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Abstract This paper describes an investigation into the
usefulness of some instrumental methods (GC, NMR, and
DSC) in the detection of adulteration of olive oil with
soybean, sunflower, and canola oils (that are relatively
cheap oils mixed as adulterants with olive oil). These seed
oils were compared with genuine and commercial olive
oils, two of which appeared to have been adulterated. It
was observed that from among physical and chemical
indices, the iodine value and the refractive index in the two
olive oil samples (named A and B) were significantly
higher (P < 0.01) than in the reference (genuine) olive oil,
both values being above standard limits established for
olive oil. On the other hand, fatty acid (FA) profiles in
these two samples exhibited higher amounts of linolenic
and linoleic acids (5.34 and 39.92%, 6.38 and 54.42%, 0.79
and 12.88% for A, B and genuine olive oils respectively)
but significantly lower amounts of oleic acid (30.07, 21.72
and 67.86%, respectively). The number and intensity of
signals observed using '"H NMR indicated that the peaks
numbered 2 and 7 were useful in the determination of olive
oil purity. Because of higher linolenic and linoleic acid
contents in samples A and B, the intensity and integrated
areas for these two signals were higher than those for other
olive oil samples in which signal 2 was not observed and
signal 7 had a very low intensity. Satisfactory results were
achieved from quantitation of DSC parameters. The results
show that due to increased unsaturated FAs in samples A
and B and the consequent changes in triacylglycerol pro-
files, offset crystallization temperature and onset melting
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temperature in these two olive oils differed from those
of the reference and clearly shifted to lower values.
Crystallization and melting curves were similar to the
corresponding curves observed for soybean and sunflower
oils in terms of shape and number of peaks.
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Introduction

Virgin olive oil represents the main source of fat produc-
tion in the Mediterranean countries where olive oil
production is common [1]. According to the trade standard
of International Olive Oil Council for Olive Oils and Olive
Pomace Oils, virgin olive oil is the oil obtained from the
fruit of the olive tree solely by mechanical or other phys-
ical means under conditions, particularly thermal, that do
not lead to alterations in the oil, and which has not
undergone any treatment other than washing, decanting,
centrifuging, or filtration [2]. Virgin olive oil is a foodstuff
rich in natural antioxidants (phenols and tocopherol) and
oleic acid. This FA is more resistant to the free radical
oxidation processes compared to the polyunsaturated FAs.
It is also known to be responsible for increasing plasma
HDL and apoprotein A levels and for decreasing LDL and
apoprotein B levels. For this reason, it plays an important
role in preventing cardiovascular diseases [3]. The growing
demand for olive oil over the past few years can be
attributed not only to flavor but also to reports of potential
health benefits, causing its rising price on the market. The
higher price of olive oil compared to other edible oils may
encourage cheaper oils to be mixed with virgin olive oil for
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greater profitability. Authentication of purity is, therefore,
desirable [4, 5]. Edible oil characterization is a very
important task, which has been classically undertaken by
different chemical methods to determine acidity, peroxide
value, iodine value, etc., or combined with chromato-
graphic methods to determine the proportion of different
acyl groups, minor components, etc. Many of these meth-
ods are cumbersome and require a great deal of time and
expense with inaccurate results in certain cases. In recent
years, many studies have been directed toward the char-
acterization, classification, and purity detection of olive
oils using different techniques [3-9]. Nuclear magnetic
resonance (NMR) is an important tool in the study of food
lipids, oils, and fats, which has gained growing applica-
tions, particularly because of the great amount of
information it provides that allows discrimination between
oils of different composition in a very short time [10].
Thermo-analytical techniques, such as differential scanning
calorimetry (DSC), have also been used in oil and fat
characterization to determine melting and crystallization
profiles, heat of transition, phase diagrams, solid fat con-
tent, and adulterants in animal fats and butter. This
technique can provide very useful information on the basis
of FA and TAG profiles in oils and fats [11].

