boys had an average
daily intake of Sunset Yellow (E110) that was 51%
higher than the ADI threshold. The increasing
consumption of soft drinks and treats like jellies,
which contain high levels of this artificial color
additive, was primarily to blame for the higher intakes
of Sunset Yellow (Lok et al., 2011).

Based on research on food consumption and the
concentration of food additives in accordance with
WHO guidelines, a risk assessment study of six
different types of food additives (including benzoates,
sorbates, cyclamates, saccharin, Tartrazine and Sunset
Yellow) in Vietnamese diets was carried out. Surveys
on food consumption and food sampling were
conducted in six provinces. According to the survey
findings, different food product -categories are
consumed in varied amounts by people of various
ages. The amount of coloring chemicals was

significantly smaller and was mostly found in chili
sauce. Total intake for Tartrazine and Sunset Yellow
was substantially lower than their ADIs (Long et al.,
2019).

The Brazilian Institute of Geography and Statistics'
Household Budget Survey (HBS) data on food
consumption were used in this study to calculate the
theoretical maximum daily intake of the synthetic food
color Sunset Yellow by the Brazilian population. In
order to determine whether it was possible to surpass
the ADI, the study included people from all age groups
and urban and rural populations in the five regions of
the nation. This was determined by comparing food
items from Brazil's main retail chains that contain this
color. These findings indicated that none of the
aforementioned population groups' average Sunset
Yellow consumption per capita exceeded the ADI
(Feitosa et al., 2017).

Table 2 provides a summary of all these studies that
evaluated the consumption of food colors by children.

Table 2. Studies that evaluated the consumption of food colors by children (dos Santos Kraemer et al., 2022)

Intake estimations
. . Analyzed type of compared with the
Country Population (age) Period Type of research synthetic colors Acceptable Daily Intake Reference
(ADI)
E102 Tartrazine
E104 Chinoline
Yellow Intake of artificial food
. E110 Sunset L
between three-day prospective food colourings is well below the
Median age 7.0 September diary and E122Y zlzlg\rﬁbine acceptable daily intake (ADI) Kist-van
Netherland rande &13 e.ar’s 2012 and compared to the E124 Ponceau 4R and is limited to Brilliant Blue Holthe et
9 y December acceptable daily intake (E133), Patent Blue (E131), al., 2015
E129 Allura Red e
2013 (ADI) Indigotine (E132) and Green
E131 Patent Blue S (E142)
E132 Indigotine
E133 Brilliant Blue
E142 Green S
It uses consumption data
of two recent national Exposure for high-level
Infants and toddlers . nutrition surveys fqr E110 Sunset consumers exceeded the ADI .
in 2001/02 children in combination Yellow S Diouf et al.,
Germany | aged 6 months to <5 - o for two of the food additives;
ears and 2006 with qualitative E124 Ponceau 4R E120 Carmine acid (natural) 2014
Y information of food E129 Allura Red '
. : E129 Allura Red
additive occurrence in the
consumed food
E102 Tartrazine
E110 Sunset
yellow F
E122 Carmoisine. The results indicated that out
E127 Erythrosine | of nine permitted colours, four
State of 5-14-year-old Not defined 24-h dietary recall field E129 Allura red exceeded their ADIs by Husain et
Kuwait children survey E143 Fast green factors of 2-8: al., 2006
E132 Indigotine tartrazine, sunset yellow,
E133 Brilliant blue carmoisine and allura red
E151 Brilliant
black
E155 Brown HT
The Australian three month Dietary modelling as a E129 Allura red For the Australian population
population aged 2 . tool used to estimate E122 Amarant and all population sub-groups
period food E122 Azorubi d, di S
Australia years and above, between June exposure to food zorubine assessed, dietary exposure to tevens et
children aged 2-5 and Auaust chemicals from the diet as E151 Brilliant individual added colours was al., 2014
years, children aged 2002 part of the risk assessment Black E133 below the ADI even for high
6-12 years, process. Brilliant Blue (90th percentile) consumers.
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adolescents aged E155 Brown HT
13-18 years, adults E127 Erythrosine
aged 19-24 years, E143 Fast Green
adults aged 25 years E142 Green S
and above E132 Indigotine
E124 Ponceau 4R
E104 Quinoline
Yellow E110
Sunset Yellow
E102 Tartrazine
ElEBlI;E {:yggtﬁleue The highest projected
E127 Erythrosine exposures for AFC consumers
women of _NHANES E102 Tartrazine to the seven regularly used
USA reproductive age, 2015-2016 (Naypnal HeaIFh apd E129 Allura red FD&C food colors were Bradman et
pregnant women, Nutrition Examination E143 Fast green Allura Red, followed by al., 2022
and children Survey) E110 Sunset Sunset Yellow and Tartrazine.
Yellow The lowest exposures were
found for Fast Green
E132 Indigotine
E127 Erythrosine
E102 Tartrazine
E122 Carmoisine. Carmoisine (32.3 %) and
school-aged Individual interviews. 24- E129 Allura red Sunset Yellow (30.1 %) were
Saudi children from 6 to Not defined hour field survey c;f E143 Fast green the most frequently Ahmed et
Arabia 17 vears dietary recall E110 Sunset consumed, while Erythrosine al., 2023
y Y Yellow (0.05 %) was the least
E151 Brilliant consumed
Black
E133 Brilliant Blue
Young children (<5
years), elementary
stud;e/r;;srs()G -10 E102 Tartrazine Average food_ add_itive intakes
Vietnam high school students Not defined 24-h dietary recall E110 I?unset Of. consumer in Vietnam were | Long et .,
(11-18 years) Yellow within the reco_mmend_atlon of 2019
adults (19-40 age) Codex Alimentarius.
and middle/elderly
people (> 40 years)
Adolescents (10-18
years old) E110 Sunset Consumption of Sunset
Brazil Adults (19-54 years 2008/2009 Official Yellow Yellow per capita did not Feitosa et
old) government dana exceed the ADI al., 2017
Seniors (over 55
years old)
E102 Tartrazine
E104 Quinoline
SYeIIotw YEﬁlO Dietary exposure was
Elggséarn?oi(;\ixe considerably lower than th_e
E123 Amaranth tr_\reshold for acceptat_)Ie daily
Hong Primary school df E124 Ponceau 4R mtakef(ADI) for thﬁ'r agecs:, K et al
Kong, children aged 8-9 Not defined Food frequency E127 Erythrosine except for sunset yellow FCF. Lok etal,
China years questionnaire B E129 Allura Red Data obtaln_ed _showed that the 2011
AC E132 Indigo average daily intake of sunset
Carmine E133 yellow FCF (E110) was 51%
Erioglaucine over the ADI threshold in 9-
Disodium year-old boys.
E142 Lissamine
Green B

