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Introduction. The article examines the quality indicators of
low-fat ice cream with a different ratio between suoar and
hvdrolyzed and non-hydrolyzed concentrates of demineralized
whey.

Materials and methods. The dearee of lactose hydrolysis
was determined by iodometric and refractometric methods, the
water activity in the mixtures was determined usina the water
activity analvzer, the rheoloaical characteristics were determined
using a rotary viscometer, the foam overrun and foam stability of
the ice cream mixtures and the meltina rate of ice cream were
determined usina modified methods, sensory indicators were
determined usina the descriptive-inteagral method. The mass
fraction of protein, dry matter, overrun, resistance to melting in ice
cream were determined using well-known methods.

Results and discussion. Based on the calculation of the
degree of sweetness of whey concentrates, taking into account the
mass fraction of total solids, the degree of lactose hydrolysis and
the known values of the relative sweetness of sugar, lactose,
glucose and galactose, a concentrate with a solids content 40%
was chosen for use in the ice cream formulation. According to the
results of the study of the quality indicators of ice cream mixtures,
it was found that the hydrolyzed concentrate of demineralized
whey with a mass fraction of solids 40% could replace up to 42%
of sugar in the composition of ice cream, while maintaining the
degree of sweetness determined for this type of ice cream in the
range from 0.8 to 0.9. According to the viscosity-speed
characteristics, the mixture of low-fat ice cream with a concentrate
of hydrolyzed demineralized whey is classified as a system with a
pronounced coagulation structure with the detection of thixotropic
properties. lce cream based on hydrolyzed whey concentrate
contains 3.3% of whey proteins, which corresponds to the
standard chemical composition of ice cream. The high content of
lactose hydrolysis products in ice cream increases overrun, but
reduces the resistance to melting of ice cream, which must be
taken into account during the technological process and when
choosing a consumer container.

Conclusions. The feasibility of using a hydrolyzed whey
concentrate with a mass fraction of solids 40% as a sweetening
and protein-containing ingredient in low-fat ice cream has been
proven.
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Introduction

One of the modern trends in the food industry is the production of low-calorie dessert
products, including ice cream. The calorie content of ice cream is usually reduced by limiting
its fat content (not higher than 5%), but its absence or low content leads to the formation of a
coarse crystalline structure, a dense consistency and a decrease in the melting resistance of
this product (Bass et al., 2018; Ozdemir et al., 2018; Syed et al., 2018). The quality of low-fat
ice cream is usually improved by using in its composition technologically effective food
hydrocolloids, in particular polysaccharides and products of their chemical modification or
destruction (Aljewicz et al., 2020; Goff et al., 2019). Polysaccharides actively bind water,
structure mixtures, stabilize dispersed ice cream systems, but practically do not affect the
nutritional value of the product. Instead, proteins, including milk proteins, as natural
biopolymers perform not only technological functions in the composition of ice cream, but
also additionally enrich it (Akalin et al., 2008; Polishchuk et al., 2020). Recently, in the
composition of dessert products, protein-containing whey processing products are
increasingly used, in particular, fermented whey as a source of proteins and carbohydrates. In
whey concentrates with hydrolyzed lactose, the number of molecules dissolved in the agueous
phase increases by 1.5-1.8 times, compared to concentrates before hydrolysis, which
significantly affects their sensory properties, osmotic pressure and cryoscopic temperature.
Enzymatic hydrolysis of lactose also increases the sweetness of whey concentrates, which can
be used as sweetening ingredients (Majore and Ciprovic¢a, 2020). Therefore, the scientific
justification of the partial replacement of sugar with hydrolyzed whey and the study of the
effect of such replacement in the composition of ice cream on its physical and chemical
characteristics is an actual applied research.

Ice cream of various types contains not only fresh milk and cream, but also protein-
containing ingredients, protein concentrates and isolates. At the same time, milk powder and
condensed milk, whey and buttermilk powder significantly increase the lactose content in ice
cream. Under these conditions, excessive crystallization of lactose, which has a low solubility,
becomes the reason for the appearance of a sandy consistency in ice cream during its low-
temperature storage (Alvarez et al., 2005). Therefore, in order to improve the quality of ice
cream by reducing the lactose content, additional binding of free water, forming and stabilizing
the structure and increasing its biological value, it is more appropriate to use protein isolates
and low-lactose protein concentrates (Ganga et al., 2017; Nasser et al., 2018; Polishchuk et
al., 2020).

Proteins of different fractional composition, degree of purification and origin show
specific technological activity in the composition of ice cream (Nastaj et al., 2019; Peng et al.,
2009). Among the proteins of animal and plant origin, the ability of whey proteins to mask the
absence or lack of fat and increase the overrun of ice cream (El-Zeini Hoda et al., 2016)
deserves special attention, which makes it possible to ensure its high quality while reducing
the calorie content and increasing the biological value of the product. However, existing
methods of extracting and concentrating whey proteins are quite expensive, which is reflected
in their price (Arsi¢ et al.,, 2019). The cheapest source of whey proteins in ice cream is
condensed and powdered whey, but it contains up to 70-75% of lactose from the total solids,
which is a limiting factor during its use (Livney et al., 2007). Therefore, the enzymatic
hydrolysis of lactose in whey concentrates is advisable, which not only prevents the
occurrence of consistency defects during the storage of hardened ice cream, but also increases
its degree of sweetness (Chauhan et al., 2010; Trubnikova et al., 2018). Partial hydrolysis of
lactose can also be achieved by fermentation of ice cream mixes with lactic acid bacteria
(Schmidt et al., 2016).
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In ice cream technology, hydrolyzed whey is not only used, but also appropriate
hydrolysis of lactose is carried out in mixtures for the production of ice cream. Thus, the
hydrolysis of 75% of lactose in ice cream mixes has a positive effect on the physicochemical
parameters of the product and allows reducing the sugar content to 25% (Abbasi et al., 2015).
Tsuchiya et al. (2017) also proved the feasibility of reducing the sugar content from 20 to 14%
due to the use of hydrolyzed whey. Monosaccharides as lactose hydrolysis products lower the
cryoscopic temperature, increase the degree of sweetness, form a softer ice cream texture, and
facilitate the extrusion process (Wilson et al., 2003). At the same time, reducing the sugar
content in ice cream reduces the total amount of solids in the product, which must be taken
into account to prevent consistency defects (McCain et al., 2018).

The authors of this article proved that in order to achieve the maximum effect during
lactose hydrolysis, it is more effective to use enzyme and starter preparations simultaneously.
This method of enzymolysis of demineralized whey concentrates with a solids content 10—
40% and a degree of demineralization 70% makes it possible to achieve 80-90% hydrolysis
of lactose (Osmak et al., 2021). Hydrolyzed whey concentrate with an increased content of
whey proteins and monosaccharides can be a promising ingredient in ice cream technology,
which requires additional investigating and outlines the scientific interest of this study.

The aim of research was to determine the functions of hydrolyzed whey concentrate in
low-fat ice cream.

To achieve the goal, the following tasks were chosen:

— to determine the possibility of partial replacement of sugar in the composition of ice
cream with hydrolyzed whey concentrate containing 40% of total solids;

— to study the physicochemical characteristics of the ice cream mixture with hydrolyzed
whey concentrate;

— to study the effect of hydrolyzed whey concentrate on ice cream quality indicators.

Materials and methods
Raw material for research

Hydrolyzed whey concentrate (solids 40%) was selected for use in the composition of
ice cream, which was obtained by reconstitution of demineralized dry whey in drinking water
(ash — not more than 2.5%, lactose — not less than 79%, protein — not less than 10.7% in
conversion to solids).

The liquid preparation $-D-galactosidase-hydrolase with the commercial name GODO-
YNL2 ("Danisko", Denmark) was used for the hydrolysis of whey concentrates, which is a
producer of breeding strains of Kluyveromyces lactis. Under standard conditions of milk
hydrolysis for 24 hours at a temperature of (4.4-7.2) °C, the recommended amount of the
preparation GODO-YNL2 containing 10% S-galactosidase is 100 g per 100 liters of milk.

For the fermentation of whey concentrates, a fermenting single-strain lyophilized starter
"L. acidophilus LYO 50 DCU-S" (Danisko, Denmark) was used at the recommended dose of
5 g per 100 liters of milk.

To stabilize the structure of low-fat ice cream, the stabilization system Cremodan SE
406 (DuPont™ Danisco®) was chosen in the amount of 0.6%, in accordance with the
manufacturer's recommendations.
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Production of whey concentrates and ice cream samples

Dry demineralized whey was reconstituted in drinking water at a temperature of (40—
45) °C to obtain a concentrate with a mass fraction of total solids 40%. The concentrate was
filtered, pasteurized at a temperature of (85-88) °C for 3—5 minutes, cooled to a temperature
of (40-43) °C and fermented with the preparation GODO-YNL2 and starter based on "L.
acidophilus LYO 50 DCU-S". In case of simultaneous application of GODO-YNL2 and a
starter during the lag phase of L. Acidophilus development (2—4 hours), the enzyme manages
to detect hydrolytic activity at an active acidity of pH> 5.7, and, as a result, lactose hydrolysis
reached 80-90%.

Mixtures with non-hydrolyzed whey concentrate (5 control samples) and mixtures with
hydrolyzed whey concentrate (5 experimental samples) were prepared with a simultaneous
decrease in the sugar content from 17 to 9% and an increase in the content of 40% whey
concentrate in the amount from 0 to 30% by mass fraction of total solids.

The mixtures were filtered, pasteurized at a temperature of (85+2) °C for 5 minutes and
homogenized at a pressure of (12.0+2.5) MPa using a laboratory homogenizer-disperser
model 15M-8TA "Lab Homogenizer and Sub-Micron Disperser" (GAULIN
CORPORATION, Massachusetts, USA). The homogenized mixtures were cooled to a
temperature of (4+2) °C, kept for at least 2 hours and frozen using a periodic freezer of the
FPM-3.5/380-50 "Elbrus-400" brand (Ukraine). The freezing process was carried out in 2
stages:

1. The stage of cooling to a temperature of minus 2 °C at a stirrer speed of 270 rpm;

2. The stage of freezing to a temperature of minus 4 °C at a stirrer speed of 540 rpm. The
samples of soft ice cream were hardened and stored for at least 48 hours in a "Caravell
A/S" freezer (Denmark) at a temperature of minus (22+1) °C.

Research methods

Degree of sweetness of whey concentrates was calculated depending on the mass
fraction of total solids and the degree of lactose hydrolysis in these concentrates. The authors
previously established that the simultaneous use of enzyme and starter preparations makes it
possible to achieve a degree of lactose hydrolysis of 80-90%, therefore, the relative sweetness
of concentrates was calculated for this range. The range from 0.8 to 0.9 was chosen as the
acceptable degree of ice cream sweetness. (Osmak et al., 2021).

The relative sweetness of the non-hydrolyzed concentrate and concentrates with a
degree of lactose hydrolysis of 80, 85, and 90% was calculated based on their chemical
composition (content of monosaccharides and disaccharides), taking into account the known
values of the relative sweetness of sugar (1), lactose (0.16), glucose (0.73), and galactose
(0.32).

Lactose content in whey concentrates and test samples of ice cream mixtures was
determined by iodometric and refractometric methods (Romanchuk et al., 2018). The
refractive index of transparent lactose solutions was determined refractometrically after
precipitation of milk proteins with a calcium chloride solution. For complete separation of
proteins, lactose solutions were previously centrifuged. The fraction of the refractive index
due to the presence of residual mineral salts was conventionally taken as a constant value,
and the fraction of the refractive index due to the presence of lactose as a variable value. The
accuracy of the determination was calibrated using the iodometric method.
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The degree of lactose hydrolysis was taken as the ratio of lactose content in hydrolyzed
samples to its initial content, expressed as a percentage (Osmak et al., 2021).

Definition of foam overrun. Experimental ice cream mixes, after cooling to a
temperature of (2-6) °C, were whipped using a mixer with a special nozzle for 5, 10 and 15
minutes with breaks of 5 minutes according to the method of Lim et al. (2008a). Foam
overrun was determined as the ratio of the volume of the whipped mixture to its initial
volume, expressed as a percentage. A foam overrun value of at least 200% was considered
satisfactory.

The foam stability of experimental samples of ice cream mixtures was determined
according to the modified method of Philips L., according to which a container with a hole
at the bottom was used for the foam to flow after whipping (Lim et al., 2008b). The foam
stability indicator was taken as the time during which 50% of the initial volume of the
mixture, which was used for whipping, is formed as a result of foam destruction.

The viscosity characteristics of ice cream mixtures with non-hydrolyzed and hydrolyzed
whey concentrates (mass fraction of total solids — 40%) were determined on a rotary viscometer
with a "cylinder-cylinder” measuring system by taking deformation Kinetics curves.
Measurements were made at a temperature of 20°C. Shear stress T (Pa) was measured at twelve
values of the shear rate gradient (y) in the range from 3 to 1312.2 s during forward and reverse
motion. The maximum effective viscosity of the practically undamaged structure (y = 3 s?), the
minimum effective viscosity of the marginally destroyed structure (y = 1312.2 s?) and the
effective viscosity of the restored structure (y = 3 s™%) were recorded. The degree of restoration
of the structure of ice cream mixtures (thixotropic ability) was determined as a percentage by the
difference in the values of the effective viscosity of the practically intact structure at the
beginning and at the end of the measurement at a shear rate gradient (y = 3 s*) (Mykhalevych et
al., 2022).

Determination of the mass fraction of total solids in ice cream samples was carried
out by the arbitration method, the principle of which consists in drying the sample, diluted
with distilled water and mixed with sand, at a temperature of 102°C to a constant mass,
followed by weighing to determine the mass of the residue.

Determination of the mass fraction of protein in ice cream was carried out by the
Kjeldahl method.

The water activity in ice cream mixes was determined on a water activity analyzer
"HygroLab 2" (Rotronic, Switzerland) at a temperature of 20°C in the measurement range of
0-1 Aw (0-100% rh) (Kuzmyk et al., 2021).

The overrun of ice cream was determined by the weight method based on the difference
in the weight of samples of the same volume of mixture and ice cream, expressed as a
percentage (Sofjan and Hartel, 2004). Satisfactory was considered a value of at least 80%.

The resistance to melting was determined by the accumulation time of 10 cm? of liquid
(melt) flowing out of a sample of ice cream, which was cut in the form of a cylinder with a
diameter of 30 mm and a height of 50 mm from ice cream that had an initial temperature of
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minus 15°C and this sample was placed in a chamber with an adjustable temperature at
(20£1)°C. Values not less than 41 min were considered satisfactory resistance to melting.

The melting rate was determined according to the method of Goff and Hartel (2003).
Ice cream samples were stored at minus (22+1) °C, selected and placed on a special grid for
melting at room temperature (19+1) °C. The weight of the melted ice cream was recorded
after one hour every 10 minutes for 2 hours. The melting rate (M, %) was calculated
according to the formula:
M = (mass of melted ice cream) / (mass of ice cream until melting) x 100

Sensory evaluation of ice cream with whey concentrates. To conduct a sensory
assessment of two samples of ice cream containing non-hydrolyzed or hydrolyzed whey
concentrates at the level of 75% and sugar at the level of 11 and 9%, respectively, a
descriptive method of sensory analysis was used (Cherevychna et al., 2019), which was
modified by the authors of the article. The arithmetic mean of individual indicators was
calculated according to the formula:

S
=1

X= |—/—7—,
n
where Y™, x? is the sum of experts' evaluations according to each of the five criteria (taste
and aftertaste, smell, appearance, consistency, color) of one ice cream sample;
n is the number of experts.
The standard deviation for each unit indicator was determined by the formula:

fz’;x? —
S = lr:l_xz,

where Y7, x? is the sum of squares of experts' assessments, points;
x2 is the square of the average value of the indicator's evaluations, points.
The complex indicator Q was calculated according to the formula:
Q= Z?:lfl )
where X, is average score of a single quality criterion, points.
The coefficient of coincidence was calculated according to the formula:
W= Yl (i1 —xi2)? '
n
where x;; is value of quality assessments of a series of ice cream samples at the first stage of
assessment;

X;, is value of quality assessments of a series of ice cream samples at the second stage
of assessment;

n is the number of experts.

The integral assessment was carried out on a 100-point scale, which had the following
quality gradation: 0-24 — extremely low, 25-39 — low, 40-54 — below average, 55-69 —
average, 70-84 — above average, 85- 95 is high, 96-100 is extremely high.

Each of the five quality criteria was graded according to descriptors specific to this type
of ice cream, taking into account the recommendations of the international standard 1SO
13299:2016.

Statistical processing. Data were expressed as the mean with standard deviation of
triplicate measurements. Statistical analysis was performed using the program Statistika 10.
Differences were considered reliable at validity a = 0.95.
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Results and discussion

Study of the possibility of replacing sugar with hydrolyzed concentrates of
demineralized whey

In order to study the degree of sweetness of hydrolyzed concentrates of demineralized
whey with a mass fraction of total solids of 10-40% and with a degree of hydrolysis of 80—
90%, their relative sweetness was calculated (Table 1).

Table 1
Degree of sweetness of whey concentrates with different degrees of lactose hydrolysis

Mass fraction of solids Degree of lactose hydrolysis, %

in whey concentrate, % 0 80 85 90
10 0.0123 | 0.0345 | 0.0359 | 0.0373
20 0.0246 | 0.0690 | 0.0718 | 0.0745
30 0.0369 | 0.1035 | 0.1076 | 0.1118
40 0.0492 | 0.1380 | 0.1435 | 0.1491

Due to the increase in the content of monosaccharides, as products of lactose
enzymolysis, a correlation between the degree of hydrolysis and the degree of sweetness of
whey concentrates was noticed (Table 1).

A concentrate with solids content 40% was chosen for further research. This concentrate
is the closest in terms of this indicator to the chemical composition of full-fat ice cream and
is effective for increasing the solids content of low-fat ice cream to prevent texture defects
such as sandiness, coarse crystalline structure, and watery taste (Akalin et al., 2008), because
they are caused by an excess of free water. As for the choice of the degree of hydrolysis,
within the achieved limits of the efficiency of this process (from 80 to 90%), a slight
difference in the degree of sweetness for the hydrolyzed samples is obvious, which will not
significantly affect the general recommendations for the development of ice cream
formulations with fermented whey concentrates. Therefore, a concentrate with an average
degree of lactose hydrolysis (85%) was chosen.

At the next stage, mixtures with non-hydrolyzed whey concentrate (5 control samples)
and mixtures with hydrolyzed whey concentrate (5 experimental samples) were prepared
with a simultaneous decrease in the sugar content from 17 to 9% and an increase in the
content of demineralized whey concentrate in the amount from 0 to 30% mass fraction of
solids.

Sucrose in the composition of ice cream plays the functions of a sweetener and a source
of solids, ensures the proper formation of the structure of the frozen dessert and affects its
physicochemical parameters — overrun and resistance to melting (Atallah et al., 2022;
Hinkova et al., 2015). Replacing sucrose with other ingredients, such as monosaccharides,
dietary fiber and others, does not always have a positive effect on the quality of the finished
product (Ozdemir et al., 2008; Mitchell et al., 2008).

The foam overrun and foam resistance of ice cream mixtures with partial replacement
of sugar with whey concentrates were investigated (Figure 1 and 2). The obtained results
were to some extent correlated with the data of scientists who studied the quality indicators
of ice cream, in particular, whey ice cream (Lim et al., 2008a; 2008b; Pei et al., 2010).
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b —hydrolyzed: C1 and E1, 17% sugar, 0% concentrate;
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C3 and E3, 13% sugar, 37.5% concentrate;
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C5 and E5, 9% sugar, 75% concentrate.

o
E

—— Ukrainian Food Journal. 2022. Volume 11. Issue 4 505



—— Food Technology ——

70
60
£
g 50
g X Y
c 40
8
n
g 30 7
IS
@ 20
LL
10
0 N N
5 10 15
Duration of whipping, min
OClaC2mC3EC4mC5
a
60
50
h v
IS
40 7
g 7
c
3 30
n
I
€ 20
©
o
LL
10
0
5 10 15
Duration of whipping, min
OE1BE2BE3BE4OES
b

Figure 2. Foam resistance of ice cream mixtures with whey concentrates:
a —non-hydrolyzed,
b — hydrolyzed:
C1 and E1, 17% sugar, 0% concentrate;
C2 and E2, 15% sugar, 18.75% concentrate;
C3 and E3, 13% sugar, 37.5% concentrate;
C4 and E4, 11% sugar, 56.25% concentrate;
C5 and E5, 9% sugar, 75% concentrate.
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The foam overrun of mixtures with non-hydrolyzed whey concentrate during the first
10 min increased with a subsequent slight decrease, except for sample C5 with the highest
degree of replacement of sucrose with whey concentrate, which caused a sharp decrease in
the foam overrun (Figure 1, 2). Samples of ice cream mixtures with hydrolyzed whey
concentrate showed increased foam overrun during 15 min of whipping, except for samples
E4 and ES5, for which foam overrun decreased slightly after 10 min of whipping. Syed et al.
(2018) reported that the recommended content of sugar in ice cream is 14-16% within the
permissible range of 12—20%. The use of a smaller or larger dose of sugar in ice cream with
an increased content of solids can lead to a deterioration in quality indicators. However, the
study of ice cream mixtures in this work indicates that using 11% sucrose and 30% solids of
non-hydrolyzed concentrate, as well as 9% sucrose and 30% solids of hydrolyzed
concentrate, makes it possible to obtain a foam overrun that is higher than the established
satisfactory level (200%). Goff (2018) reported about cases of variation in the sucrose content
in different types of ice cream, which are in the range of 9-28%, which confirms the
impracticality of further reduction of sucrose in ice cream with hydrolyzed whey concentrate.
The whey ingredients are also known to increase the foam overrun and foam stability of ice
cream mixes. Thus, Lim et al. (2008a) reported that processed whey protein concentrate helps
to achieve optimal foam resistance and foam overrun in low-fat ice cream mixes (37.94% of
total solids), however, in our study, foam resistance was lower, while foam overrun was
higher, which is related with varied content of total solids in samples (from 18 to 41.61%)
and adsorptive action of monosaccharides in samples with hydrolyzed whey concentrate,
which ensures uniform distribution of free moisture and its retention. ibanoglu and Karatas
(2001) found that high-pressure treatment of whey protein concentrates allows achieving the
maximum values of foaming resistance of their aqueous solutions, so probably even low-
pressure treatment of the mixture during homogenization has a positive effect on this value.

The difference between the indicators of foam overrun and foam resistance for samples
with non-hydrolyzed (C1-C5) and hydrolyzed (E1-E5) whey concentrates could also be
explained by the lower viscosity of food systems with lactose hydrolysis products (Schmidt
et al., 2016). This makes it possible to increase the total solids content without significantly
changing the quality indicators of the ice cream.

To achieve the recommended degree of sweetness of ice cream (0.8-0.9) with non-
hydrolyzed whey concentrate, the maximum possible replacement of sugar is to reduce its
content from 15.5 to 11% while adding up to 30% of concentrate solids. As for ice cream
with hydrolyzed concentrate, the maximum possible reduction in sugar content is more
significant and reaches 9% in the case of adding up to 30% solids of the concentrate. Thus,
the reduction in the need for sugar in ice cream with non-hydrolyzed whey concentrate can
reach 29% (based on its total content), and with hydrolyzed concentrate — 42%.

In the case of the use of hydrolyzed concentrate, this indicator significantly exceeds the
results of research by other scientists (Sofjan et al., 2004), who achieved only 25% sugar
replacement. Even non-hydrolyzed concentrate due to its high lactose content is able to
replace partially sugar, although the addition of lactose in such an amount in the composition
of ice cream can lead to consistency defects. At the same time, the mass fraction of total
solids in ice cream does not significantly decrease (McCain et al., 2018), which is a positive
point, especially for low-fat ice cream with low amount of total solids.
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Physicochemical properties of mixtures and ice cream with hydrolyzed and non-
hydrolyzed whey concentrates

At the second stage, two samples of ice cream with non-hydrolyzed and hydrolyzed
whey concentrates with maximum sugar replacement were selected (Table 2), according to
the results of the previous series of experiments. Physicochemical indicators of mixtures and
ice cream with whey concentrates are given in Table 3.

Table 2
Ice cream formulations with whey concentrates

Components Weight of components, kg/1000 kg of product
Ice cream with non- Ice cream with
hydrolyzed concentrate | hydrolyzed concentrate
Demineralized whey
concentrate (40% total solids, of 750.0 750.0
which protein is at least 4.4%)
White crystalline sugar 110.0 90.0
Stabilization system Cremodan
SE 406 6.0 6.0
Vanillin 0.1 0.1
Water 133.9 153.9
Total 1000.0 1000.0

Table 3
Physicochemical indicators of mixtures and ice cream with whey concentrates

Physicochemical Ice cream with non- Ice cream with

indicators hydrolyzed concentrate | hydrolyzed concentrate

Total solids, % 41.61+0.41 39.614+0.40
including:

— lactose 23.70+0.02 3.55+0.01

— protein 3.3+0.02 3.3+0.01
Water activity 0.95540.015 0.9114+0.017
Overrun, % 62.7+1.4 71.9+1.2
Resistance to melting, min 43.7£1.0 35.1+0.5

Ice cream with non-hydrolyzed and hydrolyzed concentrates differs in total solids by
2% (Table 3), which is due to a decrease in the need for sugar in the presence of
monosaccharides. At the same time, the lactose content in the sample with unfermented
concentrate is unacceptably high (23.7%), which can negatively affect the quality of the
product during storage (Dekker et al., 2019), so the use of hydrolyzed whey concentrate is
acceptable in ice cream. Usually, ice cream is a high-lactose product, because the average
content of MSNF in it at the level of 10% ensures the presence of up to 5.2-5.5% lactose
(Mykhalevych et al., 2022). Unlike ice cream with a traditional composition, ice cream based
on hydrolyzed whey concentrate contains 6.7 times less lactose while being enriched with
biologically complete protein. This is an important advantage of this author's development,
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which allows preventing excessive crystallization of lactose in ice cream (patent 4374861A
US "Lactose-reduced ice cream and process for the production thereof").

Usually, the mass fraction of proteins in milk-based ice cream in the composition of
MSNF ranges from 2.0 to 3.7% (Patel et al., 2006; Polishchuk et al., 2020), however, for
amateur types of ice cream, in particular whey, this indicator may be lower at the level of
1.28-1.41% (Polishchuk et al., 2021; Young, 2007).

In both ice cream recipes, the content of high-value whey proteins is 3.3%, which fully
corresponds to the standart protein content in ice cream for the formation of typical sensory
and physicochemical indicators of this product.

One of the further directions for improving the composition of ice cream based on
hydrolyzed whey concentrates may be additional enrichment of this product with proteins of
various origins. Thus, it is known that protein enrichment of ice cream to a content of 7—8%
is rational, as it improves the texture of the product and significantly reduces the size of ice
crystals (Patel et al., 2006). At the same time, a higher protein content leads to a decrease in
the overrun of ice cream due to the too high viscosity of the mixtures (Roy et al., 2022).
Therefore, in order to assign ice cream to the category of products with a high protein content,
in accordance with the requirements of EU Regulation No. 1924/2006 it is advisable to enrich
this product with proteins of various origins.

As for the effect of hydrolyzed whey concentrates on the osmotic pressure of the
aqueous phase of ice cream, a slightly lower activity of the water of the mixture with the
hydrolyzed concentrate was found, compared to the activity of the water of the mixture with
the non-hydrolyzed concentrate in the presence of monosaccharides as lactose hydrolysis
products. The mixture with hydrolyzed whey concentrate is not a food system with
intermediate moisture (Aw = 0.6-0.84) (Saha et al., 2020), but the high content of
monosaccharides in it significantly affects the processes of forming the physicochemical
parameters of ice cream as a polydisperse food system (Arslaner et al., 2019). In particular,
the overrun of ice cream with hydrolyzed concentrate increases, but the resistance to melting
decreases, compared to ice cream with non-hydrolyzed whey concentrate. It is clear that such
changes are due to the presence of lactose hydrolysis products, which reduce the cryoscopic
temperature and, accordingly, the dimensional stability of ice cream (Ozdemir et al., 2008).
Therefore, ice cream with monosaccharides, which has a soft consistency, must be packaged
in a rigid consumer container.

In order to identify the possible influence of whey concentrate on the consistency and
structure of ice cream, the rate of melting of experimental samples after their storage at minus
(18+2) °C for up to 14 days was investigated (Figure 3). For both samples, the melting rate
of ice cream decreases with the extension of storage time up to 2 weeks. At the same time,
for a sample of ice cream with non-hydrolyzed whey concentrate, this indicator is lower,
compared to a sample with hydrolyzed concentrate, due to a more significant decrease in the
content of sugar as a cryoprotectant (Maity et al., 2018). In addition, the cryoscopic
temperature is indirectly affected by lactose (Mullan, 2015), the hydrolysis of which leads to
a decrease in melting resistance (Matak et al., 2003). On the other hand, the influence of
monosaccharides on the stability of the ice cream structure during storage is not critical and
does not lead to a significant deterioration in the quality of the finished product, as described
(Arslaner et al., 2019; Whelan et al., 2008). This effect can be attributed to the sufficient
content of whey proteins, which bind excess moisture and prevent the ice cream from quick
melting (Young et al., 2007).
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Figure 3. Melting rate of ice cream with non-hydrolyzed (NHC) and hydrolyzed (HC) whey
concentrates after 24 hours of production (24 h), one week (1 w) and 2 weeks (2 w) of storage:

1, HC after 24 h;
2, NHC after 24 h;
3, HC after 1 w;
4, NHC after 1 w;
5, HC after 2 w;
6, NHC after 2 w.

At the next stage, the viscosity-speed characteristics of mixtures and ice cream with
demineralized whey concentrates were investigated, which are listed in Table 4.

Table 4

Viscosity-speed characteristics of ice cream mixtures with demineralized whey concentrates

Ice cream Effective viscosity (mPa-s) under The time of The degree

mixture variable shear rate gradient (y) ultimate of
y=3s* v=1312 y=3s? destruction of | structure
(straight st (reverse the structure recovery,
course) course) (y=1312 s, %

min

with non-

hydrolyzed 652.2+15.6 | 26.0+1.1 | 403.2+11.8 6.6+0.2 61.8

concentrate

with

hydrolyzed 601.0£11.8 | 20.0+1.0 | 350.3£10.5 5.5+0.2 58.2

concentrate
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The effective viscosity of low-fat ice cream mixtures, based on whey concentrates, is
close to the values of this indicator, characteristic of ice cream mixes with a high fat content
(Syed et al., 2018). The increased content of whey proteins and solids contributes to the
additional structuring of mixtures that contain the Cremodan SE 406 stabilization system.
This eliminates the lack of fat as a structuring agent in the composition of ice cream. As for
the comparison of the values of the effective viscosity of both mixtures, a slight decrease in
the structuring ability of the mixture with the hydrolyzed concentrate should be noted. This
is because disaccharides have a greater effect on the viscosity of solutions in the presence of
proteins, compared to monosaccharides. Scientists explain this effect by generally accepted
mechanisms of interaction between sugar and protein molecules in water solutions (He et al.,
2011). The increased effective viscosity of mixtures, based on whey concentrates, compared
to the viscosity of milk low-fat ice cream mixtures, to some extent neutralizes the negative
effect of monosaccharides on the melting resistance of the hardened product (Table 3). At
the same time, the too low effective viscosity of low-fat and non-fat mixtures of standard
composition does not ensure proper stabilization of the formed dispersed ice cream systems
(He et al., 2011). The effective viscosity of the restored structure of mixtures with whey
concentrates reveals a pronounced thixotropic ability in the presence of an increased content
of whey proteins. Such mixtures can be attributed to systems with a pronounced coagulation
structure, with the detection of thixotropic properties.

Sensory evaluation of ice cream with demineralized whey concentrates

A sensory evaluation of ice cream with a concentrate of non-hydrolyzed and hydrolyzed
whey was carried out using the descriptive-integral method (Table 5).

The comparative analysis of the integral assessment of sensory indicators, along with
other positive characteristics, listed in the Table 3, gives reason to recommend ice cream
based on hydrolyzed demineralized whey for the development of original recipes. Mahmood
and Mahmood (2017) reported that ice cream samples with hydrolyzed lactose at the level of
28-56% did not have a significant difference in the degree of sweetness from ice cream with
non-hydrolyzed lactose, increasing the degree of lactose hydrolysis to 85% already has a
noticeable effect on the degree of sweetness ice cream. Other researchers have reported the
sensation of smaller ice crystals in frozen hydrolyzed desserts compared to non-hydrolyzed
ones (Skryplonek et al., 2017), however, EI-Nagar et al. (2002) found unsatisfactory sensory
characteristics of low-fat frozen yogurt due to the presence of coarse crystalline structure and
consistency. Another advantage of ice cream with hydrolyzed whey concentrate is its plastic
and delicate consistency due to the presence of monosaccharides — glucose and galactose, the
influence of which on the consistency of ice cream and frozen desserts was noted by other
scientists (Skryplonek et al., 2017).

Prospects for further research consist in conducting a comparative analysis of the
effectiveness of the use of hydrolyzed demineralized whey concentrates with different solids
content in low-fat and non-fat ice cream, as well as in additional enrichment of ice cream
with proteins of various origins.

—— Ukrainian Food Journal. 2022. Volume 11. Issue 4 511



—— Food Technology ——

Table 5

Sensory evaluation of ice cream with whey concentrates

Overall score, points
Descriptor Ice cream with non- Ice cream with
hydrolyzed concentrate | hydrolyzed concentrate
Criterion 1. Appearance
Finely dispersed air bubbles 5.0 5.0
Homogeneity of mass 5.0 5.0
Foam overrun 4.4 5.0
Small ice crystals 4.0 4.5
Form stability 4.6 4.1
Criterion 2. Smell and odor
Sweet 5.0 5.0
Sour milk 3.8 4.1
Lactic 4.8 4.9
Whey 5.0 5.0
Absence of extraneous odors 5.0 5.0
Criterion 3. Color
Yellow 3.5 3.8
Dark yellow 4.8 5.0
Deep yellow 5.0 5.0
Homogeneous 5.0 5.0
Attractive 3.9 4.4
Criterion 4. Consistency
Overrun 4.1 4.5
A mass that does not melt quickly 3.9 3.0
Without sandiness 3.2 4.6
Homogeneous 4.0 4.7
Small ice crystals 4.6 4.9
Criterion 5. Taste and aftertaste
Sour milk 3.8 3.3
Whey 5.0 4.8
Lactic 4.9 5.0
Sweet 5.0 5.0
Without a sweet aftertaste 3.6 5.0
Integral evaluation 88.72 92.48

Conclusions

1. The concentrate of demineralized hydrolyzed whey with total solids content 40% can
replace up to 42% of sugar in the composition of ice cream, while maintaining the
degree of sweetness determined for this type of ice cream in the range from 0.8 to 0.9.

2. According to the viscosity-speed characteristics, the mixture of low-fat ice cream with
the concentrate of demineralized hydrolyzed whey can be attributed to systems with a
pronounced coagulation structure with the detection of thixotropic properties. The
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effective viscosity of the mixture is close to the values of this indicator, characteristic
of ice cream mixtures with a high fat content. Ice cream mixes with hydrolyzed whey
concentrate have a higher foam overrun and stability due to lower viscosity, which
allows maximum replacement of sugar with whey concentrate solids.

3. lce cream based on hydrolyzed concentrate contains 3.3% protein, which corresponds
to the standard chemical composition of ice cream. The high content of lactose
hydrolysis products in ice cream increases overrun, melting rate, improves consistency,
but reduces the resistance to melting of ice cream, which must be taken into account
during the technological process and when choosing a consumer container.
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Introduction. The by-products from the processing of apples and
grapes can be excellent materials for the production of functional foods.
In this case, the environment is preserved, and food products are enriched
with important nutrients.

Materials and methods. A systematization of the latest scientific
research in terms of management of the waste from the production of
apple juice and grape wine.

Results and discussion. By-products of apple and grape processing
contain important nutrients such as fibers, minerals, vitamins,
polyphenols, and possess high antioxidant activity. In recent years, a lot
of research has been conducted to study the application of this type of
waste in preparation of different food products (biscuits, cookies, cakes,
bread, pasta, noodles, yogurt, cheese, kefir, salami, sausages, patties, and
burgers). Regarding the percentages of substitution of conventional flours
with by-products of apple and grape processing, variations are observed.
For cereal products, the minimum percentage of substitution was 1% and
the maximum was 100%. For meat products, the percentages of added
by-products of apple and grape processing varied from 1 to 20%, while
for dairy products, these contents were between the values of 0.2 and
10%. An improvement in nutrient quality with the addition of by-products
of apple and grape processing was observed, such as increase of fiber,
total polyphenol, flavonoids, anthocyanins and mineral contents and
antioxidant activity. Incorporation of apple and grape processing by-
products leads to changes of the volume or height of the products
(biscuits, cookies, cakes, and bread), and changes in texture (hardness,
crunchiness), appearance (surface properties, color, density), and
intensity of smell and taste. It was found that the optimum cooking time
of pasta/noodles/spaghetti decreased and cooking loss increased with the
increasing amount of incorporated apple and grape processing waste.
Addition of these by-products reduced fermentation time and syneresis
during yogurt storage. It was found that the addition of by-products of
apple and grape processing in the meat products increased cooking yield,
emulsion stability, radical scavenging activity, and decreased pH.

Conclusions. Use of waste from the processing of apples and grapes
in the food industry is an opportunity to reduce environmental pollution,
to create new functional and innovative food products, which will be
enriched with important nutrients and biologically active substances.
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Introduction

The by-products of fruit processing are rich with nutrients and bioactive compounds
and can be used as ingredients for functional food production (Stabnikova et al., 2021). In
recent decades, the demand for functional food with bioactive compounds has increased, and
the food industry is constantly improving and reaching new sustainable solutions for the
production of food using the by-products of plant origin (Colantuono, 2019; Ivanov et al.,
2021).

During processing of fruits for production of juices, wine, jams, canned fruits and
others, various fruit by-products are created, which are belonging to so called “food waste”,
which can be considered as additional sources of valuable raw materials to be used in
manufacturing of new products (Galanakis et al., 2012).

By-products released in the processing of apples are presented by skins, peels, seeds,
stems, flesh, pulps, and pomace (Figure 1), and skins, stalks, pulp, seeds and pomace are
accumulated during grape processing (Figure 2).

Skins or peels are one of the by-products most often thrown away during fruit
processing. Pomace is the remaining solid after juice extraction and usually consists from
remaining seeds, skins, pulp and stems of the fruit (Lau et al., 2021). For example, apple
pomace is a heterogeneous mixture composed mainly of skin and flesh, 95%, while the seeds
and stems are represented by a smaller percentage, 2-4% and 1%, respectively (Lyu et al.,
2020).

