






Table 1
Content of phosphorus [mg kg–1] in hydrated oils and post-hydration oil gums

Hydrated oils Post-hydration oil gums

content of phosphorus degree of removal content of phosphorus
[mg kg–1] of phospholipids [%] [mg kg–1]

Conditions
of hydratation

Crude oil 209.9d ± 6.88 – –

70oC/0.5% 53.6a ± 0.62 74.5 13982d ± 68

70oC/1.5% 61.1b ± 1.56 71.4 8129b ± 34

70oC/3.0% 186.4c ± 4.02 11.2 5051a ± 50

80oC/0.5% 55.8a ± 0.97 73.4 12013c ± 90

80oC/1.5% 58.3ab ± 1.18 72.2 8802b ± 81

80oC/3.0% 182.4c ± 1.32 13.1 5120a ± 40

a,b... – mean values in columns marked with the same letter are not significantly different (p ≤ 0.05)

placed on a thin layer. Because of the close similarity between the photo-
graphs of oil gums taken at both hydration temperatures, only the images
of oil gums taken at 80oC are presented in this publication (Figure 1).
The oil gums extracted from hydrated oil with the lowest dose of water
(0.5%) were darker (Figure 1a) than the oil gums formed during hydration
with higher water doses, which had a lighter colour due to oil residues
(Figure 1c, 1e). The structure of oil gums extracted with 0.5% water
was more compact (Figure 1b) than the texture of oil gums extracted
with 1.5 and 3.0% water (Figure 1d, 1f).

Fig. 1. Oil gums extracted during hydration of oil at 80oC with different water doses; where:
a, b – 0.5% water, c, d – 1.5% water, e, f – 3.0% water
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Non-polar lipids were predominant in the composition of initial oil
and the content of phospholipids was 0.73% (Table 2). The oils hydrated
with different doses of water had a lower content of phospholipids.
The oil hydrated with 0.5% water had the lowest concentration of phos-
pholipids (0.27% at 70oC and 0.30% at 80oC) which indicated the largest
degree of their removal. Together with the increase in water doses, the
efficacy of hydration process decreased – which was confirmed by the
higher content of phospholipids in the oils (Table 2).

The profile of phospholipids in raw oil consisted of PC, PI, PE and PA.
The most evident changes during oil hydration were reported in the content
of PE which increased from 21.88% (non-hydrated oil) to 64.22% in the oil
hydrated with 0.5% water at 70oC (Table 2). The content of PI decreased from
29.13% to 11–15%, except for the oil hydrated at 70oC with 0.5% water in which
it amounted to 4.37%. The concentration of PC in the hydrated oils was lower
than in the initial oil. The impact of varied water doses was noted only in the
case of oils hydrated at 70oC, in which the content of PC ranged from 18.62% in
the oil hydrated with 0.5% water to 30.92% in the oil hydrated with 3.0% water.
The concentration of PA remained virtually unchanged in all oils hydrated at
80oC and it was increased only in the oils hydrated at 70oC with lower (0.5 and
1.5%) doses of water (Table 2).

Three phospholipids (PC, PI and PE) were detected in post-hydration oil
gums (Table 2). PC was the predominant phospholipid and its content in all
samples of oil gums, regardless of hydration conditions, ranged between 49.01
and 52.57%. PE was the second-most abundant phospholipid and its content
ranged from 24.57% to 30.15% in the oil gums formed following hydration with
1.5% water at 80oC and 70oC. The other samples of oil gums were not varied in
their PE content (Table 2). The concentration of PI in the majority of oil gum
samples was not statistically different (Table 2). The shape of phospholipid
profiles in the oil gums, whose PC and PI concentrations were significantly
higher and PE content was much lower than in the hydrated oils, confirms that
PC and PI are hydratable phospholipids, while PE is classified as a non-
hydratable phospholipid.

The composition of fatty acids in the initial oils was typical of rapeseed oil
(Table 3). The samples of oil gums obtained under different hydration condi-
tions differed significantly in the content of fatty acids in comparison with the
initial oil. In general, it was found that the hydrated oils had a lower content of
oleic acid (54–57% vs. 62.34%) and linolenic acid (6–8% vs. 9.34%), whereas the
concentrations of linoleic (24–28% vs. 19.67%) and palimitic (8–10% vs. 4.97%)
acids were higher (Table 3).
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Table 3
Fatty acid composition of post-hydrated oil gums

Fatty acid [%]

C16:0 C18:0 C18:1 C18:2 C18:3

Conditions
of hydratation

Crude oil 4.97a ± 0.07 1.52c ± 0.01 62.34c ± 0.01 19.67a ± 0.04 9.34e ± 0.05 2.14 ± 0.18

70oC/0.5% 8.72b ± 0.59 1.19a ± 0.06 56.94b ± 0.03 26.46c ± 0.69 6.69c ± 0.07 trace

70oC/1.5% 8.25b ± 0.70 1.14a ± 0.06 57.22b ± 0.91 26.91cd ± 0.05 6.48bc ± 0.11 trace

70oC/3.0% 10.15c ± 0.45 1.63d ± 0.06 54.61a ± 0.95 27.53d ± 0.06 6.08ab ± 0.50 trace

