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Edible vegetable oils were analysed for tocopherols by reversed-phase HPLC. These included refined corn, soybean, sunflower, rapeseed, grape-
seed, and peanut oils, and cold-pressed extra-virgin olive, linseed, rapeseed, and sunflower oils. Total measured tocopherol concentrations varied in the
range from 121 to 829 mg/kg. The contents of individual a-, (B+v)-, and §-tocopherols show a great diversity depending on the kind of oil. Moreover,
the effect of photooxidation on the tocopherol content was studied in cold-pressed sunflower and rapeseed oils. These studies revealed only a minor

decomposition of tocopherols under visible light.

INTRODUCTION

Tocol-related compounds, tocopherols and tocotrienols,
are important bioactive constituents of vegetable oils. They
belong to the family of vitamin E active substances. The term
“vitamin E” usually refers to a group of compounds occur-
ring naturally in plants, all deriving from 6-chromanol with a
2-phytyl substituent. Tocopherols are vitamin E compounds
with a saturated phytyl chain, while tocotrienols have three
double bonds at the positions 3°, 7°, and 11° of the alkyl side
chain. The o-, B-, y-, 8-tocopherols and tocotrienols are dif-
ferentiated in function of the number and location of methyl
substituents in the chroman ring (Figure 1).

Vitamin E is the major lipophilic antioxidant, which is an
efficient scavenger of alkoxyl and peroxyl radicals [Wang &
Quinn, 1999]. It protects membranes against photoinhibition
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and other photooxidative stresses in plants. A major physi-
ological role of tocopherols is to prevent lipid peroxidation
during seed dormancy, germination and early seedling devel-
opment [Sattler et al., 2004]. Tocopherols protect humans
from the oxidative stress mediated by active oxygen and ni-
trogen species. The protective role of vitamin E against ath-
erosclerosis, cardiovascular diseases, cataracts, neural tube
defects and cancer has been the subject of extensive studies
[Azzi & Stocker, 2000]. The important role of vitamin E com-
pounds in food production and commercialization is pre-
venting lipids and lipid-containing foodstuffs from oxidation
during storage, thus extending their stability and shelf life.
Tocopherols and tocotrienols occur in plants in variable
amounts, and their biological and antioxidative activity varies
between individual compounds [Saldeen & Saldeen, 2005].
Vegetable oils provide the best source of vitamin E. The struc-
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FIGURE 1. The structure of tocopherols.
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tural complexity and the wide variation in activity of these
compounds necessitate reliable analytical techniques for
quantification of individual components in mixtures originat-
ing from various sample matrices. A variety of methods had
been described for determination of vitamin E homologues
and isomers, using both normal-phase and reversed-phase
high-performance liquid chromatography (HPLC) [Abidi,
2000; Ruperez et al., 2001].

The aim of the present study was to determine tocopherol
contents in several edible plant oils available on the Polish
market. Moreover, the effect of photooxidation on the tocoph-
erol content was investigated for selected cold-pressed oils.

MATERIAL AND METHODS

Materials. The studies were performed on commercially
available edible oils acquired in a local supermarket. Three
to four bottles of each olive, grapeseed, rapeseed, soybean,
sunflower, peanut, and corn oils were analysed, the replicate
bottles contained the same brand of oil. For cold-pressed
sunflower, rapeseed and linseed oils, only one bottle was
analysed. a-Tocopherol (97%) and 2-propanol were purchased
from Aldrich (Steinheim, Germany), y- and 8-tocopherols were
from Sigma (St. Louis, USA) and were used as received.

Irradiation experiments. The irradiation experiments on
cold-pressed sunflower and rapeseed oils were performed
using a home-built carousel device in a thermostatic water
bath at 20°C. The oils were sealed in 1 cm i.d. Pyrex test tubes,
placed in a rotating holder and exposed to the radiation of
a single type Q 81 Original Hanau (81 W) high-pressure
mercury lamp through the total 3 mm of Pyrex glass. The
maximum irradiation time was 2 h.

