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Abstract

UV-Vis absorption and fluorescence spectroscopy are used to test the quality
and changes in the composition of extra virgin olive oil (EVOO) and canola
oil (CO) with temperature. The increase of temperature caused a change in
the molecular structures of both types of oils seen as a gradual decrease of in-
tensity amplitudes of absorption and fluorescence signals. A significant altera-
tion occurred at =200°C where almost the main spectra of pheophytin-a, b,
carotenoids, lutein and vitamin E in EVOO and linoleic acid and oleic acid in
CO disappeared. An independent experiment showed the output of laser
changes linearly with the input in oil at constant temperature (Ze., room tem-
perature) where the transmission values of =33% and =75% are determined
for EVOO and CO respectively. However, the transmission through a heated
oil exhibited a non-linear behaviour which indicates the molecular optical re-
sponse to thermal changes. The effect of storage time and adulteration of oils
were also evaluated.
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1. Introduction

There is a wide range of vegetable oils which are used for variety of daily appli-
cations such as cooking, cosmetics and pharmaceuticals. For example, olive and
canola oils are considered mostly monounsaturated fat, while corn and soybean

oils contain mainly polyunsaturated fat (ie., more than one double bond) and

DOI: 10.4236/0pj.2018.87021 Jul. 23, 2018 247 Optics and Photonics Journal


http://www.scirp.org/journal/opj
https://doi.org/10.4236/opj.2018.87021
http://www.scirp.org
https://doi.org/10.4236/opj.2018.87021
http://creativecommons.org/licenses/by/4.0/

M. E. Khosroshahi

coconut oil is predominantly saturated fat (i.e., no double bond in the molecule).
For the purpose of this research an EVOO and CO are selected for comparison.
Olive oil is a complex compound constitutes of fatty acids CH;(CH,)nCOOH
such as monounsaturated oleic (=83%) and polyunsaturated linoleic acid
(=21%), vitamins (e.g. vitamin E), water soluble components and used through-
out the world particularly in Mediterranean countries. Fatty acid, is a carboxylic
acid (R-COOH) consisting of a long hydrocarbon chain, with a terminal carbox-
yl group. The composition of olive oil varies with the cultivar, altitude, time of
harvest and extraction process., ie., cold-pressed or refined [1] [2]. If the olive
oil is made by pressing and did not undergo any of the industrial processes used
to make “refined” oils such as canola, sunflower, soybean, it is referred to as
“virgin” olive oil (VOO). The lower grades of olive oils are labeled as “Pure”,
“Light”, or simply “Olive Oil”.

Generally, the health-related beneficial properties of olive oil for cardiovascu-
lar disease and cancer prevention (e.g. colon cancer) are mainly attributed to its
major components such as omega-3 and omega-6 fatty acids, vitamins (e.g.,
a-tocopherol, an antioxidant form of vitamin E) and strong antioxidant sub-
stances such as polyphenols [3] [4]. There for, VOO demonstrates high resis-
tance to oxidation in comparison to other vegetable oils. An EVOO is the least
processed form of olive oil with extra monounsaturated fatty acids than the oth-
er forms and is required to have no more than 0.8% free acidity, which improves
its favorable flavor characteristics. The oxidative stability of EVOO correlates
with the concentration of hydrophilic phenolic compounds and another signifi-
cant minor component is a-tocopherol, which protects the oil from oxidation at
higher temperatures [5] [6]. Canola oil (CO) produced in Canada is obtained
from the seeds of Brassica napus and Brassica rapa. These cultivars are low in
erucic acid and glucosinolates and have different chemical and physical proper-
ties compared to high erucic acid rapeseed oil. The main composition of canola
oil is: linolenic, linoleic, oleic, palmitic, steric, high oleic canola and low linolenic
canola. Apart from heating, other parameters which directly affect the oil quality
are light and the storage period. For these reasons they are more expensive due
to the arduous tasks involved during the cultivation of olive trees, the harvesting
and the extraction processes. This is normally the main reason for their adulte-
ration with other edible oils of lower commercial value [7] [8]. Consequently, a
rapid, inexpensive and non-invasive analytical technique would be desirable par-
ticularly for on-line applications. Considerable amount of research and informa-
tion is available in literature using different techniques including high-performance
liquid chromatography (HPLC) [9], Fourier-transform infra red spectroscopy
(FTIR) [10], mass spectroscopy (MS) [11], nuclear magnetic resonance (MNR)
[12], inductively coupled plasma optical emission spectroscopy (ICP-OES) [13],
Raman spectroscopy [14] and optical spectroscopy such as absorption and fluo-
rescence spectroscopy [15] [16].

