The solution to the problem of
developing a complex antioxidant
Jor the oxidative stabilization of
emulsion systems with a high con-
tent of ©-3 polyunsaturated fatty
acids (PUFAs) is considered. The
object of the study is the oxidative
stabilization of dressing using a
complex antioxidant of plant ori-
gin. The ratio of ®w-3:0-6 PUFAs
in model samples of the emulsion
system was 1:5.46 and 1:2.21. The
reasonable range of antioxidant
ratios in the complex was sub-
stantiated. The ratio of tocopherol
extract, garlic and laurel essen-
tial oils in the complex antioxi-
dant is 1:1:1, respectively. Over
30 days of storage of the emul-
sion system model samples stabi-
lized with a complex antioxidant,
there is a gradual accumulation
of organic acids (from 0.73 % to
0.75 %). The content of prima-
ry oxidation products increases
Jor sample No. 2 — from 0.7 to
1.9 mmol s 0y/kg, for sample No.
3 — from 0.4 to 1.2mmol V> O3/kg.
The obtained values of physico-
chemical parameters meet the
requirements of regulatory doc-
umentation (DSTU 4561). The
peculiarity of the obtained results
is that the complex antioxidant
showed a significant increase in
the stability of the emulsion sys-
tem of high nutritional value, in
particular, slowed down the accu-
mulation of organic acids and per-
oxides. From a practical point of
view, the development can effec-
tively stabilize food emulsion sys-
tems with a high content of oxi-
dation-labile PUFAs. An applied
aspect of the obtained scientific
result is the possibility of model-
ing and developing new formula-
tions of emulsion and individual
fat systems with high nutritional
value, containing high PUFA con-
centrations
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1. Introduction

fatty acids (PUFAs). PUFAs are involved in the formation

of both triglycerides and various physiologically active sub-

Edible oils and fats are complex multicomponent sys-  stances [1]. From a chemical point of view, the lack of PUFAs
tems, where a special place is occupied by polyunsaturated  in the body leads to changes in the fatty acid composition of




cell membranes, which causes a violation of their functional
stability, and is manifested in decreased resistance to harm-
ful effects due to increased permeability. This ultimately
leads to various diseases. PUFAs are essential, meaning they
are not synthesized in the human body and must come with
food [2]. Their biological action is most effective at a specific
ratio of ®-3 and ®-6 PUFAs in fat systems, in particular
emulsion ones. Individual vegetable oils do not meet current
recommendations for the ratio of ®-6 and ®-3 fatty acids in
the range of 1:2—1:10 [1, 3]. Therefore, it is important to ob-
tain PUFA-containing fat systems with a given composition
and properties. The components of these systems are unsat-
urated oils of the linoleic (sunflower, corn, sesame, pumpkin,
safflower, etc.) and linolenic (linseed, camelina, hemp, chia,
etc.) groups [4].

One of the main tasks in preserving the quality of fat
systems is to protect their polyunsaturated component, the
oxidation of which yields products that not only worsen the
quality characteristics of foods, but are toxic [5]. There is
a growing interest in using various bioactive substances of
natural origin as antioxidants, since they not only meet safe-
ty requirements, but also have biological value, and are well
combined with other components of fat systems. To inhibit
oxidative deterioration, plant extracts containing a complex
of antioxidants are used — flavonoids (quercetin, kaempferol,
myricetin), catechins (carnosol, rosmanol, rosamiridiphe-
nol), phenolic acids (carnosic, rosmarinic), etc. [6].

So, research aimed at substantiating the composition
of a complex antioxidant for fat systems enriched with ®-3
PUFAs will allow expanding the range of useful emulsion
products based on valuable unrefined vegetable oils. The
research results will make it possible to increase the stability
and nutritional value of enriched fat systems during storage,
and inhibit -3 PUFA oxidation, which will contribute to
preserving quality parameters and organoleptic properties
during storage. The obtained scientific results are relevant
for the oil-fat and food industries, and restaurant business,
as there is a need to expand the range and increase the
nutritional value of emulsion fat systems and prolong their

shelf life.

2. Literature review and problem statement

In [7], the antioxidant content and the oxidation in-
duction time of the emulsion system lipid component under
simulated conditions were investigated. The solution to
the problem of developing compositions of oxidation-stable
emulsion systems based on nutritionally valuable oils, in par-
ticular hemp, by adding natural antioxidants is considered.
The peculiarity of the work lies in determining the effect
of the composition of hemp oil emulsion systems on free
radical oxidation during storage. The composition of stabi-
lizers in the hemp oil emulsion system (lecithin — 0.8—1.0 %;
xanthan gum — 0.0-0.1 %) is proposed, which is effective
in inhibiting oxidative deterioration. The content range of
B-carotene in model emulsion systems (0.012 %) is outlined,
which increases the oxidation induction time of lipids by
1.58...2.08 times. The disadvantage of the study is the lack
of data on the microbiological stability of the emulsion sys-
tem over the specified time period. An attempt to overcome
this drawback was somewhat made in [8], considering the
specifics of developing emulsion systems with a high content
of phospholipids and ®-3 PUFAs based on fish oil. Flavored