HPLC analysis. The analysis of tocopherol content
was performed with a HPLC method described in detail in
reference [Gliszczynska-Swiglo & Sikorska, 2004]. Briefly,
the analysis was executed at room temperature on a Waters
600 high performance liquid chromatograph equipped with
a Symmetry C, column (150 mmX3.9 mm, 5 um) fitted

TABLE 1. Tocopherol content of plant oils as determined by HPLC (mg/kg).

with a uBondapak C, cartridge guard column (all from
Waters, Millford, Ma, USA). Mobile phase of acetonitrile and
methanol (1:1, v/v) was used at the flow rate of 1 mL/min.
Samples of oils were weighted (0.0400-0.1200 g) and dissolved
in 1 mL of 2-propanol. Vortex-mixed samples were directly
injected onto the HPLC column without any additional
sample treatment. Injection volume was 20 nL; rheodyne-type
injector was used. The eluate was detected using a Waters 474
scanning fluorescence detector set for the emission at 325 nm
and excitation at 295 nm. Emission slit width was 10 nm,
fluorometer gain 100, and attenuation 1. Tocopherols were
identified by comparing their retention times with those of the
corresponding standards and by spiking the samples with an
appropriate standard. Additionally, a Waters 996 photodiode-
array detector was used to identify the compounds by their
absorption spectra.

RESULTS AND DISCUSSION

The content of tocopherols in oils

The content of individual and total tocopherols in analysed
oils is reported in Table 1. The total tocopherol content ranges
from 121 mg/kg in grapeseed oil to 829 mg/kg in corn and
soybean oil. The results show a wide variability in the content
and distribution of tocopherols in various oils. Interestingly,
cold-pressed sunflower and rapeseed oils have tocopherol
concentrations similar to those in the respective refined oils
tested in his study. It is known that natural tocopherols are
retained at considerable levels in refined vegetable oils be-
cause of their relatively high thermal resistance. As a rule,
only modest tocopherol losses occur during deodorization
and distillation phases of edible oil processing. a-Tocopherol
dominates in olive, grapeseed and sunflower oils. (B + y)-
Tocopherols dominate in corn, soybean and rapeseed oils.
According to the previous publications, p-tocopherol does
not occur in plant oils or is found in negligibly low quantities,
raging from 0 to 2.80 mg/100 g, depending on oil [Crawley,
1993; Gregory III, 1996]. Therefore, the fraction of (B + y)-
tocopherols is in fact dominated by y-tocopherol, and lack
of separation does not introduce a significant error into the
quantification of this compound. Peanut oil contains similar

Oil | Characteristic a | B+y) S Total Tocopherol*
Corn refined 207x11 59220 30.0=1.0 829+23
Grapeseed refined 103=5 15.0+4.0 3.4+1.6 1216
Linseed cold-pressed - 363x7 5.2+0.8 367+8
Olive extra virgin 163+3 123+0.4 1.6+0.3 177+3
Peanut refined 102+3 112+2 12.0+0.1 226+4
Rapeseed refined 17825 28113 12.0£2.0 46828
Rapeseed cold-pressed 181=5 244+17 9.3+0.1 434+9
Soybean refined 152=+1 494+12 1823 829+12
Sunflower refined 575+11 252x04 8.8+0.4 60911
Sunflower cold-pressed 490+8 30.8+0.5 10.1+0.1 535+8

*Mean values of total tocopherol content together with standard deviations. For refined and extra virgin olive oil, four samples from three or four sepa-
rate bottles of the each kind of oil were analysed, for cold-pressed oils samples from one bottle of oil were analysed in four replicates.
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amounts of a- and (B+y)-tocopherols, whereas soybean oil
contains similar amounts of a- and 3-tocopherols. The con-
centration of §-tocopherol in all oils, with exception of soy-
bean oil, never exceeds 30 mg/kg. Linseed oil is the only oil
where a-tocopherol was not detected.

