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ABSTRACT  ARTICLE INFO 

Samples of rapeseed oil obtained by cold pressing from seeds treated with an electrostatic 

field of intensity E = (0.05-0.25) MV·m-1 for a duration of t = 3-30 s were analyzed. As  
a reference, the spectral-luminescent characteristics of rapeseed oil samples prepared similarly 

from control rapeseed that had not been treated with an electrostatic field were also recorded. 

The behaviour of rapeseed oil fluorophores, namely tocopherol, phenol, fatty acids, oxidation 
products, vitamins and pigments, which are part of its composition, was a source of informa-

tion about the chemical composition of the seeds under study. It has been found that the 

fluorophores in rapeseed oil obtained from seeds pretreated with an electrostatic field with an 
intensity at E = (0.05-0.25) MV·m-1 for t = 3-30 s exhibit spectral-luminescent properties 

identical to those of rapeseed oil obtained from seeds that were not subjected to additional 
electrostatic field treatment. Specifically, the spectral-luminescent properties of the fluoropho-

res in rapeseed oil (tocopherol, phenol, fatty acids, oxidation products, vitamins, and pig-

ments) obtained from seeds treated with an electrostatic field with an intensity at E = (0.05-

0.25) MV·m-1 for t = 3-30 s were identical to those of fluorophores in rapeseed oil obtained 

from rapeseed that had not been exposed to an electric field of the specified parameters. The 

results obtained indicate that additional cleaning of rapeseed using an electrostatic field under 
the specified conditions does not cause any changes in its chemical composition or in the 

nature of intermolecular interactions within it. 
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Introduction 

Among all vegetable oils produced worldwide, rapeseed oil is the most widely used (Morin 

and Lees, 2018; Rolewicz et al., 2025). This oil, obtained through cold pressing, is gaining 

increasing popularity due to the global trend toward consuming products that are minimally 

processed with chemical preservatives. The growing demand for rapeseed oil is also driven by 

the development of erucic acid-free and low-glucosinolate rapeseed varieties, as the presence 
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of these compounds previously limited its use as a food product. This type of rapeseed oil 

serves as a valuable alternative to olive oil. 

The biological value of rapeseed oil is determined by its content of essential fatty acids - 

linoleic and linolenic, which are not synthesised in the human body. Additionally, rapeseed 

oil contains significant amounts of vitamins E and A, natural antioxidants that protect cells 

from free radical damage. Linoleic (ω-6) and linolenic (ω-3) fatty acids are components of 

cell membranes and determine their elasticity. It has been proven that ω-3 fatty acids reduce 

blood clotting, prevent thrombus formation, and protect blood vessels from cholesterol plaque 

formation, thus contributing to the prevention of cardiovascular diseases (Ogborn et al., 2002, 

Paschos et al., 2007, Yamaguchi et al., 2015). 

To obtain a sufficient amount of rapeseed oil, various measures must be implemented to 

increase the yield of winter rapeseed. One such measure is the pre-sowing treatment of seeds 

with a corona discharge electric field, which can increase seed yield by 10–15% (Kovalyshyn, 

2016, Kovalyshyn et al., 2022, Kovalyshyn et al., 2024). However, there is currently a lack of 

well-founded scientific research providing information on potential detrimental changes to the 

chemical composition of seeds subjected to pre-sowing treatment with an electric field of the 

specified parameters. 

In view of this, the aim of our study was to investigate the effect of pre-sowing treatment 

of rapeseed with a corona discharge electric field of intensity E = (0.05-0.25) MV·m-1for dura-

tions of t = 3 and 30 s on the potential occurrence of various types of destructive changes in 

intermolecular interactions within the seeds and, consequently, on the chemical composition 

of the oil obtained from seeds treated with an electrostatic field. 

Spectral luminescence analysis of rapeseed oil was chosen as a source of information re-

garding possible changes in the structure and chemical composition of rapeseed. Spectral lu-

minescence analysis is characterised by high sensitivity to the spectral position of fluorophore 

emission levels, which depends on the nature of the intermolecular interactions between seed 

components occurring in the treated seeds. 

The absence of changes in the photoluminescence spectra and photoluminescence excita-

tion spectra of oil components obtained from electrically treated seeds, compared with those 

characteristic of oil obtained from untreated seeds, may indicate that electrostatic treatment 

under the specified parameters has no effect on the structure of rapeseed. 