Grape pomace is composed of seeds, 22.5%, skins, 42.5%, stalks, 24.9%, and other
minor constituents (e.g., water) (Spinei et al., 2021).The amount of by-products that are
created from processed fruit varies depending on the type of product to be obtained, the type
of fruit, its variety, the size and the stage of maturity (Larrosa et al., 2021).

Grape pomace, the main by-product of wine production, consists up to 20-25% of the
weight of grapes crushed used for wine production (Yu etal., 2013). Apple pomace, the main
by-product of apple juice production, accounts for 25-30% of all fresh apple fruit processed
(Lyu et al., 2020). It is well known that fruit by-products are an important source of
carbohydrates, minerals, vitamins, organic acids, raw proteins, dietary fiber, carotenoids,
polyphenolic compounds, and other nutritionally significant components (Fierascu et al.,
2020) and possess antioxidant, antimicrobial, anti-carcinogenic, antiviral, and antibacterial
activities (Leyva-Lopez et al., 2020).

The amount and composition of biological useful components in fruit by-products vary
depending on the type of fruit, its variety, the climatic conditions in which it is grown and
the way it is processed (Erinle et al., 2022). The composition of dry apple pomace includes
carbohydrates: 18-31% fructose, 3.4-24% sucrose, and 2.5-12.4% glucose (Waldbauer et al.,
2017), dietary fiber, 35-60%, with a high amount of insoluble fiber, 36.5%, as well as soluble
fiber, 14.6% (Dhillon et al., 2013), small amounts of protein, fat, and ash, high content of
phytochemicals primarily phenolic acids and flavonoids. Some of the phenolic compounds
identified in apple pomace possess antioxidant capacities (Reis et al., 2014). Grape pomace
is known to be a source of proteins, mean value of 10% on DW, as well as minerals, especially
iron (18 mg/100 g DW), dietary fiber (approx. 50% on dry weight (DW)), and phenolic
compounds such as flavonols, catechins, anthocyanins, and phenolic acids (Balli et al., 2021).
However, apple and grape processing by-products contain a large amount of water, which
makes them susceptible to rapid spoilage. In order to obtain stable products with a long shelf
life, most often they are dried. Various drying techniques can be used to prolong shelf life,
to avoid microbiological contamination, and to preserve nutrients, bioactive compounds, and
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antioxidant activity. In addition, dry by-products are ground to reduce particle size, and
standardization of grain size is recommended (Larrosa et al., 2021).

Potentially valuable compounds of the by-products of apple and grape processing can
be used as nutrients in people's diets. Using by-products is one option to avoid environmental
problems and help the economy and society. This review summarizes some of the available
literature related to the use of the by-products from apple and grape processing in human
nutrition.

Figure 1. By-products from apple processing

pomace

Figure 2. By-products from grape processing
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Materials and methods

The materials used in this review cover information from the authors who focus on the
most recent trends in the management of waste (fruit by-products). Material for the research
served as literary sources in which the current food applications of by-products of apple and
grape processing and the influence of their addition on the characteristics of food products
are exposed. Literature referenced in this review article was obtained from bibliographic
information in Google Scholar, Web of Science, Science Direct, Scopus, Springer Link,
EBSCO host, Wiley online library, and PubMed.

Results and discussion
Utilization of fruit processing by-products

Fruit by-products have gained importance as a functional ingredient due to their
superior nutritional properties (Bora et al., 2019). There have been numerous reports of the
use of by-products derived from the processing of various types of fruit in the food industry.
The authors design foods with different applications of fruit by-products as a supplement.
Usually, fruit processing by-products are dried, ground and added to products prepared from
flour or in yogurt, milk, and cheese (Larrosa et al., 2021). The advantages of adding fruit
processing by-products include improved nutritional properties of the products, increasing of
total phenolic content, total flavonoid content, antioxidant activity and dietary fiber content.
In addition, some qualitative, technological and sensory properties of those food products
can be improved (Piasecka et al., 2020). The dried fruit pomace can be used in bakery
products as a substitute for flour, sugar or fat, increasing the amount of fiber and antioxidants
and reducing energy consumption (Djeghim et al., 2021). The most studied products enriched
with fruit by-products are: bread, muffins, cakes, cookies, biscuits, snack products, and pasta
(Piasecka et al., 2020).

Utilization of apple processing by-products

The by-products obtained in the processing of apples have a significant potential for
application in the production of nutritionally enriched food prepared from flour, because of
its favorable nutritional profile due to the presence of phenolic compounds and dietary fiber
and good sensory characteristics, namely pleasant fruity aroma. Their addition to food
products increases in the amount of dietary fiber and polyphenols and prevents undesirable
oxidation reactions caused by the action of free radicals, which affects the quality and
sustainability of the product itself, as well as consumer health (Sudha et al., 2016). Different
applications of apple pomace are shown in Figure 3.

Multiple reports of studies are available on the enrichment of flour products by adding
apple processing by-products. Karkle et al. (2012) prepared corn-based extrudates in which
they added 17%, 22%, and 28% apple pomace. The added pomace did not adversely affect
the mechanical properties and structure of the products and contributed to a fruity aroma and
a greater share of dietary fiber and polyphenols.
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Figure 3. Application of apple pomace

Jung et al. (2015) prepared cookies and muffins replacing 10% and 20% of wheat flour
with apple pomace. The partial substitution of wheat flour with apple pomace (up to 20%)
had a positive effect on the physical-chemical and sensory characteristics of cookies and
muffins. The addition of apple pomace to brown rice flour in the formulation of gluten free
crackers in a proportion of 3, 6, and 9% resulted in better antioxidant properties, higher
polyphenol content, total dietary fiber and minerals, and sensory acceptability (Mir et al.,
2017). A higher value for total dietary fiber content compared to a control wheat sponge cake
was determined by Torbica et al. (2018), who substituted wheat flour in the formulation for
a sponge cake with apple pomace coextruded with corn grit in a ratio of 45:55.

The use of the apple pomace can affect the reduction of the glycemic index of the
products to which it is added, while not affecting sensory descriptors, such as taste,
sweetness, acidity, hardness and crunchiness. Alongi et al. (2019) produced biscuits replacing
wheat flour (10 and 20%) with apple pomace powder and found a decrease in the glycemic
index, from a glycemic index of 70 to a glycemic index of 65 and 60 respectively, and were
ranked as products with a mean glycemic index.

Apple skin powder replaced with wheat flour in the production of muffins in an amount
of up to 16% increased the share of dietary fiber and polyphenolic compounds, while not
worsening sensory characteristics (Rupasinghe et al., 2008; 2009). Research conducted by
Nakov et al. (2020) found that apple peel powder-enriched cookies (4, 8, 16, 24 and 32%)
had significantly higher moisture, ash, lipid, fiber, total polyphenols, and antioxidant capacity
than control cookies. The addition of apple peel powder did not worsen the physical
characteristics of the products but helped to improve their sensory quality. Cookies with 24%
apple peel powder proved to be the best in terms of appearance, internal structure, texture,
and taste.

Several studies have focused on noodles and bread enriched with apple pomace. Apple
pomace powder is incorporated into noodles at three different levels (10, 15 and 20%).
Noodles enriched with apple pomace had a higher total dietary fiber and protein content, and
showed improved antioxidant activity compared to control noodles. Analyses of cooking
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characteristics, such as texture, quality, color, and sensory evaluation, found that noodles
enriched with 10% apple pomace powder were the most acceptable product in terms of both
taste and nutritional composition (Suman et al., 2015). The addition of a 5% to 10% of apple
pomace has been shown to be best when enriching Chinese raw pasta (Xu, 2020). Bchir et
al. (2022) studied the impact of incorporating the by-products of pear, date, and apples
processing on the properties of pasta. From the overall results, it was concluded that the by-
products have a positive impact on the physical-chemical properties and quality attributes of
pasta. Pasta with a 2.5% share of by-products proved to be the most acceptable.

Jannati et al. (2018) rated the quality of traditional Iranian bread that had apple pomace
powder added to it (1, 3, 5 and 7% w/w of flour). The results showed that adding the apple
pomace powder can reduce the hardness of the bread, and the color of the crust of the bread
added with apple pomace was darker compared to the bread without pomace powder. Sensory
analysis showed that adding up to 3% of the pomace can improve the aroma, texture, and
overall acceptability of bread. Bread formulated with gluten-free raw materials has low
nutritional properties, poor taste, and is of poorer quality, and due to the absence of gluten,
the dough has poor rheological properties and is unable to develop a protein network, which
affects the final quality of the resulting bread. Adding fruit by-products such as apple
processing by-products to a gluten-free bread formulation can improve the texture, mouth
feel, acceptability, shelf life, and nutritional properties of gluten-free bread (Djeghim et al.,
2021). Apple pomace also has a high potential to be used as a natural stabilizer and texturizer
in the fermentation of yogurt, while enriching the final product with dietary fiber and
phytochemicals (Wang et al., 2019). Studies of the sensory and textural characteristics of
probiotic yogurts indicate that apple pomace flour can be added in the optimal amount of 3%
(Jovanovi¢ et al., 2020).

Most studies to date have emphasized the use of apple pomace in meat products such
as salami (Grispoldi et al., 2022), chicken sausages (Choi et al., 2016), beef burgers (Pollini
et al., 2022), chicken patties (Junget al., 2015), buffalo meat patties (Younis and Ahmad,
2018), and buffalo meat sausages (Younis and Ahmad, 2015) to improve nutritional
properties, reduce fat content and energy value, increase the content of dietary fiber and
antioxidants. The obtained results confirm an increased content of dietary fiber and phenols,
along with lower values for fat and calories in enriched meat products with apple pomace.
The summary of the various studies on application of apple pomace in food product
preparation is presented in Table 1.

Table 1
Application of apple pomace in food product preparation
Food Apple Results References

product pomace

IAdded, 10-30% |Increased fiber and phenolic content, antioxidant |Reis et

on a dry weight [capacity. al.,2014
Extruded basis
p;(o:juucets /Added, 5-20% Increasgd _bqu der)si_ty, total phenolic content, [Singha et

w/w and antioxidant activity. al., 2018

\Added, up to 30 |Increased total contents of phenols and |Ledn et

% antioxidant activity. al.,2022
Gluten- [Replacement of |Increased elastic modulus, viscosity, specific [Kirbas
free rice flour, gravity, and crumb hardness. Decreased specific |et al., 2019
cakes  [5-15%. volume.
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Food Apple Results References
product pomace
Replacement of [No detrimental effects on the physicochemical |[Junget
wheat flour, and textural properties. al.,2015
10% and 20%

Muffins |Addition of Increased ash, fiber, and phenolic contents. [Younas
apple pomace |Decreased protein and moisture contents. |et al.,2015
powder, 5, 10, [Muffins with 10% of apple pomace had higher
and 15%. sensory evaluation.

Replacement  [No detrimental effects on the physicochemical [Junget
apple pomace  jand textural properties. al.,2015
flour, 10 and 20%

Replacement of |Reduced physical properties (volume, diameter, |Laukova
flour, 5, 10, and [porosity). Increased the rheological properties of et al.,2016
15% with dough (water absorption, stability). Prolonged

hydrated apple |dough development time and reduced the mixing

Cookies Pomace powder. ftolerance index. High overall acceptance.

Addition of Increased water absorption, dough development [Usmanet
apple pomace time, dough stability, and falling number. fal.,2020
powder, 5, 10, [Decreased width, and thickness, and increased
15, 20, and 25% [spread factor.
to wheat flour |Reduced color. Increased moisture, ash, crude

fat, and crude fiber contents. Good quality

cookies with improved organoleptic properties

can be prepared using 10%.
Addition of Reduced the whiteness and specific volume. |He and Lu,
apple pomace, 1,French bread with 1% apple pomace (100-mesh) [2015
2, 3, and 4% had highest sensory score.
(60-mesh and
100-mesh).
Addition of Increased in  total polyphenol content, (Gumul et
whole apple flavonoids, and anthocyanins by 55, 200 and [al.,2019
pomace, 5, 10, [160% as compared to control, respectively.

Bread and 15% to Reduced volume. Recorded baking loss. The
wheat bread. bread with 5% whole pomace received the best

scores (good volume, small baking loss, low

crumb hardness).
IAddition of Increased ash, total carbohydrate, total [Valkova
apple pomace  polyphenols contents, and antioxidant activity. (et al., 2022
powder, 1, 2,5, |Decrease protein and fat contents, and loaf
and 10%. \volume. Sensory evaluation — no significant

differences in all tested attributes. The addition

of 10% can be recommended.
Replacement of |Increased cooking loss and the amount of [Loncarié

Pasta/ dqrum semolina [absorbed water. Hardness and ac_jhe_siveness Ique et al.,2014

Noodles with 10 and 15%decreased. Increased total antioxidant activity
of apple peel  |and total phenolic content.
powder.
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Food
product

Apple
pomace

Results

References

Replacement of
10, 15, and 20%
of wheat flour
with apple
pomace powder.

The total dietary fiber and protein content of the
noodles increased from 6.0 to 13.28% and 10.20
to 11.80%, respectively, as compared to the
control noodles. Increased ash content, cooking
loss, swelling index, and antioxidant activity.
The most acceptable product is noodles with
10% substitution.

'Yadav and
Gupta,
2015

IAddition of
milled apple
pomace, 10, 20,
30, and 50%.

Increased total polyphenols, phenolic acids,
quercetin derivatives, flavon-3-ols,
dihydrochalcones, dietary fiber, and minerals
contents. Decreased protein and fat contents,
hardness and maximum cutting energy. Water
absorption capacity is not influenced up to a level
of 50% apple pomace rep.

Gumul et
al., 2023

Buffalo
meat
sausages

Replacement of
2,4, 6, and 8%
lean meat by
apple pomace
powder.

Increased the dietary content, cooking yield and
emulsion  stability, firmness, toughness,
hardness, springiness, and gumminess, while the
cohesiveness and chewiness decreased.

Younis and
Ahmad,
2015

Chicken
patties

Replacement of
chicken with 10
and 20% (w/w)
of wet apple
pomace

Meat products with apple pomace had

higher dietary fiber content (0.7-1.8 % vs. 0.1-
0.2 % in control) and radical scavenging
activity.

Beef
jerky

Replacement of
ground beef with
10 and 20%
(w/w) of wet
apple pomace

Jung et
al.,2015

Chicken
sausages

Replacement of
pork fat by
incorporation of
apple pomace
fiber, 1 and 2%.

Lower cooking loss, total expressible fluid
separation, fat separation, pH, and redness.
Reduction of pork fat from 30 to 25 and 20%.

Choi et
al.,2016

Beef
jerky

Replacement of
ground beef with
10 and 20%
(w/w) of wet
apple pomace

Meat products with apple pomace had
higher dietary fiber content (0.7-1.8 % vs. 0.1-
0.2 % in control) and radical scavenging activity.

Junget
al.,2015

Buffalo
meat
patties

Replacement of
2,4, 6, 8% of
meat by apple
pomace powder.

Increased cooking yield, emulsion stability,
water holding capacity, diameter, and thickness.
The texture like firmness, toughness, hardness,
and cohesiveness has increased.  Sensory
evaluation showed acceptability up to 6% level

of incorporation.

'Younis and
Ahmad,
2018
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Food Apple Results References
product pomace
Fish Replacement of |Decreased pH, crude protein, moisture, crude fat, |Akhtar
fingers [2.5, 4.5, 6.5 0of jand total ash and increased crude fiber content. |et al.,2019
fish meat by Increased emulsion stability and cooking yield.
apple pomace  |Sensory evaluation showed decreasing trend.
powder.
Italian  JAddition of Increased fiber and phenol content, together with |Grispoldi
salami  |dried apple the lower fat and energy value. et al.,2022
pomace, 7 and
14%.
Beef /Addition of Increased fiber and phenol content. The colour [Pollini

burger  [freeze-dried and sensory analysis of beef burger with apple |etal., 2022
apple pomace, 4 pomace were graded better than the control.
and 8%.
Yogurt |Addition of Increased gelation pH and shortened [Wangetal.,
freeze-dried fermentation time. The most stable structure over 2019

apple powder, ja 28-day storage period — the yogurt fortified
0.1, 0.5 and 1%. with 0.5% apple pomace.

Addition of Increased dietary fiber content, viscosity, [Wang
freeze-dried firmness, and cohesiveness. Decreased whey |etal., 2020
apple pomace  |release during cold storage.
powder, 1, 2,
and 3%.
Addition of Increased total phenolic content, radical [Jovanovi¢
apple pomace  [scavenging and reducing activity. The highest (et al., 2020
flour, 1, 3, and ffirmness, cohesiveness, and viscosity index

5%. \values, and the highest scores for color and taste,

were obtained for yogurt with 3% of apple

pomace.
Addition of Reduced fermentation time. Increased total Popescuet
apple pomace  (dietary fiber content and antioxidant activity. al., 2022
powder, 0.2—  |[Improved the textural properties and significant
1.0%. reduction in syneresis during the 20 days of

storage. Sensory evaluation found that that
sample with 0.6-0.8% of apple pomace had the
highest score.

Utilization of grape processing by-products

It has been shown that by-products obtained in the processing of grapes due to their
chemical composition including proteins, ash, lipids, carbohydrates, vitamins, and substances
with important biological properties such as phenolic compounds, can be used as potential
ingredients for enrichment of various cereal products (Boff et al., 2022). The resulting
enriched bakery products are distinguished by improved nutritional characteristics, without
causing significant changes in the sensory profile. However, the incorporation of by-products
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of grape processing requires adjustment of recipes and technological parameters to preserve
the quality of baked products (Garcia-Lomillo, 2017). Different applications of grape
pomace, the main by-product of grape processing, are shown in Figure 4.
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Figure 4. Application of grape pomace

Grape processing by-products can be used in the production of cereal products after
drying and the formation of powder or flour, according to the relevant specifications. Thus,
when using flours from grape pomace up to a maximum of 10%, cookies with a high content
of phenolic compounds, antioxidants, and dietary fiber are produced, from which consumers
can be satisfied (Acun et al., 2014).

Pasqualone et al. (2014) studying functional biscuits with the addition of grape pomace
extract found that enriched biscuits have a strong antioxidant activity and contain a greater
amount of total phenolic compounds, flavonoids, anthocyanins, and proanthocyanidins in
terms of control. The intense color, fruity smell, and sour taste of enriched biscuits did not
affect the product's acceptability.

Walker et al. (2014) prepared cereal products, namely bread, muffins, and brownies
with 5-25% grape pomace, finding that the dietary fiber and total phenol content increased
compared to the control. It has been found that enriching muffins with 20% grape by-products
improve their nutritional value without showing significant changes in the sensory profile
(Mildner-Szkudlarz et al., 2015). No significant changes in the sensory profile were also
determined by Kuchtova et al., 2016, who replaced up to 15% composite flour in the formula
for cookies, with a grape skin pomace.

In this context, Bender et al. (2017) did a study to evaluate the effects that Riesling and
Tannat grape skin flour had on muffins and their taste, appearance, and texture. The inclusion
of ratios 5, 7.5, and 10% of these flours affected the texture, mainly hardness, which increased
as the level of addition increased, as well as the color and content of total dietary fiber. This
study showed that Tannat and Riesling grape skin flour could be used as an alternative to
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increasing the dietary fiber content of muffins without having a negative effect on the sensory
properties of the products.

In functional biscuits prepared with grape pomace powder, it was found that the addition
of grape pomace does not affect the physical parameters of the cookies, but significantly
affects the increase in protein and dietary fiber content. Biscuits with 4% and 6% grape
pomace (w/w) tasted better, and cookies with 6% grape pomace showed higher antioxidant
potency, lower anthocyanin losses, and greater hardness retention during the shelf life study
(Theagarajan et al., 2019).

Nakov et al. (2020) prepared cakes by replacing wheat flour with 4%, 6%, 8 %, and
10% grape pomace powder, and it was found that as the share of pomace powder increased,
the ash, fat, protein, fiber, free phenols, anthocyanins, and total polyphenol content, as well
as the antioxidant capacity gradually increased, and the moisture and pH value decreased.
Cakes containing 4% pomace powder had the best sensory characteristics. Studies for adding
fruit by-products to different types of bread include the use of by-products ofgrape
processing.

Mildner-Szkudlarz et al. (2011) developed a new formulation for mixed rye bread
produced with grape pomace as an alternative source of dietary fiber, ash and dietary
polyphenols. New formulations have been shown to have a significantly higher total dietary
fiber content and have been characterized by significantly higher antioxidant activity
associated with their phenolic compound content.

According to a study conducted by Hayta et al. (2014), incorporating about 5% (w/w,
flour basis) grape pomace powder into bread formulation positively affects the total phenol
content and anti-radical activity. It has been found that the addition of grape trop powder
contributes to the bread to improve its functional properties.

Tolve et al. (2021) prepared wheat bread in which a portion of wheat flour, 5, and 10
9/100 g have been replaced by grape pomace powder. The inclusion of a higher level of grape
pomace powder caused a decrease in the total starch content (from 85.5 to 75.3 g/100 g DM)
and an increase in the total dietary fiber content (2.8 to 6.3 g/100 g DM). As the proportion
of pomace in bread increased, total phenolic compounds and antioxidant capacity increased.
The total phenolic compounds increased 3.5-fold and 7-fold as GPP replacement increased
from 0% to 5% and from 0% to 10%, respectively. The grape pomace powder addition did
not have a significant impact on the overall acceptability of the product.

Rainero et al. (2022), in their study with breadsticks, replaced wheat flour with 5 and
10 g 100 g of powdered grape pomace, and they observed that the total phenolic
compounds, dietary fiber, and antioxidant capacity increased. The content of total phenolic
compounds increased from 72.21 to 171.83 mg GAE 100 g* DM, the dietary fiber from 3.47
to 5.81 and 8.55 g 100 g* DM and antioxidant capacity evaluated by FRAP (ferric reducing
ability of plasma) increased from 360.60 to 2801.00 uM TE 100 g** DM. Breadsticks with 5
g 100 g* of powdered grape pomace flour showed lower overall acceptability.

When foods are enriched with fiber, it is necessary to evaluate the effects that added
fiber has on consumers' perceptions of color, texture, and acceptability. For example, the
baking properties of some products can be significantly affected when a portion of wheat
flour is replaced by ingredients that are rich in fiber. Such effects include a decrease in the
volume or height of the bread and changes in texture (increases the hardness of the crumb,
loss of crunchiness), appearance (surface properties, color, density), and intensity of smell
and taste (Bender et al., 2017; Sporin et al., 2018). Sensory assessment of bread with added
pomace suggests that a maximum of 6% grape pomace can be incorporated to prepare
acceptable products (Mildner-Szkudlarz et al., 2011).
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Smith et al. (2015) used grape pomace of four grape varieties to substitute 5 and 10%
flour in a white bread formulation. The results showed that bread with 5% grape pomace has
a similar volume of bread, but a darker color compared to the control, while bread with 10%
grape pomace became denser. Dietary fiber, polyphenols, and antioxidant activity of bread
increased with increasing content of grape pomace in the formulation. Grapes can also be
used in the production of pasta. Choosing this by-product as a functional ingredient for pasta
production can improve the nutritional profile of this widely consumed food, increase the
daily intake of phenols and fiber, and add economic value to wine production (Balli et al.,
2021).

Namely, Tolve et al. (2020) performed enrichment of pasta by replacing 5 and 10 % of
semolina with grape pomace. By incorporating grape pomace in pasta optimal cooking time
and the swelling index were significantly reduced, the firmness and adhesiveness of the pasta
were improved, the total phenolic content and antioxidant activity increased, and sensory
analysis showed that enriched spaghetti had good overall acceptability.

Balli et al. (2021) conducted a study in order to assess the possibility of using dry grape
pomace as a source of phenolic compounds and fibers in tagliatelle pasta, which are usually
characterized by a negligible amount of phenolic compounds and fibers. The profile of pasta
enriched with 7% dry grape pomace was studied, focusing on phenolic compounds after
cooking. The enriched tagliatelle was characterized by improved organoleptic and nutritional
characteristics, retained phenolic compounds after cooking, and an increased amount of fiber.
The enriched tagliatelle retained the same monoglycolized and acetylated anthocyanins
found in grapes. In enriched tagliatelle, the fiber content increased by =~ 3%, while the added
phenols retained after cooking the enriched tagliatelle amounted to 6.21 mg/100 g.

Grape by-products have been added to various dairy products (Antoni¢ et al., 2020),
such as yogurt, kefir, cheese, and salad dressing. Some studies have shown that the
effectiveness is lower than in cereal products due to instability and loss of nutritional
components in the processing and storage of dairy products, as well as other technological
problems (Garcia-Lomillo et al., 2017).

In addition, several studies have reported the use of grape pomace in meat products such
as chicken nuggets and chevon nuggets. The summary of the various studies on application
of grape by-products in food product preparation is presented in Table 2.

Table 2
Application of grape by-products in food product preparation
Product Grape Results References
by-products
Biscuits Addition of white Increased total dietary fiber from 0.85 mg [Mildner-
grape pomace GAE g DM t0 4.45 mg GAE g DM, Szkudlarz
powder, 10, 20 and | total phenolic compound content from etal., 2013
30% (w/w) 0.11 mgg* DM to 1.07 mg gt DM, and
significantly higher antioxidant activities.
Sensory profile analysis showed
acceptability up to 10% level of
incorporation.
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at levels of 10 and
20%

red grape pomace. Increased chewiness
and firmness. High levels of acceptability
of the muffins that incorporated white
and red grape pomace products at
concentrations of 10%.

Product Grape Results References
by-products

Adding grape seed Adding grape seed powder to wheat flour [Samohvalo
powder, 5, 10, 15 and, | lowers the output gluten reduces its va etal.,
20% of the weight of | sensibility and increases elasticity. 2016
flour Adding 15.0 % of grape seed powder to

butter biscuits improves their

physicochemical (specific volume and

wetting ability) as well as organoleptic

quality indices.
Replacing cocoa The grape powder does not significantly ~ [Molnar et
powder with grape affect the height, spread ratio, hardness,  fl., 2020
pomace powder in flexibility, toughness, appearance, and
ratios of 50 and 100%. | odor of biscuits. A positive impact on

biscuits flavor, despite fruity taste.
Wheat flour Increased the content of total polyphenols [Oltetal.,
substitution by Tannat | and antioxidant capacity. Greater o- 2022
grape pomace flour, 10| glucosidase and pancreatic lipase
and 20% (w/w) in the | inhibition capacity compared to the
total wet biscuit mass. | biscuits without grape pomace flour.

Cookies Addition of whole Not significantly affected on the width, ~ |Acun and
grape pomace flour | thickness, and spread ratio of cookies. Gii, 2014
and pomace flour Total dietary fiber and total phenolics
without seeds at levels | increased as compared to the control.
of 5, 10, and 15%, and | Cookies with 10% seed flour had higher
seed flour at levels of | total dietary fiber and total phenolics
5, 7.5, and 10%. (153.10 g/kg GAE and 5.61 mg/mL,

respectively) than others. The best

acceptable product is cookies with 5%

seed flour.
Replacing wheat flour | Increased colour intensity, antioxidant Maner et
with wine grape properties, total phenol content, al., 2017
pomace powder at flavonoid, and anthocyanin. Samples with
levels of 5, 10, 15, and| 5 % of wine grape pomace powder had
20 %. the maximum score.
Replacing wheat flour | Well accepted due to their good Temkov et
with grape pomace appearance, likable colour, pleasant al., 2021
powder at levels of aroma, and taste. Those that contain
2.5,5.0,7.5,and 10.0 | grape pomace powder in granulation 1.00
% with 3 different mm are the best.
granulations (0.25,
0.50, 1.00 mm)

Muffins Replacing whole- The high content of fiber. Decreased Ortega-
wheat flour with white | elasticity, cohesion, resilience, and color  |Heras et
and red grape pomace | parameters of the muffins with white and [al., 2019
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Product Grape Results References
by-products

Replacing rice flour | Improved nutritional composition of the  [Baldanet al.,
with grape pomace gluten-free muffins. Increased protein from 2021
powder at levels of 15,| 5.00 g/100 g dwb to 5.72 ¢/100 g dwb and
and 25%. 6.64 g/100 g dwhb, crude fiber content from

0.05 g/100 g dwb to 1.47 ¢/100 g dwb and

2.19 9/100 g dwb. Good level of

acceptability.
Addition of 7.5% and | Increased protein, lipid, moisture, phenolic [Yalcin et al.,
15% grape seed flour | contents, and antioxidant capacity with an 2021
substituting whole increased amount of grape seed flour
wheat, whole siyez addition. Decreased hardness and
wheat, and whole oat | chewiness of the muffins with whole wheat
flour. flour and whole siyez wheat flour, and

increased of the muffins with whole oat

flour.
Addition of 15% grape| Thinner granulometry -higher values of  [Troiloetal.,
pomace powder with | antioxidant activity, anthocyanin, and 2022
different particle size | phenol content. From a textural and
fractions (600-425, sensorial point of view, the smaller particle
425-300, 300-212 and | sizes negatively affected the hardness and
212-150 pm) color in terms of lightness, as well as the

homogeneity of the pores.

Bread Addition of ‘Merlot” | Positive correlation with phenolic content [Sporin et al.,
and ‘Zelen’grape and antioxidant activity, and negative 2018
pomace flour, 6, 10, | correlation with brightness and firmness.
and 15%. The variety ‘Zelen’ is suggested for use.

Replacement of wheat | Positive effect on dough manifesting with [Valkova et
flour with 1%, 2%, rheology by increased dough stability. al., 2020
5%, and 8% (w/w) of | Significantly decreased bread volume was
grape seeds observed in the bread supplemented with >
micropowder (GSMP) | 2%. The bread supplemented with 1% had
with nanosized the highest scores for all the quality
particles (10 um). attributes.
Replacement of wheat | Increased fiber, protein, and minerals. Opreacetal.,
flour with 3%, 5%, Declined rheological parameters and 2022
7%, and 9% (w/w) of | technological performance. The samples
grape seeds flour. with 3% and 5% can be considered a fiber

source and Cu source, respectively, and are

rich in Zn. The samples containing 7% and

9% — unsatisfactory from rheological and

sensorial points of view.

Panettones | Incorporation of Not differ statistically from the traditional [Souza et al.,
powdered compound | formulation in terms of moisture content, 2023

produced from grape
bark and arrowroot in
the proportions of
10%, 15%, and 20%
(m/m) in place of
wheat flour.

lipids, proteins, and water activity.
Increased color intensity, flavonoids (1.58
mg QE g-'; 1.71 mg QE g-'; 1.83mg QE g-
1), and anthocyanins content (1.20 mg.g-1;
1.34mg.g-'; 1.41 mg.g-') in contrast to
traditional panettone (0.03 for both).
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distillation)/ at two
concentration levels
0.8 and 1.6 % (w/w).

highest total phenolic content and radical
scavenging activity values at the end of
ripening (30 days and 120 days
respectively) showed cheeses fortified with
Chardonnay after distillation powder.

Product Grape Results References
by-products
Pasta / Incorporation of 25, 50| Increased total phenolic content, condensed|Sant’ Anna et
Spaghetti and 75 g/kg of grape | tannins, monomeric anthocyanin and al., 2014
marc powder. compounds antioxidant capacity. The
sensory analysis found that the
incorporation reduced the acceptance of
aroma, aftertaste, flavor, and appearance.
The best overall acceptance, with lower
changes of color is fettuccini pasta with 25
g/kg incorporation.
Replacement of wheat | Improvements in the polyphenolic content. |Gaita et al.,
flour in proportions of | Increased antioxidant capacity. Improved (2020
3, 6 and 9% (w/w) with sensory and functional properties up to a
grape pomace skins. | level of 6%.
Grape marc extracts | Higher content of phenolic compounds,  [Marinelli et
(grape marc suspended| flavonoids, and antioxidant activity. No  @al., 2015
in water at a ratio of 1: | difference in optimum cooking time
10 (Wiv)). (around 10 min.). Low cooking losses.
Without altering sensory characteristics..
Addition of 15% Increased total polyphenol, anthocyanin ~ [Marinelli et
(w/w) red grape marc | content, and antioxidant activity. Decreasedal., 2018
flour with a different | bioaccessible glucose.
particle size (500 pm;
125um) to durum
wheat semolina.
“Vegan” Addition of the grape | Increased antioxidant capacity and Tremlova et
sausages seed flour with polyphenol content. Decreased protein. Thegl., 2022
different concentra- | most acceptable product is vegan sausages
tions 0,1,3,7,10,20%. | with 1% and 3% addition.
Chicken Replacement of flour | Higher antioxidant activity. Reduced lipid |Cagdas and
nuggets mix (wheat flour, corn | oxidation. Decreased thiobarbituric acid  [Kumcuoglu,
flour, leavening agent, | reactive substance, para-anisidine values, [2015
salt) with grape seed | and conjugated diene concentration values.
flour amounts of 1, 2,
5, 8, and 10%.
Chevon Addition of grape seed | Lower thiobarbituric acid reactive Meena et al.,
nuggets extract, 5% stock substance and free fatty acid, %. Reduced (2021
solution (0.5g of dried | total plate, total psychrophilic, and yeast
extract /10 mL). and mold count. A superior score of flavor,
juiciness, and overall acceptability.
Semi-hard | Added grape pomace | Higher antioxidant activity and phenolic ~ [Marchiani et
and hard powder (Barbera, content in all fortified cheeses, but to al., 2015
cheeses Chardonnay before obtain a significant increase in cheese
distillation, antioxidant activity it is necessary to add at
Chardonnay after least 1.6 % of grape pomace powder. The
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Product Grape Results References
by-products
Spreadable | Addition of white and | Increased total phenolic content (2.74 + Luceraet al.,
cheese red grape pomace 0.04 and 2.34 + 0.15 mg GAEs/g dw, 2018
powders at a respectively) compared to the control (0.66
concentration of 5% | mg GAEs/g dw). Increased flavonoids, and
(wiw). antioxidant activity. Decrease of pH.
Fresh ovine | Addition of 1% (w/w) | Reduced fat content and increased protein | Gaglio et
“primosale” | grape pomace powder |and secondary lipid oxidation. Increased | al., 2021
cheese with four selected antioxidant activity of the cheese after that
Lactococcus lactis the dairy matrix was degraded by the
strains. simulated digestive process.
Ovine Incorporation of 1% | Higher protein, polyphenols content, and | Barbaccia et
Vastedda- (w/w) red grape lower fat content. Favorable influence on | al., 2022
like pomace powder Nero | sensory traits.
stretched d’Avola
cheese Cultivar into ovine
stretched cheese.
Kefir Addition of Better antioxidant activity. Good Carullo et
Sangiovese skins and | performance in the inhibition of key al., 2020
seeds extracts at a enzymes linked to metabolic syndrome (a-
concentration of 1, 5, | amylase, a-glucosidase, and lipase).
and 10 mg.
Yogurt, Addition of 1%, 2%, | Higher dietary fiber content. Decreased Tseng et al.,
Italian and | and 3% (w/w yogurt) | total phenolic content and DPPH radical | 2013
Thousand grape pomace powder; | scavenging activity during storage. Best
Island salad | 0.5 and 1% grape received products are 1% (w/w) fortified
dressing pomace powder (w/w | yogurt, 0.5% (w/w) fortified Italian
Italian salad dressing); | dressing, and 1% (w/w) fortified Thousand
1 and 2% grape Island dressing.
pomace powder (w/w
Thousand Island salad
dressing).
Yogurt Addition of grape skin | Yogurt containing grape skin flour Marchiani et
flours (Chardonnay, | presented significantly higher total al., 2016
Moscato, and Pinot phenolic content (+55%), antioxidant
noir varieties) in a activity (+80%), and acidity (+25%)
proportion of 60 g/kg | whereas lower pH, syneresis (—10%), and
in yogurt. fat (—20%) than control. Retained total
phenolic content and radical scavenging
activity during yogurt storage (no
significant changes observed).
Addition of Tannat Increased a-glucosidase inhibition Fernandez-
grape skin powder in a | capacity. The antioxidant capacity Fernandez
proportion of 0.5% increased slightly with time until day 12 | etal., 2022
(w/w) in yogurt. and then remained unchanged up to the end
of the study (28 days). Higher overall
acceptance.
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Conclusion

The utilization of waste from the fruit processing industry to be used for preparation of
new food products is an innovative and functional way for environmental protection. In
addition to reducing environmental pollution, functional food products with better nutritional
characteristics are created. It has been proven that waste from apple and grape processing
contains biologically active substances such as polyphenols, dietary fibers, proteins, fats,
minerals, has antioxidant, antimicrobial, anti-carcinogenic, antiviral and antibacterial
characteristics and can be successfully incorporated into new functional food products.
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Abstract

Introduction. The research aim is to determine effect of duration
of dehulling, the barley size and moisture, the rotation speed of abrasive
discs, the abrasive grit and the load factor of the dehuller on the
dehulling index.

Materials and methods. The dehulling was carried out in
laboratory dehuller (model ULZ-1) at the rotation speed of abrasive
discs of 29.6+0.015 s (1775+0.9 rpm) and 42.3+0.013 s (2540+0.8
rpm) and removing of barley husks and meal was conducted in the
laboratory aspiration duct of 60 mm width.

Results and discussion. The research has shown that the increase
in the dehulling duration the weight of the barley loaded to the dehuller,
the rotating rate of abrasive discs and the load coefficient of the dehuller
working chamber leads to the dehulling index rise. There exists the non-
linear dependence between the load coefficient of the dehuller working
chamber with the minimum point of the dehulling index for the large
fraction of barley 0.27-0.28 and for the small fraction of barley 0.24—
0.25.

The influence of the barley weight and the load coefficient of the
working chamber of the dehuller on the dehulling index occurs
according to the curvilinear dependence with the minimum point of the
dehulling index for the large barley fraction of 0.27-0.28 and for the
small barley fraction of 0.24-0.25. The increase in the processing
duration and the load coefficient of the working chamber of the dehuller
leads to the increase of the dehulling index, but at the same time the
minimum point of the dehulling index decreases from 0.29 to 0.25.

As the size of the barley grows, the dehulling index decreases. The
gain in moisture of the barley leads to the decrease of the dehulling
index according to the linear dependence for both large and small barley
fractions. Moreover, the small fraction has the bigger values of the
dehulling index than the large one.

The moisture influence on the dehulling index has linear
dependence for both large and small barley fractions. As moisture
increases the dehulling index decreases linearly, but at the same time
the large barley fraction had lower values of the dehulling index than
the small one.

The increase in abrasive discs grit leads to the dehulling index
decrease according to the curvilinear dependence. At the grit of 80 the
dehulling index gets the constant value and its change depends on the
duration of processing.