Briefly, fluorescence as a kind of photoluminescence is based on the excitation

of molecules from the ground state by absorption of radiation with an energy
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corresponding to the energy difference between the ground and excited states of
a given fluorophore. The internal conversion and the vibrational relaxation are
the two responsible processes for the emitted photon having lower energy than
the incident photon. This shift to longer wavelength is known as Stokes shift,
which is essential for sensitivity of fluorescence detection because it allows effec-
tive separation of the fluorescence emission signal from Rayleigh-scattered exci-
tation singlet. The lifetime is about nanosecond.

It is noteworthy that laser-induced fluorescence spectroscopy (LIES) has
number of advantages that can be utilized to compensate some of the absorption
spectroscopy (AS) where it generally indicates the presence of dyes and pig-
ments. For example, in LIFS every molecule has its own optical signature exhi-
bited as an emission due to absorption and excitation by a specific wavelength.
This is even enhanced further if the wavelength is monochromatic and coherent
such as a laser which can set to operate at only one wavelength only. Therefore,
the molecular response would be very much selective indeed. This higher selec-
tivity with lower background noise is counted as a major advantage of LIFS over
typical AS. Also, LIF has higher sensitivity in contrast to AS where the emitted
photons are detected against a low background. The sensitivity is about 100 -
1000 times higher than AS ie., enabling the concentration measurement down
to parts per billion levels [17]. Among other optical methods that are applied for
biological and biomedical investigations, LIFS is one of the most widely spread
spectroscopic methods which has been used for biomedical applications espe-
cially in diagnosis of cancer [18] [19]. T he purpose of this work is to describe
the possibility of application of AS and LIFS to investigate the optical response

of EVOO and canola oil after heating, storage time and adulteration.

2. Materials and Methods

Two EVOO in dark green colour glass, one fresh and other with 6 months sto-
rage time and a fresh canola oil were used for the experiment. The oils were
poured in 10 mm cuvette without dilution for UV-Vis absorption spectroscopy
(JENWAY-7205) between 200 - 900 nm. Prior to measurements, a blank 10 mm
cuvette filled with =80% distilled water was used for calibration and then cuvette
filled with bubble-free oil was cleaned and placed inside the spectrometer with
the clear side facing towards the light source. The samples were heated inside a
glass beaker by a hot plate (Cole-palmer) close to spectrometer to reduce the
cooling effects due to environment. The above procedure was repeated for the
laser-induced fluorescence spectroscopy (LIFS) (Flame-T-XRI-ES-Ocean optics)
using a 10 mW 405 nm diode laser pointer. A 10 mW 532 nm laser pointer was
also used to compare and visualise the fluorescence with that of 405 nm. For the
independent transmission experiment, an optical fibre-coupled 4-channel laser
(MCL-Thor Labs) was used at 406 nm with a variable out put power. A low level
1 mW He-Ne laser at 632 nm (Newport) was used to investigate the variation of

transmission with temperature. The out put signal was detected by an avalanche
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photodiode power sensor (S121-C-Thor Labs) All LIFS experiments were per-
formed in dark room at 20°C with the metal lid covering the cuvette to prevent

from the background light noise.

