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ceutical products, etc. In addition, the use of oils and fats on 
their own is widespread in both food and non-food purposes.

An acute problem associated with the obtaining, pro-
cessing and use of oils is various types of spoilage, which lead 

1. Introduction

Oils and fats are one of the most important components of 
food, cosmetics and hygiene products, chemical and pharma-
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The influence of natural antioxidants from 
different types of vegetable raw materials 
on the processes of oxidative and hydrolyt-
ic spoilage of sunflower oil during storage is 
studied. Plant antioxidants are more envi-
ronmentally friendly and safer than synthet-
ic ones.

Green tea leaves and oak bark were used 
as vegetable raw materials. Water-ethanol 
extracts from vegetable raw materials were 
added to oil samples in experimental con-
centrations. The samples were stored in the 
laboratory conditions at the temperature of 
(20±2) °C. The study was performed for 5 
months. The values of the acid and peroxide 
numbers were determined.

The most effective blend of antioxidants 
showed the increase in the acid number from 
0.12 to 0.20 mg KOH/g (concentration of 
green tea extract – 0.05 %, without the addi-
tion of oak bark extract).

According to the values of the peroxide num- 
ber, the most effective blends of antioxidants 
were the experiment points with the follow-
ing green tea extract:oak bark extract ratio:  
(0.05:0.05) %, (0.025:0.025) %,(0.025:0.05) %, 
(0.05:0.025) %.

To determine the induction period of oil 
and, accordingly, its shelf life under exper-
imental conditions, the values of the perox-
ide numbers were used. It is rational to use 
extractives from oak bark and green tea under 
the following conditions: the concentration of 
each of the antioxidant extracts in terms of 
dry matter – (0.025 0.04) %. The maximum 
induction period is 100 days.

The efficiency of natural antioxidants in 
terms of the concentration of oak bark and 
green tea extracts is 0.05 and 0.025 %, respec-
tively, was compared to the effectiveness of the 
corresponding concentration of one of the syn-
thetic antioxidants – butylhydroxyanisole. 
When using butylhydroxyanisole, the induc-
tion period of oil was 65 days, and when 
using natural antioxidants – 74 days
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Natural (tocopherols, tocotrienols) and synthetic (propyl 
gallate, butylhydroxyanisole, butylhydroxytoluene, tert-bu-
tylhydroquinone) antioxidants are used to inhibit spoilage 
processes. Synthetic antioxidants are used in strictly regu-
lated concentrations because they are substances that are 
dangerous to human health.

Recently, more and more attention of researchers has 
been attracted by antioxidant substances extracted from 
plant raw materials, in particular, various parts of trees, 
flowers, medicinal herbs, etc. For example, the antioxidant 
and antimicrobial effects of oregano extract in the produc-
tion of meat products were researched in [5]. It was found 
that this plant extract contributes to a significant extension 
of the shelf life while maintaining a high quality of beef prod-
ucts. But in the study, it would be useful to separate how the 
oregano extract affects the peroxidation of the fatty phase 
of the product, as well as to conduct studies with different 
antioxidant concentrations.

Currently, a promising type of raw material for extract-
ing antioxidants are tea leaves.

Thus, the authors [6] presented the results of the study 
of the antioxidant properties of infusions of medicinal herbs, 
teas, wines, balms, beer. Evaluation of antioxidant capacity 
was performed by coulometric titration with electrogenerat-
ed bromine compounds. It was found that samples of green 
tea have the highest indicators of antioxidant activity. It 
was also shown that plant biopolymers – lignins have high 
antioxidant properties in comparison with known synthetic 
antioxidant preparations. However, there are no results on 
the specific use of green tea as an antioxidant for oils and 
fats, it is not shown how the physical and chemical indicators 
of oil oxidation change during the use of such an antioxidant.

The production of phenolic compounds, which have a pro-
nounced antioxidant effect, from fresh and old tea leaves was 
studied in [7]. Phenolic profiles of old and young tea leaves 
were compared using ultra-high-performance liquid chroma-
tography combined with hybrid quadrupole Orbitrap mass 
spectrometry (UHPLC-Q-Orbitrap-MS). It was found that 
the phenolic composition of old tea leaves has an antioxidant 
effect similar to the new ones, which makes it possible to use 
old tea leaves and tea production waste as raw material. This 
indicates that green tea leaves can be a cost-effective source 
of valuable antioxidants. But the study does not show how 
antioxidant substances from tea leaves affect the processes 
of oxidative and hydrolytic spoilage of oils, and shows only 
the phenolic composition of tea leaf samples. Phenolic com-
pounds are known to have antioxidant activity, but a number 
of studies should be performed to confirm their effectiveness 
during oil storage and to determine how much the oil shelf 
life increases when using tea leaf extracts.