sunflower oil (13.8—18.5 %) was used as an additional recipe
component. Sunflower oil was pre-flavored with allspice
COj extract. To reduce the activity of oxidative, hydrolytic
and microbial processes, an additive was used — a dry birch
bark extract, the main component of which is pentacyclic
triterpene alcohol. The pronounced antioxidant and antimi-
crobial effects of the extract in fatty systems were proved.
But the issue of increasing the solubility of this component in
water, as well as in oils and fats, where it forms a suspension,
remained unresolved.

This drawback was not found in [9], devoted to solving
the problem of oxidative stabilization of the fat system while
preserving its nutritional value. The peculiarity of the work
lies in developing the composition of a complex antioxidant —
a flavored oil composition with high oxidative stability
(essential oils of coriander, basil and thyme). The consum-
er properties of this mixture are: the oxidation induction
time (at 80 °C) is 4.0 hours, the content of a-linolenic fatty
acid is 10.6 % of the total amount of fatty acids. The ratio of
essential oils in the complex antioxidant was determined,
with which the oxidation induction time of the fat system
exceeds that in the control sample by 3.75 times. The dis-
advantage of the study is the lack of data on the shelf life of
the developed oil composition and flavored oil composition.
In turn, the study [10] considers the solution to the problem
of oxidative stabilization of the labile lipid component of an
emulsion system enriched with ®-3 PUFAs due to fat-solu-
ble essential antioxidants. The reasonable range of compo-
nent ratios in the lipid system (unrefined linseed, corn, and
sesame oils) stabilized against oxidative deterioration due
to natural antioxidants (tocopherols, sesamol, sesamolin)
was substantiated. The ratio of linseed, corn and sesame oils
is 1:2:1, respectively. There is also a study examining the
oxidation induction time of oil solutions of fat-soluble dyes
chlorophyll and beta-carotene [11]. The effect of the content
of fat-soluble antioxidants with chromophoric groups on
the oxidation induction time of their solutions in refined
sunflower oil was investigated. The non-additive effect of
chlorophyll A and B-carotene on the oxidative deterioration
of lipids was found. In particular, the content of 0.10 g/I
beta-carotene and 0.05 g/1 chlorophyll A in the fat system
leads to a decrease in the oxidation induction time by 8.4 %
compared to an oil solution of 0.10 g/I beta-carotene without
chlorophyll A. The obtained data are explained by a compen-
satory effect of the antioxidant B-carotene on the pro-oxi-
dant effect of chlorophyll A in the oil solution. The study also
did not consider the effect of tocopherols on the oxidative
stability of chlorophyll A and beta-carotene oil solutions. In
addition, the drawback of [10, 11] can be considered the lack
of data on the oxidation induction time of model fat systems
of fat-soluble dyes at storage temperatures of such products,
namely 0..+20 °C. This issue was somewhat resolved in [12],
investigating the oxidative stability of biotechnologically
transesterified fatty systems containing no trans-isomers
of antioxidant-stabilized fatty acids. The results allow de-
veloping biotechnologically transesterified three-compo-
nent fat systems enriched with PUFAs to produce milk
fat substitutes. The shortcoming of the study is the lack of
considering the effect of emulsion systems on the oxidative
stability of transesterified fat systems. This is the approach
used in [13], using non-traditional oils (from guava seeds)
in an emulsion system as a substitute (from 10 to 50 %) of
refined olive oil in salad dressings. The results showed that
up to 20 % guava seed oil substitution in salad dressing re-



sulted in better organoleptic parameters compared to higher
levels. The composition of the model emulsion systems showed
an increase in the total content of phenols (5.85-8.23 %) and
carotenoids (58.45-61.12 %), which also increased oxidative
stability. Studies of 3-month storage showed better quality
parameters and oxidative stability of the developed emulsion
system compared to the control one. In addition, the composi-
tion of the avocado emulsion system enriched with -6 PUFAs
is known [14], including chopped avocado, whey protein and
mint extract. Mint extract is reported to have improved phys-
ical stability, as well as oxidative and microbiological stability.
The issue of determining the interaction mechanism of the mint
extract active components with polyunsaturated fatty acids
and proteins of the emulsion system remains unresolved. It is
also important to determine rational conditions for maximizing
the antioxidant activity of biologically active mint substances.