If changes are observed in the spectra mentioned, it can be concluded that the additional 

treatment of rapeseed with an electrostatic field leads to changes in the structure and chemical 

composition of the rapeseed. 

Experimental part 

Photoluminescence and photoluminescence excitation spectra of oils obtained from stimu-

lated and untreated seeds were recorded using the setup shown in Figure 1. Winter rapeseed 

(MAXIMUS-PR44DO6 hybrid) was used for the experiment. The seed used in the trials was 

uniform, of high quality and free from any damage. 

For the photoluminescence spectrum measurements, the required excitation light region 

was selected from the continuum of a deuterium lamp using an MDR-12 monochromator 

(manufactured by LOMO (Leningrad, USSR)). 
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Figure 1. Block diagram of the setup for recording the spectral-luminescent characteristics of rapeseed 

oil obtained by cold pressing. 

 

Measurements were carried out in a right-angle setup using quartz cuvettes (10 mm × 10 

mm × 45 mm) filled with oil samples without prior preparation. The luminescence signal was 

recorded in single-photon counting mode using an MDR-2 monochromator and a PMT-100 

photomultiplier tube. The discrete adjustment of the excitation light wavelength from the deu-

terium lamp continuum was performed using a stepper motor by rotating the diffraction grat-

ing of the MDR-12 monochromator. The signal from the FEP-100 photomultiplier was con-

verted into a digital code via a channel converter and processed by a personal computer using 

Origin version 8.0. The measurement results were presented in graphical and digital formats. 

To record the excitation spectra of photoluminescence of the studied oils in the same geo-

metric configuration, the required section of the photoluminescence spectrum was selected 

using the MDR-2 monochromator. Similar to photoluminescence spectrum measurements, the 

photoluminescence signal was recorded using the FEP-100 photomultiplier tube. The signal 

from the FEP-100 photomultiplier was converted into a digital code via a channel converter 

and processed by a personal computer using Origin version 8.0. 

Results and Discussion 

As mentioned above, rapeseed oil contains several components that are luminescently ac-

tive compounds. These include α-, β-, γ-, and δ-tocopherols, which are forms of vitamin E; 

polyunsaturated fatty acids such as linolenic (ω-3), linoleic (ω-6), arachidonic, and monoun-

saturated oleic (ω-9); vitamins B2 and E; the precursor of vitamin A, carotene; and pigments 

such as chlorophyll and pheophytin (Morin, 2018; Cert et al., 2000). These fluorophores can 

serve as indicators of potential destructive changes in the chemical composition of oil ob-

tained from seeds with different pre-treatment histories. We anticipated that if the specificity 

of intermolecular interactions among the fluorophores in rapeseed oil changes, the nature of 

their relaxation channels may also be altered. As a result, the process of radiative relaxation of 

electronic excitations, which occur due to the absorption of UV radiation, should be sensitive 

to the specificity of intermolecular interactions among these fluorophores. 
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Figure 2 shows the luminescence spectra (curves 1, 2) and the luminescence excitation 

spectra (curves 1', 2') of control samples of rapeseed oil (curves 1, 2) and oil obtained by cold 

pressing of seeds treated with an electrostatic field of intensity 0.05 MV·m-1 ≤ E ≤ 0.25 MV·m-1 

and treatment duration 3 s ≤ t ≤ 30 s (curves 1', 2') during excitation at λ_exc = 280 nm. 

 

 

Figure 2. Photoluminescence spectra of rapeseed oil samples obtained from seeds that were either 

untreated (curve 1) or subjected to additional purification with an electrostatic field at an intensity 

of E = 0.25 MV·m-1 for 30 s (curve 2) under excitation at λ_exc = 280 nm, and excitation spectra of 

the photoluminescence band at λ_max = 325 nm for the mentioned oils (curves 1' and 2', respectively). 

In both cases, the luminescence spectra exhibit a non-elementary band at λ_max = 335 nm 

with asymmetry in the region of 325 nm and a structured long-wavelength continuum in the 

spectral range of 400-550 nm. 

The excitation spectrum of the non-elementary band at λ_max = 335 nm is identical for both 

rapeseed oil samples, regardless of whether the rapeseed seeds were treated with an electro-

static field of the specified parameters, and consists of bands at λ_exc.1 = 285 and 235 nm 

(curves 1', 2'). These spectral-luminescent characteristics of the rapeseed oil samples match 

those of α-tocopherol (Sikorska et al., 2012; Myagkota et al., 2022; Escuderos et al., 2009). 