The present study investigates the effectiveness of
physicochemical indices along with FA profiles in char-
acterizing some Iranian olive oils and in detecting their
purity. The usefulness of the information obtained from the
number and intensity of signals in "H NMR employed for a
simple and rapid characterization of these oils will be
discussed. Also the crystallization and melting behavior of
soybean, sunflower, canola, and genuine olive oils will be
investigated to explore the relationship between the ther-
mal response of oil samples and their FA composition. The
information obtained will be used to identify the likelihood
of mixing these seed oils with olive oils as adulterants.

Materials and Methods
Chemical Reagents and Samples

All solvents/chemicals used were of analytical grade and
obtained from Merck (Darmstadt, Germany). Pure FAs
including palmitic acid, stearic acid, oleic acid, linoleic
acid, and linolenic acid were purchased from the Sigma
Chemical Co. (St Louis, MO). Six olive oils labeled A, B,
C, D, F (virgin olive oils) and E (refined olive oil) were
purchased from local markets. Genuine olive oil (G),
soybean oil, sunflower oil, and canola oil were obtained
from manufacturers. To avoid changes in the chemical
composition of samples, they were frozen and stored at
—18 °C immediately after their arrival in the laboratory.
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Chemical Analysis

The AOCS official method (AOCS 2003) was employed
for determination of some chemical and physical indices of
the oil samples [12].

FA Analysis by GLC

The gas chromatographic analysis of FAME was per-
formed on a chroma-pack CP 9002 gas chromatograph
(Middelburg, The Netherlands) equipped with a flame-
ionization detector. The column used was a CP-FFAP-CB
fused silica WCOT (25 m x 0.32 mm i.d., 0.3 um film
thickness). The temperature program consisted of
increasing the temperature first from 40 °C to 100 °C at a
rate of 25 °C/min and holding for 0.2 min and then
increasing to 200 °C at a rate of 10 °C/min and holding
for 17 min. Temperatures of injector and detector were
240 and 280 °C. Ultra-high-purity helium was used as the
carrier at 75 kPa. Samples were methylated before
injection into GC by Ortega et al. [13] method. Injection
(1 ul) was performed in the split mode at a split ratio of
100:1.

NMR Spectroscopy

NMR spectroscopy was performed on a Bruker instrument
at 400 MHz. The first 0.2 g of the sample was dissolved in
400 pl of CDCl; and the resulting solution was placed in a
5-mm diameter NMR tube. The acquisition parameters
were: spectral width, 8,278.14 Hz; relaxation delay, 2 s;
number of scans, 16; pulse width, 90°; and temperature of
the sample in the probe was set at 300 K.

Thermal Analysis by DSC

For DSC analysis, a Metller TA4000 differential scanning
calorimeter was used. Nitrogen (99.999% purity) was the
purge gas flowing at ~20 ml/min. The DSC instrument
was calibrated with indium (m.p. 156.6 °C, AH = 28.45 j/
g). Samples of ca. 6-9 mg were weighed into aluminum
pans and covers were hermetically sealed into place. An
empty, hermetically sealed aluminum pan was used as
reference. Samples were subjected to the following tem-
perature program: sample was melted at S0 °C and held for
5 min before cooling to —100 °C at a rate of 5 °C/min. The
samples were again held at this temperature for 5 min
before being heated to 25 °C at a rate of 5 °C/min.

Statistical Analysis

Data were statistically analyzed by one way analysis of
variance (ANOVA) with the SAS software package.



J Am Oil Chem Soc (2009) 86:103-110

105

Duncan’s multiple range test was applied to determine
significant differences between means, at a level of
P < 0.01.

