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The object of the study is the 
dependence of the induction peri-
od of rapeseed oil on the content of 
oxidation and hydrolysis products. 
A feature of the work is determin-
ing the approximation dependence 
of the induction period of acceler-
ated oxidation of refined rapeseed 
oil on the content of primary oxida-
tion products and free fatty acids. 
This is useful when predicting the 
shelf life of refined rapeseed oil. 
It was determined that both fac-
tors negatively affect the oxidation 
stability of refined rapeseed oil. 
An increase in the peroxide value 
decreases the induction period of 
model oil samples by 32.8512 units 
for each additional mmol ½ O/kg.  
In turn, increasing the acid value 
of oil samples reduces the induction 
period by 19.8424 units for each 
additional mg KOH/g. Different 
oxidation dynamics of model sam-
ples of refined rapeseed oil with 
tocopherol were revealed, depend-
ing on the concentration of pri-
mary oxidation and hydrolysis 
products. The obtained data are 
explained by the fact that the pri-
mary lipid oxidation products are 
unstable and quickly decompose 
to form free radicals. These radi-
cals initiate further lipid oxidation, 
resulting in reduced oil quality. In 
addition, free fatty acids are more 
reactive than triglycerides and are 
more easily oxidized. A feature of 
the obtained results is the possi-
bility of modeling processes that 
affect the oxidation stability of 
refined rapeseed oil. From a prac-
tical point of view, the research 
results allow initiating measures to 
maintain the safety of oil-contain-
ing food products based on refined 
rapeseed oil. An applied aspect of 
using the scientific results is the 
possibility of rationalizing the stor-
age conditions of refined rapeseed 
oil to maximize its shelf life and 
increase competitiveness

Keywords: refined rapeseed 
oil, primary oxidation products, 
free fatty acids, accelerated oxi-
dation

UDC 664.3.033: 665.3: 541.127
DOI: 10.15587/1729-4061.2024.308907

How to Cite: Stankevych, S., Gorbunov, K., Zabrodina, I., Popov, M., Kalyna, V., Novozhylova, T., Falalieieva, T., Ovsiannikova, T.,  

Ponomarova, M., Zolotarov, A. (2024). Identification of the oxidation and hydrolysis products content influence on the rapeseed oil oxidation 

induction period. Eastern-European Journal of Enterprise Technologies, 4 (6 (130)), 6–13. https://doi.org/10.15587/1729-4061.2024.308907

Received date 07.05.2024

Accepted date 12.07.2024

Published date 30.08.2024

1. Introduction

Integration of complex technological processes can sig-
nificantly increase the sustainability and efficiency of in-

dustrial production [1, 2]. This approach can be applied to 
the stability study of edible oils, which opens up new oppor-
tunities for improving product quality by controlling and 
reducing the content of oxidation and hydrolysis products. 
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Vegetable oils are complex multicomponent systems, which, 
depending on the type, differ in the composition of fatty 
acids, phospholipids, carotenoids, natural antioxidants and 
other physiologically active compounds. The biological effec-
tiveness and nutritional value of vegetable oils depend on the 
composition, conditions and terms of storage.

Under the influence of a number of complex chemical 
transformations during oxidation in fats and oils, there is an 
accumulation of specific breakdown products of triacylglyc-
erols – free fatty acids, peroxides, hydroperoxides, carbonyl 
compounds – aldehydes and ketones, fatty alcohols, oxy-
polymers [3, 4]. These compounds, in addition to the bitter 
taste and smell, can cause a decrease in the smoke formation 
temperature, foaming of frying oils, breakdown of vitamins, 
as well as possible toxic effects and even destructive changes 
in the digestive tract [5]. Oxidative spoilage of fats and oils 
in the initial stages is not identified organoleptically, but 
leads to changes in the composition of raw materials [3, 6]. 
The formation of peroxides is enhanced by the presence of 
compounds with pro-oxidant activity, temperature effects, 
UV radiation, etc. [7]. With insufficient content of antioxi-
dants in lipid systems, the intensity of free radical oxidation 
and its destructive effect increases. The content of lipid 
peroxides and hydroperoxides is the most important hygien-
ic characteristic of the quality of oils and lipid-containing 
products. The content of primary and secondary oxidation 
products of vegetable oils is determined according to quality 
standards [8, 9].

Rapeseed oil is a fairly common product, it has properties 
that cause it to oxidize rather quickly and deteriorate over 
time [10, 11]. Analysis of the influence of various factors 
on the stability of this oil will help optimize its storage and 
use conditions. Therefore, research aimed at identifying 
the influence of the content of oxidation and hydrolysis 
products on the oxidation induction period of rapeseed oil 
will allow predicting the shelf life of the specified oil and 
products based on it, optimizing a number of production 
processes. Scientific research aimed at identifying patterns 
of influence of the content of oil oxidation and hydrolysis 
products on technological processes is relevant. The results 
of such research are necessary for production due to the need 
to predict the shelf life of such products, improve rapeseed 
oil refining technologies using non-traditional methods to 
preserve valuable biologically active compounds.

