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Characterization of extra virgin olive oils adulterated with sunflower oil using
different physical methods
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This paper describes a study of the usefulness of some physical methods in the detection of adulteration of
extra virgin olive oil with controlled concentration of relatively cheap sunflower oil. We have tested three physical
methods measuring refractive indices (RI) and their dispersion curves, fluorescence spectra and color parameters that
are related to the chemical structure and content of the olive oils. The RI values of the samples were measured with a
total experimental uncertainty of less than 3x10*“ by the method of the disappearing diffraction pattern for two
wavelengths — 405 nm and 532 nm at a temperature 23°C. Fluorescence spectra were measured using a fiber optic
spectrometer (AvaSpec-2038, Avantes) and the samples were excited by light emitting diodes at 370 nm, 395 nm, 425
nm and 450 nm using the set up. The spectrometer’s sensitivity is in the (200 — 1100) nm range with a resolution of
about 8 nm. The color parameters (index of lightness L*, a*, b*, chroma C* and hue angle h,b) corresponding to the
uniform color space CIELab, were determined on a Lovibond PFX 880. The color parameters were used for
determining the S — carotene and chlorophyll content in the investigated samples. All of the obtained experimental
results suggest that the three optical methods presented are correlated and could be useful for a fast detection of
sunflower adulteration of extra virgin olive oils. These techniques are sensitive and rapid and also do not require any
additional chemical agents.

Keywords: Refractive index, fluorescence, extra virgin olive oil, sunflower oil, chlorophyll, g — carotene.
INTRODUCTION

. - EXPERIMENTAL
Olive oil is a valuable food product as compared

with other vegetable oil products. As a result, the Samples
adulteration of olive oil with cheaper vegetable oil
becomes a real concern. For this reason, the
analysis of edible oils for possible adulterants is
very important for food safety and protection of
consumers. Various physical and chemical tests
have been used to establish the authenticity of olive
oil and to detect the level of adulterants in it [1-2].
The most useful are chromatographic methods [4-
6]. They offer high sensibility and accuracy, but are
also time consuming and expensive. For this reason
in our study we suggest three fast and cheap optical
methods — refractometry, fluorescence and color
measuring - that can be used for determining the
adulterants in olive oils. The aim of this paper is the Refractive index measurements
investigation of the extra virgin olive oil with
controlled sunflower oil content by proposed three
optical methods.

In this work we have investigated three samples
with different characteristics. Samples of extra
virgin olive oil (EVOO) were provided by Greece
Company and its botanical origin and quality were
guaranteed by the supplier. Samples of sunflower
oil (SFO) were obtained from local Bulgarian
superstore. Binary samples of 50 % EVOO and 50
% SFO were prepared using a KERN ABJ 80 - 4M
analytical balance (precision 0.1 mg). All the
samples were stored in fully filled and closed glass
vessels and kept in the dark in an incubator at a
fixed temperature of 25 °C.

The refractive indices (RI) for all the samples
were measured by the method of the disappearing
diffraction pattern using a laser refractometer at

. wavelengths of 405 nm and 532 nm. The method

To whom all correspondence should be sent. and the laboratory device were reported earlier [7].
E-mail: yovchevat@gmail.com The several microliters of the samples were put
between a reflecting grating and a glass prism with
RI = N. When the light beam from one of the lasers
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falls at an angle smaller than the critical angle ac
the beam penetrates through the sample, reaches the
reflecting grating and creates a diffraction pattern.
In the case when the incidence angle is equal to or
higher than the critical angle ac only one total
reflected beam is observed. Therefore, measuring
the critical angle ac as the angle of disappearance
of the diffraction pattern we could calculate the RI
by the following formula:

n= Nsin{Airarcsin(sml\laC ﬂ (1)

where A and N were the prism refractive angle and
the refractive index, respectively. In our experiment
A = 65°C, N (405 nm) = 1.7880, N (532 nm)
1.7480. The experimental uncertainty was An
+0.0003.