80oC/0.5% 8.45b ± 0.10 1.91e ± 0.18 57.37b ± 0.08 24.43b ± 0.42 7.84d ± 0.06 trace

80oC/1.5% 9.12bc ± 0.47 1.38b ± 0.05 57.11b ± 0.28 26.55c ± 0.54 5.84a ± 0.30 trace

80oC/3.0% 10.08c ± 0.72 1.28ab ± 0.04 55.37a ± 0.81 27.52d ± 0.18 5.75a ± 0.05 trace

a,b... – mean values in columns marked with the same letter are not significantly different (p ≤ 0.05)

Table 4
Coefficients of significance (F) determined with two-way analysis of variance for hydrated oils and

post-hydration oil gums

Factor of variance

hydration
hydration addition temperature

temperature of water x addition
of water

Discriminant

content of phosphorus [mg kg–1] 6* 16867** 8**

share of phospholipids [%] 7* 2313** 20**

share of PC in phospholipid fraction [%] 87** 85** 47**
Hydrated

oils
share of PI in phospholipid fraction [%] n.s. 209** 344**

share of PE in phospholipid fraction [%] 25** 105** 187**

share of PA in phospholipid fraction [%] 97** 146** 25**

content of phosphorus [mg kg–1] 361** 45236** 1375**

share of PC in phospholipid fraction [%] n.s. 8* n.s.

share of PE in phospholipid fraction [%] 10** n.s. n.s.

Post-hydration share of PI in phospholipid fraction [%] n.s. 14** n.s.
oil gums share of stearic acid [%] n.s. 29** n.s.

share of palmitic acid [%] 44** 34** 106**

share of oleic acid [%] n.s. 45** n.s.

share of linoleic acid [%] 35** 81** 21**

share of linolenic acid [%] n.s. 104** 45**

* – significant impact of factor at p≤0.05
** – significant impact of factor at p≤0.01
n.s. – not significant
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Statistical analysis. A two-way analysis of variance revealed that the
content of phosphorus in oils (F=16867) and oil gums (F=45236) depended to
the largest extent on the amount of water used for hydration and the
relationship between this factor and hydration temperature (F=1375). The
impact of hydration temperature on the concentration of phosphorus in the
hydrated oils (F=6) and oil gums (F=361) was minimal (Table 4). The content
of phospholipid fraction in the hydrated oils depended more on a water dose
(F=2313) than hydration temperature (F=7) (Table 4). In addition, the
two-way analysis of variance showed that the impact of hydration condition on
the shape of phospholipid profiles in hydrated oils and oil gums was minimal,
which was further confirmed by the values of coefficient significance:
F=25–209 for oils and F=10–104 for oil gums (Table 4).

Discussion

The analysis of the impact of hydration conditions of rapeseed oil (70/80oC
x 0.5; 1.5; 3.0% water) showed that the degree of phospholipid removal
decreased with an increase in water. The best results were achieved when
the hydration process was performed with 0.5% water at 70oC. The oil
hydrated under these conditions had the lowest content of total phosphorus
and the lowest concentration of phospholipids and the extracted oils gums
contained the highest amount of phosphorus. INDIRA et al. (2000) carried
our hydration of rice oil, which contained 1.8% phospholipids, with varied
water doses (0.5–4.0%) and at different temperatures (26–90oC) and found
that the optimal performance of the process was effectuated with 4.0%
water at 68–73oC. Hydration under these conditions yielded the highest
(80%) degree of removal of phospholipids. The results of the above cited
publication differ from our studies in which higher doses of water (1.5%,
3.0%) reduced the amount of extracted phosphorus. It was also found
that the oils hydrated with 3.0% water were turbid following centrifugation
and water droplets were visible after resting. The extracted oil gums had
a looser, oily texture and a lighter colour, which might be related to
the increased content of oil and water droplets (Fig. 1). PŁATEK (1998)
reported that the amount of water supplied in the hydration process should
approximate the percentage of phospholipids. An insufficient amount of
water results in incomplete hydration, whereas its excessive volume generates
the formation of a 3-phase system consisting of water, oil gums and turbid
oil. INDIRA et al. (2000) reported after List et al. that extracted oil gums
may undergo re-hydration and be reintroduced into oil phase, especially
during long-lasting stirring. ESHRATABADI et al. (2008) reported that the
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dose of water used in degumming of crude vegetable oils should be experimen-
tally determined.

SOSADA et al. (2003) analysed the composition of industrial rapeseed
lecithin and showed that it contained 63% of substances which were non-
soluble in acetone, including 15% PC, 25% PE, 35% PI and other compounds
such as lysophospholipids, glycolipids, sterols and carbohydrates. VAN

NIEUWENHUYZEN and MABEL (2008) examined the composition of liquid
rapeseed lecithin and reported that PC was the predominant phospholipid and
it amounted to 17%, whereas PI, PE and PA constituted 10, 9 and 4% of
lecithin, respectively.

Conclusions

1. The content and profile of phospholipids in hydrated oils significantly
depended on hydration conditions and the dose of water was a more differenti-
ating factor than hydration temperature.

2. The most effective oil hydration was carried out with 0.5% water at 70oC
since it reduced the content of phospholipids to the highest degree.

3. The oils hydrated with 3.0% water at both temperatures had the lowest
degree of phospholipid removal and the extracted oil gums had the lowest
content of phosphorus and visible oil residues.