Results and Discussion
Chemical and Physical Indices

Higher iodine values and a higher refractive indices were
obtained for soybean, canola, and sunflower oils than for
genuine olive oil as a result of higher amounts of poly-
unsaturated FAs in the former. These two indices can,
therefore, be used for the detection of adulteration in
olive oil mixed with these seed oils. As observed in
Table 1, for olive oil samples (except for samples A and
B), different iodine values and refractive indices were
obtained obviously due to the natural differences in oil
compositions albeit within standard limits; therefore,
absence of common vegetable oils in samples C, D, E,
and F is logically true. It is also seen in Table 1 that the
iodine values and the refractive indices for samples A and
B were significantly higher (P < 0.01) than those for
genuine olive oil (G) and other olive oil samples and this
increase was so considerable that showed unusual
increase in degree of unsaturation in the oils. The
increased refractive index can be explained by the higher
iodine value of samples A and B, indicating possible
impurity of these two oils. Saponification values in soy-
bean, sunflower, canola and olive oils were all in the
same range and there was no significant differences
among them (P < 0.01) therefore, it did not change quite
as expected even after partial replacement of olive oil
with these vegetable oils.

FAs Composition

Table 1 presents the results of oil analyses. The FA com-
position is the first characteristic used for determining the
purity of virgin olive oil. Every oil or fat has its own
characteristic FA and TAG profiles although there are
similarities among FAs in different oils. The principal
variation in FA composition of oils and fats is the chain
length and degree of unsaturation of the component FA. In
fact, virgin olive oil contains a high amount of oleic acid
(55-83% according to IOOC), a low level of linoleic acid
(3.5-21%), and a very low level (<1%) of linolenic acid
[14]. Higher levels of linolenic acid are regarded as an
index of seed oil addition; this parameter is included in
EEC regulation 2568/91 on olive oil classification [15].
Table 1 shows only the values of those parameters which
are essential for the aims of this study. Soybean and canola
oils exhibited considerably high linoleic and linolenic acid
contents far beyond the normal values encountered in the
olive oil. Thus, these two FAs, especially linolenic acid,
could be used as a parameter for the detection of fraud
mixing of these oils in olive oil. The measurements of FA
composition indicated the values normally observed in
olive oil samples C, D, E, F and within official limits
(IOOC) established for olive oil. Samples A and B how-
ever, exhibited higher amounts of linolenic and linoleic
acids and significantly reduced oleic acid (P < 0.01) that
can not be related to the variety. These evidences were
used to refute the likelihood addition of sunflower and
canola oil because canola oil contains high amounts of
oleic acid just as olive oil does while the amount of lino-
lenic acid in sunflower oil was less than 1%; hence, it was
concluded that soybean oil had been mixed with samples A
and B. In this study, analysis of FAs produced satisfactory

Table 1 Fatty acid composition (area %), iodine value (g of 1,/100 g oil), refractive index (20 °C) and saponification value of oil samples

Samples C16:0 C18:0 C18:1 C18:2 C18:3 Todine value Refractive Saponification
index value

