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I Abstract
Introduction. Acrylamide is formed in several foods during high-temperature processing. In view of reports written about
the neurotoxic, genotoxic and carcinogenic effects of acrylamide, it was considered that the presence of this substance in
food products might pose a risk for human health. Currently, according to EU Commission recommendations, the content
of acrylamide in food should be monitored.
Objective. The aim of this work was to analyze the food preferences of youth and students from medical schools in Radom,
central-eastern Poland, as the most frequent precipitantsas in the field of food products that may be a significant source
of acrylamide in the diet. Furthermore, an attempt was made to determine the level of knowledge of the population in the
field of acrylamide.
Materials and method. The research was conducted by questionnaire. The study was based on the answers of 227
respondents. The survey was carried out by direct contact with an interviewer from February — June 2012.
Results. Analysis of the study population shows that women consume more coffee than men. In addition, adults over 25
years old consumed the largest quantity of coffee; it can therefore be assumed that it is a significant source of acrylamide
in their bodies. However, even young people under 17 declared that they consume coffee every day (20%).
Conclusions. Due to the adverse effects of this compound it is important to reduce the level of acrylamide in food
products. A few people in the population (7%) had heard of acrylamide previously, but none of them had any knowledge
of its occurrence and formation. It is necessary to take strong action to change attitudes towards acrylamide and attempt
to introduce ways to reduce this compound in the diet, for example, by appropriate selection of products in the daily diet

and appropriate means of thermal preparation of products at home.
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INTRODUCTION

The topic of acrylamide in the diet appeared in 2002, when
Swedish scientists discovered this chemical compound in
cereal-based food products, as well as fried and baked potatoes
[1]. In view of reports written about the neurotoxic, genotoxic
and carcinogenic influence of acrylamide, it was considered
that the presence of this substance in food products might
pose a risk for human health [2, 3, 4]. Therefore, in May
2007, the EU Commission decided to monitor the level
of acrylamide in food (2007/331/EC). Since 2 June 2010,
new recommendations of the EU Commission have been
adopted regarding the monitoring of acrylamide content
in food. These actions were taken due to the fact that the
monitoring programme did not bring the expected results.
It was considered that the monitoring programme requires
changes [5].

Address for correspondence: Matgorzata Kowalska, Faculty of Materials Science,
Technology and Design, Kazimierz Pulaski University of Technology and Humanities
in Radom, Poland

E-mail: mkowalskaZ7@vp.pl

Received: 7 October 2013; accepted: 10 September 2014; first published on February
2017

Acrylamide is formed during high-temperature processing
of food rich in carbohydrates, especially potatoes, cereal
products and coftee [6, 7]. It was shown that it is one of
the products of the Maillard reaction, a reaction between
free asparagine and reducing sugars (glucose, fructose)
[8]. Structural considerations dictate that asparagine alone
may be converted thermally into acrylamide through
decarboxylation and deamination reactions. However, the
main product of the thermal decomposition of asparagine was
maleimide, mainly due to the fast intramolecular cyclization
reaction that prevents the formation of acrylamide. On the
other hand, asparagine, in the presence of reducing sugars,
was able to generate acrylamide in addition to maleimide
[9]. As mentioned above, one of the most important
factors of acrylamide formation in food resources and
intermediates, besides the quantitative reaction of reactants,
is the temperature used in heat treatment. It was found
that acrylamide is produced as a result of high temperature
processing (from 120 °C). Moreover, it was shown that the
duration of keeping food at such temperature might indeed
affect the content of this chemical compound (10, 11, 12].

In 2002, the World Health Organization evaluated the
average exposure to acrylamide in food which ranged from
0.3-0.8 pg/kg b.m./day [13]. The amount of acrylamide in
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food depends on processing conditions, such as temperature,
time, nature of the food matrix, oil or microwave use [14, 15].
Mojska et al. [18] found the highest content of acrylamide
in French fries (63-2175 pg/kg) and in potato chips (113-
3647 pg/kg) [18]. Similarly, Lasekan and Abbas [16] found
very high acrylamide contents in heated carbohydrate-rich
foods (150-4,000 pg/kg). Moreover, they found moderate
levels of acrylamide in protein-rich foods (5-50 pg/kg) and
lower levels in unheated or boiled foods (5 ug/kg). According
to other authors, apart from the previously indicated sources
in Poland, an important source of acrylamide are very
popular breakfast cereals, which are regarded as a wholesome
breakfast, and which are most often consumed by children
at school age. These authors also found a significant level
of acrylamide in crispbread (65-1271 pg/kg), crackers
(566-2017 pg/kg) and daily consumed bread (35-110 pg/kg)
(17, 18].