Fluorescence spectra measurements

The sources wused to measure the
fluorescence spectra are 370 nm, 395 nm, 425
nm light emitting diodes (LEDs). A fiber optic
spectrometer (AvaSpec-2038, Avantes) with
sensitivity in the (200-1100) nm range and a
resolution of about 8 nm was used to measure
the fluorescence spectra. The oil samples were
placed in a cuvette 10 mm x 10 mm and
irradiated by LEDs.

Color measuring

Using a Lovibond PFX 880 (UK) colorimeter
and a cuvette of a 10 mm length
(Recommendations on uniform color spaces, 1971),
the color parameters in CIELab colorimetric system
have been obtained. All measurements have been
carried out at room temperature immediately after
opening the oil bottle. , Color coordinates, color
parameters a, b and brightness L of tested samples
have been measured. The chlorophyll and f —
carotene are calculated by using the transmission
spectra in the visible region and values for color
parameters by software program developed
specially for Lovibond PFX 880 from the producer.

Parameters such as chroma (C;, ) and hue ha, were
defined by Eqns (2) and (3):

Ch =) +(b) @)

h,, = arctan [b—j (3)

RESULTS AND DISCUSSION

The fluorescence spectra in the visible
region of the investigated samples are obtained for
excitation wavelength respectively Ae = 370 nm,
395 nm, 425 nm and 450 nm. The best ration for
fluorescence emission vs. excitation intensity is
found at Ae = 395 nm (Figure 1).
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Fig. 1. Fluorescence spectra of the olive oil samples.

There are four fluorescence peaks for
investigated samples related to  — carotene at A =
430 nm; oxidation products at about A= (500-520)
nm; chlorophyll at A = (675-678) nm; non-
determined pigments at A = 700 nm.

Color parameters for investigated samples are
measured in CIELab colorimetric system. The
results are present in Table 1.

Table 1. Color parameters for olive oil and its double
mixture with sunflower oil.

Samples SFO MIX EVOO
Olive ail
concentration, 0 50 100
%
L 92.51 90 81.1
a -1.73 -12.1 -11.7
b 6.93 55.6 81.1
Cab 7.14 56.9 81.9
AE 75.68 27 0
hap -76 -71.8 -81.8
[—carotene, ppm 2 18.4 34.7
Chlorophyll, ppm 0.011 20.7 5.18

The brightness L decreases with increasing of
concentration of extra virgin olive oil and content
of B — carotene and chlorophyll increases. The
influence of green component increases when the
content of olive oil is raised. The linear dependence
exists between values of b* and concentration of
olive oil. The greatest color difference is between
pure olive oil and sunflower oil.
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Fig. 2. RI dispersion curves of the olive oil samples.

1.490

o EE Voo
B I MiX
I sFo

1.486

Refractive index

405 nm 532 nm
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Fig. 4. Normalized experimental data for the olive oil
samples.

The data obtained from the two wavelengths RI
measurements were used for the construction of
dispersion curves using the one-term Sellmeier
equation far from the fundamental absorption
band®. By the one-oscillator Sellmeier’s model we
can determine the Sellmeier’s coefficients s and As
from the systems:

18

2
n? _1=—;”"12 =12 (@)

Then we can calculate the RI dispersion curves
in the visible spectral range for all samples using
the already determined coefficients. Figure 2
presents the obtained dependences for RI.

The refractive indices of the EVOO measured at
room temperature are in very good agreement with
the results announced in work®. The comparison of
dispersion curves shows that the RI is the lowest for
the EVOO and the RI value increases in direct
proportional to adding of SFO as it is shown in
Figure 3 for two wavelengths — 405 nm and 532
nm. It is shown that the reduction of the RI is
associated with a greater amount of EVOO.

In Figure 4 the normalized changes of the
fluorescence peak, the normalized content of
chlorophyll and B — carotene and the normalized
color characteristics with the increase of the SFO
content are presented. In Figure 4 each parameter
value is normalized by using the EVOO value as
reference.

The increase of the two fluorescence peaks
(les1/ls20 and les1/laze) and the color parameter b
associated with a greater amount of EVOO could
be related to the increase of chlorophyll and B —
carotene too.