So0 10.89 & 0.38°° 4.29 + 043" 28.63 & 1.08°" 44.72 £ 0.55° 7.4 + 028" 120.58 + 1.5° 1.4758 + 0.00* 196.98 + 0.45"
CoO 5.02 £ 0.60°  1.87 £0.19°° 50.87 £ 1.5 23.19 + 0.45° 7.0 + 0.28° 105.62 + 1.44° 1.4738 £ 0.00° 191.04 + 0.71°
SuO 5.88 £ 0.79° 277 £0.40° 26.11 £ 0267 60.12 &+ 1.73* 0.68 &+ 0.14% 116.50 £ 0.50° 1.4758 £ 0.00° 196.11 + 0.16
0eOg  13.15 £+ 0.86°® 1.23 +£0.24° 67.86 + 1.4%* 12.88 + 0.38"° 0.79 + 0.11¢  82.67 £ 0.65% 1.4701 £ 0.00° 190.56 + 0.60°
0eO, 9.79 £+ 0.87%° 2.14 + 0.18> 30.07 + 0.81° 39.92 & 1.43 534 + 0.47° 114.62 £ 0.65° 1.4741 £ 0.00° 195.64 + 0.15
0eOg  10.89 £ 0.57°% 1.93 + 0.12% 21.72 + 0.41% 54.42 4+ 0.86° 6.38 + 0.37° 119.89 + 0.54* 1.4751 £ 0.00° 194.10 + 1.49°
0eOc 1443 £ 0.30°  1.81 £ 0.45° 54.50 + 1.26° 21.92 &+ 1.66° 1.37 £ 0.27¢  80.59 + 0.84° 1.4702 £ 0.00° 194.15 + 0.28°
0eOp 12.8 + 0.42°* 1.88 + 0.10® 64.89 & 1.38° 13.13 £ 0.17" 1.09 + 0.12¢  83.00 + 0.5¢ 1.4706 + 0.00° 189.75 + 0.51*
0eOg 8.79 &+ 0.41°  2.08 + 0.57* 69.44 £ 0.81° 7.21 £ 0.268 1.35 + 0.249  83.83 &+ 0.66° 1.4707 £ 0.00° 189.09 =+ 1.04°
0eOr  11.24 £ 0.79*¢ 1.80 + 0.22° 65.67 + 0.55° 8.70 &+ 0.31% 0.85 + 0.10¢ 78.9 £ 1.01° 1.4698 £ 0.00¢ 191.06 + 0.24

Each value in the table represents the mean £ SD of fatty acids (n = 2) and physical and chemical indices (n = 3). Values with different

superscript letters within each column are significantly different (P < 0.01)

So0 soybean oil, CaO canola oil, SuO sunflower oil, OeO olive oil
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results with regard to the levels of adulteration. It must be
mentioned, however, that methods using the analysis of
FAs or TAGs may also be inadequate for low amounts of
incorporation. Christopoulou et al. [16] showed that adul-
teration of olive oil with certain vegetable oils up to a level
of 5% could be detected using FA analyses. Tsimidou et al.
[5] showed that for incorporation at a level of 20% (higher
than 10%) principal component analysis of TAG and FA
profiles could be satisfactorily used to show clearly the
presence of foreign oil.

NMR Results

Figure 1 shows the 'H-NMR spectra of pure olive oil (G),
soybean, canola and sunflower oils while Fig. 2 shows the
"H-NMR spectra of other samples of olive oils. The 'H-
NMR spectrum of any oil sample shows at least 9 or, in
some cases, even 10 signals of significant intensity. These
signals are due to protons of the main components, i.e.
triglycerides. The protons which are related to each signal
have been shown in Fig. 1. Some of the signals are pro-
duced due to the resonance of protons which are common
among different FAs and signals 1, 3, 4, 5, 6, 8, 9, 10 are
typical in this regard. However, signal 2 is particularly
related to the protons of methyl group of linolenic acid
while signal 7 belongs to bis-allylic protons (methylenic
protons in position « in relation to the two double bonds).
The only FAs considerably present in these oils that have
this group of protons are linolenic and linoleic acids. The
chemical shift observed in the signals in this study was
slightly different from those in previous studies reported [6,
10]. This difference can be related to the kind of solvent
and some other conditions. The determination of the pro-
portions of the different acyl groups in the oil sample by 'H
NMR is a valuable indicator of whether the sample falls
within the acyl group pattern of genuine olive oil. From an
authenticity point of view, the most interesting '"H-NMR
signals are likely to be signals 2 and 7. Figure 1 illustrates
how the methyl groups of the linolenic acyl chains (signal
2) appear as slightly different from the methyl groups of
the other FA chains (signal 1). The different amounts of
linolenic acid in vegetable oils make it possible to use this
information to identify these oils. The only n-3 FA present
in soybean, canola, sunflower, and olive oil is linolenic
acid. If the proportion of this acyl group is high enough, its
methylic proton signals can be observed in 'H-NMR
spectra Therefore, n-3 acids measured on the basis of the
characteristic signal 2 in Fig. 1 determines the level of
linolenic acid directly, allowing direct detection of com-
mon seed oil addition in olive oil. As observed in FAs
profiles, soybean and canola oils contain significant pro-
portions of linolenic acyl groups. Thus, this signal can be
observed clearly in "H-NMR spectra of soybean and canola
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Fig. 2 '"H-NMR spectra of olive oil samples

