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SUBSTANTIATION OF THE CHOICE OF
OPTIMAL CONCENTRATIONS OF ACTIVE
INGREDIENTS OF THE ANTIOXIDANT
COMPOSITION FOR FRUIT TREATMENT

BEFORE STORAGE

Pospobaena anmuoxcudanmua KoMNO3UYist Ha 0CHOBI I0HOIY, OUMEMULCYIbGOKCUY MA LEUUMUNY,

3acmocyeanns SKoi cnpusmume noo00eICeHHIo mepminy 30epizanms niooie 3 MIHIMAILHUM DIBHEM U0 -
dobosux empam. [Iposedernoio onmumizayicio 6cmanosieno, wo npu 3éepizanui niodie s6ayni ma zpyuli
Konuenmpayis oucmunony nosunna oymu na pieni 0,041...0,042 %, xonyenmpayis reyumuny — 2,9 %,

npu sbepizanni niodis causu 6ionogiono: ducmunony — 0,022 %, neyumuny — 3,4 %.
Kmouosi cnosa: 06pobxa ni00is anmuoxkcuoanmmoo KoMno3ULiero, no00sIceHs mepminy 36epizanis,

0006061 smpamu npu 36epizanui.

1. Introduction

Fruit products due to their high biological value and
functional properties should be an obligatory component of
the human diet throughout the year. According to some
authors, the proportion of fruits in the diet is considered
an indicator of the growth of the well-being of the popu-
lation [1, 2].

According to the recommendations of the Food and
Agriculture Organization of the United Nations (FAO) to
ensure the food security of the population, the total capacity
of refrigerated storage facilities in the country must cor-
respond to the population and the balance sheet conditions
of the export-import turnover. At the same time, part of the
fruit and vegetable products stored should be 90..125 kg
per person per year. Unfortunately, this value in Ukraine
today is on the average 10.5..17.5 kg per person, and in
large industrial centers does not reach the required level [3].

Among the main factors contributing to this situa-
tion in the field of fruit storage are the lack of modern
production facilities for storing and use of too expensive,
and sometimes very complex and unsustainable storage
technologies [4—6].

In this regard, studies devoted to the search for ways
to improve existing storage technologies, with the aim
of providing the population with fresh and quality fruit
products throughout the year, are relevant.

2. The ohject of research
and its technological audit

The object of research is the technological process of
refrigerated storage of fruit products.

The biggest problem with storage for this techno-
logy is a high level of losses (20-30 %) from microbio-
logical diseases and physiological disorders. In addition,
low positive temperatures only inhibit, but do not stop
the redox processes. Therefore, when storing fruits in
conventional cold rooms, a high rate of post-harvest
ripening processes is noted. At the same time there is
a rapid deterioration of non-quantitative indicators and
biological value.

To find ways to eliminate these problems, a techno-
logical audit is conducted, which aimed to investigate
the possibility of using antioxidant compositions for fruit
treatment before further storage.
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3. The aim and ohjectives of research

The aim of research is development of a new antioxidant
composition and optimization of its composition. The use
of this composition for post-harvest treatment of fruits
contributes to the extension of their shelf life and the
reduction of the level of daily loss.

To achieve this aim it is necessary:

1. To offer a new antioxidant composition based on
the results of analytical studies.

2. To set optimization parameters and accept initial
restrictions for them.

3. To carry out a study of the effect of the antioxi-
dant composition on the level of daily loss of fruit raw
material during storage.

4. To optimize the composition of the developed anti-
oxidant composition.

4. Research of existing solutions
of the prohlem

Antioxidant compounds are used in many countries
around the world to enhance the positive effect of low
temperatures in the storage of fruit raw materials. They
inhibit oxidation-reduction processes occurring in fruits
during storage, and thus inhibit the processes of post-harvest
metabolism and promote the preservation of biologically
active substances, as well as a significant reduction in the
loss of fruit raw materials from physiological disorders.
A large number of antioxidant compounds have bactericidal
properties, and, accordingly, protect the raw material from
damage by pathogenic microflora [7, 8].

Today, synthetic, natural or combined antioxidant com-
pounds are actively used in production conditions. Synthetic
antioxidants are the cheapest, affordable and technological,
and therefore find increasing use in the food industry. The
group of these substances includes synthetic analogues of
natural antioxidants, as well as a large group of artifi-
cial antioxidants based on phenolic and sulfur-containing
compounds [9].

