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A b s t r a c t

This study was aimed at determining lipid content, fatty acid composition and trans isomers
content in fat extracted from cereals and cereal bars. Cereals and cereal bars were analyzed by gas
chromatography. Analyses showed that they were characterized by a diversified content of fat and
composition of particular groups of fatty acids (saturated SFA, monounsaturated MUFA and
polyunsaturated PUFA). Only oat flakes turned out to be a good source of PUFA (38.83% of total
fatty acids). The remaining products contained more SFA (mean: 45.12% and 47.73% in cereals and
63.31% in cereal bars) than PUFA (mean: 12.24% and 16.73% in cereals and 7.83% in cereal bars).
Lipid of all examined products contained trans isomers of C18:1 and C18:2 acids. In lipids of cereals,
the total content of these isomers did not exceed 0.5% of the total fatty acids. A higher content of these
isomers was found in cereal bars (0.45–3.15%).
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A b s t r a k t

Celem badań było określenie zawartości lipidów oraz składu kwasów tłuszczowych i zawartości
izomerów trans kwasów tłuszczowych w płatkach i batonikach zbożowych. Płatki i batoniki zbożowe
analizowano metodą chromatografii gazowej.

W badaniach wykazano, że badane produkty charakteryzowały się zróżnicowaną zawartością
lipidów i zróżnicowanym składem poszczególnych grup kwasów tłuszczowych (nasyconych SFA,
monoenowych MUFA i polienowych PUFA). Tylko płatki owsiane okazały się dobrym źródłem PUFA
(38,83% w ogólnym składzie kwasów tłuszczowych). Pozostałe produkty zawierały więcej SFA
(średnio: 45,12% i 47,73% w płatkach i 63,31% w batonikach zbożowych) niż PUFA (średnio: 12,24%
i 16,73% płatki i 7,83% batoniki zbożowe). W lipidach wszystkich badanych produktów stwierdzono
zawartość izomerów trans kwasu C18:1 i kwasu C18:2. W lipidach płatków całkowita zawartość tych
izomerów nie przekracza 0,5% ogólnego składu kwasów tłuszczowych. Wyższe zawartości tych
izomerów stwierdzono w batonikach zbożowych (0,45–3,15%).

Introduction

Cereals and cereal products are staple foods. Among cereal products the
highest consumption is observed for breads, pasta, groats, flour, confectionery
products and cereals. These products provide the body with necessary compo-
nents such as fiber, vitamins, minerals and others. Fat present in man’s diet is
the main source of energy in a daily food ration, and also of essential fatty acids
and fat-soluble vitamins. Its quality is largely determined by its fatty acid
composition. Fatty acids present in high-fat foods have different effects on the
body. Some saturated fatty acids (lauric (C12:0), myristic (C14:0) and palmitic
(C16:0)) are detrimental to health as they increase both the low density
lipoprotein (LDL) and high-density lipoprotein (HDL)- cholesterol and in-
crease the LDL/HDL ratio. Of these three fatty acids, myristic acid appears to
have the greatest impact (MENSINK and KATAN 1992, MENSINK et al. 2003,
ZOCK et al. 1994). In turn, stearic acid does not increase the level of total
cholesterol or LDL-cholesterol (WILLIAMS 2000). Polyunsaturated fatty acids
are not synthesized by humans and need to be supplied with food. They
perform a number of positive functions in the human body (GEBAUER et al.
2006, DE FILIPPIS et al. 2010). Some fatty acids with trans configuration have
adverse effect on blood lipids and thereby increase the risk of coronary heart
disease (ASCHERIO et al. 1999, STENDER and DYERBERG 2004, MOZAFFARIAN et
al. 2006, 2009, DHAKA et al. 2011, KARBOWSKA and KOCHAN 2011). Trans fatty
acids are found in fat of the ruminants (dairy products, beef, lamb) as a result
of bacterial action in the rumen, and in margarines, shortenings, cooking fats
and various foodstuffs produced with partially-hydrogenated oils. Their con-
tent in industrially-hydrogenated fats varies widely and may exceed 50% of the
fatty acid content (BAYARD and WOLFF 1995, DANIEWSKI et al. 1997, 1998,
ŻEGARSKA et al. 2000, PASZCZYK and ŁUCZYŃSKA 2013). Smaller amounts
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of trans fatty acids occur naturally in ruminant fats. Another important
sources of trans fatty acids in our diet include “hidden fats” contained in
various food products. Literature data show also fast-food and snack products
(DANIEWSKI et al. 1998, WAGNER et al. 2000), as well as some biscuits, chips and
cakes (DANIEWSKI et al. 1997, 1998, 2000, ARO et al. 1998, DAGLIOGLU et al.
2000, 2002, ŻEGARSKA and BOREJSZO, 2002, MARTIN et al. 2005, PASZCZYK et al.
2007) to be rich sources of trans isomers in our diet. Investigations carried out
in different countries demonstrated a high amount of trans isomers in some
breakfast cereals and muesli (ARO et al. 1998, DAGLIOGLU et al. 2002, MAHESAR