The study [15] revealed the interaction mechanism of
the ether component with triglyceride components and syn-
thetic antioxidants. This was done within the composition
characteristics of the complex antioxidant for the -3 PUFA
concentrate (a mixture of tert-butylhydroquinone (0.04 %),
ascorbic acid (0.004 %), dill essential oil (0.8 %). It was
proved that the introduction of dill essential oil to the
complex antioxidant can increase the efficiency of oxidative
stabilization of PUFA ethyl esters and, accordingly, preserve
the biological value of the concentrate during storage.

Thus, spicy-aromatic extracts are a scientifically inter-
esting natural complex of biologically active compounds.
They contain substances that exhibit antioxidant and anti-
microbial properties, acting on emulsion systems more gen-
tly than compounds of similar action, but of synthetic origin.
Phytoextracts are natural compositions of non-lipid (volatile
low molecular weight hydrocarbons, carbonyl and phenolic
compounds, higher alcohols, etc.) and lipid (fatty acids,
sterols, tocopherols, carotenoids, organophosphorus com-
pounds) fractions [6]. Antioxidant properties were found in
32 types of spices [16]. Adding 0.2 % extract of anise, carda-
mom, coriander, ginger, dill, fennel, and marjoram increases
the oxidative stability of fats by 2—3 times, and adding rose-
mary and sage — by 15—17 times [17].

So, natural antioxidants (vitamins, essential oils, etc.)
are widely used to inhibit oxidative processes in emulsion
systems [6, 9, 15]. At the same time, essential oils having a
pleasant smell can also act as flavors. The studies [7] showed
that the introduction of tocopherols or essential oils into
emulsion systems decreases the content of oxidation prod-
ucts in them during storage and slows down their accumula-
tion during heat treatment.

Summarizing the above data, it can be noted that emul-
sion systems, in particular sauces (dressings), are products
with high fat content, and developing their new types
enriched with ®-3 PUFAs is a certain problem. Therefore,
there is a need to justify the use of antioxidants in new fat
systems in order to increase their stability and nutritional
value during storage by inhibiting PUFA oxidation. Given
the above, it is appropriate to conduct a study on develop-
ing a complex antioxidant composition based on natural
components for stabilizing -3 PUFAs in an emulsion fat
system (dressing). As the fat base of the emulsion system,
it is of interest to use a blend of cold-pressed pumpkin seed
and camelina oils, and as components of a complex antiox-
idant — tocopherol extract and essential oils of garlic and
laurel. Tocopherols interrupt oxidation chain reactions, con-
verting free radicals into more stable forms. Garlic essential

oil contains allicin and a number of organosulfur compounds
with high antioxidant activity, and also has antimicrobial
properties, which helps to extend the shelf life of the product.
Laurel essential oil is rich in eugenol and other phenolic com-
pounds [6, 15]. Using garlic and laurel essential oils not only
increases the ®-3 PUFA stability, but also gives the dressing
a unique flavor. This will increase the oxidative stability of
the created oil base of the emulsion system, which is valuable
from a physiological and economic point of view.

3. The aim and objectives of the study

The aim of the study is to develop the composition of a com-
plex antioxidant for an emulsion system (dressing) enriched
with -3 PUFAs. The results obtained will allow increasing
the stability and nutritional value of the dressing during stor-
age by reducing the level of -3 PUFA oxidation, which will
preserve its quality parameters and organoleptic properties.

To achieve the aim, the following objectives were accom-
plished:

— to study the oxidation dynamics of the oil base of the
emulsion system (dressing) based on unrefined cold-pressed
oils with different m-3:0-6 PUFA ratios;

—to substantiate the composition of a complex anti-
oxidant for the oxidative stabilization of emulsion system
(dressing) samples enriched with ®-3 PUFAs;

— to study the quality parameters of the emulsion system
(dressing) with high nutritional value, stabilized against
oxidation by a complex antioxidant.

4. Materials and methods

4. 1. Object and hypothesis of the study

The object of the study is the oxidative stability of an
emulsion system (dressing) enriched with ®-3 PUFAs under
the influence of various antioxidant complexes.

The main hypotheses of the study are:

— the possibility of effectively inhibiting the oxidative
deterioration of the dressing oil base (pumpkin seed and
camelina oils) using a complex antioxidant, including to-
copherol extract, garlic and laurel essential oils;

— the dressing enriched with ®-3 PUFAs and stabilized
with a complex antioxidant will have a high nutritional value
compared to traditional ones.

The study adopted the following assumptions:

— tocopherol extract, garlic and laurel essential oils re-
tain their antioxidant properties throughout the dressing’s
shelf life;

— the oxidation induction time of the oil base of dressing
samples is proportional to their oxidation induction time un-
der recommended storage conditions (without light access at
temperatures from 0 °C to +20 °C).

The study made the following simplification: fresh sam-
ples of unrefined cold-pressed oils from different batches or
different manufacturers have almost the same fatty acid and
antioxidant composition, physicochemical properties, and
similar oxidative stability.