The idea that food allergies or sensitivities lead to
behavioral and learning problems dates back to the
1920s, but it wasn't until 1973 that Dr. Benjamin
Feingold proposed that artificial food colors were
common causes of hyperactivity (Arnold et al., 2012).
More than 3,000 distinct food additive effects were
tested on 1,200 people, but his research was not only
refuted but also made fun of. Feingold claimed that a
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diet devoid of these additives significantly reduced
hyperactive symptoms, and more than 50% of the

population benefited. Numerous

studies

conducted to determine the validity of this claim, three
of which, carried out at Southampton University,
provided the first conclusive and scientific evidence of
the negative effects of these colors (Mittal, 2020).

were



Tanja Markovic et al. / POTENTIAL HARMFUL EFFECTS OF ARTIFICIAL ... (2023) 12 (2) 74-83

Food colors and ADHD

By 1980, the terminology “hyperactivity” was
changed to “attention-deficit disorder” (ADD) to
describe children who were inattentive but not
hyperactive and ‘“attention deficit/hyperactivity
disorder” (ADHD) to describe children who were
hyperactive, impulsive, and inattentive (Stevens et al.,
2013). ADHD, commonly known as attention deficit
hyperactivity disorder, is a neurological condition that
affects children. It is often first diagnosed in infancy
and frequently continues into adulthood. Although the
actual etiology of ADHD is unknown, environmental
variables such as pollutants and food may have an
impact on symptom severity in addition to genetics.
The Food and Drug Administration (FDA) has
allowed artificial food coloring (AFC); however,
according to Rambler et al. (2022), research suggested
that it might had been linked to symptoms of ADHD.

Bateman et al. (2004) conducted research on whether
artificial colors in food affect hyperactivity in
children. 1873 of four-year-olds underwent tests for
the presence of hyperactivity. The children underwent
a baseline assessment and were then put on a diet that
excluded artificial colors and benzoate preservatives
for one week. Over the course of the following three
weeks, they participated in a double-blind cross-over
study where they were given, in a random order,
periods of dietary challenge with either a drink
containing artificial colors (20 mg per day) and
sodium benzoate (45 mg per day) (active period) or a
placebo mixture. Behavior was assessed by an
examiner who was blind to nutritional status and
parent ratings. During the weaning phase, hyperactive
behavior significantly decreased. Additionally,
according to parent reports, hyperactive behavior
increased during the active phase far more than it did
during the placebo period. According to the study's
findings, parents could had notice an overall
unfavorable impact of artificial food colors and
benzoate preservatives on their children's behavior at
the age of 3, but not by straightforward clinical
evaluation. Bateman at al. (2004) believe that research
suggests that all children would benefit if artificial
food colors and benzoate preservatives were removed
from their diets.

Some conclusions have been drawn from research on
the effects of blue food coloring on children's health.
The study was conducted on Brilliant Blue (Blue No.
1) and Indigotine (Blue No. 2), two of the most widely
used synthetic blues. While concerns regarding the
safety of AFCs continue to emerge, the toxicity of
artificial blue food coloring has been evaluated in mice
and rats in a lab setting (Rambler et al., 2022). Brilliant
Blue and Indigotine have not been shown to be
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harmful or carcinogenic in rats or mice. On the other
hand, Brilliant Blue showed potential for
neurotoxicity in an in vitro study by inhibiting neurite
development and cooperating with L-glutamic acid.
The blood-brain barrier is still developing in fetuses
and infants younger than 6 months, so this is especially
concerning. To assess the safety of this color with
more certainty, more research is required. Regarding
Indigotine, it was shown that rats exposed to high
concentrations of the color developed tumors (brain
gliomas) at substantial rates. Despite this fact, the FDA
found reasons to excuse that evidence and approved
the continued use of the dye (Kobylewski and
Jacobson, 2012; Olas et al., 2021).

Food colors and allergies

Since the usage of food additives has increased
significantly over the past 20 years around the globe,
numerous allergies and other immune reactivities have
been documented (Vojdani, 2015). Dietary allergies
include allergic responses to dietary additives. The
cause of food allergy (hypersensitivity) is an
immunologic reaction brought on by eating a food.
The biggest foreign antigenic load that the human
immune system encounters comes from eating. Food
antigens, which frequently enter the body proper in
most people, cause tolerance to develop. However, the
immune system responds with some type of
hypersensitive reaction if tolerance building is
unsuccessful (Gultekin and Doguc, 2012). Food
coloring and other additives are made of very small
molecules, to which we have not developed a
tolerance yet. These food additives become the main
cause of the breakdown of immunological tolerance if
they are able to attach to body proteins after
metabolization or to food proteins during food
production. They are thought to contribute
significantly yet covertly to these immunological
reactivities (Vojdani, 2015). Additionally, Tartrazine
in particular has been mentioned as a potential asthma
and urticaria trigger, especially in aspirin-intolerant
patients. These reactions have happened after
consuming meals or items that include Tartrazine and
other food colors (Elhkim, 2007). Children with
severe atopic dermatitis had an even higher percentage
of reactions to Tartrazine. There have been reports of
Tartrazine and other colorants being involved in
numerous chemical sensitivity disorders that are not
IgE-mediated (Inomata et al., 2006). Other research
and case reports have linked the use of many food
additives, including Tartrazine, to allergic,
immunologic abnormalities like chronic urticaria,
angioedema, and rhinitis, which are typically linked to
food allergies. These other studies and case reports
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include Allura Red and Erythrosine. This study and
numerous others pertaining to immunological
reactions to food coloring were evaluated in great
detail in a review paper, which came to the conclusion
that allergic and immune reactions to food additives
can be thought of as triggers or aggravating factors in
sensitive people. Deleting these triggers can
significantly alleviate a patient's symptomatologies,
hence clinicians and sensitive consumers in particular
should be aware of the allergic qualities of food
additives (Vojdani, 2015).