4. The impact of hydration conditions on the shape of phospholipid profiles
in hydrated oils and oil gums and on the composition of fatty acids was
minimal.

5. Phosphatidylcholine and phosphatidylinositol were the most hydratable
phospholipids because of the highest degree of their removal during hydration.

Translated by JOANNA JENSEN
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A b s t r a c t
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A b s t r a k t

W badaniach wykazano, że około 22% ankietowanych jadało żywność typu fast-food przynajmniej
raz w tygodniu, a 73% sięgało po nią okazjonalnie. Więcej mężczyzn niż kobiet spożywało taką
żywność często, podczas gdy odwrotną zależność odnotowano wśród konsumentów jadających ją
okazjonalnie. Prawie jedna trzecia respondentów korzystała z takiej żywności ze względu na brak
czasu na samodzielne przygotowanie posiłku. Znacząca grupa ankietowanych (24,3%) przyznała, że
lubi smak żywności typu fast-food. Najczęściej wskazywanym czynnikiem wpływającym na wybór
żywności fast-food była cena. Najczęściej kupowanym produktem była pizza, a następnie zapiekanka.
Większość badanych wyraziła opinię, że spożywanie żywności typu fast-food jest niekorzystne dla
zdrowia.

Introduction

Eating out is not a common practice in Poland and in most of Polish
families main meal is prepared at home. The research conducted in 2005 in
central Poland demonstrated that only in 27.8% of investigated families at
least one person had a meal out of home (JEŻEWSKA-ZYCHOWICZ and KOSICKA

2007). According to other research about 45% of Polish adults were food service
users (KWIATKOWSKA 2007). In the United States 77% of meals eaten out were
originated from fast food restaurants (GLAZER 2008). This type of food owes its
popularity to the attractive flavour, quickness of preparation, reasonable
prices and convenient locations of restaurants (BOWMAN and VINYARD 2004).

At the beginning, fast food producers were appreciated for creation tasty,
inexpensive and simultaneously convenient food. Today, this type of products
is perceived as unfavourable for health, deficient in nutrients and causing
nutritional deficits in humans in a long term (STAUFFER 2003). According to
the numerous authors (FRENCH 2003, LEDIKWE et al. 2005, JACOBS 2006) fast
food eating can be the reason for nutritional irregularities, which can intensify
and cause diet-related diseases such as obesity and type 2 diabetes, and also
may have a detrimental effect on depression risk (SÁNCHEZ-VILLEGAS et al.
2012 ). It was found that consumers who reported eating fast food had higher
intakes of energy, total fat, saturated fat, carbohydrate, protein and added
sugars, and lower intakes of nutritious foods such as fruits and fluid milk than
their counterparts who did not eat fast food (BOWMAN and VINYARD 2004). On
the other hand, there is an opinion that fast foods may be a characteristic
attribute of today’s busy life and it is possible to find more healthy alternatives
in this food sector (DAVIES and SMITH 2004). As the example the authors
presented chicken salad sandwich. This product contains foods from three
groups, namely: bread, other cereal and potato; meat, fish and alternatives;
fruit and vegetables, and according to the label it makes an important
contribution to protein and fibre intake. The authors suggested that if low fat
spread and low fat mayonnaise were used and no salt was added this product
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could be further improved. Recently, several fast food providers have recon-
sidered the recipes of their products and size of portions, and offered tools to
control nutrients intake (SCHRÖDER and MCEACHERN 2005).

The group of people who are especially prone to the use of fast food are
students as they usually live out of their place of permanent residence and
therefore have to organize their meals themselves. Fast food restaurants are
often conveniently located on or near campuses (KNUTSON 2000).

The objective of the present study was to analyze the impact of socio-
demographic features such as gender, place of origin, financial situation of the
family, self-perceived health status and physical activity on the fast food eating
among the university students.

Methods

Participants

The research was conducted in 2009 on a group of 400 students at the
University of Warmia and Mazury in Olsztyn, Poland. Potential participants
in the study were approached at students’ canteen and other university
buildings and informed about the aim of the study. Those willing to take part
in the research were handed the questionnaire for self completing. The
questionnaires were collected directly after completing. The research group
consisted of 69% women and 31% men. They originated from villages (44.8%),
small towns below 25,000 inhabitants (21.1%), big towns of 25,000–100,000
inhabitants (25.0%) and cities of more than 100,000 inhabitants (9.1%). About
half of them reported a good financial situation of their family (51.0%),
whereas 42.5% declared fairly good, 4.4% very good and 2.1% bad financial
situation. Participants were also asked to assess their health status – 56.5%
marked good health status, 24.0% – fairly good, 18.8% – very good and 0.7%
– bad health status. Most of them (62.5%) declared sporadic physical activity,
18.5% reported exercising 2-3 times a week, 15.6% pointed no physical activity
and 3.4% declared everyday intensive physical activity.