2. Literature review and problem statement

There are numerous studies [12–14] describing the 
dependence of the stability of oils of different purification 
degrees on the content of natural fat-soluble antioxidants. 
In particular, the dependence of the oxidative stability of 
cold-pressed sunflower oil on the tocopherol content was 
investigated in [12]. Antioxidant concentrations were mea-
sured in model samples of fresh oils, as well as oils oxidized 
for 6 and 30 days. Oxidation was carried out in a drying 
cabinet at a temperature of 50 °С, in an air atmosphere. It 
was found that the initial concentration of tocopherols was 
high – (1.4...2.2)⋅10–3 mol/kg. At the end of the oxidation 
period of the model samples, the tocopherol concentration 
tends to zero. The study [13] determined the dependence of 
the photooxidative stability of red palm oil on the content 
of tocols, β-carotene and chlorophyll. The presence of tocols 
and β-carotene together revealed protective effects for the 

photooxidative stability of the oil. The presence of chloro-
phyll increased the rate of photooxidation at high light in-
tensity. The interaction between tocols and β-carotene con-
tributed to the photooxidative stability of the lipid system. 
The study [14] evaluated the effectiveness of adding propolis 
extract in improving the oxidative stability of sunflower oil 
compared to synthetic hydroxytoluene. Propolis was con-
firmed to have a protective effect on the thermal oxidation 
of triglycerides in oils. It is worth noting that in [12–14], the 
effective concentrations and features of the synergistic inter-
action of fat-soluble antioxidants during oxidation inhibition 
of oil triglycerides were not determined.

The works [15, 16] substantiate rational concentrations 
and ratios of fat-soluble antioxidants for effective inhibition 
of oxidative spoilage of lipids of various oils. For example, the 
study [15] found that using natural antioxidants affects the 
oxidative stability of peanut-flax blends, namely the organo-
leptic properties, acid and peroxide values of oil samples. Oil 
extracts of sage and black currant leaves, garlic and rosehip 
were used as antioxidants in the study. It is proved that the 
introduction of 5 % experimental oil extracts increases the 
oxidative stability of the peanut-flax blend by 1.2–1.7 times. 
In [16], the dependence of the oxidation induction period 
of refined sunflower oil on the content of chlorophyll and 
β-carotene was investigated. It was determined that chlo-
rophyll A has practically no pro-oxidant effect if its content 
is up to 0.05 g/l. The chlorophyll A content at the level of 
0.10 g/l leads to a decrease in the induction period by 14 %; 
0.30 g/l – by 48 %. The β-carotene content at the level of 
0.10 g/l leads to an increase in the induction period by 35 %; 
0.30 g/l – by 54 %. The content of 0.10 g/l β-carotene and 
0.05 g/l chlorophyll A in the oil system leads to a reduction 
in the induction period of accelerated oxidation by 8.4 % 
compared to an oil solution of 0.10 g/l beta-carotene with-
out chlorophyll A. The obtained data are explained by a 
compensatory effect of the antioxidant beta-carotene on the 
pro-oxidant effect of chlorophyll A in the oil solution. But 
the dependence of lipid oxidative stability on the features 
of temperature treatment during extraction or processing 
remains uncertain.

Answers to this question are somewhat given in [17, 18]. 
In [17], the dependence of the oxidative stability of palm oil 
on the carotene content under simulated refining conditions 
was determined. The protective role of carotenoids in pre-
venting oxidative spoilage of oil during heat treatment has 
been proven, as evidenced by the relationship between the 
content of oxidation products and the concentration of ca-
rotenoids after refining. The work [18] investigated the ther-
mal stability of olive oil with and without adding natural 
(extracts of immortelle, milk thistle, smokehouse tree) and 
synthetic antioxidants (propyl gallate, butylhydroxyanisole, 
and butylhydroxytoluene). It was determined that elevated 
temperature has a significant effect on changes in the oxida-
tive stability of oil samples, especially when it comes to the 
content of free fatty acids and primary oxidation products, 
as these indicators increase. Smokehouse tree extract (from 
natural antioxidants) and propyl gallate (from synthetic 
antioxidants) have been proven to be effective antioxidants. 
But the question remains how the oxidative stability of lipids 
is affected by the fatty acid composition of oils.

To some extent, the aspects of this question are disclosed 
in [19–21]. So, the work [19] investigated the dependence 
of the oxidative stability of rice bran oil on the fatty acid 
composition and the content of specific antioxidants. It was 
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– to determine the effect of an antioxidant on the dy-
namics of accelerated oxidation of refined rapeseed oil with 
different contents of oxidation and hydrolysis products.

4. Materials and methods

4. 1. Object and hypothesis of the study
The object of the study is the induction period of accel-

erated oxidation of refined rapeseed oil containing different 
concentrations of peroxides and hydroperoxides, as well as 
free fatty acids.

The main hypothesis of the study is the existence of an 
inversely proportional relationship between the oxidation 
induction period of refined rapeseed oil and the content of 
the specified compounds, which are products of oxidation 
and hydrolysis of triglycerides having a pro-oxidant effect on 
the free radical oxidation process.

The following assumptions were made in the study:
– the oxidation induction period of refined rapeseed oil 

under recommended storage conditions is directly propor-
tional to the oxidation induction period under accelerated 
conditions.

– the content of secondary oxidation products (alde-
hydes, ketones and other low molecular weight substances) 
in model samples of refined rapeseed oil is directly propor-
tional to the content of primary oxidation products (perox-
ides and hydroperoxides) in the range of peroxide values of 
0.260...10.30 mmol ½O/kg.

The recommended storage conditions for refined rape-
seed oil are considered to be storage in the temperature 
range of 0...+5 °С [22] in the absence of sunlight. Acceler-
ated oxidation conditions are oxidation at a temperature of 
+110 °С with free oxygen access.