Conclusion. The influence of technological parameters of barley
grain on the dehulling index has linear dependence, and machine
parameters affect the dehulling index according to curvilinear
dependency. These results must be considered when evaluating the
effectiveness of dehulling and the development of the process model.
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Introduction

The barley grain is the basis for various food products, such as groats and flour. During
the barley processing it is treated to separate the hull. The process of dehulling has not been
studied enough so as to predict its effectiveness during the use of various hullers.

The process of barley dehulling is influenced by the load on the machine, the distance
between abrasive discs and the sieve plate, the abrasive discs grit, and the treatment duration
in the dehulling machine (Izydorczyk et al., 2016). This process is also influenced by the
moisture and the size of barley (Bhatty, 1997; Sharma et al., 2010). Different barley varieties
have different capacities for the dehulling (Edney et al., 2002; Felizardo et al., 2018).

Abrasive surfaces with the lower grit lead to quicker removing barley hull, whereas
abrasive surfaces with greater grit result in a thinner product (Flores et al., 2007; McCluskey,
2016). The dependence between abrasive discs grit and dehulling index is not stated,
therefore further investigation is required.

The increase of the grain weight in the dehulling machine leads to the increase of the
dehulling index according to the nonlinear dependence (Kharchenko et al., 2017,
Vereshchinskii, 2011); the dependences of the dehulling index during the moisture change,
the size and the weight of the loaded grain in the machine have not been studied yet.

The increase in the barley treatment duration leads to the linear increase of the dehulling
index (Kharchenko et al., 2017; Sharma et al., 2010), but there is no explanation of the
dehulling index linear dependence from the treatment duration.

Baltabaev et al. (2011) studied the effectiveness of barley dehulling in the horizontal
dehulling machine of continuous operation. This analysis shows that at the rotation speed of
the rotor of 1800 rpm the dehulling coefficient is higher than at the rotation speed of 1500
rpm, but at the rotation speed of the rotor of 1650 rpm the coefficient is much less than at the
speed of 1500 rpm. This data requires verification and justification. Baltabaev et al., (2011)
showed the linear dependence of the dehulling index from the dehulling duration in the
machine at varying rotation speeds of the rotor of the machine.

Olkku et al. (2005) illustrated the linear dependence of the husk weight change from the
barley moisture; however, there are no similar dependences between the barley moisture and
the dehulling index. The increase of the barley moisture to 14% decreases the dehulling
duration (Sharma et al., 2010). The impact of the barley moisture and the size on its dehulling
effectiveness requires further investigations (Edney et al., 2002).

The similarity of the barley size also influences the dehulling index (lzydorczyk et al.,
2016). Sharma et al. (2010) showed that there exists negative correlation between the
dehulling coefficient and the bulk density. The barley with the bigger kernel weight requires
more time for processing to achieve necessary values of the dehulling index (Edney et al.,
2002). This proves the influence of the barley size on the dehulling index and requires further
investigations of the influence of the barley size and moisture on the dehulling index under
the conditions of varying treatment duration, weight of the loaded grain into the dehuller,
different load coefficient of the machines’ working chamber.

The research aim is to determine effect of duration of dehulling, the barley size and
moisture, the rotation speed of abrasive discs, the abrasive grit and the load factor of the
dehuller on the dehulling index.

—— Ukrainian Food Journal. 2022. Volume 11. Issue 4 543



—— Food Technology ——

Materials and methods
Preparation of the barley samples

The barley grain was cleaned in the laboratory aspiration channel before carrying out
research to separate light impurity. The removing of impurity and separation into the large
and small fraction was conducted in the Carter-Day dockage tester (Carter-Day Co.,
Minneapolis, MN) (Arya et al., 2011; Fan et al., 2000; McCluskey, 2016; Sissons et al.,
2000). The riddling of the grain sieve of 3.0x20 mm allowed to get a large fraction and the
scalp of the grain sieve of 3.0x20 mm and the riddling of the grain sieve of 1.8x20 mm
allowed to get a small fraction of the barley grain. The scalp of the grain sieve of 1.8x20 mm
removed small impurity and directed it to wastes.

After their cleaning and fractions’ separation there was defined the grain moisture (ISO
712:2009(E). Cereals and cereal products. Determination of moisture content), the weight of
1000 grains on a dry basis (1SO 520:2010. Cereals and pulses — Determination of the mass
of 1000 grains) and the bulk density (ISO 7971-3:2009(E). Cereals — Determination of bulk
density, called mass per hektolitre) in each barley grain fraction.

The barley with the weight of 1000 grains on a dry basis A=56 g and the bulk density
—vy=711+8 kg/m? was attributed to the large fraction, and the barley with the weight of 1000
grains on a dry basis A=43 g and the bulk density — y=686+3 kg/m? was attributed to the
small fraction. The initial moisture of both fractions was 12.6+0.2%.

Studying the impact of the duration of treatment on the barley dehulling

The barley dehulling was carried out in the dehuller ULZ-1 (Olis, Odesa, Ukraine), with
the abrasive discs 14AF46K7V and the grit 40. The size of the openings of the grain sieve in
the dehulling machine was @ 2.3 mm.

The studying of the impact of the duration of treatment on the barley dehulling index
was carried out according to the following methods. The sample weight of 100+0r01 g was
loaded into the dehuller and hulled during 20, 40, 60, 80, 100 s. The change of the dehulling
duration was provided with the timer of the dehulling machine. The large and the small barley
fractions were hulled separately under similar conditions.

The studying of the dehulling kinetics of the large and small barley fractions was
conducted at the rotation speeds of the dehuller’s abrasive discs ©®=29.6+0.015 s (1775+0.9
rpm) and ©=42.3+£0.013 s (2540+0.8 rpm). The rotation speed was changed by means of
throwing over the belt on the engine pulley and abrasive discs.

The rotation speed of abrasive discs was measured by means of the optical tachometer
Testo 460. The reflecting tape was attached to the dehuller’s pulley, then the dehuller was
turned on in the idle position without grain, the tachometer beam was pointed at the pulley
and the readings of the tachometer were taken.

Dehuller works as follows (Figure 1). The grain is loaded into the hopper (11). At a
certain time, the latch (10) opens and the grain is poured into the working chamber between
the abrasive discs (8), the screen (9) and the housing (1). The distance between the abrasive
discs (8) and the screen (9) is 0.015+0.001 m. Grain moves in a circle admiring abrasive discs
(8). During the movement, the grain interacts with the screen and the friction between grains.
After stopping the dehuller, the latch (12) opens and the dehulling products are poured into
the middle hopper. Products that have passed through the screen are collected in two side
bins. Abrasive discs (8) with a diameter of 0.150+0.0001 m are firmly pressed together and
do not have gap between them.
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After the dehulling the mixture of the derived products was passed through the
laboratory aspiration channel with 60 mm width, where the separation of the husk and the
meal from the kernel occurred. To avoid getting of separate grains into the husk tank, the air
flow rate in the channel was decreased by means of speed reduction of the fan impeller by
using variable speed drive. After each replicate the kernel was visually examined for the
presence of the husk and the meal. Whenever necessary, the cleaned kernel was passed
through the aspiration channel repeatedly. The mixture of the husk and the meal was also
examined for the presence of the kernel. The Figure 1 shows the scheme of the barley
dehulling (Kharchenko et al., 2018).

The cleaned barley kernel was weighted and the dehulling index was calculated
according to the formula (Donkelar et al., 2015; Felizardo and Freire, 2018; Lawton et al.,
1989):

m —-m,
ml
where [ is the barley dehulling index, %; m;, m; are the weight of the grain before the

dehulling and the weight of the barley kernel after the dehulling correspondingly, g.

-100 )

Purified
barley
kernel

Figure 1. Barley dehulling scheme:
1 —dehuller; 2 — laboratory aspiration channel; 3 — variable speed drive; 4 — fan;
5 —filter; 6,7 — engine; 8 — abrasive discs; 9 — the size of the openings @ 2.3 mm;
10 — choke; 11 — bin; 12 — scale.

The studying of the dehulling kinetics was carried out for both dry and moist, large and
small barley fractions. The estimated amount of water was added in large and small barley
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fractions, each of 2+0.1 kg, assuming that the final water content of each fraction was 16.0%.
The water amount was calculated according to the formula (Barnwal et al., 2010):

W, —W
Cu =6 (1010 W j @
1

where Gy, Gy are the weight of water and the weight of grain, correspondingly, g; Wo, W1 are
the initial and specified grain moisture, correspondingly, %.

After adding water there was a three days’ grain maturing process. During the studying
process the actual moisture of the barley of each fracture was defined.

Impact of barley weight and the load coefficient on the barley dehulling index

The impact of barley weight on the dehulling index was found out by increasing the
weight of the grain loaded into the dehuller in the amount of 40, 80, 120, 160 and 200 g.
Notice that in doing this the rotation speed of abrasive discs of the dehuller was constant and
equal to 29.6+0.015 s?, the dehulling duration was constant and equal to 25 s. Abrasive discs
were not changed and were the same as during research, as illustrated in the clause 2.2. The
dehulling index was calculated according to the formula 1.

The load coefficient of the working chamber was calculated in accordance with the
formula (Kharchenko et al., 2017):

K =-*% 3
v ®)
where K is load coefficient of the dehuller’s working chamber; Vs is grain volume, loaded
into the dehuller, m?; Vy, is volume of the dehuller’s working chamber, m?.
The grain volume was calculated using the formula:

Vo, =— (@)

where m is weight of the barley grain, loaded into the dehuller, kg; y is barley bulk density,
kg/m3.

The volume of the dehuller’s working chamber was calculated using the formula:

2 2
V=2 q T ®)
4 4
where D, d is the diameter of the grain sieve of the dehuller and the abrasive disc
correspondingly, m; H, h is the height of the grain sieve of the dehuller and abrasive discs
correspondingly, m.

The diameter of the grain sieve was D=0.165+0.0001 m, the diameter of discs was
d=0.15+0.0001 m. The height of the grain sieve was H=0.058+0.001 m, the width of abrasive
discs was h=0.04+0.0001 m.

The analysis was conducted separately for the large and small fractions of both dry and
moistened grain.

After each replication the dehulling products were passed through laboratory aspiration
channel to separate the husk from the dust middling. The dehulling index was calculated
using the methods described in the clause 2.2.
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Impact of loading and duration of treatment on the barley dehulling index

The large barley fraction was hulled in the amount of 40+0.1 g to 200+0.1 g at intervals
of 40 g. The rotation speed of abrasive discs was constant and equal to 29.6+0.015 s. The
dehulling duration varied from 40 to 100 s at intervals of 20 s. The research was conducted
only with the large fraction with the level of moisture 12.6+0.2%. The product purification
as well as the dehulling index determination was carried out similarly to the description in
the clause 2.2 (Kharchenko et al., 2018).

Impact of moisture on the barley dehulling index

To define the impact of the barley moisture on the dehulling process effectiveness, the
large and small fractions of the barley were moistened to 16.0%.

Moisturizing and maturation of the barley was carried out according to the following
techniques. Six containers with compact lids were filled with 200+0.1 g of barley. The
amount of water calculated using formula 2 was added in each container. It was thoroughly
mixed for 10 minutes and left in closed containers for three days for maturation and
homogenous distribution of moisture over the barley grain (Kharchenko et al., 2018).

After moisturizing the dehuller was loaded with 160+0.1 g of barley, the dehulling
occurred with further separation of hull in the aspiration channel. The dehulling index was
calculated using techniques showed in clause 2.2. The dehulling duration for all the sample
weights was 25 s, at the rotational speed of abrasive discs 29.6+0.015 s?. The residue of the
moistened grain was used to define the actual moisture (Kharchenko et al., 2018).

Abrasive discs’ grit impact on the barley dehulling index

To find out the impact of abrasive discs’ grit on the dehulling index three abrasive discs
were used: 14AF46K7V, 14AF60K7V, 14AF80K7V with the grit 40, 60, and 80
correspondingly. The large fractions of barley were hulled with the alternate change of
abrasive discs in the dehuller. The rotation speed of abrasive discs was 29.6+0.015 s. The
sample weights of 100+0.1 g were put into the dehuller and hulled for 20, 40, 60, 80, 100 s.
Purification of dehulling products was carried out in accordance with techniques shown in
clause 2.2.

Results and discussion

Impact of the barley size and moisture on the dehulling index at varying speeds of
abrasive discs rotation

The Figure 2 shows the results of dehulling kinetics research of large and small barley
fractions with the moisture of 12.6+0.2%, various speeds of abrasive discs’ rotation of the
dehuller 29.6+0.015 s and 42.3+£0.013 s,
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Figure 2. Effect of dehulling duration of barley on dehulling index:
Moisture of barley — 12.6+0.2%;
1 - A=56 ¢, ®=29.6+0.015 s%;
2 — A=56 g, ®=42.3+0.013 s};
3 - A=43 g, ®=29.6+0.015 s%;
4 — A=43 g, ®=42.3+0.013 s*
(A is the weight of 1000 grains on a dry basis, g; kg/m?; o is rotational speed of abrasive discs, s™)

The Figure 2 shows that the increase of the rotation speed of abrasive discs leads to the
increase of the dehulling index (P<0.05) of both large and small barley fractions. The
inclination of the lines increased for both barley fractions (P<0.05), that testifies to the higher
intensity of abrasive discs’ impact on the barley grain as the rotation speed of abrasive discs
rises.

All things being equal, the dehulling index of the small fraction was higher than the
dehulling index of the large barley fraction (P<0.05). It gives the evidence that the dehulling
resistance of the small barley fraction at the moisture of 12.6+0.2% is less than the dehulling
resistance of the large fraction at the same grain moisture. At the barley moisture of
12.6+0.2% the impact of the barley size on the dehulling index was significant only at the
rotation speed of abrasive discs of 42.3+0.013 s (P<0.05). The impact of the barley size on
the dehulling index at the rotation speed of abrasive discs of 29.6+0.015 s* was not
significant and ranged up to 1.0% (P>0.05). The experiment has let as to conclude that the
slower is the rotation speed of the dehuller’s abrasive discs, the less the size of the grain
influences the dehulling index.

The Figure 3 shows the results of dehulling index research of the large and small barley
fractions at the moisture of 16.0+0.2% and the rotation speed of abrasive discs of 29.6+0.015
stand 42.3+0.013 s™.
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Figure 3. Effect of dehulling duration of barley on dehulling index:
Moisture of barley — 16.0+0.2%;
1 - A=56 ¢, ®=29.6+0.015 s%;
2 — A=56 g, ®=42.3+0.013 s};
3 - A=43 g, ®=29.6+0.015 s%;
4 — A=43 g, ®=42.3+0.013 s*
(A is the weight of 1000 grains on a dry basis, g; kg/m?; w is rotational speed of abrasive discs, s

Analysis of data presented in Figure 3 show that the size of barley with the moisture
content of 16.0+0.2% does not influence significantly the dehulling of the large and small
grain (P>0,05). The most substantial factors that changed the dehulling index were the
rotation speed of abrasive discs and the processing duration. Comparing the results shown
in Figure 2 and 3 one can see that the size has an impact only during dry barley hulling
(P<0.05), whereas the increase of the barley moisture reduces the influence of the barley size
substantially. The results shown in Figure 2 and 3 also testify the fact that the rotation speed
of abrasive discs is the factor that increases the dehulling index regardless of the barley
moisture and size.

The dependence of the dehulling index from the duration of treatment is described with
linear dependences (Sharma et al., 2010). This is due to the fact that the grain is an anisotropic
body, hence its properties in various areas are different and the strength of the kernel and hull
does not influence the kinetics of the process. The hull strength is much higher than the
endosperm strength. The strength of fruit membranes, seed coats and the aleurone layer that
makes 33 MPa at the grain moisture 10-12%; under the same conditions the endosperm
strength is not more than 3 MPa that is 11 times less than the hull strength. Given this, one
can suggest that during the cutting of hulls and proceeding to the endosperm there has to
occur a shift from linear to curvilinear dependence because the endosperm has lower strength
and being equally loaded from the side of abrasive discs it has to separate in higher quantities
from the kernel than from the hull. However, the experimental data gives the evidence about
the linear dependence of the dehulling index and the grain duration of treatment; besides, the
linear dependence testifies to the constant dehulling speed (Lawton et al., 1996). All of this
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implies that the kernel and hull strengths do not influence the linear dependences of the
dehulling process all other things being equal.

The linear dependence of the barley kernel strength from the dehulling duration (Bhatty,
1997; Kharchenko et al., 2018) can be explained by the influence of the scale factor of the
particles that are dehulled. As the size of the particles reduces the number of structural defects
decreases that leads to the strengthening of these particles. The grain strength influences the
dehulling index if different varieties of the barley are hulled because they have different
strength all other things being equal (Bhatty et al., 1998; Brennan et al., 2017).

Impact of the barley size and moisture on the dehulling index at varying grain
weight and load coefficient of the dehuller

The Figure 4 shows the impact of the grain weight loaded into the dehuller, the barley
size, and the moisture on the dehulling index. As the moisture of large and small barley
fractions increased, the dehulling index decreased in comparison with similar conditions of
dry grain fractions’ dehulling (P<0.05). Dehulling indices of small moistened barley fractions
were higher than the indices of dehulling of large moistened fractions (P<0.05). It is proved
by the fact that the small fraction had the lower dehulling resistance than the large barley
fraction (Edney et al., 2002).
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Figure 4. Effect of loaded grain weight on dehulling index:
1 - A=56 g; W=12.6%;
2 - A=43 g; W=12.6%;
3 - A=43 g; W=15.0%j;
4 — A=56 g; W=15.0%
(A is the weight of 1000 grains on a dry basis, g; kg/m?; W is moisture of grain,% )

The data in Figure 4 indicate that the barley moisture influences the dehulling index the
most with the increase of the barley weight loaded into the dehuller (P<0.05). The reduction
of the dehulling index of large and small barley fractions with the moisture increase can be
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explained by the fact that the moistened barley changed its structural-mechanical
characteristics and moved from brittle to elastic-plastic state that resulted in the increase of
the hull viscosity (Bargale et al., 1995) and led to the increase of dehulling resistance.

The calculation of the grain weight loaded into the dehuller as well as the barley-unit
enables us to express these values in terms of the coefficient of working chamber load of the
dehuller, which is a nondimensional quantity. This gives us un opportunity to compare the
effectiveness of dehulling process in various dehullers similar in design. The Figure 5 shows
us the dependencies of the dehulling index from the load coefficient of working chamber of
the dehuller at various barley moisture and size. The general view of the curves is similar to
those provided in Figure 4, but there are some differences that are connected with different
bulk density of the large and small barley.

The data in Figure 5 show that curvilinear dependences have minimum points of the
dehulling index: for the large barley fraction at load coefficients of working chamber 0.27—
0.28, and for the small barley fractions at load coefficients of working chamber 0.24-0.25.
The increase of the load coefficient of the device from 0.24-0.28 to 0.53-0.55 leads to the
increase in the dehulling index regardless of the barley moisture and size (P<0.05). The
increase of the load coefficient of the device from 0.11 to 0.24-0.28 on the contrary,
decreases the dehulling index (P<0.05).
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Figure 5. Effect of load coefficient of working chamber and the barley moisture on
dehulling index:
1 - A=56 g; W=12.6%;
2 - A=43 g; W=12.6%;
3 - A=43 g; W=15.0%j;
4 — A=56 g; W=15.0%
(A is the weight of 1000 grains on a dry basis, g; kg/m?; W is moisture of grain,% )

The curvilinear dependence of the dehulling index and the load coefficient is explained
by the interaction peculiarities of abrasive discs and the barley. At load coefficient values of
the working chamber of the dehuller from 0.11 to 0.28 the area of pseudo rare grain mass
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appears with the random motion of separate barley grains as affected by the rotor rotation.
The contact of the grains with the abrasive discs’ surface is of short time. And herewith
radially extending constituents of the interaction forces dominate those ones tangent to the
working surface of the rotor. These conditions do not contribute to the effective barley
dehulling (Vereshchinskii, 2011).

The increase of the load coefficient of the dehuller’s working chamber from 0.28 mo
0.53-0.55 leads to the qualitative change of interaction character of the abrasive discs’
working surface with barley grain. The flow of pseudo rare grain mass becomes thicker, the
tangent interaction forces increase, the working surface of abrasive discs “grips” the barley
grain, that results in more durable phase contact. Under these conditions, the dehulling
intensity as well as the processing intensity of the barley surface increases (Vereshchinskii,
2011).

The load coefficient of the working chamber of the dehuller can be considered as a
factor that increases the dehulling index provided that the value of the load coefficient of the
dehuller’s working chamber exceeds the minimum point of the dehulling index, which is in
the range of 0.24-0.28.

The differences in the load coefficients for large and small barley fractions can be
explained by the fact that the bulk density influences the load coefficient of the working
chamber of the dehuller (P<0.05) and this value is a part of the calculation formula 4. The
table 01 shows the differences in the load coefficients of the working chamber of the dehuller
given that the weight of the loaded barley is equal but the bulk density is different.

Table 1
Load coefficients of the working chamber of the dehuller depending from the barley bulk
density
Weight of the Load coefficient of Load coefficient of
grain loaded into the large fraction at bulk small fraction at
dehuller, g density 711+8 kg/m? bulk density 686+3 kg/m?
40+0.1 0.11 0.11
80+0.1 0.21 0.22
120+0.1 0.32 0.33
160+0.1 0.42 0.44
200+0.1 0.53 0.55

Influence of the dehulling duration and the load coefficient of the working
chamber of the dehuller on the dehulling index of large barley fraction

The Figure 6 gives the results of research of the impact of the load coefficient of the
working chamber of the dehuller and the barley duration of treatment on the dehulling index.
As the duration of treatment and the load coefficient of the working chamber increase
curvilinear dependences change their curvature so as the dehulling index rises (P<0.05). All
these testifies to the mutual influence of the load coefficient and the duration of treatment on
the dehulling index. This kind of dependencies can be explained by the fact that the increase
in the dehulling duration causes more separations of hulls and peripheral particles from the
kernel, and the rise in the load coefficient of the working chamber of the dehuller increases
additionally the kernel interaction with abrasive discs.
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Figure 6. Effect of load coefficient of working chamber on dehulling index at different
treatment duration
It should be noted that as the duration of treatment increases, the minimum point of the
dehulling index decreases from 0.29 to 0.25 (P<0.05).

Impact of the barley moisture on the barley dehulling index

The Figure 7 gives the results of research of the barley moisture influence on the
dehulling index.
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Figure 7. Effect of moisture of barley on dehulling index
(Rotation speed of abrasive discs 29.6+0.015 s2)
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As moisture increased the dehulling index decreased linearly for both large and small
barley fractions (P<0.05). The small fraction’s dehulling index was higher than the large
fraction’s dehulling index (P<0.05), and that proves the fact that the large barley creates
stronger resistance to the dehulling than the small one (Edney et al., 2002).

The decrease in the dehulling index with the increase in barley moisture can be
explained by the fact that the increase of the grain moisture leads to the increase of plastic
properties of hulls that during the dehulling process create stronger resistance to dehulling
(Bargale et al., 1995; Bhatty, 1997).

Impact of the abrasive discs grit on the dehulling index of the large barley fraction

The Figure 8 gives the results of research of the dehulling index of the large barley
fraction with moisture of 10.9+0.05% in the dehuller with abrasive discs of varying grit all
other things being equal. The analysis of data, shown in Figure 8 indicates that as the abrasive
discs’ grit increases, the dehulling index decreases (P<0.05). This is explained by the
decreasing of discs’ abrasive grain sizes (Flores et al., 2007).

Direct dependences, given in Figure 8 give the indirect understanding about the impact
of the abrasive discs’ grit on the dehulling index. Having transformed Figure 8 in a way that
X-axis stands for abrasive discs’ grit and the Y-axis stands for the dehulling index, we will
get the dependences of the influence of abrasive discs’ grit on the dehulling index at varying
values of duration of treatment. The results of research are given in Figure 9.

< 25
3 _
E 20 49.gr|l
g /
E e 60 grit
£15
a —u
wl T T 80 grit
A
—
5 x
0

10 30 50 70 90 110
Treatment duration, s

Figure 8. Effect of treatment duration on dehulling index at different grit of abrasive discs

The data, shown in Figure 9, indicate that there exists a nonlinear dependence between the
dehulling index and the abrasive discs’ grit, which is steadily growing with the increase in the barley
duration of treatment. The Figure 9 also shows that the increase in the abrasive discs’ grit of 80 leads
to the constant value of the dehulling index.
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Figure 9. Effect of abrasive discs grit on dehulling index at different treatment duration

This development of the dehulling process results from the decrease of the abrasive
grain size that plays a dominant role during the barley hulls’ destruction. The increase in the
abrasive discs’ grit causes the decrease of the overall abrasive grain sizes that leads to the
decrease in the number of hulls removed from the surface of the barley kernel by abrasive
grains (Flores et al., 2007). Removing of hulls occurs not only by means of friction (Lawton
et al., 1989), but also by means of sliding cutting, where the breakdown voltages concentrate
on the microcutting abrasive grains and the bulk weight of the material is practically not
changed (Agarwal, 2019).

Conclusions

Dehulling index increases at the increase of the barley dehulling duration, abrasive
discs’ rotation speed and the load coefficient of the working chamber more than 0.24-0.28.
The increase in the barley size, its moisture content and the abrasive discs’ grit leads to the
dehulling index decrease.

The increase of the rotation speed of abrasive discs leads to the increase of the barley
dehulling index.

All other things being equal, the large barley fraction’s dehulling index is less than the
small fraction’s dehulling index. The size of the barley grains has a greater impact on
dehulling index at low barley moisture content (12.6+0.2%) and the abrasive discs’ rotation
speed of 42.3+0.013 s’*. The decrease in the abrasive discs’ rotation speed from 42.3+0.013
st to 29.6+0.015 s results in an inessential influence of the barley size on the dehulling
index.

The influence of the barley weight and the load coefficient of the working chamber of
the dehuller on the dehulling index occurs according to the curvilinear dependence with the
minimum point of the dehulling index for the large barley fraction of 0.27-0.28, and for the
small barley fraction of 0.24-0.25. The increase in the duration of treatment and the load
coefficient of the working chamber of the dehuller leads to the increase of the dehulling
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index, but at the same time the minimum point of the dehulling index decreases from 0.29 to
0.25.

The moisture influence on the dehulling index has linear dependence for both large and
small barley fractions. As moisture increases the dehulling index decreases linearly, but at
the same time the large barley fraction had lower values of the dehulling index than the small
one.

The increase of the abrasive discs’ grit from 40 to 80 decreases the dehulling index in
accordance with the curvilinear dependence. All other things being equal as the abrasive
discs’ grit reaches 80 or more, the dehulling index stops changing, becoming a constant value.
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Introduction. The aim of the present study was to
investigate the effect of rosehip flour on some properties of
wheat dough and bread.

Materials and methods. Bread was prepared from wheat
flour with the addition of rosehip flour in the amount of 5, 10
and 15% to replace the equal amount of the wheat flour. The
used methods are standardized and generally accepted for
evaluation of bread.

Results and discussion. It was found that the addition of
different amounts of rosehip flour to wheat flour affected the
intensity of gas formation, as the percentage of rosehip flour
added had increased, the intensity of gas formation decreased.
When adding 5% rosehip flour, there was no significant
deterioration of gas formation. Incorporation of rosehip flour
into wheat dough resulted in a decrease in water absorption and
degree of softening and the lowest results were found in the
sample with 15% rosehip flour added. In terms of dough
development time and consistency, there were no significant
differences between the samples. Dough stability was found to
be higher in the samples containing rosehip flour, with the
highest value reported for the sample with 5% rosehip flour.
Dough and bread color characteristics decreased with increasing
the rosehip flour quantity. Darker colour of rosehip flour
enriched samples could be due to the original colour of rosehip
fibre, which is rather brown and slightly reddish. The
substitution of wheat flour with rosehip flour resulted in a
decrease in volume, specific volume, height/diameter ratio and
baking loss of the wheat bread. Some of the sensory parameters
of bread (crust color, aroma and taste) in the rosehip flour
supplemented samples were rated higher by the panelists
compared to the control sample, regardless of the amount of
rosehip flour added.

Conclusions. The rosehip flour could be successfully used as
an additive in wheat bread formulation. In the sensory
assessment bread samples with rosehip flour in terms of some
properties such as crust color, aroma and taste had higher scores
than the control sample.
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Introduction

Application of novel natural additives to improve the health value of different
traditional food products is a new trend in the food preparation (Stabnikova et al., 2021), and
among them berries being rich sources of bioactive constituents became very popular
(Paredes-Lopez et al., 2010). Rosehip berries have been used, as a powder or an extract, in
various formulations in baking to enhance the bread’s nutritional value (Kaiyun, 2016).
Rosehips (Rosa spp.) are members of the genus Rosa. Approximately up to 200 species are
grown in the world, 25% of them were found in Turkey (Murathan et al., 2016). Members of
the Rosaceae family have long been used for food purposes. Rosa species have attracted the
attention due to their antioxidant, antimicrobial and other properties (Bhave et al., 2017).

Rosehip fruits from the family of Rosaceae are an important source of proteins,
carbohydrates, energy, sugars, particularly the reducing sugars, ascorbic acid, antioxidants,
carotenoid pigments, minerals, organic and fatty acids (Bohm et al., 2003; Demir et al., 2001;
Ercisli, 2007; Murathan et al., 2016). Rosehip fruits are used for avitaminosis and in other
cases, related to the decrease of immunological defence and vital tonicity of the organism.
They contain vitamin C, which accumulates in large quantities at the beginning of fruit
ripening. It is well known that vitamin C is used in baking as an oxidant improver to
strengthen gluten and improve the structural and mechanical properties of the dough (Amiri
et al., 2017). In addition to vitamin C, they also contain vitamins B, K, P, and pectin
substances. Seeds contain oils rich in vitamin E (Murathan et al., 2016; Oliinyk et al., 2020;
Olsson et al., 2005). Rosehips are important as food raw materials, containing a lot of fiber
and other useful substances including relatively big amount (0.7-9.6 mg%) of p-carotene
(Tertychnaya et al., 2020).

According to Giil et al. (2011), high fiber breads can be produced by incorporating
rosehip seeds. Consumption may be increased by giving comprehensive information about
the health benefits of these fiber enriched breads. Cvetkovi¢ et al. (2009) also reported for
effect of rosehip on dietary fiber content of bread. According to data, rosehip increased
dietary fiber content in the supplemented bread for about 100%.

Boz et al. (2010) pointed out that rosehip in combination with other ingredients can be
used as an improver to wheat dough. The combination of 0.5% Cephalaria and 2.5% rosehip
significantly decreased the adhesion and stringiness of dough. Data showed that dough
rheological characteristics of organic whole wheat flour could be improved with the addition
of different materials such as malt flour, Cephalaria, rosehip and vital gluten.

Vartolomei et al. (2021) concluded that dough development time, dough stability, and
softening degree vary significant, showing a combined influence of vitamin C provided by
the rosehip powder, and the high fiber content. Moreover, the rosehip powder addition
positively influenced the farinograph quality number.

Regarding the quality of bread, the samples prepared from wheat flour with the rosehip
powder addition showed a significant increase in height, volume, specific volume, moisture,
acidity, and porosity, as well as a slight decrease in elasticity as compared to the control bread
(Vartolomei et al., 2021). Some authors indicated that, to ensure high bread quality, it is
advisable to use the rosehip flour in an amount not more than 4% of the total mass of flour
(Oliinyk et al., 2020). On the other hand, Sen (2013) concluded that the sensory profile of
breads produced with 5% rosehip seed flour have been most liked after the control sample of
bread.

Apart from being used as flour, rosehips can also be used in bread making as extracts.
Rosehip extract was added when kneading the dough at doses of 5%, 10% and 15% (of flour
weight), while the control sample of bread was without extract. When the additive was in the

—— Ukrainian Food Journal. 2022. Volume 11. Issue 4 559



—— Food Technology ——

amount of 10%, the specific volume of bread was higher than in the control sample.
According to sensory evaluation, the sample with 10% rosehip extract received the highest
score (Pozdnyakova et al., 2019). Blinova et al. (2016) reported that the use of extract of
rosehips (in an amount of 1.00% and 1.25%) in the production of bread from wheat flour
improved its volume and crumb porosity.

The aim of research was to study the impact of rosehip flour added in amounts of 5, 10
and 15% to replace the equal amounts of the wheat flour on properties of wheat dough and
bread.

Materials and methods
Materials

For the preparation of bread samples, the following materials were used:

— commercial wheat flour (type 500) (average chemical composition: fat 0.99/100 g of
which saturated 0.3 g; carbohydrates 70.3 g/100 g, of which sugars 3.4 g, fiber 4.0 g/100
g; protein 10.8 g/100 g);

— rosehip flour (average chemical composition: fat 0 g/100 g of which saturated O g;
carbohydrates 38 g/100 g, of which sugars 3 g, fiber 24 g/100 g; protein 2 g/ 100 g);

— water —according to ISO 6107-1:2004;

— commercial yeast — supplied by Lesaffre Ltd. (Sofia, Bulgaria);

— salt —according to Codex Standard for Food Grade Salt CX STAN 150-1985.

Methods
Preparation of wheat dough and bread samples

Bread was obtained from type 500 wheat flour by a two-phase method. First, the yeast,
part of the flour and water were mixed in a ratio of 1:1 in a dough kneading machine
(Labomix 1000, Hungary). The control sample was made of wheat flour only, whereas the
other samples of bread studied were prepared by adding rosehip flour to replace 5%, 10% or
15% of the wheat flour. The dough thus prepared rose for 60 min at 33°C and was then
kneaded until obtaining a homogeneous texture by adding the remaining flour and water
according to the recipe, plus salt (1.33 kg/ 100 kg of flour). The bread dough was divided
into parts with a specified weight (440 g) and shaped, then left to rest for 60 minutes at 35°C
for final fermentation (Tecnopast CRN 45-12, Novacel ROVIMPEX Novaledo, Italy). Then,
the pieces of dough were baked in an electrical oven (Salva E-25, Spain) pre-heated to 220 —
230°C. Baking time was 24 min. After baking, the bread was left to cool down for 3 hours at
room temperature.

The formulations of the studied samples of bread are presented in Table 1.

Gas formation properties of wheat flour

The gas-formation properties of wheat flour were determined by micro gas-meter,
quantifying the gas formed in equal time intervals (15 min). The dough recipe was: flour, 5.0
g; yeast, 0.4 g; water, 3.0 ml. The dough sample fermented at 30°C for 150 min (Karadzhov
et al., 1982).
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Table 1
The formulations of bread samples (% on the flour basis)
Bread samples
Ingredients Control sample with rosehip flour (%)

(100% wheat flour) 5 10 15
Wheat flour, g 450 427.5 405.0 382.5
Rosehip flour, g — 22.5 45.0 67.5
Water, ml 248 248 248 248
Yeast, g 9.00 9.00 9.00 9.00
Salt, g 6.00 6.00 6.00 6.00

Color characteristics of the wheat dough

Color was evaluated in the crumb using a colorimeter ,, MOMCOLOR — D”. Color was
measured on five different points on each sample, taking them in the central and outward
parts of the loaf, avoiding its edges (Wricht, 1985). The following parameters were defined:
Lightness (L); Color of saturation (D); Color tone (C).

Rheological properties of the wheat dough

The following dough characteristics were determined by a farinograph (Brabender
GmbH&Co. KG, Duisburg, Germany): water absorption,%, development time, min, stability,
min, degree of softening, farinograph units (FU), and consistency (FU), with AACC Method
54-21.02 (AACC, 2010).

Bread quality

Physical properties. Bread loaf volume was determined after baking and cooling the
breads for 3 h at room temperature (20+2 °C) by a rapeseed displacement method (AACC,
2010). The specific volume was calculated by the ratio between volume, cm?, and mass, g,
of each sample. Bread height and diameter were measured by a calliper, and the shape
stability (height/diameter) was calculated (Novotni et al., 2012). Bake loss,%, was
determined weighing each loaf before and after baking (Kim et al., 2015).

Sensory analysis. Sensory analysis of the tested bread samples was performed by a
panel consisting of 25 panelists (52% women and 48% men), who were familiar with sensory
analysis of foods but not specifically trained in the evaluation of bread. The panelists were
chosen using the following criteria: ages between 20 and 60, non-smokers, without reported
cases of food allergies, bread consumers. The tests were performed in a laboratory with good
ventilation and sufficient natural lighting. Each sample was labelled with a three-digit
random code. The analysis was carried out according to 1SO 6658:2017 (Sensory Analysis—
Methodology—General Guidance). The panelists were asked to score seven parameters,
namely appearance, crust color, crumb color, porosity, aroma, chewability and taste. The
intensity of each attribute was presented on a 9-point scale (9, extremely good; 1, extremely
bad).
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Data analysis

All the tests were conducted with three replications. Data were analysed by one-way
analysis of variance (ANOVA) using Statgraphics Centurion statistical program (version
XVI, 2009) (Stat Point Technologies, Ins., Warrenton, VA, USA). To compare the means,
Fisher’s least significant difference test was used for paired comparison with a significance
level a = 0.05.

Results and discussion
Effect of rosehip flour substitution on gas formation properties of wheat flour
The results regarding the intensity of gas formation of wheat flour (WF), rosehip flour

and the samples in which part of the wheat flour (5%, 10% or 15%) was replaced by rosehip
flour are presented in Figure 1. The values were measured using a micro gasometer.
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Figure 1. Intensity of gas formation of wheat flour (WF), rosehip flour (RF) and mixtures of
wheat and rosehip flour

The amount of gas formed varied significantly depending on the raw materials. In the
sample containing 100% wheat flour, the maximum amount of gas, 12.4 cm?, was formed
approximately 25-30 minutes after kneading. In the case of 100% rosehip flour, gas formation
was more extensive, with a maximum reported amount of 13.9 cm3, but this peak was reached
after a longer period of time about 70 minutes after kneading. In both cases, however, gas
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formation followed a common trend - an increase in the amount, reaching a peak (although
after a different time) and a sharp decrease in the intensity of gas formation.

As can be seen from the figure, different percentages of rosehip flour added (5%, 10%
or 15%) resulted in lower gas formation intensity and smaller volumes of gas evolved were
observed. The following dependence was established — the higher the amount of rosehip flour
added, the lower the intensity of gas formation. In addition, all three samples had similar
course of gas formation —a rise in the amount of gas formed after kneading, reaching a peak,
an insignificant decrease, followed by a second peak, in which the maximum amount of gas
formed was reached, followed by a decline.

At the beginning — up to the 40" minute after kneading, wheat flour had more intense
gas formation than the mixtures containing rosehip flour. After that, there was a significant
decline for the wheat flour, while the mixtures containing rosehip flour showed higher gas
formation until the end of the measurement (150 minutes after kneading). According to
Oliinyk et al. (2020), this might be associated with the strengthening of gluten of wheat flour
due to the action of ascorbic acid. It is known that ascorbic acid, turning into dehydroascorbic
acid in the dough, oxidizes the SH-groups of gluten proteins, proteolytic enzymes and
proteolysis activators, thereby reducing the proteolysis intensity in the dough.