Questionnaire

As a research tool a questionnaire was developed on the basis of literature
review and discussions with students on their eating habits. The questionnaire
consisted of the items concerning frequency of fast food eating (every-
day/almost everyday, 3–5 times a week, 1–2 times a week, 1–2 times a month,

Socio-Demographic Determinants... 479



less than once a month, never), main reason for its eating (lack of time for
preparing meal, influence of media, good taste, low price, don’t like cooking,
don’t like canteen food, don’t like canteen atmosphere, other), main factor
influencing the choice of particular food (size of portion, price, quality of food,
speed of service, nutritive value of food, other), fast food eaten most often
(french fries, toasted baguette with vegetables/meat/cheese, french fries
+ hamburger, french fries + chicken, pizza, hamburger in bun, chicken, salad,
other), and students’ opinion on the fast food impact on health (favourable,
neutral, unfavourable, no opinion). Respondents were asked to mark only one
answer for each question.

Data analysis

The quantitative data collected in the survey were analysed using STATIS-
TICA v.9. software package (StatSoft Inc., USA) in order to generate the
relevant tabulations and conduct statistical tests. The analyses of data consis-
ted of frequency distributions evaluation with chi-square statistics and
p-values below 0.05 were considered significant.

Results and Discussion

Frequency of fast food eating

The research showed that about 22% of participants ate fast food at least
once a week, and in further analysis they will be called frequent consumers
(Table 1). The next 73% of students consumed this type of food no more than
1–2 times a month and can be described as occasional fast food eaters while
almost 5% did not eat fast food at all.

The frequency of fast food eating was significantly affected by gender
(p<0.001). More men than women were frequent fast food eaters (36.3% men
vs. 16.0% women), while opposite relationship was observed among occasional
consumers. The percentages of non-eaters were similar for men and women.
Place of permanent residence did not affect significantly the frequency of fast
food consumption by students. Nevertheless, respondents originated from
villages and small towns were less frequent fast food users as 19.2 and 21.0% of
them, respectively, reported eating at least once a week in comparison with
31.3% and 25.7% of frequent users in groups originated from big towns and
cities, respectively. Although statistical analysis did not reveal a significant
relationship between financial situation of respondents, their health status
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and physical activity, and frequency of fast food consumption, generally the
better economic situation of participants was, the higher percentage of them
reported frequent use of such food and the highest percentages of frequent fast
food consumers were found in those groups of respondents who reported very
good or bad health status. When physical activity of students is taken into
consideration it could be suggested that those who practice intensive physical
activity everyday pay more attention to healthy eating as 15.4% of them ate
fast food 1–2 or 3–5 times a week (there were no everyday eaters among them)
in comparison with 21.1–24.2% of frequent users in other groups.

The present study has shown that investigated students consumed fast
food less frequently than their counterparts in other countries. The research
conducted at the Michigan State University, USA, showed that among fast
food eaters 40.4% ate at fast food restaurant three to four times a week. One
third of the sample went there less frequently, while 25.8% ate there at least
five times a week (KNUTSON 2000). Among Turkish students 60% ate fast foods
at least once a week, with 8.4% consuming such food everyday (YARDIMCI et al.
2012). The vast majority of investigated Cyprus students (85.7%) have a dining
experience once every two weeks (ZOPIATIS and PRIBIC 2007). Other studies
carried out in Poland demonstrated that among the secondary school youth
most of them consumed fast food once or twice a week (KOŚMIDER and
GRONOWSKA-SENGER 2005). In the group of candidates to the Air Force College,
68.6% of respondents reported consumption of fast food, with about 30% of
them eating such food at least once a week (GAŹDZIŃSKA et al. 2007).

Main reason for fast food eating

In the present study almost third of total sample answered that they use
this type of food because they don’t have time to prepare meals themselves
(Table 2). The large group (24.3%) admitted that they like the taste of fast food
and for 18.3% the main reason for fast food eating was its relatively low price.

The main reason for fast food consumption was not significantly affected by
any of the socio-demographic features of students’ however some differences
can be reported. Higher percentages of women than men indicated “lack of
time”, “influence of media” and “it’s tasty”, whereas other reasons were more
often selected by men. Almost a third of respondents originated from the cities
marked “it’s tasty” as a main reason for selecting fast foods as their meals,
while among students living for permanent in other places it was “lack of
time”. When the financial situation was considered it was found that the better
it was the higher percentage of participants reported “lack of time” and the
lower percentage “it’s tasty” as the most important reason for using fast food.
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Only slightly less respondents who indicated no physical activity compared
to more sporty respondents pointed out “lack of time” as their main reason for
fast food eating.

It is slightly disturbing that quite considerable percentages of participants
did not like eating in students canteen (did not like canteen food or canteen
atmosphere), however it is conveniently situated in the central part
of campus and offers a choice of full meals at reasonable prices. One
can speculate that if the improvement in food quality and eating environment
could take place to better suit the young people tastes there would be
a chance to attract those students who eat fast food from the necessity
and not because they really like it.

The results of the present study are in line with findings of other surveys.
The research on the influence of age and gender on food choice revealed that
women aged 18–30 were of the opinion that it was easier to prepare meals from
ready-to-eat products and that fresh food was expensive (CHAMBERS et al.
2008). Women aged 31–59 found the temptation of unhealthy foods difficult to
resist and lack of time made eating healthily more difficult. Women over 60
admitted that they thought unhealthy food tasted good and was, therefore,
hard to resist. Men aged 18–30 found that lack of time and the convenience of
unhealthy foods determined their eating habits. Lack of time was also crucial
to men aged 31–59. Men over 60 said that they found it easy to eat healthily
because of self-control and common sense.