oils with a considerable integrated area. On the other hand,
the presence of a very small proportion of linolenic acid
and the methylic protons of this FA in pure virgin olive oil
(G) and sunflower oil allows us to distinguish these oils
from soybean and canola oils because signal 2 is absent in
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the 'H-NMR spectra of sunflower and pure olive oils. In
Samples A and B, signal 2 can be observed clearly, which
is in agreement with high quantities of linolenic acid in
their FA profiles while in other olive oils (C, D, E, F)
containing normal amounts of linolenic acid (about 1%),
this peak was absent. From these results, it is evident that
linolenic acyl groups were clearly observable in higher
proportions than normal in the "H-NMR spectra of olive
oil, which can be an indicator of adulteration with seed oils
having a high linolenic content. The integrated areas of
signal 2 for soybean oil, canola oil, and samples A and B
were 0.24, 0.23, 0.15, and 0.2, respectively. The usefulness
of signal 7 in establishing the relative proportion of linoleic
and linolenic acyl groups is known. The 'H-NMR spectra
of olive oil and sunflower oil that have very low propor-
tions of linolenic acyl groups only showed a typical signal
of bis-allylic protons of linoleic acyl groups; this signal
was quite small for pure olive oil. Given the high quantities
of these two fatty acids (FAs) in soybean and canola oils
and the high quantity of linoleic acid in sunflower oil, the
intensity of signal 7 for these oils was significantly higher
than that for genuine olive oil. The integrated areas of
signal 7 for soybean, canola, sunflower, and pure virgin
olive oil were 0.97, 0.53, 0.78, and 0.15, respectively. Also
for samples A and B, the intensity of signal 7 was clearly
higher than that for pure olive oil (G) and other olive oil
samples (0.87 and 0.91 for samples A and B, 0.06-0.16 for
other olive oil samples). This was due to large amounts of
linoleic and linolenic acids in these two oils. According to
these observations and on the basis of the magnitude of
peaks 2 and 7 in samples A and B, the adulterant was likely
to be soybean oil (which would agree with FA profiles,
refractive index, and iodine value data).

Thermal Analysis
DSC Crystallization Behavior

Crystallization is a commonly used physical event to
characterize the thermal behavior of oil samples requiring
the release of thermal enthalpy. Oils and fats can be
crystallized in several polymorphic forms, especially a, f
and ' [11]. In this study, the cooling curve of vegetable
oils were subdivided into different exothermic regions
corresponding to different FAs and TAGs in order to use
this technique to qualify and quantify certain parameters of
the oil samples. The rate of cooling or heating has been
reported in a number of studies to be effective on shape and
number of thermal curve peaks [9, 11]. Since all experi-
ments in the present study were performed at the same rate
using the DSC instrument, the influence of this factor could
be neglected and, thus, the discussion can be focused on the
differentiation between oil samples in terms of their FA
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Fig. 3 Cooling curves of soybean, canola, sunflower, and pure olive
oils