Total amount of the formed gas in wheat flour, rosehip flour and the samples where a
part of the wheat flour (5%, 10% or 15%) was replaced by rosehip flour are presented in
Figure 2.
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Figure 2. Total formed gas of wheat flour (WF), rosehip flour (RF) and mixtures of wheat and
rosehip flour
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It was found that rosehip flour formed the largest amount of gas of all the samples
examined, 85 cm?. For the wheat flour and mixtures with rosehip flour added, the curves are
comparable with insignificant differences in the amount of gas released. However, the
amount of gas decreased when the proportion of rosehip flour was increased. For the sample
containing 5% rosehip flour, the total gas formed was 64 cm?, for the sample with 10%
rosehip flour, the result was 61 cm®. When replacing 15% of the wheat flour with rosehip
flour, a total of 51 cm? formed gas was found, which 20% was less than the sample with 5%
rosehip flour. The figure clearly shows that when different types of flour were mixed in
different ratios, gas formation differs. A study pointed out that the addition of rosehip powder
in doses of 1-7% on the basis of wheat flour increased the amount of carbon dioxide, probably
due to the high content of mono- and disaccharides. According to Lapytska (2020), this is
due to the fact that adding rosehip flour to the dough enhances alcoholic fermentation,
because of the stimulating effect of biologically active substances in the rosehip flour on the
activity of the yeast. On the other hand, the introduction of rosehip flour at more than 5% on
the basis of flour resulted into a loss of carbon dioxide due to the limited elasticity of the
gluten framework (Kobilova et al., 2021).

Effect of rosehip flour addition on farinograph characteristics of wheat dough

Results concerning the effect of rosehip flour on the farinograph properties of dough
are presented in Table 2.

Table 2
Effect of rosehip flour on the farinograph properties of dough
Water Consistence Dough Stability Degree of
Samples absorption (UB) development (min) softening
(%) time (min) (UB)

Control sample a a a a a
(100% WF) 62.4+0.14 500+0.0 1.5+0.0 7+1.0 170+3.61

Rosehip flour, 5% 61.2+0.22% | 500+0.0% 1.5+0.02 13+2.0° | 110+4.36°

Rosehip flour, 10% | 61.0+0.44° | 520+0.1° 1.5+0.0? 9+2.0° | 60+3.05°

Rosehip flour, 15% 60.8+£0.32° | 500+0.02 1.5+0.02 8+2.02 50+3.46¢
d: Means in a column without a common letter differ significantly (p < 0.05).

Different authors (Amijid et al., 2013; Berton et al., 2002) reported that the hydration of
the flour during kneading is of crucial importance for the dough properties and the quality of
the bread. By increasing the amount (5%, 10% and 15%) of rosehip flour added, the
farinograph properties of the wheat dough changed. A decrease in water absorption was
established, and in the samples with 10% and 15% rosehip flour, the differences compared
to the control sample were statistically significant. Giil and Sen (2017a) pointed out that by
replacing gluten containing wheat flour with different ratios of rosehip flour, the interaction
between water and fiber in the dough was restricted. In terms of dough development time and
consistency, there were no differences between the tested samples, regardless of their
composition. Vartolomei et al. (2021) found a slight variation in the dough development time
when rosehip flour was added (in an amount from 0.5% to 2.5%), but the differences were
not statistically significant. Other authors also reported variations in dough development time
(Sudha et al., 2007). Smaller softening degree was reported for the fortified samples. Other
authors, studying the same problem, concluded that fiber in rosehip flour fortified dough
competed for water and delayed gluten development during mixing. Thus, a significant
decrease at softening degrees of rosehip flour containing dough was observed.
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According to Fu et al. (2008), dough stability time provides some indications regarding
the tolerance of flour to mixing and kneading. Dough stability was found to be higher in the
samples with the addition of rosehip flour, with the highest value reported for the sample
with 5% rosehip flour. Other authors (Kohajdova et al., 2011; Nassar et al., 2008) also found
an increase in dough stability time in samples fortified with fiber-rich additives explaining it
through a higher interaction of fibres, water, and proteins in flour. Boz et al. (2010) reported
that the use of rosehip with other ingredients in wheat dough could improve the dough
rheological characteristics of whole wheat flour.

Effect of rosehip flour addition on color of wheat dough and bread

Color characteristics of the control sample of dough and the three formulations with
rosehip flour added are presented in Table 3.

From the data presented in Table 3, it is clear that the addition of rosehip flour had a
significant effect on the colour characteristics of the dough. The values of all three measured
parameters (L, C and D) decreased with increasing the degree of replacement of wheat flour
with rosehip flour. Dough brightness (L) had the highest value in the control sample. The
addition of 5% rosehip flour resulted in a 15.7% decrease in the value, while at 15% the
measured value was 31% lower than that of the wheat flour control sample. Darker colour of
rosehip flour enriched samples could be due to the original colour of rosehip fibre, as pointed
out by Giil and Sen (2017b), which is rather brown and slightly reddish. Dough colour tone
(C) and dough saturation number (D) also differed most significantly from those of the
control sample when the degree of replacement with rosehip flour was the highest, 15%.

Color characteristics of the control sample of bread and the three bread samples with
rosehip flour added are presented in Table 4.

Table 3
Effect of rosehip flour on color characteristics of wheat dough
Dough Dough color Dough saturation
Samples .
brightness (L) tone (C) number (D)
0,

Control S\"’}\r}‘F‘;'e (100% | 415540 78% | -2.000:006° |  174.8+1.00°
Rosehip flour, 5% 94.8+0.35° - 2.050+0.02° 150.2+1.12°
Rosehip flour, 10% 83.2+0.79° - 2.057+0.00° 138.5+1.39¢
Rosehip flour, 15% 77.4+1.049 - 2.060+0.01° 121.9+0.87¢

&d: Means in a column without a common letter differ significantly (p < 0.05).
Table 4
Effect of rosehip flour on color characteristics of wheat bread
Bread Bread Color | Bread Saturation
Samples .
Brightness (L) tone (C) number (D)
0,

Control 53\';‘;‘;"* (100% | 1136:1.01% | -1.880£0.03° |  158.3:0.66°

Rosehip flour, 5% 94.4+1.82° - 2.050+0.04" 148.6+0.20°

Rosehip flour, 10% 81.3+0.56° - 2.059+0.00¢ 128.54+1.13°

Rosehip flour, 15% 77.0+1.73° - 2.062+0.00c 115.3+0.729

&d: Means in a column without a common letter differ significantly (p < 0.05).
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Different authors were studied the change in the colour of bread when additives had
been included in the recipe. Erkan et al. (2006) concluded that instrumental measurement of
baked products’ colour was an inevitable quality check that could be used in determining the
effects of ingredient or product formulation, process parameters and storage conditions on
baked products. According to Callejo (2011), crumb color is highly related with ingredients
(recipe). The use of flours, other than wheat, contributed to changes in the crumb color.
Incorporation of rosehip flour decreased the brightness (L), colour tone (C) and bread
saturation number (D) values which was most pronounced when 15% rosehip flour were
included in the bread recipe. Increasing rosehip flour content led to the decrease in
yellowness and resulted in the higher redness of bread crumb. This is due to the color of
rosehip, which contain anthocyanins-compounds (Drozdz et al., 2014). A similar trend was
found by Giil and Sen (2017b), who investigated the color characteristics of bread replacing
5%, 7.5% and 10% of wheat flour with rosehip flour. The results published by Boz et al.
(2013), who studied the improvement of the quality of bread using different plant materials,
are similar. They pointed out that the addition of rosehip flour decreased crumb L colour
value. Therefore, crumb L colour value was lower in all samples containing rosehip.
However, as mentioned by Gomez et al. (2003), the bread crumb colour is usually similar to
the colour of the ingredients because during the baking the crumb does not reach as high
temperatures as the crust.

Effect of rosehip flour substitution on physical properties of wheat bread

The results regarding the influence of added rosehip flour on the volume of bread are
presented in Figure 3.

4.5
4.0 +—
35 +—
3.0 +—
25 +— —
2.0 +— —
15 1+ —
1.0 +— —
0.5 +— —

0.0 ‘
Control 5% 10% 15%
sample

Quantity of rosehip flour,%

Specific volume, cm3/g

Figure 3. Effect of rosehip flour on the specific volume of wheat bread

Replacing part of the wheat flour with rosehip flour led to a change in the bread volume.
The dependence between the amount of the additive and the change in the volume was
pronounced. The highest volume was measured in the control sample (100% WF) —
1225 cm?. The inclusion of 5% rosehip flour in the bread recipe caused a reduction in the
volume by 13.5%. When 10% of the wheat flour were replaced by rosehip flour, the volume
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of the bread was 858.5 cm?, which was 30% less than the control sample and 19% less than
the sample with 5% rosehip flour. The most significant change in the bread volume was found
with the inclusion of 15% rosehip flour — a reduction of 32% compared to the bread made
from wheat flour only.

The specific volume varies from 4.09 cm?/g (in the control sample of bread) to
2.67 cm®/g (in the bread sample with 15% rosehip flour added). The control sample had the
highest specific volume, and the more rosehip flour was included in the bread recipe, the
denser it was. It was found that a high fibre content in rosehip flour dilutes gluten proteins
during dough kneading, leading to a soft and inelastic dough. Thus, bread has a significantly
smaller specific volume (Van Hung et al., 2007).

H/D index and baking loss of the tested samples of bread are presented in Table 5.

Table 5
Effect of rosehip flour on H/D index and baking loss of wheat bread
Samples Height/Diameter | Bake loss,%
Control sample (100% WF) 0.60+0.01 11.04+0.08
Rosehip flour, 5% 0.55+0.01 10.60+0.03
Rosehip flour, 10% 0.56+0.02 9.89+0.08
Rosehip flour, 15% 0.57+0.01 9.44+0.04

The height/diameter ratio differed between the control and rosehip flour -supplemented
samples. It is well known that bread volume correlates with the moisture of the dough. Thus,
Gallagher et al. (2003) stated that higher moisture positively influences bread volume. A
higher water absorption was already found for the control sample.

The average technological losses, on the other hand, changed slightly in a decreasing
manner along with the increased percentage of rosehip flour. The values ranged from 11.04%
for the control to 9.44% for the sample containing 15% rosehip flour. It can be assumed that
rosehip flour retains water more firmly and the evaporation of water during the technological
process was lower for the enriched samples.

Effect of rosehip flour substitution on sensory characteristics of wheat bread

The results obtained in the sensory analysis of wheat bread and breads enriched with
rosehip flour (in the amount of 5, 10 and 15%) are presented in Figure 4.

The bread appearance is, for most consumers, one of the main criteria for evaluating the
bread quality and is of great importance as a decision-making element of purchasing. In the
present study, the bread samples with addition of rosehip flour differed in appearance from
the control mainly by their lower height and volume. Moreover, there was a relationship
between sensory and instrumental measured parameters. The scores, given by the panelists
to the appearance of the control and rosehip flour substituted breads were in correlation with
the values found for the instrumental measurements of the volume (Fig. 3), with decreasing
values as the proportion of rosehip flour increased in the formulation. Similar results were
also established by Giil and Sen (2017b). Van Hung et al. (2007) stated that the addition of
fiber dilutes the proteins and prevents the formation of the optimal gluten network, explaining
the decrease in bread volume when fiber-rich raw materials are added, such as rosehip flour.
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Figure 4. Effect of rosehip flour on sensory characteristics of bread.

Often, the color of bread is the first sensory characteristic perceived by the consumer,
and color tends to influence consumer attitudes toward the product. The enriched bread
samples had a more pronounced and more intense brown color of the crust, which increased
as the amount of rosehip flour increased. The crust of the samples was thin, smooth and soft.

As the percentage of rosehip flour increased, the color of the bread crumb become
darker and the whiteness decreased. This might be due to the high ash and anthocyanin
content of rosehip flour. This accounted for the lower scores given by the panelists to the
bread samples containing rosehip flour. There was a difference of almost 3 grades in the
scores for the wheat bread and the bread with 15% rosehip flour added.

The control sample had smaller and evenly distributed pores and a higher porosity
which was the reason for the higher scores given by the panelists. The porosity decreased
with increasing the quantity of rosehip flour in the formulation. By comparing the samples
containing rosehip flour with the control, it could be noted that rosehip flour had a positive
influence on bread aroma which was most pronounced for the sample with 15% rosehip flour
added. More than 30 aroma compounds were detected in the rosehip including terpenes,
alcohols, esters, and aldehydes (Pashazadeh et al., 2021) which determined the stronger and
much more pleasant aroma of the samples containing rosehip flour.

As pointed by Boz et al. (2013), chewiness is related to the effort needed to chew a solid
sample, such as bread, to a steady state of swallowing. The crumb chewiness depends on the
crumb firmness, cohesiveness and springiness. The highest chewiness value was determined
for control sample (8.6), while a decreasing trend in the ratings of rosehip flour enriched
samples was found. The scores range from 8.2 for the bread with 5% rosehip flour to 7.6 for
the sample with 15% rosehip flour added.

568 —— Ukrainian Food Journal. 2022. Volume 11. Issue 4



—— Food Technology ——

The taste of the control sample was rated the lowest. The results showed that a higher
amount of rosehip flour contributed to a much more pleasant taste and an increase in the
scores given by the panelists. Rosehip flour contains a lot of substances with a pronounced
taste (organic acids, phenolic compounds, and sugars) that determine its influence on the taste
of wheat bread.

Other authors also studied the influence of rosehip flour on the sensory properties of
bread and found that rosehip flour had a positive influence especially when used in low
concentrations (up to 2%) (Ghendov-Mosanu et al., 2020). Kobilova et al. (2021) and Olsson
et al. (2005) found that the addition of rosehip flour to the formulation favourably affected
all sensory indicators of the finished products, especially taste, aroma and porosity.

Conclusions

1. The replacement of 5%, 10% or 15% of wheat flour with rosehip flour affected the
intensity of gas formation: as the percentage of rosehip flour added increased, the
intensity of gas formation decreased.

2. Incorporation of rosehip flour into wheat dough resulted in a decrease in water
absorption and degree of softening. In terms of dough development time and
consistency, there were no differences between the samples. Dough stability was found
to be higher in the samples containing rosehip flour with the highest value reported for
the sample with 5% rosehip flour added.

3. Dough and bread color characteristics (L, C and D) decreased with increasing the degree
of replacement of wheat flour with rosehip flour in the range of 5 — 15%.

4. It was found that the substitution of wheat flour with rosehip flour at the amount of 5%,
10% or 15% resulted in a decrease in volume, specific volume, height/diameter ratio,
and baking loss of the wheat bread.

5. Some of the sensory parameters of wheat bread, such as crust color, aroma and taste, in
the bread with rosehip flour were rated higher by the panelists compared to the control
sample, regardless of the amount of rosehip flour added.
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Introduction. The influence of vegetable additives: cavbuz
(a hybrid of watermelon and pumpkin) puree and flour of non—
alkaloid lupine on the nutritional and biological value of wheat
bread, its sorption capacity in relation to toxic lead ions was
studied.

Materials and methods. Content of following substances
was determined: proteint by Bradford method; starch by
polarimetric method; fat by exhaustive extraction with chemically
pure hexane; vitamins E, P (rutin), p—carotene colorimetrically;
vitamin C titrimetrically; B1, B2 fluorometrically; fiber by acid
hydrolysis; pectin by the calcium—pectate method; te amount of
lead absorbed by “wet burning” method.

Results and discussion. Cavbuz puree is a rich source of
substances with antioxidant activity: B-carotene, 13.4 mg, P (rutin),
45.4 mg, phenolic compounds, 283.23 mg, as well as natural food
sorbents such as fiber 1.7% and pectin, 1.5% per 100 g of product
with moisture content 83.1%. According to sensory and physico-
chemical characteristics, cavbuz puree may be used as a component
in the manufacturing of health products. Lupine flour contains 3.9
times more protein, 40 times more fiber, 10.5 pectin substances
compared to wheat flour; a significant amount of tocopherols, 12.8
mg, p-carotene, 0.52 mg, vitamin C, 35.84 mg per 100 g of product
with moisture content 9.5%.

The inclusion of 4-7% of lupine flour and 3-5% of cavbus
puree in the recipe of wheat bread, makes it possible to obtain bread
for health purposes, in which the protein content is 22—-32%, fiber
content is two to three times higher, tocopherols are 9 times higher
than in control, provided that the physico-chemical and
organoleptic parameters of the product are acceptable. 100 g of
developed bread provides 23% of the minimum rate of pectin
consumption, 6% of the daily need for vitamin E; 13.8% in B1, 14%
in B—carotene; 6.6% in flavonoids, which are absent in wheat bread.
Enriched bread has a 25-30 times higher sorption capacity for toxic
divalent lead ions than wheat bread.

Conclusions. It is recommended to use of cavbuz puree and
flour of non—alkaloid lupine varieties for the production of wheat
bread with increased nutritional value.
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Introduction

Proteins play an extremely important role in human nutrition, as they are the main
component of all organs and tissues of the body. It is also important to have a sufficient
amount of dietary fiber in the diet, which has sorption properties in relation to toxic
compounds, has a positive effect on the intestinal microbiome, and helps to prevent a number
of metabolic diseases (lonitd-Mindrican et al., 2022). The need to increase the content of
full-fledged proteins and natural food sorbents in the diet of the population (Hertzler et al.,
2020) determines the feasibility of enriching mass consumption products with these
compounds, in particular bread and bakery products.

Lupine, along with soy, has the highest content of full protein among legumes, contains
biologically active substances, such as oligosaccharides, phenolic compounds and vitamins,
which have a wide range of biological effects: they participate in redox processes, are natural
antioxidants, and precursors of coenzymes (Ruiz-Lopezet et al., 2019). Promising for use in
the food industry are new varieties of narrow-leaved, alkaloid-free lupine, which contain 36—
40% of proteins, 6-6.5% of fat, 26% of carbohydrates, but have a rather insignificant content
of alkaloids, 0.0025%, compared to yellow and white lupine varieties (Ratoshniuk et al.,
2020). Lupine flour, as well as protein concentrates and lupine isolates, which have a protein
solubility of more than 90%, a water absorption capacity of 4.5 g/g of dry weight, are used
to increase the protein content of pasta, bread, cookies, and as a gluten-free raw material in
production dietary, functional and medical food products (Carvajal-Larenas et al., 2016;
Krawecka et al., 2022; Mazur, et al., 2018). A decrease in the density of bread and
insignificant change in its elasticity and sensory indicators were observed in cases when
lupine flour was included in the recipes (Guiné et al., 2015). Moreover, the amount of it in
the recipe 5-15% contributes to increasing water absorption, improving the amino acid and
fat-acid composition, as well as the content of mineral compounds (Hanan, 2013; Maghaydah
et al., 2022). However, replacing wheat flour with lupine flour more than 10%, reduces the
quality of bread, in particular porosity, elasticity, and increases stickiness (Lazdauskiené et
al., 2022; Villarino et al., 2016). Therefore, it is actial to study the combination of the use of
high-protein raw materials and food fiber sources for the enrichment of bread.

An important direction for the enrichment of bread products is also the use of vegetable
purees (Ebrahimi et al., 2020). Adding vegetable purees to the recipe composition of bread
significantly improves the quality of raw gluten, increases its sensory and nutritional
properties (Amoah et al., 2021), increases the content of phenolic compounds and folic acid
in finished products (Czarnowska-Kujawska, 2022). There is data on the use of pumpkin
puree (Bayramov et al., 2022) and sweet potato puree (Malavi et al., 2022) for the enrichment
of bread with bioavailable phenols, B-carotene, and fiber. The use of vegetable purees as
sources of dietary fibers, which are sorbents of such heavy metals as lead cations, cadmium
(Guo, 2022) in the technology of mass consumption products and, in particular, bread, is an
urgent issue, weighing the distribution of these toxicants, particularly lead in the environment
(Collin et al., 2022). Complex use of two enrichment agents: wheat germ and vegetable puree
(Ebrahimi et al. 2020); sweet corn flours and drum-dried pumpkin (Amoah et al. 2021) in
bread technology, improves nutritional value, increases antioxidant and sorption capacity of
products.

A promising vegetable raw material is cavbuz, a molecular hybrid of watermelon and
pumpkin, which contains a significant amount of pectin, sugars (glucose, fructose);
hemicellulose, fiber, B-carotene, vitamins of group B, C, E, P; salts of potassium, calcium,
magnesium, iron (Potopalskyi et al., 2019). The given research results prove that lupine flour
could be used in bakery for increasing the protein content in products. There is also data on
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the independent use of vegetable purees and in combination with other non-traditional raw
materials to enrich bread with vitamins, phenols, and natural sorbents. However, there are no
studies on the possibility of using two natural enrichers: vegetable cavbuz puree and lupine
flour for the production of healthy bread.

Figure 1. Images of cavbuz (a) and lupine (b)

The aim of the present study is to check the feasibility of using lupine flour and cavbuz
puree as a source of antioxidant compounds and natural sorbents to increase the nutritional
value of wheat bread and increase its sorption capacity.

Materials and methods
Materials

During experimental studies, non-alkaloid lupine of the «Volodymyr» variety harvest
2021 (Mazur et al., 2018) and cavbuz varieties «Zdoruyaga» (Potopalskyi et al., 2019),
samples of bread were used.

Methods
Preparation of puree

Preparation of cavbuz puree included washing of raw material, cleaning, removal of
seed, slicing, blanching, wiping, homogenization, pasteurization, and packaging followed by
storage at a temperature of 2—4 ° C, 2-3 days, or at a temperature of -18 to -22 ° C for 5-6
months.

The purified cavbus pulp was cut into pieces of 8-12 mm, blanched with hot steam at a
temperature of 96-98 °C for 5-8 min. Then the mass was wiped through a sieve with a
diameter of 0.7-0.8 mm, homogenization of the puree was carried out with a blender at a
speed of 15000 rpm. The product was pasteurized at a temperature of 90 °C for 10 min.

Preparation of bread
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The dough was kneaded in a non-evaporating manner (Drobot, 2019) from wheat flour
of the first grade with partially replacemtn of flour with equal amount of non-alkaloid lupine,
4-8%, and cavbus puree, 2—6%. Yeast and salt were added in an amount of 1-1.5% of the
flour weight. The developed formulations are given in Table 1.

Table 1
Dough preparation
Prescription components,%
Ne First grade | Lupine flour | Cavbuz puree | Yeast | Salt
wheat flour
1 (Control) 97 - - 15 15
2 92 4.0 2.0 1.0 1.0
3 90 5.0 3.0 1.0 1.0
4 87 6.0 4.0 15 15
5 85 7.0 5.0 15 15
6 83 8.0 6.0 15 15

Titrated acidity. Titrated acidity in semi—finished products (dough) and finished
products (bread) was determined by titration (Tyl et al., 2017).

Physical and chemical indicators of bread. The porosity of the bread was determined
using the Zhuravlev device. Specific volume was determined by standard method (Drobot,
2019).

Moisture. The moisture content in the test samples was determined by drying to a
constant mass at a temperature of 105 °C.

Protein. The protein content in the experimental samples was determined by the
Bradford method (Carlsson et al., 2011).

Starch. The amount of starch was determined by the polarimetric method (Subroto et
al., 2020).

Fat was determined by exhaustive extraction with chemically pure hexane (Erickson,
2005).

Vitamin E was determined by a method based on the formation of quinones during the
oxidation of tocopherol molecules extracted from the test product by chloric iron. Chlorine
iron is reduced to chloride, the amount of which is determined by the intensity of color during
the addition of orthophenanthroline (Gamna, 2021).

B-carotene was determined by spectrophotometric method (Biehler et al., 2009).

Vitamin P (rutin) was determined by spectrophotometric method (Dong et al., 2020).
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Phenolic compounds were determined by spectrophotometric method (Waterhouse,
2002).

Vitamin C content was determined by titrometric method, which is based on extraction
of vitamin C from the test sample with a solution of acid (hydrochloric, metaphosphoric or a
mixture of acetic and metaphosphoric) followed by titration visually or potentiometrically
with a solution of 2,6—dichlorophenoline sodium phenolate (Majidi et al., 2016)

Choline was determined by a method based on the formation of a stained choline
compound with Reinecke salt (Phillips, 2012)

Thiamine, riboflavin. Vitamin B; and B, contents were determined fluorometrically
(Zajicek et al., 2005).

Polysaccharides. The fiber content was determined by acid hydrolysis (Méller et al.,
2008). To determine the mass fraction of pectin substances, a weight calcium—pectate method
was used, which is based on the hydrolysis of pectin substances to pectin acids, their
precipitation in the form of calcium salts, drying and weighting (Chandel et al., 2022).

Determination of lead ion content. A sample of a water-acid solution of a bread
sample containing pectin was prepared. For this purpose, the sample was hydrolyzed with
distilled water at a temperature of 45°C for 30 minutes. The obtained extract was filtered.
The bread residue was subjected to acid hydrolysis with HCI solution (0.3 mol/dm3) for 30
minutes in a boiling water bath to extract protopectin and pectic acid. The resulting solution
was filtered. Filtrates of hydrated pectin and protopectin solutions were combined. The
filtrate sample was treated with a standard lead solution (0.035 N) to form a precipitate of
lead Pb pectates. The precipitate was boiled for 2 hours in a combustible mixture of
concentrated nitric acid and a 30% hydrogen peroxide solution in a ratio of 3:1 to a clear
solution. The content of lead ions in the solution was determined by spectrophotometric
method (Lang et al., 2008).

Results and discussion
Chemical composition of the cavbuz

Chemical composition of raw materials is a factor influencing the quality of the finished
product. The content of important macro- and micronutrients of cavbus in comparison with
pumpkin is shown in Table 2.

The obtained results correlate with the data of Potopalskyi et al. (2019) and show that
cavbus has a higher nutritional value in comparison with pumpkin, in particular, in the
content of vitamins, sugars, pectin substances, and fiber.

Physico-chemical and sensory characteristics of vegetable puree quality

The physico-chemical and sensory characteristics of quality of cavbuz puree, given in
comparison with pumpkin puree, were determined (Tables 3, 4).

—— Ukrainian Food Journal. 2022. Volume 11. Issue 4 577


https://sciprofiles.com/profile/author/M1k1Q2RjdW5UcDJQTzR5MnBIVG5LRjlJc3pLRk0zcHIvVWhhY3oyTDNUOD0=

—— Food Technology ——

Table 2
Chemical compositions of cavbus and pumpkin
Indicators Value :
Cavbus Pumpkin

Dry matter content,% 16.9+0.2 8.8+£0.2
Protein,% 0.60+0.01 0.51+0.02
Fat,% 0.05+0.12 0.06+0.01
Sugars,% 11.50+0.25 5.2+0.14
Pectin,% 1.63+0.02 0.7£0.12
Fiber ,% 1.85+0.11 1.2+0.15
Organic acids,% 0.1+0.1 0.1+0.1
Vitamins
Vitamin E, mg/100 g 1.22+0.01 0.60+0.02
B—carotene, mg/100 g 18.53+0.12 | 10.14+0.43
Vitamin C, mg/100 g 37.52+0.03 | 10.36+0.02
P (rutin), mg/100 g 67.4140.26 | 55.84+0.32
Choline, mg/100 g 84.2+0.34 75.3+0.38
Phenolic compounds, mg/100 g | 328.12+0.42 | 285.24+0.35

Sensory characteristics of puree

Table 3

Parameters Characteristics
Cavbuz puree Pumpkin puree
Appearance | Grated homogeneous mass, without skin, fibers, seeds, seeds.
Color Saturated orange, homogeneous Yellow, homogeneous
throughout the mass of cavbuz puree. throughout the mass of puree
Smell Peculiar to cavbuz, without foreign Characteristic of pumpkin,
odors. without extraneous odors.
Taste Pleasant sweet, peculiar to cavbuz. Sweet, peculiar to pumpkin.

Consistency

Homogeneous, without stratification, juicy without extraneous inclusions.

Table 4

Physico—chemical characteristics of vegetable puree

Indicators Cavbuz puree | Pumpkin puree
Dry matter content,% 15.3240.12 7.23+£0.31
Titrated acid content (in terms of malic acid),% 0.09+0.01 0.0940.01
pH 5.6 5.2

Cavbus puree contains twice as much dry matter as pumpkin puree, both puree contain
a small amount of organic acids.
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It was noted that due to the presence of a significant amount of pectin substances and
fiber, which are characterized by high water absorption capacity (Tan et al., 2017), cavbus
puree has a thicker consistency, compared to pumpkin puree. During processing in the
finished product, the content of vitamins decreases compared to the initial raw materials
(Herrera-Ardila et al., 2022). The vitamin contents of vegetable puree, as well as the content
of polysaccharides in them, which are part of the complex of food fibers, were determined
(Table 5).

Table 5
Content of vitamins and polysaccharides in puree
Indicators Content
Cavbuz puree | Pumpkin puree
Vitamin E, mg/100 g 0.92+0.03 0.34+0.02
B—carotene, mg/100 g 13.4240.13 6.38+0.04
P (rutin), mg/100 g 45.42+0.22 36.41+0.31
Phenolic compounds, mg/100 g | 283.23+0.25 236.81+0.15
Pectin,% 1.504+0.02 0.56+0.04
Fiber ,% 1.7240.04 0.95+0.12

According to the results, cavbus puree has a higher content of vitamins, phenolic
compounds, pectin, and fiber compared to pumpkin puree.

Nutritional value of wheat and non—alkaloid lupine flour

Comparison of the nutritional value of wheat and non-alkaloid lupine flour was done
and the results are shown in Table 6.

Table 6

Chemical composition of flour
Indicator Lupine flour |First grade wheat flour
Moisture,% 9.5+0.2 11.5+0.3
Proteins,% 41.87+0.12 10.82+0.24
Fats,% 11.03+0.14 1.28+0.05
Starch,% 4.51+0.06 72.04+0.12
Fiber,% 12.51+0.05 0.30+0.03
Pectin,% 10.52+0.36 -
Total ash content,% | 2.42+0.15 0.70+0.03
Vitamins
E, mg/100 g 12.82+0.03 0.21+0.1
B-carotene mg/100 g 0.52+0.02 0.11+0.01
C, mg/100 g 35.84+0.13 2.60+0.05
B1, mg/100 g 0.22+0.01 0.18+0.01
B>, mg/100 g 0.11+0.01 0.15+0.01
P, mg/100 g 0.31+0.01 3.52+0.02
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It is found that lupine flour contains four times more protein and more than ten times
more fiber and pectin substances, and much more lipids compared to wheat flour. The amount
of vitamins, in particular, tocopherols, B—carotene, By, is also much higher in lupine flour
(Table 6). The results are similar with the data of scientists (Guiné et al., 2015; Prusinski et
al., 2019).

Physico—chemical characteristics of dough and bread

Physico-chemical quality indicators of dough and wheat bread, as well as bread
enriched with lupine flour and puree cavbus are given in Table 7.

Table 7
Physico—-chemical characteristics of dough and bread
Indicators Recipe number
1 | 2 | 3 | 4 | 5 ] 6
Dough
Mass fraction 44,0+0.3 | 43.9+0.1 | 43.5+0.2 | 43.2+0.2 | 42.9+0.1 | 42.8+0.3
of moisture,%
Titrated acidity,
degrees
initial 2.240.2 2.5+0.1 2.7+0.1 3.0+0.2 3.1+0.1 3.2+0.3
final 2.5+0.1 2.8+0.2 3.1+0.1 3.310.1 3.5+0.1 3.6+0.2
Bread
Mass fraction 43.5+04 | 429401 | 42.840.2 | 42.6£0.1 | 424403 | 42.1+0.2
of moisture,%
Acidity, 2.7£0.2 3.0£0.1 3.0£0.1 3.1+0.2 3.210.1 3.3£0.3
degrees
Specific 2.93+0.05 | 2.90+0.01 | 2.86+0.03 | 2.82+0.01 | 2.80+0.02 | 2.76+0.05
volume, cm/g
Porosity,% 71.0£0.2 | 71.5+0.3 | 70.2+0.1 | 69.5+04 | 68.6+0.2 | 66.2+0.4

The acidity of the dough and, accordingly, of ready—made products with the addition of
lupine flour and cavbuz puree varied within 0.5-1.0 deg. When adding of plant enriches to
the wheat bread recipe, the specific volume of products is slightly reduced by 1.1-4.5%,
depending on the amount of additives. A decrease in specific volume by 5% and porosity of
products by 4% was noted when lupin flour was added to the bread recipe in an amount of
10% (Villarino et al., 2016). Increasing the mass fraction of lupine flour to 8% and cavbuz
puree to 6% prolongs the time of dough formation, worsens the form resistance of semi-
finished products, the finished bread has a lower volume, the porosity structure is fine; since
the high water—binding capacity of lupine dietary fibers weakens the gluten matrix, which
affects the volume of bread (Guiné et al., 2015).

Effect of vegetable additives on the nutritional value and sensory properties of
wheat bread

Characteristics of wheat bread prepared according to recipes shown in Table 1 are given
in Table 8.
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Table 8
Characteristics of wheat bread with vegetable additives

Content,%

8_ 1)

= < . .

] E % o g % Sensory indicators of bread

4 o i 8 T K

o wn

The shape is correct, the surface is smooth

1 7.92 | 1.21 | 4752 | 0.30 B without cracks, the pulp is well developed,

+0.50 | £0.23 | +0.24 | +0.12 the average porosity, the color is yellow, the

taste and smell are inherent in wheat bread.
The shape is correct, the surface of the

5 9.63 | 1.80 | 45.33 | 0.62 | 0.29 | smooth pulp is well developed, the average

+0.21 | £0.13 | £0.19 | +£0.08 | +0.05 | porosity, the color is yellow, the taste and
smell are inherent in wheat bread.

The shape is correct, the surface of the
smooth pulp is well developed, the average
porosity, the color is rich yellow, the taste
and smell are pleasant, with a slight nutty
tint.

The shape is correct, the surface is smooth,
10.20 | 2.00 | 41.24 | 0.80 | 0.46 | the pulp is well developed, the average
£0.22 | £0.24 | +0.12 | +0.14 | +0.04 | porosity, the color is golden, the taste and
smell are pleasant, with a nutty tint.

The shape is correct, the surface is smooth,
10.51 | 2.13 | 40.91 | 0.89 | 0.55 | the average porosity, the color is golden, the
10.13 | £0.21 | £0.17 | £0.05 | +0.03 | taste and smell are pleasant, with a walnut—
vegetable tint.

The shape is correct, the surface with minor
cracks, the pulp is well developed, small
porosity, the color of the product is yellow,
the taste of the vegetable additive is too
pronounced.

3 982 | 192 | 4350 | 0.71 | 0.38
+0.11 | £0.11 | £0.31 | £0.20 | £0.01

1085 | 2.22 | 38.17 | 0.96 | 0.64
+0.32 | £0.30 | £0.26 | £0.26 | £0.04

In the production of bread with the introduction of lupine flour in the amount of 4-7%
and puree cavbuz in the amounts of 2-5% to replace the equal amounts of the wheat flour,
there are improvements in the structural and mechanical properties of the dough due to an
increase in its water absorption capacity (Ratoshniuk et al., 2020). The process of dough
formation is accelerated, and its blurring is reduced. Sensory characteristics of the finished
product are acceptable: the shape of the bread is correct, the surface is smooth without cracks,
the softness is well developed, the average porosity, the color of the product is golden, the
taste and smell are pleasant, inherent in wheat bread. In the bread obtained according to the
recipe 6, too pronounced taste of the vegetable additive in the finished product is noted, which
is not appropriate.

Natural dyes found in vegetable additives, carotenoids and flavonoids (Ruiz—Lépez et
al., 2019; Saccotelli et al., 2018), contribute to the improvement of the sensory properties of
the product, in particular, to intensify the color of bread.
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The presence of increased amounts of protein substances in bread enriched with lupine
flour and cavbuz puree, and gamma-—conglutin, specific protein fraction of lupine, as well as
dietary fibers, makes it possible to predict the positive physiological effects of this product
in the human body. Foods enriched with fiber and protein play a significant role in the
nutrition of individuals suffering from chronic cardiovascular diseases and excess weight
(Belski et al., 2012).

The presence of lupine flour in this type of bread has important effects, since this raw
material contains valuable biologically active compounds, namely, essential amino acids,
vitamins, phenols (Prusinski et al., 2017) and, dietary fibers (Krawecka et al., 2022). Using
whole lupine and its processing products as part of food products, has more sustainable
beneficial effects for saturation, glycemic control and blood pressure than extracted lupine
protein or lupine fiber (Bryant et al., 2022).

The nutritional value of wheat bread and wheat bread, enriched with cavbuz puree and
lupine flour was determined by the presence of essential food components. In addition, an
important indicator characterizing nutritional value is the degree of provision of the human
body in a certain nutrient, according to the recommended daily norm of consumption. The
nutritional value of the developed bread (recipe 4) and control sample (recipe 1), as well as
the results of calculating the degree of ensuring a person's daily need for important
physiological and functional ingredients due to consumption of 100 g, are given in Table 9.
For the calculation, the category of the population of the 1st intensity group aged 40-59 years
(women) was selected.

Table 9
Food and energy value of bread enriched with lupine flour and cavbuz puree
Indicator Daily Nutrient content Provision daily
norms in 100 g of wheat bread norm,%,
consumption | Control Bread Control Bread
enriched with enriched with
cavbuz puree cavbuz puree
and lupine and lupine
flour flour
Proteins, g 58.0 7.9 10.2 13.6 17.6
Fats, g 58.0 1.2 2.0 2.1 3.4
Carbohydrates, g 240.0 47.5 41.2 19.8 17.2
Alimentary 20.0 0.3 1.26 1.5 6.3
fiber, g
B1, mg 1.3 0.16 0.18 12.3 13.8
B, mg 1.6 0.06 0.06 3.8 3.8
E, mg 15.0 0.1 0.90 0.7 6.0
[—carotene, mg 5.0 - 0.71 - 14.0
Flavonoids, mg 250.0 - 16.4 - 6.6
Energy value, 1800 2335 228.6 13.0 12.7
kcal

The enrichment of wheat bread with lupin flour and cavbuz puree increases the protein
content in the new bread by 29.1%, dietary fiber by 4.2 times, compared to the control
sample; 100 g of enriched bread makes it possible to provide the daily demand of a person
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for protein by 17.6%, in dietary fiber by 6.3% against 13.6% and 1.5%, respectively, in the
control sample. The presence of significant amounts of dietary fiber in bread is a positive
factor, as these natural sorbents reduce blood cholesterol and the risk of upper digestive and
respiratory tract tumors, and regulate microbiocenosis in the gut (Tappy, 2005). Bread
enriched with lupine flour has higher protein efficiency and improved amino acid
composition (Hanan, 2013).