In addition, wood residues such as bark are an attractive 
source of natural antioxidants.

The efficiency of extraction of total polyphenols and 
flavonoids from oak bark was evaluated in [8]. The total 
amount of phenols extracted with water and aqueous ethanol 
solution with a concentration of 60 % was within (55.4–
60.4) and (71.0–79.3) mg of gallic acid/g of bark, respec-
tively, and the total content of flavonoids in these extracts 
was determined within (35.1–38.0) and (72.0–78.4) mg of 
catechin/g of bark. Aqueous-ethanol extracts showed higher 
activity against free radicals than a common synthetic anti-
oxidant – butylhydroxytoluene. The study is very valuable 
in terms of the chemical composition and properties of anti-
oxidants extracted from oak bark, but there are no data on 

to a negative change in the technological characteristics of 
oils, as well as to the harmful effects on the human body in 
the case of consumption of spoiled oil [1, 2].

In general, oils and fats are the main factor determining 
the stability of the oil-containing product during storage. 
Therefore, important tasks during production are the selec-
tion of high-quality oils and fats, study of changes during 
their storage and the impact of stabilizers and antioxidants.

Various synthetic antioxidants are widely used in the 
production of oil-containing products, but from a hygienic 
point of view, it is advisable to use natural compounds de-
rived from plants, which are biologically valuable products 
and do not cause toxic effects on the human body. Among 
the substances included in plant raw materials, tocopherols, 
sesamol, carotenoids, phosphatides, chlorophyll, phenolic 
compounds, etc. have the antioxidant effect. Plant antioxi-
dants can not only protect the fatty product from oxidation, 
but also preserve the biological value of the product.

Plant products, as well as medicinal herbs, contain a 
number of antioxidant components that can prevent or delay 
oxidative processes [3]. For example, valuable natural sourc-
es of antioxidant compounds are oak bark, rowan, coltsfoot, 
mint, thyme, chamomile and more.

Thus, the study of plant raw materials to obtain effective 
natural antioxidants for oils is an actual scientific task.

2. Literature review and problem statement

All foods consist of primary biomaterials, which in-
evitably decompose and spoil over time. Deterioration of 
products cannot be prevented, but it is possible to slow down 
the spoilage process, which requires the correct selection 
of recipes, methods of processing, packaging, storage and 
transportation of products.

Fat spoilage can be caused by the accumulation of free 
fatty acids, peroxides, as well as rancidity and saliniza-
tion [2]. Each of these types of food spoilage from a chemical 
point of view is characterized by the predominant accumu-
lation of substances belonging to a certain group of chemical 
compounds.

Triacylglycerols (TAGs) of fats are labile components 
and undergo various transformations, the main of which are 
hydrolysis and oxidation. As a result of these reactions, the 
chemical composition changes, organoleptic characteristics 
worsen, nutritional and biological value of fat decreases. The 
mechanism of chemical and biochemical reactions of TAG 
transformation is complex, including the formation of both 
labile intermediates with high reactivity and stable end prod-
ucts – carbonyl compounds. The depth and rate of these pro-
cesses depend on the chemical composition of stored products, 
enzyme activity, presence of microorganisms, contact with air 
oxygen, use of antioxidants, inert environment, technological 
parameters of raw material processing and storage [4].

Compounds such as fatty alcohols and oxypolymers can be 
formed in fats. In addition to the bitter taste and smell, these 
substances can cause the decomposition of vitamins, lowering 
the temperature of smoke formation, foaming of oils and fats 
subjected to heat treatment. One of the most important indica-
tors of oil oxidation is the peroxide number, which characterizes 
the content of peroxides and hydroperoxides in the oil [4].

Therefore, oils and fats, as well as products containing 
them, require the introduction of special substances with 
antioxidant action.
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origin effectively and efficiently, significantly increase the 
shelf life of sunflower oil by slowing down the formation of 
harmful oxidation products, reduce the cost of oil.