4. 2. Materials used in the experiment

The following materials were used in the study:

— unrefined pumpkin seed oil (produced in Ukraine),
according to CAS 8016-49-7,



— unrefined camelina oil (produced in Ukraine), accord-
ing to CAS 8001-20-5;

— tocopherol extract (produced in Ukraine), according
to CAS 1406-66-2;

— garlic essential oil (produced in Ukraine), according to
CAS 8000-78-0;

— laurel essential oil (produced in Ukraine), according
to CAS 8007-48-5.

4. 3. Methods of studying the quality parameters of oil
raw materials and oil base of dressings

The peroxide value of oils and their mixtures was deter-
mined according to EN ISO 3960:2017, IDT. The fatty acid
composition of the oil samples was determined according to
ISO 5508:1990, IDT.

4. 4. Method of preparing dressing samples

Dressing preparation is carried out at room temperature.
Dressing samples were prepared with different proportions
of unrefined pumpkin seed and camelina oils to obtain the
specified ®-3:@-6 PUFA ratios. To obtain 100.0 g of the fin-
ished product, citric acid (0.5 g), sugar (2.0 g), salt (0.5 g),
sodium benzoate (0.1 g), xanthan gum (0.3 g) are successive-
ly dissolved in prepared water (80 ml). Then, Dijon mustard
(1.7 g) and a mixture of oils (15.0 g) are gradually added with
thorough mixing, and the system is subjected to homogeni-
zation (1,000 rpm) for 4—6 minutes.

4. 5. Method of studying the oxidation induction time
of the oil base of dressings under different storage con-
ditions

Dressing samples with different ®-3:m-6 PUFA ratios
were stored in a dark place at 20 °C for 12 weeks. Samples
were periodically taken to determine the peroxide value. The
induction time of the oil component of the dressing samples
was determined graphically after analyzing the peroxide
value increase dynamics.

The oxidation induction time of dressing samples stabi-
lized with antioxidants was determined by an accelerated
method based on the exposure of dressing samples, through
the volume of which air is bubbled, at a constant elevated
temperature (80£1 °C).

4. 6. Methods of determining the organoleptic and
physicochemical parameters of the developed dressing

The organoleptic and physicochemical parameters
of the finished product were determined according to
DSTU 4487:2015. The oil component of the dressing was
obtained by the extraction method.

4.7. Method of analyzing the economic feasibility of
using the proposed raw components

Economic effect (E.,) represents a cost reduction of
products, comparing the use of components of extruded pro-
tein-fat systems in the production with a commercial analog,
and is calculated by formula (1):

b=Sne She, o
= =

where P;, P; is the cost of the components of extruded pro-
tein-fat systems in the composition of the commercial analog
and the proposed ones, respectively, $/kg; C;, Cj is the con-
tent of the components of extruded protein-fat systems in

the composition of the commercial analog and the proposed
ones, respectively, kg /t.

4. 8. Research planning and statistical processing of
results

The research was carried out three times. To determine
the dependencies for the dynamics of the peroxide value of the
emulsion system samples during storage, as well as the physico-
chemical parameters of the emulsion system samples stabilized
with a complex antioxidant, one-factor experiments were used.

To determine the dependence of the oxidation induction
time of the dressing oil base model samples on the complex
antioxidant component ratio, three-factor experiments were
used. To process the obtained experimental data, statistical
methods using the Microsoft Excel (USA) and Stat Soft
Statistica (USA) software packages were applied. Statisti-
cal models for the dependencies of the oxidation induction
time of the dressing oil base model samples on the complex
antioxidant component ratio (2) and (3) were determined
by approximating the experimental results by constructing
a trend line. The completeness of the effect of the complex
antioxidant component ratio on the oxidation induction time
of the dressing oil base model samples (dependencies (2)
and (3)) was assessed using the coefficient of determination R?.

The significance test of the equation coefficients of ap-
proximation dependencies (2) and (3) was carried out by
the least squares method. The significance of the equations
of dependencies (2) and (3) was defined by calculating the
Fisher’s test and comparing it with the table value.

5. Results of research on developing a complex
antioxidant for stabilizing the dressing enriched with ©-3
polyunsaturated fatty acids

3. 1. Study of the oxidation dynamics of the dressing oil
base with different ratios of polyunsaturated fatty acids

Pumpkin seed oil and camelina oil have different PUFA
profiles, in particular the ®-3 and ®-6 groups. Since individ-
ual vegetable oils do not provide the recommended PUFA
ratio, it is important to obtain fat systems with a given ®-3
and -6 ratio to realize their biological effect. Therefore, it
was decided to investigate the oxidative stability of mod-
el samples of the emulsion system with different oil and,
accordingly, PUFA ratios. The selected ratios are techno-
logically reasonable due to simplified dosage calculation.
Samples of the dressing oil base with different component
ratios are given in Table 1.