3. Results

Figure 1(a) shows the absorption peaks of fresh EVOO at room temperature
with multiple peaks where the 300 - 400 band provides some information about
polyphenols antioxidants [16]. The absorption maxima located at positions
around 425, 450 and 476 nm are due to presence of carotenoids, however, the
407 nm peak of pheophytin-a, which is a chemical compound that serves as the
electron carrier in the electron transfer pathway of photosystem in plants can be
easily overlapped by 424 nm peak of carotenoid. The 525 nm peak corresponds
to vitamin E and chlorophyll band has two maxima positioned at 430 and 664
nm (=670 nm in our case) respectively. The chlorophyll and carotenoids signifi-
cantly affect the olive oil colour, which is an important factor for consumers.
The greenish hues of VOO is due to chlorophyll pigments particularly pheophy-
tin-a which is found in great amount in olive oils. The major yellow pigments of
EVOO are explained by the presence of lutein and S-carotene. [20]. Lutein is one
of two major carotenoids and like xanthophylls is found in high quantities in
green leafy vegetables such as olive, spinach, and kale. The 450 and 476 nm
peaks correspond to carotenoids. When the temperature gradually increased up
to 50°C Figure 1(b), no changes was observed at 425 nm but the peaks 450, 476
and 670 nm slightly decreased. At 100°C Figure 1(c), 450 and 476 nm peaks al-
most disappeared and by further increasing the temperature to 200 ‘C Figure
1(d), all the peaks are now vanished except the dominant carotenoid peak at 425
nm and the 670 nm of chlorophyll which were decreased by 65% and 67% re-
spectively.

Figure 2 represents the corresponding transmission curves for EVOO at room
temperature (OR) and at 200°C (O-200) respectively. Clearly, as temperature
increases, the transmission also increases, which in this case corresponds to
=30%. This is investigated independently and will be discussed in the following
sections.

As it can be seen in Figure 3, the corresponding absorption peaks of older
EVOO show a significant difference compared with the fresh sample. The 425
nm peak has reduced considerably and the other maxima have almost vanished,
however, the 670 nm peak shows no considerable change. A similar effect was
observed when the temperature was increased and the amplitudes of corres-
ponding peaks reduced by almost 80% and 50% for the above results respective-
ly.

The experiment was repeated with CO and the results in Figure 4 show three
distinct maxima at 285, 360 and 420 nm where the first one is thought to cor-
respond to linoleic acid and the latter two to oleic acid respectively. It is inter-

esting to note that the peaks amplitude did not change by increasing the temperature
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Figure 1. UV-Vis absorption spectroscopy of EVOO at different temperature.
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Figure 2. Transmission of EVOO at room temperature and 200°C.

up to 50°C but it began to show a decreasing trend at 100°C where 285 and 360
nm lines almost reduced to its base line and the 420 nm reduced by about 20%.
At 200°C, all lines are completely vanished and the 420 nm peak reduced by
50%.

The transmission curves shown in Figure 5 demonstrates the fact that by in-

creasing the temperature, transmission increases as expected similar to EVOO.
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Figure 3. Comparison of absorbance and the corresponding transmission of aged EVOO at Room Temperature and 50°C.
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Figure 4. UV-vis absorbance of CO at different temperatures.
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Figure 5. The corresponding transmission of CO at different temperatures.

Transmission of the dominant line at 420 nm increases from =15% at room
temperature (CR) Figure 5(a) to 40 % at 200°C (C-200) in Figure 5(d). To test
the adulteration effect, a mixture of EVOO and CO with equal ration (50% -
50%) was prepared and the experiment was repeated at room temperature. As
seen in Figure 6(a), the EVOO showed its main characteristics but with much
reduced amplitudes. Also, the line 360 nm of CO appeared in the curve. The
corresponding transmission result is shown in Figure 6(b) where an increase of
=~20% occurs due to addition of higher transmissive properties of CO.