The following simplifications were adopted in the study:
– the content of primary oxidation products in the com-

position of refined rapeseed oil is determined without taking 
into account other secondary oxidation products;

– samples of refined rapeseed oil from different manu-
facturers and different batches have similar composition and 
quality indicators, which affect the stability to oxidative 
spoilage. Composition and quality indicators are analytical 
values (peroxide, acid, anisidine), fatty acid composition, 
moisture content and volatile substances. This simplifica-
tion should prove the regularity of the repeatability of the 
oxidation and hydrolysis products content influence on the 
oxidation stability of refined rapeseed oil samples.

4. 2. Materials and equipment used in the experiment
The following materials were used during the research:
– samples of refined, bleached and deodorized rapeseed 

oil with a low content of erucic acid (produced in Ukraine), 
according to DSTU 8175/CAS 8002-13-9;

– a mixture of tocopherols in sunflower oil (concen-
tration 50 %), according to CAS 16698-35-4. The ratio of 
tocopherol isomers in the mixture: α-tocopherol – 20–22 %; 
β-tocopherol 8–10 %; g-tocopherol 68–72 %.

4. 3. Method of determining the physico-chemical pa-
rameters and composition indicators of oil samples

Organoleptic indicators of refined rapeseed oil samples 
were determined according to DSTU 2575. Color value – 
according to DSTU 4568; peroxide, anisidine and acid val-
ues – according to DSTU ISO 3960, DSTU ISO 6885 and 

found that the oxidation stability shown by the oil is mostly 
due to a well-balanced composition of fatty acids and specific 
antioxidants. The presence of γ-oryzanol and its synergistic 
activity with tocols were proved to be the main factors that 
cause high oil stability. It was determined that the content 
of other minor components (sterols, phenolic compounds, 
squalene, etc.) in rice bran oil also slows down the oxidation 
of triglycerides. A high concentration of free fatty acids was 
found to negatively affect oil oxidation and quality. It was 
revealed that the content of metals does not correlate with 
the oxidative stability of the oil, although these compounds 
act as pro-oxidants. The study [20] determined the depen-
dence of the oxidative stability of cold-pressed camelina, 
sunflower, and canola oils on the fatty acid composition 
and β-carotene content. Correlation analysis of the results 
showed that in addition to the fatty acid profile and unsat-
uration level, it is advisable to take into account the content 
of natural antioxidants to determine the oxidative stability 
of the above oils. In turn, the work [21] presents the results 
of studies on the effect of the fatty acid composition, tocoph-
erol isomer composition on the oxidative stability of acai 
oil during auto- and photooxidation. It was shown that an 
increase in the content of a-linolenic fatty acid in oil samples 
plays a negative role in oxidation stability in the presence 
and absence of ultraviolet radiation. The content of tocoph-
erols has a positive effect on increasing the induction period 
during oxidation under light. But the question remains how 
the oxidative stability of lipids is affected by the content of 
minor accompanying substances – oxidation and hydrolysis 
products. In addition, it is of interest to study the oxidative 
stability of nutritionally valuable oils with a high content of 
oxidation-labile ω-3 fatty acids, in particular, rapeseed.

Thus, there is not enough scientific data on the depen-
dence of the oxidative stability of oils on the content of 
oxidation and hydrolysis products in them. In particular, no 
data were found on the effect of primary oxidation products 
(peroxides and hydroperoxides), as well as hydrolysis prod-
ucts (free fatty acids) on the oxidation stability of refined 
rapeseed oil. Thus, it is advisable to identify the influence of 
the content of oxidation and hydrolysis products on the in-
duction period of accelerated oxidation of rapeseed oil. This 
development will make it possible to rationalize a number of 
oil and fat production processes, as well as determine the de-
pendence of the storage duration of oil-containing products 
based on rapeseed oil on production processes and storage 
conditions.

3. The aim and objectives of the study

The aim of the study is to identify the influence of the 
content of oxidation and hydrolysis products on the oxida-
tion induction period of rapeseed oil. This will make it pos-
sible to predict the shelf life of the specified oil and products 
based on it. The data obtained will also be useful for improv-
ing rapeseed oil refining technologies using non-traditional 
methods to preserve biologically active compounds.

To achieve the aim, the following objectives should be 
accomplished:

– to determine the quality indicators of refined rape-
seed oil;

– to build a regression equation for determining the 
dependence of the induction period of accelerated oxidation 
of refined rapeseed oil on the values of oxidation indicators;
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DSTU ISO 660, respectively. The mass fraction of moisture 
and volatile substances in the oil samples was determined 
according to DSTU 4603. Fatty acid methyl esters of the 
refined rapeseed oil samples were obtained according to 
DSTU ISO 5509. The fatty acid composition of the oil 
samples was determined according to DSTU ISO 5508 on a 
Shimadzu chromatograph (Japan).

4. 4. Method of obtaining model samples of refined 
rapeseed oil with different contents of oxidation and hy-
drolysis products

Model samples of refined rapeseed oil with different 
contents of oxidation and hydrolysis products are obtained 
as follows. The raw material is selected – high-quality re-
fined rapeseed oil having a minimum content of oxidation 
and hydrolysis products. To obtain samples with different 
contents of primary oxidation products (peroxides, hy-
droperoxides), thermal oxidation with free oxygen access 
is used. To obtain samples with different free fatty acid 
contents, an appropriate amount of oleic fatty acid is added 
to the oil samples. After these manipulations, the content of 
peroxides, hydroperoxides and free fatty acids is measured 
by standard analysis methods according to regulatory doc-
umentation. The concentration of peroxides, hydroperox-
ides and free fatty acids can be adjusted by adding the raw 
material – refined rapeseed oil with a minimum content of 
oxidation and hydrolysis products. After reaching the spec-
ified composition of the model oil sample, it is stabilized 
and stored under conditions that prevent further oxidation 
and hydrolysis.