To achieve the aim, the following objectives were set:
– to experimentally determine the effect of different con-

centrations of natural antioxidants (water-ethanol extracts 
of oak bark and green tea leaves) on the value of the acid 
number of sunflower oil during storage;

– to experimentally determine the effect of different 
concentrations of natural antioxidants on the value of the 
peroxide number of sunflower oil during storage;

– to investigate the dependence of the shelf life of sun-
flower oil on the concentration of antioxidants and to deter-
mine rational concentrations of natural antioxidants;

– to determine the economic feasibility of using the ra-
tional composition of natural antioxidants.

4. Materials and methods to study the dependence 
of physical and chemical indicators of oil on the 

concentration of antioxidants

4. 1. Examined materials and equipment used in the 
experiment

The following reagents and materials were used in this 
study:

– oak bark, green tea leaves according to acting norma-
tive documentation;

– refined deodorized winterized sunflower oil, grade P, 
according to DSTU 4492:2017;

– rectified ethyl alcohol, according to DSTU 4221:2003;
– distilled water, according to acting normative docu-

mentation;
– potassium iodide, grade “pure chemical”, according to 

acting normative documentation;
– soluble starch, according to acting normative docu-

mentation;
– sodium thiosulfate, according to acting normative 

documentation;
– acetic acid, according to acting normative documen-

tation;
– chloroform, according to acting normative documen-

tation;
– potassium hydroxide, grade “clean for analysis”, ac-

cording to acting normative documentation;
– phenolphthalein, according to acting normative docu-

mentation.

4. 2. Procedure for determining the indicators of oxi-
dative and hydrolytic spoilage of oil during storage

Oxidative spoilage of oil during storage is evaluated by 
the peroxide number, which is determined by standard meth-
ods according to DSTU 4570: 2006.

Hydrolytic spoilage of oil during storage is evaluated by 
the acid number, which is determined by standard methods 
according to DSTU 4350: 2004.

4. 3. Planning of experimental research and process-
ing of results

In order to plan our study and process the results ob-
tained, a full first-order factorial experiment was applied; 
the calculation was performed in the Місrosoft Оffice Ехсеl 
2003 (USA) and Stat Soft Statistica v6.0 (USA) software 
packages. The experiments were repeated twice.

the use of these substances in oils, fats and fat-containing 
systems.

The authors [9] evaluated the total content of polyphe-
nols, content of heavy metals and antioxidant capacity of oak 
bark (Quercus robur L.) and pine bark (Pinus sylvestris L.). 
Identification and quantification of flavonoids and phenolic 
acids were performed by chromatographic analysis. Phenol 
extraction efficiency was higher in oak bark than in pine 
bark. The metal content in the crude bark of the experi-
mental raw material and its extracts decreased in the order: 
Zn>Cu>Cr>Pb>Ni>Cd. The obtained extracts were found 
to inhibit free radical reactions and can be used as additives 
in food and cosmetic products, as well as for wood preserva-
tion. Based on the results of the study, only the assumption 
is made that the extracted substances can be additives to 
different types of products, but there is no experimental 
confirmation of how the rate of oil spoilage decreases indi-
vidually and in fat-containing products.

Also of great scientific and practical interest are euca-
lyptus leaves in terms of obtaining antioxidant substances.

The pronounced antioxidant and antibacterial action of 
eucalyptus leaf extracts has been experimentally confirmed. 
Eucalyptus leaves contain substances such as cineole and 
eucalypton, which are able to inhibit free radical process-
es [10–12]. However, there are no data on the use of eucalyp-
tus leaf extracts as antioxidants for oils and oil-containing 
products, the effect of these antioxidants on the indicators 
of peroxide and acid numbers, which reflect the degree of 
product spoilage and the presence of harmful substances.

Thus, at present, the directions related to the develop-
ment of antioxidant systems to extend the shelf life, ensure 
safety and preserve the properties of various types of food 
and non-food products are very relevant. But there is not 
enough data that would reflect the real impact of such 
antioxidants directly on the quality of oils during storage, 
without the use of elevated temperatures, special devices, 
and during the simulation of the actual process of oil storage.

The rational conditions for obtaining water-ethanol 
extracts from oak bark, green tea leaves and eucalyptus 
leaves were determined in [13]. Sunflower oil was used as 
a model substance and an accelerated oxidation method – 
the method of active oxygen – at the temperature of 110 °C. 
The work contains important information on the rational 
conditions for obtaining antioxidants. However, there are 
no data on the effectiveness of such antioxidants under the 
actual storage conditions of the oil, as well as on the effect 
of different concentrations of antioxidants on the rate of 
oxidative and hydrolytic processes in the oil. It is shown 
that the most effective were extracts of green tea leaves 
and oak bark.