The results obtained are in general agreement with the
previously published data [Abidi, 2003; Chase ef al., 1994;
Lo Curto et al., 2001; Psomiadou & Tsimidou, 1998]. These
results confirm that vegetable oils are major dietary sources of
vitamin E [US Department of Agricultural Research Service,
2007; Azzi & Stocker, 2000]. The importance of determining
not only the total tocopherol content but also the distribution
of individual components is due to the increasingly recognized
diversity in the functional properties of tocopherol isomers
and homologues; some examples are discussed below.

The presence of tocopherols contributes to oxidative sta-
bility of edible oils, which is considered to be one of the most
important functional properties of oils. This property is espe-
cially important in fried or processed foods using vegetable
oils. The experiments showed that the stability of different to-
copherols and tocotrienols present in the refined vegetable oils
depend on the kind of tocopherol derivatives and the fatty acid
composition of the oil, in particular on polyunsaturated fatty
acid content [Rossi et al., 2007]. It was shown that different
forms of tocopherols differently contribute to the reduction of
fatty acid oxidation and the formation of the off-flavour com-
pounds such as hexanals, with y- and §-tocopherols exhibiting
the highest efficiency in reducing the oxidative breakdown of
vegetable oils in frying applications [Wagner ez al., 2001; Wag-
ner & Elmadfa, 2000; Warner ef al., 2003].

a-Tocopherol is considered to have the highest nutritional
value of all the different forms of tocopherols. On the other
hand, studies revealed that various forms of tocochromanols
exhibit diverse health-promoting properties [Saldeen &
Saldeen, 2005]. Thus, the lack of natural tocopherols, such as
y- and 3-tocopherols, in most of the vitamin E preparations,
may be a limiting factor for promoting health. In contrast to
a-tocopherol, y-tocopherol has specific biologic activity that
potentially protects against chronic diseases, such as inflam-
mation. Evidence indicates that mixed tocopherols found in
native vegetable oils afford additive and synergetic activities
that support their broader beneficial biologic functions. Both
v- and &-tocopherols may be necessary for preventing lipid
peroxidation and in counteracting the prooxidant effect of
a-tocopherol. Moreover, all tocopherols, except B-tocopherol,
inhibit smooth muscle proliferation [Saldeen & Saldeen,
2005].

Effect of photooxidation on tocopherol content in
cold-pressed sunflower and rapeseed oils

Cold-pressed plant oils, in contrast to refined oils, may
contain pigments of the chlorophyll group, which are known
photosensitisers. These chemical species absorb light and
activate molecular oxygen to induce photosensitised oxida-
tion via singlet oxygen ('O,) formation [Min & Boff, 2002].
Cold-pressed oils are therefore more susceptible to photo-
oxidation then refined oils, as the latter contain none or very
low amounts of chlorophylls, which are destroyed during
oil processing. Note that oils are often packed in colourless

(g + v)-Tocopherol
100 o —— ",
.\. o -Tocopherol
00 - \. | |
I\.\ & -Tocopherol
I\./I
£ 80 = =
(&)
20 1
10 4
'\-/ Chlorophyll .
—
O T T T T T T T
0 20 40 60 80 100 120

Irradiation time (min)

FIGURE 2. Changes in tocopherol and chlorophyll contents of sunflower
oil upon irradiation. Concentrations are expressed as percentage of the
initial content of the respective compound.

bottles to fulfil consumer preferences. Such packing enables
excitation of chlorophylls, which have strong absorption in
the visible spectral region. Therefore, photoxidation becomes
an important process contributing to oil deterioration.