An independent experiment was performed to test the transmission properties
of oils by using a 406 nm laser with variable out put power. The results in Figure
7(a) indicate that for a given oil, the transmission increases by increasing the la-
ser out put power and that it is higher for canola (75%) compared to EVOO
(33%), which is explained in terms of optical behaviour of oils at molecular level
in discussion section. Figure 7(b) illustrates an example of light transmission
through EVOO and CO using 405 and 532 nm lasers in transverse and longitu-
dinal directions. It is interesting to note that 532 nm wavelength shows higher
transmission compared to 405 nm in EVOO. The beam broadening and diver-
gence ar due to molecular collisions and thermal random Brownian motion
during the diffusion process. A red fluorescence at 780 nm was observed using
532 nm, Figure 7(c).
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Figure 6. UV-Vis absorbance and the corresponding
transmission of mixed EVOO and CO with 50-50% ratio.

One way, light can interact with matter is through the process of light scatter-
ing, in which particles such as atoms or molecules in the path of a beam disperse
the light in different directions. According to Rayleigh theory, particles with di-
mensions smaller than the light wavelength act as a point source elastic scatter-
ing where the intensity I of the scattered light depends on the square of particle

volume V and distance 1/7 from the particles to the observer ie.,
VZ
[:(Hjlof(nlanz) (1)

where f(n;,n,) is dimensionless function of the refractive indices of the par-
ticle and the environment. Assuming the small particles are identical in terms of
their size, shape and orientation, the scattered light is symmetric about the par-
ticles. However, when the particles size increases, the wavelength dependence of
the intensity of the scattered light decreases and the intensity distribution in-
creases in the forward direction. In this case, the scattering phase function p for
small angles is much higher than for all other angles, thus the mean cosine of the
scattering g tends towards a value of unity. Therefore, higher the g value the

more forward-peaked the scattering.

g= J.p(g)cos(g)df (2)

where ds’ represents the photons travelling in direction ds are scattered into

a new direction. It is noteworthy that the output signal is combination of
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Figure 7. (a)Variation of 406 nm laser output power with input power for EVOO and CO
at room temperature, (b) beam profile of 532 and 405 nm in transverse and parallel direc-
tions and the corresponding fluorescence of EVOO and CO at room temperature, (c) an
example of 532-induced fluorescence response of EVOO.

transmitted and the forward scattered light at 180°. Based on the above explana-
tion, it can be argued that the higher transmission by CO indicate the higher de-
gree of combined forward scattering and the transmitted light as well as multiple
scattering as this causes significant deviation from the spatial distribution and
polarization of scattered light predicted bt Rayleigh scattering. Finally, in some
cases, the disperded particles in colloidal suspensions may interact with each
other and hence form ordered structures in the solution. This effectively can re-
sult in higher transmission of light within solution.

To gain a better understanding of thermal response of EVOO, an experiment
was carried out using a low level He-Ne laser, Figure 8. The results represent the
variation of laser out put with temperature and as it can be seen, the out put sig-

nal increases linearly up to 50°C where the turning point occurs and from that

DOI: 10.4236/0pj.2018.87021

255 Optics and Photonics Journal


https://doi.org/10.4236/opj.2018.87021

M. E. Khosroshahi

1.25
1.2

s 115

£

5 14

2

o

T 105

-

=

3 1
0.95
0.9

0 20 40 60 80 100
Temperature ( °C)

Figure 8. Variation of laser output with temperature for EVOO. The inset
indicates the He-Ne laser beam inside the oil.

point onward it continuous to increase non-linearly with temperature increase
due to changes of oil chemical bonds and optical parameters such as change of
refractive index.

Figure 9 represents the LIFS of EVOO at different temperatures. Clearly, at
room temperature (OR) two distinct peaks at 525 and 660 nm are observed,
which are likely related to Vitamin E and chlorophyll respectively. However, the
intensity of fluorescence decreases with the increase of temperature such that
only the 660 nm peak rapidly diminishes and almost disappears at O-200. The
525 nm peak only exhibits a change at 200°C where the amplitudes is reduced by
about 30%.