Table 1

®-3 and w-6 PUFA ratios of the dressing oil base with
different component ratios

Sample No. Pumpklﬁi;eeochorl; Sgd CAME | )3—:w6—- PUFA ratio
1 1:0 1:518.00
2 3:1 1:5.46
3 1:1 1:2.21
4 1:3 1:1.12
5 0:1 1:0.57

The peroxide value dynamics of dressing samples of the
specified composition (Table 1) during storage for 12 months
are shown in Fig. 1.
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Fig. 1. Peroxide value dynamics of the emulsion system samples

during storage

The most oxidation-stable is sample 1, containing only
pumpkin seed oil with a high ®-6 PUFA content (51.8 %).
Within 12 weeks of storage, its peroxide value increased to
only 3.90 mmol .0/kg, indicating a relatively low oxidation
level. The least stable was sample 5, containing only cameli-
na oil with a high @-3 PUFA content (31.5 %). The peroxide
value of this sample increased sharply to 13.90 mmol %£0/kg
already after 4 weeks of storage, indicating intensive
oxidation.

In addition, samples with a higher w-3 PUFA content
(No. 2-5) showed a much higher oxidation rate during
the specified storage period. In particular, samples 3 and 4
were unstable after 4 weeks of storage, when the peroxide
value increased to 12.10 and 7.80, respectively. Sample 2
containing 3:1 pumpkin seed oil and camelina oil showed
moderate oxidative stability with a peroxide value of 13.70
after 12 weeks of storage.

To develop emulsion systems (dressings) enriched with
w-3 PUFAs, it is worth paying attention to complex antiox-
idants that can protect these PUFAs from oxidation. Sam-
ples 3 and 2 (w-3:w-6 PUFA ratio of 1:2.21...5.46) showed
moderate stability (the oxidation induction time of 5 and
9 weeks, respectively), and using them as a dressing oil base
may be appropriate, provided that they are additionally sta-
bilized with antioxidants.

5. 2. Substantiation of the composition of a complex
antioxidant for stabilizing the dressing enriched with w-3
polyunsaturated fatty acids

To substantiate the composition of the complex antiox-
idant for the oxidative stabilization of the emulsion system
oil base, three main components were chosen: tocopherol
extract, garlic and laurel essential oils. The choice of these
components is based on their antioxidant properties, as well
as the potential non-additive effect on oxidation inhibition.

The ability of the complex antioxidant to inhibit the
oxidative destruction of the emulsion system oil base was
investigated, depending on the ratio of components. Model
samples No. 2 and No. 3 were subjected to oxidative stabi-
lization (the composition is described in Table 1). The ox-
idation induction time of the specified samples without an
antioxidant is 6.5 and 2.2 hours, respectively. The content
of the complex antioxidant added was 0.2 %. Approxima-
tion equations describing the dependence of the peroxide
value of the oxidation induction time of the oil base of
dressing samples No. 2 and No. 3 on the complex antiox-
idant component ratio are presented using equations (2)
and (3), respectively:

where I'Ty(c,cq,01) — oxidation induction time of sample
No. 2, hours;

IT3(c,cqc1) — oxidation induction time of sample
No. 3, hours;

¢, — content of tocopherol extract, mass fraction;

cg — content of garlic essential oil, mass fraction;

¢; — content of laurel essential oil, mass fraction.

The values R?=0.957 for dependence (2) and
R?=0.981 for dependence (3) indicate a high effect of
variations in the complex antioxidant component ratio on
variations in the oxidation induction time of the dressing
oil base model samples. The calculated Fisher’s test values
of 18.527 for dependence (2) and 11.73 for dependence (3)
are greater than its critical table value Fi,,(3, 6)=4.76 at the
significance level p=0.05. Therefore, the test results allow
with a probability of 95 % recognizing the values of the
coefficients of determination R*=0.957 for dependence (2)
and R?=0.981 for dependence (3) as significant, and the
equations of dependencies (2) and (3) as significant.