Thus, research on the impact of effective antioxidants 
from oak bark and green tea on physical and chemical in-
dicators and shelf life of oil during storage is an important 
direction. This will allow improving the quality, safety and 
preserving the functional properties of oils and oil-contain-
ing products.

3. The aim and objectives of the study

The aim of the study was to determine the dependence of 
physical and chemical indicators and shelf life of sunflower 
oil during storage on the concentration of natural antioxi-
dants. This will allow to use natural antioxidants of plant 
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5. Results of studying the relationship between the 
concentration of antioxidants, physical and chemical in-
dicators and shelf life of oil

5. 1. Studying the effect of antioxidant concentration on 
changes in the acid number of sunflower oil during storage

The influence of the concentration of green tea and oak 
bark extracts on the stability of the oil was determined, for 
which a mixture of antioxidant extracts with the concentra-
tions of components listed in Table 1 was introduced into 
the initial oil.

Aqueous-ethanol extracts were ob-
tained under the following conditions:

– vegetable raw material-solvent ra-
tio: 1:10;

– volume fraction of ethyl alcohol in 
the extractant: for oak bark 30%, for 
green tea 50%;

– extraction temperature: for oak 
bark 50 °C, for green tea 60 °C.

To conduct the experiment and ob-
tain a mathematical model that relates 
the shelf life and concentration of anti-
oxidants, a full factorial experiment was 
used: the number of factors – 2, the 
number of experiments – 9, the number 
of levels – 3. The matrix of experiment 
planning is given in Table 1. The up-
per level (+1) is 0.05 %, the lower lev-
el (–1) is 0 %, the range of variation 
is 0.025 % (concentrations of antioxi-
dant extracts in terms of dry matter).

Table 1

Experimental concentrations of antioxidant extracts

Experiment 
number

Concentration of antioxidant extracts in 
oil,% (in terms of dry matter)

Oak bark Green tea

1 0.05 0.05

2 0 0

3 0.025 0.025

4 0.05 0

5 0 0.05

6 0.025 0.05

7 0.025 0

8 0.05 0.025

9 0 0.025

Thus, the minimum total content of antioxidant extracts 
in the oil is 0.025 %, the maximum – 0.1 % (in terms of dry 
matter).

The stability of the oil in the presence of antioxidant 
extracts was investigated in comparison with the oil without 
the addition of antioxidants (experiment 2 in Table 1).

All oil samples were stored in the laboratory conditions 
at the temperature of (20±2) °C, in a dark glass container. 
The study was performed for 5 months.

For each sample (No. 1–9 in Table 1), the values of 
acid numbers were studied for 5 months. In order to de-
termine the standard deviation when determining the 
acid numbers for point 1 (1 month), six parallel deter-
minations were performed. The mean value of the acid 

number was 0.15 mg KOH/g, the standard deviation was 
0.01 mg KOH/g.

The results of the study of acid numbers for 9 samples are 
shown in Fig. 1. As evidenced by Fig. 1, for each experimen-
tal month, the values of the acid numbers of 9 samples differ 
by a value exceeding the standard deviation.

In this case, for certain samples, the value of the acid 
number at certain intervals of storage time is constant. Thus, 
for sample 1, the acid number is equal to 0.15 mg KOH/g for 
1 and 2 months, and 0.16 mg KOH/g for 2.5 and 3 months.

From Fig. 1, it is found that all samples of oil with the 
addition of plant antioxidants generally show lower values 
of acid numbers during storage compared to the sample 
without the addition of antioxidants. The values of the 
acid number of samples increase slightly over time, within 
(0.12–0.30) mg KOH/g, while the highest value in the study 
(0.30 mg KOH/g) does not reach the limit according to 
DSTU 4492:2017 (for refined deodorized winterized sun-
flower oil, grade P – not more than 0.50 mg KOH/g). Thus, 
despite the fact that the values of the acid numbers of the sam-
ples differ by a value greater than the standard deviation, the 
increase in the acid number is not significant in determining 
the rational conditions for using antioxidant extracts.

5. 2. Studying the effect of antioxidant concentration 
on changes in the peroxide number of sunflower oil during 
storage

During the study period, along with the values of the 
acid numbers, the values of the peroxide number of the oil 
were determined.