The experiment was repeated for CO as shown in Figure 10 and a major peak
at 550 nm and a minor peak at 580 nm were observed (CR). Again, no consi-
derable changes occurred until 100°C where the amplitudes of both peaks began
to reduce. At 150°C, the intensity decreased by 50% and at 200°C decreased even
further down to about 37%.

4. Discussion

This work describes the effects of temperature on composition and the quality of
two widely used vegetable oils: EVOO and CO. Heating can be applied in dif-
ferent ways such as frying, boiling and microwave oven. Therefore, in the con-
text of cooking, a variety of chemical changes are expected to occur depending
on the nature of technique as well as the degree of heating and exposure time.
These changes include chemical reactions, which in turn can be in the form hy-
drolysis, oxidation and polymerization all of which lead to possible loss of nutri-
tional values and in some cases at long run causes a serious health problem due
to release of free radicals namely cancer. Indeed, it has been shown [21] that mi-
crowave cooking of fatty foods at high temperature produces isomeration (Ze.,

formation of frans) of the double bonds of fatty acids. In a research, [22] used
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Figure 9. Laser-induced fluorescence spectra for EVOO at different temperatures.

two different brands of olive oils to study the heating effect and reported that
tocopherols and polyphenols were the most affected by the thermal treatment
with highest degradation rate. The degradation of vegetable oil quality is mainly
caused by the oxidation of fatty acid, which produces hydroperoxide and some
volatile compounds through initiation, propagation and termination [23]. The
initiation phase starts with breakdown of hydrogen bond by the reaction
R-CH=CH-R, >R -CH=C-R,+H
Fatty acid Free radical

(3)
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Figure 10. Laser-induced fluorescence spectra for CO at different temperatures.

where the initiator can be in the form of heat, light, free radicals, photosensitiz-
ing pigments and metal ions [23]. This reaction produces two free radicals that
are responsible for producing peroxyradicals, which will grow rapidly in oxy-
gen-rich sites. Consequently, hydrogen is taken out from an unsaturated fatty
acid to form hydroperoxide and other free radical. The concentration of pro-
duced hydroperoxide increases during the propagation stage and at the termina-
tion phase, the oxidation process continuous the transformation of hydroperox-
ides into secondary nonradical oxidation compounds such as aldehydes, alco-
hols, esters, short-chain hydrocarbons and volatile ketones. Therefore, the pres-
ence of antioxidants including vitamin E, phenols and carotenoids in oils are es-

sential to counteract the oxidation process.

DOI: 10.4236/0pj.2018.87021

258 Optics and Photonics Journal


https://doi.org/10.4236/opj.2018.87021

M. E. Khosroshahi

The results of UV-Vis absorption spectroscopy of both oils showed a syste-
matic decrease of all dominant absorbance peaks with increase of temperature.
This can be explained by Maxwellian distribution where by increasing the tem-
perature, the thermal velocity distribution curve of molecules broadens and thus,
the peak of curve is red-shifted. This red-shift in turn implies that the molecules
no longer observe the optimized or maximum absorbing photons hence causing
a change in peak. Therefore, the molecules population ends up absorbing a
broader range of wavelengths than it did at a lower temperature. Indeed, the ab-
sorption process is very specific and results in an attenuation of the radiation
and an increase of the electrons of the atom or molecules. Thus, such a shift will
result in lowering the amount of energy absorption by specific target molecules.

The root mean square velocity of molecules is

J@a/i’;j (4)

where M is the molecular mass, R = 8.31 J-mol™"-K™"-mol™" universal gas constant

and T'is the temperature. For polyatomic system the average kinetic energy is

(K-E)=3/2KT (5)

which causes the energetic displacement of molecules with respect to their equi-
librium position consequently results in more deviation of molecules from the
beam path. Thus, effectively, we have
AL T
— =B (6)
A M
where AA is the change in incoming laser wavelength and A is the initial laser
wavelength and S is the proportionality constant. Such temperature-induced
molecular displacement can also create more inter-molecular space within the
medium through which the beam can propagate and be transmitted more then