We have studied the effect of irradiation with visible light
(wavelengths above 350 nm) on the tocopherol content in
cold-pressed sunflower and rapeseed oils. Figure 2 shows
the relative changes in the concentration of individual to-
copherols and chlorophylls due to irradiation observed for
cold-pressed sunflower oil. Similar effects were observed for
cold-pressed rapeseed oil (data not shown). The changes are
expressed in percentage of the initial concentration of a par-
ticular compound, corresponding to zero irradiation time.
A rapid degradation of chlorophyll was observed already at
the initial stages. On the contrary, only a rather minor de-
crease in tocopherols occurred even after 2 h of irradiation.
The total tocopherol content was reduced by ca. 7% of the
initial concentration for both oils studied. The extent of the
concentration reduction varied for the individual tocopherol
derivatives, following the order 8 > o > (B + vy), and was
similar for both oils.

Tocopherols, which absorb in the ultraviolet region, can
not be directly excited by visible light. Thus, the observed de-
crease in tocopherol concentration should result from their
protective action against photochemical processes induced
by other absorbing species present in oil. Indeed, tocopher-
ols are known singlet oxygen quenchers. The extent to which
tocopherols are destroyed in this process may be influenced
by several factors, including: the concentration of sensitizers,
the presence of other quenchers, and the quenching mecha-
nism. Additionally, crude vegetable oils contain carotenoids,
which exhibit the quenching rate constants almost two or-
ders of magnitude higher than those of tocopherols. It had
been found that tocopherol scavenges 'O, by a combination
of physical quenching and chemical reaction. As the physi-
cal quenching rate constant is much higher than that of the
respective chemical process, the quenching is almost entirely
physical. In effect, tocopherol deactivates singlet oxygen mol-
ecules before being consumed in a chemical reaction with
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them [Mukaier al., 1991]. All these features may contribute to
the rather low loss of tocopherols upon illumination. Recently,
reactions of tocopherols with singlet oxygen in the presence of
chlorophyll have been studied in a model system. It was found
that singlet oxygen oxidation rate of tocopherols varied in the
order oo > y > § [Kim et al., 2006]. The differences in the
relative reactivity of tocopherols as reported previously and
in the present paper may be explained by differences exist-
ing between a model system and a real-world sample. These
discrepancies encourage further studies of photoreactivity of
various tocopherols in different edible oils.

CONCLUSIONS

Concentrations of a-, (B+y)-, and §-tocopherols were
measured by HPLC in a series of cold-pressed and refined
edible plant oils, with large variations observed in function of
the kind of oil, stressing the advantage of consuming diverse
vegetable oils as the source of natural tocopherols. Where pos-
sible, comparison of cold-pressed and refined oils confirmed
that nutritionally beneficial tocopherols are largely preserved
during the thermal treatment associated to the edible oil re-
fining. Photooxidation tests run on selected cold-pressed
oils, which are more susceptible to degradation due to larger
concentrations of chlorophylls present, demonstrated that to-
copherols are about an order of magnitude more stable than
chlorophylls under visible light.
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ZAWARTOSC TOKOFEROLI W JADALNYCH OLEJACH ROSLINNYCH
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W pracy przedstawiono wyniki oznaczen tokoferoli, metoda HPLC w odwréconym uktadzie faz, w olejach roSlinnych, w tym w olejach rafino-
wanych (kukurydzianym, sojowym, stonecznikowym, rzepakowym, z pestek winogron, arachidowym) oraz ttoczonych na zimno (oliwie z oliwek,
Inianym, rzepakowym i sfonecznikowym). Wyznaczona catkowita zawartoS¢ tokoferoli (w zakresie 121 do 829 mg/kg) oraz zawartoS¢ poszczegol-
nych zwiazkow z tej grupy (a-, (B+7)-, i 8-tokoferoli) znaczaco zalezy od rodzaju oleju. Badania olejow tloczonych na zimno stonecznikowego i
rzepakowego naswietlanych promieniowaniem z zakresu widzialnego wykazaly niewielki wplyw procesu fotoutleniania na zawartoS¢ tokoferoli.



