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Abstract

Adulteration of Extra Virgin Olive Oil with olive oil and sunflower oil remained major issue in edible oil industry.
Herein, rapid, sensitive and precise method for the determination of all type of tocopherols in different vegetable
oils includinhg sunflower oil, olive oil and extra virgin olive oil is reported. Reverse Phase High Performance
Liquid Chromatography (RP-HPLC) with UV detector was used for tocopherol determination. A simple, quick
and sensitive method to estimate the antioxidant quantity is proposed. In this method oils were diluted in
methanol and injected directly into column (no saponification procedure). Methanol and water (98:2) mixture
was used as mobile phase. Three tocopherols (a, y and §) were detected at 292 nm wavelength with UV detector.
Method had good limit of detection (LOD) (7ng/g) and reproducibility (C.V% 0.9, 0.8 and 0.4 for a, y and &
tocopherols, respectively). Result showed the best source for a-tocopherol was sun flower oil (146.65+1.7mg/kg).
Oil richest in 8-tocopherol was olive oil and §-tocopherol was absent in extra virgin olive oil. The current study
suggest the new parameter (ratio of a/y) as first screening indicator of authenticity of purity of extra virgin olive

oil for differentiation of various cultivators of same generic source.
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Introduction

Vegetable oils are consumed worldwide as food and
for different types of industrial purposes. A wide
range of vegetable oils are available, however world
utilization is dominated by sunflower oil and olive oil
with 17.63 and 2.98 million tons, respectively
(Statista, 2019). Vegetable oils are different in
chemical composition of Fatty acids and antioxidant
proportion empowering the performance in food and
industrial applications (Bakre et al, 2015).
Traditionally, Olea Europaea crop used in soap
formation, pharmaceutical products, cosmetics and in
some places used as fuel for burning lights. Its oil is
sold as olive oil (O0) and EVOO. EVOO is more
expensive and more popular in European countries.
While sunflower oil is synthesised from sunflower
(Helianthus annus) seeds, contain good portion of
fatty acids, lecithin, tocopherols, tocotrienols and

carotenoids (Angeloni et al., 2017).

The values of these components in each oil depends
on agronomic, environmental and genetic factors
(Bajoub et al., 2018). Market of vegetable oils is
expending, authenticity has a great importance in
both commercial and medical fields (Nazzaro et al.,
2018).

Tocopherols along tocotrienols are group of
hydrophobic antioxidants containing chromanol ring
and tocopherol phytyl side chain. There are four
different type of tocopherols (a, B, y and 6, these are
differ from each other according to number and
methyl position present in their side chain. Their
structural phenomenon is responsible for their
metabolic outcome and biochemical activities, all
tocopherols have good absorption rate from
gastrointestinal tract. a-Tocopherol (a-T) has highest
plasma and tissue level compared to others. a-T
resecreted into lipoprotein through o-TTP protein
(Reboul, 2018). All tocopherols possess antioxidant
activity and are essential in food to prevent the
oxidation in body (Phull et al., 2018). a-T has lowest
anti-oxidant activity compared to y-T. Sunflower oil
has lowest anti-oxidant property than EVOO due to

concentration of a-tocopherol is high in sunflower oil
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and EVOO has higher concentration of y-tocopherol
(Mohammad et al., 2018). Vegetable oils contain
higher amount of total tocopherols compared to
animal fat even after refining and hydrogenation of
vegetable oils (Barrera-Arellano et al., 2019).
Tocopherols play a vital role to decrease several
chronic diseases for example, atherosclerosis and
cancer. They inhibit the oxidation of poly unsaturated
fatty acids (PUFA) in lipoprotein of plasma (Nagham
Abdlateef Rasheed and Muhammad, 2018). Oxidation
of PUFA can initiate the heart disease. Beside this,
tocopherols work as anti-air pollutant for ozone and

nitrogen oxide.

They decrease the lung damages and play role in
maintaining the nervous system (Ueda et al., 2009).
Deficiency of a-tocopherol leads to impaired vision
and blindness in younger ages (Nian and Lo, 2018).
Toxicity of tocopherols compared to other fat soluble
vitamins is very low. In animals studies no any
significant teratogenic, carcinogenic or mutagenic
effect was seen in case of higher doses (Dimery et al.,

1997).

