PJN

ISSN 1680-5194

PAKISTAN JOURNAL OF

UTRITION

ANS|zez

308 Lasani Town, Sargodha Road, Faisalabad - Pakistan
Mob: +92 300 3008585, Fax: +92 41 8815544
E-mail: editorpjn@gmail.com




Pakistan Journal of Nutrition 7 (2): 278-282, 2008
ISSN 1680-5194
© Asian Network for Scientific Information, 2008

Fatty Acid Composition, Tocopherols and B-Carotene
Content in Polish Commercial Vegetable Oils

Ryszard Rafatowski, Zofia Zegarska, Andrzej Kuncewicz and Zbigniew Borejszo
Department of Commodity Science and Food Analysis,
University of Warmia and Mazury in Olsztyn, Olsztyn, Poland

Abstract: The fatty acid composition, tocopherols and [3-carotene content in the following vegetable oils:
rapeseed, olive, arachide, sunflower, soybean, corn, grapeseed, pumpkin seed, sesame and linseed were
evaluated. The study comprised commercial refined and cold pressed oils from different manufacturers. The
fatty acid composition was determined by Gas Chromatography (GC) method on a 50m capillary column with
a CP Sil 88 phase. a-, (-, y-, 8-tocopherols and B-carotene contents were analyzed by HPLC method with
a Lichrospher Si 60 column. The study showed that 3-carotene was present only in some cold pressed oils.
The amount of tocopherols varied much between oil types and between the same type of oil from different
producers. Among all tested oils, sunflower oil had the highest vitamin E content. The rapeseed oil, the most
popular on Polish market was characterized by the highest content of a-linolenic acid and the lowest
18:2/18:3 ratio. The a-tocopherol equivalent to polyencic content ratio was the highest in olive oil and the
lowest in commercial linseed oil. Only 1.6% of linclenic acid in the total fatty acid composition was observed

in the linseed oil.
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Introduction

In recent years, a high part of vegetable oils in Polish
diet has been observed. The vegetable oils are dietary
sources of unsaturated fatty acids and vitamin E. The
fatty acid composition and an unsaponifiable
substances content in oilseeds depend on the plant
species, degree of ripening seeds and the climatic
conditions. The composition of unsaponifiable lipids in
oils is influenced also by processing and storage
condition of ocil. The losses of tocopherols during
storage of oils depend on the kind of oil, storage
temperature, kind of packaging and access of light and
oxygen (Nogala-Katucka, 2003).

There are a lot of different oils on Polish market. Mostly,
they are refined, but there are also cold pressed oils.
The composition of fatty acids is often the only
information provided in studies on vegetable oils
(Daniewski et af, 2000, (Daniewski ef af, 2003;
Gajewska ef al., 1996; Przystawski ef al., 1996). Data on
vitamin content in vegetable oils are limited (Okolska ef
al., 1988; Minkowski, 2001). Hence, the aim of this study
was to determine the fatty acid composition, tocopherols
and [-carotene content in refined and cold pressed
commercial vegetable oils.

Materials and Methods

The oils were purchased from the local retail stores in
Olsztyn (Poland). The study comprised refined oils: 8
(different producers) rapeseed oils, 2 arachide oils, 3
sunflower oils, 2 soybean oils and olive and corn oil.
Also 10 cold pressed oils: rapeseed, olive, arachide,
sunflower, soybean, corn, grapeseed, pumkin seed,
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sesame and linseed with decreased linclenic acid
content were analyzed. The oils were produced by
different manufacturers. Some oils were produced in
Poland and others were imported. All oils were
purchased and analyzed within the recommended
period of consumption.

Determination of fatty acid composition: The fatty acid
composition was determined by Gas Chromatography
(GC) on a Hewllett-Packard 6890 chromatograph (Palo
Alto, CA) equipped with split/split less injection port and
a flame ionization detector. Fatty Acid Methyl Esters
(FAMES) of the oils were prepared by Peisker's method
as modified by Zegarska ef af. (1991). FAMEs were
separated using a CP Sil 88 (0.20 pm) capillary column
50 m long and 0.25 mm diameter. The column
temperature was 180°C. Injector and detector
temperatures were both 250°C. Helium carrier gas flow
was 1.0 ml/min at a split ratio 1:50. The results are given
in weight percentage.

Determination of B-carotene and tocopherols content;
Contents of [-carotene and tocopherols were
determined by HPLC method. Analyses were performed
based on the method by Chase ef al. (1994).