According to Zajac et al. [19], elimination of acrylamide
from a diet with proper and healthy nutrition is very unlikely.
But others authors propose several methods to reduce the
level of acrylamide based on biological, chemical and physical
methods [20, 21].

OBJECTIVE

The aim of this study was to determine the level of knowledge
on the subject of acrylamide among the study group, and
products preferred by the respondents which might be a
potential source of acrylamide in the diet, and the factors
that influence the choice of the surveyed group. In the
questionnaire, particular attention was paid to chips, French
fries and coffee. The respondents were students from medical
schools.

MATERIAL AND METHODS

The study was conducted through questionnaires which
were completed by 227 school youths and students from a
vocational school in Radom with a medical profile (paramedic,
dental assistant, dental hygienist, pharmacy technician). The
study was performed among people between the ages of 16-24
(most of the respondents) and 25-35. Characteristics of the
population are shown in Table 1. The survey was carried
out directly by an interviewer from February - June 2012.

Statistical analysis of the results was conducted by using
statistical package Statistica PL for Windows v.5.5. The
significance of differences in subgroups was estimated by the
Chi’ test. The results were considered statistically significant
at p<0.05 for the two-sided test.

Table 1. Characteristics of the population

Age Total
Gender 16-17 18-24 25-35
n %
n % n % n %
Females 4 89 53 434 51 85.0 108 47.6
Males 41 91.1 69 56.6 9 15.0 119 524
Total 45 100.0 122 100.0 60 100.0 227 100.0

RESULTS AND DISCUSSION

Frequency of consumption of selected products and
respondents’ preferences. Unhealthy lifestyles render ado-
lescents prone to several diseases in later life. When examining
their health benefits, the dietary u should be thoroughly
considered. The especially unhealthy diet of adolescents should
be regarded as an important public health issue [22].

The content of acrylamide in different types of food
products is estimated to range from < 30 to over 3,000 pg/
kg. Although in the epidemiologic research there was no
connection between acrylamide consumed with the diet,
and the development and occurrence of cancer tumours in
humans [2, 6, 19], it is recommended to limit its content in
the diet. The main sources of this substance in the diet of
adult Poles are bread and coffee, while among children and
teenagers they are chips and French fries [4]. Respondents
were asked about the frequency and quantity of consumed
coffee, chips and French fries. The results indicated that
women drink coffee more often than men (Tab. 2a).

Table 2. The frequency of coffee consumption by the respondents
a) depending on gender

Gender
Total
Frequency of coffee consumption Females Males
n % n % n %
She/he does not drink 21 19.4 40 336 61 26.9
Sporadically 15 13.9 26 21.8 41 18.1
Several times per month 13 12.0 15 12.6 28 123
Several times per week 21 19.4 12 10.1 33 14.5
Every day 38 35.2 26 21.8 64 28.2
Total 108 1000 119 100.0 227 100.0
p=0.0103.
b) depending on age
Age

Egii:‘::glg; coffee 16-17 18-24 25-35 foul

n % n % n % n %
She/he does not drink 12 267 38 311 11 183 61 269
Sporadically 11 244 26 213 4 6.7 41 18.1
Several times per month 5 1.1 18 148 5 83 28 123
Several times per week 8 178 17 139 8 133 33 145
Every day 9 200 23 189 32 533 64 282
Total 45 100.0 122 1000 60 100.0 227 100.0

Assessment of significance for full details: p = 0.00037.
Significance of differences in subgroups:

age 16-17 a 18-24: p =0.9100.

age 16-17 a 25- 35: p = 0.0062.

age 18-24 a 25-35: p =0.000054.