A new type of bread is characterized by an improved biological value, namely, an
increased content of vitamins, pectin substances, and flavonoids. The enrichment of bread
contributes to an increase in the content of vitamin E by 9 times, B1 by 12.5%, which allows
us to provide a daily need for them, respectively, by 6.0 and 13.8% due to the consumption
of 100 g of bread. An important advantage of bread enriched with lupine flour and cavbuz
puree is providing the human body with B—carotene (14%) and flavonoids (6.6%), which are
absent in traditional bread. This type of bread is a health product (Birch et al., 2019), which
is able to provide the body daily with vitamins of antioxidants and phenolic compounds,
which is important for the antioxidant protection of the body (Ebrahimi et al., 2021;
Vollmannova et al., 2021). Considering that the minimum preventive rate of pectin
consumption in environmentally friendly areas is 2 g per day (Pornsak, 2001), 100 g of
developed bread allows to provide 23% of the norm.

Pectin substances are natural sorbents that are able to form gel structures in the intestine,
which contributes to the binding of water—soluble toxic compounds, heavy metals and the
subsequent removal of their body (Chandel al., 2022; Jandosov et al., 2022), therefore, the
sorption ability of enriched bread, which contains natural pectin, to divalent lead ions was
determined (Table 10).

Table 10
Sorption capacity of bread enriched with flour of non-alkaloid lupine and cavbuz puree to toxic
ions of bivalent lead

Amount by weight of wheat flour,% | Sorption capacity
Lupine flour Cavbuz puree of bread, mr Pb?*/g
5 3 2.64+0.14
6 4 2.81+0.11
7 5 3.03+0.08
0 0 0.16+0.12

As the results show, the sorption capacity of bread enriched with non-alkaloid lupine
flour and cavbuz puree to toxic divalent lead ions is 25-30 times higher than for control. This
is explained by a significant amount of pectin substances — 0.38-0.55 g in 100 g of enriched
products. Pectins contain carboxyl groups of galacturonic acid, which gives them sorption—
chemical properties to bind metals and form insoluble complexes, this contributes to the
elimination of harmful substances from the human body (Wang et al., 2021). In addition,
pectins have radioprotective effects (Chandel et al., 2022).

Conclusions
1. Puree cavbuz and lupine flour are the source of a complex of vitamins, protein, and

dietary fiber. The use of these vegetable additives to partially replace wheat flour in the
recipe of bread will increase the nutritional value of the product.
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2. The acidity of the dough and, accordingly, ready-made products with the addition of
lupine flour and cavbuz puree, varied within 0.5-1.0 deg. The specific volume of
products decreased by 1.1-4.5% compared to control, depending on the addition of
enrichment agents, since the high water—binding capacity of dietary fibers of vegetable
raw materials weakens the gluten matrix, which affects the volume of bread.

3. Adding to the recipe of wheat bread flour of non—alkaloid varieties of lupine in an
amount of 4—7% and cavbuz puree in an amount of 3-5% contributes to an increase in
the protein content in the finished product on 20-32%, dietary fibers in 2-3 times, as
well as the enrichment of bread with pectin substances, natural enterosorbents, which
are absent in the traditional product.

4. The enrichment of wheat bread with plant additives contributes to the improvement of
the biological value of the product, in particular, an increase in the content of vitamin E
by 9 times, B1 by 12.5%, which provides a daily human need for them, by 6.0 and
13.8%, respectively, when consumed 100 g of bread. Non-alkaloid lupine flour and
cavbuz puree are a source of carotenoids and phenolic compounds that are not present
in wheat flour. These ingredients made it possible to enrich the product with p—carotene
and flavonoids — their content in a new type of bread is, respectively, 0.71 mg (14% of
daily requirement) and 16.4 mg (6.6%) per 100 g of product.

5. Enriched bread has a 25-30 times higher sorption capacity for toxic divalent lead ions
than wheat bread.

6. Wheat bread, enriched with flour of non—alkaloid varieties of lupine and cavbuz puree,
is a product of a wellness trend.
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Abstract

Introduction. The addition of phosphates improves the emulsifying
and gelling properties of meat proteins as well as overall product
quality. The effect of phosphate addition on the properties of low-fat
chicken sausages containing wheat bran was studied in this article.

Materials and methods. Cooking loss, emulsification stability,
water distribution, texture and sensory characteristics of wheat bran
chicken sausage added with different amounts of complex phosphate
were determined.

Results and discussion. The positive influence of phosphate
addition on technological and textual properties of meat products is
known, however taking into account consumer’s acceptability,
determination of phosphate content in sausages ensuring their high
quality but not but not exceeding this value is needed. Low—fat chicken
sausages with increased dietary fiber content due to inclusion in the
sausage formulation of wheat bran were used as the object of the study.
Comparative characteristics of wheat bran chicken sausage added with
different amounts of complex phosphate, namely, 1.0, 1.5 or 2.0 g to
400 g of ground chicken meat were determined. It was shown that the
minimum cooking water and fat losses were observed when addition of
1.5 g of complex phosphate was used. Thus, addition of 1.5 g of
complex phosphate to 400 g of ground chicken meat ensured better
retaining of water and fat, lowest cooking loss and highest emulsifying
stability than in cases when 1.0 or 2.0 g of complex phosphate were
added. At the same time, the results showed that the sausage containing
1.5 g phosphate per 400 g of ground chicken had the highest hardness,
elasticity and chewiness, and the highest overall acceptability score of
sensory evaluation, but the difference was not significant (P>0.05).
Addition of 1.5 g phosphate per 400 g of ground chicken reduced the
fluidity of free water in the sausage, and thus enhanced the water-
retaining ability of chicken sausage. In addition, the results of the
pseudo-color map showed that the semi-bound water of the S2 and S3
treatment groups increased significantly.

Conclusions. Addition of complex phosphate, 0.2 %, in formulation
of low-fat wheat bran chicken sausages decreases cooking, moisture
and fat losses, and improves the texture and sensory properties of the
final product.
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Introduction

The world produces a huge variety of different types of sausages, such as ham, smoked,
Chinese, fermented, mixed and others, in the preparation of which various types of meat are
used (Marcos et al., 2016; Wang et al., 2021; Wang et al., 2022). Due to its high protein
content and balanced nutritional composition, the use of chicken meat as a raw material for
the production of sausages is extremely popular (Delgado-Pando et al., 2010; Shan et al.,
2017).

Traditional sausages are prepared using a mixture of grounded meat, animal fat, salt,
water, spices, and other additives and have high enough fat content up to 30% allowing to
produce emulsion needed for gelling of meat product. Despite those meat products having
high popularity among consumers, the high fat content containing mainly saturated fatty
acids is an issue of significant health concerns (Stabnikova et al., 2021). Thus, a lot of studies
to reduce the animal fat content in the meat product by partial replacement with different fat
substitutes are conducting at recent time (Antonini et al., 2020; Choi et al., 2012; Pintado et
al., 2016).

Another way to reduce animal fat content in the meat products is its partial replacement
with different plant materials such as grape seed oil (Kim et al., 2020), pineapple dietary
fibres (Henning et al., 2016), dietary fiber extracted from makgeolli lees (Choi et al., 2014),
chia seeds (Ding et al.,, 2017), oatmeal (Yang et al., 2010) and many others. Partial
replacement of fat, 10 %, with hydrated oatmeal resulted in improvement of technological
parameters and sensory properties of low-fat sausages (Kim et al., 2020), pineapple dietary
fibres (Henning etal., 2016), dietary fiber extracted from makgeolli lees (Choi et al., 2014),
chia seeds (Ding et al., 2017), and oatmeal (Yang et al., 2010). Partial replacement of fat,
10 %, with hydrated oatmeal resulted in improvement of technological parameters and
sensory properties of low-fat sausages (Yang et al., 2010). Addition of wheat bran together
with dried carrot pomace to chicken sausage in quantity 6% each was recommended to
increase dietary fiber content under keeping good level of acceptability (Yadav et al., 2018).

Application of emulsion gels as animal fat replacement is one of the main trends for
manufacturing products with high sensory quality while reducing its fat content (Ren et al.,
2022). Application of fat emulsions prevents moisture loss during heat treatment and results
in the manufacturing of meat products with high structural and mechanical properties. There
are a lot of different emulsifying agents. There is known addition of polysaccharide-based
emulsion gels for partial replacement (20 and 40%) of pork back-fat in production of dried
fermented sausages (Chen et al., 2021). Altogether with improvement of nutritional value
there are a lot of studies aimed to enhance the acceptability of low fat sausages. Thus, addition
of powder of Lamina japonica, 1%, to the breakfast sausage allows to maintain their high
overall sensory quality (Kim et al., 2010). Addition of gelatin hydrolysates significantly
improved the process performance of cooked sausage (Ham et al., 2020). The addition of 1.0%
curdlan improved the functional and textural properties of low-fat sausages (Lee and Chin,
2019).

Phosphates are very different from other emulsifiers traditionally added to meat
products. The use of phosphorus-containing food additives in the processing of poultry and
red meat products, including the direct addition of phosphates during the preparation of
sausages, was allowed by a 1982 ruling of the Food Safety and Inspection Service of the
United States Department of Agriculture (Sherman and Mehta, 2009). The addition of
phosphates improves the emulsifying and gelling properties of meat proteins as well as
overall meat product quality. Addition of phosphates stabilizes the pH value, increases water-
holding capacity, reduces moisture loss during cooking, improves texture and sensory
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properties (tenderness, juiciness, color and taste), and extends shelf life of the finished
product (Wang et al., 2009).

The aim of the present study was to evaluate the effect of phosphate addition on the
quality of low-fat chicken sausage containing wheat bran to make recommendations for their
production.

Materials and Methods

Materials

Chicken breast, fatty pork, wheat bran, tapioca starch, modified tapioca starch, potato
starch, ice water, salt, five-spice powder, pepper, rice wine, red yeast rice powder, beet red,
casings (commercially salt-cured fresh pig small intestine) were used as raw materials for
low-fat sausage preparation. Wheat bran (Henan Jinyuan Grain & Oil Company, Zhengzhou,
China, 18% protein, 0.6% fat, and 31.4% dietary fiber) (Shang et al., 2022) was crushed and
sifted (part below 80 mesh). Complex phosphate (Harsen Foods (Hongkong) Co., LTD,
Shantou, China including sodium pyrophosphate, 60%; sodium tripolyphosphate, 39%, and
sodium hexametaphosphate, 1%) was used to study effect of phosphate addition on sausage
quality. All these phosphate components are allowed to be used as phosphate additives in the
sausage preparation (Knipe, 1983).

Instruments and equipment

Colorimeter (color difference meter CR-400, Shoufeng Instrument Technology Co., Ltd,
Changzhou, China) was used to check colour difference of meat products; texture profile
analysis was done at a room temperature with a texture analyzer (TA.XT PLUS, Stable Micro
System, UK). Water distribution analyses were performed with a low field nuclear magnetic
resonance instrument, nuclear magnetic resonance imaging analyzer (NMI20, Shanghai
Newmai Electronic Technology Co., Ltd, Shanghai, China).

Processing of wheat bran chicken sausage

Stuffing for sausages was prepared by the following steps. Defrosting chicken breast
was cleaned, cut and grounded. Pig skin was soaked in water added with a small amount of
rice wine for 30 min. Grounded chicken breasts were added with other ingredients according
to the recipes, mixed together, stirred evenly, and put into the sausage casing. The base
formulation of the chicken sausages included the following ingredients, g: chicken breast,
400; pig skin, 80; pork fat, 50; wheat bran (part below 80 mesh), 6; cassava starch, 35;
cassava denaturant starch, 20; potato starch, 20; ice water, 100; salt, 7; spices, 4.5; pepper,
0.5; rice wine, 25; red rice powder, 1.5, and beet red 2.0. To study the phosphate influence
on the quality of low-fat chicken sausage containing wheat bran three samples were prepared
with addition of complex phosphate, g: 1.0 (S1), 1.5 (S2), and 2.0 (S3). The sausage
ingredients were chopped and put into the pig’s small intestine. The chicken sausages were
placed in a water bath at a temperature of 80 °C for 30 min, cooled to room temperature
(about 20 °C) and stored in the refrigerator.

Determination of cooking, moisture, and fat losses

To determine the cook loss, 35 g of sausage raw materials were chopped, placed in a 50
ml centrifuge tube, and centrifuged (3000 rpm, 5 min) to remove air bubbles. Then it was
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heated in a water bath (75 °C, 30 min), cooled at room temperature for 1 h, and weight after
cooling was recorded (Choi et al., 2015). The cooking loss was calculated by formula (1):

Cooking loss, % = (Wo— W1)/Wyx100, )

where Wy denotes the weight of raw meat sample before cooking, g; Wi denotes the weight
of cooked meat sample, g.

To calculate moisture loss and fat loss the liquid lost during heating was poured into a
glass dish and dried at 105 °C for 16 h. The weight lost by evaporation was water loss and
the remaining mass on the plate after drying was fat loss. The calculation formulas for water
loss and fat loss were (2) and (3):

Moisture loss, % = (W2— W3)/Wyx100, 2)
Fat loss, % = W3/Wyx100, ?3)

where Wy denotes the weight of raw meat sample before cooking, g; Wi denotes the weight
of cooked meat samples, g; W> denotes the weight of cooking liquid, g; W3 denotes the
remaining weight of cooking liquid after drying.

Determination of color difference

The chicken sausages stored at 4°C were kept before measurement at room temperature
for 1 h. O/D test was used to determine the brightness value, redness value, and yellowness
value.

Determination of pH

5 g of crushed sausage samples were placed into a 50 mL beaker and 20 mL of distilled
water were added. Magnetically stirring was provided for 5 min, and the mixture was
allowed to stand at room temperature for 30 min. pH of the upper liquid was measured with
a pH meter.

Determination of moisture content

Standard drying method (AOAC, 2006) was used to determine moisture content in meat
sample dried at 100-102 °C to a constant weight.

Performance of texture planer analysis

The chicken sausages stored at 4 °C were kept before measurement at room temperature
for 1 hour, the samples were cut into cylinders of 40x20 mm (height x diameter), and the
texture was determined using texture planer analysis (TPA). The probe model was P/5. Set
the measured parameters, 5 mm/s before the test rate, | mm/s test rate, 1 mm/s after the test
rate, 50%, and the compression ratio, 5 g trigger force, was used. The measurement indicators
include six parameters such as hardness, elasticity, cohesiveness, chewiness, adhesiveness,
and recovery.

Determination of moisture distribution

To determine the dynamic distribution of moisture inside sausages low-field nuclear
magnetic resonance (LF-NMR) technology was used (Aursand et al., 2008; Chen et al., 2019).
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The sausage was cut into pieces with size of 1 cm X 1 cm % 4 cm and placed in a nuclear
magnetic test tube (the diameter of the test tube was 1.8 cm, the height was 18 cm). The Carr-
PurcellMeiboom-Gill (CPMG) program was used to determine the sample relaxation time
(T2). Lateral relaxation (T2) and corresponding relaxation time (T2B, T21 and T22) and
amplitude (A2B, A21 and A22) were determined using the CONTIN imaging software that
comes with the system to scan the sample into a magnetic resonance imaging (MRI) image
using the IPT.2014 pseudocolor software to process the MRI pseudocolor image (Luo et al.,
2020).

Sensory evaluation

10 food specialists with sensory evaluation experience were invited to form the
evaluation team. The color, hardness, flavor, viscosity and overall acceptability of bran
chicken sausage were evaluated according to the Sensory evaluation standard (Chen et al.,
2019; Shang et al., 2019) (Table 1).

Table 1
Sensory evaluation standard
Evaluation Evaluation points
index 1~3 points 4~6 points 7~9 points
Color No appetite, poor | Average appetite, normal | Appetite, attractive
color color, color
Texture The taste is rough The taste is slightly The taste is fine and
and hard rough and hard elastic
Flavor No sausage taste Average sausage taste Suitable sausage
taste
Viscosity Sticky teeth Slightly sticky teeth Non-sticky teeth
Overall Not accept Accept Like
acceptability

Statistical analysis

All measurements were performed at least in triplicates, and the data are expressed as
mean =+ standard deviation ( X + S). All data used the one-way analysis of variance (ANOVA)
post-multiple comparison method in the IBM SPSS Statistics 22 data editor, set the
significance level to P=0.05, and used the LSD program to analyze the significant differences
(P<0.05 is significant). Use Microsoft Excel 2017 software to draw charts.

Results and discussion

Low—fat chicken sausages with increased dietary fiber content due to including in the
sausage formulation of wheat bran were used as an object of study (Shang, 2019). To evaluate
incorporation of complex phosphate to chicken- sausage on their technological and sensory
properties, three samples of sausages with the complex phosphate added in quantity of 1.0 g
(S1), 1.5 g (S2), and 2.0 g (S3) to 400 g of ground chicken meat were prepared and studied.
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Effects of different phosphate content on cooking loss and emulsification stability
of ground chicken meat

Results of the study of the effects of different phosphate amounts on cooking loss and
emulsification stability, which was indirectly evaluated by water loss and fat loss, of ground
chicken meat are shown in Table 2.

Table 2
Effects of different phosphate content on cooking loss and emulsification stability of ground
chicken meat

Samples with phosphate content Cooking Moisture Fat
loss, % loss, % loss,%
1.0 g/400 g of g{gg;d chicken meat | o ¢, (290 9.07+0.30° | 0.19+0.05°
1.5 /400 g of ggg;d chickenmeat | 0.0 20 7.10£0.18° | 0.08+0.03"
2.0 g/400 g of g{g;;ld chicken meat 8.24+0.22b 8.14+0.25b 0.10:£0.03°

Note: Means within a column with different letters are significantly different (p<0.05).

The stabilizing and emulsifying action of phosphate used in manufacturing of
emulsified meat products is well known (Xu et al., 2021). The decrease of the phosphate
content led to lowering of the cooking yield, emulsion stability and texture properties of meat
products (Pinton et al., 2019), meanwhile, the high amounts of phosphate is not welcomed
by consumers (Goemaere et al., 2021). So, it is necessary to determine the optimum content
of phosphate in the meat product ensured its high quality but not to exceed this value. In our
research it was shown that the minimum cooking loss, water loss and fat loss was observed
for sample 2 (S2) of low-fat chicken sausages, followed by sample 3 (S3), meanwhile the
highest losses were found for sample 1 (S1). Thus, addition of 1.5 g of complex phosphate
to 400 g of ground chicken meat ensured better retaining of water and fat, lowest cooking
loss and highest emulsifying stability than in cases when 1 or 2 g of complex phosphate were
used.

Effects of different phosphate content on chicken sausage color

Color is an important characteristic of sausages. The effect of different phosphate
content in low-fat chicken sausages is shown in Table 3.

According to the results, the brightness values of the sausages S2 and S3 were higher
than that of the ground meat, meanwhile the redness values of sausages S2 and S3 decreased
compared with the ground meat. The yellowness value of sausage S2 increased, indicating
that the red color of processed sausages was less and more yellow. Increasing sodium
tripolyphosphate and salt contents did not affect lightness (p > 0.05), but did increase redness
and yellowness (p < 0.05) of low-fat chicken sausages (Choi et al., 2020).
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Table 3
Effects of different phosphate content on the color of ground chicken meat and chicken sausages
Brightness value Redness value Yellowness value
Sample | Ground Ground Ground
Sausage Sausage Sausage
meat meat meat
s1 64.83 62.86 21.34 20.23 10.48 12.51
+0.297 +0.69° +0.20° +0.472 +£0.49° +0.10?
52 61.24 61.64 24.11 17.89 11.92 12.04
+1.28°¢ +0.81° +0.36° +0.22° +0.222 +0.347
$3 62.98 69.14 22.88 17.15 11.10 10.99
+0.22° +0.44° +0.66" £1.71° +£0.47% +£0.24P

Note: Means within a column with different letters are significantly different (p<0.05).
Effects of different phosphate content on moisture content and pH value

According to the results present in Table 4, the moisture content of ground chicken meat
increased with the increase of the amount of phosphate, and there was a significant difference
among the studied samples.

Table 4

Effects of different phosphate content on moisture and pH
of ground chicken meat and chicken sausage

Sample Moisture, % pH, units
Ground meat | Sausage Ground meat | Sausage
Sl 48.73+0.59° | 59.85+£0.45° | 6.29+0.01% | 6.33+0.03"
S2 54.70+0.38" | 63.43+0.44% | 6.224+0.05° | 6.31+0.04°
S3 59.21+£0.29% | 63.44+0.87% 6.33+0.05¢% 6.48+0.03%
Note: Means within a column with different letters are significantly different (p<0.05).

The moisture contents in S2 and S3 sausages were significantly higher than in S1, but
there was no difference in the moisture content in sausages S2 and S3. There was no
significant difference in pH between samples S1 and S2, but values of pH of the ground meat
and sausages of sample S3 were a little bit higher than those for S1 and S2.

Effects of different phosphate content on texture properties of sausages

The texture is one of the most important sensory characteristics of emulsified sausages.
Texture properties of low-fat chicken sausages with different amounts of complex phosphate
were estimated (Table 5).

It was shown that addition of phosphates in emulsion-type sausage could change their
texture characteristics and the amount of phosphate added positively correlated with the
hardness of the sausages made from frozen meat (Wang et al., 2009). According to our results,
the hardness of low-fat chicken sausages with the addition of 1.5 g of complex phosphate per
400 g of ground chicken meat (sample S2) was significantly higher than that of the sausage
prepared with 1.0 g of complex phosphate per 400 g of ground chicken meat (sample S1)
(p<0.05). Meanwhile, all other texture parameters did not differ significantly for all tested
sausages (Table 5). However, springiness and chewiness were better in sample S2 (p<0.05).
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On the whole, the sample S2 with the content of complex phosphate around 0.2% had the
best quality and taste. In another study, the best textual properties of low-fat chicken sausage
were observed when sodium tripolyphosphate, 0.3%, was added (p < 0.05) (Choi et al., 2009).

Table 5
Effect of different phosphate content on texture of chicken sausage
Sample | Hardness | Springiness | Cohesiveness | Gumminess | Chewiness | Resilience

S1 91.90 0.39 0.39 36.54 16.44 0.05
+10.88° +0.172 +0.222 +20.70? +13.36% +0.01°

S2 156.44 0.58 0.27 34.25 25.15 0.05
+22.522 +0.05? +0.042 +4.172 +2.762 +0.01°

S3 113.83 0.17 0.17 18.41 13.13 0.03
+28.31%® +0.042 +0.05? +3.722 +1.182 +0.00?

Note: Means within a column with different letters are significantly different (p<0.05).

It was shown that addition of phosphates in emulsion-type sausage could change their
texture characteristics and the amount of phosphate added positively correlated with the
hardness of the sausages made from frozen meat (Wang et al., 2009). According to our results,
the hardness of low-fat chicken sausages with the addition of 1.5 g of complex phosphate per
400 g of ground chicken meat (sample S2) was significantly higher than that of the sausage
prepared with 1.0 g of complex phosphate per 400 g of ground chicken meat (sample S1)
(p<0.05). Meanwhile, all other texture parameters did not differ significantly for all tested
sausages (Table 5). However, springiness and chewiness were better in sample S2 (p<0.05).
On the whole, the sample S2 with the content of complex phosphate around 0.2% had the
best quality and taste. In another study, the best textual properties of low-fat chicken sausage
were observed when sodium tripolyphosphate, 0.3%, was added (p < 0.05) (Choi et al., 2009).

Effects of different phosphate content on distribution of water in chicken sausages

Low-field nuclear magnetic resonance technology was used to study the distribution of
water in sausages. Effects of different phosphate content on distribution of water in chicken
sausages is represented in Figure 1.
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Figure 1. Effects of different phosphate content on distribution of moisture in chicken sausage
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The amount of free water is in the range of 0-10 milliseconds (ms) and moves towards
a short relaxation time. The bound water (namely, by phosphates and protein complex) and
immobilized water don’t move and are in the range from 100-1000 ms. This is the interval
for water strongly bound to the meat proteins. The interval of 10 to100 ms represents weakly
bound water. The highest peak in this interval was observed for sample S2. Analysis of curves
presented in Fig. 2 indicates that the increase of the phosphate amount in sausage S2 increases
the amplitude of weakly bound water and contributes to better binding of free water
improving the water-holding capacity of chicken sausages and obtaining a dense texture of
the meat product. This is in a study by Shao et al. (2016) also noted that the addition of
phosphate to ground pork meat shortens the water relaxation time, and the addition of
phosphate and NaCl to sausage increases their water-holding capacity.

Nuclear magnetic imaging analysis

Distribution of water in low-fat wheat bran chicken sausages prepared with different
content of phosphate was studied by low-field nuclear magnetic resonance (Figure 2).

Figure 2. Pseudo-color map of chicken sausage with different phosphate content per 400 g of
ground chicken meat:
1.0 g (S1); 1.5 g (S2), and 2.0 g (S3).

Green color corresponds to strongly bound water molecules in sausages, and blue color
reflects the amount of free water. According to the nuclear magnetic imagines, increase of
phosphate amounts resulted in an increase of water bound molecules content in sausages S2
and S3 that indicates a better binding of water by phosphates and a network of proteins that
ensures improving of the water holding capacity of low-fat chicken sausages.

Effects of different phosphate content on sensory evaluation of wheat bran
chicken sausages

Sensory properties of low-fat wheat bran sausages added with different amounts of
phosphate were evaluated to assess the consumer’s acceptance of the product (Table 6).
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Effect of different phosphate content on sensory evaluation of wheat bran chicken sausrla;?gl:else °

Sausages Color Texture Flavor Viscosity | Acceptability
S1 3.80+0.79% | 4.10+£0.99* | 4.10+£1.85% | 4.00+1.76% 5.30£1.06%
S2 4.30+1.42% | 4.50+1.08% | 5.10+1.29* | 5.00+1.56% 5.40+1.432
S3 4.50+1.08* | 4.00+1.05% | 4.80+1.55* | 3.90+1.52% 5.30+1.202

It was found that phosphate addition in studied amounts had no significant effect on the
sensory scores of wheat bran chicken sausage (P< 0.05). The sausages S2 with addition of
0.2% of phosphate (1.5 g per 400 g of ground chicken meat) received the highest scores by
the sensory evaluation team members in terms of color, texture, flavor, viscosity, and overall
acceptability. This evaluation result was consistent with the physicochemical property
analysis.

Conclusion

Addition of 1.5 g of complex phosphate in formulation of low-fat chicken sausages
(400 g chicken breast, 50 g pork back fat, 80 g pig skin and 6 g wheat bran as raw materials)
decreases cooking loss,moisture loss andfat loss; improved the texture properties, mainly the
hardness (P>0.05), meanwhile other characteristics varied but were not significantly different,
and increases water holding capacity and sensory evaluation value of the sausages. So, it can
be recommended to add 0.2% of complex phosphate in formulation of low-fat wheat bran
chicken sausages to enhance their technological and sensory properties.
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Introduction. The aim of research was to determine the
effect of a complex baking improver on prolonging the
freshness of bakery products with a reduced salt content using
the principles of lean manufacturing.

Materials and methods. Sociological research on the
requirements for the quality of bakery products was conducted.
A composition of a complex improver "Mineral Freshness Plus”
was developed and its optimal dosage was determined. The
effects of the developed improver addition on the quality of
bakery products with reduced salt content of 0.5% by weight of
flour, and the effect on the processes of staling products during
storage were studied.

Results and discussion. According to sociological studies
the presence of ingredients of synthetic origin in bakery
products and rapid loss of their freshness is undesirable for
consumers.

To meet the consumer demands, the use of the principles
of lean manufacturing in bakery production is provided, which
consists in reducing technological costs and losses due to
application of the developed improver.

A recipe for a complex baking improver Mineral
Freshness Plus has been developed, which is designed to
intensify the technological process, improve consumer
properties and time for keeping the freshness of bakery products
with low salt content of 0.5%. The composition of the improver
includes food additives with Generally Recognized as Safe
status. Addition of "Mineral Freshness Plus" improver in quality
of 2.0% to flour weight extends freshness of bakery products.

This is confirmed by the higher by 65.2—75.6% content of
dextrins in the product with the improver comparmrrn with the
control, the thinner subcrustal layer on 72 hours of products
storage, and changes in the structure of the bread pulp, which
consists of interspersed swollen and partially gelatinized grains
of starch, wrapped in a continuous mass of coagulated proteins.

Conclusions. The use of the developed improver "Mineral
Freshness Plus” in the manufacture of bakery products ensures
the high consumer demands.
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Introduction

Bakery products being a part of everyday diet consumption have an important role in
human nutrition. To increase the competitiveness of bakery products, manufacturers, through
the applicaton of accelerated technologies, food additives, non-traditional raw materials, are
expanding the range and providing products.

Hovewer, consumers are dissatisfied with the presence of food additives of synthetic
origin in the composition of products, the rapid loss of product freshness, namely the loss of
aroma and taste, the elasticity of the crumb and the crunch of the crust (Bilyk et. al., 2019).
These changes are caused by the components of formulation, the method of dough
preparation, the quality of raw materials, the duration and conditions of storage.

Along with this, to increase the competitiveness of food industry enterprises is the active
promotion of the system of operational improvement and optimization of business processes
in the company's activities.

The world trend in the business processes management is the use of anti-crisis
management systems, among which the most famous is "Economical (lean) production” or
"Lean-management”. The main goal of lean-management is a creation of needed product
value to meet an actual customer’s demands based on the principle of fewer resources and
less waste. Thus, the development of complex improvers, which, along with enhancing of the
finished products consumer properties, will improve their nutritional value and ensure their
economical production, is the actual direction of scientific research in the technology of
bakery products.

The formulations of complex bakery improvers consist of a functional and an active
part. Functional part includes such ingredients as flour, starch, dextrenized flour, meanwhile
the active part consists from gluten oxidizing and reducing agents, enzymes, emulsifiers and
various food additives or ingredients with specific effects.

All components of the complex baking improver are selected according to their activity
and synergistic action with each other (Bilyk et al., 2019).

The use of complex bakery improvers allows to intensify the technological process, as
well as reduce and cost of production and losses during the storage.

The aim of research was to determine the effect of a complex baking improver "Mineral
Freshness Plus" on prolonging the freshness of bakery products with a reduced salt content
using the principles of lean manufacturing.

Only Generally Recognized as Safe (GRAS) additives will be included in the
composition of proposed improver.

Materials and methods

Materials
Preparation of dough samples

Dough samples were prepared according to the recipe, % by weight of flour: premium
wheat flour, 100.0, pressed baker's yeast, 3.0, salt, 0.5, margarine, 2.0, sugar, 2.0. The dough
with a moisture content of 44.5% was kneaded using a non-dough method. The dough was
kneaded in a two-speed Escher kneading machine (ltaly). The dough was processed
manually, the test pieces were kept at a temperature of (38 +2) °C and relative humidity (78
+ 2)%. The products were baked in a Sveba-Dahlen cabinet oven (Italy) at a temperature of
220-240 °C.
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Methods
Determination of bread weight, volume and specific volume

The weight of bread was determined after cooling using a digital balance with accuracy
0.01 g, and the bread volume was determined using grain displacement method. The specific
volume of each bread was calculated as (Zhu et al., 2016).

Determination of bread porosity

The porosity of bread was determined as the volume of the pores in a certain volume of
the crumb, expressed as a percentage to the total volume (Verheyen et al., 2015).

Determination of Comprehensive Quality Score

Based on the results of the sensory and physico-chemical evaluation of finished
products, a complex quality index was calculated. The Comprehensive Quality Score is the
total number of points a prototype receives when it is analyzed. For its calculation, each
product was evaluated according to the following parameters: specific volume; the
correctness of the form; crumb color; characteristics of the surface of the crust; bread staling
after 72 hours; the porosity structure; form stability of hearth bread; rheological properties of
the pulp; the aroma of bread; taste of bread, and crumb chewing.

These bread properties were evaluated on a five-point scale, taking into account the
weighting coefficient, which was established for each parameter by the method of expert
evaluation. The number of points provided to the parameter was multiplied by the weighting
coefficient. Then, the sum of the obtained values was calculated. The more points the sample
receives as a result of the calculation, the better its quality.

The expert commission included seven PhD, three Masters of philosophy, and 15
postgraduate students by the specialty "Food Technologies".

Determination of bread pulp deformation

The time for which bread keeps the freshness was evaluated by changing the structural
and mechanical properties of the bread pulp. Its total deformation was determined after 48 h
of storage using an AP 4/1 penetrometer (Finemass, Germany) (Drobot et al., 2015).

Determination of aromatic substances content

The content of aromatic substances in finished products was evaluated by the amount
of bisulfite-binding compounds (Drobot et al., 2015). The method is based on the ability of
aldehydes and some ketones react with sodium bisulfite to form adducts, and consists in the
preliminary removal of unreacted bisulfite by iodine, followed by the destruction of the
adducts with sodium bicarbonate and the dissolution of the released bisulfite, which is
equivalent to the content of carbonyl compounds.

Determination of the staling degree
The staling degree of bread was evaluated by area and stiffness of the subcrustal layer

using scanning and graphic editors to determine the average thickness of the subcrustal
layer (Petrusha and Niemirich, 2016).
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Microscopy of bakery products

Microscopy of bakery products was performed after 72 hours of storage. The samples
were stored unpackaged at a temperature of (20+0) °C. The samples were prepared by
freezing, freeze-drying, and deposition of carbon in a vacuum chamber on a piece of the dried
sample. The samples were examined using an IEOLIJSMM-200 (Japan) scanning electron
microscope at a magnification of 1000 times and the most visible areas were photographed.

Determination of dextrins content

The content of dextrins was determined by the method of their mass fraction, which is
based on the ability of dextrins to precipitate at various concentrations of ethanol in solution.
Test samples were treated with enzymes to release the sample from water-soluble
carbohydrates and fermentable sugars for better recovery. Precipitation of dextrins was
carried out with alcohol solutions of different concentrations. Further dissolution of the
extracted dextrins was done in water, and they were hydrolyzed with a 2% hydrochloric acid
solution. Determination of the amount of glucose in the hydrolyzate of dextrins of different
molecular weights was carried out according to the method of Wiltetter and Schudl. On the
basis of a certain content of dextrins, the mass fraction of dextrins was determined by
fractions, depending on the mass fraction of dextrins in ethyl alcohol solutions with different
concentrations (Drobot et al., 2015).

Statistical analysis

All experiments were performed at least in triplicates. The statistical analysis of the data
was performed by sequential regression analysis using the Microsoft Excel XP and Origin
Pro8 software calculating correlation coefficients (Hinkle et al., 2003).

Results and discussions
Sociological research to found ways to improve bakery products

The first step of the research using the Kano method (Mezur et at., 2017), the
requirements for bakery products that consumers expect to improve were studied.Consumers
of bakery products were invited to participate in the study. 79 respondents took part in the
sociological survey, namely, 27 men aged from 32 to 39 and 52 women aged from 28 to 39
years.All respondent interviews are working people having families of at least 3 people. An
analysis of their preferences and characteristics showed that the vast majority of respondents
(88.6%) consume products daily and buy bakery products at least 1 time in 3 days and, and
70.9% of respondents prefer products made from wheat flour. When choosing products,
consumers pay special attention to: packaging, 64.6%; quantity of products, 62.0%; labeling
(primarily information on recommended consumption periods and product composition),
91.1%,; the presence of non-traditional flavoring additives (seeds and nuts), dried tomatoes
and olives, 87.3%, and useful ingredients in products, 93.4%.

Questionnaires proposed by Noriaki Kano, which allow to separate product
requirements into mandatory, expected, attractive, unimportant and undesirable, were used
during the surveys,

According to the results of survey, the properties of products required by the current
regulatory documentation and the absence or unsatisfactory level of which indicate a poor-
quality product are classified as mandatory attributes. Among the requirements of this
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category, the following characteristics are the most valuable for consumers: the shape, taste
and aroma, the state of the crust, the elasticity and porosity of the pulp, and the freshness of
the product

Expected or one-dimensional requirements include those whose presence or
improvement of which has a linear correlation with customer demands. An analysis of the
respondents’ answers shows that environmental friendliness of packaging, product
availability, small volumes of the product in a unit of consumer packaging, the presence of
natural flavoring ingredients in the composition of products, and their high staling resistance
are related to this category of requirements.

An attractive feature for the majority of respondents, 93.4%, is a wide range of products
of one brand, to meet the needs of all family members. Among the product properties,
consumers are particularly interested in such as: reduced calorie content, 53.2%, enrichment
of finished products with micronutrients of natural origin, 62.0%, and reduction of salt
content in the product, 55.7%.

It was found that such characteristics as the color of the crust and crumbling, when they
reach the minimum acceptable level, are unimportant properties, since they do not affect the
overall impression from finished product and do not reduce the value of the product for
consumers. This is due in large part to the fact that most of the bakery products are packaged,
making it difficult for the consumer to evaluate the quality of their surface and crumbliness.

It should be noted that the presence of a pronounced aroma of a fresh bakery product at
the stage of staleness creates a negative impression and is associated by the overwhelming
majority of respondents with the presence of synthetic flavors in the product. Also,
undesirable characteristics of bakery products include the presence of other ingredients of
synthetic origin and too bright packaging.

Based on the results of the first step of the research, the feasibility to improve the range
of bakery products made from wheat flour was found, the requirements for finished products
were grouped, and highly valued by the respondents characteristics were determined. All
this allowed to make the description of the desirable finished product.

Development of a composition for a complex baking improver

To develop a complex baking improver for bakery products from premium wheat flour
with a reduced salt content the medium-strong flour and selected food additives with the
status of GRAS Official website of the US government US Foof & Drug (FAD, 2022) was
used to crease the composition of the complex improver were used.

These additives included:

— moisture-containing additives: white clay, apple pectin (Zhang et al., 2021), dry wheat
gluten, carboxymethyl cellulose (Ammar et al., 2020), maltodextin (Lauren et al.,
2018);

— surface-active substance: phosphatide concentrate (Gémez et al., 2004);

— amylolytic enzymes: enzyme preparation Alfamalt 50 (to ensure the intensity of
fermentation and volume of products) (Zhang et al., 2019) and enzyme preparation
Novamil 1500 MG (to prolong the freshness of products) (Lambert-Meretei et al.,
2010);

— anatural oxidizing agent: ascorbic acid.

