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SUMMARY: The oil industry is in need of rapid analysis techniques to differentiate mixtures of safflower-sun-
flower oils from pure oils. The current adulteration detection methods are generally cumbersome and detection
limits are questionable. The aim of this study was to test the capability of a mid-infrared spectroscopic method
to detect the adulteration of sunflower oil with safflower oil compared to fatty acid analysis. Mid-infrared spec-
tra of pure oils and their mixtures at the 10-60% range were obtained at 4000-650 cm ™' wavenumber and fatty
acid profiles were determined. Data were analyzed by multivariate statistical analysis techniques. The lowest
level of detection was obtained with mid-infrared spectroscopy at 30% while the fatty acid profile could deter-
mine adulteration at around 60%. Adulteration levels were predicted successfully using PLS regression analysis
of infrared data with R*(calibration) = 0.96 and R? (validation) = 0.93. As a rapid and minimum waste gen-
erating technique, mid-infrared spectroscopy could be a useful tool for the screening of raw material to detect
safflower-sunflower oil mixtures.
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RESUMEN: Deteccion de la adulteracion del aceite de girasol con aceite de cartamo mediante espectroscépica de
infirarrojo medio. La industria aceitera necesita técnicas de analisis rapidas para diferenciar las mezclas de aceites
de cartamo y girasol de los aceites puros. Los métodos actuales de deteccion de adulteracion son generalmente
engorrosos y los limites de deteccion son cuestionables. El objetivo de este estudio es probar la capacidad de
un método espectroscopico de infrarrojo medio para detectar la adulteracion del aceite de girasol con aceite
de cartamo en comparacion con el analisis de acidos grasos. Se obtuvieron espectros de infrarrojo medio de
aceites puros y sus mezclas en un rango de 10-60% a 4000-650 cm ™' de longitud de onda y se determinaron
los perfiles de acidos grasos. Los datos se analizaron mediante técnicas de analisis estadistico multivariante. El
nivel mas bajo de deteccion se obtuvo con espectroscopia de infrarrojo medio al 30%, mientras que el perfil de
acidos grasos podria determinar la adulteracion en torno al 60%. Los niveles de adulteracion se predijeron con
éxito mediante el analisis de regresion PLS de datos infrarrojos con R* (calibracion) = 0,96 y R* (validacion) =
0,93. Como una técnica rapida y de generacion residuos minimos, la espectroscopia de infrarrojo medio podria
ser una herramienta 1til para el cribado de materia prima para detectar mezclas de aceite de cartamo y girasol.
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1. INTRODUCTION

Adulteration is a major problem for the food
industry with significant economical and health
consequences as in the case of toxic oil syndrome
(Lai et al., 1994). There are various studies in the lit-
erature regarding adulteration detection techniques
which focus on fats and oils (Jha et al., 2016; Gomez-
Caravaca et al., 2016; Tena et al., 2015; Ellis et al.,
2012). Creative fraud techniques necessitate the
development of new adulteration detection meth-
ods or the update of existing ones. In general, most
official methods that aim to detect adulteration are
based on chromatographic detection of compounds
such as sterols and include extensive time require-
ments and laborious extraction steps.

Safflower oil is mixed with sunflower oil in high
proportions since this oil is relatively cheaper. Even
small differences between oil prices result in high
profits when large amounts of oils are mixed. The
oil industry have complaints (personal communica-
tion) about the difficulty in detecting the adultera-
tion of sunflower oil with safflower oil even with
traditional chemical analysis techniques due to the
resemblance in chemical composition (fatty acid,
sterol etc.) between safflower oil and sunflower oil
(Hurriyet, 2016).

Adulteration detection methods could be classi-
fied under two groups: targeted and non-targeted
analytical methods (Aparicio et al., 2013). While
targeted techniques are based on the identifica-
tion of specific compounds such as fatty acids,
sterols or tocopherols in the sample, a non-tar-
geted approach provides a general view of the
molecular structure of the analyzed compounds.
It is well-documented in the literature that infrared
(IR) spectroscopic methods as non-targeted ana-
lytic techniques are quite successful in detecting
the adulteration of various oils even at low adul-
teration levels (Azizian et al., 2015; Mendes et al.,
2015; Gurdeniz and Ozen, 2009). In addition, these
methods have the advantages of being rapid and
relatively more environmentally friendly since they
require minimum sample preparation. Qualitative
and quantitative applications of mid-IR spectros-
copy in the 4000400 cm™' range of electromagnetic
spectrum is a common practice in the analysis of
organic compounds in order to identify the spe-
cific chemical structures of a matrix (Guillén and
Cabo, 1997). This measurement technique is based
on the fact that bonds of certain atomic groups
have specific modes of vibration (stretching and/
or bending) under mid-IR absorption which lead to
a qualitative representation of molecular structure
at characteristic frequencies (Karoui ef al., 2008).
One reason for the success of these spectroscopic
methods is the use of chemometric techniques in
the analysis of the data since the complex data
obtained from spectroscopic measurements could

be converted into a meaningful form with the appli-
cation of these statistical methods.