The synthetic antioxidant 2,6-bis(l,l-dimethylethyl)-
4-methylphenol (phenol, 2,6-bis(1,l-dimethylethyl)-4-methyl-,
butylated hydroxytoluene, ionol, agidol 1, dibunol, BHT)
has found wide application in the food industry. This
substance is considered a food additive E321 and is ac-
tively used to prevent peroxidation in products such as
vegetable oils, cereals, bakery products, crackers, potato
chips and purees, meat products and canned food, beer [10].
When storing fruit products, ionol is used for post-harvest
treatment of fruits of apples, apricots, mangoes and citrus
fruits [11]. Positive results are obtained during storage
with post-harvest treatment of ionol of fruit and gourds
vegetables [12].

As synergists in ionol, some researchers recommend
the use of dimethyl sulfoxide [13]. Dimethyl sulfo-
xide (DMSO, dimexide) is considered a powerful anti-
oxidant. It prevents lipid peroxidation and stabilizes cell
membranes. Along with this, dimexide stimulates the SOD
synthesis in the cells — the main enzyme of the anti-
oxidant system. Simultaneously with antioxidant, DMSO
also has antiseptic properties. Solutions with a substance
concentration of 0.15..10 % have a bacteriostatic effect,
and in a concentration of 25..50 % — bactericidal. In
complex preparations, DMSO can act as a solvent, as

well as ensure rapid transport of other active substances
into cells [14].

In previous studies, for the treatment of fruits be-
fore long-term storage, DMSO was used at concentrations
of 10 to 25 % [15]. However, it was found that at high
DMSO concentrations in the fruit raw material there
is an extraneous smell and taste. Consequently, in fur-
ther studies of the effect of dimethyl sulfoxide on the
preservation of fruit raw material, it is advisable to use
significantly lower concentrations, and the enhancement
of antioxidant properties can be achieved using its syner-
gism with ionol.

Along with this, a large number of antioxidant com-
pounds has a low solubility and is not capable of forming
homogeneous solutions and suspensions. This complicates
the process of applying and uniform distribution of prepa-
ration on the surface of the fruit raw material, reduces
the technological effect and makes it impossible to use
them in production. To eliminate these deficiencies, food
coatings of various nature are introduced into the complex
antioxidant preparations.

Among the protective coatings of biological origin, the
most common is lecithin. It is considered a good emulsi-
fier and a powerful antioxidant. It is considered a natural
food additive (E 322), which is actively used in the food
industry for the production of margarine, pasta, bread and
other bakery products, in the production of chocolate and
chocolate glaze, fat emulsions. The use of food additive E322
is allowed in Ukraine without restrictions [16].

For post-harvest processing of fruit products before
its subsequent storage, a number of complex composi-
tions based on lecithin were developed, the application
of which contributed to the preservation of quality and
biological value [17-19].

The only drawback that can limit the use of leci-
thin in the storage of fruit products is the propensity to
microbiological spoilage and oxidation by air oxygen [20].
Stabilize lecithin from oxidation and increase its micro-
biological tolerance is possible due to the introduction of
complex compositions of substances with high bactericidal
and antioxidant properties. Such substances can be ionol
and dimethyl sulfoxide.

So, according to the results of analytical studies, dis-
tinol-based antioxidant DL composition was developed,
consisting of a mixture of ionol and dimethyl sulfoxide,
and lecithin. But its compositional composition remains
undefined.

Therefore, in order to further use the complex anti-
oxidant DL composition in production conditions, it is
necessary to optimize and determine the effective con-
centrations of its components.

5. Methods of research

As model varieties for the study, apple fruits of Aidared,
Golden Delicious, pear of varieties Victoriia, Iziumynka
Krymu and plum of varieties Voloshka, Stenlei were cho-
sen. The fruits of apple and pear were harvested when
the degree of ripeness was reached, the fruits of the plum
were in technical ripeness, typical in shape and color ac-
cording to the requirements of GSTU 01.1-37-160:2004,
GSTU 01.1-37-162:2004, GSTU 01.1.-37-163:2004. Prior
to the storage, an inspection, sorting and calibration of
the fruit was carried out.
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The treatment with antioxidant compositions (AOC)
was performed in storage facilities by immersing them in
pre-prepared working solutions. Exposure — 10 seconds.
The fruit was dried by ventilation. Options for treatment:
K - control, option 1 — DL — a mixture of dimethyl
sulfoxide, ionol and lecithin. The following concentrations
of active substances were studied: distinol 0-0.048 %,
lecithin 0-6 %. The effectiveness of exposure to various
concentrations of active substances was determined by
the average level of daily loss of fruit during storage,
consisting of the sum of mass losses and losses caused by
microbiological diseases and functional disorders, referred
to the number of days of storage. Determination of the
level of development of functional disorders and microbio-
logical diseases during storage of fruits was performed by
inspection, and exposure of specimens, which are reduced
commercial quality and grouping them according to the
nature of the lesion. The loss of weight of the fruit was
determined by the method of fixed samples [21]. The
studies were carried out in two-year replication.