Food colors and carcinogenicity

Highly processed foods have become a part of our
daily diet. Such meals are frequently colored with food
colors, particularly synthetic ones, which might have
genotoxic or carcinogenic qualities. This poses a risk
to the public's health. Children are the main consumers
of artificial food color, which has multiplied over the
past 50 years. Some colors could have carcinogens in
them. The main factors causing liver cancer are food
colors such as Erythrosine, Carmoisine, and Tartrazine
(Malabadi et al, 2022). Research by Reza et al. (2019)
was done to ascertain the relationship between
carcinogenicity and the toxicities of the azo color
Carmoisine on mice. The animals were placed into 4
groups when the trial began and were around 6 weeks
old. For mice, Carmoisine was added to a standard diet
at a variety of doses. Every day, the animal's overall
health, mortality, and any signs of sickness were
examined, and once a week, each animal's body
weight was recorded separately. According to this
study, treatment with large doses of Carmoisine can
cause hepatotoxicity and renal failure. It might also be
thought to be the cause of liver cancer development
(Reza et al, 2019). There are nine colors that are now
permitted in the US, and each of them has been linked
to a range of health issues. Animal studies have shown
carcinogenic effect of erythrosine, and there is
evidence that numerous other colors have similar
effect. It was discovered that three colors (Allura Red,
Tartrazine and Sunset Yellow) contained benzidine or
other carcinogens. There is no evidence that ingesting
Erythrosine or any other artificial food colors causes
cancer on humans. Scientists, however, tend to use the
results of animal studies to understand possible effects
in people. Although there are no FDA-approved
artificial food colors that are categorized as
carcinogenic, current research suggests possible
health hazards that may be alarming (Kobylewski and
Jacobson, 2012).
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Conclusion

An essential component of a significant amount of the
food sold nowadays is artificial food coloring. They do
not increase the nutritional value or safety of food, in
contrast to some other additives. They were just
introduced to enhance the food's aesthetic identity and
appeal to consumers, particularly children. The use of
artificial food colors is still controversial. Some
studies clearly indicate that the use of artificial colors
can have toxic and harmful effects. Children are the
most vulnerable group because of how quickly their
bodies grow and change as well as how much more
exposure to toxins they receive per kilogram of body
weight. Since the FDA concluded that artificial food
colors are not harmful to health, many scientists try to
make the public aware of the fact that artificial food
colors are not so harmless through their research and
presentation of results in their scientific works. An
additive consumption limit, or ADI, is established by
taking into account the effects found in toxicological
research conducted, mostly, on animal models. Since
the early stages of life are not taken into account when
setting safety limits, the context of consumption
restrictions and the assessment of the toxicity of
additives are more complicated when applied to
children. Food color exposure is associated with
negative behavioral outcomes in children, both with
and without pre-existing behavioral abnormalities,
according to recent human investigations, most
notably controlled exposure studies in children. To
further understand the relationship between
consumption and harmful health effects, additional
exposure analyses of legal artificial colors,
particularly in youngsters, are urgently needed.
Without this information, it would be very difficult to
protect customers, especially the most helpless ones
(children). It is advised that regulatory agencies
demand better and independent toxicity testing, use
more caution when approving certain hues moving
forward, and only approve well-researched, secure
colors. Also, due to concerns that artificial colors can
affect children's behavior, in recent years, California’s
Office of Environmental Health Hazard Assessment
(OEHHA) has been conducting the most rigorous
assessment undertaken to date of the relationship
between synthetic colors and their effects on child
behavior. Based on multiple evidence, they conclude
that the neurobehavioral effects of synthetic food
colors in children should be acknowledged and steps
taken to reduce exposure (Miller et al., 2022).
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strucni rad

Sazetak

Poremecaji prehrane podrazumijevaju trajno narusen odnos prema vlastitom tijelu i hrani, §to uzrokuje destrukciju mentalnog i
fizi¢kog zdravlja pojedinca, kao i disfunkcionalne drustvene i obiteljske odnose. Anoreksija i bulimija nervoza su najzastupljeniji
poremecaji prehrane. Njihov kroni¢ni oblik je ujedno i najtezi oblik bolesti. Obiljezja anoreksije nervoze su izgladnjivanje,
odbojnost prema vlastitom izgledu i zadrzavanju normalne tjelesne mase, a obiljezja bulimije nervoze su unos prevelike koli¢ine
hrane u kombinaciji s kompenzatornim mehanizmima, kao §to su povracanje, prekomjerno vjezbanje i primjena laksativa.
Kompulzivno prejedanje je ozbiljan i iscrpljuju¢ poremecaj kada osoba unosi enormne koli¢ine hrane u kratkom vremenskom
periodu, uz prisutan osjecaj gubitka kontrole. To¢an uzrok nastanka nije u potpunosti poznat, iako se o poremecajima prehrane
govori i istrazuje jo$ iz povijesnih vremena. Smatra se da nastaju kao spoj psiholoskih, socijalnih i biolo§kih faktora. To ukljucuje
emocionalnu nestabilnost, genetiku, poremecaje licnosti, drustveni i obiteljski pritisak. Unato¢ tome $to je uglavnom zahvaéen
zenski spol (10-30 godina), bolesti su sve ¢esce zastupljene i u muskoj populaciji. Poznato je kako samo se u samo 30 % slucajeva
oboljeli odluce potraziti stru¢nu pomo¢. U radu s oboljelima od poremecaja prehrane potrebno je teorijsko i prakti¢no znanje,
terapijska komunikacija i kontinuirana edukacija u svrhu pobolj$anja zdravstvenog statusa, promjene negativnih zdravstvenih
ponaSanja i povecanja kvalitete Zivota oboljele osobe te ukljuenost multidisciplinarnog tima (lije¢nik, medicinska sestra,
psiholog, nutricionist, psihijatar, fizioterapeut, radni terapeut).

Kljucne rijeci: poremecaji u prehrani, anoreksija, bulimija, kompulzivno prejedanje, nutricionist, medicinska sestra

