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ABSTRACT

In this study, the oxidation behavior of rapeseed oil was evaluated. The analysis aimed
investigate the changes occurring in the optical properties of the oil as a result of oxidative conditions.
Spectrophotometric results indicate that the absorption spectrum of rapeseed oil oxidized for 5
hours remains largely similar to that of fresh, unoxidized oil. The overall spectral profile is preserved,
suggesting that the structural modifications induced by oxidation at this stage are relatively limited.
However, noticeable differences can be observed in the ultraviolet region of the spectrum, where
oxidation-related compounds formed during thermal treatment contribute to changes in absorbance.
These variations are associated conjugated molecular structures that absorb strongly in the UV range.
Furthermore, in both the oxidized and unoxidized samples, a distinct and pronounced absorption peak
is observed at approximately 670 nm. The persistence of this peak suggests the presence of pigments
or other chromophoric compounds that remain detectable despite the oxidative processes occurring
during heating. The intensity and position of this absorption band may provide useful information
regarding the stability of naturally occurring constituents in rapeseed oil under thermal stress.
Overall, the findings demonstrate that thermal oxidation primarily affects the ultraviolet absorption
characteristics of rapeseed oil, while the visible spectral features remain relatively unchanged after
5 hours of oxidation.
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INTRODUCTION

The quantitative measurement of
the transmission, absorption, and reflection of
electromagnetic radiation by a material as a
function of wavelength. The term specifically
refers to techniques that employ radiation in the

ultraviolet (UV), visible (VIS), and infrared (IR)
regions of the electromagnetic spectrum, making
spectrophotometry an important component of
electromagnetic spectroscopy.

The technique is based on the ability of
chemical compounds to absorb or transmit light at
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specific wavelengths. As a result, spectrophotometry
is widely used for both qualitative and quantitative
analyses. Qualitatively, it enables the identification of
substances present in a sample, while quantitatively,
it allows the determination of their concentrations.
In addition, spectrophotometric methods can be
employed to determine equilibrium constants in
chemical systems.

Although both reactions continue to
proceed, no net change in concentration is
observed. This condition is referred to as dynamic
equilibrium. From a spectrophotometric perspective,
the concentrations of reactants and products at
equilibrium can be determined by measuring the
amount of light transmitted through or absorbed by
the solution.

Since every chemical compound interacts
with electromagnetic radiation by absorbing,
transmitting, or reflecting light within characteristic
wavelength ranges, these interactions can be used
for analytical purposes. The instruments used
to perform such measurements are known as
spectrophotometers.

A spectrophotometer is designed to
accurately measure the intensity of light before and
after it passes through a sample. By determining the
amount of absorbed radiation, the concentration of
a substance can be calculated indirectly according
to established absorption laws. Depending on the
spectral region employed, spectrophotometry can
be classified into two main categories:

UV-Visible (UV/VIS) spectrophotometry,
which utilizes wavelengths ranging from
approximately 185—-400 nm in the ultraviolet region
and 400-750 nm in the visible region.

Infrared (IR) spectrophotometry,
which operates within the wavelength range of
approximately 750 nm to 1000 pm.

These techniques are extensively applied in
chemistry, biochemistry, environmental monitoring,
food analysis, and pharmaceutical research due to
their accuracy, sensitivity, and versatility.

UV/VIS spectrophotometry is most frequently
1) Solutions containing transition metal
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cations, most of which are colored (absorb
electromagnetic radiation from the visible
spectrum) due to electrons on d-type orbitals
that can be easily excited and thus caused
to perform quantum transitions. The color
of solutions containing such cations can,
however, be affected by the presence of
anions or ligands. For example, the light
blue CuSO4 solution can be intensified with
ammonia, which can change the absorption
maximum.

2) Organic compounds, especially those
that exhibit a high degree of conjugation
(systems with p orbitals in which single
and multiple bonds alternate and which, in
general, decrease the total energy of the
molecule, thus increasing its stability). For
example, DNA, RNA and proteins absorb
electromagnetic radiation mainly from the
UV spectrum and very rarely from the visible
spectrum. For these determinations, ethanol
is most often used as a solvent because it
absorbs much less than water

The calibration of a spectrophotometric
method for a specific substance is typically carried
out in two distinct stages:

The absorption maximum of the
substance in question is determined by scanning
the wavelengths in accordance with its color. If the
substance is colorless, a specific color reaction is
identified and the colored product is analyzed.

The relationship between the concentration
of the substance taken in the analysis (or of the
resulting product if it is a color reaction) and
absorption is determined. This determination is
made at the wavelength corresponding to the
absorption maximum determined in step 1. The
identification of the wavelength that exhibits
maximum absorption must be carried out on a
sample whose concentration does not determine
an absorption greater than 1 at this wavelength.
Convenient values for absorption are between
0.1 and 1. Above this value, the shadowing effect
of the particles can modify the correctness of the
results. This situation involves concentrations that
are too high in which the component particles of the
solution, being too close, can be located one behind
the other and do not contribute to the absorption.
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Therefore, for a given substance, the identification
of this concentration is done by tests'®.