et al. 2010).
The market offers diversity of cereals and cereal bars. These products are

convenient and easy to prepare. They are often eaten for breakfast. Consider-
ing that these products are very popular especially among children and young
people, it is important to assess their quality. Hence, the purpose of this study
was to evaluate the fatty acid composition, including the content of trans fatty
acids, in fat extracted from cereals and cereal bars available on the Polish
market.

Material and Methods

Material to be analyzed were cereals and cereal bars purchased in Poland.
The cereals came from different producers and were categorized as: oat flakes
produced by Sante, Raisio and Melvit (two different products of each producers
were purchased), wheat and rice flakes with palm oil produced by Nestle,
Dr Oetker and Lubella (two different products of each producers were pur-
chased) and mixed cereals with the addition of milk, oil, cocoa, nuts or dried
fruit produced by Nestle (four products), Melvit (two products), Crownfield
(one product) and Lubella (one product). The cereal bars came from three
producers: Nestle (ten different products), Crownfield (four products) and
Sante (six products). Each sample was analyzed in duplicate and the results
were reported as mean values.

Lipid content

Lipid content was determined using the Soxhlet’s method. Dried samples
were transferred to Soxhlet’s apparatus and extracted for 4–9 h (6 overflow/1 h).
To this end, the ether layer was distilled by means of an aggregate for
distillation of solvents. Fat was dried at 105oC for 6–7 h to a constant weight,
and then weighed.
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The content of lipid [%] was calculated according to the formula:

x =
[(b – a) · 100]

c
where:
a – weight of flask [g]
b – weight of flask with extracted fat [g]
c – weight of sample [g].

Lipid extraction

Lipid extraction from the analyzed products was performed with the
Folch’s method (CHRISTIE 1973). To this end, the studied material was crushed
(disintegrated) in a mortar and mixed. The sample (2 g) was homogenized
(homogenizer IKA Ultra-Turrax T18 digital) for 1 min with 20 ml of methanol.
Next 40 ml of chloroform were added and the process was continued for 2 min.
The prepared mixture was filtered into a 250 ml glass cylinder. The solid
residue was resuspended in 60 ml of a chloroform: methanol mixture (2:1 v/v)
and homogenized again for 3 min. After filtration, the solid was washed with
40 ml of chloroform and 20 ml methanol. The combined filtrates were
transferred to the same cylinder. Next, 0.88% sodium chloride in water (1/4
volume of filtrate) was added to the total filtrate, which was then shaken and
left overnight. The upper layer was removed and a water : methanol mixture
(1:1 v/v) was added to the lower layer, and the washing procedure was
repeated. The remaining layer was filtrated by anhydrous sodium sulfate and
distilled by means of an aggregate for distillation of solvents.

Preparation of fatty acid methyl esters

The fatty acids in the total lipids were esterified into methyl esters by
saponification with 0.5N methanolic NaOH and transesterification with 14%
BF3 (v/v) in methanol (Przygotowanie estrów... PN-ISO 5509:2001).

Gas chromatography (GC) analysis

Separation of fatty acid methyl esters of the isolated fat was conducted with
the gas chromatography (GC) method using a Hewlett Packard 6890
chromatograph with a flame-ionization detector (FID).
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Determinations were carried out under the following conditions: capillary
column – 100 m x 0.25 mm i.d. (Chromopack), film thickness – 0.20 μm,
stationary phase – CP Sil 88, column temperature: 60oC (1 min) – 180oC,
Δt = 5oC min–1; injector and detector temperatures: 225 and 250oC, respective-
ly; carrier gas: helium, flow rate: 1.5 ml min–1, split 100:1.