Graphic dependencies of the oxidation induction time of
the dressing oil base model samples with different w-3 PUFA
contents are shown in Fig. 2.
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Fig. 2. Dependence of the oxidation induction time of the
dressing oil base model samples on the complex antioxidant
component ratio (¢; — tocopherol extract content; ¢, — garlic

essential oil content; ¢, — laurel essential oil content):
a — sample No. 2; b — sample No. 3



Analyzing the results of the study, it can be deter-
mined that when using an individual tocopherol extract
as an antioxidant, the induction time for sample No. 2 is
13.65 hours, and for sample No. 3 — 4.62 hours. Using only
individual essential oils as antioxidants, the induction
time is significantly reduced: for sample No. 2 — 9.1-and
10.4 hours (garlic and laurel essential oils), respectively,
and for sample No. 3 — 3.08 and 3.0 hours, respectively.
Mixed combinations of antioxidants show quite inter-
esting results in inhibiting lipid oxidation. For example,
with a ratio of 66 % tocopherol extract and 33 % garlic
essential oil in the complex antioxidant, the induction
time for sample No. 2 is 13.3 hours, and for sample No. 3 —
4.5 hours. Similarly, with a ratio of 66 % tocopherol
extract and 33 % garlic essential oil in the complex an-
tioxidant, the induction time for sample No. 2 increases
to 15.0 hours, and for sample No. 3 — to 5.0 hours. The
longest induction time for model samples is observed in
the model system where all three components are includ-
ed in the complex antioxidant. This indirectly indicates a
non-additive effect of combining the selected components
of the complex antioxidant.

5. 3. Study of the characteristics of the dressing stabi-
lized against oxidation with a complex antioxidant

By organoleptic characteristics, the obtained model
samples of the emulsion system (dressing) remain stable for
30 days of storage at a temperature of 5+1 °C. The emulsions
have no flakes and films on the surface and are characterized
by a harmonious aroma of unrefined oils with light hints of
garlic and laurel leaves. The taste of the emulsions is well bal-
anced, slightly salty, moderately sour, without foreign or un-
usual flavors. The product color is beige-cream, corresponds
to the color of the components, and the texture is uniform.

The quality parameters of model samples of the emulsion
system with different w-3 PUFA contents on the day of man-
ufacture and over 30 days of storage were studied. As quality
parameters, the titratable acidity and peroxide value of the
samples were investigated (Fig. 3).

0,75 -

The graphic dependencies show that over 30 days of
storage, in model samples of the emulsion system stabilized
with a complex antioxidant, there is a gradual accumulation
of organic acids and primary oxidation products. For samples
No. 2 and No. 3, the titratable acidity in terms of acetic acid
increases from 0.73 % to 0.75 %.

The peroxide value, reflecting the content of peroxides
and hydroperoxides in the fat component, also increases
during storage. In sample No. 2, the peroxide value increases
from 0.7 to 1.9 mmol %0,/kg. For sample No. 3 — from 0.4
to 1.2 mmol %0,/kg, indicating a lower oxidation rate com-
pared to sample No. 2. The obtained titratable acidity and
peroxide values meet the requirements of regulatory docu-
mentation (DSTU 4561, EU Regulation No. 852/2004): not
higher than 0.9 % and 10 mmol %4£0,/kg, respectively.

The calculation results confirm that the cost of the
proposed product, consisting of tocopherol extract, garlic
and laurel essential oils, is $19.23/kg, while the cost of the
comparative product (a mixture of natural tocopherols in
sunflower oil) is $25.0/kg. The cost ratio of these products
shows that the proposed product is 1.3 times cheaper than
the comparison product. This confirms the economic feasi-
bility of producing a complex antioxidant with the proposed
composition.

6. Discussion of the results of developing a complex
antioxidant for the stabilization of dressing with w-3
polyunsaturated fatty acids

The oxidative stability of model samples of the emulsion
system with different pumpkin seed and camelina oil ratios
was studied (Table 1, Fig. 1). The results show that the ratio
of w-3 and w-6 PUFAs in the fat component of the emulsion
system significantly affects its oxidative stability. Oil with a
high w-6 PUFA content was more oxidation-stable, while oil
with a high w-3 PUFA content was less stable. Blended oils
showed intermediate oxidative stability. The w-3 and w-6 ra-
tio in such mixtures significantly affected the oxidation rate.

This may be due to several factors.
First, w-6 PUFA molecules have a

more linear structure, making them
less prone to free radical formation

— and further oxidation. In addition,
pumpkin seed oil contains a signifi-
cant amount of natural antioxidants

(tocopherols, carotenoids) [9], effec-
tively protecting unsaturated fatty

acids from oxidation. The decrease in
oxidative stability in samples with a
high w-3 PUFA content may be due
to the increased oxidation suscepti-
bility of these acids, while the higher
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Fig. 3. Dependence of the physicochemical parameters of emulsion system samples 2
and 3 stabilized with a complex antioxidant: @ — titratable acidity in terms of acetic
acid; b — peroxide value of the oil fraction
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stability of samples with w-6 PUFAs
and blended oils may be related to
a more favorable structure of w-6
PUFA molecules and the presence
of antioxidants in pumpkin seed oil.