Main determinant of fast food choice

None of the students features significantly affected determinants of fast
food choice (Table 3). Regardless of a respondents’ gender, price of food was
the most often indicated factor. For men, the next important determinant of
choice was size of portion, while for women, that was quality of food. Less than
5% participants were interested in nutritive value of fast foods.

In the groups of students who originated from villages, small towns and
cities, the highest percentages indicated that quality of food plays a decisive
role in their fast food choice, while among big towns inhabitants price of fast
food was the most important factor. Price was also indicated by the highest
percentage of respondents who evaluated their financial situation as fairly
good. In other economic groups quality of food was marked most often.
The worse health status was reported by respondents the more of them stated
that size of portion influences their choice of fast food most. Among students
characterized by a very good health status quality of food was the most
important determinant of choice. Quality of food and speed of service were
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equally important for participants declaring good health status, while in the
group of fairly good health status it was price of food. Those participants who
were involved in everyday intensive physical activity paid more attention to
speed of service than students in other groups, where quality of food played the
most important role in food choice.

The investigation of the attitudes of Swedish high-school students toward
fast food eating showed that respondents were aware of the good and bad
attributes of fast food, such as speed, convenience, fat and sugar. Female
students viewed fast food in a broad food chain context, whereas male students
concentrated on fast eating and satiety (MATTSSON and HELMERSSON 2007). In
the case of undergraduate students from English and Scottish universities the
motivations for purchasing fast foods were predominantly speed and conveni-
ence, flavour, value for money, and quality of ingredients (SCHRÖDER and
MCEACHERN 2005). Importance of price, speed of service, consistency, conveni-
ent location and health concerns as main determinants for fast food choices
were also reported by other researchers (KNUTSON 2000, BETTS et al. 1995).
Additionally, it was determined that women were influenced more by factors
such as speed of service, quality of menu items, feeling of safety and security
and employees’ professionalism compared to men (ZOPIATIS and PRIBIC 2007).

Most often chosen fast food

The type of food chosen most often by the respondents was significantly
affected (p<0.01) only by gender of students (Table 4). Generally, the most
often purchased fast food was pizza (29.8%) closely followed by toasted
baguette with vegetables/meat/cheese. One can presume that when the
meal was consumed in the restaurant or it was home-delivered, pizza
was selected most often, but when the respondent was in hurry he/she
chose toasted baguette and ate it in the street without stopping for the
proper meal. More men than women preferred toasted baguette, hamburger
in bun and chicken, while women more often than men purchased french
fries, french fries + hamburger, french fries + chicken, pizza, and salad.
It is also worth noting that a low percentage (2.6%) of participants selected
french fries + chicken which could be treated as a full meal, especially
when some salad or fruit was added. About 2% of respondents chose the
healthy option of fast food, namely salads.

Permanent residents of villages and cities most often selected toasted
baguette, whereas in groups of small and big towns residents pizza was the
most popular fast food. When the financial situation of students is considered,
it is observed that in the group of fairly good situation the highest percentage
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of respondents indicated toasted baguette as the most often selected fast food,
while in other economic groups it was pizza. Pizza was also the most popular
fast food among those participants who evaluated their health status as very
good and good. Among students who reported bad health status the indications
were evenly distributed between french fries, french fries + hamburger and
pizza. The analysis of physical activity effect on the most often chosen fast food
showed that the higher percentage of respondents involved in everyday
intensive physical activity selected salads (7.7%) than in other groups (1.4–2.1)
and none of the students in this group indicated purchasing hamburgers or
chicken alone or in combination with french fries. These results seem to
confirm earlier observations that this group of consumers is more health
conscious than other groups.

Other studies show that women were more likely to consume foods in line
with dietary guidelines (BOGUE et al. 2005). They also observed that respon-
dents over 35 were the most concerned about their health, and additionally
respondents aged 35–54 were more knowledgeable about dietary issues than
younger and older respondents. It was also reported that younger respondents
were less likely to report that “trying to eat a healthy diet” was imported to
them (KEARNEY et al. 2000).

Opinion on the fast food influence on health

The vast majority of respondents (87.4% of total sample) expressed an
opinion that fast food is unfavourable for health (Table 5). More men than
women were of opinion about neutral effect of this type of food on health.
The highest percentage of “unfavourable influence” opinions was found among
big town inhabitants, however in this group the only “favourable influence”
opinions were also observed. The percentage of “unfavourable influence”
opinions increased gradually from 80.6% in the group of very good health
status to 100% in the group of bad health status. Nevertheless, the statistical
analysis demonstrated that only physical activity of participants affected
significantly (p<0.05) their opinions on the fast food influence on health. More
respondents expressed a “neutral influence” opinion in the group of everyday
physical activity students than in other groups and additionally the lowest
percentage of “unfavourable influence” opinions was observed in this group.
All respondents who indicated the “favourable influence” opinion simulta-
neously reported no physical activity.