Based on the results of trial baking of bakery products from premium flour, made with
the addition of different components of a baking improver, Comprehensive Quality Scores
were calculated (Table 1).
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Table 1
Determination of the optimal addition of components in the baking improver by
Comprehensive Quality score

Comprehensive Quality Scores

Control Addition, % of the weight of flour

Pharmaceutical white clay

0.5 1.0 1.5 2.0 2.5

88.6 89.4 | 89.8 | 90.6 | 91.2 | 91.2
Enzyme preparation Novamil 1500 MG
0.004 | 0.008 | 0.012 | 0.016 | 1.25
88.6 88.8 | 89.8 | 90.6 | 91.8 | 91.3

Enzyme preparation Alfamalt 50

0.005 | 0.010 | 0.015 | 0.020 | 0.025
88.6 89.8 | 90.4 | 916 | 92.7 | 92.7
Dry wheat gluten
005 ] 01 | 045 | 0.20 | 0.25
88.6 88.6 | 89.1 | 89.5 | 90.1 | 90.2
Carboxymethylcellulose
0.005 | 0.010 | 0.015 | 0.020 | 0.025
88.6 88.6 | 89.4 | 90.2 | 91.7 | 91.8
Apple pectin
0,01 | 0.02 | 0.03 | 0.04 | 0.05
88.6 88.6 | 89.1 | 89.5 | 90.1 | 90.2
Maltodextrin
0.1 0.2 0,4 0.6 0.8
88.6 88.6 | 89.5 | 90.6 | 90.8 | 90.8
Phosphatide concentrate
0.12 | 0.18 | 0.24 | 0.30 | 0.36
88.6 88.8 | 89.2 | 90.2 | 90.2 | 90.3
Ascorbic acid
0.004 | 0.006 | 0.008 | 0.01 | 0.012
88.6 88.8 | 89.8 | 90.6 | 90.8 | 90.3

According to the Comprehensive Quality Scores, the rational dosages of the
components in the baking improver, % of the weight of flour, are: white clay, 2.0%; enzyme
preparation Novamil 1500 MG, 0.016%; enzyme preparation Alfamalt 50, 0.020%; dry
wheat gluten, 0.2%, carboxymethylcellulose, 0.02%, apple pectin, 0.04%, maltodextrin,
0.4%, phosphatide concentrate, 0.24; ascorbic acid, 0.008% (Table 1). When formulating a
baking improver, the found rational dosage of food additives and food ingredients was halved
to form an improver recipe.

As aresult of the research, a recipe for a complex baking improver (CBI), Mineral Fresh
Plus, to intensify the technological process, improve consumer properties and lengthen the
freshness of bakery products with low salt content of 0.5% was developed (Table 2).
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Table 2

Recipe of complex baking improver (CBI) Mineral Freshness Plus

Additives

Raw materials,
kg/ 100 kg of CBI

Pharmaceutical white clay

81.0

Enzyme preparation Novamil 1500 MG

0.3

Enzyme preparation Alfamalt 50

0.4

Dry wheat gluten

4.0

Carboxymethylcellulose

0.4

Apple pectin

0.8

Maltodextrin

8.0

Phosphatide concentrate

4.9

Ascorbic acid

0.2

Total

100

To determine the influence of CBI addition on the quality of finished bakery products
with low salt content of 0.5%, laboratory baking with the dosage of CBI 1.0; 1.5; 2.0, and
2.5% by weight of flour were conducted (Table 3).

Table 3

Influence of a complex baking improver on the technological process and product quality

Characteristics

Control (no CBI)

CBI addition, % of the weight of flour

1.0 | 15

| 20 | 25

Sensory indicators

Shape Oblong, oval, not indistinct, the incisions are clear
Crust color Light Light Golden to brown
golden

Crust surface

Quite smooth, single small bubbles,

Perfectly smooth, without

condition barely noticeable small short cracks and bubbles and cracks,
explosions, glossy undermining, glossy

Porosity The pores are small, thin-walled and medium, distributed fairly

structure evenly

Aroma Intensely pronounced, typical for bakery products

Taste Peculiar to bakery | Intensely pronounced, characteristic of bakery

products, not salty products

Specific  volume,
cm¥/100 g 328 340 352 368 376
Form stability, h/d 0.51 0.8 0.45 0.45 0.45
Porosity, % 72 82 84 88 90
Acidity, degree 1.2 1.8 2.0 2.0 2.2
Preservation of 42 52 55 70 70
freshness

An increase of the specific volume of bakery products with low salt content of 0.5% is
due to the introduction of amylolytic enzymes into the test system with CBI, which intensifies
the fermentation process due to additional nutrition for yeast, and improved dough elasticity
due to the action of phosphatides.
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For further studies of the effect of the developed complex baking on the quality of
finished bakery products with low content of salt, 0.5% by weight of flour, a dosage of CBI
2.0% by weight of flour was chosen.

Influence of the complex baking improver Mineral freshness Plus on the quality and
preservation of freshness of a bakery products with a reduced salt content

The assimilation of bakery products largely depends on their taste and aroma. These
indicators are formed during dough preparation and baking. The formation of compounds
that affect taste and aroma depends on the composition of the recipe and the products of the
interaction of sugars, carbonyl compounds with amino acids and proteins.

The main compounds that form the aroma of bakery products are carbonyl containing
substances. A recognized method for studying the aroma of products is the determination of
the content of carbonyl compounds (Table 4).

Table 4
Content of bisulfite-binding substances, mg-eq/100 g of a bakery product

Part of bakery product | Control (no CBI) [ With CBI
after 4 hours of storage

Pulp 8.6 15.4

Crust 24.3 28.2
after 24 hours of storage

Pulp 7.1 13.,2

Crust 20.5 26.1
after 48 hours of storage

Pulp 5.3 10.4

Crust 17.3 21.1
after 72 hours of storage

Pulp 4.2 7.5

Crust 13.4 16.8

It was shown that when the developed complex baking improver was added to the
dough, the content of carbonyl compounds in the crumb and crust of the bakery product
increased by 1.6-4.2 times (Table 4). This is due to the fact that complex baking improver
contains an amylolytic enzyme preparations and maltodextrin, which accelerate the process
of dough fermentation, maturation of dough pieces and the accumulation of aromatic
substances, as well as due to addition of carbonyl containing substances such as apple pectin
and phosphatide concentrate.

An increase of the content of carbonyl compounds in finished products with an improver
correlates with an enhancement of the crust color and the aroma of bread. Addition of
complex baking improver does not change the traditional taste of finished products, despite
the reduction in the salt content.

Analysis of the research results showed that the addition of the developed complex
baking improver in bakery product has a positive effect on the preservation of the bakery
product freshness and the subcrustal layer of bakery product after 72 hours of storage is
thinner compared to the subcrustal layer of the control (Figure 1).
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a b
Figure 1. The subcrustal layer of bakery product after 72 hours of storage:
a, control (no CBI); b, with CBI Mineral Freshness Plus

After scanning and measuring of the thickness of the subcrustal layer of the bakery
product, it was found that in the control sample the subcrustal layer after 7 hours of storage
was 5.43 mm, and when using the Mineral Freshness Plus, it was 3.02 mm.

The bakery samples were stored unpackaged at a temperature of (20+2)°C.
Microstructure of bakery products after 72 hours of storage were studied using scanning
electron microscope at a magnification of 1000 times (Figure 2).

Figure 2. Microstructure of bakery products after 72 hours of storage:
a, control (no CBI); b, with CBI Mineral Freshness Plus

The results of the studies showed that in bakery products with the complex baking
improver, the crumb of products consists of interspersed swollen and partially gelatinized
starch grains, wrapped in a continuous mass of coagulated proteins, and only in some places
air layers are visible (Figure 2b). In the control sample, on the contrary, the crumb was
characterized by the presence of voids between the pores, which confirms the formation of
the starch crystal structure and protein compaction during storage (Figure 2a).

When storing bakery products, the structural and mechanical properties of their crumbs
are changed. Changes of the product crumb were determined by its deformation after 4 and
72 hours of storage using a penetrometer. Improving the deformation characteristics of
bakery products when using the complex baking improver is due to the introduction of
proteins from the CBI into the dough system, which strengthen the structure of the pulp of
product because of strengthening of hydration ties and prevention starch from losing moisture
during product storage (Table 5).

Table5
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Deformation of bread pulp during product storage

Samples of bread, Type of deformation, units of Preservation of
time of storage device freshness, %
total | plastic elastic
4 hours of storage
Control (no additives) 82 53 29
With CBI Mineral 114 79 35

Freshness Plus

72 hours of storage
Control (no additives) 34 20 14 41.5
With CBI Mineral 82 51 31 71.9
Freshness Plus

Apple pectin and maltodextrin present in the complex baking improver also possess the
moisture-retaining capacity. Along with this, maltodextrin is a water-soluble hydrocolloid
that increases the level of moisture retention and forms a three-dimensional network, which
inhibits the interaction of gluten and starch resulting in slower retrogradation of starch. When
maltogenic a-amylase is added to the dough, the rate of recrystallization of the amylopectin
fraction of starch decreases, which delays its retrogradation. This process also prevents
complex formation between the polar group of the phosphatide concentrate and the amylose
fraction of the starch, which reduces the rate of retrogradation.

It is known that the addition of amylolytic enzymes to the dough increases the rate of
fermentation and leads to the formation of a sufficient amount of sugars. Due to additional
sugars, the porosity of bakery products becomes more thin-walled, homogeneous, which
helps to improve their taste, crust color, and long-term preservation of freshness. The use of
dextrins also improves the quality of bakery products and the duration of freshness.

Due to the fact that starch is degraded during the baking process and given that the
complex baking improver includes maltogenic a-amylase, carboxymethylcellulose, apple
pectin, and maltodextrin, it was advisable to study the change in the amount of dextrins in
bakery products.

During baking of bakery products, starch is destroyed with the formation of dextrins.
The total amount of dextrins increases by 65.2—-75.6% when using CBI compared with the
control due to the action of maltogenic a-amylase, which hydrolyzes starch to dextrins, and
the direct introduction of maltodextrin (Table 6).

Table 6
Content of dextrins in bakery products
Bakery products Content of dextrins by fractions, % of Content of total
DW dextrins
erythro- malto- and acro-
dextrins dextrins
Control (no CBI) 0.802 0.288 0.701 1.791
with CBI Mineral | 4 157 | 408 1.198 2733
Freshness Plus
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As a result of the the complex baking improver addition, an increase in low molecular
weight dextrins, namely, maltodextrins and achrodextrins, is observed.

So, in the bakery product with CBI, the amount of low molecular weight dextrins
increases by 2.5 times. In this regard, the process of staleness of bakery products slows down
due to the formation of a three-dimensional network by low molecular weight dextrins, which
prevents the interaction of gluten and starch and the release of moisture by starch.

Construction and analysis of the matrix ""House of Quality' on the use of the
developed improver in the production of a bakery product

In a number of international publications, teams of scientists and practitioners present
the results of the successful use of the QFD methodology in order to improve products in
accordance with the requirements and expectations of consumers (Lo et al., 2017; Mardar et
al., 2016). The deployment of quality functions and the construction of the first-level "House
of Quality" matrix ensures the implementation of the "voice of the client” regarding the
expected improvements, establishes a close relationship between the wishes of consumers
and the technical characteristics of products, determines the priority of their implementation
(Chaudha et al., 2011). Therefore, at the next step, during the re-questioning of respondents
and ranking the attributes of the experimental product model, we studied their significance
for potential consumers (Shrivastava et al., 2016).

100 people were involved in the survey. The data obtained are given in the part of the
requirements of the customers of the "House of Quality" relationship matrix in Figure 3.

Taking into account the importance for consumers of each of the specific requirements
and focusing on their achievement at the maximum level, the relative weights of the
properties are calculated. The ranking of requirements indicates that the most expected
product characteristics for consumers are the reduction of calorie content of bakery products
and the expansion of their range through the use of new flavoring ingredients. A group of
properties that can be attributed to the unconscious characteristics of products and have a
significant impact on the formation of consumer demands is the enrichment of products with
natural micronutrients and the reduction of salt in their composition. The high values of the
relative weight of such attributes as freshness (8%), taste and aroma during storage (7.8%),
and product information shown in the product labeling (7.8%) indicate their decisive role in
shaping the overall impression of product quality.

The attributes indicated by consumers are analyzed and their connection with the
peculiarities of the formation of sensory and physico-chemical characteristics of finished products,
the technical features of production, the complexity of implementing innovations in the
production environment are found.

The analysis showed that one of the promising areas for achieving the improvements
expected by consumers is the use of the complex baking improver Mineral Freshness Plus.
The strong relationship between a number of customer requirements and CBI use determines
the feasibility and high priority of this implementation (23.8%).

It should be noted that, according to the production workers, the complexity of
implementing the requirements at the enterprise is rated at an average level, namely 3 points.
This indicates that the use of the improver will not cause significant efforts to change the
technological parameters of the process, special equipment readjustment and long-term
training of personnel in its application.
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Figure 3. The matrix ""House of Quality" on the use of the developed improver in the
production of a bakery product

So, based on the results of a survey of consumers using the "House of Quality" matrix,
the ranking of product attributes was carried out and their dependence on the technical
characteristics of finished products was found, measures were identified to achieve the most
significant needs for customers. The priority of using in the bakery technology developed the
complex baking improver Mineral Freshness Plus was proved, which will ensure the
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achievement of a number of conscious and unconscious needs of consumers, and,
accordingly, the formation of high customer satisfaction.

Conclusions

1. A sociological study identified the criteria for the quality of bakery products, the
improvement of which is expected by consumers: reducing the calorie content of products,
enriching products with micronutrients of natural origin, and reducing the salt content in
products. Undesirable characteristics of products by consumers were noted by the presence
in the composition of ingredients of synthetic origin and the rapid loss of freshness by
products.

2. For the production of a bakery product that meets the expectations of the consumer,
the application of the principles of lean-production is provided, which consists in reducing
technological losses and costs in the production and storage of products and is achieved by
using complex baking improvers.

3. Arecipe for the complex baking improver Mineral Fresh Plus has been developed,
which is designed to intensify the technological process of production, improve consumer
properties and time for keeping the freshness of bakery products with low salt content 0.5%.
The composition of the improver includes food additives with GRAS status, that is, safe.

4. In the manufacturing of a bakery product, in the recipe of which the salt content is
0.5% of the weight of flour, it is advisable to use the developed improver Mineral Freshness
Plus in the amount of 2.0% by weight of flour. This helps to improve the quality of products
and does not change the traditional taste of finished products, despite the reduction of salt
content.

5. The use of the developed complex baking improver Mineral Fresh Plus prolongs the time
for freshness preservation by bakery products. This is confirmed by the greater content of dextrins
in the product with the improver, by 65.2-75.6%, compared to the control, the thinner subcrustal
layer after 72 hours of product storage, and changes in the structure of the pulp, consisting of
interspersed swollen and partially gelatinized starch grains, which are wrapped with a continuous
mass of coagulated proteins.

6. The construction and analysis of the "House of Quality" matrix confirmed that the
use of the complex baking improver Mineral Fresh Plus in the manufacturing of bakery
products ensures the achievements of high consumer satisfaction.
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Introduction. The research aimed to study the influence of natural
antioxidants present in black chokeberry, cranberry, and black currant
leaf extracts to stabilize the oxidation processes in mechanically
separated turkey meat (MSM) during storage.

Materials and methods. The subject of the study was
mechanically separated turkey meat. Plant extracts of black chokeberry
(Aronia melanocarpa) pomace, cranberry (Vaccinium Oxycoccus)
pomace, and blackcurrant (Ribes nigrum L.) leaf were used as
antioxidants. During the storage of the turkey MSM the dynamics of
oxidation processes were studied and the acid value, peroxide value,
and the content of thiobarbituric acid reactive substances were
determined.

Results and discussion. The chemical composition of turkey MSM
included proteins, 14.22%, and fat, 17.3% that increases the risk of its
oxidative deterioration during sale and storage. The use of plant extracts
reduced the intensity of lipid oxidation in mechanically separated
turkey meat during 9 weeks of frozen storage. At the end of the
experiment, the content of free fatty acids in the control sample was the
highest and amounted to 3.814+0.02 mg KOH, which is by 131.83%
higher than in the sample with blackcurrant leaf extract, 4.76 times
higher than in the sample with cranberry extract, and 7.33 times higher
than in the sample with black chokeberry extract. The addition of
extracts from black chokeberry and cranberry slow down the hydrolytic
changes of product fats by 81.20 and 76.47%, respectively. The
addition of black chokeberry and cranberry extracts at an amount of
0.2% contributed to the reduction of the peroxide value after two
months of storage of mechanically separated turkey meat to 0.057—
0.060 J, %, which almost halved the synthesis of peroxides in the
product. It was shown that the introduction of black chokeberry and
cranberry extracts in a content of 0.2—0.3% inhibits the accumulation
of secondary lipid oxidation products by 35.10-39.36%.

Conclusion. Comparative analysis and comprehensive
assessment of the oxidation product content in control and experimental
samples of mechanically separated turkey meat testify the addition of
natural antioxidants reduces the oxidative deterioration of turkey MSM
under the frozen storage.
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Introduction

Modern resource-saving technologies in the poultry processing ensure its fullest use.
When separating pieced meat, part of the muscle tissue (35-40% of the bone mass) remains
on the bones. It must be further separated to obtain meat of mechanical collapse, which is a
paste-like mass without bones and cartilage. The mechanical separation of meat and bone
remains is carried out with the aim of obtaining protein-containing raw materials, in particular
mechanically separated poultry meat (MSM), similar in physical and chemical properties to
minced poultry, separated from bones manually. However, MSM contains a lot of bone and
connective tissue, bone marrow, and fat (Massingue et al., 2018).

MSM, obtained from a cooled carcass of poultry or its parts by the separation or
pressing in the form of a minced (paste-like) mass, has a standardized amount (not more than
0.6%) and the size of bone tissue (not more than 0.5 mm) and calcium (no more than 0.3%)
(Tasi¢ et al., 2017; Komrska et al., 2011). MSM contains up to 15% protein, making it a
popular ingredient in the production of emulsified products. Such minced meat is ideal as a
component of recipes, which reduces the cost of products both in combination with beef and
pork meat, and on its own. The including of 10-15% of mechanically separated turkey meat
in the recipes of emulsified meat-containing food products makes it possible to obtain food
products with high sensory parameters, which increases their consumer value (Al-Ghayat et
al., 2020; Laszkiewicz et al., 2021).

The authors (Bozhko et al., 2019a; Tischenko et al., 2019) evaluated the possibilities
of using mechanically separated turkey meat in the recipes of meat-containing chopped semi-
finished products and cooked sausages. Studies have shown that combining raw materials
from poultry meat of different levels of nutritional value allows to obtain meat-containing
systems with high functional and technological characteristics.

Along with this, the use of turkey MSM both for sale in the form of minced meat and
as a recipe component has a number of negative aspects. According to (Ribeiro et al., 2019;
Trindade et al., 2008), the main problem of MSM is its tendency to spontaneous autoxidation,
which can be observed already on the first day of storage, causing undesirable changes later.

Substances formed during the oxidation of lipids not only deteriorate the quality
characteristics of meat products, but are also capable of causing significant harm to human
health (Pérez-Palacios et al., 2020). Furthermore, low microbiological resistance and a
specific red color (from bright to dark) are reported, which is due to technological factors of
production and biochemical properties of MSM turkey (Takacs et al., 2020; Wu et al., 2022).

Changes that impair the quality and safety of MSM and meat products using it can be
limited by the application of antioxidants and preservatives. However, due to the distrust of
consumers in the use of synthetic additives in the production of food products, the search for
the possibility of replacing them with plant ingredients with proven antioxidant and
antibacterial properties is being conducted (Ivanov et al., 2021; Munekata et al., 2020;
Stabnikova et al., 2021). Ingredients such as dried and ground herbs, as well as essential oils
or extracts obtained using various solvents, can be incorporated into meat products in a
variety of forms (Estévez, 2021; Pateiro et al., 2021).

The aim of the research was to study the effect of natural antioxidants, namely, black
chokeberry extract; cranberry extract; blackcurrant leaf extract to slow down the oxidation
processes in the turkey MSM fat complex during its storage.
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Materials and methods
Experimental design

The subject of the research was mechanical separated turkey meat. To study the effect
of natural antioxidants on the oxidative and hydrolytic deterioration of fat in MSM turkey,
selected plant extracts were added to freshly prepared minced meat (t = 0 - +4°C) during
mixing on a high-speed cutter (GoodFood C6VV). The selection of the natural antioxidants
concentration was carried out based on the results of previous studies and literature data.

As antioxidants, commercial plant extracts, such as black chokeberry (Aronia
melanocarpa) pomace extract (EBCP); extract from cranberry (Vaccinium oxycoccus)
pomace (ECP); black currant (Ribes grum L.) leaf extract (EBCL) were used in the study
(Figure 1).

Figure 1. Black chokeberry (a); cranberry (b), and blackcurrant leaf (c)

The extracts were added in the amounts of 0.02% or 0.03% to the mass of raw materials
for the experimental samples of minced meat. A sample of minced meat without the addition
of an antioxidant was used as a control. The prepared samples were stored at a temperature
minus 18 °C for 60 days.

Determination of moisture content

Moisture content was determined by the method of drying (ISO 1442, 2008). 5 g of the
sample was placed in a container, dried for 1 hour at 150°C.

Determination of raw protein content

Protein measurements were performed using the Kjeldahl method (ISO 937, 2007). 5 g
of homogeneous fillet with 20 mL of concentrated sulfuric acid and 8 g of catalysts were
placed in a special container and then heated at 350 °C for 30 min. After mineralization, the
sample was quantitatively transferred to a solution of NaOH at a concentration of 33%,
sealed, and distilled off with the steam. The resulting steam distillate was transferred to a
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container containing several drops of the Tashiro indicator. The titration was performed with
a solution of 0.01 N sulfuric acid.

Determination of raw fat content

Content of total fat was determined by the Soxhlet method (ISO 1443, 2008). 4 g of the
dried sample in a paper cartridge was placed in an extraction flask of a Soxhlet apparatus.
Petroleum ether with a boiling point of 45 °C was used for the extraction. After multiple
extractions, the constant weight of the test cartridge was determined. The difference between
the initial and final weight shows the percentage of fat.

Determination of ash content

Ash content was determined by heating sample overnight at 520°C in a muffle furnace.
The sample was weighed before and after heating to determine the content of ash. The ash
content was calculated by the formula:

Ash:Mash/MdryX 100, (1)
where Mg, is the mass of the ashed sample, Mgy is the initial mass of the dried sample.

Lipid oxidation determined by acid value, peroxide value, and the content of
thiobarbituric acid reactive substances

The acid value was determined by the batch titration with sodium hydroxide in the
concentration in the presence of phenolphthalein alcohol solution (Bozhko et al., 2019b). 3—
5 g of the sample was weighted in the conic retort with the volume of 150-200 cm? with the
error of no more than 0.001 g. The batch was heated on the water bath and, after the addition
of 50 cm® of neutralized ether-alcohol mixture, was shaken. Then 3-5 drops of
phenolphthalein alcohol solution with the mass share of 1 % were added. The received
solution while shaking was titrated fast with potassium hydroxide solution with the molar
concentration 0.1 mol/dm?® until the distinct rose coloration appeared and kept for 1 min. The
acid value was calculated by the formula:

X = (VxKx5.61)/m, )
where V is volume of potassium hydroxide solution, with the molar concentration 0.1
mol/dm?, used for titration; K is correction to alkali solution for recalculation on the distinct
(0.1 mol/dm?®) one; 5.61 is number of milligrams of potassium hydroxide, contained in 1 cm?
(0.1 mol/dm?3) of solution; m is forcemeat batch mass, g.

The method of peroxide value determination is based on the batch extraction by the
mixture of chloroform and icy acetic acid and further titration by the sodium hyposulfite
solution with the previously added starch solution (Bozhko et al., 2019b). 0.8-1.0 g of a
batch, weighted with accuracy of no more than 0.0002 g were placed in the conic retort with
the stopper, melt on the water bath and 10 cm3 of chloroform and 10 cm? of icy acetic acid
were gently poured on the retort sides. 0.5 cm3of saturated, freshly prepared potassium iodine
solution was quickly added. The retort was closed with the stopper; the content was mixed
by turning movements and put into the dark place for 3 minutes. Then 100 cm? of distilled
water with the previously added 1 cm? of starch solution with the mass share of 1% was
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gently poured into the retort. After that it was titrated with sodium hyposulfite solution with
the molar concentration of 0.01 mol/dm? until the blue color will disappear.

To verify the clearness of reagents the control determination without a batch was
realized. The peroxide value was calculated by the formula:

X = (V-V1) xKx0.00127x100/m, 3)

where V is a volume of sodium hyposulfite solution with the molar concentration 0,01
mol/dm?, used for titration in the main experiment with the forcemeat batch, cm?; V1 is a
volume of sodium hyposulfite solution (0.01 mol/dm?), used for titration in the control
experiment without a forcemeat batch, cm?; K is coefficient of correction to sodium
hyposulfite for recalculation on the distinct (0.01 mol/dm?) solution; 0.00127 is a number of
grams of iodine, equivalent to 1 cm®(0.01 mol/dm?) of sodium hyposulfite; m is a mass of
the studied forcemeat batch, g.

The content of thiobarbituric acid reactive substances was determined by measuring the
coloration intensity of the mixture of the studied sample distillate and thiobarbituric acid
solution (1:1) after 35 minutes on the water bath on the spectrophotocolorimeter “Spexol-11"
(Germany) at the wave length 535 nm (Bozhko et al., 2020). 50 g of forcemeat batch were
put into the porcelain mortar, 50 cm?® of distilled water were measured by the glass cylinder,
added to the mortar and ground with the pestle into the uniform mixture. The prepared sample
was quantitatively transferred into Kjeldahl retort, remains were washed away from the
mortar with 47.5 cm? of distilled water and then 2.5 cm® of hydrochloric acid were added.
The distillation was carried out in Kjeldahl apparatus, collecting 50 cm®of distillate in the
volumetric flask. 5 cm? of distillate were taken, poured into the retort with the fitted stopper.
After the addition of 5 cm3 of thiobarbituric acid, the retort was closed with the fitted stopper
and heated on the boiling water bath for 35 min. Simultaneously, the control was hold, using
5 cm?® of distilled water instead of the distillate. Then the solutions were cooled in the cold
running water for 10 min, and the optic density at the wave length of 53510 nm as to the
control solution was measured.

The content of thiobarbituric acid reactive substances, mg of MA (malonic aldehyde)/kg
of the product, was calculated by the formula:

X=Dx17.8, 4
where D is an optic density of the solution; 7.8 is a coefficient of proportional dependency
of MA density on its concentration in the solution. This coefficient is a permanent value.
Statistical analysis
The absolute error of measurements was determined by Student criterion, the reliable

interval P = 0.95, the number of repetitions in calculations was 3—4, the number of parallel
tests of studied samples was 3.
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Results and discussion

The characteristics of turkey MSM is shown in Table 1.
Table 1
Characteristics of turkey MSM

Sample Mousture, % | Protein, % | Fat, % Ash, %
MSM of turkey | 67.83+1.10 | 14.224+0.97 | 17.3+0.64 | 0.50+0,01

The moisture content in mechanically separated turkey meat was 67.83+£1.10% that
meets the standardized requirements for moisture content less than 70% in MSM. It was
found that the mass fraction of crude protein in turkey MSM was 14.22+0.97%, which meets
a standard that defines the protein content in MSM not lower than 12%. The fat content in
turkey MSM corresponded to the standard and was 17.3+£0.64%. A sufficiently high content
of protein and fat increases the risk of oxidative deterioration of MSM during the sale of both
a separate product and as an ingredient for the production of other meat products.

It has been found that the fatty acid profile of turkey MSM is further formed from lipids
present in bone marrow and bone tissue, subcutaneous adipose tissue, skin and abdominal fat
(Huang et al., 2019). The higher content of polyunsaturated fats in the fat fraction is due to
their intake from bone particles and the spinal cord. Unsaturation of fat determines the degree
of its reactivity to oxygen and free radical oxidation (Piissa et al., 2009).

Furthermore, MSM contains heme pigments that are involved in the catalysis of lipid
oxidation associated with the formation of highly reactive heme pigment derivatives such as
non-protein bound heme iron (hemin, hematin, and heme) and hypervalent heme pigments
(Yin etal., 2017). The quality of raw meat is important for the oxidative change of meat after
cooking, because primary oxidation products or oxidized lipids from raw meat can continue
the oxidation process after heat treatment. The formation of free fatty acids in raw materials,
which are formed as a result of hydrolytic deterioration of fats, was determined by the acid
value during storage of turkey MSM without plant antioxidants and with plant extracts added
to a content of 0.2% (Table 2).

Table 2
Dynamics of the acid value of turkey MSM with 0.2% of plant extracts
during the storage, mg KOH

Storage time, weeks | Control sample | EBCP0.2 | ECP0.2 | EBCLO0.2

0 0.25+0.07 0.25+0.02 | 0.25+0.11 | 0.25+0.01
0.41+0.07 0.26+0.11 | 0.27+0.03 | 0.39+0.03
0.61+0.03 0.31+0.03 | 0.30+0.11 | 0.51+0.01
0.98+0.04 0.31+0.03 | 0.32+0.07 | 0.90+0.03
1.87+0.03 0.35+0.03 | 0.44+0.20 | 1.65+0.53
2.07+0.02 0.37+0.11 | 0.71+0.11 | 1.78+0.06
2.31+0.01 0.42+0.03 | 0.73+0.01 | 2.09+0.08
2.31+0.07 0.49+0.13 | 0.78+0.01 | 2.31+0.07
3.43+0.02 0.52+0.01 | 0.78+0.17 | 2.37+0.03
9 3.81+0.02 0.52+0.01 | 0.80+0.07 | 2.89+0.02

Note: EBCP is extract of black chokeberry pomace; ECP is extract of cranberry pomace;
EBCL is extract of black currant leaves.
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The analysis of obtained data showed that in the control sample, the intensity of
hydrolytic processes in the lipid fraction of turkey MSM has more pronounced dynamics
compared to the experimental ones. After one month of turkey MSM storage in the frozen
state, the concentration of free fatty acids as a result of fat hydrolysis in the sample without
antioxidants increased by 7.48 times and amounted to 1.87+0.03 mg of KOH. In experimental
samples with a concentration of plant extracts of 0.2%, this indicator ranged from 1.65 to
0.35 mg of KOH. It was shown that addition of black chokeberry or cranberry pomace
extracts slowed down the hydrolytic changes in sample fats by 81.20 and 76.47%,
respectively. This is explained by the high concentration of phenolic substances contained in
high amounts in the peel of the berries (Gramza-Michatowska et al., 2019; Sidor et al., 2019;
Stabnikova et al., 2021).

Until the end of the storage period, the observed trend remained. Slowing down of
hydrolytic processes in the fat of turkey MSM at the beginning led to inhibition of the
formation of free fatty acids during the entire experimental period. At the end of the
experiment, the concentration of free fatty acids in the control was the highest and amounted
to 3.81+0.02 mg KOH, which is by 131.83% higher than in the EBCLO0.2 sample, 4.76 times
higher than in the ECP0.2 sample, and 7.33 times higher than in sample EBCPO0.2. The lowest
effectiveness of the antioxidant preparation EBCL is explained by the lower content of
biologically active phenols (D’Urso et al., 2020).

Table 3 presents the results of the study of the acid value dynamics during storage of
turkey MSM without plant antioxidants and with plant extracts added to a content of 0.3%.

Table 3
Dynamics of the acid value of turkey MSM with 03 % of plant extracts during the storage, mg
KOH
Storage time, weeks | Control EBCP0.3 | ECP0.3 | EBCLO0.3
0 0.25+0.07 | 0.25+0.11 | 0.25+0.11 | 0.25+0.03
1 0.41+0.07 | 0.26+0.11 | 0.27+0.01 | 0.38+0.03
2 0.61+0.03 | 0.31+0.11 | 0.32+0.13 | 0.47+0.17
3 0.98+0.37 | 0.32+0.11 | 0.33+0.03 | 0.66+0.07
4 1.87+0.03 | 0.33+0.03 | 0.40+0.11 | 0.93+0.07
5 2.07+0.016 | 0.36+0,07 | 0.66+0.27 | 1.27+0.03
6 2.31+0.007 | 0.38+0.01 | 0.73+0.13 | 1.68+0.11
7 2.31+0.07 | 0.40+0.01 | 0.74+0.03 | 1.87+0.07
8 3.43+0.17 | 0.46+0.01 | 0.76+0.07 | 2.24+0.18
9 3.81+0.16 | 0.50+0.01 | 0.78+0.13 | 2.51+0.17

Note: EBCP is extract of black chokeberry pomace; ECP is extract of cranberry pomace;
EBCL is extract of black currant leaves.

The hydrolytic degradation of MSM turkey fat increased over time. However, plant
extracts inhibited the process of splitting fatty acids from triglycerides. An increase in
concentration led to a more intense inhibition of fat hydrolysis, but the effectiveness of
antioxidant drugs was different.
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At the end of the storage period, the concentration of the experimental samples ranged
from 2.5140.17 to 0.50+0.01 mg of KOH. The most effective antioxidant at a concentration
of 0.3% was black chokeberry extract: the intensity of fat hydrolysis in the EBCKO0.3 sample
was 0.50+0.01 mg of KOH, which slowed down the first stage of lipid oxidation of turkey
MSM by 7.62 times. However, the difference between the effectiveness of black chokeberry
extract added to turkey MSM to the content of 0.2% and 0.3% is practically absent. The
situation with other antioxidants was similar.

Table 4 presents the results of the peroxide value dynamics during the storage of turkey
MSM with plant extracts added to a content of 0.2%.

Table 4
Dynamics of the peroxide value of turkey MSM with 0.2% of plant extracts
during the storage, J, %

Storage time, weeks

Control

EBCPO0.2

ECPO0.2

EBCLO0.2

0.015+0.001

0.015+0.001

0.014+0.001

0.015+0.001

0.017+0.010

0.015+0.001

0.0174+0.007

0.016+0.001

0.029+0.003

0.027+0.001

0.019+0.070

0.019+0.030

0.300+0.070

0.039+0.001

0.022+0.001

0.022+0.010

0.039+0.001

0.039+0.001

0.023+0.003

0.044+0.010

0.063+0.005

0.040+0.001

0.036+0.001

0.0614+0.017

0.082+0.001

0.043+0.003

0.048+0.001

0.076+0.007

0.092+0.030

0.055+0.001

0.050+0.040

0.081+0.030

N[O B(WIN O

0.097+0.001

0.059+0.003

0.510+0.001

0.086+0.010

9

0.103+0.030

0.060+0.001

0.057+0.001

0.090+0.001

Note: EBCP is extract of black chokeberry pomace; ECP is extract of cranberry pomace; EBCL is
extract of black currant leaves.

During the storage of turkey MSM, deep processes of lipid oxidation occur, which is
confirmed by a gradual increase in the peroxidation number. Lipid oxidation is a free radical
chain reaction that proceeds through the general stages of initiation, propagation, and
termination (Kalogianni etal., 2020). However, many secondary and tertiary products formed
by free radical reactions are also reactive and covalently react with surrounding components,
enhancing the effects of lipid oxidation (Zamora et al., 2016). This leads to the accumulation
of peroxide compounds and the growth of peroxide value. Thus, in the control sample without
antioxidants, during the storage period, peroxide value increased intensively and at the end
of the experimental period reached 0.103+0.030 J, %, which is 12.62-44.66 % higher
compared to the experimental samples. The addition of black chokeberry and cranberry
extracts at a content of 0.2% contributed to the reduction of peroxide value after two months
of turkey MSM storage to 0.057-0.060 J, %, which almost halved the synthesis of peroxides
in the product.

Table 5 presents the results of the peroxide value dynamics during the storage of turkey
MSM with plant extracts added to a content of 0.3 %.
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Table 5
Dynamics of the peroxide value of turkey MSM with
0.3% of plant extracts during the storage, J> %

Storage time, week Control EBCP0.3 ECPO0.3 EBCLO0.3
0 0.0154+0.001 | 0.015+0.00 | 0.015+0.001 | 0.015+0.001
1 0.017+0.010 | 0.015+0.007 | 0.017+0.001 | 0.017+0.010
2 0.029+0.003 | 0.026+0.001 | 0.020+0.010 | 0.020+0.010
3 0.300+0.070 | 0.026+0.003 | 0.024+0.003 | 0.023+0.003
4 0.039+0.001 | 0.030+0.001 | 0.026+0.001 | 0.030+0.010
5 0.063+0.005 | 0.038+0.001 | 0.033+0.001 | 0.046+0.070
6 0.082+0.001 | 0.039+0,01 | 0.041+0.001 | 0.059+0.001
7 0.0924+0.030 | 0.049+0,01 | 0.048+0.030 | 0.061+0.001
8 0.097+0.001 | 0.050+0,001 | 0.054+0.010 | 0.071£0.010
9 0.103+0.030 | 0.054+0.010 | 0.057+0.001 | 0.083+0.003

Note: EBCP is extract of black chokeberry pomace; ECP is extract of cranberry
pomace; EBCL is extract of black currant leaves.

The most effective antioxidant at a content of 0.3% was black chokeberry extract. The
content of peroxidation products of turkey MSM lipids at the end of storage was 0.054+0.010
J2 %, which is by 47.57% lower compared to the control. Cranberry pomace extract at a
content 0.3% had practically the same effectiveness.

The peroxide value in sample ECP0.3 after 9 weeks of MSM storage was 0.057+0.001
J2%, which is by 44.66% lower than in the control sample.

This effect is explained by the presence of flavonoids in black chokeberry and cranberry
pomace extracts. It is known that the high content of flavonoids has a powerful antioxidant
effect in vitro (North et al., 2019). Flavonoids are able to absorb a wide range of active forms
of oxygen, active forms of nitrogen and chlorine, such as superoxide, hydroxyl and peroxyl
radicals. Unlike berry extracts, blackcurrant leaves extract contains a low concentration of
flavonoids, mainly gallic acid, quercetin glycoside, and kaempferol glycoside (Nowak et al.,
2016), which explains its weak antioxidant effect.

The thiobarbituric acid reactive substances value is one of the most commonly used
parameters to detect lipid oxidation in meat and meat products (Soji¢ et al., 2019).
Thiobarbituric acid reactive substances values at the end of storage of turkey MSM added
with different amounts plant extracts are shown in Figure 2.