Uvod

Uravnotezena i pravilna prehrana je esencijalna za
optimalan razvoj i rast Covjeka. To podrazumijeva
osiguranje optimalnog unosa i omjera hranjivih tvari
(bjelanc¢evina, ugljikohidrata, masti, vitamina i minerala) i
tekuc¢ine. Uravnotezenost prehrane iznimno utjeCe na
razvoj imunoloskog sustava, raspoloZenje, fizicko stanje,
dostatnost sna, prevenciju razliitih bolesti te stjecanje
zdravih prehrambenih navika (Bozi¢ i Macuka, 2017).
Znanost o prehrani je veoma dinamicna, stoga stru¢njaci
neprestano pronalaze nove spoznaje na temelju kojih
grade miSljenja i daju odgovaraju¢e smjernice. Pravilna
prehrana podrazumijeva raznolik i balansirani unos
nutrijenata sukladno spolu, Zivotnoj dobi, gradi osobe,
radnoj okolini i klimatskim uvjetima (Bozi¢ i Macuka,
2017). Zdrave prehrambene navike se usvajaju ve¢ u
ranom djetinjstvu, stoga je vrlo vazno da roditelji i
odgajatelji aktivno rade na razvijanju kvalitetnih
prehrambenih navika koje se po uzoru na djetinjstvo
nastavljaju i u odrasloj dobi. U suprotnom se javljaju
poremecaji u prehrani, koji u danasnje vrijeme
predstavljaju sve ve¢i javnozdravstveni problem (Bozi¢ i
Macuka, 2017; Duarte i sur., 2014). Poremecaji prehrane
su kompleksni poremecaji ponaSanja okarakterizirani
snaznom potrebom za kontrolom nad tjelesnom tezinom i
hranom, a nastaju kao posljedica obiteljsko-socijalnih,
razvojnih poremecaja ili su uzrokovani odredenim
bioloskim ¢imbenicima (Duarte i sur., 2014). U Republici
Hrvatskoj procjenjuje se da od poremecaja prehrane
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boluje 35.000-45.000 osoba (Smink i sur.,2012). Pojedini
faktori koji mogu utjecati na nastanak ovih bolesti su
poremecaji osobnosti, emocionalni faktori, te obiteljski 1
kulturolo$ki pritisak. Smatra se da je najugroZenija dob od
10-30. godine Zivota. U poremecaje prehrane ubrajamo
Citav niz Kklasificiranih bolesti, od kojih kao glavne
dijagnosticke skupine izdvajamo anoreksiju nervosu i
bulimiju nervosu (Duarte i sur., 2014). Poremecaji
prehrane prema DSM-V obuhvacaju anoreksiju nervozu,
bulimiju nervozu, poremecaj s prejedanjem i druge
specificirane ili nespecificirane poremecaje hranjenja
(Bozi¢ 1 Macuka, 2017). Sindrom kompulzivhog
prejedanja, tzv. binge eating disorder, jedan je od
nespecifi¢nih poremecaja prehrane, zbog toga $to nema
karakteristicne kriterije za postavljanje dijagnoze
anoreksije nervoze ili bulimije nervoze (Duarte i sur.,
2014). Unato¢ tome S$to se razliCito manifestiraju,
zajednicko svim navedenim poremecajima je ¢injenica da
zahtijevaju strunu pomo¢, nadzor i lijecenje. O
poremecajima prehrane ne govori se Cesto zbog srama,
straha od nerazumijevanja i osjecaja krivnje oboljele
osobe (Bozi¢ i Macuka, 2017; Duarte i sur., 2014).

Metode

Rad je pisan uz pomo¢ dostupnih domacih i stranih
literaturnih izvora s odgovarajucih platformi, kao §to
su Google Scholar, Portal hrvatskih znanstvenih i
struénih Casopisa Hrcak, PubMed te koriStenjem
knjiga, doktorskih disertacija, Clanaka preuzetih ih
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znanstvenih Casopisa koji ukljuuju provedena
znanstvena istrazivanja. Klju¢ne rijeci za pretrazivanje
literature bile su: prehrana, poremecaji prehrane,
anoreksija, bulimija i kompulzivno prejedanje.

Rezultati i rasprava
a) Pravilna prehrana

Pravilna i wuravnoteZzena prehrana predstavlja
neizostavni dio u zivotu svakog Covjeka. Povoljno
utjeCe na zdravlje 1 smanjuje mogucénost razvoja
kroni¢nih (kardiovaskularne bolesti, dijabetes) i
malignih bolesti, te pojavu pretilosti, anoreksije i
bulimije (Anestis i sur., 2009). Prehrana bogata
hranjivim tvarima doprinosi boljem fizickom stanju,
manjem izlaganju stresu, boljem raspoloZenju i
o¢uvanju zdravlja. Prema podrijetlu hrana se dijeli na
onu zivotinjskog i biljnog porijekla te soli koje spadaju
u zasebnu skupinu. Nutrijenti mogu biti esencijalni i
neesencijalni (Duarte i sur., 2014). U esencijalne
nutrijente  se ubrajaju aminokiseline, minerali,
vitamini, neki ugljikohidrati i masne kiseline. Ljudski
organizam nije sposoban sintetizirati esencijalne
nutrijente, pa se oni osiguravaju ishranom.
Neesencijalne nutrijente organizam proizvodi sam
(Anestis i sur., 2009). Makronutrijenti se definiraju
kao hranjive tvari koje razgradnjom omogucuju dotok
energije u organizam (Bozi¢ i Macuka, 2017). Oni
obuhvacéaju bjelancevine, masti, masne kiseline,
prehrambena vlakna, ugljikohidrate i Kolesterol.
Zdrava odrasla osoba bi trebala unositi 45-65 %
ugljikohidrata, 20-35 % masti i 10-35 % bjelanéevina
na dnevnoj bazi putem hrane (Anestis i sur., 2009).
Voda je esencijalna supstanca za zivot. Bez dovoljnog
unosa vode ne moze se osigurati normalna probava,
kao ni transport nutrijenata (eliminacija otpadnih
tvari). Dnevni unos vode ovisi o dobi, tjelesnoj
aktivnosti i tjelesnoj masi Covjeka (Dunkley i Grilo,
2007).

b) Poremecaji prehrane

Poremecaji prehrane su kronic¢ne psihijatrijske bolesti,
pracene razliCitim psiholoskim, medicinskim i
psihijatrijskim komorbiditetima. Oboljela osoba
svakodnevno primjenjuje samoinicijativno
izgladnjivanje ili prejedanje koje primarno uzrokuje
iskrivljena slika vlastitog tijela te niska razina
samopostovanja (Anestis i sur., 2009). Poremecaji u
prehrani  predstavljaju  vode¢i javnozdravstveni
problem danaSnjice, ali i skupinu psihickih
poremecaja sa izrazito visokom stopom smrtnosti (do
20 %). Najc¢esce se javlja kod osoba Zenskog spola (90
%), Sto je oCekivano s obzirom na to da su djevojke i
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zene u vecoj mjeri okupirane tjelesnom masom i
izgledom te su sklone provodenju strogih dijeta koje
ukljucuju izgladnjivanje (Dunkley i Grilo, 2007).
Zastupljenost poremecaja se procjenjuje na 5 % unutar
opc¢e populacije. Najucestalije i najpoznatije dijagnoze
iz ove skupine poremecaja su anoreksija nervoza,
bulimija nervoza te kompulzivno prejedanje.
Prevalencija anoreksije nervoze procjenjuje se na oko
1 % a bulimije nervoze 1-3 % (Smink i sur., 2012).
Pocetni znakovi poremecaja prehrane pojavljuju se u
mladoj zivotnoj dobi i adolescenciji. Oboljela osoba
nema zdrav pristup prema hrani, anksiozna je zbog
moguéeg povecanja tjelesne mase, ima iskljucivo
negativno misljenje o vlastitom izgledu, kao i nisku
razinu samopostovanja. U dobi od 12-18 godina zivota
kod djevojcica javlja se vrhunac anoreksije. Bulimija
se u odnosu na anoreksiju ¢e$¢e javlja kod muskog
spola, u zavrsnoj fazi adolescencije i mladoj odrasloj
dobi (Dunkley i Grilo, 2007). U lije¢enju poremecaja
prehrane ne sudjeluje samo bolesnik, ve¢ i njegova
obitelj i njemu vazne osobe. Vazno je uspostaviti
odnos povjerenja sa ¢lanovima obitelji te ih educirati
o vaznosti suradnje u terapijskom procesu.
Multidisciplinarni tim mora posjedovati potrebno
teorijsko i prakti¢no znanje o poremecajima prehrane,
kao i dobre komunikacijske vjeStine u svrhu
zadovoljavanja ~ svih  bolesnikovih  potreba,
uklanjanja/smanjenja simptoma bolesti te povecanja
kvalitete Zivota (Anestis i sur., 2009; Harvard school
of public health, 2008). Posljednjih desetljeca sve je
viSe dostupnih informacija o poremecajima prehrane,
kako u znanstvenim krugovima, tako i u opcoj
populaciji. Takoder je sve vise studija koje potvrduju
povecanje broja oboljelih. lako nema podataka o
preciznoj etiologiji, opée je prihvaéeno da su
poremecaji prehrane multifaktorijalan problem, S$to
zna¢i da je za njihov razvoj potreba interakcije
psiholoskih, socijalnih i bioloskih faktora (Kelly i
Carter, 2013).