The awareness of food “healthiness” was observed by KNUTSON (2000)
who found that about 60% of college students indicated the same fast
food restaurant as a source of highest nutrition quality and best for vege-
tarians foods.
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Conclusions

The results of the study show that fast foods eating among the investigated
students’ group is generally kept at the moderate and reasonable level as a vast
majority of them eat it only occasionally. Respondents’ gender had a significant
impact on the frequency of fast food eating and most often chosen fast food,
while physical activity significantly affected students’ opinion on the fast food
influence on health. Financial situation and health status did not show
significant effect on any of the analyzed phenomena.

Translated by MARZENA DANOWSKA-OZIEWICZ
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A b s t r a c t

The aim of this study was to evaluate the fatty acid composition, including the content
of conjugated linoleic acid cis9trans11 C18:2 (CLA) and trans isomers C18:1 and C18:2 acids, in 17
butters come from different producers available on the Olsztyn market. Determinations were carried
out with the GC method using a 100 m capillary column with CP Sil 88 phase.

In all the analysed butters cis9trans11 C18:1 acid and trans isomers of C18:1 and C18:2
acids were found. The percent content of CLA in total fatty acids in fat butters was ranged
from 0.53 to 1.13%, trans C18:1 ranged from 2.12 to 3.72% and trans C18:2 from 0.62 to
1.17%. A short-chain fatty acids in fat examined butters were ranged from 4.93 to 10.40%,
saturated fatty acids from 52.82 to 60.08%, monounsaturated from 26.84 to 36.62% and poly-
unsaturated from 2.74 to 6.29% of total fatty acids.
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A b s t r a k t

Przedmiotem badań była ocena składu kwasów tłuszczowych, ze szczególnym uwzględnieniem
zawartości kwasu linolowego o wiązaniach sprzężonych cis9trans11 C18:2 (CLA) oraz izomerów trans
kwasu C18:1 i C18:2 w 17 masłach dostępnych na rynku w Olsztynie. Oznaczenia przeprowadzono
metodą GC na 100-metrowej kolumnie kapilarnej z fazą CP Sil 88.

We wszystkich badanych produktach stwierdzono obecność kwasu cis9trans11 C18:2 (CLA) oraz
izomerów trans kwasu C18:1 i kwasu C18:2. Udział CLA w ogólnym składzie kwasów tłuszczowych
tłuszczu badanych maseł wynosił od 0,53 do 1,13%, izomerów trans kwasu C18:1 od 2,12 do 3,72%,
a kwasu C18:2 od 0,62 do 1,17%. W tłuszczu wydzielonym z badanych maseł udział kwasów
krótkołańcuchowych w ogólnym składzie kwasów tłuszczowych wynosił od 4,93 do 10,40%, kwasów
nasyconych od 52,82 do 60,08%, monoenowych od 26,84 do 36,62%, a polienowych od 2,74 do 6,29%.

Introduction

Butter is a high-fat product manufactured exclusively from cow’s milk as
a result of the so-called churning of specially-prepared sour or sweet cream.
The quality of milk fat is determined, primarily, by the composition of its fatty
acids, the properties of which depend on the length of the carbon chain and the
presence of unsaturated bonds. Unlike other natural fats, the milk fat is
a complex fat, for it contains over 400 different fatty acids, many of which exert
beneficial effects on human health. The quantitative composition of fatty acids
of cow;s milk is changing under the influence of multiple factors, including: the
feeding system of animals, breed of cows, lactation period, individual charac-
teristics and health status of cows, and others. Out of these factors, the most
significant effect is ascribed to the feeding system (JAWORSKI 1978, 1995). Milk
fat from the summer period is characterised by significantly higher contents of
C18 group fatty acids, including mainly fats from the C18:1 group, and by
significantly lower contents of palmitic and myristic acids than the milk from
the winter period (JAWORSKI 1978, JENSEN 2002, ŻEGARSKA 1988). A unique
characteristics of milk fat, contributing to its high digestibility, is the presence
of short- and medium-chain fatty acids. Butyric acid, whose concentration in
milk fat reaches 3–4% of total fatty acids, has been found effective in the
treatment of nipple and colon cancer (CICHOSZ 2009, ŻEGARSKA 2005). In turn,
vaccenic acid (trans 11) constituting over 50% of all trans isomers of C18:1 acid
in milk fat, has been shown to exhibit anticarcinogenic and antiatherosclerotic
actions (PRZYGOJEWSKA and RAFALSKI 2003). Milk fat constitutes the main,
dietary source of conjugated linoleic acid (CLA) characterised by a variety of
health-promoting properties, including: anticarcinogenic, antidiabetic, anti-
inflammatory and antiatherosclerotic effects (BIAŁEK and TOKARZ 2009,
PARIZA 1991, PARODI 1999). It is also a source of other components implicated
to exert beneficial effects on human health, e.g. phospholipids, fat-soluble
vitamins and β-carotene.
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Owing to a high intake of butter by Polish consumers and to a rich
assortment of butter products available on the Polish market, the assessment
of their quality is of great importance. In view of this, the objective of this study
was to determine the composition of fatty acids, with special emphasis put to
concentrations of conjugated linoleic acid cis9trans11 C18:2, CLA) and trans
isomers of C18:1 and C18:2 acids, in extra butters available on the market of
the city of Olsztyn.

Material and Methods

Material

The study comprised 17 butter samples purchased in the retail shops in
Olsztyn, in October and November. The butters, containing 82–83% fat come
from different producers.