and TAG composition. According to Fig. 3, three exo-
thermic peaks can be detected in the cooling curves of
canola and pure olive oils. In general, the lowest exother-
mic peak was sharper and taller than the two smaller
exothermic peaks at higher temperatures. The major exo-
thermic peak at —55.2 °C in canola oil and at —45.5 °C in
pure olive oil might correspond to the co-crystallization of
highly unsaturated (UUU) TAGs such as LLnLn, LLLn,
OLnLn, LLL and OOO, POO, OOL, respectively. At 5 °C/
min, the cooling curves of soybean and sunflower oils
revealed three exothermic peaks, too. The lower tempera-
ture peak at —75.5 °C in soybean and at —73.5 °C in
sunflower oil could have been caused by the co-crystalli-
zation of UUU groups such as LLLn, LLL, OLL, OOL and
LLL, OLL, OOL, respectively. The two higher temperature
peaks in the samples were due to the crystallization of
higher saturation levels of TAG [11, 17]. In Fig. 4, the
sequence of curves clearly shows the pronounced influence
of the degree of unsaturation in FA and TAG profiles on
peak temperatures. As the polyunsaturated FA increased,
the peaks of crystallization shifted to lower temperatures
and became broader. The results of this study showed that
transition temperatures and peak shapes in samples C, D, E,
and F were similar in their DSC cooling curves because of
the similarity of FA profiles in both olive oil samples
(except A and B) and pure olive oil. The major peak cor-
responding to the co-crystallization of major TAG groups
in pure virgin olive oil can be seen in these oils in the same
temperature ranges. In samples A and B, cooling curves
were clearly different from those of olive oils but similar to
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Fig. 4 Cooling curves of olive oil samples

those of the sunflower and soybean oils. According to the
results of GC, the proportion of major TAGs in pure olive
oil (i.e. OO0, POO and OOL which are the most important
factors responsible for the main peak in the crystallization
curve) is expected to reduce in A and B samples, whose FA
profiles were different from those of other olive oils. In
contrast, the proportion of TAGs containing higher unsat-
urated FAs (LLL, LLLn, OLL) should increase. So TAG
profiles of A and B oils were similar to those of soybean
and sunflower oils and the major peak, therefore, became
broader and shifted to lower temperatures. It can be
observed in Table 2 that in these two samples, transition
temperature shifted to lower temperatures, too, which can
be explained by the highly unsaturated FA in their com-
position. The key point is that higher oleic oils like olive
and canola display a large peak near —50 °C, whereas
more polyunsaturated oils like soybean and sunflower
display peaks at —70 to —80 °C; as a result, the addition of
soybean or sunflower oil to olive oil can be detected from
DSC crystallization data.

DSC Melting Behavior

Figures 5 and 6 illustrate the melting curves of samples and
Table 3 lists their respective endothermic temperatures. In
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Table 2 Comparison of differential scanning calorimetry-measured
transition temperatures for crystallization in oil samples

Samples T, (°C) T, (°C) T3 (°C)

So0 —15.5 £ 0.7 —382 4 03° —75.5 + 0.7°
CoO —17.7 £ 0.3° —36.5 £+ 0.7° —55.2 4+ 0.3¢
SuO —15.0 £ 0.7%% —412 £ 1.0° —735 +0.7°
0eOg —12.0 £ 1.4°% —325+0.7° —455 + 1.7°®
0eO, —12.5 £ 0.7°9 —38.7 £ 0.3% —74.0 £ 0.7°
0eOp —14.7 £ 0.3 —36.7 £ 1.0° —745 £ 0.7°
0eOc¢ —11.0 &+ 1.4° —30.5 + 0.7° —42.7 4+ 0.3
0eOp —11.5 + 0.7% —31.0 £ 0.7* —45.7 + 1.0°
0eOg —14.2 £ 1.0 —30.5 £ 0.7° —42.0 £ 0.7°
0eOp —152 £ 1.0 —31.0 £ 1.4° —415+0.7°

Each value in the table represents the mean + SD (n = 2). Values
with different superscript letters within each column are significantly
different (P < 0.01)

HEAT FLOW EXOTHERMAL —>

-50.00 —
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Fig. 5 Melting curves of soybean, canola, sunflower, and pure olive

oils

canola oil, a large peak was observed at —16.0 °C which
was assumed to be the melting peak of all the TAG in canola
oil, especially the major three unsaturated triacylglycerols
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Table 3 Comparison of differential scanning calorimetry-measured
transition temperatures for melting in oil samples