4. 5. Method of determining the induction period of 
accelerated oxidation using differential scanning calo-
rimetry

Determination of the induction period of model samples 
of refined rapeseed oil was carried out at a temperature of 
+110 °С using differential scanning calorimetry according 
to [23]. The essence of the method is to determine the period 
during which oxidation is inhibited if the model samples 
are kept in an isothermal mode at a given temperature in 
an oxygen atmosphere. The oxidation induction period is 
considered to be an estimate of the oxidative stability of the 
model oil samples being tested.

The sample is weighed (about 10 mg) into a clean, dry 
crucible. The crucible with the sample and the reference cru-
cible are loaded at ambient temperature. Before carrying out 
the heating cycle, the device is purged with an inert gas for 
5 minutes. The sample and the reference material are heated 
to 110 °С with purging at a constant rate in an inert gas en-
vironment. When the set temperature is reached, oxygen is 
supplied instead of an inert gas at a constant flow rate. The 
sample is exposed at a constant temperature, the oxidation 
reaction of the lipid component is displayed on the thermal 
curve of the monitor. The induction period is identified as 
the time between the beginning of oxygen supply to the 
measuring cell and the beginning of the actual oxidation 
reaction, which is characterized by a sharp increase in the 
heat released. This can be observed using the heat flow-tem-
perature curve.

4. 6. Research planning and results processing
A two-factor experiment was used in the study to 

determine the effect of the peroxide and acid values on 

the induction period of accelerated oxidation of refined 
rapeseed oil. Each experiment was repeated three times. 
Processing of the data obtained and construction of a 
graphical dependency were performed using the Mic-
rosoft Stat Soft Statistica v 6.0 package (USA). The 
significance of individual coefficients of the regression 
equation (1) was carried out using the Student’s test by 
testing the hypothesis that the corresponding parameter 
of the equation is equal to zero. The calculated absolute 
value of the Student’s test when evaluating individual re-
gression coefficients was compared with its critical table 
value at a significance level p=0.05. To assess the quality 
of the regression equation (1) and the completeness of the 
influence of the selected factors, the coefficient of deter-
mination R2 was defined. The obtained value of R2=0.93 
allows us to draw a conclusion about the effect, greater 
than 93 %, of variations in the peroxide and acid values 
on variations in the induction period of accelerated oxida-
tion of refined rapeseed oil. To determine the significance 
of the regression model, the Fisher’s test was calculated, 
based on the assumption that the equation is not statisti-
cally significant.

5. Results of studies on the influence of the content 
of oxidation and hydrolysis products on the oxidation 

induction period of rapeseed oil 

5. 1. Determination of quality indicators of refined 
rapeseed oil

The quality indicators of the original sample of refined 
rapeseed oil were studied. The results of the study are shown 
in Table 1.

Table	1

Organoleptic	and	physicochemical	indicators	of	the	original	
sample	of	refined	rapeseed	oil

Indicator Value
Indicators according 

to regulatory  
documentation

Transparency Transparent

Taste and smell Taste of depersonalized oil

Color value, mg of iodine 4.0±0.2 not more than 10

Peroxide value, mmol ½O/kg 0.260±0.012 not more than 5.0

Anisidine value, c.u. 1.80±0.01 not standardized

Acid value, mg KOH/g 0.140±0.005 not more than 0.4

Mass fraction of moisture 
and volatile substances, %

0.0120±0.0004 not more than 0.15

According to the experimental results (Table 1), by 
organoleptic and physicochemical indicators, the stud-
ied sample of refined rapeseed oil meets the require-
ments established in the regulatory documentation –  
DSTU 8175 (CAS 8002-13-9).

The fatty acid composition of the original sample of 
refined rapeseed oil was determined. The obtained data are 
shown in Table 2.

According to the experimental results, the fatty acid 
composition of refined rapeseed oil meets the requirements 
of DSTU 8175 (CAS 8002-13-9).
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Table	2

Fatty	acid	composition	of	the	original	sample	of	refined	
rapeseed	oil

Fatty acid Rapeseed oil sample
Indicators according 
to regulatory docu-

mentation

С14:0 (myristic) 0.055±0.001 0.05…0.07

С16:0 (palmitic) 4.450±0.089 4.4…5.4

С16:1 (palmitoleic) 0.235±0.005 0.2…0.3

С18:0 (stearic) 1.960±0.039 1.7…2.1

С18:1 (oleic) 51.660±1.033 49.0…63.5

С18:2 (linoleic) 34.110±0.682 19.5…36.5

С18:3 (linolenic) 5.750±0.115 4.6…8.3

С20:0 (arachidic) 0.500±0.010 0.4…0.6

С20:1 (gondoic) 0.965±0.019 0.8…1.1

С22:0 (behenic) 0.300±0.006 0.3…0.4

С22:1 (erucic) 0.0150±0.0003 0.00…0.15

Total 100.00 100

5. 2. Determination of the regression equation of the 
dependence of the rapeseed oil oxidation induction peri-
od on the values of oxidation indicators