Storage was carried out in plastic boxes, 15 kg of fruit
each. Storage temperature was 0+1 °C, relative humidity
was 95 %.

In the analysis and processing of experimental data,
the construction of mathematical models used computer
programs — the system of computer mathematics Maple.

6. Research results

To establish the effective concentrations of distinol (D)
and lecithin (L) in the complex DL composition during
the storage of fruit products, a scientific experiment is
made and optimization of the experimental data is car-
ried out. As a result of the optimization, a mathematical
model is obtained and the response surface is constructed,
which reflects the dependence of the average loss level of
apple fruit g (%) on the concentrations of distinol x (%)
and lecithin in (%).

The criterion of optimality in the construction of the
mathematical model is the minimum average daily loss of
apple fruits during storage:

g —min.
The initial constraints of optimization parameters (%):

0<x20,048,
0<y=6.

The level of average daily losses during storage of fruits
is determined by the sum of daily losses from damage
caused by microbiological diseases, physiological disorders
and mass losses (Table 1).

The data are given taking into account the mass loss.
The value at the intersection of concentrations of active
substances 0-0 corresponds to the number of standard
products of the control variant.

Analysis of the obtained data (Table 1) shows that the
minimum level of daily loss during storage of fruits of apple
and pear is established in the vicinity of the point (0.036; 4),
and the fruit of the plum — point (0.024;4). Therefore,
new optimization constraints are chosen for fruit of pome
fruits within the rectangle [0.024;0.048]%[0;5], for which

this point is internal. For plum fruits, the optimization
constraints are within the rectangle [0.012;0.048]%[0;5].

Tahle 1

Average daily loss during storage of apple fruits using the DL composition

Daily losses (%), at appropriate concentrations
Type of fruit of the composition components

/L 0 4 5 B
0 0.0698 | 0.0758 | 0.0844 | 0.0942
0.012 - 0.0581 | 0.0706 | 0.0826
Apple fruits 0.024 - 0.0365 | 0.0528 | 0.0610
0.036 - 0.0185 | 0.0397 | 0.0514
0.048 - 0.0187 | 0.0404 | 0.0534
L50ps - - 0.003 0.003 0.002
0 0.0771 0.0675 | 0.0817 | 0.0886
0.012 - 0.0618 | 0.0773 | 0.0847
Pear fruits 0.024 - 0.0386 | 0.0627 | 0.0705
0.036 - 0.0116 | 0.0431 0.0516
0.048 - 0.0127 | 0.0433 | 0.0524
L50ps5 - - 0.004 0.002 0.00z2
0 0.6534 | 0.2037 | 0.3159 | 0.3557
0.012 - 0.1380 | 0.2708 | 0.3069
Plum fruits 0.024 - 0.0584 | 0.1778 | 0.2346
0.036 - 0.0626 | 0.1835 | 0.2387
0.048 - 0.0712 | 0.2008 | 0.2537
L50ps - - 0.008 0.008 0.011

For the selected data range, the approximations of
the function are performed by a polynomial of the se-
cond degree:

f(x,y):ao +ax + ayy + asx? + agxy + asy*.

The coefficients are determined by minimizing the sum
of the squares of the deviations of the theoretical and
experimental values at the nodes belonging to the given
rectangle (for example, apple fruits):

3 3 9
F(ao,...,a5)=EZ(f(xi,yj)—g(xhyj)) ’

=1 j=1

where x;=0.024, x,=0.036, x5, =0.048, y, =0, y, =4, x3=5,
g(x,y) — experimental values of daily loss of apple fruits
during storage, %.

From the linear system, which is a consequence of the
necessary conditions for the extremum:

oF _
{:0, j=05,

J

the values of the coefficients a;, j:E are obtained. The
following mathematical dependence is obtained in the cal-
culation results:

f(x,y)=35.99537037x° — 0.1244047619xy +
+0.006048333333y2 — 2.625396825x —
~ 0.03085642857y + 0.1142087302.
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Notice, that:

a*f

’W>0'

Lofoef (ofY 0
T ox? 9y? | owor

It follows that this function is convex, and has a single
minimum illustrating the response surface (Fig. 1).
The minimum point is the solution of the system:

{af/ax=0,
af Jdy =0.

