
ABSTRACT: The effects of minor amounts of γ-tocopherol on
the oxidation of natural triacylglycerols (TAG) of rapeseed (RO)
and butter oils (BO) were studied. Four different TAG materials
were blended from chromatographically purified TAG that con-
tained 100–25% of RO TAG. The RO TAG contained from <1
to 43 µg γ-tocopherol per gram of TAG, which corresponded to
≤6% of the total tocopherols in the original RO. The TAG were
held at 40°C in the dark for 4 wk and followed at regular inter-
vals by measurements of hydroperoxide formation by peroxide
values and of secondary product formation by p-anisidine val-
ues at regular intervals. In all TAG, minor amounts of γ-toco-
pherol retarded oxidation. In RO TAG, concentrations as low as
11 µg/g of γ-tocopherol (1.5% of the total tocopherols in the
original RO) were enough to decrease hydroperoxide and sec-
ondary product formation to 46 and 39%, respectively. The ef-
fect was even more important in TAG mixtures that contained
BO TAG. There were no significant differences between oxida-
tion of the RO TAG at 24 µg/g, the 75% RO TAG mixture at 11
µg/g, and the 50% RO TAG mixture at 3 µg/g of γ-tocopherol.
Even at these minor levels, γ-tocopherol was a significant an-
tioxidant, which is important in oxidation studies of purified
model systems.
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Tocopherols (TocH) are known to act as antioxidants by do-
nating a hydrogen atom to chain-propagating peroxyl radicals
(LOO·):

LOO· + TocH → LOOH + Toc· [1]
LOO· + Toc· → nonradical products [2]

and are consumed by the reaction of chromanoxy (Toc•) radi-
cals with other peroxyl radicals or with each other (1). It is
generally agreed that the order of hydrogen-donating power
of different tocopherols decreases α > β > γ > δ, as was shown
by Burton and Ingold (1). Studies of the antioxidative activ-
ity of tocopherols in vivo and in vitro, however, have given
contradictory results, which have recently been reviewed by

Kamal-Eldin and Appelqvist (2). The effectiveness of toco-
pherols as antioxidants depends highly on the characteristics
of the oxidizing material, such as the phase of the lipid (3–4)
and its oxidative status (5–6), and on experimental conditions,
such as the concentrations of tocopherols (3,7) and the tem-
perature (4,8).

When the role of tocopherols in relation to edible oils and
fats is studied, it is important to have complex natural triacyl-
glycerols (TAG) as the oxidizing material. Methyl esters and
monoacyl TAG are inappropriate substrates, because the TAG
structure influences the oxidation (9–11). Natural TAG with
various acyl groups must be purified from oils to get material
without the pro- and antioxidant activities of minor com-
pounds that are normally present in the oils.

Several column-chromatographic methods (6,11–14), as
well as activated carbon treatments (15), have been used to
purify natural TAG from oils for antioxidant studies. Com-
mercially available corn oil, stripped of tocopherols, has also
been used (3,16). Data on the concentrations of important
pro- and antioxidants of the TAG, however, are not always
given, and the term “not present” is frequently used without
detailed information about the determination limits of the an-
alytical methods used.

In our laboratory, purified natural TAG are used for lipid
oxidation as well as for pro- and antioxidant studies. When
developing the purification method of TAG, we found it diffi-
cult to remove all γ-tocopherol from vegetable oils that con-
tained >300 µg/g of γ-tocopherol. On the other hand, α-toco-
pherol was effectively adsorbed in the column (14). The
traces of remaining γ-tocopherol seemed to influence the oxi-
dation of the TAG, and some of the results were controver-
sial. Therefore, the aim of this work was to study the effects
of the remaining minor amounts (<50 µg/g) of γ-tocopherol
on the oxidation of natural TAG with various fatty acid com-
positions. The oxidizing materials studied consisted of TAG
that were purified from RO and BO. The γ-tocopherol con-
centrations were ≤6% of the total tocopherols present in orig-
inal RO prior to tocopherol removal.

EXPERIMENTAL PROCEDURES

Materials. Turnip RO and BO from cultured cream butter were
used for the production of natural TAG. The oils were of com-
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mercial quality and were obtained from Raisio Group Ltd.
(Raisio, Finland) and Valio Ltd. (Seinäjoki, Finland), respectively.