When analyzing the differences between age subgroups, the
biggest differences in the frequency of drinking coffee were
observed between the mid-age group (14-18 years old) and
the oldest (25-35), where p=0,000054 (Tab. 2b). The oldest
respondents consumed coffee with the highest frequency;
53% of them reported drinking this beverage every day.
Nevertheless, some of them reported not consuming this
product atall. Over 70% of respondents aged 16-17 reported
drinking coffee. The youngest subgroup and the oldest
reported drinking coffee with similar frequency (p=0.91)
(accurate probability Chi?) (Tab. 2b).
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Respondents reported consuming coffee in a generally
moderate quantity. Over half of them limited their daily
consumption to one cup (Fig. 1). According to Bekas et al.
[23], people who drank coffee every day had a daily intake
ofacrylamide around 3.1 ug. On the other hand, people who
consumed coffee a few times per week had an average daily
intake of acrylamide of approximately 1.4 ug.

11%

51%

38%

W one cups per day
Otwo cups oer day

Othree cups oer day

Figure 1. Amount of consumed coffee by the respondents during a day [%]

Both men and women reported drinking coffee for similar
reasons (Tab. 3a); those in the age range 18-24 consumed it
mainly when they were tired (Tab. 3b). Similarly, the main
reason for drinking coffee given by civil servants of central
institutions in Warsaw was ‘to overcome tiredness’, while
35% of them stated that they drank coffee because they
liked it [23].

Table 3. Reasons to drinking coffee

a) by all respondents.
Gender Total

Reasons for drinking coffee Women (n=87) Men (n=79) .

n % n % " *
I like coffee 37 425 37 46.8 74 44.6
It helps to defeat tiredness 44 50.6 34 43.0 78 47.0
Itis an element of social life 10 11.5 7 8.9 17 10.2
No reason 1 1.1 4 5.1 5 3.0
Total 87 100.0 79 1000 166 100.0

The percentages in columns do not add up to 100 because some respondents gave several
reasons

b) depending on age
Age Total
Why do | drink coffee? 16-17 18-24 25-35 n %
n % n % n %
| like coffee 17 515 32 381 25 510 74 446

It helps to defeat tiredness 10 303 47 560 21 429 78 470
Itisan element of social life 6 182 6 7.1 5 102 17 102

No reason 1 3.0 3 36 1 2.0 5 3.0

Total 33 1000 84 1000 49 100.0 166 100.0

Another source of acrylamide in food, which was taken
into consideration in this study, is potato chips. It was found
that men and women consumed these kinds of products in
moderate quantities. On average, they consumed chips a
couple of times per month (Tab. 4a). Men ate them more
often (34% every day) than women (5% every day). Significant
statistical differences in the frequency of chips consumption
were found among age subgroups (16-17 and 25-35; 18-24
and 25-35) (Tab. 4b). Almost half of the respondents ate chips
in small amounts: only one 100 g packet per month (Fig. 2).
Bekas et al. [23] reported that 62% of civil servants consumed
chips occasionally (less than once a month) or not at all,
while only 3% ate them every day. Jankowska et al. [17] found
that the global consumption of acrylamide in the paediatric
population did not exceed 5%.

Table 4. Frequency of chips consumption
a) depending on gender

Gender Total
Frequency Females Males
n %
n % n %
Not eating or sporadically 7 8.0 6 7.6 13 7.8
Several times per month 46 529 18 22.8 64 38.6
Several times per week 30 345 28 354 58 349
Every day 4 4.6 27 34.2 31 18.7
Total 87 100.0 79 100.0 166 100.0
p <0,0001.
b) depending on age
Age
Total

Frequency 16-17 18-24 25-35

n % n % n % n %

Never or sporadically 10 303 30 357 37 755 77 464

Several times per month 11 333 35 417 12 245 58 349

Several times per week or

12 364 19 226 O 0 31 187
every day

Total 33 1000 84 100.0 49 100.0 166 100.0

Assessment of significance for full details: p < 0.0001.
Significance of differences in subgroups:

age 16-17 a 18-24: p =0.29.

age 16-17 a 25- 35: p < 0.0001.

age 18-24 a 25- 35:p < 0.0001.

| sporadicaly

0 less than one pack
O aeveral (3-5) paks
W avary day

Figure 2. Quantity of consumed chips per month (100 g pack)