Based on the identical spectral-luminescent characteristics of rapeseed oil samples ob-

tained from seeds that were not treated with an electrostatic field (curves 1, 2) or those treated 

with an electrostatic field with an intensity at E = 0.25 MV·m-1 for 30 s (curves 1', 2'), it can be 

concluded that the treatment of rapeseed seeds with an electrostatic field under the specified 

parameters did not lead to noticeable changes in the nature of the interaction between the to-

copherol component and other constituents of rapeseed oil obtained from the mentioned seeds 

when the oil samples were excited at λ_exc = 280 nm. 

It should be added that the spectral and luminescence characteristics of rapeseed oil ob-

tained from rapeseed treated with an electrostatic field of intensity E ≤ 0.25 MV·m-1 and an ex-

posure time of 3 s ≤ t ≤ 30 s were identical. 

The identical nature of the relaxation channel in rapeseed oil samples obtained from both 

treated and untreated rapeseed seeds indicates the invariability of the interaction between the 

tocopherol component and other fluorophores (the presence of which is confirmed by the 

long-wavelength continuum in the spectral range of 370-550 nm). The high sensitivity of the 
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spectral position of the luminescence peak of the tocopherol component in vegetable oils, 

which can vary under the influence of external factors and the chemical composition of the 

oil, enables the investigation of specific interactions between rapeseed oil fluorophores result-

ing from the exposure of rapeseed to a constant electrostatic field with an intensity within the 

range of E ≤ 0.25 MV·m-1 for a duration of t ≤ 30 s. 

The mentioned continuum in the spectral region λ > 370 nm becomes more structured 

when the oil samples are excited with light at a wavelength of 325 nm (Fig. 3, curves 1–2).  

 

 

Figure 3. Photoluminescence spectra of rapeseed oil samples obtained from seeds that were either 

untreated (curve 1) or subjected to additional treatment with an electrostatic field at an intensity of 

E = 0.25 MV·m-1 for 30 s (curve 2) under excitation at λ_exc = 325 nm, and excitation spectra of the 

photoluminescence band at λ_max = 425 nm for the mentioned oils (curves 1' and 2', respectively). 

The presence of luminescence bands in rapeseed oil obtained from both treated and un-

treated rapeseed seeds in the spectral region λ > 370 nm indicates the existence of additional 

luminescence centers. Indeed, when the luminescence of rapeseed oil is excited with light at 

λ_exc = 325 nm, identical intense luminescence bands with λ_max = 425 and 490 nm are regis-

tered in the luminescence spectrum (Fig. 3, curves 1, 2). The excitation spectra of the lumi-

nescence band at λ_max = 425 nm are presented in Figure 3 (curves 1', 2'). According to previ-

ous studies (Sikorska et al., 2019; Szukay et al., 2019; Saleem and Ahmad, 2018), 

luminescence bands in the spectral region (370 nm < λ < 550 nm) are attributed to oxidation 

products of rapeseed oil components, similarly to luminescence bands in the same spectral 

range characteristic of olive and linseed oils (Escuderos et al., 2009; Szukay et al., 2019; 

Saleem and Ahmad, 2018; Dupuy et al., 2005; Zandomeneghi et al., 2005; Kovalyshyn et al., 

2022). In particular, the 410-480 nm range is associated with primary oxidation products, 

while the 480-540 nm range corresponds to secondary oxidation products of vegetable oils 

(Mishra, 2018). Primary oxidation products of oil, such as hydroperoxides, are unstable com-

pounds. At temperatures above room temperature, they decompose, forming aldehydes, ke-

tones, esters, alcohols, and short-chain hydrocarbons, which contribute to the unpleasant odor 

of oxidised oils and deterioration of their taste properties (Myagkota et al., 2022; Sikorska et 

al., 2019; Berto et al., 2020). 
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However, it should be noted that the intense bands in the 295, 315 and 325 nm regions of 

the excitation spectrum of the luminescence band at λ_max = 425 nm are identical to the struc-

ture of the excitation spectra of polyunsaturated fatty acids, including linoleic (ω-6), linolenic 

(ω-3), and monounsaturated oleic (ω-9) acids (Krasnikov et al., 1987; Khosroshahi, 2018; 

Lobo-Prieto et al., 2020). This coincidence indicates that the mentioned polyunsaturated fatty 

acids are components of rapeseed oil obtained by cold pressing. 