C) Psiholoski faktori

Psiholoski faktori imaju veoma vaznu ulogu u
etiologiji poremecaja prehrane. Najces$¢i psiholoski
faktori su anksioznost, depresija, poremecaji li¢nosti,
perfekcionizam i niska razina samopostovanja. Nisko
vrednovanje samog sebe znaci da je osoba nesigurna u
sve aspekte svog Zivota, posebice u svoj fizicki izgled.
Nezadovoljstvo vlastitim izgledom je povod za
“samokaznjavanje‘ koristeci se metodama
mrsavljenja u svrhu postizanja ljepote i zadovoljstva.
Nisko samoposStovanje izrazito naruSava mentalno
zdravlje, budu¢i da su osobe cesto tjeskobne,
depresivne i nesretne (Kelly i Carter, 2013). Kod
osoba s utvrdenom dijagnozom poremecaja prehrane
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Cesto se javljaju psihijatrijski komorbiditeti.
Znanstveno je dokazano da oboljeli od anoreksije i
bulimije boluju od jo§ neke bolesti psihicke naravi
(Harvard school of public health, 2008). Obi¢no je to
opsesivno-kompulzivni poremecaj ili  depresija.
Clanovi obitelji oboljele osobe imaju veéi rizik za
razvoj depresije (Kelly i Carter, 2013). Ishod bolesti
ponekad moze biti fatalan (Sovi¢ i sur., 2013).

d) Socijalni faktori

Okolina ima veliki utjecaj na razvoj ¢ovjeka i njegovo
poimanje svjetovnog. Medutim, ¢esto namece ideale i
norme koje ¢ovjek promatra i primjenjuje u vlastitom
zivotu. Misljenja drustva, posebno vrSnjaka je od
velike vaznosti u razdoblju adolescencije, kada djecaci
i djevoj¢ice nemaju u potpunosti razvijena stajalista.
Tada je izrazito prisutan i nedostatak samopouzdanja,
pa je normalno da socijalna sredina ima najvec¢i utjecaj
(Kelly i Carter, 2013; Sovi¢ i sur., 2013). Obitelj
oblikuje pojedinca ve¢ od ranog djetinjstva. Stru¢njaci
smatraju da su poremecaji prehrane usko povezani sa
specificnim obiteljskim situacijama, odgojem i
traumama iz djetinjstva (Sovi¢ i sur., 2013). Zbog toga
je tijekom utvrdivanja dijagnoze poremecaja prehrane
vazno ukljuciti i cClanove obitelji bolesnika.
Nedostatak emocionalne topline i pretjerana kontrola
od strane roditelja povecavaju rizik za nastanak
poremecaja prehrane. Neka istrazivanja navode da
bliskost s nesigurnom i anksioznom majkom uzrokuje
nedostatak samopostovanja i nesigurnost. Prihvacanje
i ljubav koju obitelj pruza od rodenja doista utjece na
izgradnju li¢nosti 1 ponaSanje u odrasloj dobi.
Naru$eni obiteljski odnosi ruse samopouzdanje i
potencijalni su faktori za nastanak poremecaja
prehrane (Repovecki i sur., 2020). Tijekom puberteta
se ostvaruju nova iskustva i uspostavljaju nova
prijateljstva. Svaki adolescent Zeli pripadati drustvu i
biti prihvaéen, pa fizicki izgled ima bitnu ulogu u
tome. Predstavlja zlatni standard za vrednovanje
drugih i samovrednovanje u tom razdoblju. U
stvaranju negativne slike o sebi intenzivno utjece
vri$njacko zadirkivanje (Repovecki i sur., 2020). Kao
drustveno bice, covjek ima potrebu za pripadnoscéu i
interakcijom s drugim ljudima u zajednici, $to je
glavni razlog popularnosti drustvenih mreza.
Drustvene mreZe imaju brojne prednosti, ali ponekad
jo§ brojnije nedostatke. Imaju ogroman utjecaj na
mentalno zdravlje korisnika, posebno mladih osoba
koja se ve¢ osjeca nesigurno i nezaSticenO U SVOjoj
okolini (Kelly i Carter, 2013; Obeid i sur., 2018).
Normativ za osobe Zenskog spola u virtualnom svijetu
je mrSavost i privlacnost. Osobe muskog spola u tom
istom svijetu trebaju biti visoki, s velikim udjelom
mis$icne mase (Obeid i sur., 2018). Kaorisnici
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drustvenih mreZza svakodnevno su zatrpani savjetima
kako smanijiti tjelesnu masu i postati atraktivan
ljudima. Brojne obradene fotografije cirkuliraju
internetom, s uvjerenjem da su realne. Sve je vise
osoba koje se usporeduju s modelima na drustvenim
mrezama, a to dodatno spuSta samopouzdanje.
Istrazivanja su dokazala da je izlozenost ljudi,
posebice adolescenata medijima i raznim popularnim
casopisima povecala zabrinutost oko vlastitog izgleda
i broj oboljelih od poremecaja prehrane (Repovecki i
sur., 2020).