In the presented study, the frequency of French fries
consumption was analyzed in the group of respondents.
Men ate fries more often, most of them a couple of times a
month (Tab. 5a). The great majority of women consumed
French fries occasionally or not at all. The reason could be
the popularity among women of maintaining a fit figure,
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Table 5. Frequency of French fries consumption

a) depending on gender
Gender Total
Frequency' of French fries Females Males
consumption
n % n % n %
Sporadically/never 53 60.9 32 40.5 85 51.2
Several times per month 30 345 41 51.9 71 428

Several times per year or every day 4 4.6 6 7.6 10 6.0

Total 87 1000 79 1000 166 100.0
p=0.0078.
b) depending on age
Age Total

Frequencx of French fries 16-17 18-24 25-35
consumption

n % n % n % n %
Sporadically/never 10 303 37 440 38 776 85 512

Atleast several times per 23 697 47 560 11 220 81 488

month
Total 33 1000 84 1000 49 100.0 166 100.0
Assessment of significance for full details: p < 0.0001.
Significance of differences in subgroups:
age 16-17 a 18-24: p = 0.06.
age 16-17 a 25-35: p < 0.0001.
age 18-24 a 25-35:p = 0.00032.
¢) depending on the type groups of students
School University

Frequency of French fries youth students Total
consumption

n % n % n %
Sporadically/never 30 36.6 55 65.5 85 51.2
Several times per month 46  56.1 25 29.8 71 428

Several times per week or every day 6 7.3 4 4.8 10 6.0

Total 82 1000 84 1000 166 100.0

p=0.0032.

controlling body weight, and paying more attention to a
healthy lifestyle. Statistically significant differences were
found in the frequency of French fries consumption among
age categories 16-17 and 25-35; 18-25 and 25-35 (Tab. 5b).

It was observed in the current study that among the
older people the frequency of eating French fries was lower;
therefore, the division into pupilsand studentsisalso presented
to evaluate the difference between these groups(Tab. 5c¢).
The division confirmed that university students consumed
fewer French fries than pupils. It can be supposed that this
situation may result from an increased consumer awareness
of university students, or from better facilities in the form of
canteens or cafeterias on the university campus.

Determination of the level of respondents’ knowledge about
acrylamide. Only 20% of respondents declared that when
choosing a food product they consider the possible content
of substances potentially harmful for the body. Most of the
respondents (80%) who answered negatively, unfortunately
gave as a reason in their answer that they ‘do not really
care about it’. An affirmative answer was given mostly by
women (65%). People considering the possible content of
harmful substances in products were mostly (approximately
90%) respondents in the age subgroup 25-35. This may
indicate a higher consumer awareness among this group.
Almost all of the respondents (90%) claimed that they know

potentially harmful substances occurring in food. Most of
the respondents mentioned among the harmful substances,
preservatives, synthetic flavours and aroma additives. In
response to the question about knowledge of a harmful
compound developing during the heat treatment of food,
called ‘acrylamide’, only 7% of those surveyed answered
‘yes’. These people stated that they received this information
from the Internet. Similar conclusions were reached by Zajac
etal. [19], who found that young people consume the highest
amount of acrylamide. According to them, efforts should be
made to increase their knowledge about the importance of
nutrition and problems related to poor nutrition. There is
still a need to promote a balanced diet and education aimed
at selecting the proper products, regardless of age [17].

Over 50% of respondents thought it was essential to present
information on the packages about even the smallest quantity
of a chemical compound harmful for the body (Fig. 3). The
respondents who did not see such a need argued that such
food labeling would not affect their eating habits.

Oyes
- L]
O nave no opnn

Figure 3. Structure of responses to the question: ‘Should the information about
the presence of even the smallest amount of potentially harmful substances be
labeled?’

CONCLUSION

The results of the presented study clearly show thatamong the
respondents, women studying in medical schools in Radom
consume more coffee than men. Moreover, adults above 25
years of age drink the largest amount of coffee; therefore, it
can be presumed that it is a significant source of acrylamide in
their bodies. In turn, men, regardless of their age, more often
consume chips and French fries. Concerning an unfavorable
influence of this chemical compound, efforts should be made
to reduce its content in food products.

A few respondents among the studied population (7%) had
heard about acrylamide before, but nobody from this group
had knowledge of its occurrence and formation. Therefore,
more effort should be made to educate people in Poland
about acrylamide and teach them ways to reduce its intake;
for example, the proper choice of products in the everyday
diet or proper ways to prepare meals at home.
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