Tocopherols are viscous, yellow, heat sensitive and
basic without any oxidizing influence. All animals
including human beings cannot synthesize
tocopherols. 60% to 70% of total tocopherols
production per year consumed as supplement to
decrease/prevent the deficiency related diseases or to
increase the value to stabilize the tissues. In recent
years, various methods have been published for the
measurement of the tocopherol content in vegetable

oils.

These techniques include Raman Spectroscopy (Chen
et al., 2011). FTIR and NMR (Lu et al., 2018; Man et
al., 2005). As abundant consumption of vegetable oils
already discussed, the authenticity of oils is also an
emerging problem for consumers. A best way of
authentication of vegetable oils can be done by
determining amount of active chemical substances.
Among all these techniques, few techniques are based
on measurement of tocopherols in edible oils for their

authenticity (Bajoub et al., 2018). In this study, we
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amplified a quick and direct method for the detection
and quantification of tocopherols (a, y and &) in
normal olive oil, EVOO and sunflower oil by HPLC-
uv.

The aim of this study was to design and authenticate a
method for rapid and reliable measurement of
tocopherols in vegetable oils and suggest the

tocopherol ratio for the authentication of edible oils.

Materials and methods

Reagents and standards

Methanol of analytical reagent grade (purity 99.99%)
was purchased from Fisher Chemicals (USA).
Ultrapure water was taken from (Purite Naptune,
Thames Oxone, UK). All standard compounds (a-T,
v-T and 8-T) were purchased from Sigma Aldrich
(UK) and all parameters were checked, a-T has 96%
purity on HPLC, y-T has 99.1% purity and &-T has
96% purity with yellow colour.

Stock and Standard Solution Preparation

Separate stock solution of each tocopherol (a-T, y-T
and &-T, respectively) was prepared in methanol.
Briefly, 2.5 mg of a-tocopherol in 5 ml of methanol
and 1.6 mg of y-tocopherol, same way &-tocopherol.
Combine stock standard solution was prepared by
transferring of 3ml of each tocopherol in 25ml
volumetric flask. Concentration of each tocopherol in
combine stock standard solution was 60 ppm, 38

ppm and 24 ppm for a-T, y-T and &-T.

It was stored at -20 °C (protected from light). Five
combined working standard solutions were prepared
with concentration before the sample analysis, on
same day. Calibration graphs were generated with
linearity of r2=0.9887 for a-T, r2 = 0.9869 for y-Tand
r2 = 0.9867 for 6-T. Samples of olive oil, extra virgin
olive oil and sunflower oil were purchased from

market.

Extraction of Tocopherols
Tocopherols were extracted from oils into methanol
using 1:3 of oil to methanol (1g of oil in 3ml of

methanol) in 5 ml centrifuge tube. The samples were
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homogenized by vortaxing for 30 seconds and then
these tubes were centrifuged at 3000 rpm for five
minutes. Samples were then filtered using 0.45 um
pore size syringe to remove any oil or contamination.
Whole preparation work was carried in light sensitive

room due to heat sensitivity of analytes.

Instrumentation

The Perkin Elmer 200 Series equipment was used in
entire analysis with Micro Series-200 binary pump.
Detection system was UV Perkin Elmer 200 Series.
Data were analysed using Total-Chrome software. A
reverse phase column ACE; Cio Column (250 X
4.6mm) operating at 10°C was used for separation.
Analysis was carried out with mobile phase consisting

of 98:2 of methanol to ultrapure water.

The flow rate was 1ml/min and injection volume was
5uL and run time was 20 minutes. The effluent was

monitored with UV at 292 nm.

Statistical analysis
All the experiments were performed in triplicate, and

results are expressed as mean + standard deviation.

Results and discussion

Method validation

Initially, the run time was kept 10 minutes with flow
rate of 1 ml/min but no any detector response was
seen so time was kept at 20 minutes with same flow

rate (1ml/min) (Fig. 1. a-d).

The increase in flow rate of mobile phase decreases
the retention time peaks were overlapping. The
Intraday variability is also seen with difference in
retention time however peak area were similar, it

might be due to column.

The variability of tocopherol standard solution in
terms of RSD was 1.94% and below 0.04% in peak
area for all analytes (N=6). All analytes were
separated at base line but base line signal to noise
ratio was very high, LOD of instrument was 1ong/ml.
Repeatability of this investigating work was

determined by C.V % data is given in (Table-1).
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Table 1. Method validation parameters.