e) Bioloski faktori

Bioloski faktori takoder utje¢u na razvoj poremecaja u
prehrani. Primjerice, anoreksija nervoza se u rijetkim
slucajevima javlja prije razdoblja adolescencije ili kod
zena starijih od 40 godina (Obeid i sur., 2018).
Prosjec¢na dob za pojavu anoreksije je 17 godina, dok
je za pojavu bulimije prosje¢na dob 20 godina. Kod
osoba zenskog spola specificno je poveéanje udjela
masnog tkiva u tijelu u adolescenciji, $to rezultira i
povecanjem tjelesne mase. Jedan od kriti¢nih
bioloskih faktora za nastanak poremecaja u prehrani, a
posebice bulimije je pojava menstruacije u u dobi
ranijoj od prosjec¢ne (Kelly i Carter, 2013; Mar¢inko i
sur., 2013). Adolescencija je kritiéni faktor za razvoj
ovih poremecaja zbog promjena u endokrinoloSkom
sustavu. IstraZivanja pokazuju da 40 % djevojaka i 25
% djecaka tijekom adolescencije zapocne neku vrstu
dijete (Obeid i sur., 2018). Bitnu ulogu u razvoju
poremeéaja prehrane ima i spol. Zensko tijelo je
bioloski sklonije nakupljanju masnog tkiva u odnosu
na muskarce. Zenski razvoj u pubertetu mnogo je
kompleksniji od muskog, a to u kombinaciji s drugim
rizicnim faktorima potencijalno predstavlja element
ranjivosti (Marc¢inko i sur., 2013). Vaganje je najéesce
koriSteni nacin utvrdivanja tjelesne mase. Neka
istrazivanja pokazuju kako vaganje ima niz negativnih
ucinaka na samopostovanje i raspolozenje. Kada je
osoba nezadovoljna svojom tjelesnom tezinom, sklona
je pokusajima raznih dijetnih rezima te stjeCe nezdrave
navike koje su zapravo temelj razvoja ozbiljnih
poremecaja u prehrani. U posljednjih nekoliko godina
znanost se u sve ve¢oj mjeri okreée genetici i njezinoj
ulozi u etiologiji psihi¢kih poremecaja. U medijima je
zastupljen i stav koji uvijek naglasava osobe Zenskog
spola kada se govori o tjelesnoj masi, estetskim
zahvatima i dijetama (Sambol i Cika¢, 2015). Novija
istrazivanja tvrde da crijevna mikroflora moze utjecati
na nastanak ovih poremecaja jer ima bitnu ulogu u
regulaciji metabolizma i tjelesne mase, ali je i
povezana s  depresijom 1  anksioznoScu.
Gastrointestinalne tegobe, dijabetes tipa 1, porodajne
traume,  prijevremeni  porodi i  perinatalne
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komplikacije se takoder navode kao kriti¢ni bioloski
faktori za razvoj poremecaja prehrane (Gerard, 2016).

f) Anoreksija nervoza

Anoreksija nervoza pripada skupini najceS¢ih
kroni¢nih poremecaja prehrane kod adolescenata.
Cesce se javlja kod Zenskog spola, ali je zastupljena i
u muskoj populaciji. Predstavlja Zivotno ugrozavajuce
stanje, Cija je stopa smrtnosti vrlo visoka. LijeCenje je
teSko i dugotrajno, a moze biti i ¢jelozivotno (Schmidt,
2005). Oboljeli iskrivljeno percipiraju vlastito tijelo,
odnosno smatraju da imaju prekomjernu tjelesnu
tezinu, iako je u potpunosti suprotno. Opsjednuti su
odnosom hrane i tjelesnog izgleda, a radi izrazitog
straha od debljanja prate radikalne dijete i do
iznemoglosti  vjezbaju (Schmidt, 2005). Kao
posljedica izgladnjivanja javljaju se razliCite
komplikacije, kao na primjer amenoreja (izostanak
menstruacije), nesvjestica, vrtoglavice, dehidracija i
lanugo dlacice (Mathisen i sur., 2018). Poremecena je
cirkulacija, pa se Cesto primjecuju plavicasti i hladni
ekstremiteti. Osim toga, zna se javiti i akrocijanoza
(plavicasto obojenje distalnih dijelova nosa i uSiju),
koja nastaje kao rezultat hipotermije zbog toga §to se
krv iz distalnih dijelova premjesta u sredi$nji kako bi
se ocuvali organi koji su vitalni za zivot. Nerijetko su
prisutne gastrointestinalne tegobe, posebice kod
namjernog povracanja (bol u Zelucu, zgaravica, erozija
zubne cakline) (Dell Osso i sur., 2016). Zbog
usporavanja bazalnog metabolizma dolazi do
hipotermije. Smanjen je i srednji arterijski tlak,
minutni volumen srca te je prisutna bradikardija.
Poremecaj elektrolita i cirkulatorni kolaps hitna su
stanja koja zahtijevaju hospitalizaciju (Mathisen i sur.,
2018).

g) Bulimija nervoza

To je kroni¢ni psihicki poremecaj kojeg prate epizode
prejedanja, obi¢no visokokalori¢ne, nezdrave hrane u
kratkom vremenu, nakon cCega slijede epizode
“CiS¢enja“ povracanjem ili upotrebnom lijekova.
Osoba koja duze vrijeme pati od bulimije s viemenom
bez dodatnih podrazaja nauCi voljno povracati.
Cis¢enje se moze izvriiti i zloupotrebom laksativa i
diuretika, iako se vec¢ina oboljelih odlu¢i na
povracanje (Livazovi¢, 2017). Oboljeli su normalne ili
prekomjerne tjelesne mase, $to otezava pravovremeno
prepoznavanje bolesti. Specificni simptomi su: suhoca
sluznice usne Supljine, grlobolja, erozija zubne
cakline, nateCeni obrazi, neugodan zadah, upala
zdrijela, natecene Zlijezde slinovnice na vratu i oko
Celjusti, bolni i osjetljivi zubi, crvenilo o€iju, to jest
pucanje o¢nih kapilara zbog naprezanja uslijed Cestog
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povracanja, disfagija, gastroezofagealni refluks,
poremecaj elektrolita, hipotenzija i tahikardija
(Castillo i Weiselberg, 2017).

h) Dijagnostika poremecaja prehrane

Utvrdivanje dijagnoze poremecaja u prehrani je vrlo
tezak posao, buduci da vecina oboljelih ne priznaje
svoj problem. U pocetku odbijaju razgovor i bilo
kakvu mogucnost lijeCenja. Prilikom sumnje na neki
od poremecaja prehrane potrebno je obaviti razgovor
sa ¢lanovima obitelji oboljele osobe, posebice ako je u
pitanju maloljetna osoba (Vidovi¢, 2009). Zatim je
potrebno izvrsiti odredene pretrage kako bi se
iskljucile neke organske bolesti (npr. Chronova bolest,
anemija, celijakija, hipertireoza i sli¢no). PonaSajni
znakovi koji ukazuju na poremecaje prehrane mogu
biti: paranoi¢no brojanje kalorijskih vrijednosti hrane,
provodenje restriktivnih dijeta, ¢esto vaganje, jedenje
u samo¢i, skrivanje hrane, pretjerana fizicka aktivnost.
Psiholoski znakovi koju ukazuju na poremecaje
prehrane su: manjak samopouzdanja, perfekcionizam,
depresija, anksioznost, suicidalnost, socijalna
izolacija, = manjak  koncentracije,  opsesivno-
kompulzivni poremecaj. Fizi¢ki znakovi su: lomljivi
nokti, pretjerana osjetljivost na hladno¢u, amenoreja,
gastrointestinalne tegobe, suho¢a koze, problemi sa
zubima (Tuerk i sur., 2018). Potrebno je napraviti
laboratorijske pretrage koje obuhvacaju kompletnu
krvnu sliku, pretrage urina, radioloske pretrage (UZV
i RTG), elektrokardiogram (EKG) radi utvrdivanja
poremecaja u radu srca. Ako postoje opravdane
sumnje na neki od poremecaja u prehrani, potrebno je
napraviti fizi¢ki pregled osobe koji ukljucuje mjerenje
visine i tezine, provjeru vitalnih funkcija, stanje zubi i
koze (Tuerk i sur., 2018).