Near and mid-IR spectroscopic techniques
are reported in the literature to have been com-
monly used in authentication studies related mostly
with olive oil. As a mid-IR spectroscopic technique
Fourier transform infrared (FTIR) spectroscopy in
combination with chemometric tools was able to
detect a corn-sunflower-canola mixture in olive oil at
the 5% level (Gurdeniz and Ozen, 2009). In another
study that used various multivariate statistical data
analysis approaches, oils that came from different
botanical origin (olive, sunflower, corn, soybean
and hazelnut) were differentiated from each other
and percentages of binary mixtures in olive oil were
predicted with FTIR spectroscopy (Lerma-Garcia
et al., 2010). There are also examples of the use of
FTIR spectroscopy in the adulteration detection of
various oils other than olive oil. This spectroscopic
technique and chemometric data analysis were also
successful in detecting the mixtures of animal fat in
cod-liver oil (Rohman and Che Man, 2009). Both
mid and near IR spectroscopy were used in identi-
fying soybean oil added to camellia oil and it was
reported that both methods were effective in the
detection and quantification of adulteration (Wang
et al., 2006). However, there is no report in literature
about the detection of safflower in sunflower oil
with any analytical methods. This study was aimed
to use FTIR spectroscopy and various chemometric
tools to detect the adulteration of sunflower oil with
safflower oil in comparison to the fatty acid profile
analysis. This study was undertaken upon request
from the sunflower oil industry.

2. MATERIALS AND METHODS
2.1. Samples

Nine crude sunflower oils and 6 crude safflower
oils were supplied by an oil company. Adulterated
samples were prepared by adding safflower oils to
each of the sunflower oil samples at 10, 30, 50 and
60% (v/v) and 216 adulterated samples (9 sun-
flower oils x 6 safflower oils x 4 concentrations =
216 mixtures) in total were analyzed as well as pure
sunflower and safflower oils (9 + 6 = 15).

2.2. Fatty acid profile

The fatty acid profiles of the oil samples were
determined according to European Official Methods
of Analysis (European Union Commission, 1991).
After methylation with a cold solution of KOH
in methanol, the extracted samples were analyzed
with a GC (Agilent 6890, Agilent Technologies,
USA) equipped with an auto-sampler (Agilent
7863 & FID) and a split/splitless (1:50) injector.
A HP 88 capillary column (Agilent, USA) with
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dimensions of 100 mx0.25 mm IDX0.2 um was
used in the GC analyses.

2.3. FTIR spectroscopy

Spectra of the oil samples were collected agamst
air background in mid-IR region (4000-650 cm™")
with a FTIR spectrometer (Spectrum 100, Perkin
Elmer, USA) equipped with a ZnSe-horizontal
attenuated total reflectance (HATR) accessory and
a DTGS detector. Resolution was set to 4 cm™' and
64 scans were taken for each sample. The ZnSe crys-
tal was cleaned with hexane, ethanol and distilled
water after each run.

2.4. Data analysis

Orthogonal partial least square-discriminant
analysis (OPLS-DA) and soft independent modeling
class analogy (SIMCA) as supervised chemometric
tools were used in the differentiation of pure oils
from adulterated sunflower oil samples with respect
to their fatty acid profiles and mid-IR spectra. The
number of components in OPLS-DA is given as
(Pp> Po)- The p, and p, are the number of compo-
nents which explain the information in the X matrix
predictive to the Y matrix, and information of the X
orthogonal to Y, respectively.

A prediction of adulteration percentages was per-
formed with partial least square (PLS) regression.

The classification and prediction ability of the mod-
els was checked with coefﬁc1ents of determination,
R? (calibration) and R*(cross validation), and vari-
able importance for the projection (VIP) and root
mean square error of estimation (RMSEE), cross
validation (RMSEcv), and prediction (RMSEP).
The leave-one-out cross-validation technique was
used to check the validation performance of the
model. Data were analyzed with Simca 13.0.3
(Umetrics Co., Umea, Sweden) software. The
Software determines the number of necessary prin-
cipal components (PC) to build the models with
respect to R” validation values.