Peaks of individual fatty acids were identified by comparing their retention
times with those of methyl esters of reference fat with known fatty acids profile
(BCR Reference Materials, symbol CRM 164). For identification of positional
trans isomers of C18:1, use was made of the standards of methyl esters of those
isomers (trans 6, trans 9, trans 11) (Sigma) and literature data. In turn, the
trans isomers of C18:2 acid (cis, trans and trans, cis) were identified with the
use of a mixture of standards of C18:2 isomers (Supelco) and literature data.

All samples were analyzed in duplicate and mean values were reported. The
content of fatty acids was expressed as a percentage of the total fatty acids
(wt %).

Statistical analysis

Significant differences in the profile of fatty acids in the cereal bars and
cereals including oat flakes, wheat and rice flakes with palm oil and flakes
mixed with the addition of milk, oil, cocoa, nuts or dried fruit were investigated
using the analysis of variance ANOVA. Significant means were compared
between the four groups by post-hoc Duncan’s test at α = 0.05 using
STATISTICA 10. Data are presented as mean ± standard deviation (SD).

Results and Discussion

Differences in the content of lipid were observed both between and within
the studied groups of cereals, with the largest ones found in mixed cereals with
the addition of milk, oil, cocoa, nuts or dried fruits. The content of lipids in this
group of products ranged from 6.0% to 16.8%. The oat flakes and wheat-rice
flakes with the addition of palm oil contained between 5.40% and 7.70% and
between 9.40% and 10.00% of lipids, respectively. Considerable differences in
lipids content were also observed in the examined cereal bars, where it ranged
from 7.20% to 17.90% (Table 1). For comparison, breakfast cereals analyzed in
Pakistan by MAHESAR et al. (2010) had fat content from 23.6% to 26.1%.
A lower lipids content was determined in corn chips (8.2%). In turn, according
to ROE et al. (2013), the average content of lipids in breakfast cereals analyzed
in the UK was 16.1% (11.6–20.5%), whereas in muesli and corn chips analyzed
by DAGLIOGLU et al. (2002) in Turkey it was from 19.0% to 22.0%.
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Lipid of the examined products was characterized by a diverse profile
of fatty acids. The minimum and maximum contents of fatty acids and groups
of fatty acids (saturated SFA, monounsaturated MUFA and polyunsaturated
PUFA) are presented in Table 1. Table 2 shows mean values and standard
deviation of fatty acids and sum of fatty acids.

Table 1
Range of fatty acid and trans fatty acid content in lipid of the analyzed products (% of total fatty acids)

Cereals

mixed cereals with
the addition

of milk, oil, cocoa,
nuts or dried fruit

(n = 8)
min.–max.

wheat and rice
oat flakes flakes with the
(n = 6) addition of palm oil

min.–max. (n = 6)
min.–max.

Cereal bars
Fatty acids (n = 20)

min.–max.

Lipid content (g/100 g) 5.40–7.70 9.40–10.00 6.00–16.80 7.20–17.90
C6:0 0.01 0.01–0.21 0.01–0.13 0.01–0.13
C8:0 0.01–0.02 0.01–0.02 0.02–1.99 0.47–1.13
C10:0 0.02–0.04 0.01–0.03 0.02–1.52 0.05–1.88
C12:0 0.06–0.25 0.02–0.02 0.15–9.51 0.27–37.7
C14:0 0.29–0.42 1.00–1.01 0.75–3.97 1.19–16.17
C15:0 0.01–0.03 0.01–0.05 0.04–0.19 0
C16:0 16.80–17.19 38.71–38.72 24.49–34.43 13.81–30.03
C17:0 0.04–0.06 0.10–0.11 0.07–0.27 0.06–0.17
C18:0 1.58–1.90 4.32–4.44 3.09–23.96 4.0–13.15
C19:0 0.01–0.02 0.02–0.03 0.01–0.02 0.01–0.05
C20:0 0.13–0.19 0.39–0.41 0.23–0.76 0.21–0.54