Samples Ty (°C) T, (°C) T; (°C) T, (°C)
So0O —245+07° —157+£1.0° —80+14° 325+10
CoO —16.0 £ 0.7 - -

o) —247 4+ 1.0° —17.0 £ 1.4° -
0e0g —172+1.0° —60+07" 65+ 1.2° -
0e0, —237+1.0° —162+1.0° —2.7+1.0° -
0eOp  —-230+ 14> —17.0+0.7° —2.0+ 1.4°

0eOc —160+07° —40+14* 65=+07 -
0eOp  —165+14* —57+£03* 42+ 1.0° -
0e0p  —157+£1.0° —47+03 70+07° -
0eOp  —162+1.0° —50+£07° 52+ 1.0° -

Each value in the table represents the mean + SD (n = 2). Values
with different superscript letters within each column are significantly
different (P < 0.01)

(TAGs) such as OOL and OOO. In soybean oil, four en-
dotherms were observed. The major endotherms at lower
temperatures were due to the melting of LLL, LLLn, LLnLn
and OLL, PLL, POL/SLL, and the two tailing shoulder
endothermic peaks at the high temperature side were due to
the minor SSU groups. Sunflower oil showed two over-
lapping peaks. Therefore, it was apparent that all the TAG
in the sunflower melted in this wide endotherm region. The
lower temperature peak was assumed to be the melting peak
of highly unsaturated TAG groups, especially LLL, OLL
and OOL, while the higher temperature endotherm was
assumed to be the melting peak of SUU and SSU groups.
Pure olive oil showed triple melting peaks. The main
endothermic transition at —6.0 °C most likely corresponded
to the melting peak of the major TAG groups.

An exothermic peak before the melting onset was
observed in oil samples that could be associated with the
solid-to-solid transformation known as polymorphism
phenomenon. Due to the presence of highly unsaturated
TAG, the first peak was larger in soybean and sunflower
oils and onset melting temperature was significantly lower
than in pure olive oil. Because of the lower proportion of
this group of TAGs in pure olive oil, the first peak was
completely small looking like a shoulder. On the basis of
number and shape, all olive oil samples (except for samples
A and B) showed endothermic peaks that were similar to
those of pure olive oil and the main endothermic transition
was near —5 °C. It is observed in Table 3 that the tem-
perature of peaks in these oils was almost in the same range
as that for pure olive oil. But in samples A and B, triple
endothermic peaks were observed that were thoroughly
different from that for pure olive oil but similar to the
melting curves in soybean and sunflower oils. It was clearly
seen that in samples A and B, the first peak became larger
because of the increased highly unsaturated TAGs and that
they had different and significantly lower onset melting
temperature values than those of pure or other olive oils.
The key point is that more polyunsaturated oils like soy-
bean and sunflower oils display main peaks near —15 to
—25 °C, whereas pure olive oils display main peaks at —4
to —6 °C while for canola oil, it was near —16 °C. As a
result, the addition of soybean or sunflower oils to olive oil
can be detected from DSC melting data.

Conclusion

The development of new and increasingly sophisticated
techniques for the authentication of oil products continues
apace along with increasing consumer awareness of its
safety. There is increasing evidence showing olive oil
available on the Iranian market to be unreliable; i.e., they
may be adulterated by adding cheaper oils and, therefore, a
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kind of advanced quality control might be necessary. The
use of instrumental methods such as GC, NMR, and DSC
as demonstrated here offers suitable methods for detection
of mixing soybean and sunflower oils with pure olive oil. In
this study, it was shown that, with regard to the levels of
adulteration, the gas chromatography technique can be
complemented, or substituted by other modern techniques,
such as NMR or DSC that can provide fingerprints whose
simple observation with the naked eye will be sufficient to
distinguish oils of different compositions. These techniques
promise to offer a sensitive, rapid, and reproducible fin-
gerprint for quality control purposes.
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