For each sample (No. 1–9 in Table 1), the values of 
peroxide numbers were studied for 5 months. In order to 
determine the standard deviation when determining the 
peroxide numbers for point 1 (1 month), six parallel deter-
minations were performed. The mean value of the peroxide 
value was 2.47 ½ O mmol/kg, the standard deviation was 
0.05 ½ O mmol/kg. The results of the determinations are 
shown in Fig. 2.

Analyzing the data of Fig. 2, it was found that for each 
experimental month the values of the acid numbers of 9 sam-
ples differ by a value exceeding the standard deviation. In 
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Fig. 1. Dependence of the acid number of oil samples on shelf life
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addition, for all samples in all experimental months there is 
an increase in peroxide numbers by a value that significantly 
exceeds the standard deviation.

The values of the peroxide number increase significantly, 
with varying intensity. The sample without the addition of an-
tioxidants (2) has the highest peroxide value at the end of the 
study period. Thus, for points 2, 7, 9, at the end of the study, the 
values of peroxide numbers are observed above standard (ac-
cording to DSTU 4492:2017 for refined deodorized winterized 
sunflower oil, grade P – no more than 10 ½ O mmol/kg).

Thus, the conducted studies demonstrate the effect of 
antioxidants on the most important indicators of oil spoil-
age – acid and peroxide number. Due to the significant 
increase in peroxide numbers, the value of this indicator is 
taken to further determine the induction periods of samples 
that reflect the actual shelf life of the oil.

5. 3. Studying the dependence of the shelf life of sun-
flower oil on the concentration of antioxidants

To determine the relationship between the concentra-
tions of antioxidants and the shelf life of the experimental 
oil, the values of the induction periods for each experiment 
are determined, which are presented in Table 2. Induction 
periods reflect the shelf life of experimental samples.

Table 2

Value of experimental induction periods

Experiment number Induction period, days

1 100

2 45

3 72

4 70

5 70

6 72

7 65

8 74

9 60

Therefore, the induction periods are maximum for 
points 1, 3, 6, 8.

As a result of processing experi-
mental data in the environment of the 
Statistica 8 package (StatSoft, Inc.), 
a mathematical model was obtained 
that reflects the dependence of the in-
duction period of sunflower oil on the 
concentrations of antioxidant extracts 
in terms of dry matter. The upper level 
of variation of the input variables (+1) 
is 0.05 %, the lower level (–1) is 0 %, the 
interval of variation is 0.025 % (con-
centration of antioxidant extracts in 
terms of dry matter).

In normalized form, the regression 
relationship has the form:

1 269.78 11.5 10.33 .y x x= + ⋅ + ⋅ 	 (1)

In real variables:

1 247.95 460 413.2 ,y x x= + ⋅ + ⋅ 	 (2)

where V – value of the induction pe-
riod, days, x – the concentration of 
oak bark extract, %, in terms of dry 
matter, y – the concentration of green 
tea extract, %, in terms of dry matter.

The adequacy of the obtained model was checked using 
Fisher’s criterion (Table 3).

Table 3

Results of checking the adequacy of the model

Value SS df MS F p

(1) Oak bark L 793.500 1 793.5000 19.88814 0.004285

(2) Green tea L 640.667 1 640.6667 16.05755 0.007061

Error 239.389 6 39.8981 – –

General SS 1673.556 8 – – –

In Table 3: SS – sum of squares; df – degree of freedom; 
MS – mean square value; p – level of significance; F – Fish-
er’s criterion. The value of the coefficient of determination 
R2=0.85696.

Thus, the absence of loss of consistency (significance lev-
el p>0.05) and the value of the coefficient of determination, 
close to one, allow us to conclude that the obtained model 
adequately describes the response function.

Fig. 3 shows the projection of the response surface, which 
is the dependence of the induction period of oil with concen-
trations of antioxidant extracts in % in terms of dry matter.

Analysis of the obtained data revealed that it is rational 
to use extractives from oak bark and green tea leaves under 
the following conditions: the concentration of each of the 
antioxidant extracts in terms of dry matter (0.025–0.04) %. 
In this range, there is the zone of rational values.