The effect of different plant extracts on the content of thiobarbituric acid reactive
substances in turkey MSM were statistically significant (p<0.05). Accumulation of
malonaldehyde, which is formed as a result of peroxide degradation, occurred intensively in
turkey MSM without the addition of antioxidants. At the end of the storage period, the content
of thiobarbituric acid reactive substances in this sample was 0.94+0.18 MA mg/kg. In
experimental samples with plant extracts, the level of secondary lipid oxidation products was
significantly lower. It was established that the most effective antioxidants were black
chokeberry extract and cranberry extract.The content of thiobarbituric acid reactive
substances in turkey MSM with these extracts at the end of the storage period was 0.57-0.61
MA mg/kg, which is 35.10-39.36% lower compared to the control sample. At the same time,
the concentration of antioxidants in the range if 0.2-0.3 % practically did not affect the final
result.
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EBCLO.3 ] 0.81
ECPO0.3 ] 0.59
EBCPO0.3 ] 0.61
EBCLO.2 ] 0.87
ECPO0.2 ] 0.59
EBCPO0.2 ] 0.57
C ] 0.94
0 0.2 0.4 0.6 0.8 1

Figure 2. The content of thiobarbituric acid reactive substances in turkey MSM with plant
extracts, MA mg/kg: EBCP is extract of black chokeberry pomace; ECP is extract of cranberry
pomace; EBCL is extract of black currant leaves; C is control without plant extracts

It is known that the presence of proanthocyanins in black chokeberry and cranberry
berries inhibits the formation of secondary lipid oxidation products (Denev et al., 2019). The
concentration of substances reacting with thiobarbituric acid in samples with blackcurrant
leaves extract was 0.81-0.87 MA mg/kg, which is 7.45-13.83% lower than in the control.
This extract had a lower efficiency compared to other drugs, which is confirmed by (Ziobron
et al., 2021).

Conclusions

1. It has been confirmed that the turkey MSM of Ukrainian production meets the
regulatory requirements in terms of chemical composition. However, the relatively high
content of protein, 14.224+0.97 %, and fat, 17.3+0.64 %, increases the risk of oxidative
deterioration of turkey MSM during the sale and frozen storage.

2. It was shown that addition of plant extracts to turkey MSM decreased its oxidative
deterioration during the frozen storage.

3. Addition of the extracts from black chokeberry or cranberry pomace slowed down the
hydrolytic changes in fats by 81.20 and 76.47%, respectively, which may be explained
by the high content of phenolic substances contained in the skin of the berries.

4. During the frozen storage of turkey MSM, deep processes of lipid oxidation occur,
which has been confirmed by a gradual increase of the peroxide value. The addition of
black chokeberry and cranberry extracts in amount of 0.2% to raw materials contributed
to the reduction of peroxide value after two months of storage of turkey MSM to 0.057—
0.060 J; %, which almost halved the formation of peroxides in the control.

5. It was shown that the level of secondary lipid oxidation products was significantly lower
in experimental samples with plant extracts. The most effective antioxidants were black
chokeberry and cranberry pomace extracts. The content of thiobarbituric acid reactive
substances in turkey MSM with plant extracts at the end of the storage period was 0.57—
0.61 MA mg/kg, which was by 35.10-39.36% lower compared to the control sample.
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Introduction. The research is devoted to the determination of
effective display frequency of advertised communication messages to
consumers in representative samples of the brewing industry to
optimize the media budget.

Materials and methods. The study is based on the scientific
research of scientists on the development of beer market and digital
economy, theories of advertisement message frequency, marketing
research of brewing enterprises and their brands to determine the
minimum range of effectiveness of advertised messages to beer
consumers.

Results and discussions. The frequency of displaying the
communication message determines not only the effectiveness of
appeals to the consumer, but also spending on media budget, however,
currently there is no single point of view to this problem in scientific
research. Both an insufficient amount of appeals and an excessive
frequency lead to insufficient budget using. Effective frequency of the
message influences not only on consumer’s purchasing behaviour and
indicators of brand’s health but also allows to optimize media budget.
Certainly, most media planners use the effective frequency strategy
«three plusy.

In order to determine the frequency of communication with
consumers for instruments of online-advancement of beer the modified
Matrix of Ostrow is given. The blocks of factors of influence on beer
promotion on the consumer market are improved, they are «Market
factors», «Factors of quality of advertisement message», «General
media factors». «Online media factors» block is added, where such
indexes as description of placement the resources, use of social media,
use of video formats, use of non-standard displays and formats,
coverage of media channel, type of placement, accordance to general
content of campaign are considered.

Adaptation of the improved matrix took place on the example of the
most beer brands of the market, for this reason the effective frequency
of repetition of communication message and comparing to actual is
carried out, that allowed to group brands into 4 groups from position
of strategy of further charges to placement of advertised messages in
the Internet.

Conclusions. For planning the frequency of communication
messages it is suggested to use the adapted matrix for determination
the effective frequency communication with consumers of beer brands
in order to optimize the media market.
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Introduction

The analysis of the development of the brewery industry showed signs of
globalisation of the beer market and its digitalization (Madsen and Wu, 2016). Part of the
international beer market is the brewing industry of Ukraine, which produces more than
400 types of beer products and supplies them to 42 countries of the world (Pryimachuk et
al., 2018). The transaction of many beer brands from the regional market to the global
market also requires the formation of a complex of online marketing communication and
product branding. Therefore, the optimization of advertising costs in digital media for the
promotion of brewing products is one of the most pressing issues today.

In the modern world every producer uses the advertisement for presentation of his/
her commodity or services to the potential consumers. Allocation of charges on searching
on-line-advertisement in 2020 was: Australia, $4.5 milliards, France, $3.1 milliard,
Germany, $4.7 milliards, Ireland, $427 million, England, $10.8 milliards, USA, $60.9
milliards. In terms of growth, all countries have seen significant increases in the costs of
digital advertising, with COVID-19 representing a small deviation in the general trend.
For example, Ireland saw the digital advertising spend in the Irish market for 2019 rise by
17% to reach EUR 673 million. In France, 2018 saw digital becoming the leading medium
for advertising sales (40%), compared with 27% for television (Fourberg et al, 2021).

Researches of eMarketer (Cramer - Flood, 2021) show that world charges on an
advertisement in 2021 was about $491, 70 milliards, charges on digital advertisement -
$146, 12 milliards. Google has about 38% of all global increase of charges on digital
advertisement. Researches of eMarketer (Cramer - Flood, 2021) show that world charges
on an advertisement in 2021 was about $491, 70 milliards, charges on digital
advertisement - $146, 12 milliards. Google has about 38% of all global increase of charges
on digital advertisement.

The excessive number of impressions sent to the user by the advertisers cause the
users to get annoyed with products they are not interested in. At the same time, it causes
the advertiser to waste vast amounts of money. For this reason optimization of a great
amount of advertising requests to the potential consumers, many scientists and practical
workers are engaged in (Chu et al., 2012; Leguina et al., 2021; Schmidt et al., 2015).

Traditionally, one of the basic instruments for media planning are coverage and
frequency. Questioning of advertisement practical workers showed that coverage and
frequency had come forward as major factors at the choice of mass media (Kreshel et al.,
1985, Cheong et al., 2010).

The analysis of effective coverage and effective frequency shows two points of view
to the same question. Effective frequency shows, how many displays are needed, that the
advertisement became «effectiven; effective coverage concerns amounts of people, which
are exposed to influence on this level (Cannon, 1994).

Importance of frequency as one of indexes of media planning was marked by many
researchers (Cannon et al., 2002; Cheong et al., 2010; Jeong et al., 2011; Makienko,
2012;). It is related foremost to psychological bases of advertisement, in particular, with
memorizing, that in the conditions of strengthening of general informative clutter and
changes of consumer’s behaviour of the content (decline of threshold of attention, time
reduction of focus on the message, clip-like thinking and perception) acquires special
importance.

In order to achieve the goal of advertising, to optimize the advertising budget by
determining the optimal number of effective contacts with potential customers, it is
important to determine the frequency saturation of advertising (advertising saturation
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frequency) which determines the optimal number of repetitions of an advertising message
necessary to achieve a certain level of awareness of its target audience. It is important to
ensure that the message is displayed enough times for potential customers to understand
it and remember it, while at the same time not annoying them with an excessive frequency
of advertising, so that they do not get tired of repetitions and do not feel a negative attitude
towards advertising. Thus, achieving the optimal number of effective contacts will ensure
the maximum effectiveness of the advertising campaign.

Last years the internet became a basic environment for advertisers. Mass media and
form of advertisement are developing quickly, and the models of consumption of media
continue to change (Cheong et al., 2010), that is why efficiency of media planning and
determination of frequency of communication in digital epoch grows only.

Presently there is plenty of models by means of that media planners can define
optimal frequency for different media (Cheong, 2010; Leckenby and Kim, 1994;
Leckenby and Hong, 1998). However, even computer-assisted models helped to decide
this question (Makienko, 2012), as optimization mainly depends on the price for display
and does not take into account many quality factors (Ephron, 1998).

These factors were first presented by Joseph Ostrow, he is the author of one of the
methods of determination of effective frequency of communication. In particular, the
matrix of Ostrow comes forward as a practical method of determination the effective
frequency for advertisement message that allows to analyse 20 factors that is divided into
three groups (Ostrow, 1984).

It should be noted that the list of factors and specific of their grouping in a greater
measure answer the specific of off-line advancement instruments and does not take into
account the features of application of instruments of on-line advancement in the Internet-
environment, and also work directly with alcoholic brands (including beer) in the
conditions of present legislative limitations of advertisement and communication activity
of the enterprises-producers. Therefore, the aim of the research is the development of
adapted under the specific of the use of instruments of on-line-advancement and of
advertisement and communication work in the conditions of Dark market matrix with the
aim of determination the effective frequency of communication.

Materials and methods
Materials

To achieve the goals of the research, literary sources were elaborated on the
development of the beer market and the digital economy (Madsen and Wu, 2016;
Pryimachuk et all, 2018; Fourberg et al, 2021; Cramer-Flood, 2021), on the relevance of
the frequenc of the advertising message (Cannon, 2002; Cheong, 2010; Chu et al, 2012;
Jeong 2011; Kreshel, 1985; Leguina et al, 2021; Makienko, 2012; Schmidt and Eisend,
2015), basic theories of the frequency of advertising messages (Cannon, 1994; Heath,
2012; Krugman, 1972; McDonald, 1970; Naples, 1997; Stewart, 1989).The study of the
scientific researches (Aslam et al, 2021; Betancur et al 2020; Cortinas et al, 2019;
Makienko, 2012; Ostrow, 1984; Watrobski et al, 2016; Yasmin et al, 2015), made it
possible to modify the Ostrow matrix for determining the frequency of an advertising
message CCsconsumers when promoting beer online. The subjects of the research were
the brands of major beer producers, which 80% of the consumer market of Ukraine: PJSC
“Carlsberg Ukraine”, which belongs to the Carlsberg Group (Denmark), PJSC «ABinBev
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Ukraine» which is the part of Anheuser-Busch InBev (Belgium), PJSC «Obolon»
(Ukraine), LLC «TPC «PPB») which is the part of the international holding (Ukraine,
Germany, Kazakhstan). The modified matrix was tested on a representative sample of 15
beer brands that is included in the assortment portfolio of the presented largest Ukrainian
beer producers.

Methods

The research carried out a literature review, used a systematic approach to determine
the blocks of the modified matrix for determining the effectiveness frequency of
communication on the Internet, applied methods of statistical analysis, generalization and
comparison, to study the planned and actual frequency of communication for online
promotion instruments of the largest beer brands of the Ukrainian market and the division
of brands into groups from the standpoint of the strategy of further spending on
advertising on the Internet, the obtained conclusions are based on the methods of scientific
interpretation and systematization.

Results and discussion
Theoretical approach of effective frequency of communication message

The effective frequency concept suggests that for nearly all products there exists an
optimal number of advertising exposures below which no or little effect is observed, and
above which advertising effectiveness demonstrates diminishing return (Stewart, 1989).
Conception of effective frequency planning (EFP) for a long time was the dominant
paradigm of media planning. In particular, conception was set the effective level of
frequency as three displays and it was marked on importance of reiteration of the message,
as one coverage without reiterations will not result in sales (Naples, 1997).

Such amount of displays is related to the reason that between the revision of
advertisement content and directly purchase passes set time that is why it is needed, if a
consumer remembered the message near the shelf exactly in the moment of decision-
making about purchase. The theory of the psychology of the learning process states that
in order to remember information and move to the formation of habits, this process must
be repeated several times — on average 3 times. American psychologist Herbert Simon
(Simon, 1978) believed that a person usually remember information after about 3-5
repetitions. Although this statement is not absolutely accurate in all cases, because the
number of repetitions necessary for learning and forming a habit can be different for
different people and different situations, it can be useful in planning the process of
learning and learning new advertising information.

According to the research of Krugman (1972) most advertisements are reminders,
and the frequency of their display helps to be noticed by consumers at a critical moment.
Krugman emphasized that the first impression is unique and the second impression allows
you to assess the personal relevance of the advertisement. The third display is a true
reminder, which is why Krugman called for more frequent display.

Well-known scientists (Heath, 2012; Krugman, 1972; McDonald, 1970; Naples,
1979), who studied the effectiveness of the frequency of advertising, recommended its
repetition at least three times. They confirmed with research of the importance of
repeating an advertising message for effective memorization and habit formation, and also
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proved that the effectiveness of advertising depends not only on its frequency of display,
but also on its context, performance quality, target audience and other factors. Thus, often
the emotional impact of advertising on the consumer is more significant than the simple
repetition of the advertising message (Heath, 2012).

Effective «three plus» frequency strategy has been implemented by 90 percent of
advertisers of the packaged goods in the United States. Even today, this rule is very
popular (Makienko, 2012).

At the same time it should be noted that in the conditions of realities of modern
media market on classic frequency of F=3 is not always effective. First of all, it is related
to the dynamics of media space development and switching of users between different
media and such phenomenon as multi-screening that substantially influences on the
average rate.

These and other lacks of EFP are examined in such systems of media planning, as
the «Optimal frequency planning» (OFP) of 1994 and conception of «Frequency value
planning» (FVP) (Cannon et al., 1994; Cannon et al., 2002). The central idea of OFP and
FVP is to weight every level of exposure in the frequency distribution with the probability
that each level of advertising exposure will have impact on consumers, as demonstrated
by the advertising response curve (Cheong et al., 2010).

Schmidt and Eisend (2015) studied the amount of advertisement displays that
stimulate consumers to purchase. It is set that in experimental terms a consumer begins to
react on an advertisement appeal approximately after ten displays. Memorizing of
advertisement appeal grows and only after the 8™ contact with a consumer begins to level
off. In addition, it was found that the effect of repeating of advertisement appeal in course
of time results in reduction of emotional connection of consumer with brand and weaker
memorability of advertising appeal.

In research (Pedrefio-Santos et al., 2022) the connection between frequency and
memorability in a radio advertisement by the study of basic signs of coverage and
frequency is determined. In accordance with the results of the research the effective
frequency is the range from 4 to 17 displays (where 7 is optimal average value).

In the work (Naples, 1979) there is the results of the research on obtaining a negative
reaction due to the use of too many repetitions of communication message. There is even
a risk that due to the high level of frequency some consumers are able to forget all
advertising messages.

Zanuddin (2004) accents attention on the non-permanent display of communication
message to the consumers (within the limits of purchase cycle) brings an insignificant or
zero effect. Two contacts in the buying cycle are effective threshold. However three
displays in the buying cycle are considered optimal. At the same time exhaustion of
advertising campaigns takes place not only through superfluously high-frequency, but
also from problems with the text and content. Individual researches are required to find
frequency levels for each brand. Two brands that spend an equal sum on advertisement
can cause different reaction depending on frequency.

In turn there are researches, that show that show that there is no special difference
at frequency of messages of 1 time or 3 times. On interest and desire to purchase a
commodity Advertisement creativity has the greatest influence on interest and desire to
purchase the commodity (Budiawan of et al, 2017).

There are also researches that show, what factors of influence on the value of
advertisement: brand image, image in advertisement, frequency of advertisement. Finally,
this study found that advertising frequency influences consumers’ attitude towards
advertising. In addition, this study also found that higher frequency has higher influence
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on consumers’ attitude, which differs from the theory that higher frequency of advertising
has less effect because it bores the audience (Chu et al., 2012). Leguina et al. (2021)
offered methodology of determining the correct amount of advertisement displays,
maximize the efficiency of enterprise’s activity. Their methodology is based on
hypothesis that was confirmed experimentally: the more impressions the user receives,
the less probability, that he will become interested by the advertiser’s products. The
coefficient of cooperation that has the tendency to decrease as the number of impressions
received by the user increases is given.

Planning of frequency of advertisement campaign in the Internet, unlike standard of
off-line instruments (TV, external advertisement, radio, advertisement and advertisement
in print publications), is more difficult process, that is related to the specific of consumer’s
behaviour in the Internet (in particular, by difficulty of predicting the network user’s
movement scenario), by the different level of penetration in different age groups and
intersection of audiences of different resources, which is not always possible to accurately
predict. At the same time, online advertisement campaign planning has a number of
advantages that are not accessible for traditional media. For example, possibility of
advertisement message adaptation under the profile of Network audience (message or
accents and method of messages can differ between TV-content and by Internet-content),
possibility of having a special purpose of targeting and use of social engineering
technologies (translation of differentiated messages depending on social demographic and
psychographic characteristics of the audience). Similar technologies have been
successfully used in recent years by political technologies to deliver differentiated
communication messages to representatives of specific target audiences.

Improvement of matrix of Ostrow for the use taking into account the specific of
work with instruments of online-advancement

Among the existent methods of determination the effective frequency of
communication the matrix of Ostrow (Joseph W. Ostrow) is often used that allows to
analyse 20 factors which are divided into three groups (Ostrow, 1984):

—market factors (market reasons, such as popularity and position of brand at the
market, degree of loyalty to the brand, frequency of use/consumption of the product, part
of voice in clutter, key features of target audience);

—factors of quality of advertisement messages (indexes of quality of marketing
message, such as complication and unicity of the message, history of communication, type
of communication, variability, attrition and duration of the message);

—media factors (indexes that characterize competitive activity in advertisement,
degree of audience attention to the advertisement and characteristics of media placement
of the video) (Watrobski et al, 2016).

The method makes it possible to define the influence of factors according to the
specified three groups on the effectiveness of return from an advertisement, to digitize
them and as a result to define the minimum threshold of effective frequency for marketing
communication.

The analysis of author’s factors led to the conclusion that separate factors of matrix
are absolutely irrelevant for application in the analysis of brands that belong to the
commodities whose advertising is limited by the effect of Law of Ukraine «About an
advertisementy. In addition, some of the factors are impossible to use taking into account
the specifics of work with the instruments of on-line-advancement (Kapinus et al, 2020).
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With the aim of achievement the most effectiveness from the point of view of the
theoretical and practical providing of media planning process, it would be advisable to
adjust the list and formulations of factors and blocks that influence on the determination
of effective frequency of communication exactly for the instruments of on-line-
advancement of beer brands (Skrygun et al, 2016).

In particular, in research it is suggested to withdraw the «Market factors» of
evaluation of factors of duration cycle of purchase and frequency of consumption from
the block, as not relevant for the typical commaodities of FMCG group, which include
beverages in the Beer category. As a replacement it is proposed to introduce an indicator
that characterizes drinkability, id est the level of lightness of taste profile and can
indirectly indicate the frequency of consumption from the point of view of general
tendencies of beer consumption at the global market and at the market of Ukraine in
particular (Betancur et al, 2020).

The similar point of view is held by the researcher (Makienko, 2012) who noted that
factors of duration cycle of purchase and frequency of consumption were not relevant,
since each consumer make purchase decisions at different times, accordingly at the market
always present customers.

The factor of age (in particular, children’s) is proposed to be removed as it
contradicts the norms of the Law of Ukraine (About State Regulation). Instead, we
propose to include polar characteristics of target audience: traditionalists-innovators that
largely represent distribution not only on the profile of beer consumption of one or another
sort/of brand but also characterize a potential level of Network penetration.

From the block «Factors of quality of advertisement message» to withdraw the factor
of «duration of advertisement blocks», because this indicator is such, that it does not
sufficiently characterize the specificity of the instruments of on-line-advancement. There
are standard timings for all types of instruments of on-line-advancement the use of which
can at least partially guarantee the achievement of message r to the target audience and
increase probability of passage through the communication barriers of the Internet
(communication, filters, lack of audio and others like that) (Aslam et al., 2021).

Block consider «Mediafactors» consider it appropriate to rename into «General
media factors» (Betancur et al., 2020), because it would be methodically logical to
eliminate the following factors from the block: compliance of brand content with the
characteristics of medias and description of media channel coverage, since in general only
the Internet is consider; type of placement - through placement in one of media and
through the presence of more unfolded parameters of placement in the new block of
«Online media factors». It is proposed to replace the characteristics of the evaluation of
the number of channels with 1-2 channels and 3+ with more progressive and
corresponding to the latest media planning trends - Monochannel / Polychannel (360°)
(Cortinas et al., 2019).

Considering that online promaotion has some features that are determined by specific
indicators (Semenenko et al, 2019; Yasmin et al, 2015), it is advisable to add “Online
media factors” the following blocks:

—  characteristics of placement resources

— use of social media;

— use of banned advertising;

— use of video formats;

— use of non-standard manifestations and formats;
—  coverage of the media channel;
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—  type of placement;
—  compliance with the general content of the campaign.

It was considered that the evaluation of factors of additional block will give an
opportunity to conduct the quantitative subject digital analysis of the frequency of on-
line-advancement instruments, that, in turn, will give an opportunity to get reasonable
conclusions and form recommendations in relation to optimization effectiveness of media
planning process and, as a result, of media budget.

Thus, the main indicators of adapted matrix for determining the effectiveness of
frequency of communication message for the instrument of online-advancement of beer
brands can be interpreted as follows (basic indicators are close to the interpretations
(Ostrow, 1984) and added by authors in this edition. The general structure of the adapted
matrix for determining the effective communication frequency for instruments of online-
advancement of alcoholic / beer brands is shown in Figure 1.

— Market factors

— Factors of advertisement message quality

- General media factors

Blocks of the adapted matrix for
determining the effective communication
frequency for instruments of online-
advancement of alcoholic / beer brands

Online media factors

Figure 1. Blocks of the adapted matrix for determining the effective communication frequency
for instruments of online-advancement of alcoholic / beer brands

Detailed comment on the mechanics of the estimation factors in the sections of
blocks are given in Table 1.
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Table 1
Adapted matrix of determination of effective frequency of communication for instruments of
on-line-advancement of alcoholic / beer brands

o - Frequency .
Z Decrease in frequency correction Increase in frequency
Market factors

1 | Famous brand -2 | -1 1112 | Newbrand

2 | High market share -2 | -1 |1 ]2 | Low marketshare

3 E'r?r? dlevel of loyaltyto the -2 | -1 ] 1|2 ] Low level of loyalty to the brand

4 Drinkability profile of taste / 2l11112 undrinkable profile of taste/ not
frequent consumption frequent consumption

5 | Low share of voice is planned -2 | -1 | 1|2 | High share of voice is planned

6 | Target audience — innovators -2 | -1 |1 |2 | Targetaudience - traditionalists

Factors of advertisement message quality

7 Low complexity of advertising o111 ]2 High complexity of advertising
message message
High uniqueness, message Low uniqueness, message

8 -2 |-11]11]2
novelty novelty

9 | Old message -2 | -1 |1 |2 | New message

10 | Product communication -2 | -1 1|2 | Image communication

11 | Low variation of the message -2 | -1 | 1 | 2 | High variation of the message

12 High wear and tear of the 2l l12 Low wear and tear of the
message message

General media factors

13 Low activity of the competitors | o111 102 High activity of the competitors
(small clutter) (high clutter)

14 High _level of audience’s -2 | -1 |1 |2 | Low level of audience’s attention
attention

15 Limited amount of media 2 l1l1l2 Usin_g of increased number of
channels media channels

Online media factors

Determination of priority
16 | (thematic) resources for content | -2 | -1 |1 | 2
placement

Packed placement without
specifying the user profile

Lack of support of social

17 | Promotion in social networks -2 1-111]2 networks

18 Workywth banner -2 |-1111] 2 | Nobannerads
advertisement

Work with video formats

Lack of support for video formats

19| (vouTube) 2 -1 112 ] (vouTube)

20 Non-standard manifestations 2 l1l1l2 Lack of non-standard
and formats manifestations and formats

o1 | Placement on the resources that | ., | | 1 | , | Placement on the resources that
have high-frequency coverage have low-frequency coverage

22 | Constant presence of content -2 1-11(1|2 ;ﬁgﬁts;)nal» work or between TV
Connection with the content of Lack of connection with the

23 | other channels of -2 |-11]11] 2 | content of other channels of
communication communication

Source: given by authors
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Use of adapted matrix of Ostrow on the example of most brands of beer of
Ukraine

During 2020 in Internet-media such brands of beer (most from the point of view of
budget advancements in Network) were present:

- TM «Lvivske» (PJSC «Carlsberg Ukrainey);

- TM «Chernihivske» (PJSC «ABinBev Ukraine»);

- TM «Obolony» (PJSC «Obolony);

- TM «Zakarpatske» (LLC «TPC «PPB»);

- TM «Svizhyi rozlyv» (LLC «TPC «PPB»);

- TM «Baltyka» (PJSC «Carlsberg Ukraine»);

- TM «Bilyi vedmid» (PJSC «ABinBev Ukrainey);

- TM «STELLA ARTOIS» (PJSC «ABinBev Ukrainey);

- TM «TUBORG» (PJSC «Carlsberg Ukraine»);

- TM «HIKE» (PJSC «Obolony);

- TM «CORONA» (PJSC «ABinBev Ukraine»);

- TM «KRUSOVICE» (LLC «TPC «PPB);

- TM «KRONENBOURG 1664» (PJSC «Carlsberg Ukraine»);

- TM «HOEGAARDEN)» (PJSC«ABinBev Ukraine»);

- TM «SETH & RILEYS GARAGE» (PJSC «Carlsberg Ukraine»).

The above-mentioned trademarks used the different variants of communication mix
of instruments of on-line-advancement within the framework of brand strategy. Frequency
on which the brands worked with communication messages, in accordance with the
reports of independent media audit is given in Table 2.

As it is evidently from the results of audit the frequency of communication for most
brands of beer market, greater part of brands worked on midfrequency - 3. Rejection was
observed in the vast majority at actually less frequency of placing. For frequency
communication planning most brands of the market on the indexes of the level of beer
media budget of instruments of advancement will apply the adapted matrix for
determination of effective frequency of communications for instruments of on-line-
advancement. The consolidated information is generalized by authors in Table 3.

For better visualization of given results, a comparison of actual and estimated
communication frequency for instruments of online advancement is grouped in Table 4.

For conditional optimum it is possible to take frequency 3 that is considered as average
frequency from the point of view of achievement of desirable changes in purchasing
behaviour, aims of brand health charges of media budget which is supported by the research
(Krugman 1972; McDonald, 1970; Naples, 1979; Zanuddin, 2004). Exactly this frequency is
elected by most companies as such from that correlations of cost-effectiveness (8 from 15
brands by results of the audit of media indexes of advertisement campaigns in the Internet in
2020 p) expect optimally.

Use of offered by authors adapted matrix of determination of effective frequency of
communication for instruments of online-advancement allows to correct this index taking
into account influence of environment (market factors, factors of quality of advertisement
message, general media factors, on-line media factors). For conditional maximum accept
frequency 5 as such that is maximally recommended for work in any of media. Exceeding
through this limitation can lead to the formation of negative perception of the brand in the
consumer due to the increase in the comfortable number of branded paraphernalia and
inventory in the point of view of one specific representative of target audience. In addition,
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working at the frequency of 5+ actually means the irrational use of media budget, as it turns
a potentially desirable contact with content into noise and increase the possibility of passing
through advertising clutter which are supported by the research (Leguina et al, 2021; Naples,
1979).

In accordance with authorial methodology of the got results from the position of strategy
of further charges to placing in the Internet can be distinguished 4 groups of brands (Figure
3):

— «Group Optimum» —calculative efficiency coincides with actual; deviation is equal
10/.

— «Group Expenses» — calculative efficiency is less than than actual; deviation is more
or equal the value of /-1/;

— «Group Expenses +» — calculative efficiency is more than actual; deviation is in the
range of /1-2/;

— «Group Expenses 2+» — calculative efficiency is significantly larger than actual;
deviation is more than /2/.

Table 2
Planned and actual frequency of communication for instruments of online-advancement of most
beer brands of Ukrainian market on the index of media budget level, 2020

Frequency .
Brand / Trade mark Planned | Actual Deviation

TM «Lvivske» (PJSC «Carlsberg Ukrainey) 4 5 1
TM «Chernihivske» (PJSC «ABinBev Ukraine») 5 4 -1
TM «Obolon» (PJSC «Obolony) 3 3 0
TM «Zakarpatske» (LLC «TPC «PPB») 3 3 0
TM «Svizhyi rozlyv» (LLC «TPC «PPBy) 3 2 -1
TM «Baltyka» (PJSC «Carlsberg Ukrainey) 2 3 1
TM «Bilyi vedmid» (PJSC «ABinBev Ukrainey) 3 2 -1
TM «STELLA ARTOIS» (PJSC «ABinBev

) 3 3 0
Ukrainey)
TM «TUBORG» (PJSC «Carlsberg Ukrainey) 3 3 0
TM «HIKE» (PJSC «Obolony) 4 3 -1
TM «CORONA» (PJSC «ABinBev Ukraine») 3 3 0
TM «KRUSOVICE» (LLC «TPC «PPB») 3 2 -1
TM «KRONENBOURG 1664» (PJSC «Carlsberg 3 3 0
Ukrainey)
TM «<HOEGAARDEN» (PJSC«ABinBev Ukraine») 3 2 -1
TM «SETH & RILEYS GARAGE» (PJSC 4 4 0
«Carlsberg Ukrainey)

Source: summarised by authors according to the data of analytical agency Kwendi
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Table 3

Estimations of effective frequency of displays of communication messages through the

instruments of online-advancement of brands by the adapted methodology

Frequency correction

SAHTY % H1YS”»

-2
-2
-2
-2

-1

-2

-1

KNHAIVVDAOH» WL

-1(2

-2| 2

PO IDINOININOEN»

1111

-1(-2]1
1111

CHIIAOSOI»

211]2

-1(-11

«KYNOIOD”»

-1(-2[ 2

-2(2]2

CIIH”»

-1{1)1212)12](1

11141

-111

-1(-2]1

«Ddodn.r»

211]2

«SIOLYV VTT4dLS”»

-2[-2|-2|-2|-2[-2]|-2]|-2

-1(-2]2

2122

«PIWpPaA IK[1g»

-1(2]1

-1(1])1

-1(-2]1

111111

«eylieg»

211]2

-1)-1{2]2

«AK|Z01 1AYZIAS»

Market factors

-1{-2( 2

General media factors

Online media factors

-212]2

«oysyedreyez»

-1]11(1

;11141

-1(-2]1
;11141

«uojoqO»

-21-2(-2]-1|-1]-2(-2]|-1|-1]|-2|-2]-1

-2|-2(-2]-2|-2]-1|-1]-1[-1]|-1{-1]-1

-2|-2(-2]-2|-2]-1|-1]-1[-1]|-1{-1]-1

-2|-2(-2]|-2|-2|-2[-2]-2]|1|1]|1]|1

-211]2

-1]-1(1

CSAIYIUIYD»

Factors of advertisement message quality

-1(-2]2

2122

CD[SATAT»

-2(-2

-2(-2

-2(-2

-2(-2

21112 f1)1f{2)1|1|1]1f1]2|1]1

212121212]2]1

-1{1]1

-1(-1)-1(-1(-1)-1)-1)-1f{-1)-1[-1]-1{-1]-1

2

21131 )1|2|1]|1f{2[1f1]2])1]1
21|11 )1 )1|2|1|1f{2[1f1])]2])1]1
21212121212 2]|2[2[2[2[2]|2]2]2

212121212122 2[2[2[2[|2]|2]|2]2

({11111 )1j1f1j1f1)1f1]1]1

112

-1{1])1

-1 1

-2|-2(-1]-2|-2|-1|-2[-2|-1]|-2|-2|-1[-2]|-2]-1

-11-2]1
-1{1])1

1l2f(1]1)2|1|1|2]|1)1|2[1]1]2]1

2

(11111 )1j1f1j1f1)1f1]1]1

Jaguinu 101de4

5
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7

9
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Total| 4({3(3[4|3|4]4]|3|4]|4]|5|5[8([6]3

Source: created by authors
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Table 4

Comparison of actual and calculation effective of frequency of communication for instruments
of on-line-advancement

Actual Calculated
Brand / Trade mark frequenc effective Deviation | Group
g Y frequency

TM «Lvivske»

(PJSC «Carlsberg Ukraine») 5 4 Costs-
TM «Chernihivskey

(PJSC «ABinBev Ukraine») 4 3 Costs-
TM «Obolony ;
(PJSC «Obolony) 3 3 . Optimum
TM «Zakarpatske»

(LLC «TPC «PPB») 3 4 1 Costs+
TM «Svizhyi rozlyv»

(LLC «TPC «PPB») 2 3 1 Costs+
TM «Baltyka» (PJSC

«Carlsberg Ukraine») 3 4 1 Costs+
TM «Bilyi vedmid»

(PJSC «ABinBev Ukraine») 2 4 2 Costs*
TM «STELLA ARTOIS» 3 3 0 Optimum
(PJSC «ABinBev Ukraine») P

TM «TUBORG»

(PJSC «Carlsberg Ukraine») 3 4 1 Costs*
T™M «HIKE»

(PJSC «Obolony) 3 4 1 Costs+
TM «CORONA»

(PJSC «ABinBev Ukraine») 3 5 2 Costs*
TM «KRUSOVICE»

(LLC «TPC «PPBy) 2 5 e Costs 2+
TM «KRONENBOURG
1664» (PJSC «Carlsberg 3 8 Costs 2+
Ukrainey)
TM «<HOEGAARDEN»
(PJSC«ABinBev Ukraine») 2 6 Costs 2+
TM «SETH & RILEYS
GARAGE» 4 3 Costs-
(PJSC «Carlsberg Ukrainey)
Sourse: created by authors
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Figure 2. Comparison of actual and calculation effective of frequency of communication for
instruments of on-line-advancement
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55
Group Costs 2+ |
TM «KRONENBOURG 1664» F
45
TM «<HOEGAARDEN»
35

TM «KRUSOVICE»
2'5 . . .
TM «Bilyi vedmidy» T™ «CORONA»

Group Costs + |

Deviation

1.5 -

TM «Svizhyi rozlyv» M TUBORGy

—— TM «Baltyka»
05 m TM «Zakarpatske»
TM «Obolon» TM «STELLA ARTOIS» |
Optimum 2 3 4 5 6 7 8 q

-0.5
e TM «Chernihivske» TM «SETH & RILEYS GARAGE»

Group Costs -

Figure 3. Matrix of the optimal communication frequency level

Taking into account other initial indexes, in particular additional coverage (unique
displays), increase of the level of attention that influences both on communication and on
economic efficiency is forecast.

«Group Optimumy. As evidently from the results of analysis, TM «Obolon» (PJSC
«Obolony), TM «STELLA ARTOIS» (PJSC «ABinBev Ukrainey) are only trademarks, in
which the values of actual and calculative effective frequency that gives an opportunity to
talk about accordance of communication strategy to the general situation on the market and
fully takes into account the market, media and on-line media factors and factors of quality of
advertisement messages.

«Group Expenses-». TM «Lvivske» (PJSC «Carlsberg Ukraine») and TM
«Chernihivske» (PJSC «ABinBev Ukraine»), TM «SETH & RILEYS GARAGE» (PJSC
«Carlsberg Ukraine») are included in this group. The marked brands potentially can

—— Ukrainian Food Journal. 2022. Volume 11. Issue 4 643



—— Economics and Management ——

communicate with less frequency - id est to spend less money, but to keep the influence on a
consumer.

«Group Expenses +». Insufficient frequency of communication, taking into account all
terms and factors of environment, have TM «Zakarpatske» (LLC «TPC «PPBy»), TM
«Svizhyi rozlyv» (LLC «TPC «PPB»), TM «Baltyka» (PJSC «Carlsberg Ukraine»), TM
«TUBORG» (PJSC «Carlsberg Ukraine»), TM «HIKE» (PJSC «Obolon»), TM «Bilyi
vedmid» (PJSC «ABinBev Ukraine»), TM «CORONA» (PJSC «ABinBev Ukraine»). Id est
taking into account existing influence market, general, online-factors and factors of quality
of advertisement message, frequency must be higher. Aims still can be achieved by means of
the exceptionally use of instruments of on-line-advancement.

«Group Expenses 2+». Distant from optimal frequency have TM «KRUSOVICE»
(LLC «TPC «PPB»), TM «KRONENBOURG 1664» (PJSC «Carlsberg Ukraine»), TM
«HOEGAARDEN» (PJSC«ABinBev Ukraine»). Advancement of these brands exceptionally
with the use of instruments of on - line advancement is insufficient - even at the terms of
work on maximal frequency 5+, there is the requirement in additional contacts, id est for the
achievement of communication and market aims it is expedient to use other channels of
communications in media mix.

Using the obtained results, companies can optimize their media budget and increase the
effectiveness of appeals.

Conclusions

1. The concept of effective frequency is one of the most important concepts in media
planning, which allows you to determine the frequency of display of the advertising
message, to form a positive perception of beer brands among consumers and to
optimize the media budget for the promotion of beer brands both on the local market
and on the international market.

2. Toplan the frequency of advertised messages it is suggested to use the adapted Ostrow
matrix to determine the effective frequency of communication with consumers of
production of brewing industry. The “Market factors” block includes: market share of
the brewing industry, loyalty to the beer brand, beer taste profile, voice share, the
target audience of beer products, innovators and traditionalists. The block ‘Factors of
the quality of an advertising message includes: complexity of the marketing message
for beer consumers, uniqueness (novelty) of beer products; degree of novelty of beer
products, type of communication of beer producers, variability of the message, degree
of wear and duration. «General Media factors» consist of competitive activity,
Attention of audience of beer industry, Amount of channels. To the block of «Online
media factors» are: Description of resources of placing, Use of videos-formats, Use
of non-standard displays and formats, Scope of media channel, Type of placement,
Accordance to general content of campaign.

3. For most beer brands of Ukrainian market planned and actual frequency of
communication is investigational with the use of instruments of online-advancement
for increasing the communication effectiveness of the advertised message. The
effective frequency of displaying advertising messages to consumers in the
representative sample of the enterprises in the brewing industry was determined in
order to optimize the media budget.
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4. The modified Ostrow matrix proposed by the authors can be used to determine the
effective frequency of the advertised message not only for beer brands, but also for
adaptation for brands of other activities in the food industry.
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AHoTauii

XapuoBsi TexHosorii

Texnonoriuni ¢gyHkuii rigpo/1i30BaHOr0 KOHIEHTPATY CUPOBATKH Y CKJIa/li MOpO3UBa

Onekcanp Illeuenko’, Apryp Muxanepud?, Tanuna [omimgyk?,
Marnanesa bysasoBebka?, Oxcana bacc!, Vibaua baaypal
1 — Hayionanenuii ynisepcumem xapuosux mexnonoei, Kuis, Yxkpaina
2 — JXKewyecoruil ynisepcumem, Kewys, [lonvwa

Berynm. Vo ctaTTi TOCTIKEHO TMOKAa3HWKH SKOCTI MOPO3HMBa HEKHUPHOTO 3 PIZHUM
CIIBBIJIHOIICHHAM MiX I[yKPOM 1 TiPOJTI30BaHUM Ta HETIIPOJII30BAaHUM KOHIICHTpaTaMU
JIeMiHEepaIi30BaHOl MiICUPHOT MOJIOYHOI CHPOBATKH.