3. RESULTS AND DISCUSSION
3.1. Differentiation with respect to fatty acid profile

The fatty acid profiles of crude sunflower and saf-
flower oils are shown in Table 1. The major fatty acids
for both seed oils were found as palmitic, stearic, oleic
and linoleic acids in varying amounts. The palmitic
acid content of safflower oil lies between 6.72% and
6.94% while it is between 6.22% and 7.46% in sun-
flower oil. In addition, the amount of stearic acid in
safflower oil ranges between 2.47 and 3.09% and that
of sunflower is between 2.94 and 3.86%. Therefore,
both palmitic and stearic acid contents of sunflower
and safflower oils generally overlap with each other.
However, the oleic and linoleic acid contents in

TABLE 1. Fatty acid profiles of pure safflower and sunflower oil (%0).
Sample
Sample code* C14:0' C16:0° C16:1° C18:0° C18:1n9¢° C18:2n6¢° C18:3n3” C20:0° C20:1° C22:0" C24:0" C24:1"
Safflower SA1 011 677 008 278 11.94 77.12 0.16 038  0.10 0.23 0.09 0.18
oil SA2 011 692 008 249 12.29 76.86 0.16 036 0.10 0.23 0.11 0.25
SA3 011 694 009 247 16.37 72.75 0.18 035 0.11 0.24 0.13 0.20
SA4 0.2 687 008 278 11.87 77.01 0.17 039 0.09 0.23 0.11 0.23
SA5 011 672 008  3.09 12.02 76.68 0.17 0.40  0.09 0.23 0.12 0.26
SA6 0.2 685 008 274 13.26 75.67 0.17 038 0.1 0.22 0.13 0.21
Sunflower SU1  0.10 6.68 0.16  3.12 35.76 53.38 ND 030 ND 0.50 ND ND
oil SU2 009 7.03 011 3.86 23.25 64.33 0.14 025  0.13 0.63 0.19 ND
SU3 0.0 746 017 325 29.19 58.48 0.10 022 0.06 0.61 0.21 0.16
SU4 008 726 012 3.74 23.50 64.08 0.10 023 024 0.48 0.16 ND
SUS  0.08 640 0.3  3.40 30.36 57.89 0.20 025 021 0.57 0.16 0.35
SU6 008 7.04 013  3.03 29.67 58.71 0.13 022 0.12 0.61 0.26 ND
SU7 010 693 0.14 341 28.38 59.59 0.12 024  0.14 0.61 0.22 0.13
SU8 008 622 016 322 36.41 52.28 0.16 025 ND 0.72 0.28 0.10
SU9 008 648 0.4 294 33.59 55.19 0.16 020  0.06 0.70 0.26 0.14

ND means non detectable and defined as < 0.05%,

Differences among samples were determined by multivariate analyses (OPLS-DA) only

Standard deviations of each fatty acid were calculated from three repeated measurements 'myristic a01d +0.00, “palmitic a01d +0.01,
*palmitoleic acid: %0.00, *stearic acid: +0.00, oleic acid: £0.02, ®linoleic acid: %0.07, "linolenic acid: £0.00, *arachidic acid: +0.00, *gondoic
acid: +0.01, "’behenic acid: +0.00, l'llgnocerlc acid: £0.01, lZnervonlc acid: £0.02.

* 6 different safflower oil and 9 different sunflower oil samples were analyzed
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safflower and sunflower oils are quite different from
each other. While oleic acid composes 11.87-16.37%
of the tested safflower oil samples, the sunflower oil
samples contain 23.25 to 36.41% oleic acid. The lin-
oleic acid contents in safflower and sunflower oils
range between 72.75-77.12% and 52.28-64.33%,
respectively. The rest of the fatty acids were found
in similar amounts for sunflower and safflower oil
samples. According to the literature, safflower oil has
a variable fatty acid profile and the palmitic, stearic,
oleic and linoleic acid contents of most commonly
known safflower oils range between 6-8%, 2-3%,
16-20% and 71-75%, respectively (Knowles, 1989;
Velasco and Fernandez-Martinez, 2001). However,
these ranges may differ depending on variety (geno-
type), growing conditions and cultivation locations
of the plant (Yeilaghi et al., 2012; Cosge et al., 2007;
Gecgel et al., 2007; Fernandez-Martinez et al., 1993).
The safflower oil used in this study, in general, cov-
ers these ranges in the literature; therefore, provide
sufficient variation required for adulteration studies.
The sunflower oil samples also have a wide fatty acid
composition range.

