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Abstract

Extra virgin olive oil (EVOO) and canola oil (CO) quality and composition variations with temperature are tested
using UV-Vis absorption and fluorescence spectroscopy. The amplitudes of the absorbance and fluorescence signals
gradually decreased as the temperature rose, indicating a change in the molecular structures of both types of oils.
About the entire spectrum of pheophytin-a, b, carotenoids, lutein, and vitamin E in EVOO and linoleic acid and oleic
acid in CO vanished at about 200°C, which was a considerable change. In a separate experiment, the transmission
values for EVOO and CO were determined to be 33% and 75%, respectively, and it was shown that the output of the
laser fluctuations in petroleum at a constant level (i.e., ambient) are linear depending on the intake. However, a non-
linear behaviour was seen in the transmission through heated oil, indicating a molecule optical response to temperature
variations. The impact of oil adulteration and storage time were also assessed.
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Introduction

Vegetable oils come in a vast variety and are used for many daily
tasks, including cooking, cosmetics, and medications. For instance, the
majority of the fat in olive and canola oils is monounsaturated, while
the majority of the fat in maize and soybean oils is polyunsaturated
(i.e., contains more than one double bond), and the majority of the
fat in coconut oil is saturated (i.e., no double bond in the molecule).
An EVOO and CO are chosen for comparison in the research for
this study. Olive oil is a complex substance that includes fatty acids
CH3(CH2)nCOOH such monounsaturated oleic acid (about 83%) and
polyunsaturated linoleic acid (about 21%), vitamins (like vitamin E),
and water-soluble components. It is used all throughout the world, but
is most popular in Mediterranean nations. A fatty acid is a carboxylic
acid with a lengthy hydrocarbon chain and a carboxyl group at the
end. The cultivar, altitude, time of harvest, and extraction method,
such as cold pressing or refining, all affect the composition of olive
oil. It is referred to as “virgin” olive oil if the olive oil is produced by
pressing and does not go through any of the industrial processes used
to produce “refined” oils like canola, sunflower, or soybean. “Pure,”
“Light,” or “Olive Oil” are used to describe the lesser grades of olive
oil. The main components of olive oil, such as omega-3 and omega-6
fatty acids, vitamins, and potent antioxidants [1-5] like polyphenols,
are generally responsible for its health benefits for preventing cancer
and cardiovascular disease. As a result, Compared to other vegetable
oils, VOO exhibits a great resistance to oxidation. An EVOO is the
least processed type of olive oil and has more monounsaturated fatty
acids than the other types. It also has to have a free acidity level of 0.8%
or less, which enhances the flavour. A notable minor component is
-tocopherol, which shields the oil from oxidation at higher temperatures
[5], [6] and correlates with the content of hydrophilic phenolic
chemicals in EVOO. Brassica napus and Brassica rapa seeds are used to
create canola oil (CO) in Canada. These cultivars differ chemically and
physically from high erucic acid rapeseed oil due to their low erucic
acid and glucosinolate content. Linolenic, linoleic, oleic, palmitic,
steric, high oleic canola, and low linolenic canola make up the majority
of canola oil’s chemical make-up. Light and the length of storage are
two other factors, in addition to heating, which have a direct impact on
oil quality. Due to the difficult duties required during the cultivation of