when it was at lower temperature, Figure 8. From Beer’s Law

A=-log,,T = &cl (7)

where A is the absorbance of medium, ¢is the molar absorptivity (M-cm™), c is
the concentration and /is the optical path length. Thus, by increasing the tem-
perature absorbance decreases and consequently the transmittance increases
which confirms the results in Figure 8. The deviation of the beam ie., non-
linearity can be explained because of the refractive index of medium, which
changes by temperature and the deviation of the beam occurs. The heating can
produce thermal gradient within the oil due to absorption of light energy and
redistribute the concentration of molecules. These factors can change the refrac-
tive index of medium. Therefore, thermal and concentration diffusion of mole-
cules occur due to local heating by the laser beam inside the oil. It is noteworthy
that An can be caused by both thermal and nonthermal effects where in the first
case, the change of refractive index caused by thermal heating and concentration

redistribution is given by
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d
dn(r.z) _(on)  onoe (8)
ar \or ). Tacer

In the case of EVOO included 425, 450 and 476 nm corresponding to presence
of carotenoids with possible overlapping between 407 nm peak of pheophytin-a
and 424 nm peak of carotenoid, vitamin E with a characteristic peakat 525 nm
and the chlorophyll band with two maxima at 430 and 670 nm. In the case of
CO, the peaks at 280, 360 and 420 nm mainly corresponding to linoleic and oleic
acids exhibited a similar behaviour. During the heating in both cases, significant
changes such as decrease of oxidative stability were observed above 100°C,
which can suggest the depletion of antioxidants. Oxidative stability is resistance
of oils against oxidation during processing and storage [24] and is a key indica-
tor to determine the quality of oil shell-life [25] because low-molecular weight
off-flavour compounds are created during oxidation process. Therefore, essential
fatty acids are destroyed, and some toxic compounds and oxidizing polymers are
produced [26]. Deodorization, is a term used in industry to represent the
processing stage where isomeration occurs from cis (ie., the ends of carbon
chain of fatty acid is bent towards each other) to trans (ie., opposite direction).
From a nutritional point of view the cisis more desirable as fatty acids with trans
tends to modify the texture and melting properties of fat or oil. During refine
processing of CO, formation of trans isomers of linolenic and linoleic acids are
observed and oleic acid is less prone to isomeration [27]. It was found out that
after two hours at 260, about 22% of the linoleic acid was transformed into trans
isomers. As it is seen from Figure 3 there is a significant change between the
fresh and the aged EVOO. This can be explained by the fact that during storage,
oil is subject to hydrolysis, oxidation and polymerization all of which result in
deuteration of oil quality both in sensory and nutritive values. Hydrolysis can
further undergo oxidation reactions, which was explained above [28]. All the
possible changes occurring in an oil for different reasons exhibit the chemical
alterations in different ways as observed in LIFS results where the amplitudes of
fluorescence intensity progressively decreased in both EVOO and CO with tem-
perature. For example, by increasing the temperature the peak corresponding to
chlorophyll at 660 nm is strongly diminished and in fact vanishes at =200°C
(Figure 9). Also, adulteration indicated a noticeable change in absorption spec-
trum and it can be utilized to test the originality, however, to differentiate be-
tween different types of oils LIFS can be employed simultaneously for the pur-

pose of completeness.

5. Conclusion

UV-Vis absorption and fluorescence spectroscopy were used to test the quality
and changes in the chemical structure of two types of EVOO and CO. The re-
sults confirmed that the composition and possible changes can be detected by
both systems. The increase of temperature caused a change in the molecular

structures of both types of oils seen as a gradual decrease of intensity amplitudes
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of absorption and fluorescence signals. In our case, a dramatic alteration oc-

curred at =200°C where almost the main spectra of pheophytin-a, b, carotenoids,

lutein and vitamin E in EVOO and linoleic acid and oleic acid in CO are disap-

peared. Aging and adulteration of an oil can also be tested by these systems and

it is suggested best tested by using a combined system.
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