Since it is a waste of resources and time to deter-
mine the fatty acid profiles of all mixtures (216
samples) using GC measurement, the fatty acid
content of each mixture was calculated using the
composition of pure oils by taking into account
mixture percentages. However, the fatty acid pro-
files of 8 mixtures were also measured experimen-
tally and calculated vs the measured amounts were
correlated with each other. As a result, it was deter-
mined that the R” values for the relation between
calculated and measured amounts of fatty acids
for all 8 mixtures were higher than 0.99. Therefore,
the calculated fatty acid profiles of all the mixtures
were used in the multivariate statistical analysis to
observe the differentiation power of the fatty acid
profile in order to detect adulteration of sunflower
oil with safflower oil.

Differentiation among oil samples was investi-
gated using multivariate discriminant analysis tech-
niques such as PLS-DA, OPLS-DA and SIMCA and
OPLS-DA provided better discrimination among oil
samples compared to PLS-DA; therefore, the results
of only OPLS-DA are discussed. First, OPLS-DA
was run only for pure oils and pure safflower and
sunflower oils are separated from each other very
well (R* (calibration) =0.67 and R* (cross-validation)
=0.95) with respect to the first principal component
(PC1) (graph not shown). The Loading plot (graph
not shown) indicated that the higher contents of
palmitoleic (16:1), stearic (18:0), oleic (18:1) and
behenic (22:0) acids for sunflower oil and higher
amounts of myristic (14:0), linolenic (18:2n6), and
arachidic (20:0) acids of safflower oil were the fatty
acids causing differentiation between these oils. VIP
values of the model (not shown), which indicate
the importance of each variable in the model, also

proved that the mentioned fatty acids had higher
discriminatory power than the rest of the fatty acids.
Therefore, ineffective fatty acids are removed from
the data set for further evaluations.

As far as the differentiation of mixtures is con-
cerned, with respect to their fatty acid contents,
both OPLS-DA and SIMCA were used in the data
analysis. The OPLS-DA model of the fatty acid data
has R? (calibration) and R” (cross-validation) of
0.83 and 0.16, respectively. A OPLS-DA model was
built with (1+1) PC. Figure 1 shows the OPLS-DA
score plot (Figure 1a) and loading plot (Figure2b)
of pure sunflower, safflower and mixture oils. The
first PC in the score plot explains 62% of variability
while the second PC corresponds to 21% of variabil-
ity. From the score plot, it could be seen that only
pure sunflower and safflower and also higher levels
of adulterated samples (50% (v/v) and 60% (v/v))
were separated from each other while lower levels
of adulterated samples (10% and 30%) were not
clustered or differentiated clearly. The loading plot
(Figure 1b) revealed that the fatty acids used in the
model were effective only in the differentiation of
pure sunflower and samples with high safflower oil
percentages. The misclassification analysis for the
constructed OPLS-DA model is given in Table 2.
According to this table, 30 and 13 out of 54 samples
at 10 and 30% adulteration levels, respectively, were
misclassified as pure sunflower oil. Although there
were misclassifications above the 30% level none of
the misclassified samples was assigned to the pure
sunflower oil group. As an example, 1 of the sam-
ples from the 50% adulteration level was assigned
to the 30% level while 5 of them were grouped as
60% mixture. Therefore, it could be concluded that
adulteration detection using fatty acid profile is pos-
sible at around 50% mixture level according to the
misclassification table.

In addition, SIMCA models (Figure 2) were also
created to see the differentiation power of fatty acids
in the detection of adulteration with safflower oil.
As seen in Figure 2a, all samples of 10% safflower-
sunflower mixtures and even most of the pure sun-
flower samples are located in the common region of
Cooman’s plot. This indicates that detection at this
level is not possible. At the 30% level a clear separa-
tion is still not possible because most of the adulter-
ated samples are in the common region (Figure 2b).
There is a clearer differentiation between pure and
mixed samples at the 50% level but some of the sam-
ples are still in the common region of the plot (Figure
2¢), while at the 60% level of adulteration there is
a clear separation between pure and adulterated
samples (Figure 2d). Therefore, the 60% adultera-
tion level is the critical percentage in the detection
of adulteration of sunflower oil with safflower oil
using fatty acid profile. OPLS-DA discrimination
resulted in lower detection limit of 50% compared to
SIMCA but this is still a high value. In other words,
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(a) Score and (b) Loading plots of an OPLS-DA model constructed with fatty acid profiles of pure

sunflower (SU) and safflower (SA) oil samples and mixtures of safflower oil in sunflower oil at varying levels.