Analytical methods

Fat from the butters was separated by melting, decantation and filtering
through anhydrous sodium sulfate.

Methyl esters of fatty acids were prepared according to the IDF method
using a methanol solution of KOH (IDF Standard 182... 1999).

The total composition of fatty acids of the isolated fat was determined by
gas chromatography (GC) using a Hewlett Packard 6890 chromatograph
(Palo Alto, CA), with flame-ionization detector and capillary column CP Sil 88
(100 m, 0.25 mm I.D., 0.20 μm film thickness); the column temperature
was 60oC (1 min) – 180oC, Δt=5oC/min; split ratio:1:100; the injector and
detector temperature: 225oC and 250oC, respectively; carrier gas: helium,
flow 0.8 mL /min.

Identification of methyl esters of the trans fatty acids and linoleic acid with
conjugated bonds was carried out by comparing their retention times with
those of standards (Sigma and Supelco) and literature date (PRECHT and
MOLKENTIN 1994, PRECHT and MOLKENTIN 1997b, PRECHT and MOLKENTIN

1999, RATNAYAKE et al. 1992, WOLFF and BAYARD 1995). The content of fatty
acids was expressed as a percentage (weight %) of the total fatty acids. All
measurements were performed in duplicate.
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Results and Discussion

The content of particular groups of fatty acids in fat extracted from the
butter samples examined was presented in Table 1. Results of the determina-
tion of cis9trans11 C18:2 acid (CLA) and the total content of trans isomers of
C18:1 and C18:2 acids were presented in Figure 1. The exemplary chromato-
gram separation of trans isomers C18:1 and C18:2 acids of butter is presented
in Figure 2.

Table 1
Percentage of some groups of fatty acids (% of total fatty acids) in fat of analysed butters

Σ
Product short-chain

fatty acids

Σ
saturated
fatty acids

Σ
monounsaturated

fatty acids

Σ
polyunsaturated

fatty acids

Σ
trans fatty

acids

1 5.42 55.10 33.20 6.29 3.41

2 9.68 58.18 28.68 3.46 5.76

3 7.17 56.54 31.66 4.63 5.43

4 10.09 58.64 27.93 3.34 5.58

5 4.93 52.82 36.62 5.65 6.72

6 9.38 58.86 28.48 3.28 5.03

7 9.17 59.12 28.59 3.12 4.77

8 10.18 58.88 27.68 3.26 5.20

9 9.87 58.58 28.30 3.25 4.41

10 10.33 58.55 27.75 3.37 4.99

11 8.53 57.64 29.57 4.26 3.40

12 10.38 58.86 27.68 3.08 4.78

13 9.58 59.30 27.74 3.38 4.66

14 9.88 59.15 27.33 3.64 5.63

15 10.35 58.12 28.15 3.38 5.66

16 10.40 59.64 26.84 3.12 4.56

17 9.84 60.08 27.34 2.74 4.02

Mean ± SD 9.13 ± 1.69 58.12 ± 1.80 29.03 ± 2.54 3.72 ± 0.96 4.82 ± 0.72

In fat extracted from the butter samples the short-chain fatty acids
(C4:0 – C10:0) ranged from 4.93 to 10.40% of the total fatty acids composition
(Table 1). In all butter samples examined, the highest content in that group of
fatty acid was noted for butyric acid (C4:0), i.e. from 1.58 to 3.38%.

From the nutritional viewpoint, the unbeneficial characteristics of milk fat
is a high content of saturated fatty acids that constitute ca. 56% of the total
fatty acids of milks fat (JAWORSKI 1978, STANIEWSKI 2000). The total content of
saturated fatty acids in fat extracted from butter samples ranged from 52.82%
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Fig. 1. The content of: a – cis9trans11 CLA, b – trans C18:1, c – trans C18:2 in the total fatty acids
composition of fat isolated from the analysed butters

to 60.08% (Table 1). Those acids were mainly represented by palmitic acid
(C16:0) which constituted from 27.84 to 36.46%, and by stearic acid (C18:O)
which constituted from 7.25 to 10.50% of the total fatty acids composition.

In milk fat, the monoenoic acids constitute ca. 30% of the total fatty acids
(JAWORSKI 1978, STANIEWSKI 2000). In the analysed butter samples, the total
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Fig. 2. Separation of trans isomers of C18:1 and C18:2 fatty acids of butter by GC. Identyfication:
trans isomers of C18:1 (1 – trans 6–9; 2 – trans 10+11; 3 – trans 12; 4 – trans 16); trans isomers

of C18:2 (5 – cis9trans13; 6 – cis9trans12; 7 – trans9cis12; 8 – trans11cis15)

content of those acids ranged from 26.84 to 36.62% of the total fatty acids
composition. They were the most frequently represented by oleic acid
(cis 9 C18:1), whose content reached 18.72 to 23.35% of the total fatty acids
composition. Worthy of notice are antiatherosclerotic properties of this acid
(ZIEMLAŃSKI and BUDZYŃSKA-TOPOLOWSKA 1991).