i) Lijecenje poremecaja prehrane

Postoje razliciti oblici lijeCenja poremecaja prehrane.
Bitno je da se svakom bolesniku pristupa holisti¢ki,
odnosno cjelovito i individualno. Svaka osoba
drugacije reagira na situacije, dijagnozu, lijekove,
okolinu i intervencije koje se provode. Timski rad
strunjaka zahtijeva suradnju i kvalitetnu interakciju.
Tim se sastoji od psihologa, psihijatra, nutricionista,
lijecnika, fizioterapeuta, radnog terapeuta i
medicinske sestre. LijeCenje poremecaja prehrane je
kompleksno i dugotrajno uz ceste relapse. Bitno je da
se zapocne §to je ranije moguce. Primarni cilj lijeCenja
je poboljsanje opceg stanja, povratak na normalnu
prehranu,  kontroliranje  neprirodnih  obrazaca
hranjenja 1 ponaSanja, sprjecavanje relapsa i
sposobnost izrazavanja vlastitih emocija (Tuerk i sur.,
2018). Lijecenje se obi¢no provodi ambulantno ili u
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sklopu dnevne bolnice, a u akutnom stanju potrebna je
hospitalizacija. Ambulantno lijeCenje traje najmanje 6
mjeseci. U dnevnim bolnicama lijece se osobe koje su
stabilnije i ne treba im strogi nadzor. Tu se odvijaju
razli¢iti programi unutar grupnih terapija kroz 1-3
mjeseca, 8-10 sati dnevno (Vidovi¢, 2008).

Zakljucak

Vaznost pravilne i uravnoteZene prehrane neophodna
je u svim zivotnim razdobljima. Poremecaji prehrane
jedan su od vodec¢ih javnozdravstvenih problemau 21.
stoljeu, zbog razlicitih bioloskih, psiholoskih i
socioekonomskih ~ faktora. = Zajednicko  svim
poremecajima u prehrani je nuznost struéne pomoci,
hitno i adekvatno lijeCenje. U procesu lijeCenja ovih
bolesti nerijetko se javljaju faze privremenih
pogorsanja uz destruktivne misli 1 radnje.
Pravovremeno otkrivanje poremecaja u prehrani od
klju¢ne je vaznosti radi sprjeCavanja komplikacija i
razvoja kroni¢nog oblika bolesti. Bolesnici uglavnom
odbijaju potraziti pomo¢ jer su svakodnevno
izgladnjivanje, prejedanje i prekomjerna tjelesna
aktivnost njihovi ukorijenjeni obrasci ponaSanja.
Tesko im je pristupiti jer se Cesto depresivni, asocijalni
i nezainteresirani za okolinu te preferiraju samocu.
Budu¢i da se radi o kronicnim psihickim
poremecajima, lijecenje je vrlo kompleksno, najcesce
dugotrajno, a ponekad i cjelozivotno. Ranim
otkrivanjem bolesti moguée je prevenirati razvoj
kroni¢nog  oblika i  prate¢ih  komplikacija.
Multidisciplinarni tim (lijeCnik, medicinska sestra,
psiholog, nutricionist, psihijatar, fizioterapeut, radni
terapeut) ima znaCajnu ulogu u lijeCenju, ali i
prevenciji populacije pod rizikom.
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professional paper
Summary

Eating disorders imply a permanently disturbed relationship to body and food, which causes the destruction of an individual's
mental and physical health, as well as dysfunctional social and family relationships. Anorexia and bulimia nervosa are the most
common eating disorders. Their chronic form is also the most severe form of the disease. The hallmarks of anorexia nervosa are
starvation, aversion to one's own appearance and maintaining a normal body weight, and the hallmarks of bulimia nervosa are
the intake of excessive amounts of food combined with compensatory mechanisms, such as vomiting, excessive exercise, and
the use of laxatives. Compulsive overeating is a serious and debilitating disorder when a person consumes enormous amounts of
food in a short period of time, accompanied by a sense of loss of control. The exact cause of its occurrence is not fully known,
although eating disorders have been discussed and researched since historical times. It is considered that they arise as a
combination of psychological, social and biological factors. These include emotional instability, genetics, personality disorders,
social and family pressure. Despite the fact that the female sex (ages 10-30) is mostly affected, the diseases are increasingly
present in the male population as well. It is known that in only 30% of cases, sufferers decide to seek professional help. The
process of patient health care includes the approach of discovering and solving the patient's problems in the field of health care.
Working with patients with eating disorders requires theoretical and practical knowledge, therapeutic communication and
continuous education in order to improve health status, change negative health behaviors and increase the quality of life of the
affected person which include multidisciplinary team (doctors, nurses, nutricionists, psychologist, psychiatrist, physiotherapist,
occupational therapist).

Keywords: eating disorders, anorexia, bulimia, compulsive overeating, nurse/technician, nutricionists
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reviews and professional papers. All papers need to be written and submitted in English. All contributing
manuscripts will be subjected to critical peer review.

Difference between scientific and professional papers is in the originality of methods, results and conclusions.
Although a professional paper may imply more tangible applications it is generally not considered a new scientific
contribution.

Original scientific papers report unpublished results of original research. They must contain significant and
original observations to be critically evaluated. Experimental data should be presented in a way that enables
reproduction and verification of analyses and deductions on which the conclusions are based.

Preliminary communications include short information on the results of scientific research which require
immediate publication.

Scientific notes include reports on shorter but completed research or descriptions of original laboratory technigques
(methods, apparatus etc.) and should be concise.

Reviews are original, critical and up-to-date surveys of an area in which, preferably, the author himself/herself is
active. They should include recent references from international publications.

Professional papers present new possibilities of improvement within the area of food technology. The emphasis is
on the application of known methods and facts as well as on broadening the knowledge in the particular area. The
acquired knowledge is applied to the object of research.