In view of the results of the RI and the chemical
analysis presented in Figure 3 and Figure 4 the RI
reduction could be related to the increase of the
chlorophyll content and of § — carotene content.

In future investigations the authors plan to study
in more detail the relation between fatty acid
content of the samples and the intensity of the
fluorescence peaks as well as the relation between
chlorophyll and  — carotene contents and RI.

Hence, three independent optical methods —
measuring of refractive indices, fluorescence
spectra, and color parameters, can be used for
identify a pure EVOO and determining the presence
of SFO adulterant. The results obtained
demonstrate that the measured physical parameters
are related to chemical structure and content of the
olive oils. So, these methods are useful of the
detection of adulteration of extra virgin olive oil
with cheap sunflower oil.
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XAPAKTEPU3UPAHE HA CTYJIEHO ITPECOBAH 3EXTUH, ®AJIITNPUILIMPAH C OJINO,
YPE3 PA3JINMYHN OU3NYHU METOAU
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(Pesrome)

B Ta3u crartus ce u3cieBa MOJNE3HOCTTA HA HAKOW (PU3MYHM METOMM 33 OTKPHUBAHETO Ha (anmudukaiys Ha
CTY/ICHO MPECOBaH 3€XTHH ¢ KOHTPOJIHMPAaHA KOHIEHTPAIMS Ha CPABHUTEIHO €BTHHO CIBHUYOTIIENOBO Macio. TecTBaHM
ca Tpu (U3MYHA METOAU 3a HM3MEPBaHE CHOTBETHO Ha mMokKaszartenutre Ha npedymBade (III1) u monydyaBane Ha
JMUCTICPCHOHHUTE KPUBH; Ha (IIYOPECUCHTHUTE CHCKTPU M HA LBETOBHUTE XapPAaKTEPUCTHKH, KOMTO Ca CBBP3aHU C
XMMHUYHATa CTPYKTypa W ChbIbpkaHuero Ha 3exrtuHHTe. CroiiHocture Ha [II1 Ha oOpa3umte ca U3MEpeHH C
€KCMIEPMMUHTAIHA HEOIPEENIEHOCT Mo-Majika oT 3x10% mo mMeTosa Ha m3desBamara AMQpPakIMOHHA KapTHHA 3a JIBE
IBIKMHA Ha BbJaHaTa — 405 nm u 532 nm mpu temmeparypa 23°C.. ®OiyopHCHEHTHATE CIEKTPH Ca M3MEPCHH C
BJIAKHECTOONTHYCH criekTpoMeThp AvaSpec-2038, Avantes, kato oOpa3uure Osixa BB30YKIAHH ChC CBETOIHOM,
U3TBYBAIIU cboTBeTHO HA 370 nm, 395 nm, 425 nm u 450 nm. UycTBUTETHOCTTa Ha CIIEKTpOMETEpa B obmactra (200 —
1100) nm e okono 8 nm. M3yuenu Osixa nperoBute xapakrepuctuku (L*, a*, b*,C* u hgp) Ha ommoro B SIELab
konopuMmerpuyHa cuctema upe3 Lovibond PFX 880. LiBeroBu xapakTepHCTHKH Osixa M3MOJI3BAHM 3a ONpEAesHe Ha [3 -
KapoTHH U Ha ChABPKAHUETO HA XJIOPOQHI B U3CIe[BaHUTE MPOoOU. BCHUKM MOMYYEeHH €KCHePUMEHTAIHH Pe3yJITaTh
MOKa3Baxa, 4e TPUTE MPEJCTABEHH ONTUYECKH METOH Ca B3aMMOCBBP3aHU M OMXa MOTJIH Jia ObJaT MOJe3HU 3a ObP30
OTKpHBaHe Ha (anmudukanys Ha CTYJCHO MPECOBAH 3€XTHH ChC CIBHYOINIECAOBO OJNIMO. Te3u TEeXHUKU ca Obp3u H
YYBCTBUTEJHH, & OCBCH TOBA HE M3KMCKBAT M3II0I3BAHETO HA HUKAKBH JOMIBJIHUTEIHH XUMUYECKH arcHTH.
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