The composition of a complex an-
b tioxidant for the oxidative stabiliza-
tion of an emulsion system enriched
with w-3 PUFAs was substantiated
(using the examples of model sam-
ples No. 2 (w-3:w-6 PUFAs 1:5.46)



and No. 3 (w-3:w-6 PUFAs 1:2.21)). It was proved (Fig. 2,
dependencies (1) and (2)) that adding essential oils in com-
bination with tocopherols to the emulsion system fat base
increases the antioxidant activity of the latter, which is man-
ifested in a much longer inhibition of lipid oxidative destruc-
tion. This result indicates the importance of a comprehensive
approach to selecting antioxidants for the stabilization of
emulsion systems enriched with w-3 PUFAs, and can be
used in developing new formulations with components labile
to free radical oxidation. The reasonable ratio of the complex
antioxidant components was substantiated, which is: to-
copherol extract: garlic essential oil: laurel essential oil 1:1:1,
respectively. At this ratio, the oxidation induction time for
sample No. 2 is 16.25 hours and sample No. 3 — 5.50 hours.
The results obtained (Fig. 2, dependencies (1) and (2)) indi-
cate the prospects for using a complex antioxidant based on
tocopherol extract, garlic and laurel essential oils to stabilize
fat systems, including emulsions enriched with w-3 PUFAs.
This approach can be used to develop new, more stable foods
with a high PUFA content. The research results can be ex-
plained by the synergistic effect of the complex antioxidant
components, including tocopherol extract, garlic and laurel
essential oils. Tocopherols effectively interrupt oxidation
chain reactions, while essential oils enhance this effect due
to their antioxidant properties. The reasonably selected ratio
of components ensures maximum stability of the emulsion
system enriched with w-3 PUFAs and significantly extends
the oxidation induction time. This emphasizes the impor-
tance of an integrated approach to stabilizing such systems.

The results of the stability study of the emulsion system
model samples with the addition of a complex antioxidant for
30 days were analyzed. The dressing retains its organoleptic
properties (taste, aroma, consistency) for 30 days of stor-
age, indicating the effectiveness of the complex antioxidant
used. There is also no flaking, filming or foreign flavors,
which are typical signs of lipid oxidation. The titratable
acidity (Fig. 3, @) and peroxide value (Fig. 3, b) of the fat
component of both model samples slightly increase during
the specified storage period, indicating slow processes of
lipid oxidation and hydrolysis. The obtained titratable acid-
ity and peroxide values meet the requirements of regulatory
documentation. Thus, using a complex antioxidant helps to
inhibit lipid oxidation processes, preserving the organoleptic
properties and, accordingly, extending the shelf life of emul-
sion systems enriched with -3 PUFAs. Analysis of the eco-
nomic feasibility of using a complex antioxidant proved the
priority of using the selected raw components compared to
the raw components of a similar natural commercial product.

The results of the stability study of the emulsion system
model samples with the addition of a complex antioxidant
for 30 days demonstrate the effectiveness of antioxidant pro-
tection of the lipid component. Preserved organoleptic prop-
erties of the dressing, such as taste, aroma and consistency,
indicate the maximum inhibition of lipid oxidation process-
es. The absence of flaking, filming and foreign flavors con-
firms that the complex antioxidant used effectively inhibits
reactions characteristic of autocatalytic lipid oxidation. A
slight increase in titratable acidity and peroxide value in-
dicates slow hydrolysis processes and initial stages of lipid
oxidation, which are expected during long-term storage, but
these indicators remain within the limits of regulatory docu-
mentation. Thus, the complex antioxidant not only prevents
the rapid development of oxidation processes, but also helps
to extend the shelf life of the product, especially given the

emulsion system enrichment with w-3 PUFAs, which are
vulnerable to oxidation.

The advantages of this study are due to the use of a
complex antioxidant, providing effective protection of the
emulsion system lipid component from oxidation. This solu-
tion can not only preserve the organoleptic properties of the
product during long-term storage, but also minimize the
hydrolysis and oxidation processes of w-3 polyunsaturated
fatty acids, which are vulnerable to destructive reactions.
Compared to similar studies, the proposed approach demon-
strates higher system stability, reduced titratable acidity and
peroxide value, confirming a longer shelf life and improved
quality of the final product. The research results have po-
tential applications in the food industry, in particular the
production of foods with high w-3 and w-6 PUFA contents.
They can be used to create new, more stable foods such as
salad dressings, sauces, margarines, mayonnaises, etc. Since
-3 PUFAs are important for human health, but are rather
oxidation-unstable, using a complex antioxidant with the
composition substantiated in the study can improve the
quality parameters of the given emulsion systems during
storage. Thus, the effect of implementing the research results
lies in expanding the range of emulsion products for health
purposes. The research results can be used in the food indus-
try, especially in the oil and fat sector.