RO and BO TAG were purified by a multilayer chromato-
graphic method (14). There was from <1 µg/g to 43 µg/g of
γ-tocopherol left in the RO TAG, contributing at most 6% of
all tocopherols or 9% of γ-tocopherol in the original RO. Be-
cause it was difficult to remove γ-tocopherol from RO, its
concentration in the RO TAG was controlled by the amount
of RO purified in each batch, ranging from 65 to 75 g. There
were no detectable amounts of other tocopherols in the RO
TAG and no tocopherols in the BO TAG. Tocopherol concen-
trations were determined by normal-phase high-performance
liquid chromatography (HPLC) with fluorescence detection.
The determination limit was 1 µg/g (14). The peroxide value
(PV) of the TAG was always <0.5 mEq of peroxides/kg, and
the p-anisidine value was <0.5 at the beginning of the experi-
ments. Fatty acid compositions of the TAG were determined
by capillary gas chromatography (GC) with flame-ionization
detection (FID) of the methyl esters of TAG prepared by al-
kaline transesterification (17).

RO TAG were used for oxidation studies, individually and
in mixtures with BO TAG that contained 75, 50, and 25% of
RO TAG (Table 1). The TAG mixtures were named accord-
ing to their RO contents.

Oxidation. From 14 to 20 TAG samples, 5.0 g each, were
oxidized in vials (i.d. 1.7 cm) at 40°C in closed 130-mL flasks
in the dark for 4 wk as described earlier (18). Two to three
TAG samples were taken away and pooled for the analysis of
oxidative status at regular intervals.

Analysis of oxidation status. Primary oxidation products were
measured by a iodometric PV method (19), and secondary prod-
ucts were measured by p-anisidine values (AnV) (20). All mea-
surements were made in duplicate from pooled TAG samples.
The precision of duplicate determinations was calculated as

P0.95 = tv(0.05) × Sr [3]

where P0.95 was the maximum relative random error at the
95% level, tν(0.05) was the 5% value of the t-distribution with
ν degrees of freedom, and Sr was the relative standard devia-
tion of the determinations (21). The P0.95 values of PV and
AnV determinations were 7.0 and 5.5%, respectively.

RESULTS

There was a marked difference between the oxidation of
RO TAG with <1 µg/g γ-tocopherol and those with 11 µg/g
γ-tocopherol, which contributed only 1.5% of all toco-
pherol isomers in the original RO (Fig. 1). In all samples,
hydroperoxides were formed immediately, but the oxida-
tion rate was markedly greater in the sample with <1 µg/g
of γ-tocopherol than in the other samples. Formation of
secondary products as measured by the AnV began after
lag phases of up to 10 d. The AnV of the sample with <1
µg/g of γ-tocopherol reached 46, and those containing
greater levels of γ-tocopherol reached 10–18. The antioxi-
dant effect of γ-tocopherol from 11 to 43 µg/g was concen-
tration-dependent: the higher the concentration, the less
oxidation.

When RO TAG were mixed with less-unsaturated BO
TAG, even lower concentrations of γ-tocopherol had sig-
nificant antioxidative effects (Fig. 2). As little as 3 and 5
µg/g of γ-tocopherol retarded the oxidation of the 50% RO
TAG mixture significantly. The PV increased up to 105, 68
and 29 mEq of peroxides/kg in 4 wk with 50% RO TAG
mixtures that contained <1, 3, and 5 µg/g of γ-tocopherol,
respectively. A concentration-dependent inhibition effect
was seen also in the formation of secondary oxidation
products. For the AnV curves, the lag phases were longer
and the slopes became more shallow as the γ-tocopherol
concentration increased.

As the γ-tocopherol concentrations of the various TAG
were adjusted to approximately 10 µg/g (5–11 µg/g), the
rate of oxidation of the TAG decreased as expected, based
on the amount of unsaturation in the acyl groups. Rates of
oxidation decreased in the following order RO TAG > 75%
RO TAG > 50% RO TAG > 25% RO TAG when measured
by PV and AnV (Fig. 3).