The effectiveness of natural antioxidants at point 8 (con-
centration of oak bark and green tea extracts, 0.05 and 0.025 %, 
respectively) compared to the effectiveness of the correspond-
ing concentration of one of the synthetic antioxidants – butyl-
hydroxyanisole. The total concentration of the two extracts 
used in terms of dry matter corresponded to the concentration 
of butylhydroxyanisole in sunflower oil (0.075 %).
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In this case, the induction period of oil, which corre-
sponds to the shelf life and is determined by the change in 
peroxide numbers, was 65 days, and when using natural 
antioxidants –74 days. Thus, the use of natural antioxi-
dants is more effective in inhibiting the oxidative spoilage 
of oils.

5. 4. Economic feasibility of using natural antioxi-
dants in oils

Economic effect (Еcost reduct) lies in the reduction of 
production cost, comparing the use of natural antioxidants 
(oak bark extract, green tea extract) with synthetic (bu-
tylhydroxyanisole) in production conditions, which can be 
calculated by the following formula:

cos  ( ) ,t reduct synt synt nat nat prЕ P G P G V= ⋅ − ⋅ ⋅

where Psynt; Pnat – the price of synthetic and natural antioxi-
dants, $/kg; Gsynt; Gnat – specific consumption of synthetic and 
natural antioxidants, kg/t, Vpr – volume of sunflower oil, t.

The results of calculations of the economic feasibility of 
using different types of antioxidants are given in Table 4.

Table 4

Economic evaluation of using different types of antioxidants

Indicator
Butylhy-

droxy-
anisole

Oak bark 
extract

Green tea 
extract

Price of antioxidant, $/kg 33.70 5.60 4.40

Specific consumption of 
antioxidant, kg/t (in terms 

of dry matter)
0.75 0.5 0.25

Volume of sunflower oil, t 1.000

Economic effect, $ – 20.80 22.50

According to the calcu-
lations, we can conclude that 
when saturating 1 ton of sun-
flower oil with natural antioxi-
dants, the cost reduction is: 

– using oak bark extract – 
20.80 $;

– using green tea extract – 
22.50 $.

Therefore, this will sig-
nificantly reduce the cost of 
production and, accordingly, 
increase the financial results, 
which indicates the economic 
feasibility of their use in enter-
prises that produce any oil-con-
taining products.

6. Discussion of the results 
of studying the dependence 
of sunflower oil shelf life on 
antioxidants concentration

As a result of the research, 
the effect of different concen-
trations of natural antioxidants 
(water-ethanol extracts from 

oak bark and green tea leaves) on changes in physical and 
chemical indicators and shelf life of sunflower oil in general 
is determined. The main causes of spoilage of oils, fats, and, 
accordingly, oil-containing products, are oxidation and 
hydrolysis. These processes can be evaluated by the corre-
sponding physical and chemical indicators of the oil – per-
oxide and acid numbers. These characteristics reflect the 
accumulation of oxidation products and free fatty acids in 
the oil. Therefore, during the study, oil samples with differ-
ent concentrations of antioxidants were stored at the tem-
perature of (20±2) °C, i. e. this allowed estimating the shelf 
life of samples in real conditions of consumption and using 
many types of food, cosmetics, pharmaceuticals and the like.

The effect of antioxidant concentration on the growth of 
the acid number of oil was determined. The values of the acid 
number in the experimental conditions increased slightly. All 
samples with the addition of extracts showed a lower growth 
rate of this indicator than the sample without the addition 
of extracts. The lowest growth rate is observed for point 5 in 
terms of the experiment (Table 1). The acid number increased 
from 0.12 to 0.20 mg KOH/g (concentration of green tea 
extract – 0.05 %, without the addition of oak bark extract). 
In general, this indicator increased insignificantly, but the 
addition of extracts inhibited the formation of free fatty acids.

The dependence of the growth rate of the peroxide 
number of the oil on the antioxidant concentration was also 
determined. The lowest growth rate of the peroxide num-
ber was shown by the following points of the experiment 
with the following green tea extract:oak bark extract ratio: 
1 – (0.05:0.05) %, 3 – (0.025:0.025) %, 6 – (0.025:0.05) %, 
8 – (0.05:0.025) %. That is, in this case, the most effective 
are mixtures with extracts of both plants.

These effects of reducing the rate of hydrolytic and oxi-
dative spoilage are explained by the presence of active com-
pounds, in particular, phenolic, which have an antioxidant, 
preservative, antibacterial action.
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The peroxide number is associated with the induction pe-
riod of oil, which corresponds to the actual shelf life. It is ratio-
nal to use extractives from oak bark and green tea leaves un-
der the following conditions: the concentration of each of the 
antioxidant extracts in terms of dry matter (0.025–0.04) %. 
The maximum induction period was 100 days.