After calculations, let’s find the optimal concentrations
of active substances:

{x=0.042, y=2.9).

In this case, the minimum value of daily loss when
storing apple fruits at the optimum point is 0.014 %.

Fig. 1. The response surface for the model for optimizing
the concentrations of the active substances of the DL composition
when storing apple fruits

According to the above algorithm, the concentrations
of the active substances of the DL composition are opti-
mized when storing pear and plum fruits.

The mathematical dependence for establishing the opti-
mum concentrations of the DL composition when storing
the pear fruit is different from the apple fruit model. At the
same time, the optimal concentrations of active substances
are at the point {x=0.041, y=2.9} with a minimum value
at the optimum point of 0.002 %.

For plum fruits, the mathematical dependence has the
form:

f(xy) =19.90740741x% — 0.1720238095xy +
+0.05405666667y> — 1.466071429x —
~0.3696695238y + 0.6784674603.

The optimal concentrations of active substances are
at the point {x=0.022, y = 3.4} with a minimum value at
the optimum point of 0.037 %.

The response surfaces illustrating the optimization pro-
cess are shown in Fig. 2, 3.
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Fig. 2. The response surface for the model for optimizing
the concentrations of the active substances of the DL composition
when storing pear fruits

\“‘2
nattes
=

Fig. 3. The response surface for the model for optimizing
the concentrations of the active substances of the DL composition
when storing plum fruits

So, the following concentrations of active substances
in the antioxidant DL composition are established by the
optimization: apple and pear fruits storage — distinol con-
centration is 0.041...0.042 %, the lecithin concentration is
2.9 %. Plum fruits storage, respectively: distinol — 0.022 %,
lecithin — 3.4 %.

7. SWOT analysis of research results

Strengths. The use of the antioxidant composition de-
veloped with the optimized composition for the processing
of fruit products before further storage ensures maximum
preservation of its non-quantitative indices and high bio-
logical value. In modern market conditions, the introduc-
tion of such technology is very relevant and may become
a priority direction for the development of the storage
industry in Ukraine.

The main social effect of research results can be con-
sidered an extension of the period of consumption of
fresh fruit products against the background of maximum
preservation of non-quantitative indicators and biological
value. Realization of such products at reasonable prices
in winter will have a positive effect on the health of a
person, providing body with the necessary carbohydrates,
vitamins, minerals and other biologically active substances.
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Weaknesses. The weaknesses of this research are re-
lated to the lack of a ready-made formulation of the DL
composition in the commercial network. This composition
should be prepared according to the following technology:
a mixture of ionol and dimethyl sulfoxide in a ratio of 1.4:1
by weight should be heated to 60 °C and kept until the ionol
is completely dissolved. As a result, a complex preparation
— distinol (D) is obtained. Shelf life of the form of the
preparation distinol is 1 year at a temperature of 0...5 °C.
The required amount of lecithin is dissolved in a small
amount of distilled water at a temperature of 40...50 °C.
The resulting suspension is heated to a temperature of
80...90 °C and mixed with the right amount of distinol.
To the necessary concentration of active substances, the
mixture is made up with warm distilled water. The re-
sulting emulsion is homogenized, so that it can be stored
without delamination for 2—3 weeks. This is quite a suf-
ficient time for the processing of fruits and laying them
for further storage.

Opportunities. The use of the proposed technology
of fruit storage during treatment with DL composition
promoted an increase in the yield of the standard pro-
duction of 1st grade, a decrease in costs for normal and
reported losses. This allowed to obtain better indicators
in comparison with storage using traditional technology,
despite the additional cash costs for the praparation. At
the same time, the increase in the level of profitability in
3...6 times is noted, and the economic effect is at the level
of 3691...12456 UAH/t, depending on the type of fruit.

Threats. The threats in implementing the results are
related to the absence of modern lines of preparation of
fruits for storage in Ukraine. The existing foreign equipment
is of high cost, which adversely affects the technical and
economic performance of the storage process. Therefore,
further research will be devoted to the development of
recommendations for selection of technological equipment
for the line of preparation of fruits to storage using anti-
oxidant compositions.

1. Based on the results of analytical studies, disti-
nol-based antioxidant DL composition base is developed,
consisting of a mixture of ionol, dimethyl sulfoxide and
lecithin.