Sample preparation for HPLC. About 1g of oil was
weighed into 10 mL measuring flask with the 0.0001g
accuracy. The content of flask was completed with
hexane, mixed until the oil was dissolved, left for 12 h in
dark and then centrifuged at 500 rpm in a laboratory
centrifuge.
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Table 1: Fatty acid composition of refined and cold pressed oils {percentage of total fatty acids)

----—---—- Fatty acids —---——
Saturated Monoenoic Polyenoic
18:2/
16:0 180 200 220 16:1  18:1 181 201 221 18:2 18:3 18:3
Oils c9 cii Others* ratio
---—----- Refined Qils --—-—-—-
Rapeseed 1 4.7 1,8 0,6 0,3 02 58,1 4.7 13 0,9 17,0 8,0 24 2.1
2 4.6 1,6 0,6 0,3 02 554 4.9 1.4 1,3 18,3 9,3 21 2,0
3 4.6 1,8 0,6 0,3 0,2 61,0 2,3 1,3 0,8 17,0 8,1 2,0 2,1
4 4.8 1,7 0,6 0,3 0,2 56,3 59 1,3 0,9 171 8,6 23 2,0
5 55 1,9 0,6 0,3 0,2 52,0 6,4 1,6 1,5 20,4 7.0 26 2,9
[¢] 4.7 1,7 0,6 0,3 0,2 56,8 58 1,3 0,8 17,0 8,2 26 2,1
7 4.8 1,8 0,6 0,3 0,1 57,8 59 1,2 0,6 16,2 7.9 28 2,0
8 51 1,8 0,6 0,2 0,2 55,8 6,8 1,3 0,8 17,0 8,2 22 2,1
Arachide 1 1056 35 1,5 2,5 03 55,7 2,6 09 01 18,5 0,3 36 61,7
2 11,4 37 1,6 26 02 53,2 23 09 0,1 19,9 0,2 39 99,5
Sunflower 1 7.3 38 0,3 0,6 0,1 24,3 25 02 0,0 57,7 0,4 28 144.2
2 6,9 4,0 0,4 0,7 0,1 285 30 02 0,0 52,8 0,4 3,0 132,0
3 6,9 35 0,4 0,6 0,1 27,0 26 0,1 0,0 55,5 0,2 3.1 277.5
Soybean 1 106 33 0,5 0,5 02 27 4 30 04 0,3 46,0 58 2,0 7.9
2 11,0 33 0,4 0,4 0,2 27,0 3,6 0,3 0,2 46,0 5,4 22 8,5
Olive 1 11,8 29 0,5 0,2 07 65,9 33 0,3 0,0 10,5 0,7 3,2 15,0
Carn 1 128 21 0,6 0,2 0,2 28,5 2,4 0,2 0,0 49,3 0,8 28 61,6
---------- cold pressed oils -—-———
Rapeseed 4.9 1,9 0,7 0.4 02 58,5 36 1,2 0,5 17,0 7.4 36 23
Olive 11,3 3,0 0,4 0,1 08 72,3 2.4 02 0,0 58 0,7 35 8,3
Arachide 11,4 43 1,8 3,0 0,2 36,3 1,9 08 0,0 36,5 0,2 37 182,5
Sunflower 7.5 39 0,5 0,7 0,1 17,6 2,1 0,2 0,0 62,9 21 24 30,0
Soybean 11,3 3,2 0,5 0,3 0,2 25,0 2,4 0,2 0,0 52,4 2,3 29 228
Carn 120 18 0,5 0,1 0,2 26,1 2,3 0,2 0,0 53,6 0,8 26 67,0
Grapeseed 7.6 4.1 0,3 0,1 0,1 14,5 1,8 0,2 0,0 68,2 0,4 26 170,5
Pumpkin seed 11,9 64 0,5 0,1 0,2 36,8 2,3 0,1 0,0 39,2 0,3 21 130,7
Sesame 10,0 52 0,7 0,2 02 35,8 2.4 02 0,0 42,4 0,7 28 60,6
Linseed 7.0 37 0,3 0,2 0,1 15,0 1,8 0,1 0,0 67,4 1,6 26 421