Analytes Slope Standard linearity R2 Retention time Retention time in min LOD Repeatability CV%

range in min (after 24 hours) ng/g
a-T 2.840.02 12-60 0.988 15.43+0.8 17.5+0.3 10 0.9
vy-T 1.1£0.4 7.68-38.4 0.986 13.40+1.0 14.86+0.85 6 0.8
5-Tl 1.1£0.3 4.8-24 0.986 11.43+1.6 12.78+0.2 6 0.2

UV chromatogram of a, y and 8 tocopherols mixture shows three peaks at 12.46, 14.88 and 17.44 minutes.
Identification of each compound was achieved by comparing the retention time of authentic standard’s spectra of

each a-T, y-T and 8-T. The retention time of authentic standard solution was taken from separate stock solution.

Table 1. Tocopherols quantification in different vegetable oils.

Samples a-T y-T 5-T Total Tocopherols ao-T/ y-T
Olive oil 62.2+ 2.7 9.9£0.5 1.9+0.14 73.61 £1.38 6.2
Extravirgin olive oil 39.1+1.5 10.9+0.4 00 50.3 £0.77 3.5
Sunflower oil 146.6+17.8 9.6+0.5 1.3+£0.07 157.6 £10.11 15.2
Tocopherol analysis 3% more in EVOO than sunflower oil and olive oil

Tocopherols content was calculated using slope respectively. While 6-T could not be found in EVOO,

regression formula. The results are summarized in however in other samples, it was lower than a-T and
(Table 2). a-T and y-T seems to be verified as major y-T. a- Tocopherol from olive oil is similar to data
tocopherols in all types of oils. Sunflower oil has base entries (FSA, 2002). Our results for y-T were
higher concentration of a-T compared to olive oil and lesser and for 8-T these were significantly higher as in

extra virgin olive oil (157.6, 73.6 and 50.3mg/kg, published work in (Alghamdi et al., 2018).
respectively) with RSD of y-T appeared to be highest
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Fig. 1. HPLC chromatograms (a) olive oil, (b) EVOO, (c) Sunflower oil and (d) combined standards of

tocopherols.

184 | Majid et al.



There are several reason behind this difference, these
variations can be seen in with different cultivators
such as a-tocopherol content (148 to 265 mg/kg) in
vegetable oils has been published with different
cultivators (Rodrigues et al., 2018). Influence of gene
background has also been observed for example, gene
tph1 and tph2 mutation shown a/y tocopherol
content varied from 40/60 to 60/40% (Havlickova et
al., 2018) and also agronomic and processing factors
have influence in terms of tocopherol content (Miho
etal., 2018).

a/y Tocopherol Ratio
Authenticity of oils

Assessment  for  the

Olive oil contains 6-T higher in concentration 1.9
mg/kg and sunflower oil contains 1.3 mg/kg. a-T/y-T
ratio for olive oil was 6.2:1, EVOO 3.5:1 and 15.2:1.
This can be a good idea to assess the fraudulent

addition of other oils into EVOO samples.

It was also found that EVOO contain traces of &-
tocopherol in samples less than six months from
harvest (Azadmard-Damirchi et al., 2010). For this
reason, we can argument that proposed method of
a/y tocopherol ratio in specific oil samples can detect
the fraudulent addition of different oil. While §/8
tocopherol ratio is less sensitive because both have

low concentration.

Conclusion

This study presents rapid, sensitive and precise
method for the determination of all type of
tocopherols in different vegetable oils. In comparison
with other analysis methodologies, this method based
on good extraction (1:3 dilution of oil in methanol, no
saponification) direct injection in Cis column and
great sensitivity to UV detector for all three
tocopherols. It is very straightforward and reduces
the undesired sample loses. The tocopherols are light
sensitive, proposed method for sample preparation
preserve their stability and decrease the
quantification error. RP Column has greater stability,
good reproducibility for retention time, faster
equilibration and shorter analysis time. Furthermore,

solvents used in RP-HPLC have less environment
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effect then solvent used in NP-HPLC. Method
described here should be used for routine analysis of
vitamin E homologous family in vegetable oils with
improved LOD compared to published literature.
Moreover, accurate measurement of tocopherols is
very essential for food science, for health and
wellbeing of society. This method gave a fresh and
innovative idea that helps to formulate the a/y ratio
to differentiate the sort of oils and differentiate the

various cultivators of same generic source.
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