2. The influence of the developed antioxidant com-
position on the level of daily loss of fruit production
during storage in the following concentration range of
active substances is studied by experiment: 0-0.048 %
of distinol, 0-6 % of lecithin.

3. Research results establish that the minimum level
of daily loss during storage of fruits is found at distinol
concentrations of 0.024..0.036 %, lecithin — 2...4 %.

4. The following concentrations of the active substances
in the antioxidant DL composition are optimized: apple and
pear fruits storage — distinol concentration is 0.041...0.042 %,
the lecithin concentration is 2.9 %. Plum fruits storage,
respectively: distinol — 0.022 %, lecithin — 3.4 %.
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OBOCHOBAHME BBIEOPA ONTHMANBHEIX KOHUEHTPALMI
HAEHCTBYHWMKX BEWECTE AHTHOKCUIAHTHOH KOMIIO3HLHK
ANA 0OEPABEOTKH NNOAOB NEPEN XPAHEHHEM

Paspaborana aHTHOKCH/IAHTHAs KOMITO3HMIIUA HA OCHOBE MOHOJIa,
IUMETHICYAbGOKCHAA M JICIUTHHA, TIPUMEHEHe KOTopoil Oyaer
€1roco6CTBOBATH MPOJICHUIO CPOKA XPAHEHUS TI0/I0B ¢ MUHUMAJIb-
HBIM YPOBHEM €KECYTOYHBIX 110Tepb. [IpoBeeH oIl onTuMU3aIeil
YCTaHOBJIEHO, YTO TIPU XPaHEHUU IJIOJ0B sOJOHU U TPYIIN KOH-
HeHTpalus AUCTUHOJA A0JoKHAa ObiTh Ha yposHe 0,041...0,042 %,
KOHI[eHTpanust jenutuHa — 2,9 %, npu XpaHEeHUU ILI0JI0B CJIUBBI
coorBercTBenHo: auctunona — 0,022 %, penmruna — 3,4 %.

Kmouesste cnosa: 00paboTKa MJI0A0B aHTHOKCUIAHTHBIM KOM-
MO3UIHE, TIPOJIJIEHIS CPOKA XPAHEHMs], €KeCYTOYHbIE IOTEPU TIPU
XpaHEHUU.
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DETERMINING QUALITY PARAMETERS
OF ALCOHOL-FREE FUNCTIONAL

BEVERAGE BY THE PROCEDURE THAT
EMPLOYS AFFINE TRANSFORMATIONS

IIposedeni pospaxynxu saxocmi 6e3a1K020JbHUX HANOIE DYHKUIOHAILHOZ0 NPUSHAUEHHS, 3210HO
MeMOOUKU OUIHKU i3 3ACMOCYBAHHAM APIHHUX Nepemeopein, aKa moice bymu sacmocosana npu 6yoo-
axomy ideanvromy snauenni. Excnepumenmanvui docnioncenns suxonyeaiucs na npuxiadi npouecie
BUPOOHUYMBA OE3ATKOZONDHUX HANOIE 3 M IKIMHOI0 MEKCMYPOI0, 3ACMOCO8YH0UU PO3POOIEeHY MeMOOUKY,
NOKA3HUKU QISUKO-XIMIUHUX MA 0P2AHOJENMUYHUX 8AACTMUBOCTEl NPOOYKMY, MAMEMAMUYHI Memoou

00poOKU pe3yibmamie GUMIPIOBaD.

Kmeouosi cnosa: Qyukyionanvii xapuosi npooykmu, Yynpasiinus SKicmo ma 6esneunicmio, cepeone

Keaopamuume 6i0XULeHH.

1. Introduction

Activities on the creation of a modern system of cont-
rol over safety and quality of functional products, market
surveillance, adapted to the requirements of the World
Trade Organization (WTO) and the European Union (EU)
have been intensified over recent years.

According to the law of Ukraine «On safety and quality
of food products», quality of a food product is the com-
bination of perfection of its properties and characteristic
attributes that are able to satisfy the needs (requirements)

and wishes those who consumes or uses this product. Among
the variety of factors that affect the human health, one
of the most essential is quality of nutrition [1].
Quality of the soft drinks with functional purpose is
assessed by organoleptic and physical-chemical indicators.
Among the physical-chemical indicators, most commonly
determined are density (by saccharimeter), acidity, content
of carbon dioxide and salts of heavy metals. Density and
acidity are established by a standard for each particular
beverage. Organoleptic assessment of drinks is conducted
by a 100-point system by five indicators: transparence,
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