*-14:0, 14:1, 15:0, 15:1, 24:0 and unidentified fatty acids

HPLC separation. HPLC analysis was performed using
a HP 1050 chromatograph {Hewlett Packard, Waldbronn,
Germany) with a spectrometric detector UV-VIS model
HP1050 combined with a fluorescence detector model
HP 1048A. Injector volume: 50 pL. Column: 250 mmx4
mm with Lichrospher Si 60 (5 pm). Mobile phase:
hexane/2-propanol 99.3:0.7, flow: 1ml/min. Detection: p-
carotene - UV - VIS detector, A = 450nm; tocopherols-
fluorescence detector, A,, = 295nm, A,., = 330nm. The
peaks were identified by comparing the retention times
for the samples of oil and standard solutions of known
concentration of (-carotene and four tocophercls. The
standard solutions of [(-carotene and o, [, y and 8-
tocophercls were prepared from Merck (Darmstadt,
Germany) vitamin standards. The content of the
examined compounds expressed in mg/100 g oil was
computed by comparing the area of peaks after
chromatographic separation of standard solutions and
examined samples.

All samples of oils were prepared in duplicate and
determination for each sample were done twice.
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Results and Discussion

The results of determination of fatty acid composition
(Table 1) indicate that both rapeseed and olive oils have
a high content of oleic acid. The level of this acid in the
olive oil was ca. 70% of total fatty acids. From nutritional
viewpoint, the presence of oleic acid in diet is very
useful. It has been shown that oleic acid is effective in
lowering LDL content and LDL cholesterol content
(Grundy, 1989). Compared with the olive oil, the
rapeseed oil has ca. 10 percentage units less of oleic
acid, also ca. 2 times less of saturated acids and more
pelyenoic acids (Table 1). The content of erucic acid in
the tested rapeseed oils was in the range of 0.5 to 1.5%.
The high level of oleic acid was alsc found in refined
arachide oil. Compared with the rapeseed oils, the
refined arachide cils (Table 1) have similar level of cleic
and linoleic acid, less linolenic acid and more saturated
acids. The cold pressed arachide oil had similar quantity
of oleic and linoleic acids. Such considerable
differences in fatty acid composition of arachide oils may
be caused by the region in which the peanuts are grown.
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Table 2: Tocopherol and f-carotene content of refined and cold pressed cils (mg/100g)

Tocopherol
Qils o B ¥ a 0Ty ? o-Tefy PEFAP
-—-———- Refined Qils* --—-—-—--
Rapeseed 1 33,60 - 43,32 - 37,93 1,52
2 28,15 - 37,16 - 31,87 1,15
3 36,20 - 53,58 0,50 41,56 1,66
4 35,63 - 38,12 - 39,44 1,53
5 28,04 - 37,01 - 31,74 1,16
6 32,32 - 47,80 0,32 37,10 1,47
7 30,81 - 3943 - 34,75 1,44
8 29,62 - 43,83 0,48 34,01 1,35
Arachide 1 16,33 - 10,489 - 17,38 0,92
2 14,30 10,62 - 15,36 0,76
Sunflower 1 62,02 1,85 1,65 - 62,93 1,08
2 74,80 - 3,06 - 75,11 1,41
3 64,09 - - - 64,09 1,15
Soybean 1 27,90 - 38,77 15,50 31,92 0,62
2 28,23 1,87 46,60 13,03 33,77 0,66
Olive 1 29,29 - - - 29,29 2,62
Carn 1 26,15 - 44,31 - 30,58 0,61
---------- Cold pressed oils -—-—-—--
Tocopherol
Qils B-carctene o B ¥ o a-T %, o-T./2_PEFA®
Rapeseed 8,09 15,90 - 28,16 0,81 18,72 0,77
Olive 2,61 20,78 - 1,80 - 20,96 3,22
Arachide 0,37 21,30 0,82 32,01 9,46 24,92 0,68
Sunflower - 60,68 - - - 60,68 0,93
Soybean 2,73 24,16 33,17 14,93 27,63 0,51
Carn 3,56 27,22 - 91,76 5,93 36,46 0,67
Grapeseed - 19,32 - - - 19,32 0,28
Pumpkin seed 15,01 10,37 - 48,57 490 15,28 0,39
Sesame - - - 50,32 - 5,03 0,12
Linseed 15,01 - - 29,84 - 2,98 0,04

* - B-carotene was absent in refined oils; a -a-tocopherol equivalent; b- a-tocopherol equivalent to polyencic fatty acids ratio

The peanut oils from South America have a similar
content of C18:1 and C18:2 acids, but the peanut oils
produced in Africa have two times more C18:1 acid
than C18:2 acid (Belitz and Grosch, 1987).