Studies have shown a clear dependence of the rate of oxi-
dative and hydrolytic spoilage of oil on the concentrations of 
plant antioxidants. The samples were stored under normal con-
ditions, without the use of elevated temperature, radiation, ox-
idation initiators or other effects on the experimental samples.

This work differs from existing scientific research on the 
antioxidant properties of plants in that it shows the direct 
effect of different concentrations of antioxidants on the 
physicochemical parameters and shelf life of sunflower oil 
under normal storage conditions. Sunflower oil is a common 
vegetable oil that is widely used both individually and in 
various fats, as well as many foods.

In addition, it was shown that using oak bark and green 
tea extracts reduces the cost of oil by $ 20.80 and $ 22.50, 
respectively.

Thus, the results of the study are important for various 
industries that use oils and fats.

The plant antioxidants considered in this study can be 
used to extend the shelf life of oils at concentrations of each 
of the antioxidants up to 0.05 % inclusive (in terms of dry 
matter). Therefore, the maximum total concentration of anti-
oxidant extracts in the oil in terms of dry matter can be 0.1 %.

When obtaining antioxidant extracts from the consid-
ered vegetable raw materials, the recommended extraction 
parameters should be taken into account (vegetable raw 
material‑solvent ratio: 1:10; volume fraction of ethyl alcohol 
in the extractant: for oak bark 30 %, for green tea 50 %; 
extraction temperature: for oak bark 50 °C, for green tea 
60 °C). As the extraction temperature increases, the biolog-
ically active substances contained in the plants are able to 
break down and, consequently, lose their properties.

An aqueous-ethanolic solution was used as an extractant, 
since the active substances from plants are well soluble in po-
lar solvents. This fact complicates using such water-ethanol 
extracts in oils and fats. To add the active substances ex-
tracted from the plants, the obtained extracts must be added 
into the oil, after which the oil or fat must be vacuum dried. 
But this disadvantage is eliminated when using antioxidants 
in fat emulsion products (margarine, mayonnaise, etc.). In 

this case, there is no need for additional processing of the 
product after adding the extracts.

7. Conclusions

1. As a result of experimental studies, the nature of 
changes in the acid number of sunflower oil from the ex-
perimental concentrations of antioxidant extracts from oak 
bark and green tea leaves was determined. It was found that 
during storage in the study conditions, the acid number in-
creased slightly. The value of this indicator for the oil sample 
without the addition of antioxidants increased from 0.12 to 
0.30 mg KOH/g. All samples with the addition of extracts 
showed a lower growth rate of this indicator. The most ef-
fective extract was green tea extract with a concentration of 
0.05 % in terms of dry matter, without the addition of oak 
bark extract.

2. The influence of experimental concentrations of antiox-
idant extracts on the growth rate of the peroxide number of 
sunflower oil is determined. The sample without the addition 
of antioxidants has the highest value of the peroxide number 
at the end of the study period (this indicator changed from 
0.82 to 13.80 ½ O mmol/kg). The most effective reduction 
of the peroxide value was shown by the following points 
of the experiment with the following green tea extract:oak 
bark extract ratio: 1 – (0.05:0.05) %, 3 – (0.025:0.025) %,  
6 – (0.025:0.05) %, 8 – (0.05:0.025) %. For these points, 
there was an increase in the peroxide number to the follow-
ing values: 8.10; 7.89; 9.25; 8.92 ½ O mmol/kg, respectively. 
All these values are lower than the standard value of the 
peroxide number for sunflower oil (10 ½ O mmol/kg).

3. The dependence of the shelf life of sunflower oil under 
experimental conditions on the concentration of antioxi-
dants is studied. The shelf life is determined by the induction 
period of oil samples, which is determined by the change 
in peroxide numbers. It is found that it is rational to use 
extractives from oak bark and green tea leaves under the 
following conditions: the concentration of each of the anti-
oxidant extracts in terms of dry matter (0.025–0.04) %. The 
maximum induction period was 100 days.

4. The economic feasibility of using natural antioxidants 
in industrial conditions is substantiated. Reducing the cost 
of production when saturating 1 ton of sunflower oil with 
oak bark extract is $ 20.80, green tea extract – $ 22.50.
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