Σ SFA 19.54–20.92 44.90–45.23 40.66–57.68 46.38–81.84

C16:1 0.09–0.27 0.17–0.22 0.16–0.53 0.10–0.32
C17:1 0.01–0.03 0.01–0.03 0.03–0.06 0.01–0.04
C18:1 c9 37.59–41.38 40.62–40.71 30.98–34.72 9.38–36.64
C18:1 c11 1.17–1.46 1.11–1.17 0.81–1.29 0.50–1.19
C18:1 c12 0.01–0.02 0.02–0.03 0.01–0.03 0.02–0.12
C18:1 c13 0 0.02–0.06 0 0.01–0.07
C20:1 0.39–0.81 0.01–0.17 0.09–0.29 0.09–0.30

Σ MUFA 39.9–43.48 42.15–42.38 32.54–36.52 10.40–38.15

C18:2 c9c12 35.87–38.48 11.88–11.96 8.36–22.65 3.59–14.52
C18:3 c9c12c15 0.78–2.15 0.33–0.35 0.40–0.55 0.18–0.68

Σ PUFA 36.65–40.29 12.21–12.31 8.86–23.05 3.94–14.97

Σ trans C18:1 0.09–0.12 0.13–0.15 0.11–0.30 0.30–2.97
Σ trans C18:2 0.06–0.07 0.01–0.25 0.11–0.27 0.09–0.32

Σ trans 0.15–0.19 0.32–0.38 0.32–0.41 0.45–3.15

Others 0.09–0.19 0.03–0.09 0.04–0.51 0.11–0.54
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Table 2
Fatty acid composition and trans fatty acid content in lipid of the analyzed products

(% of total fatty acids, mean ± SD)

Cereals

mixed cereals with
the addition

of milk, oil, cocoa,
nuts or dried fruit

(n = 8)

wheat and rice
oat flakes flakes with the
(n = 6) addition of palm oil

(n = 6)

Cereal barsFatty acids
(n = 20)