The order of susceptibility to oxidation was altered by a
change in γ-tocopherol concentration. For example, when
the RO TAG contained 24 µg/g, the 75% RO TAG mixture
11 µg/g, and the 50% RO TAG mixture 3 µg/g of γ-toco-
pherol, the 50% RO TAG mixture oxidized slightly more
and the 75% RO TAG mixture slightly less than the RO
TAG (Fig. 4).
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TABLE 1
Contents of Major Fatty Acyls in the Natural Triacylglycerol (TAG) Materials 
from Rapeseed Oil (RO) and Butter Oil (BO)

Fatty acyls (%)
TAG materials Oleic acid and other monoenes Linoleic acid Linolenic acid

RO 61 22 10
75% RO mixture 52 17 8
50% RO mixture 44 12 5
25% RO mixture 36 7 3



DISCUSSION

The effects of minor amounts of γ-tocopherol on the oxida-
tion of the TAG were significant. As little as 11 µg/g γ-toco-
pherol, representing 1.5% of total tocopherols in the original
RO, decreased hydroperoxide formation after 4 wk at 40°C
to 46%, compared to the RO TAG with <1 µg/g γ-tocopherol.
Similarly, secondary product formation in the RO TAG was
decreased to 39%. In the RO TAG that contained 43 µg/g γ-
tocopherol, representing 6% of total tocopherols in the origi-

nal RO, the PV and AnV decreased to 27 and 24%, respec-
tively (Fig. 1). The effect was even more important in less-
unsaturated TAG mixtures (Fig. 2), where γ-tocopherol con-
centrations that were close to the determination limit (3 and 5
µg/g) lowered the final PV to 62 and 28% and the AnV to 45
and 26%, respectively.

The γ-tocopherol concentrations used were markedly
lower than those commonly used for tocopherols. Generally,
the lowest added γ-tocopherol content is at least 100 µg/g
lipid (3,13,22–23), and the reported optimal level for γ-to-
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FIG. 1. Oxidation of rapeseed oil triacylglycerols with various γ-tocopherol concentrations, mea-
sured by A) peroxide values (PV) and B) p-anisidine values (AnV) from pooled triacylglycerol
samples in duplicate. ● <1 µg/g, ●● 11 µg/g, ■■ 18 µg/g, ▲▲ 24 µg/g, and ◆◆ 43 µg/g of γ-toco-
pherol in triacylglycerols.



copherol varies from 250 to 500 µg/g in stripped corn oil
(3).

The importance of the background effect of trace amounts
of γ-tocopherol in the TAG is shown in Figure 4, where the
oxidation of three highly different materials with 50–100%
RO TAG were unexpectedly similar. In the RO TAG only
3.5% of all tocopherol isomers in the original RO was enough
to retard oxidation to the same level as 1.5% in the 75% RO
TAG and 0.4% in the 50% RO TAG.

Because purified TAG are more susceptible to oxidation

upon removal of nearly all tocopherols, the effects of pro-
and antioxidants as well as experimental conditions, are em-
phasized. It is not only in pro- and antioxidant studies that
the effects of residual amounts of tocopherols could lead to
misinterpretation of the data. For example, the effect of po-
sition of unsaturated acyls in TAG has been studied by in-
teresterifying the TAG. In some studies, interesterification
has increased stability (24) and in some studies it was de-
creased (24–26). Park and his co-workers (25) suggested
that the interesterification process might destroy toco-
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FIG. 2. Oxidation of 50% rapeseed oil triacylglycerol mixtures with various γ-tocopherol con-
centrations, measured by A) PV and B) AnV from pooled triacylglycerol samples in duplicate.
● <1 µg/g, ●● 3 µg/g and ■■ 5 µg/g of γ-tocopherol in triacylglycerols. See Figure 1 for abbrevi-
ations.



pherols, which could have a bigger effect on oxidation than
the interesterification per se.

Proper characterization of the TAG used for oxidation
studies is of great importance. Otherwise, trace amounts of
pro-oxidative or antioxidative factors may lead to misinter-
pretation of the results. They may also cause disagreements
between different studies concerning the influence of the
same pro- or antioxidative factor.
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