The sesame and pumpkin seed oils are characterized
by similar fatty acid composition. The level of oleic acid
in these oils was ca. 36 and 37% and linoleic acid ca. 42
and 39%, respectively. The content of linolenic acid in
sesame and pumpkin seed ocils was very low, 0.7 and
0.3% of the total fatty acids. The linseed oil contained
only 1,6% of linolenic acid.

The sunflower, soybean and corn oils contain high
amounts of linoleic acid, but the highest level of this acid
(ca. 88% of total fatty acids) was found in linseed and
grapseed oils.

Among all tested oils, the highest content of linolenic
acid was in rapeseed oil. The samples of rapeseed oils
from different producers contained linolenic acid in the
amounts of 7 to 9.3%. Hence, rapeseed ocil has
beneficial proportion of polyenoic fatty acids and
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improves the n-6/n-3 ratio in diet. The ratio of linoleic to
a-linolenic acid in the diet should be between 5:1 and
10:1 (FAO Food and Nutrition paper, 1994). Excessive
amounts of n-6 polyenoic acid and very high n-6/n-3 ratio
promote the pathogenesis of many diseases, including
cardiovascular disease, cancer and inflammatory and
autoimmune diseases (Simopoulos, 2002).

The results of this study show that [(-carotene was
present only in cold pressed oils. The high content of 3-
carotene was in pumpkin seed and linseed oils (about
15mg/100g) (Table 2). The presence of [B-carotene in
edible ocils is very important because it is effective
natural antioxidant. -carotene has a potential to act as
a lipid-soluble chain-breaking antioxidant at low partial
pressures of oxygen found in mammalian tissues. It
complements the role of vitamin E, which is effective at
high oxygen pressures (Burton, 1989). However, [-
carotene was absent in some cold pressed oils:
sunflower, grapeseed and sesame. We do not know the
history of storage conditions of these commercial cils. [3-
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carotene in raw materials is sensitive to light, the
storage temperature and atmosphere (Nogala-Katucka,
2003).

Both refined and cold pressed oils showed a wide range
in tocopherols content. a-tocopherol was present in all
tested oils, with the exception of sesame and linseed oil
(Table 2). The highest amounts of a-tocopherol were
both in refined and cold pressed sunflower oils. The
high content of a-tocopherol in sunflower oil is with
agreement with data of Kamel-Eldin and Andersson
(1997). Their results showed a positive correlation (r =
0.549) between linoleic acid and o-tocopherol in
vegetable oils.

The high level of y-tocopherol was found in soybean,
corn, sesame and also rapeseed oils. The rapeseed
oils contained y-tocopherol in the range of 28.16 to
53.58 mg/100 g. The results obtained are almost in
agreement with the data of Koski et a/. (2002). They
found that y-tocopherol in rapeseed oil was in the range
of 524 to 632 ppm. The study of Kamel-Eldin and
Andersson (1997) suggested a positive correlation
between linclenic acid and y-tocopherol.

[3-and d-tocopherols were observed only in some of the
tested oils. The highest d-tocopherol level was in the
soybean oils (13.03-15,50 mg/100g).

a-tocopherol is characterized by a full biological activity.
The biclogical activity of remaining forms is much
lesser. B-tocopherol possesses 40%, y-tocopherol-10%
and O-tocopherol only 1% of biological activity of a-
tocophercl (Nogala-Katucka, 2003). Calculated on this
basis the a-tocopherol equivalents (Table 2) indicate
that the highest content of vitamin E was in sunflower oil.
The lowest content of vitamin E was in the linseed oil
with a decreased quantity of linolenic acid and sesame
oil. Taking into consideration the ratio a-tocopherol
equivalent to polyenoic fatty acids content, it is seen that
olive oil has the highest values compared to other tested
oils. These values for olive oils are in agreement with
those reported by Andrikopoulos et al. (1989).

In summary, the results of this study show that from the
nutritional viewpoint, rapeseed oil, besides olive oil,
appears to have a beneficial effect on health. Among the
tested oils, rapeseed oil has the highest level of a-
linclenic acid, which is usually in insufficient amounts in
diet and the lowest ratio of linoleic acid to a-linolenic
acid. Tocopherol levels (y- and a-tocopherols) in this oil
appear to be adequate to stabilize its unsaturated fatty
acids.
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