MATERIAL AND METHODS

The spectroscopic analysis of rapeseed oil
was performed using a T60V spectrophotometer,.
The T60V spectrophotometer is supplied as standard
with either a universal variable path-length cell holder
or an eight-cell fixed path-length changer, providing
flexibility for different analytical applications.
Combining high measurement accuracy with
user-friendly operation, the T60V offers many of
the capabilities of advanced spectrophotometric
systems while maintaining a cost-effective design.
These characteristics make it a suitable instrument
for the spectroscopic characterization and quality
assessment of rapeseed oil samples.

RESULTS AND DISCUSSION

The results showed that samples exhibited
transmittance spectra with shapes similar to those
of the unoxidized samples. No significant alterations
in the spectral profiles were observed; however,
hypochromic shifts, characterized by a decrease in
transmittance intensity, were detected throughout
the spectra’®'®. These findings suggest that thermal
oxidation at 110°C primarily affects the intensity
of the transmitted radiation rather than causing
substantial modifications to the overall spectral
pattern.

Increasing the oxidation temperature,
from 110°C to 130°C, no significant changes in the
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shape of the transmittance spectrum of rapeseed
oil oxidized for 5 hours (fig. 2.b). Notable changes
occur in the case of oil oxidized for 10 hours, in which
case a shift of the transmittance spectrum towards
the ultraviolet range is observed.

Spectrophotometric method after thermal
treatment at 110 °C, 120 °C, and 130 °C for
periods, reveal significant insights into the thermal
degradation and oxidative processes occurring in
the oil. The results clearly demonstrate that heating
duration and temperature strongly influence the
optical properties of rapeseed oil, primarily due to
chemical alterations in its molecular structure during
oxidation.

For the unoxidized rapeseed oil samples,
high transmittance values were observed across
the visible region before heating, indicating the
initial clarity and purity of the oil. Upon heating for
5 hours, a gradual decrease in transmittance was
noted, particularly in the shorter wavelength region
(below 450 nm), which corresponds to conjugated

Fig. 1: Spectrofotometer T60V

Fig. 2: Dependence transmittance vs. wavelenght for rapeseed oils,
oxidized at temperatures of 110°C (a) and 130 °C (b)
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dienes. These compounds absorb more strongly,
reducing light transmission. After 10 hours of
heating, this reduction became more pronounced,
suggesting the progression of the oxidation process
and the generation of secondary products such as
aldehydes, ketones, and polymers.

In contrast, oxidized rapeseed oil exhibited
significantly lower transmittance values even before
the heating process, confirming that previous
oxidative exposure had already produced substantial
molecular changes. With continued heating,
particularly at 120 °C and 130 °C, the transmittance
spectra showed a marked decline with time,
reflecting further decomposition of unsaturated fatty
acids and an increase in chromophoric compounds
responsible for color darkening. The characteristic
spectral behavior—shifts in absorption peaks
and overall transmittance reduction—indicates
structural rearrangements and the accumulation of
degradation products. Such spectral changes align
with visual observations of increased oil browning
and viscosity, which are common indicators of
advanced oxidation.

Comparing the unoxidized and oxidized oils
under identical heating conditions also underscores
the accelerating effect of prior oxidation on thermal
degradation. Pre-oxidized samples exhibited faster
transmittance decline and more intense absorption
changes, suggesting that once oxidative reactions
have commenced, subsequent thermal stress
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amplifies degradation at a much higher rate. This
phenomenon can be attributed to the presence of
pre-existing free radicals and peroxides that catalyze
further oxidation.

Overall, the study demonstrates that
spectrophotometric transmittance analysis is an
effective method for monitoring the oxidative stability
and quality deterioration of rapeseed oil under heat
stress. The systematic decrease in transmittance
with longer heating times and higher temperatures
indicates progressive oxidation and molecular
fragmentation of unsaturated components. The
results emphasize the importance of controlling
storage and processing temperatures to maintain
oil quality and oxidative stability. Moreover, the
marked differences between unoxidized and oxidized
samples highlight the irreversible nature of oxidative
damage once it has begun.

CONCLUSIONS

The transmittance spectra provide a
sensitive, non-destructive means of assessing
the extent of oxidation in rapeseed oils. Prolonged
heating, especially at temperatures above 120 °C,
significantly accelerates oxidative degradation,
leading to decreased optical clarity and potential
reductions in nutritional and sensory quality. Proper
temperature management and antioxidant addition
are therefore crucial to prolonging the shelf life and
preserving the functional properties of rapeseed oil.
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