Milk fat is a poor source of polyenoic fatty acids (JAWORSKI 1978,
STANIEWSKI 2000, ŻEGARSKA 1988). In fat extracted from the butter samples
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examined the content of those acids ranged from 2.74 to 6.29% of the total fatty
acids composition (Table 1). In all butter samples the predominating turned
out to be linoleic acid (cis9cis12 C18:2) which constituted from 1.20 to 4.90%,
linolenic acid (cis9cis12cis15 C18:3) which constituted from 0.39 to 0.76% of
the total fatty acids composition.

Fat extracted from all butter samples contained conjugated linoleic acid
(cis9trans11 C18:2, CLA), trans isomers of C18:1 acid as well as cis,trans
/ trans,cis isomers of C18:2 acid.

The linoleic acid with conjugated bonds (cis9trans11 C18:2) is a predomi-
nating constituent of conjugated dienes of milk fat, and is implicated to exert
anticarcinogenic, antiatherosclerotic, immunomodulating and antioxidative
effects. In fat extracted from the studied butter samples its content ranged
from 0.53 to 1.13% (Figure 1). The content of CLA in milk varied in a wide
range depending on the period of cows feeding. Higher contents of this acid are
reported in milk fat originating from the period of pasture feeding, whereas
lower ones from the period of stall feeding (PRECHT and MOLKENTIN 1997a,
ŻEGARSKA et al. 1996). Results achieved in this study indicate that the butters
examined were produced from milk originating from pasture or intermediate
(October, November) feeding period (ŻEGARSKA et al. 2006). According to
a study by BARTNIKOWSKA et al. (1999), in samples of butter produced in the
winter (December, January and February) the mean content of CLA reached
0.45%, whereas in those produced from milk originating from the summer
period (June, July, August) it constituted 1.2% of the fatty acids pool.
A research by ŻEGARSKA et al. (2005) indicates that in samples of butters
purchased in the summer the content of CLA ranged from 0.8 to 1.6% of the
total fatty acids composition.

The total content of trans isomers of C18:1 acid in the butter samples
examined fluctuated between 2.12 and 3.72% of the total fatty acids composi-
tion (Figure 1). In fat of all analysed butter samples, in the group of trans
isomers of C18:1 acid the highest contents were reported for trans10 + trans11
isomers. Their contents were summarised due to their incomplete separation
in some butter samples. Following literature data, the major trans isomer of
C18:1 acid in milk fat is vaccenic acid (trans11), which constitutes over 50% of
the total trans isomers of C18:1 acid, on average (PARODI 1976, ŻEGARSKA et al.
1996). This acid exhibits antiatherosclerotic properties and exerts a positive
effect by inhibiting the growth of cancer cells of colon and other organs.
Vaccenic acid is a substrate to the endogenous synthesis of CLA (BAR-

TNIKOWSKA 2001, GRINARI et al. 2000, SANTORA et al. 2000). It has been
estimated that ca. 64% of CLA in milk fat originated from the endogenous
synthesis from trans11 acid mediated by delta-9 desaturase. According to
literature data (PARODI 1976, PRECHT and MOLKENTIN 1997b, PRECHT and
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MOLKENTIN 2000), the contribution of trans10 acid in milk fat reaches as little
as ca. 5.5%. In butter samples analysed in this study, the total content of
trans10 + trans11 isomers made up from 53% to over 70% of the total content
of trans isomers of C18:1 acid.

According to a research by WOLF (1994), French butters from October-
November contained 3.22% and those from May–June – 4.28% of trans isomers
of C18:1 acid, on average. In turn ARo et al. (1998) report that the content of
trans isomers of C18:1 acids in butters originating from different European
countries ranged from 2.16 to 3.64%. BARTNIKOWSKA et al. (1999) demon-
strated that in samples of butter produced in the winter (December, January,
February) the mean content of trans isomers of C18:1 acid accounted for 1.4%,
whereas in those of butter produced in the summer (June, July, August) for
3.55 of the fatty acids pool. Higher contents of those isomers in samples of
butter purchased in the summer were reported by ŻEGARSKA et al. (2005). The
samples of butters analysed in this study contained from 4.6 to 5.8% of those
isomers. A research by DANIEWSKI et al. (1998) indicates that the total content
of trans isomers of C18:1 acid in butters reached 0.59% in “Masło śmietan-
kowe” and 3.72% in “Masło ekstra”.

In fat extracted from the analysed butter samples, the content of cis,trans
and trans,cis isomers of C18:2 acid ranged from 0.62 to 1.17% (Figure 1).
A similar content of trans isomers of C18:2 acid, reaching from 0.8 to 1.3%, was
demonstrated in butters investigated by ŻEGARSKA et al. (2005). According to
data from another study of those authors (ŻEGARSKA et al. 2006), the content of
trans isomers of C18:2 acid in milk fat from the summer period ranged from
0.65 to 1.19%, in milk fat from the intermediate period – from 0.51 to 1.07%,
and in milk fat from the winter period – from 0.29 to 0.61% of the total fatty
acids composition.

Conclusions

Contents of conjugated linoleic acid (cis9trans11 C18:2) and trans isomers
of C18:1 and C18:2 acids in fat extracted from the investigated butters
available on the Olsztyn market approximated respective contents demon-
strated in milk fat. This may indicate that the level of trans isomers in butter is
affected, to a significant extent, by the quality of raw material used for its
production.

Translated by JOANNA MOLGA
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