fatty acid profile is not very satisfactory for the dif-
ferentiation of adulterated sunflower oil. It was
reported that while fatty acid profile could detect
adulteration of olive oil with various oils (soybean,
corn, and sunflower) at levels as low as 2% (Jabeur
et al., 2014), it was not effective in determining mix-
tures of hazelnut oil-olive oil or almond oil-olive oil
(Christopoulou et al., 2004).

3.2. Mid-infrared spectroscopic detection of
adulteration

Mid-IR spectra of pure sunflower and saf-
flower oils and their mixtures were also collected to
be used as an authentication tool and the spectra

indicate no clear visible differences among samples
(Figure 3). However, multivariate statistical analy-
sis of the data is generally very effective in revealing
even very small spectral differences which cannot be
observable with the naked eye. Therefore, the data
were analyzed both by OPLS-DA and SIMCA and
the second derivative of whole mid-infrared spectra
(4000-650 cm™') with 3351 variables was used in
the analysis to eliminate noises in the spectra and
shifts in the baseline. The number of PC required
to construct the model is (2+2). An OPLS-DA
model constructed with mid-IR data has a R’
(calibration) of 0.22 and R* (cross-validation) of
0.26. The First PC of the model explains 14% of
the variability and the variability corresponding to

Grasas Aceites 70 (1), January—March 2019, €290. ISSN-L: 00173495 https://doi.org/10.3989/gya.0579181


https://doi.org/10.3989/gya.0579181

6+ O. Uncu, B. Ozen and F. Tokatli

TABLE 2. Misclassification table for OPLS-DA models constructed with fatty acid profile and mid-IR spectral data.

Members Correct Pure SU Pure SA 10% 30% 50% 60%
Fatty acid profile
Pure sunflower oil 9 66.7% 6 0 3 0 0 0
Pure safflower oil 6 100% 0 6 0 0 0
10% 54 44.4% 30 0 24 0 0 0
30% 54 75.9% 13 0 0 41 0 0
50% 54 88.9% 0 0 0 1 48 5
60% 50 74% 0 0 0 0 13 37
No class 0 0 0 0 0 0 0
Total 227 71.4% 49 6 27 42 61 42
Mid-IR profile
Pure sunflower oil 9 100% 9 0 0 0 0 0
Pure safflower oil 6 100% 0 6 0 0 0
10% 54 100% 0 0 54 0 0
30% 54 85.2% 0 0 8 46 0 0
50% 54 74.1% 0 0 0 2 40 12
60% 50 98% 0 0 0 1 49
No class 0 0 0 0 0 0
Total 227 89.9% 9 6 62 48 41 61
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FIGURE 2. Coomans’ plots of fatty acid profiles of (a) 10%, (b) 30%, (c) 50%, and (d) 60% adulterated
sunflower oil (SU) samples with safflower (SA) versus pure sunflower oil samples.
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the second PC is 8%. Low R” can be explained by
the location of pure oil samples outside the control
ellipse whereas mixtures are placed inside the ellipse
(Figure 4). In addition, the mixtures are separated
depending on their percentages although there
are overlaps in some cases. The VIP values for the
model indicated that wavenumbers responsible for
differentiation fit the well-known absorption bands
(1815-659, 3146-2816, 3391-3382, 3631-3530 cm ™)
of a general oil spectrum. Peaks around the 3600—
3500 cm ™' region could be attributed to —OH stretch-
ing while the 3300-2800 cm™' region is associated
with —CH stretching. The C-O stretch takes place
at 18001700 cm ™" and 1200-650 cm ™' is the finger-
print region. Misclassification results for OPLS-DA
models constructed using FTIR data are also given
in Table 2. This table shows that there is no misclas-
sification even at the 10% adulteration level. Some
of the mixtures were misplaced to inaccurate mix-
ture percentages at higher levels; however, none of
these mixtures were classified as pure sunflower oil.

To further investigate the detection limit, mid-IR
spectra were also analyzed with SIMCA (Figure 5).
The Cooman plot (Figure 5a) obtained from SIMCA
showed that the separation between pure sunflower
oil and 10% mixtures was not successful. At the 30%
level only two samples were in the common region
but the rest were perfectly separated from the pure
sunflower oils (Figure 5b). Differentiation was also
perfect with 50 and 60% mixtures versus pure oil,
according to Figure 5c and 5d, respectively. The
detection limit obtained from the OPLS-DA model
is lower compared to the SIMCA results as it is the
same with the OPLS-DA model developed with the
fatty acid profile data.