The two-factor dependence of the rapeseed oil induction 
period on the content of primary oxidation products and hy-
drolysis products was studied. The obtained approximation 
dependence of the induction period of accelerated oxida-
tion of refined rapeseed oil (IP, min) on the peroxide val-
ue (PV, mmol ½O/kg) and the acid value (AV, mg KOH/g) 
is presented using equation (1):

IP(PV, AV)=204.5519–32.8512·PV–
–19.8424·AV+1.5477·PV2+
+1.2938·PV·AV +1.9171·AV2.   (1)

It is worth noting that the given approximation de-
pendence has a high level of adequacy, as evidenced by the 
coefficient of determination 𝑅2 exceeding 93 %. The ap-
proximation dependence describes the induction period of 
accelerated oxidation of refined rapeseed oil samples in the 
intervals of the peroxide value of 0.260...10.30 mmol ½O/kg  
and acid value – 0.14...2.60 mg KOH/g. Exceeding these 
ranges can lead to inaccurate predictions, so when predict-
ing shelf life, it is important to ensure that the PV and AV 
values fall within these limits. The graph of the obtained 
dependence (1) is shown in Fig. 1.

An increase in the content of primary oxidation products 
in model samples of refined rapeseed oil leads to a decrease 
in the induction period of accelerated oxidation compared to 
the control sample. As a control sample, refined rapeseed oil 
with minimum peroxide and acid values (0.26 mmol ½O/kg 
and 0.14 mg KOH/g, respectively) was selected. As shown by 
the research results (Fig. 1, dependence (1)), an increase in 
the peroxide value reduces the induction period of model oil 
samples by 32.8512 units for each additional mmol ½O/kg.  
In turn, increasing the acid value of oil samples reduces 
the induction period by 19.8424 units for each addition-
al mg KOH/g. This indicates that both factors negatively 
affect the stability of refined rapeseed oil, i.e. an increase in 
their values reduces the induction period, which means an 
acceleration of the oxidative spoilage process.

Given the experimental results (dependence (1) 
and Fig. 1), it is of interest to determine the effect of natural 

antioxidants on the induction period of accelerated oxida-
tion of refined rapeseed oil of different oxidation degrees.

5. 3. Determination of the antioxidant effect on the 
oxidation of rapeseed oil with different contents of oxi-
dation products 

One-factor dependences of the peroxide value during the 
accelerated oxidation of refined rapeseed oil with different 
contents of primary oxidation and hydrolysis products in 
the presence of a natural antioxidant – a mixture of nat-
ural tocopherols (0.05 %) were studied. Approximation 
dependences of the accumulation dynamics of peroxides and 
hydroperoxides of model samples of tocopherol-stabilized re-
fined rapeseed oil (PV1(τ)–PV4(τ)) on the time of accelerated 
oxidation (τ) with different initial parameters:

PV1(τ)=0.0055·τ3–0.0917·τ2+0.6009·τ–0.535; (2)

PV2(τ)=0.1877·τ2–0.2365·τ+3.6046;  (3)

PV3(τ)=2.405·τ+4.6;  (4)

PV4(τ)=4.52·τ+5.56.   (5)

Graphical expressions of the obtained dependences (2)–(5) 
are presented in Fig. 2.

It is worth noting that the given approximation depen-
dences (2)–(5) have a high level of adequacy, as evidenced by 
the coefficients of determination 𝑅2, exceeding 96 %, 98 %, 
99 %, and 100 %, respectively. Dependences (2)–(5) describe 
the induction periods of accelerated oxidation of refined rape-
seed oil, stabilized with a mixture of natural tocopherols, in 
the ranges of the peroxide value of 0.260...10.08 mmol ½O/kg 
and acid value – 0.14...2.60 mg KOH/g. 

Dependence (2) is cubic, indicating complex nonlinear 
dynamics of peroxide accumulation over time. At the initial 
oxidation stages, the peroxide value may increase with accel-
eration, which later slows down and then accelerates again. 
Dependence (3) is quadratic, indicating that the accumula-
tion of peroxides may initially slow down, but will accelerate 
over time. A positive coefficient before τ² indicates a positive 
acceleration of the oxidation process. Dependence (4) is lin-
ear, demonstrating the constant accumulation of peroxides 
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over time. This indicates a stable oxidation rate without 
significant changes in the process. In turn, dependence (5) is 
also linear, but with a higher coefficient before the variable τ, 
indicating a faster accumulation of peroxides compared to 
dependence (4). This indicates a more intense process of 
oxidative destruction of the sample.

6. Discussion of the results of the analysis of the 
oxidation and hydrolysis products influence on rapeseed 

oil oxidation

The dependence of the influence of oxidation and hydro-
lysis products content on the oxidation induction period of 
refined rapeseed oil was investigated. The results of the con-
ducted research, namely the approximation dependence (1), 
make it possible to predict the oxidation stability of refined 
rapeseed oil with different analytical values.

According to Tables 1, 2, the organoleptic, physico-chem-
ical parameters, as well as the fatty acid composition of the 
studied raw materials are within the permissible range justi-
fied by regulatory documentation. This makes it possible to 
minimize the influence of other factors on the oil oxidation 
process, in particular, the content of moisture and volatile 
substances, secondary oxidation products, etc. In addition, 
the minimum content of primary oxidation products and 
free fatty acids in the raw material allows obtaining model 
samples with a wide content range of the specified minor 
accompanying substances. The results of the research can 
be explained by the quality indicators of the raw material, 
which makes it possible to minimize the influence of external 
factors and focus on studying specific aspects of oxidation 
and hydrolysis in conditions as close as possible to actual 
storage and use conditions of rapeseed oil.