Indeed, according to the results of chromatographic analysis of rapeseed oil obtained by 

cold pressing, the main fatty acids were oleic, linoleic, and linolenic acids. Their content 

ranged from 51-70%, 15-30%, and 5-14%, respectively, of the total fatty acid content (Morin 

and Lees, 2018). 

It is not excluded that, at the initial stage of oxidation of freshly pressed rapeseed oil ob-

tained by cold pressing, these polyunsaturated fatty acids contribute to luminescence in the 

390-430 nm region. In other words, the luminescence band at 425 nm may represent the cu-

mulative result of radiative annihilation of rapeseed oil components (in this case, monounsatu-

rated oleic acid and polyunsaturated linoleic and linolenic acids) and the primary oxidation 

products of the mentioned oil. 

It should be noted that in the excitation spectrum of the luminescence band at λ_max = 425 

nm of rapeseed oil obtained by chemical extraction, an intense band is registered in the 250 

nm region, which is characteristic of the luminescence of hexane used as a solvent in the 

chemical extraction process. As a result of solvent excitation in the 250 nm region, it emits a 

band at λ_max = 320 nm, which is reabsorbed by rapeseed oil, leading to the emission of a 

band at λ_max = 425 nm (Kovalyshyn et al., 2022). 

An increase in the excitation UV radiation wavelength to λ_exc = 350 nm leads to the ap-

pearance of bands at λ_max = 420, 460, and 490 nm in the luminescence spectrum, as well as 

intense luminescence in the 520 nm region and a weakly intense band at λ_max = 675 nm (Fig. 

4, curve 1).  

The weakly intense band at λ_max = 675 nm is not shown in Figure 4, and its nature is dis-

cussed below. The structure and spectral position of the excitation spectra of the luminescence 

bands at λ_max = 425, 460, and 490 nm (Fig. 4, curves 1', 2', 3') are similar to those presented 

in Kovalyshyn et al. (2024) and Kyriakidis and Skarcalis (2000), where the bands in the 425, 

460, and 490 nm regions were identified as luminescence bands of rapeseed oil oxidation 

products, while the luminescence band in the 520 nm region is attributed to the emission of 

vitamins E, B2, and carotene (Baltazar et al., 2020; Silva et al., 2015). 

Thus, the luminescence spectrum and the excitation spectrum of the luminescence bands  

of oil obtained from seeds treated with an electrostatic field at an intensity of E = 0.25 MV·m-1 

for 30 s were identical in structure and intensity to those characteristic of oil obtained  

from untreated seeds with the specified characteristics when excited by UV radiation at  

λ_exc = 350 nm. 
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Figure 4. Photoluminescence spectrum of rapeseed oil obtained from seeds that were not subjected to 

additional treatment with an electrostatic field at an intensity of E = 0.25 MV·m-1 for 30 s (curve 1) 

under excitation at λ_exc = 350 nm, and excitation spectra of the photoluminescence bands at λ_max 

= 420, 460, and 490 nm for the mentioned oils (curves 1', 2', and 3', respectively). 

It should be noted that the luminescence bands at λ_max = 520 and 530 nm were attributed 

to vitamin E and carotene (a precursor of vitamin A) in olive oil as well (Dupuy et al., 2005; 

Zandomeneghi et al., 2005; Silva et al., 2015; Corradini et al., 2016). 

When luminescence is excited in rapeseed oil samples obtained from seeds that were either 

untreated or treated with an electrostatic field of 0.05 MV·m-1 ≤ E ≤ 0.25 MV·m-1 for a duration of 

3 s ≤ t ≤ 30 s using UV radiation with a wavelength of λ_exc = 380 nm, the spectra are struc-

turally similar to those obtained when luminescence is excited at λ_exc = 350 nm. 

In the case of luminescence excitation of rapeseed oil samples obtained from seeds that 

were either untreated or treated with an electrostatic field at an intensity of E = 0.25 MV·m-1 

for 30 s using UV radiation with a wavelength of λ_exc = 405 nm, the luminescence spectrum 

registers bands at λ_max = 520 nm and λ_max = 675 nm (Fig. 5, curve 1), which are attributed 

to vitamin E, carotene (a precursor of vitamin A), and the chlorophyll pigment, respectively 

(Dupuy et al., 2005; Zandomeneghi et al., 2005; Silva et al., 2015; Kyriakidis and Skarcali, 

2000; Lobo-Prieto et al., 2020). 
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Figure 5. Photoluminescence spectra of rapeseed oil samples obtained from seeds that were either 

untreated or subjected to additional purification with an electrostatic field at an intensity of E = 

0.25 MV·m-1 for 30 s under excitation at λ_exc = 405 nm. 

The luminescence spectrum and the excitation spectrum of the luminescence bands of oil 

treated with an electrostatic field of intensity 0.05 MV·m-1 ≤ E ≤ 0.25 MV·m-1 for a duration of 3 s 

≤ t ≤ 30 s were identical in structure and intensity to those characteristic of oil that had not 

been treated with an electrostatic field under the specified conditions, when excited by UV 

radiation with λ_exc = 405 nm. 