Procedure

All contributions are evaluated according to criteria of originality and quality of their scientific and professional
content. All manuscripts received for consideration will be acknowledged by the Editorial office. All manuscripts
are sent to at least two referees. Based on their opinion, the Editor and the Editorial Board bring a decision about
the acceptance of the manuscripts. Contributions may be rejected without reviewing if considered inappropriate for
the journal.

Copyright

The authors bear the sole responsibility for the content of the contributions. The Editorial Board assumes that by
submitting their papers the authors have not violated any internal rules or regulations of their institutions related to
the content of the contributions and that they have not submitted the paper somewhere else. The acceptance of the
paper obliges the authors not to publish the same material elsewhere.

Manuscript preparation

The manuscript should consist of max. 15 type written pages including tables, graphs, schemes and photographs. It
should be written with 1.5 spacing on one side of the paper and margins 2.5 cm. For the text should be used normal
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plain font (Times New Roman, font size 12). The title of the manuscript and the title of the chapter should be short
and written in bold. The title of subheading should be written in italic.

Under the title, author/s full name/s and surname/s should be written, with asterisk next to the name of the
corresponding author. Footnote at the bottom of the first page should contain information about the corresponding
author (address and e-mail). The affiliations for all authors must be given in the following sequence:
University/Institution, Faculty/Department, Postal address, City, Country. When authors have different affiliations,
should be used superscripted Arabic numbers after last name of the author.

Manuscript has to be written without spelling mistakes, impersonal style. It is the author’s responsibility to ensure
that papers are written in clear and comprehensible English. Authors whose native language is not English are
strongly advised to have their manuscripts checked by an English-speaking colleague prior to submission.

The first word in the paragraph must not be retracted. Paragraphs have to be separated by clicking on enter key.
Pages have to be numerated (on the bottom right). For decimal numbers in text and tables dot should be used.

Latin words, phrases and abbreviations, including generic and specific names, should be written in italic.

Manuscripts should be submitted by e-mail, as attached document, to the Editor’s office. The manuscripts
should be sent to the following address:

journalFHD@gmail.com

For clearness the paper should be divided into the following sections: Summary, Keywords, Introduction,
Materials and Methods, Results and Discussion, Conclusions and References.

Summary

Summary must not exceed 300 words and has to show relevant data, methodology, main results and conclusion. It
should not contain abbreviations or references. After summary, authors are asked to list several keywords.

Keywords

Keywords include the main topic of the paper and should not contain more than 5 words or phrases, which should
be separated by commas.

Introduction
Introduction should refer to previous research results and explain the purpose of the investigations.
Materials and methods

Experimental part should be written clearly and in sufficient detail to allow the work to be repeated. Materials and
Methods should indicate instruments, samples, subjects, chemicals, etc., giving enough details only if new methods
and/or procedures and/or principles are used. For the well-known methods and techniques an adequate reference(s)
citation will suffice.

Results and discussion

The information given in tables and figures should not be repeated, and only relevant data discussed and explained.
Combining the results with discussion can simplify the presentation.

Tables and figures should be completely understandable without reference to the text. For publishing reasons, they
have to be delivered in graphical formats (*.xls, *.tif or *.jpg) and at the end of the paper.

All illustrations (graphs, schemes, diagrams, pictures, etc.) should be named as figures. Refer to figures by the
abbreviation "Fig.". All figures and tables should be cited in the text and numbered consecutively throughout.
Preferred program for preparing figures and tables is Microsoft Office Excel.
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Be sure to use lettering, data lines, and symbols sufficiently large and thick to be clearly legible when the figure is
reduced to the normal published size. In graphs and charts, curves should be identified by using different symbols
for points (¢, 0, o, O, m, A, etc.) and not by line width or colour. Several figures should be grouped in a plate on
one page. Do not place figures into bordered frames. Figure caption and legend should be placed at the bottom of
each figure, while table headings should appear above the tables. The text into the figures and tables should be
written in the same language as the body text.

Whenever possible formulae and equations are to be written in one line, centred on the page, and consecutively
numbered in Arabic numbers between round brackets at the right margin of the paper. Refer to equations by the
abbreviation "Eq.".

Sl (System International) units should be used. Only symbols (not their subscripts, superscripts or description in
brackets) of physical quantities should be written in italic. All physical quantities given in table columns or rows
and corresponding table headings with units, or graphical plots and corresponding table headings with units, or
graphic plots and corresponding axis labels should conform to the algebraic rules, i.e.

physical quantity / unit = numerical value.

It is preferred to write the measurement units as “kg/m*”.

Conclusions
Conclusions have to briefly explain significance of the research results.
References

References should be selective rather than extensive (with the exception of review articles). Literature citations in
the text should be referred by author’s last name and year, in brackets, such as (Knowles, 2007), or with the last
name of the author as part of the sentence, immediately followed by the year of publication in brackets, such as
(“Smith (1963) reported growth on media.”). If there are more than two authors, mention the first author and add et
al., followed by the year.

In the reference list which has to be written at the end of the paper, all authors have to be listed (surname and name
initials — capitalizing only the initial letters) in alphabetical order, and paper of the same author by chronological
order. If there are more papers from the same author published in the same year, references have to be
differentiated by letters in the text (a, b, ¢, d) behind the year of publishing. In case of multi author papers, in
reference list all the authors have to be written (not the first author and mark “et al.”).

Italicize only those words that were underlined or italicized in the original, such as names of microorganisms. Also
titles of journals have to be written in italics.

For papers published on the web, it is necessary to write the source and the date when the paper was downloaded,
besides basic information (title, author’s name, etc.).

Abbreviations for periodicals should be in accordance with the latest edition of the Thomson ISI List of Journal
Abbreviations (Thomson Scientific, USA). Full stop should be used after each abbreviation.

Reference list should be written as shown:
Journals:

Kopjar, M., Pilizota, V., Hribar, J., Nedi¢ Tiban, N., Subari¢, D., Babi¢, J., Pozrl, T. (2008): Influence of trehalose
addition on instrumental textural properties of strawberry pastes, Int. J. Food Prop. 11 (3), 646-655.

Books:

Doyle, M.P., Beuchat, L.R., Montville, T.J. (2001): Food Microbiology: Fundamentals and Frontiers, Washington,
USA: ASM Press, pp. 572-573.
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Chapter in book:

Varoquaux, P., Wiley, R.C. (1994): Biological and Biochemical Changes in Minimally Processed Refrigerated
Fruits and Vegetables. In: Minimally Processed Refrigerated Fruits and Vegetables, Wiley, R.C. (ed.), New York,
USA: Chapman, pp. 226-268.

Conference proceedings:

Babi¢, J., Subari¢, D., Ackar, D., Kopjar, M. (2008): Utjecaj hidrokoloida na reoloSka svojstva voStanog

kukuruznog Skroba. In: 43rd Croatian and 3rd International Symposium on Agriculture, Pospisil, M. (ed.), Zagreb,
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