As a result of research, a two-factor dependence of the 
induction period of accelerated oxidation of refined rapeseed 
oil on the content of primary oxidation products and hydro-
lysis products was revealed. The dependence covers a wide 
range of the peroxide value (0.260...10.30 mmol ½O/kg) 
and acid value (0.14...2.60 mg KOH/g). The results of the 
study can be explained by the complex effect of peroxides 
and free fatty acids on the chemical and physicochemical 

properties of rapeseed oil, which leads to an acceleration of 
oxidation processes and a decrease in the induction period. 
The data obtained (equation (1), Fig. 1) allow us to deter-
mine the ranges of peroxides, hydroperoxides and free fatty 
acids with different levels of pro-oxidant effect on refined 
rapeseed oil. The effect of increasing the peroxide and acid 

values on the induction period of model samples of 
refined rapeseed oil increases with their increase, 
but at a lower rate (due to positive coefficients in the 
square terms of dependence (1)). The positive depen-
dence term (+1.2938·PV·AV) shows that the presence 
of an interaction between peroxide and acid values 
somewhat compensates for their negative effect on the 
induction period, but this effect is relatively small. At 
low peroxide and acid values, the oil induction period 
will be the closest to the basic value (204.6 min). In 
turn, at high values of factors, the induction period 
decreases significantly, although positive quadratic 
terms and interactions among factors somewhat mit-
igate this effect. Thus, control over the peroxide and 
acid values in refined rapeseed oil is important to 
ensure its stability and long-term storage. Reducing 
these analytical values will help prolong the oxidation 
induction period and prevent rapid oxidation of the oil, 
which is important to consider when rationalizing oil 
storage and processing conditions.

Knowing the initial peroxide and acid values of 
products and using equation (1), it is possible to esti-
mate when the induction period of accelerated oxidation 
will become critically small, which will allow determin-

ing the final date of product consumption. In addition, by 
analyzing the effect of different storage conditions on changes 
in peroxide and acid values, rational storage conditions can be 
developed for refined rapeseed oil that minimize the rate of 
changes in these indicators, thereby extending the shelf life of 
products. Using the equation during production processes, it 
is possible to control and adjust the parameters that affect the 
peroxide and acid values, ensuring the production of rapeseed 
oil with high quality indicators and long shelf life.

One-factor approximation dependences of the induction 
period of accelerated oxidation of refined rapeseed oil stabilized 
with the same amount of a mixture of natural tocopherols on 
the peroxide and acid values (2)–(5) were studied. These 
dependences were modeled for the intervals of the perox-
ide value of 0.260...10.08 mmol ½O/kg and acid value – 
0.14...2.60 mg KOH/g. Dependences (2)–(5) show different 
oxidation dynamics of model samples of refined rapeseed oil 
depending on the concentration of primary oxidation and 
hydrolysis products. The presence of natural tocopherols 
as antioxidants negatively affects the accumulation rate of 
peroxides, however, different initial compositions of the oil 
lead to different kinetic models. The obtained results can be 
explained by a combination of the specified factors, which 
interact with each other, affecting the rate and mechanisms 
of rapeseed oil oxidation. Approximation models (2)–(5) 
can be used to predict the shelf life of tocopherol-stabilized 
refined rapeseed oil, taking into account the initial content 
of oxidation and hydrolysis products. In addition, a prelimi-
nary assessment of the feasibility of antioxidant stabilization 
of refined rapeseed oil samples with different pro-oxidant 
contents is possible in view of dependences (2)–(5).

The development differs from [12–21], where the effect of 
the content of minor components with antioxidant activity 
on oxidative stability is investigated. This limits the range 
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of factors that affect the oil oxidation rate, in particular, the 
pro-oxidant effects of a number of minor accompanying oil 
compounds (peroxides, hydroperoxides and free fatty acids) 
are not taken into account. Thus, studying the mutual influ-
ence of the content of the main prooxidants of vegetable oil 
triglycerides on the oxidation of the model system of rapeseed 
oil, where other factors are practically excluded, is interesting 
from both a scientific and a practical point of view.

The results of the research (Fig. 1, 2; dependences (1)–(5)) 
allow predicting changes in the oxidation induction period of 
refined rapeseed oil depending on the peroxide and acid values. 
They take into account the non-linear effect of these parame-
ters on oil stability, allowing us to assess the impact of different 
storage and processing conditions on the quality of rapeseed oil 
and products based on it. 

Approximation dependence (1) allows predicting the oxi-
dation stability of refined rapeseed oil based on the analytical 
values. This makes it possible to estimate its shelf life and take 
timely measures to extend it. Using the equations obtained in 
the research allows determining optimal storage conditions 
that minimize the oxidation rate, thereby extending the shelf 
life of the oil. In turn, the analysis of one-factor dependences 
(2)–(5) allows us to determine the feasibility of using anti-
oxidants for different oil samples with different contents of 
oxidation and hydrolysis products. The results obtained help 
to understand the chemical processes occurring during storage 
and processing of refined rapeseed oil and allow developing ef-
fective methods for quality control and extension of its shelf life.

