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ABSTRACT

This paper describes an HPLC procedure for the determination
of tocopherols and tocotrienols in crude and edible vegetable oils.
The sample preparation only involves a dissolution of the oil in n-
hexane and filtration.  The chromatographic separation was
achieved using a normal phase column LiChrosorb SI 60 (5 µm;
25.0 x 0.4 cm).  Isocratic elution was carried out using n-hexane
: 2-propanol (99.7:0.3).  The effluent was monitored by using
diode-array and fluorimetric detectors.

The determinations were performed in the following linear
ranges:  0.5-7.5 µg/mL for α-tocopherol and β-tocotrienol; 0.5-10
µg/mL for β-tocopherol; and 0.5-15 µg/mL for α−tocotrienol, γ-
tocopherol, γ-tocotrienol, and δ-tocopherol.

Extensive quality assurance of the proposed method was per-
formed by the standard addition method in both crude and edible
oil.  For edible oil, the precision obtained (n=10) was better than
1.8, 2.0, and 1.4 CV% for α, β, and γ-tocopherol, respectively; for
crude oil it was better than 1.9, 2.4, and 2.4% for α, β, and γ-toco-
pherol, respectively. 
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Furthermore, for edible oil the mean recovery values were
between 96-116%, 58-69%, and 111-115% for α, β, and γ-toco-
pherol, respectively; for crude oil recovery values were between
85-95%, 63-66%, and 99-103% for the same tocopherols, respec-
tively.

The proposed method appears to be an adequate method for
quality control and helpful for authenticity verification by the
official control in oil industry.

INTRODUCTION

Tocopherols and tocotrienols are a soluble lipid group of compounds rec-
ognized as a generic term for vitamin E, being well represented in vegetables,
fruits, seeds, nuts, and oils.1

Chemically, vitamin E is a 6-chromanol ring structure with different num-
ber of methyl groups at positions 5, 7, and 8 and a saturated or unsaturated 16-
carbon isoprenoid side chain.  There are four tocopherols (α, β, γ, and δ) and
four tocotrienols (α, β, γ,and δ).

Vitamin E is an “antioxidant” nutritional agent and is correlated with an
antioxidant action against destructive effects of oxygen reactive particles either
in foods or in human organism.  In some chronic diseases, namely, coronary
artery disease, some immunologic diseases, eye disease (age-related cataract),
low-density lipoproteins oxidation, and anti-tumor activity, vitamin E has a pre-
ventive action and it is also a part of the primary intracellular defense system
of the human organism.2,3,4

It is well known that vegetable oils and foodstuffs containing high lipid
level are the most significant dietary sources of this vitamin; and that the dif-
ferent analogues of tocopherols and tocotrienols do not have a similar antioxi-
dant activity.1

Thus, the individual determination of the isomers is more important than
the evaluation of the global content of vitamin E.  Although the profile of the
individual isomers of each matrix may be useful for discrimination of the raw
materials, it may also allow the monitoring of the quality of the oil processing.

Several chromatographic methods are found in the literature for the single
quantification of vitamin E5-12 or in association with other chemical classes of
compounds.13-17 The attempts to independently analyze tocopherols and
tocotrienols have usually involved reversed-phase HPLC with different detec-
tion systems.6,7,11,14,17

3012 GAMA ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



However, in some of those methods a complete peak separation was not
achieved, namely for β- and γ-tocopherols.5,17 According to other authors,
because all isomers have the same chromatographic behavior, the validation of
the methodologies are only made  for one analogue.8, 10, 13

The aim of this paper is to develop a multiparametric methodology to
quantify in vegetable oils the individual vitamin E analogues.  Despite the sim-
ilarity of the chemical structure of these seven compounds under analysis the
validation of the technique herein proposed includes the individual study of
each one.

In order to evaluate the performance of the technique its application in
both crude oils and after refining has been carried out.

EXPERIMENTAL

Apparatus

The chromatographic analyses were carried out in a high performance liq-
uid chromatograph equipped with a PU-980 pump, an AS-950 auto-sampler, a
MD-910 multiwavelength diode array detector, a FP-920 fluorimetric detector,
all from JASCO, Japan, and a Borwin PDA Controller Software (JMBS,
France).

Reagents and Standards

Tocopherols (α, β, γ and δ) and tocotrienols (α, β, and γ) were purchased
from Merck (biochemist grade).  Also n-hexane and 2-propanol (LiChrosolv -
gradient grade) were obtained from Merck (Darmstadt, Germany).

Oil Samples

Three different premix vegetable oils (canola, sunflower, and a blend of
sunflower and corn oil at 70:30 ratio) were supplied by a local oil industry.
Each of the oils was analysed both at crude and at edible stage.  Until analyses
were performed all the samples were maintained in the dark, at refrigerated
temperature.

Sample Preparation

Oils were removed of moisture by filtering through anhydrous sodium sul-
phate.  A 0.1g portion was blended with 10 mL of n-hexane and homogenised
by stirring. 
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The sample preparation was conducted in the dark and tubes containing
the oil samples were always wrapped in aluminum foil.  The mixture was fil-
tered by membrane (Schleicher & Shuell 0.2 µm; φ 13 mm, pure polyamide,
Dassel, Germany) and analysed by HPLC under the following conditions. 

HPLC Analysis

The chromatographic separation of the compounds was achieved with a
normal-phase LiChrosorb SI 60 (5 µm; 25 x 0.4cm) column from Merck
(Darmstadt, Germany).  The effluent used was a mixture of n-hexane and 2-
propanol (99.7: 0.3).  Elution was performed at a solvent flow rate of 1.7
mL/min. 