The results of the study differ from [7] in placing emphasis
on the effect of the w-3 and w-6 PUFA ratio in the fat com-
ponent on the oxidative stability of emulsion systems, and
not only on the antioxidant content. The difference from [8]
is that the study focuses on the stabilization of emulsion sys-
tems with w-3 PUFAs using essential oils and tocopherols,
while [8] uses fat-soluble antioxidants to stabilize fat with a
high content of phospholipids. The study also differs from [9]
in developing not just a flavored oil composition, but a com-
plex antioxidant ensuring longer stability of emulsion systems
with w-3 PUFAs. In contrast to [10, 11], the study focused on
using essential oils in combination with tocopherols for w-3
PUFA stabilization, and not only on traditional fat-soluble
antioxidants. In addition, the study considers the inhibition
of lipid oxidation processes in emulsion systems, and not in
fat systems without taking into account emulsification, as
in [12]. The difference of the study compared to [14] is the
focus on the use of a complex antioxidant containing more
than one ether component, while [14] considers the stabiliza-
tion of the emulsion system by adding an individual mint ex-
tract, without taking into account the complex antioxidant
approach. Thus, developing the composition of a complex
antioxidant for stabilizing emulsion systems with PUFAs
is interesting both scientifically and practically. The results
of the studies (Fig. 1-3 and dependencies (1), (2)) allow
visualizing the dependencies of the oxidation induction time
of model samples of the emulsion system oil base depending
on the complex antioxidant component ratio. The obtained
data were used to substantiate the rational composition of a
complex antioxidant.

The obtained solutions completely cover the identified
problem part due to a comprehensive approach to the de-
velopment of methods for inhibiting the oxidation processes
of the lipid component of stable emulsion systems enriched
with w-3 PUFAs. A complex antioxidant based on natural
components, such as tocopherols, garlic and laurel essential
oils, can effectively inhibit oxidation processes and stabi-
lize the lipid component. This ensures high stability of the
emulsion system during storage, preserving the organoleptic



properties of the product. This solution also avoids the typ-
ical problems, such as flaking or loss of flavor, often seen in
similar products. Thus, the developed measures significantly
increase the stability and nutritional value of the emulsion
system, which fully meets the goals set and confirms the
feasibility of using the proposed approach.

A limitation is that the results of the study may not meet
the regulatory requirements for emulsion systems in some
regions or countries, which limits their application at the
international level. In particular, 21 CFR Part 169 — Re-
quirements for Specific Standardized Food Dressings in the
USA are more extensive and additional product research is
needed. In addition, the results of the study should take into
account the microbiological stability of the product, which
may also limit its shelf life and require additional measures
to ensure the product safety. Accordingly, the drawback of
the studies is the lack of research on the microbiological
aspects of storing emulsion systems, which are critical for
food safety.

It is advisable to expand the use of the developed com-
plex antioxidant to other types of emulsion and fat systems,
in particular products with other vegetable oils or blends.
This may allow creating new products with high oxidative
stability. In addition, since microbiological stability is a
critical aspect of food products, it is worth investigating the
effect of the developed antioxidants on the microbiological
stability of emulsion systems.

7. Conclusions

1. The oxidation dynamics of the oil base of the emulsion
system (dressing) based on pumpkin seed and camelina oils
with different w-3:w-6 PUFA ratios was analyzed. It was
found that samples with a higher w-3 PUFA content show an
increased tendency to oxidative spoilage, manifested as a sharp
increase in the peroxide value during storage. Sample 1 (pump-
kin seed oil) was the most oxidation-stable, while sample 5
(camelina oil) showed the highest oxidation rate. This indicates
the need for additional stabilization of w-3 PUFAs with antiox-
idants in systems with a high content of these acids.

2. The expediency of using a mixture of tocopherol ex-
tract, garlic and laurel essential oils in a 1:1:1 ratio to stabi-
lize the dressing enriched with w-3 PUFAs was substantiat-
ed. The effectiveness of this combination is explained by the
synergistic effect of the components, enhancing antioxidant

activity and inhibiting oxidation processes. Using such a
mixture, the oxidation induction time of samples with an
w-3:w-6 PUFA ratio of 1.00:5.46 and 1.00:2.21 significantly
increases, confirming the stabilizing effect of the developed
antioxidant complex.

3. The study of the quality parameters of the emul-
sion system samples stabilized against oxidation with a
complex antioxidant confirmed the effectiveness of the
developed composition in ensuring long-term product
stability. Dressing samples retain their organoleptic char-
acteristics, as well as the titratable acidity and peroxide
value of the lipid component for 30 days of storage. This
indicates the high effectiveness of the used antioxidant
complex in preventing oxidation. The increased shelf life
and stability of the product without filming or foreign
flavors are important achievements, testifying to the pros-
pects for introducing such antioxidant systems to indus-
trial production. At the end of the studied storage period,
both samples met the requirements of regulatory docu-
mentation (DSTU 4561, EU Regulation No. 852/2004),
confirming their compliance with established quality
standards.
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