Although the approximation dependences (1)–(5) allow 
predicting the oxidation stability of refined rapeseed oil sam-
ples, the models may be limited in accuracy due to the com-
plexity of chemical reactions that occur during oxidation and 
hydrolysis. They may not fully account for the effects of other 
minor components, such as phospholipids or metal residues, 
which may also affect oxidative spoilage. In addition, the ap-
proximation dependences obtained may not take into account 
various types and concentrations of other antioxidants that 
may be present in commercial samples. Also, the proposed 
approximation equations do not take into account external fac-
tors, such as temperature, humidity, light and oxygen availabil-
ity, which can significantly affect the oxidation and hydrolysis 
rate of triacylglycerols.

The drawback of the study is the lack of a detailed analy-
sis of the impact of secondary oxidation products, which can 
significantly change the stability and organoleptic parameters 
of refined rapeseed oil. In addition, actual storage and trans-
portation conditions may differ significantly from laboratory 
conditions, which may affect the accuracy of forecasts.

These aspects indicate the need for additional research 
to cover a wider range of conditions and factors affecting the 
stability of refined rapeseed oil, as well as improving existing 
models for more accurate prediction. The development of the re-
search may be to expand the range of investigated antioxidants, 
including synthetic and natural compounds, to compare their 
effectiveness under different conditions. It is also advisable to 
study the influence of additional factors, such as temperature, 
humidity and ultraviolet exposure, on the oxidation and hydro-
lysis processes of refined rapeseed oil. This will help optimize 

industrial processes and improve the quality of finished prod-
ucts, as well as products based on refined rapeseed oil.

7. Conclusions

1. The organoleptic (transparency, taste, smell) and 
physico-chemical parameters (color, peroxide, anisidine, 
acid values, moisture and volatile substances content), as 
well as the fatty acid composition of the studied sample 
of refined rapeseed oil were determined. By organoleptic, 
physicochemical indicators and fatty acid composition, 
the studied sample of refined rapeseed oil meets the re-
quirements established in the regulatory documentation – 
DSTU 8175 (CAS 8002-13-9).

2. A regression equation describing the dependence of 
the induction period of accelerated oxidation of refined 
rapeseed oil on factors such as oxidation and hydrolysis 
products was constructed. Both factors negatively affect 
the stability of refined rapeseed oil. An increase in peroxide 
value decreases the induction period of model oil samples 
by 32.8512 units for each additional mmol ½O/kg. In turn, 
increasing the acid value of oil samples reduces the induction 
period by 19.8424 units for each additional mg KOH/g. 

3. The effect of a mixture of tocopherols on the dynamics 
of accelerated oxidation of refined rapeseed oil with different 
contents of oxidation and hydrolysis products was deter-
mined. Different oxidation dynamics of model samples of 
refined rapeseed oil were revealed depending on the concen-
tration of primary oxidation and hydrolysis products. The 
presence of natural tocopherols as antioxidants negatively 
affects the accumulation rate of peroxides, however, different 
initial compositions of the oil lead to different kinetic models 
of accelerated oxidation.

Conflict of interest

The authors declare that they have no conflict of interest 
in relation to this research, whether financial, personal, au-
thorship, or otherwise, that could affect the research and its 
results presented in this paper.

Financing

The study was conducted without financial support.

Data availability

The manuscript has no associated data.

Use of artificial intelligence tools

The authors confirm that they did not use artificial in-
telligence technologies when creating the presented work.

References

1. Boldyryev, S., Khussanov, A., Gorbunov, K., Gorbunova, O. (2019). Sustainability improvement of Kazakh chemical industry via 

process integration: A case study of calcium chloride production. Chemical Engineering Transactions, 76, 1231–1236. https:// 

doi.org/10.3303/CET1976206



13

Technology organic and inorganic substances

2. Ved, V., Ponomarenko, H., Ponomarenko, Y., Gorbunov, K. (2021). A Modified Scheffe’s Simplex Lattice Design Method in 

Development of Ceramic Carriers for Catalytic Neutralizers of Gas Emissions. Chemistry Journal of Moldova, 16 (1), 79–87. 

https://doi.org/10.19261/cjm.2021.779 

3. Abad, A., Shahidi, F. (2021). Fatty acid, triacylglycerol and minor component profiles affect oxidative stability of camelina and 

sophia seed oils. Food Bioscience, 40, 100849. https://doi.org/10.1016/j.fbio.2020.100849 

4. Ali, M. A., Nargis, A., Othman, N. H., Noor, A. F., Sadik, G., Hossen, J. (2017). Oxidation stability and compositional characteristics 

of oils from microwave roasted pumpkin seeds during thermal oxidation. International Journal of Food Properties, 20 (11), 2569–

2580. https://doi.org/10.1080/10942912.2016.1244544 

5. Belinska, A., Bliznjuk, O., Masalitina, N., Bielykh, I., Zviahintseva, O., Gontar, T. et al. (2023). Development of biotechnologically 

transesterified three-component fat systems stable to oxidation. Eastern-European Journal of Enterprise Technologies, 5 (6 (125)), 

21–28. https://doi.org/10.15587/1729-4061.2023.287326 

6. Wang, D., Xiao, H., Lyu, X., Chen, H., Wei, F. (2023). Lipid oxidation in food science and nutritional health: A comprehensive review. 