The effluent was monitored with a diode array detector and with a fluori-
metric detector, at 290nm and 330nm as excitation and emission wavelengths
respectively, connected in series.

The compounds under study were identified by chromatographic compar-
isons with authentic standards, by coelution and by their UV spectra.
Quantification by fluorimetric detection was based on the external standard
method. 

RESULTS AND DISCUSSION

Analytical Curve and Detection Limit

A linear relationship between the concentration of the compounds under
study and the fluorimetric detector response was obtained under the assayed
conditions.  Linearity was observed in the concentration ranges: 0.5-7.5 µg/mL
for α−tocopherol and β-tocotrienol; 0.5-10 µg/mL for β-tocopherol; and 0.5-
15 µg/mL for δ-tocopherol, γ-tocopherol, γ-tocotrienol, and α-tocotrienol,
respectively.  The correlation coefficient for all standard curves invariably
exceeded 0.99, except for the α-tocopherol, which was 0.98. 

The calibration curves were obtained by triplicate determinations of each
calibration standard with the peak area values (arbitrary units) plotted as aver-
age values.  The relative average deviations of triplicates were less than 2% in
all cases.  

The average regression equations found were: y = 1917.09x, y = 1148,14x,
y = 1600.91x, y=110.81x, y = 812.97x, y = 959.54x, y = 2208.23x for α-toco-
pherol, α-tocotrienol, β-tocopherol, β-tocotrienol, γ-tocopherol, γ-tocotrienol,
and δ-tocopherol, respectively.
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The detection limit values were estimated as the concentration corre-
sponding to three time the standard deviation of the baseline noise and were 0.1
ng/mL for α-tocopherol, α-tocotrienol, β-tocopherol and δ-tocopherol; 0.2
ng/mL for γ-tocopherol, and γ-tocotrienol; and 1.5 ng/mL for β-tocotrienol.

The quantification limit values, determined by sequential dilutions of a
real edible oil sample, were somehow higher.  The obtained values were 2
ng/mL for α-tocopherol, β-tocopherol, and δ-tocopherol; 3 ng/mL for α-
tocotrienol; 4 ng/mL for γ-tocotrienol; 5 ng/mL for γ-tocopherol; 36 ng/mL for
β-tocotrienol.

Validation of the Method

The chromatograms of tocopherols and tocotrienols standards obtained
with fluorimetric and DAD detector are depicted in Figure 1.  Peaks were sep-
arated around the following retention times: RT 5.9 m for α-tocopherol; RT 6.8
m for α-tocotrienol; RT 12.0 m for β-tocopherol; RT 13.6 m for γ-tocopherol;
RT 14.0 m for β-tocotrienol; RT 16.0 for γ-tocotrienol, and RT 25.6 m for δ-
tocopherol.

Figures 2 and 3 show the tocopherol profiles of a refined blend of sun-
flower and corn oil (70:30) and refined canola oil.

The fluorimetric and photodiode array detectors connected in series after
NP-HPLC allows us to unambiguously identify the tocopherols and tocotrienols
under study.  By comparison of A and B in Figures 2 and 3, the presence of
other peaks besides tocopherols and tocotrienols in the PDA chromatogram is
obvious, while the fluorimetric chromatograms are clearer.  

Although the quantification was achieved by measuring the peak area
obtained with the fluorimetric detector, the PDA data were extremely important
allowing a rapid identification of the compounds (Figure 4), especially when
there was a retention time drifting due to small variations in the 2-propanol con-
centration. 

Results from the quantification applied to the samples under study are
shown in Table 1.

The precision of the analytical method was evaluated by measuring the
peak chromatographic areas of the compounds 10 times on the same sample.  In
the edible sunflower and corn oil blend samples the coefficients of variation
were 1.8%, 2.1%, and 1.4% for α, β and γ-tocopherols, respectively.  For the
corresponding crude samples, the coefficients of variation were respectively
1.9%, 2.4%, and 2.4% for the three tocopherols therein present. 
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Figure 4.  α-Tocopherol spectrum obtained by the PDA detector.
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In order to study the recovery of the procedure and the accuracy of the pro-
posed method, two samples of a blend of sunflower and corn oil (70:30), crude
and edible oil, were added to known quantities of α, β and γ-tocopherols, which
were the tocopherols detected in the samples.  The samples were analysed in
triplicate before and after the addition of such compounds.  The results are
listed in Tables 2 and 3.  

The mean recovery values for α, β and γ-tocopherols were, respectively, 92
± 6%, 65 ± 2%, and 100 ± 2% in crude oil and 108 ± 11%, 62 ± 6% and 113 ±
2% in edible oil.  The lower recovery values for crude oil compared with the
edible oil can be explained by interferences effects from the matrix composi-
tion, which could not be identified.  The reason for the low recovery of β-toco-
pherol was also not fully understood. 

During the refining process the tocopherols were retained, as apparent
from inspection of Table 1.  Some publications refer that the processing of veg-
etable oils can result in losses of tocopherols and tocotrienols.1, 8 However, the
results presented herein show that the oil refining procedures were made under
good manufacturing conditions and the tocopherols were not significantly lost.  
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Nevertheless, in analyzed oils only tocopherols have been detected that
doesn’t exclude the usefulness of this methodology when applied in other oils
having tocotrienols in their compositions.

It is also clear from these results that this parameter can be helpful in the
identification and the differentiation of vegetable oils.  Furthermore, it may be
helpful in the verification of the adulteration of such foods during quality con-
trol.
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