olive trees, the harvesting, and the extraction processes, they are more
expensive for these reasons. Their adulteration with other edible oils of
lower commercial value typically occurs for this reason [7], [8]. As a
result, an analytical method that is quick, affordable, and non-intrusive
would be ideal, especially for online applications. Considerable amount
of research and information is available in literature using different
techniques including high-performance liquid chromatography
(HPLC) [4], Fourier-transform infra-red spectroscopy (FTIR) [1],
mass spectroscopy (MS) [1], nuclear magnetic resonance (MNR) [1-
2], inductively coupled plasma optical emission spectroscopy (ICP-
OES) [1-3], Raman spectroscopy [1-4] and optical spectroscopy such
as absorption and fluorescence spectroscopy [1-5] [6-10]. In a nutshell,
the principle behind fluorescence, a type of photoluminescence, is the
excitation of molecules from their ground state through the absorption
of light with energy proportional to the difference between the ground
and excited states of a certain fluorophore. The two processes that
result in the radiated photon having less energy than the incident
photon are internal conversion and vibrational relaxation. The Stokes
shift, which allows for efficient separation of the fluorescence emission
signal from the Rayleigh-scattered excitation singlet, is what causes
this shift to longer wavelengths. This shift is crucial for the sensitivity
of fluorescence detection. There is a nanosecond-long lifetime. It is
important to highlight that laser-induced fluorescence spectroscopy
(LIFS), which often detects the presence of dyes and pigments, offers a
number of advantages over absorption spectroscopy (AS). For instance,
each molecule in LIFS has a unique optical signature that manifests
as an emission as a result of absorption and excitation by a particular
wavelength. If the wavelength is monochromatic and coherent, as in the
case of a laser that can be configured to operate at only one wavelength,
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this benefit is even further increased. The molecular response would be
extremely selective as a result. Its better selectivity with less background
noise is seen as one of LIFS’s biggest advantages over conventional AS.
Moreover, compared to AS, where the photons that are emitted are
detected against a low background, LIF has higher sensitivity. The
sensitivity is approximately 100-1000 times greater than AS, allowing
for the detection of concentrations at parts per billion levels. LIFS is
one of the most popular spectroscopic techniques used for biomedical
applications, particularly in the diagnosis of cancer. It is one of many
optical techniques used for biological and biomedical research. The
goal of this research is to discuss the potential application of AS and
LIFS to examine the optical response of EVOO and canola oil during
heating, storage, and adulteration.

Materials and Procedure

For the experiment, fresh canola oil, two EVOO in dark green
glass bottles—one fresh and the other after six months of storage—
were employed. In order to conduct UV-Vis absorption spectroscopy
(JENWAY-7205) between 200 and 900 nm, the oils were poured
directly into a 10 mm cuvette. Prior to taking the measurements, the
spectrometer was calibrated using a blank 10 mm cuvette filled with
around 80% distilled water. To lessen the effects of environmental
cooling, the samples were heated with a hot plate (Cole-Palmer) next
to the spectrometer. Using a 10 mW 405 nm diode laser pointer, the
Figure laforementioned steps were repeated for the laser-induced
fluorescence spectroscopy (LIFS) (Flame-T-XRI-ES-Ocean optics). In
order to compare and visualise the fluorescence with that of 405 nm,
a 10 mW 532 nm laser pointer was also used. An optical fiber-coupled
4-channel laser (MCL-Thor Laboratories) operating at 406 nm with a
variable output power was employed for the independent transmission
experiment. The fluctuation of transmission with temperature was
investigated using a low power 1 mW Newport He-Ne laser. A power
sensor for an avalanche photodiode picked up the output signal (S121-
C-Thor Labs). The cuvette was covered with a metal lid to shield it from
ambient light noise during all LIFS experiments, which were conducted
in a dark room at 20 C.

Results

Figure 1 displays the numerous absorption peaks of fresh extra
virgin olive oil at room temperature. The 300-400 band contains
information regarding polyphenol antioxidants. Carotenoids are
responsible for the absorption maxima at wavelengths around 425, 450,
and 476 nm; nevertheless, the carotenoid’s 424 nm peak can readily
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Figure 1: EVOO's UV-Vis absorption spectroscopy at various temperatures.

overlap the chemical molecule pheophytin-407 a’s nm peak, which acts
as an electron carrier in the photosystem of plants. The chlorophyll
band has two maxima located at 430 and 664 nm (about 670 nm in
our case), respectively, and the 525 nm peak is associated with vitamin
E. Olive oil’s colour is substantially influenced by carotenoids and
chlorophyll, which is a crucial aspect for customers.

Discussion

In this study, the effects of temperature on the content and quality
of CO and EVOO, two commonly used vegetable oils, are discussed.
There are numerous ways to apply heat, including frying, boiling, and
microwave ovens. Hence, depending on the type of technology used as
well as the intensity of heating and exposure period, various chemical
changes are anticipated to occur in the context of cooking. These
modifications include chemical processes like hydrolysis, oxidation,
and polymerization, all of which have the potential to reduce nutritional
value and, in some circumstances, over time; result in a major health
issue like cancer owing to the production of free radicals.

Conclusion

Two varieties of EVOO and CO were tested for quality and changes
in chemical structure using UV-Vis absorption and fluorescence
spectroscopy. The outcomes demonstrated that both systems are
capable of detecting composition and potential alterations. The
amplitudes of the absorbance and fluorescence signals gradually
decreased as the temperature rose, indicating a change in the molecular
structures of both types of oils. These systems can also test for oil ageing
and adulteration, although it is reccommended that the optimal testing
method be a combined one.
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