Lipid content (g/100 g) 6.48 ± 1.15b 9.77 ± 1.15a,b 12.20 ± 5.57a 13.28 ± 3.28a

C6:0 0.01 ± 0.01b 0.14 ± 0.12a 0.11 ± 0.10a,b 0.07 ± 0.04a,b

C8:0 0.02 ± 0.01a 0.02 ± 0.00a 0.72 ± 1.10a 0.75 ± 0.41a

C10:0 0.03 ± 0.01b 0.03 ± 0.00b 0.62 ± 0.80a,b 1.17 ± 0.62a

C12:0 0.15 ± 0.09b 0.23 ± 0.01b 3.37 ± 5.32b 22.41 ± 13.21a

C14:0 0.38 ± 0.06b 1.00 ± 0.01b 2.12 ± 1.66b 10.16 ± 5.42a

C15:0 0.03 ± 0.02b,c 0.05 ± 0.00a,b 0.09 ± 0.08a 0.00 ± 0.00c

C16:0 17.28 ± 0.54c 38.72 ± 0.01a 29.49 ± 5.07a,b 21.78 ± 8.14b,c

C17:0 0.06 ± 0.02b 0.10 ± 0.01a,b 0.15 ± 0.11a 0.10 ± 0.03a,b

C18:0 1.80 ± 0.16b 4.40 ± 0.07a,b 10.59 ± 11.61a 6.56 ± 3.52a,b

C19:0 0.02 ± 0.01a 0.02 ± 0.01a 0.01 ± 0.01a 0.02 ± 0.02a

C20:0 0.17 ± 0.03b 0.40 ± 0.01a 0.46 ± 0.27a 0.30 ± 0.10a,b

Σ SFA 19.95 ± 0.65c 45.12 ± 0.19b 47.73 ± 8.87a,b 63.31 ± 13.08a

C16:1 0.20 ± 0.08ka 0.19 ± 0.03a 0.29 ± 0.21a 0.19 ± 0.08a

C17:1 0.03 ± 0.01a 0.03 ± 0.00a 0.04 ± 0.02a 0.03 ± 0.01a

C18:1 c9 38.69 ± 1.81a 40.65 ± 0.05a 33.36 ± 2.07a,b 26.17 ± 10.50b

C18:1 c11 1.32 ± 0.12a 1.13 ± 0.03a,b 1.05 ± 0.24a,b 0.84 ± 0.28b

C18:1 c12 0.02 ± 0.01b 0.03 ± 0.01a,b 0.02 ± 0.01b 0.06 ± 0.03a

C18:1 c13 0.00 ± 0.00c 0.03 ± 0.02a,b 0.01 ± 0.02b,c 0.05 ± 0.02a

C20:1 0.68 ± 0.20a 0.17 ± 0.00b 0.20 ± 0.10b 0.14 ± 0.06b

Σ MUFA 40.93 ± 1.93a 42.23 ± 0.13a 34.97 ± 2.13a,b 27.47 ± 10.82b

C18:2 c9c12 37.45 ± 1.16a 11.91 ± 0.05b,c 16.24 ± 7.26b 7.45 ± 3.57c

C18:3 c9c12c15 1.37 ± 0.57a 0.34 ± 0.01b 0.48 ± 0.08b 0.37 ± 0.21b

Σ PUFA 38.83 ± 1.60a 12.24 ± 0.06b,c 16.73 ± 7.22b 7.83 ± 3.63c

Σ trans C18:1 0.11 ± 0.01a 0.14 ± 0.01a 0.17 ± 0.11a 0.93 ± 0.98a

Σ trans C18:2 0.07 ± 0.01b 0.22 ± 0.05a 0.20 ± 0.08a 0.17 ± 0.07a

Σ trans 0.17 ± 0.02a 0.36 ± 0.03a 0.37 ± 0.05a 1.10 ± 0.98a

Others 0.12 ± 0.05a 0.05 ± 0.03a 0.20 ± 0.27a 0.30 ± 0.18a

The values marked in the rows with the same letter are not significantly different (P > 0.05);
a, b – significantly different (P ≤ 0.05).

The total SFA in the analyzed oat flakes varied from 19.54% to 20.92%. The
major fatty acid of this group was palmitic acid (16.80–17.19%). The oat flakes
were characterized by a high percentage content of PUFA (36.65–40.29%),
with predominant linoleic acid (35.87–38.48%). In the case of wheat-rice flakes
and mixed cereals, the content of SFA was also different. The mean content
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of SFA in wheat-rice flakes was significantly higher (45.12%) than in oat
flakes (19.95%) and significant lower than in cereal bars (63.31%; p ≤ 0.05).
The content of SFA in wheat-rice flakes was from 44.90% to 45.23%, whereas
in mixed cereals it was from 40.66% to 57.68%. Its mean value (47.73%) in
mixed cereals was significantly higher than in oat flakes (p ≤ 0.05). SFAs in
wheat-rice flakes and mixed cereals were represented by palmitic and stearic
acids, the content of which varied from 38.71% to 38.72 and from 4.34% to
4.44%, respectively (Table 1). In the case of mixed cereals, contents of these
acids ranged from 24.49% to 34.43% and from 3.09% to 23.96%, respectively.
The mean content of MUFA in wheat-rice flakes (42.23%) was significantly
higher than in cereal bars (p ≤ 0.05). The percentage content of MUFA in
wheat-rice flakes was 42.15–42.38%, whereas in mixed cereals it was
32.54–36.52%. The wheat-rice flakes were characterized by a significantly
lower content of PUFA than oat flakes (Table 2). The mean content of PUFA
in wheat-rice flakes did not differ significantly from that in mixed cereals and
cereal bars (p > 0.05). The PUFAs in wheat-rice flakes (12.21–12.31%) and
mixed cereals (8.86–23.05%) were represented mainly by linolenoic acid
(C18:2 c9, c12).

The mean content of SFA in cereal bars (63.31%) was significantly higher
than in oat flakes and wheat-rice flakes (p ≤ 0.05). The analyzed cereal bars
were characterized by diversified contents of individual saturated fatty acids.
Only a few cereal bars had a high content of palmitic acid (13.81–30.03%).
Some of them contained more lauric and myristic acids. The high level of lauric
acid (0.27% to 37.70%) and myristic acid (1.19% to 16.17%) in fat of some cereal
bars can indicate coconut oil addition to these products as coconut oil is known
to be a rich source of these acids (46.458% and 20.572%, respectively) (DAUQAN