Oil Crop Science, 8 (1), 35–44. https://doi.org/10.1016/j.ocsci.2023.02.002 

7. Yuan, L., Xu, Z., Tan, C.-P., Liu, Y., Xu, Y.-J. (2021). Biohazard and dynamic features of different polar compounds in vegetable oil 

during thermal oxidation. LWT, 146, 111450. https://doi.org/10.1016/j.lwt.2021.111450 

8. Ma, G., Wang, Y., Li, Y., Zhang, L., Gao, Y., Li, Q., Yu, X. (2023). Antioxidant properties of lipid concomitants in edible oils: A review. 

Food Chemistry, 422, 136219. https://doi.org/10.1016/j.foodchem.2023.136219 

9. Maszewska, M., Florowska, A., Dłużewska, E., Wroniak, M., Marciniak-Lukasiak, K., Żbikowska, A. (2018). Oxidative Stability of 

Selected Edible Oils. Molecules, 23 (7), 1746. https://doi.org/10.3390/molecules23071746 

10. Jiang, L., Wu, W., Wu, S., Wu, J., Zhang, Y., Liao, L. (2024). Effect of different pretreatment techniques on quality characteristics, 

chemical composition, antioxidant capacity and flavor of cold-pressed rapeseed oil. LWT, 201, 116157. https://doi.org/10.1016/ 

j.lwt.2024.116157 

11. Li, Z., Wang, W., Liu, X., Qi, S., Lan, D., Wang, Y. (2023). Effect of different degumming processes on the retention of 

bioactive components, acylglycerol and phospholipid composition of rapeseed oil. Process Biochemistry, 133, 190–199. https:// 

doi.org/10.1016/j.procbio.2023.08.019 

12. Arabsorkhi, B., Pourabdollah, E., Mashadi, M. (2023). Investigating the effect of replacing the antioxidants Ascorbyl palmitate and 

tocopherol instead of TBHQ on the shelf life of sunflower oil using temperature accelerated method. Food Chemistry Advances, 2, 

100246. https://doi.org/10.1016/j.focha.2023.100246 

13. Ayu, D. F., Andarwulan, N., Hariyadi, P., Purnomo, E. H. (2016). Effect of tocopherols, tocotrienols, β-carotene, and chlorophyll on 

the photo-oxidative stability of red palm oil. Food Science and Biotechnology, 25 (2), 401–407. https://doi.org/10.1007/s10068-

016-0055-1 

14. Gulsen, K., Cakmak-Arslan, G. (2023). Evaluation of the antioxidant effect of propolis on thermal oxidation of sunflower oil using 

ATR-MIR spectroscopy. Chemical Papers, 77 (10), 5733–5750. https://doi.org/10.1007/s11696-023-02893-2 

15. Lehnert, S., Dubinina, A., Deynichenko, G., Khomenko, O., Haponceva, O., Antonyuk, I. et al. (2018). The study of influence 

of natural antioxidants on quality of peanut and linseed oil blends during their storage. Eastern-European Journal of Enterprise 

Technologies, 3 (11 (93)), 44–50. https://doi.org/10.15587/1729-4061.2018.133433 

16. Petik, P., Stankevych, S., Zabrodina, I., Zhulinska, O., Mezentseva, I., Haliasnyi, I. et al. (2023). Determination of fat-soluble dyes 

influence on the oxidation induction period of their oil solutions. Eastern-European Journal of Enterprise Technologies, 3 (6 (123)), 

13–21. https://doi.org/10.15587/1729-4061.2023.279619 

17. Almeida, E. S., Carmona, P. O., Mendonça, S., Dias, A. C. B., Castellón, E. R., Cecilia, J. A. et al. (2024). The role of carotenes 

in preventing oxidation during palm oil processing: Adsorption studies. Industrial Crops and Products, 216, 118691. https:// 

doi.org/10.1016/j.indcrop.2024.118691 

18. Safarzadeh Markhali, F., Teixeira, J. A. (2024). Stability of target polyphenols of leaf-added virgin olive oil under different storage 

conditions over time. Sustainable Food Technology, 2 (3), 780–789. https://doi.org/10.1039/d4fb00068d 

19. Ali, M. A., Chew, S. C., Majid, F. A. A. (2022). Contribution of endogenous minor components in the oxidative stability of rice bran 

oil. Journal of Food Measurement and Characterization, 17 (1), 187–210. https://doi.org/10.1007/s11694-022-01602-z 

20. Maghsoudlou, E., Raftani Amiri, Z., Esmaeilzadeh kenari, R. (2023). Determination and correlation analysis of phytochemical 

compounds, antioxidant activity, and oxidative stability of different edible oils. Journal of Food Measurement and Characterization, 

18 (1), 714–726. https://doi.org/10.1007/s11694-023-02241-8 

21. de Carvalho, A. G. A., Silva, L. de O., Monteiro, M., Perrone, D., Castelo-Branco, V. N., Torres, A. G. (2024). Jussara palm tree 

(Euterpe edulis M.) açai-berry oil performance on auto- and photo-oxidation: Minor components’ stability and evolution of volatile 

compounds. Food Chemistry Advances, 4, 100618. https://doi.org/10.1016/j.focha.2024.100618 

22. Oliya ripakova Kujawski. Available at: https://oleina.ua/kujawski/product/ripakova-kujawski

23. Setting Up a DSC Oxygen Induction Time Procedure. Available at: https://folk.ntnu.no/deng/fra_nt/other%20stuff/ 

DSC_manuals/QDSC/Setting_Up_a_DSC_Oxygen_Induction_Time_Procedure.htm