Example FTIR spectra of pure sunflower oil and sunflower oil adulterated with safflower oil at 60% level.

Mid-IR spectroscopy could detect very low lev-
els of adulteration in the oils. It was reported that
palm oil in extra virgin olive oil could be determined
at the 1% level with FTIR spectroscopy (Rohman
and Che Man, 2010) while 5% is the critical level
for the adulteration of extra virgin olive oil with
cottonseed and rapeseed oils (Gurdeniz and Ozen,
2009). However, the detection limit of adulteration
could be higher due to the similar nature of oils that
are mixed as in hazelnut oil-olive oil mixtures. The
detection limit for these mixtures was reported as
25% (Ozen and Mauer, 2002). The critical detec-
tion limit of 30% found in this study for safflower
oil adulteration of sunflower oil might seem a high
value. However, laborious sterol analysis requir-
ing long analysis time is the current method used
to detect adulteration for a safflower-sunflower oil
mixture. Since there are overlaps in the sterol ranges
of these oils (Codex, 2017), detection limits for this
analysis might not be very low although there is no
study in the literature regarding this issue. In addi-
tion, the adulteration percentages encountered for
this oil are not very low (oral communication) and
the oil industry needs rapid analysis techniques for
cases requiring quick decision making. Therefore, a
rapid FTIR analysis could still be a valuable tool as
a screening method and suspicious samples could be
further evaluated with other methods.

Mid-IR spectra were also used in the predic-
tion of adulteration percentages of sunflower oils
and PLS regression models of both raw and sec-
ond derivative spectral data were developed for
this purpose. Calibration models were constructed
with 150 samples (66% of all samples) and 77 sam-
ples were used for the external validation of both
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models. Validation samples were randomly selected
from each adulteration level. The statistical param-
eters of the PLS model develoPed from the raw data
are R* (calibration) = 0.96, R (external validation)
=0.93, R* (cross-validation) = 0.9, RMSEE = 4.47,

RMSEP = 5.68, RMSEcv = 9.03. The PLS model
of second derivative data resulted in statistical
parameters of R” (calibration) = 0.99, R* (exter-
nal validation) = 0.83, R* (cross-validation) = 0.79,
RMSEE = 2.26, RMSEP =8.71, RMSEcv = 10.56.
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FIGURE 6. Plot of measured versus predicted adulterant
levels of sunflower oil generated from PLS
regression of raw FTIR spectra.

According to these statistical parameters, raw data
were found more efficient than the second derivative
in the prediction of adulteration. The R* and RMSE
values for the PLS model built with 10 PC from raw
data indicate that the model is very effective in esti-
mating the adulteration level. Figure 6 shows the
correlation between actual adulteration percentages
and adulteration levels predicted with FTIR spec-
troscopy. There are overlaps in the prediction of
10% adulteration level with pure sunflower oil while
the estimated values of 30% mixture do not inter-
sect with pure oil (Figure 6). Therefore, this could
be regarded as an indication of 30% critical limit of
adulteration detection level for sunflower oil with
safflower oil.

4. CONCLUSIONS

To detect the adulteration of sunflower oil with
safflower oil, two approaches, fatty acid profile
and mid-IR spectroscopy analyses, in combination
with various chemometric techniques, were used in
this study. Adulteration could be detected at lev-
els as low as 10 and 30% with the OPLS-DA and
SIMCA of mid-IR spectral data, respectively; while
a higher level of adulteration of around 50-60%
could be determined with fatty acid analysis data,
as confirmed by different chemometric techniques.
In other words, FTIR spectroscopy is more prom-
ising than fatty acid analysis for the adulteration
detection of sunflower oil admixture with safflower
oil. This could be explained by the fact that mid-
IR analysis reveals the overall chemical information
including fatty acid profile at molecular level which
is much more informative than the fatty acid analy-
sis alone. Moreover, very similar fatty acid profiles
of sunflower and safflower oils can lead to unsat-
isfactory differentiation between adulterated sun-
flower oil and pure sunflower oil samples with fatty

acid analysis. Since, FTIR spectroscopy is a rapid
technique with minimum waste generation it could
be used as a screening tool to check the authenticity
of sunflower oil.
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