et al. 2011). As shown by literature data, their high intake may contribute to
development of cardiovascular disease (ZOCK et al. 1994, WILLIAMS 2000).
Furthermore, cereal bars contained from 10.40% to 38.15% of MUFA and from
3.94% to 14.97% of PUFA. The predominant MUFA was oleic acid C18:1 c9
(9.38–36.64%), whereas the main PUFA was linoleic acid C18:2 c9, c12
(3.59–14.52%). The percentage content of SFA in the examined products was
higher than that of MUFA and PUFA (with the exception of oat flakes).
Similar regularity was found by other authors. For example, muesli studied by
DAGLIOGLU et al. (2002) contained 32.9% of SFA, 59.4% of MUFA and 7.7% of
PUFA. Cereal bars studied by DERAWIAKA and GÓRSKA (2012) had from 46.0%
to 73.8% of SFA, from 21.7% to 37.7% of MUFA and from 4.4% to 16.4% of
PUFA. According to DAGLIOGLU et al. (2002), the content of SFA, MUFA and
PUFA in corn chips was 43.5%, 42.4% and 14.1%, respectively. Finally, ARO et
al. (1998) showed that muesli contained more SFA (50.77%) than cereals with
vegetable oil (10.71%).

Beata Paszczyk et al.740



Lipid of all examined products was demonstrated to contain trans isomers
of C18:1 and C18:2 acids. The higher content of those isomers was found in
majority of cereal bars. The percentage content of C18:1 trans isomers in cereal
bars was between 0.30% and 2.97%. The mean value of these isomers was
0.93% and did not differ significantly from the mean content of C18:1 trans
isomers in oat flakes. A lower content of trans isomers in cereal bars was found
by DEREWIAKA and GÓRSKA (2012). These authors found fatty acid trans
isomers only in muesli bars with milk chocolate (0.20%).

Among the studied flakes, a higher content of C18:1 trans isomers was
found in mixed flakes (0.11–0.30%), whereas a lower one in oat flakes
(0.09–0.12%). Trans isomers of C18:2 acid in cereal bars, wheat-rice flakes and
mixed cereals were at a similar level. A significantly lower content of these
isomers was found in oat flakes (p ≤ 0.05). The total content of trans isomers in
the analyzed cereals was 0.17% in the oat flakes, 0.36% in wheat and rice flakes
with the addition of palm oil and 0.37% in mixed cereals (Table 2).

ARO et al. (1998) found that cereals with vegetable oil were characterized by
a higher content of total trans fatty acids (23.67%) than muesli (18.91%). In
turn, muesli examined by DAGLIOGLU et al. (2002) contained 27.0% of trans
isomers, whereas corn chips – 0.7% of total fatty acids. Trans fatty acids in
Austrian breakfast cereals were at 0.21% (WAGNER et al. 2008), whereas
breakfast cereals from the UK analyzed by Roe et al. (2013) contained
0.05 g/100 g FAME (range from 0.04 to 0.06 g/100 g FAME). In Pakistan cereal-
based foods examined by MAHESAR et al. (2010) the content of trans fatty acids
was varied. These authors reported that the content of trans fatty acids
determined by GC ranged from 14.4 to 15.7 g/100 g of lipids in breakfast
cereals, and was at 2.3 g/100 g of lipids in corn chips (one sample). In turn,
a wide range of TFA values was found by AKMAR et al. (2013) in Malaysian
breakfast cereals, i.e. from 1.57 to 4.82 g/100 g lipids (the highest in corn
cereals) as well as in cereal beverages, i.e. from 4.74 to 6.60 g/100 g of lipids.

Conclusions

Cereals and cereal bars were characterized by diversified contents of lipid
and composition of particular groups of fatty acids (saturated SFA, monoun-
saturated MUFA and polyunsaturated PUFA). Our studies showed that only
oat flakes were a good source of PUFA. Other examined products contained
more SFA than PUFA. Lipid of all the examined products contained trans
isomers of C18:1 and C18:2 acids. In fat from the analyzed cereals the total
content of these isomers did not exceed 0.5% of total fatty acid composition.
Higher contents of these isomers were found in the analyzed cereal bars
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(0.45–3.15%). Comparing the results with literature data, it can be concluded
that the content of trans fatty acids in cereal products (cereals and cereal bars)
were at the low level.

Translated by JOANNA MOLGA
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