The identical spectral-luminescent properties of rapeseed oil obtained from seeds treated 

with an electrostatic field at an intensity of E = 0.05÷0.25 MV·m-1 for t = 3÷30 s indicate that 

the mentioned treatment does not lead to changes in the chemical composition or the nature of 

interactions among the fluorophores of rapeseed oil – phenols, tocopherol, polyunsaturated 

fatty acids, vitamins, pigments, and oxidation products.  

It can therefore be concluded that the treatment of rapeseed with an electrostatic field (un-

der the specified conditions) did not result in any changes to the nature of the intermolecular 

interactions between the seed components, and consequently to its fatty acid composition. 

Conclusion 

1. Luminescence analysis confirms literature data on the presence of fluorophores in rapeseed 

oil – phenols, tocopherol (a form of vitamin E), polyunsaturated fatty acids (linolenic, lino-

leic, arachidonic), vitamin B2, the precursor of vitamin A (carotene), the pigment chloro-

phyll, and oxidation products of oil components. 

2. Treating rapeseed with an electrostatic field at a field strength of E = 0.05÷0.25 MV·m-1 

for a duration of t = 3÷30 s does not result in any changes to the chemical composition of 

the fluorophores in rapeseed oil, as confirmed by identical photoluminescence spectra and 

photoluminescence excitation spectra of the fluorophores present in rapeseed oil, which are 

determined by the specific intermolecular interactions of the oil’s components. 
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WŁAŚCIWOŚCI WIDMOWO-LUMINESCENCYJNE  

OLEJU RZEPAKOWEGO POZYSKANEGO Z NASION  

OCZYSZCZONYCH POLEM ELEKTROSTATYCZNYM 

Streszczenie. Analizie poddano próbki oleju rzepakowego uzyskanego metodą tłoczenia na zimno  

z nasion poddanych działaniu pola elektrostatycznego o natężeniu E = (0,05-0,25) MV·m-1 przez czas 

t = 3-30 s. Jako odniesienie, zarejestrowano również charakterystykę widmowo-luminescencyjną 

próbek oleju rzepakowego, przygotowanych w podobny sposób z nasion kontrolnych, które nie zos-

tały poddane działaniu pola elektrostatycznego. Zachowanie fluoroforów oleju rzepakowego, a mian-

owicie tokoferolu, fenolu, kwasów tłuszczowych, produktów utleniania, witamin i pigmentów, wcho-

dzących w jego skład, stanowiło źródło informacji o składzie chemicznym badanych nasion. 

Stwierdzono, że fluorofory w oleju rzepakowym otrzymanym z nasion poddanych wstępnej obróbce 

polem elektrostatycznym o natężeniu E = (0,05–0,25) MV·m-1 przez t = 3–30 s wykazują identyczne 

właściwości widmowo-luminescencyjne jak olej rzepakowy otrzymany z nasion, które nie zostały 

poddane dodatkowej obróbce polem elektrostatycznym. W szczególności, właściwości widmowo-

luminescencyjne fluoroforów w oleju rzepakowym (tokoferol, fenol, kwasy tłuszczowe, produkty 
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utleniania, witaminy i pigmenty) otrzymanych z nasion poddanych obróbce polem elektrostatycznym 

o natężeniu E = (0,05–0,25) MV·m-1 przez t = 3–30 s były identyczne z właściwościami fluoroforów 

w oleju rzepakowym otrzymanym z nasion rzepaku, które nie zostały poddane działaniu pola el-

ektrycznego o określonych parametrach. Uzyskane wyniki wskazują, że dodatkowe oczyszczanie na-

sion rzepaku polem elektrostatycznym w określonych warunkach nie powoduje żadnych zmian w jego 

składzie chemicznym ani w charakterze oddziaływań międzycząsteczkowych. 

Słowa kluczowe: stymulacja elektryczna, właściwości spektralno-luminescencyjne, rzepak, olej 

rzepakowy. 
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