Marepiaan i merogu. CTymiHb TiAPOdi3y JIAKTO3W BH3HAYAIIM HOJOMETPHUUHUM 1
pedpakTOMETPUYHHUM METOAAMM, aKTHBHICTh BOAM Y CYMilllaX — Ha aHaII3aTOPi aKTHBHOCTI
Bomu «HygroLab 2», peonoriuni XapakTEpUCTHKA — Ha POTAIIHHOMY BICKO3UMETPI,
MIHO30MTICTh 1 MHOCTIHKICTh CyMillleli MOPO3KBa, MIBUIKICTh TAHEHHS — MO (DIKOBAHHMH
METOJAaMH, OpPraHOJIENTHYHI IOKa3HUKAMU — JECKPUITOPHO-IHTErPAJILHUM METOIOM.
MacoBy yacTky OijKa, CyXUX PEUOBHH, 30UTICTh, OMip TAHCHHIO B MOPO3WBI BH3HAYAIH 32
JIOTIOMOI'0I0 3araJIbHOBIIOMUX METO/IB.

Pesysabratn i o6roBopenHs. Ha OCHOBI mpoBeAEHOr0 pO3paxyHKY CTYHEHS
COJIOJKOCTI KOHIIGHTPATIB CHPOBAaTKH 3 ypaXxyBaHHSAM MAacOBOI YaCTKH CYXHX PEYOBHH,
CTYIEHS TIPOJi3y JIAKTO3W Ta BiJIOMHX 3HA4€Hb BIJIHOCHOI COJIOAKOCTI IYKpY, JIAKTO3H,
IJIIOKO3HM 1 TrajakTo3u Oyno oOpaHO KOHIEHTpAT i3 BMICTOM cyxuX pedoBuH 40% mis
3aCTOCYBaHHS B PELENTYpPHOMY CKJIaAi MOpO3UBA. 3a pe3yJbTaTaMH JOCHIIKEHHS
KOMIUIEKCY TMOKa3HHUKIB SIKOCTI CyMillleii MOpO3WBa BCTAHOBJICHO, IO KOHIIGHTpAT
JeMiHepali3oBaHol TiAPOJIi30BaHOI CHPOBATKH 3 MACOBOIO YACTKOIO CyXuX pedoBuH 40%
MO)Ke 3aMiHIOBAaTH 10 42% LyKpy y CKiIami MOpo3HBa 31 30€peEeHHSM BH3HAUCHOTO VIS
MOpPO3UBa BUY CTYIEHsI CONOAKOCTI B Aiana3oHi Bix 0,8 10 0,9. 3a B’s13KiCHO-IIBHIKICHUMH
XapaKTepPUCTUKAMH CYMIIll MOPO3WBA HEXHPHOTO 3 KOHIEHTPATOM JeMiHepali3oBaHOI
TiIpOJTi30BaHOI CHPOBATKH BIIHECEHO JI0 CUCTEM 3 BUPa)KEHOI0 KOATYIISIIIHOI CTPYKTYPOIO
3 BUWSBIICHHSIM THKCOTPOITHMX BJAacCTHBOCTeH. MOpPO3MBO HA OCHOBI TiJPOJII30BAHOIO
KOHIIEHTPATy CUPOBATKH MiCTUTH 3,3% CHPOBATKOBHX OLJIKIB, I1I0 BiAIIOBIAA€ CTAHAAPTHOMY
XIMIYHOMY CKJIaIy MOpO3uBa. BHCOKHMII BMICT MPOAYKTIB TiAPOII3y JAKTO3H B MOPO3HBI
miaBHUITYe 30UTICTB, aje 3HIDKYE OIip TAHEHHIO MOPO3MBa, IO Tpeba BPaxOBYBATH ITiJ] Yac
TEXHOJIOTIYHOT 0 MPOIIECy Ta MpU BUOOPI CIIOKUBYOI TapH.

BucHoBku. J{oBemeHO IOINBHICTH 3aCTOCYBAaHHS TiIpONi30BAaHOIO KOHIICHTPATY
IiICHPHOI CHPOBATKH 3 MACOBOIO YAaCTKOI CyXHMX pedoBHH 40% SK MiICONIOKYIOUOro i
OIIOKBMICHOTO iHTpeIi€HTa y CKIaJi MOPO3WBa HEXHPHOTO, IO BHUSBISIE BUPAXKEHI
TEXHOJIOTI9HI BIACTHBOCTI.

KunrouoBi ciioBa: cuposamka, mopo3ugo, 1axmosa, cono0Kicms, MUKCOMpPONHICMb.
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YnpapiinHs M00iYHNMH NPOAYKTAMM NepepodieHHs s10IyK i BHHOrpany. Orusan

Bikropis Cramartoscbkal, I'bope Hakos?
1 —Vuisepcumem bimonu, Maxeodonis
2 — Texniunuii ynisepcumem Cogii, Cnisencokuil koneodc, boreapis

Beryn. CybnpoxykT nepepoOku sSI0IyK 1 BUHOTPay MOKYTh OyTH CHPOBHUHOIO LIS
BUPOOHHLTBA (YHKIIOHAIGHUX TPOAYKTIB. [Ipym mnpoMy 30epiraeTbcsi HaBKOJUIIHE
CepeIoBUIIE, a XapyOBi MPOIYKTH 30aradyroThCsl BAXKIIMBUMU TIO)KUBHUMH PEYOBHHAMH.

Martepianu i merogm. Cucremartusamis OCTaHHIX HAyKOBUX JOCIIDKEHb IMIONO
TIOBOJ/DKEHHS 3 BiAX0/laMHU BUPOOHMIITBA SIOJYYHOTO COKY 1 BUHOTPAJHOTO BUHA.

Pe3yabTaTtn i ooropopenns. [100iuHi mpoayKTH mepepoOieHHs S0IyK i BUHOIpaay
MICTATh BOKJIMBI IO)KMBHI PEYOBHMHH, TaKi K KJIITKOBHHA, MiHEpaJH, BITAMIHH, IO ()CHOIH,
i MarmTh BHCOKY aHTHOKCHIAHTHY aKTHBHICTb. B OCTaHHI POKH JOCIiJIHHKH aKTHBHO
BHBYAITH BUKOPUCTAHHS [[bOTO BUY BiXO/iB Y MPUTOTYBAHHI Pi3HUX Xap4OBUX MPOMYKTIB
(bickBiTiB, IEUMBa, TOPTiB, XJ110a, MaKapOHHUX BUPOOIB, JIOKIINHHU, HOTYpTY, CHPY, Kedipy,
cansmi, koBOac, mUpikkiB i1 OyprepiB). Ilpu 3amiHi 3BHUaiiHOro OOpOIIHA MOGIYHMUMH
NpOAYKTaMu TepepoOieHHs sO0nyK 1 BHHOrpaay crocrepiraiothes Bapiamii. Tak, mis
3€PHOBUX IPOAYKTIB MiHIMQJIbHHH BiZICOTOK 3aMiHU CTAHOBMB 1%, a MakCUMaJbHUN —
100%. Jlast M’sICHUX TIPOIYKTIB BiJJCOTOK JOJAHUX CYONPOIYKTIiB MepepoOsieHHs sO0myK i
BUHOrpaay komuBaecs Bin 1 no 20%, a ans monounux — Big 0,2 mo 10%. 3adikcoBaHo
MOKpAIIEHHS SIKOCTI NOXKUBHUX PEYOBHH 13 JOIaBaHHAM MO0 YHUX MPOYKTIB MepepoOIeHHs
s0ITyK 1 BUHOTpaLy, HAIIPUKIa, 30UIbIIEHHS KITITKOBUHH, 3aTaIbHOrO BMICTY MOJI()EHOMIB,
(1aBOHOIMIB, aHTOIIaHIB 1 MIHEPAJIbHUX PEUOBHH, a TAKOXK aHTHOKCHJAHTHOI aKTHBHOCTI.
BkJiroueHHs1 TOOIYHUX MTPOMYKTIB MepepoOieHHs I0IyK 1 BUHOTPay MPU3BOJUTH A0 3MIHU
00’emy abo BucoTHM BHpOOIB (DiCKBITIB, me4yuBa, TOPTIB 1 Xiiba), 3MIHU KOHCHUCTEHLIT
(TBEpIICTh, XPYCTKICTh), 30BHIIIHBOTO BUIJISLY (BIACTHBOCTI MMOBEPXHI, KOJIp, TYCTHHA), a
TAKOX IHTEHCHBHOCTI 3amaxy i cMaky. BusBlieHO, 110 ONTUMalbHUI Yac NPUTOTYBAHHS
MaCTH/JIOKIIMHK/CIIAreTi 3MEHILKMBCS, & BTPATH MiJ Yac BapiHHSA 3pOCiH 31 30UIbLICHHIM
KUTBKOCTI BKIIIOUEHHX BIIXOMIB mepepoOneHHs siOnyk 1 BuHOrpany. JlomaBaHHS mux
MOOIYHUX TPOJYKTIB 3MEHIIIIIO Yac OPOAIHHS Ta CHHEepe3MC Mij| Yac 30epirants forypry.
BcranoBieHo, 1m0 J0AaBaHHsA CYONPOAYKTIB MepepoOieHHs sOAyK 1 BHHOTpaay B
M’SICONIPOIYKTH CHPHSE MiJABUIICHHIO BUXOAY IiJ| 4ac BapiHHA, CTaOUTBHOCTI eMYIbCii,
AKTHBHOCTI MTOTJIMHAHHS PAJMKaiB 1 3HIXKEeHHIO pH.

BucHoBku. BukopuctaHHs BiIXOIIB nepepoOseHHs S0MyK i BUHOTpaLy B XapyoBiit
MPOMHCIIOBOCTI — I1€ MOXJIMBICTH 3MEHIIUTH 3a0pyIHEHHS HABKOJHUIIHBOIO CEpEeOBHIIA,
CTBOPUTH HOBI (DYHKIIIOHAJTBHI Ta IHHOBALIHHI Xap4oBi Xap4yBaHH:, sIKi OyayTh 30araueHi
BYKIMBUMHU TIOKUBHIMH Ta 010JI0T1YHO aKTUBHIUMH PEUYOBHHAMI.

KawouoBi caoBa:  cyompooykmu,  eunocpao, Ab6ayKo,  8uuasKu,  Gi0Xoou,
QyuryionanrbHuil.
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BnuiuB TexHiKO-TeXHOJOTIYHUX apaMeTPiB HA MPoLeC JYIIEeHHS STYMEHI0

€aren Xapuenko®, Amenis Bykynei?, Banentun Yopuuiil, Anjpiit lllapan?
1 — HayionaneHuii ynisepcumem xapuogux mexronoeit, Kuis, Ykpaina
2 — Vuieepcumem «lllmeghana uen Mapey, Cyuasa, Pymynis

Beryn. Merta — nocimiauT 3ai€XKHICTD 1HIEKCY JIYIIEHHS BiJl TPHBAJIOCTI 0OpoOKH,
BOJIOTOCTI Ta KPYIMHOCTI 3€pHAa SUMEHIO, YacTOTH oOOepTaHHs aOpa3vBHHUX JHUCKIB,
36pHUCTOCTI Ta Macu 3€pHa, 3aBaHTa)XEHOTO B JIYNIWIBHUK, a TakKoX KoedilieHTa
3aBaHTAXXEHHS pOO0Y0] KaMepH MaIIUHH.

Martepianu i metonu. JlymenHns 3epHa 37ilicHIoBanocs B JyniwibHUKy YJI3-1 mpu
IIBMAKOCTI o0epTaHHs abpasuBHMX AuckiB 29,6£0,015 ¢t (1775+0,9 06/xB) ta 42,3+0,013
¢! (2540+0,8 06/xB). BujtiieHHs Ty3TH Ta My4KH i3 3€pHa SjIpa SUMEHIO 3/IifCHIOBAIN B
J1a00paTOPHOMY acHipaliftHOMy KaHaJi i3 IUPUHOK 60 MM.

Pe3yabTaTi i 00roBopeHHs. [[OCTiKEHHS MMOKA3aaH, M0 30UIBIICHHS TPHUBAJIOCTI
NYIICHHS, MacH 3epHa SYMCHIO, SKa 3aBaHTaKCHA B JIYIIWIbHUK, YacCTOTH OOepTaHHS
aOpa3MBHUX JMCKIB 1 KoedilieHTa 3aBaHTaXEHHS po00Y0i KaMepH JYLIHIbHUKA MPU3BOUThH
N0 30UIbIIEHHST 1HAEKCY IyIIeHHs. ICHye HemiHidHa 3aleXHICTh MK Koe(illieHTOM
3aBaHTaXXEHHsS pOOOYOi KaMepw JIYHIMIbHUKA 3 TOYKOK MIHIMyMY 1HIEKCY JIYIICHHS JUIs
kpynHoi ¢pakuii 0,27-0,28, mis apidHOT ppaxuii ssumento — 0,24-0,25.

BrutuB mMacu siuMeHIO 1 Koe(illieHTa 3aBaHTaKEHHs po00UYO0l KaMepH JIYIIHIbHIKA Ha
IH/IEKC JIYILIEHHS BiIOYBA€ThCSl 32 KPHBOJIHIMHOIO 3aJISKHICTIO 3 TOYKOK MIHIMYMY JUIs
kpynHoi ¢pakuii stumento 0,27-0,28, mns apidHoi — 0,24-0,25. 30iiblIeHHS TPUBAIOCTI
00poOKkHu 1 koedillieHTa 3aBaHTaXEHHS POOOYOI KaMepu JIYLIMJIbHUKA MPU3BOAUTH [0
30UIBLICHHS IHAEKCY JIYIICHHS, ajieé MPH LBOMY TOYKa MIHIMyMY IHIEKCY JIYIIEHHS
3meHmryerses 3 0,29 no 0,25.

[pu 306inbIIeHH] PO3MIpY 3€pHA SIMMEHIO 1HJEKC JIYIICHHS 3HWKYEThCS. 301IbIICHHS
BOJIOTOCTI SIMMEHIO MPU3BOMUTH JI0 3HMKEHHS 1HJIEKCY JIYILIEHHS 3a JIiHIHHOI 3aJIeKHICTIO
SIK JUIsl KpYIHOT, Tak 1 npi6Hoi dpakuii ssumento. [Ipu 1ibomy npiOHa ¢paxiiis Mae Oiibi
3HAYEHHs 1HJEKCY IJIYIIeHHs, HDXK KpymHa. BIUMB BOJIOrOCTi 3epHa Ha IHIEKC JYIEHHS
SYMEHIO Ma€ JIHINHY 3aleXHICTh SIK JUIS KPYNHOI, Tak 1 Juig ApiOHoi ¢pakmil. 3i
30UIBILICHHSM BOJIOTOCTI 1HIEKC JYIIEHHS JIIHIHHO 3MEHIIYEThCs, alle TPH bOMY KPYITHA
(pakiis sYMEHIO Ma€ O1TbII HU3bKI 3HAYCHHS 1HIEKCY JTyIIEeHHS, HiXK JpiOHa.

301IbIIEHHS 3ePHUCTOCTI aOpa3MBHUX JMCKIB TMPU3BOJMTH JIO 3HIKEHHS 1HICKCY
JyIIEHHS 32 KPUBOIiHIIHOW 3anexHicTio. [Ipu 3eprucrocti 80 iHIEKC NyLIEHHs NpUiiMae
TIOCTiiHE 3HAYECHHS 1 HOT0 3MiHa 3aJIeKUTh BiJl TPUBAIIOCTI 0OPOOKH 3epHa.

BucHoBku. JloCmipkKeHHSIMHA BCTaHOBIICHO, IO BIUIMB TEXHOJIOTIYHHX IAapaMeTpiB
3epHa SUMEHIO Ha IHAEKC JYIICHHS Mae€ JiHIfHI 3aJIeKHOCTI, a MapaMeTpu MAaIluHU
BIUTMBAIOTh Ha IHJEKC JIYLIEHHS 3a KPUBOJIHIMHMMH 3aJI&KHOCTAMH. Pe3ynpraté mporo
JOCIIDKEHHSAMH HEOOXiTHO BPaxOBYBAaTH IpPH OIIIHIOBaHHI €()EKTUBHOCTI JIYIIEHHS Ta
MTOJANIBIIIOMY PO3POOIICHHI MOJIENI TIPOIIECYy.

KunrouoBi ciioBa: suminy, 1yujenns, 6o102a, Kpynka, TyUWNUHH.
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BriuB IMMIMHOBIO 00POIIHA HA BIACTHBOCTI MIICHMYHOr O TicTa i X1i6a

Pocen Youkos?!, Jlenka 3naTepa?,
Ilers Isanosal, Jana Credanona’
1 — Vuisepcumem xapuosux mexnonoeiu, Ilnosous, boneapis
2 — Exonomiynuil ynisepcumem, Bapua, boneapis

Beryn. Meroto mocnipkeHHst 0y;10 BU3HaYEHHs BIUIMBY IIMITIIMHOBOTO OOpOIIHA Ha
BJIACTHBOCTI IMIIIEHUYHOT'O TicTa 1 XJIi0a.

Marepianu i meromm. X0 TOTyBaJd 3 NIICHWYHOTO OOPOIIHA 3 JOJaBaHHSIM
OOpoIllHA MUMITHHA B KiTbKOCTI 5, 10 1 15 % 3aMicTh OHAKOBOI KUTBKOCTI MIIIEHUYHOT'O
6opomrHa. BukoprcraHo 3araqsHONPUIAHATI METOAM OLIIHKH XJ1i0a.

PesyabraTu i o6roBopennsi. /lofgaBaHHs 1O MIIEHUYHOrO OOPOIIHA Pi3HOI KUTBKOCTI
LIMNIITMHOBOrO OOpOIIHA BIUIMBAJIO Ha IHTEHCHBHICTh T'a30yTBOPEHHs, 31 3011bIICHHAM
BMICTY UIMMIIMHOBOrO OOpOIIHA IHTEHCUBHICTh Ta30yTBOPEHHsI 3MeHIyBayacs. [lpu
JonaBaHHi 5% OopomIHa i3 MIMMIIMHE CYTTEBOrO TIOTIPIIEHHS Ta30yTBOPEHHS HE
CHOCTEpIrajoch. BBeJeHHs IUMIIMHOBOrO OOpONIHA B MINEHHYHE TICTO MPU3BEIO [0
3HW)KEHHSI BOJIONIOTJIMHAHHS 1 CTYNEHs pO3M’SKIIEHHS, a HaWHWKYl pe3ynbraTd Oynu
BUSIBJIEHI y 3pa3ka 3 JoAaBaHHAM 15% mummmHoBoro OopoinHa. 3a yacoM (OpMyBaHHS i
KOHCUCTEHIII€I0 TICTa 1CTOTHUX BiIMiHHOCTEH MiX 3pa3kamu He Oyno. CTaOilbHICTH TicTa
OyJnia BUILOIO Y 3pa3Kax, IO MICTSATh IIHUIIIMHOBE OOPOILIHO, HAWBUILE 3HAYCHHS OYyI10 ISt
3paska 3 5% HIMIIIMHOBOrO OOpOoIHA. 31 301IbIIEHHSIM KiJIBKOCTI IIMITIIIMHOBOTO OOpOIITHA
KOJIpHI XapaKTePHCTHKU Ticta Ta Xjiba 3HWKyBaiucs. Bimbil TeMHHMH Koiip 3pasKiB,
30araueHuX OOpOIIHOM IIUIIIMHK, MIr OYTH TOB’S3aHMH 3 OPHTIHAJIBHUM KOJIHOPOM
BOJIOKHA UIMIIIUHHU, SKAH ONM3BKHI /10 KOPUYHEBOTO 1 3Jlerka 4epBOHYBATHUH. 3aMiHa
TMIIEHUYHOTO OOPOIITHA OOPOIIHOM 13 IIUIIIMHH ITPU3BEa IO 3MEHIIEHHS 00’ MY, TUTOMOT0
00’€eMy, CITIBBIHOIICHHS BUCOTa/[iaMeTp Ta BTPATH MIISHUYHOro XJIi0a IMiJ1 4ac BUITIKaHHI.
Jlesiki ceHCOpHI MapaMeTpH XJ1i0a (KoJip CKOPUHKH, apoMaT 1 cMak) y 3pa3Kax i3 JI0JJaBaHHsIM
LIMIIITUHOBOro OopolHa Oy BHUCOKO OLIHEHI €KCIEePTaMH MOPIBHSIHO 3 KOHTPOIbHHM
3pa3KoM, HE3aJIeKHO BiJl KUIBKOCTI JJOJIAHOTO HIMIIIMHOBOI'O OOPOIIHA.

BucnoBku. lunmuHoBe GOpOIIHO MOXKHA YCHILTHO BUKOPHCTOBYBATH SIK JOOABKY 10
peuentypu mmieHHYHOro xjiba. CEeHCOpHI MOKa3HUKHM 3pa3KiB xiiba i3 HIMMIIMHOBUM
OOpOIIHOM 32 TAKUMH BJIACTUBOCTSIMH, K KOJIP CKOPHHKH, apoMar i CMakK, Malld BHIII
3HAUCHHS, HIX Yy KOHTPOJIBHOMY 3pa3sKy.

Karwuosi cioBa: nuwenuunuil x1i6, wunuuna, 60pouHo, peoio2is.
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BuxopucranHs JIONMHOBOIO 00POIIHA TAa MIOpe KaBOy3a B TEXHOJIOTII X1i6a

Cgimitana baxait-Xexepyn, ['annna Cimaxina,
Jlromvuna bepesa-Kinnzepepka, Tersina PomanoBcbka
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. [locmikeHO BIUIMB POCITMHHHX 30arayyBadviB: IMIOpe KaBOy3a Ta OopoIrHa
0e3aJIKaJIOITHOTO JIFONMHY Ha Xap4oBY Ta O10JIOTiIYHY I[HHICTH MIIEHHYHOTO XJiba, Horo
copOmiliHy 3JaTHICTH MO0 TOKCUYHUX 10HIB CBHHITO.

Marepianu i metomn. Bumict Oinka Bu3Ha4Yamu MetonoMm bpendopma, xpoxmamio —
MONAPUMETPUYHO; KUPY — BHUYCPIHHM EKCTPAryBaHHSIM XIMIYHO YHCTHM T'eKCAHOM;
BitaminiB E, P, B—kapotuny — komopumMerpuyHo; Bitaminy C — TuTpuMeTpuuHO; Bi, By —
(bIIyOpOMETPUYHO; KITITKOBHHH — KUCIIOTHUM TiZIPOJTi30M; MEKTHHY — KAJIbI[i€BO-IEKTATHIM
MeTooM. KiflbKicTh OTTHHYTOrO CBHHIIFO BU3HAYAIH METOIOM «MOKPOTO CMIATFOBAHHSD).

Pe3yabTaT i o0rosopennsi. [lrope kaBOy3a € OaraTum JKEpPEIOM PCUOBHH 3
AQHTUOKCHJAHTHOIO aKTHBHICTIO: B-KapotuHy — 13,4 mr, P (pyruny) — 45,4 mr, ¢peHONBHIX
cnonyk — 283 Mr TOIIO; a TAaKOX MPHUPOAHUX XapUYOBHX COPOCHTIB — KIIITKOBUHU 1,7 T,
nektuHy — 1,5 r Ha 100 r npoaykry (Bonoricts 83,1%). 3a opraHonenTHYHUMU Ta (Pi3HKO-
XIMIYHUMH TIOKa3HUKaMH SKOCTI Miope KaBOy3a Moxe OyTH TEXHOJIOTIYHUM CKJIATHUKOM JUIsI
BUPOOHUITBA 03/I0POBYMX MPOAYKTIB.

JlromuHOBE OOPONIHO MICTUTH Y 3,9 pa3a Oinbie Oinka, y 40 pasiB Oiiblie KIIiTKOBUHH,
y 10,5 NEeKTUHOBHX PEYOBUH IOPIBHSIHO 3 MIICHMYHUM OOPOIIHOM; 3HAYHY KUIbKICTh
tokopeponiB  — 12,8 wmr, PB-xkaporuny — 0,52 wmr, Bitaminy C -
35, 84 mr Ha 100 r npoaykty (Bosoricts 9,5%).

Bxirouenns 4-7% OopomHa mronuHy Ta 3-5% mrope kaBOy3a [0 peLentypu
IMIIEHUYHOTO X1i0a HAZla€ MOXKITUBICTh OTPUMATH XJ1i0 03/I0pPOBUOI0 IIPH3HAYCHHS, Y SIKOMY
BMicT Oinka Ha 22-32%, KJIITKOBHUHH Y ABa — TPH Pa3u, TOKO(epoliB y 9 pa3iB € BUIIUM HIX
y KOHTpOJI, 33 YMOBHM NPUHHATHHUX ()I3UKO-XIMIYHHUX Ta OPraHOJCNTHUYHUX I[TOKA3HUKIB
npoxaykry. 100 r pospobnenoro xiniba gae 3mory 3abesneuntd 23% MiHIMaIbHOI HOPMH
CIIOKMBAHHA IEKTHHY, 6% 1000Boi moTpedu y BiTamiui E; 13,8% y B, 14% y B-kaporusi;
6,6% y daBoHOInaX, AKi y NIIEHHYHOMY X101 BincyTHi. 36arayeHnii xi6 Mae y 25-30 pa3is
BHUIIY COPOLIiHY 3aTHICTh JJO TOKCHYHHX 10HIB JIBOBaJICHTHOT'O CBHHIIIO, HIXK MIICHUIHUN
XJi0.

BucHoBkn. PexomeHIOBaHO BHKOpUCTaHHS MIope KkaBOysa Ta  OOpoIIHA
Oe3aIKaJIOIqHUX COPTIB JIIONMUHY JUISS BHUPOOHMIITBA MIIEHHYHOTO XJiba ITiABUIIEHOT
XapYOBOi HIHHOCTI Ta 03I0POBYOTO CIIPSMYyBaHHS.

KuarouoBi ciioBa: xkagbys, nonun, 6opouwiro, xio.
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BriuB KOMIUIEKCHOTO XJ1i00NEeKAPCHKOro0 MOMINIIyBa4ya HAa NMOJ0BKEHHSA CBIsKOCTI
0y 104HHX BUPOOIB 3i 3HUKEHUM BMICTOM COJIi

Orena binuk, Bikrop CtabHikoB, Oxcana Bareka,
IOnis Bornapenko, Oxcana Kouybeii-JlutBuHeHko
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Metoro A0cniikeHHs € BU3HAYCHHS BIUTUBY KOMILIEKCHOTO XJIi00MeKapchKOro
TIONIIIIYBaya HA TOOBXKEHHS CBIXKOCTI OYIOYHMX BUPOOIB 31 3HIDKEHMM BMICTOM COJIi
3TiIHO 3 MPUHIMIAMU |ean-BupoOHHITBA.

Marepianu i MeToan. 3mifiCHIOBAIM COIIOJOTIUHI JOCTIKCHHS BHMOT JIO SIKOCTI
XJ1iI000YyITOUHUX BHPOOIB. Po3po0iisiii  pernentypy KOMIUIEKCHOTO —XJIi00MEKapChbKOro
norminmiyBada «MiHepanibHa CBIXKICTh +» Ta BCTAHOBIIOBAIM ONTHMAJIbHE J03yBaHHS.
JocnipkyBany BIUIMB PO3pOOJICHOrO TMOJNIMIIyBaya Ha SIKICTh OYyJIOYHHX BHPOOIB, Yy
peuentypi skux BmicT comi cranoBuTh 0,5 % 1o macu OopolHa, Ta BIUIMB Ha TPOLECH
YEepCTBIHHS BUPOOIB IiJ] yac 30epiraHHs.

Pesynbratn i o0roBopeHHsi. 3riZIHO i3 COLIOJOTIYHUMH JIOCHIIKEHHSIMH, JUIS
CIOXKMBa4iB HeOaKaHMM € HafgBHICTH y Xii000ylnouHHMX BHpOOaxX iHTPEeNi€HTIB
CHUHTETUYHOTO TOXO/PKEHHS Ta IIBUJKA BTpaTa HUMU cBXKOCTI. J{st 3amoBoneHHs: oTped
CHOXXMBa4iB MependayeHo 3acToCyBaHHs lean-BUPOOHMIITBA I Yac BUTOTOBJICHHS
XJ11000yITOUHUX BUPOOIB, 1110 MOJISITA€ Y 3HMKESHHI TEXHONIOTYHUX 3aTpaT 1 BTpaT 3a paXyHOK
BHUKOPHCTAHHS PO3pO0JIEHOr0 momimiryBada. Po3pobiieHo perentypy KOMIUIEKCHOTO
xJ1iboneKapcbkoro mojinmysavya «MiHepajdbHa CBIKICT +», SIKHMH NpPU3HAYSHUH UIs
iHTeHcuQiKkalii TEXHOJNOrIYHOro TMpolecy BUPOOHMITBA, TOKPAIIAHHS CIIOXKHBYMX
BJIACTHBOCTEH 1 MOJOBXKEHHSI CBIXKOCTI OYJIOYHMX BHUPOOIB, Y PEUENTypi SIKMX 3MEHIICHO
BMmicT comi Ha 0,5 %. Jlo ckiaiy momimiryBaya BKJIIOYEHO Xap4oBi H00ABKH, SIKI MalOTh
cratyc GRAS, To0T0 Oesmeuni. 3a nosyBanHs 2,0% m0 MacH OGOpOIIHA HOZOBXKYETHCS
TPUBAIICTh 30€peXKeHHs XJI000yIOYHUMHU BUpoOaMu CBDKOCTI. [liATBEpHKEHHSIM IHOro €
Ot y BHpOOl 3 HOMNiMIIyBaueM, MOPIBHAHO 3 KOHTponeM, Ha 65,2-75,6 % BMicT
JICKCTPUHIB, MEHIIHI ITiJICKOPUHKOBHH 11ap Ha 72 roj 30epiraHHs BUPOOiB 1 3MiHH B CTPYKTYPi
M’SIKYLIKH, SIKa CKJIaJAa€ThCs 3 BKPAIUIEHHX HAOyXJIMX 1 4aCTKOBO KJICHCTEPU3OBAaHUX 3€PEH
KpPOXMAJTIO, 1[0 OTOPHYTI CYIIIFHOIO MaCOI0 KOAaryibOBaHUX OLIKIB.

BucHoBku. Bukopucranss po3pobieHoro nomimiryBada «MiHepalibHa CBIXICTh +» Y
BUTOTOBJICHHI OyJIOUHUX BHPOOIB 3a0e3reuye BUCOKY 3a/I0BOJICHICTh CIIO)KHBAUIB.

KawuoBi cioBa: Oynouni eupobu, lean-eupobnuymeo, uepcmeinHs, NOMNULYEaAY,
dechopmayis, dobasku.
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Bukopucranus 0i0aKTUBHUX BJIACTHBOCTEN POCTMHHUX €KCTPAKTIB U1l MiIBUILIEHHS
cTilikocTi npy 36epirandi m’sica iHAMYKA MeXaHIYHOI cenmapamii

Bacmip acigrmuit!, Bacuns TrmeHko?,
Haranis Boxko®, Onbra Kopans!, Anapiit Mapunin®
1 — HayionaneHuii ynisepcumem xap1osux mexronoeit, Kuis, Ykpaina
2 — Cymcokuii Hayionanvrull aepapruil ynieepcumem, Cymu, Yxpaina
3 — Cymcokuii oeporcasnuil ynisepcumem, Cymu, Yxpaina

Beryn. Meroto craTti Oya0 AOCHIKEHHS BIUIMBY IIPHUPOAHMX aHTHOKCHIAHTIB,
30KpeMa eKCTPaKTy YOPHOIUTIAHOI TOPOOWHH, EKCTPAKTy MKYPABIHHH, SKCTPAKTY JHCTS
CMOpOJIMHY IS cTadiiizanii npoueciB okuciaeHHs xupooro kommiekcy MIIMO ixnuka B
npotieci 30epiranHs.

Marepianu i merogu. [IpeameroM nocimipkeHHS OyIO M’SCO IHIWKA MEXaHIYHOTO
00BaJTIOBaHHS. SIK AHTHOKHUCITIOBAIIBHUH TIperapaT BUKOPUCTOBYBAIH KOMEPIIiHHI POCIHHHI
eKCTPaKTH 3 BUYABOK YOPHOILTIAHOT ropobunu (Aronia melanocarpa), ekcTpakT i3 BU4aBOK
xypasmuan (Vaccinium OXycoccus), ekcTpakT JucTs yopHoi cmopoauau (Ribes nigrum L.).
[Tporsirom TepMmiHy 30epiraHHs B 3pa3kax JOCHIIKYBaIW JHHAMIKY OKHCIIOBAIBHHX
NPOIIECIB 1 BU3HAYAIM KUCJIOTHE, IEPEKUCHE Ta Tio0apOiTypoBe yKcIa.

Pesynbratn i oOroBopennsi. XiMiuHMH CcKiajq M’sica IHAWYOTO MEXaHIYHOIO
00BAaJFOBAaHHS BiJPi3HAETHCS BHCOKMM BMicToM mpoteiny (14,22%) i xupy (17,3%), mio
HIiBUIIYE PU3UK OKUCIIOBAIBLHOIO TIICyBaHHS TiJ Yac peajiizamii i 30epiraHHs.
BUKOpUCTaHHS POCIMHHHUX EKCTPAKTIB JlaJI0 3MOTY 3HM3MTH IHTEHCHUBHICTh OKHCIICHHS
JIOiAIB y M’SICI IHANYOMY MEXaHIYHOTO 0OBAaJIFOBAHHSI Iijl Yac 30epiraHHs B 3aMOPOKEHOM Y
cTaHi mpoTsroM 9 TIKHIB. Y KIHII JOCHINy KOHUEHTpPALisl BUIBHUX JKUPHUX KHUCIOT Yy
KOHTpoJi Oyna HaiBumioro i craHoBuna 3,81+0,02 mr KOH, mo Ha 131,83% Buie, HiX y
3pa3Ky 3 eKCTPaKTOM JIMCTS CMOpOAMHH, B 4,76 pa3a BHILE, HIK y 3pa3Ky 3 €KCTPaKTOM
XKypaBiuHH, 1 B 7,33 pa3a Bullle, HDK y 3pa3Ky 3 €KCTPAKTOM HOPHOILIIZHOI TOPOOUHH.
[lokazaHo, MI0 EKCTpakTH 3 BHYABOK SriJi YOPHOIUIIAHOI TOPOOMHU 1 IKypaBJIWHH
YIOBUIBHWIN TIAPOJITHYHI 3MIHM Yy >kupax mnpoaykry Ha 81,20 i 76,47% BixnosigHo.
JlonaBaHHS €KCTPaKTy YOPHOILIIIHOI TOPOOMHY 1 KypaBiIHHU B KoHLIeHTpauii 0,2% crpusiio
3HM)KEHHIO TIEPEKMCHOT0 YMCiIa uepe3 JBa Micsll 30epiranHs M’sica IHAXYOr0 MEXaHIYHOrO
obBamoBanns 10 0,057-0,060 J; %, mo maiixe BABIUI YHOBIJIBHUIO CHHTE3 MEPEKHCIB Y
NpoAyKTi. BcraHOBNEHO, 10 BHECEHHS €KCTPAKTIB YOPHOILTI THOT TOPOOWHH 1 KYpaBIMHU B
koHueHTpauii 0,2—0,3% rajipMye HAKOITMYEHHSI BTOPHHHUX IIPOIYKTIB OKMCIICHHS JIITi/IiB Ha
35,10-39,36%.

BucHoBok. [TopiBHIbHNIT aHANI3 1 KOMIDIEKCHA OIiHKA BMICTY MMPOAYKTiB OKICHEHHS
B KOHTPOJNBHHUX 1 JOCHITHHX 3pa3kaX 00 ’€KTHBHO CBiT4aTh MPO IO3WTHBHUN BIUIUB
MPUPOAHUX AHTHOKCHUIAHTIB Ha OKHCTIOBambHe TicyBanHA MIIMO iHOwmuku 3a yMOB
30epiraHHas MPOTATOM YCTAHOBIIEHOTO TEPMIiHY.

KuarouoBi cioBa: inouuxa, m’aco, mexawiuna cenapayis, YOpPHONIIOHA 20pOOUHA,
HCYPABTUHA, HOPHA CMOPOOUHA, AHMUOKCUOGH.
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ExoHOMiKa i ynpaBiHHSA

EdexTuBHA 4acTOTa NOKA3y PEeKJIAMHOI0 MOBiIOMJIEHHS CIIOKUBAYAM MUBHUX
OpenaiB y nngposux meaia

Karepuna Cemenenko', Jlapuca Kaninyc?, Ipuna Boiiko?,
Bonoaumup Kyuepenxo?, Hatanis Ckpurys®
1 — Hayionanvnuti ynieepcumem xapuosux mexuonoeii, Kuis, Yxpaina
2 — Vkpaincvka kopnopayis 6unoepadapcmea i 6UHOPOOHOIL NPOMUCIOBOCI « YKpauHnpom»

Beryn. Jlocmi/pkeHHs cOpsIMOBaHE Ha BH3HAYCHHS C(DEKTHBHOI YacTOTH IMOKa3y
peKJIaMHUX TIOBIJIOMJIEHb CIOXXKMBAauaM Yy pENpe3eHTaTUBHIM BHOIpII IMiANPUEMCTB
MTUBOBAPHOI raury3i JUisl ONTUMi3allii MeJIHHOTrO OIO/IKETY.

Marepianu i Mmeromu. JIoCTiKeHHS IPYHTYEThCS HA PE3yNbTaTax Mpailb HAyKOBIB 3
MUTaHb PO3BUTKY PHUHKY MHBa Ta IU(POBOI EKOHOMIKH, TEOpiii HacTOTH peKIaMHHX
TIOBiZIOMJIEHb, MapKETHHTOBHX JOCII/DKEHb HAMOUIBIIMX TNHBOBAapHMX KOMIAHIH Ta iX
OpeHiB Ul BU3HAYEHHSI MiHIMAJILHOTO NMOPOTy e(heKTUBHOI YaCTOTH PEKIaMHHX 3BEPHEHb
JIO CIIO)KMBAYiB ITUBA.

Pesynbratn i o0roBopenHsi. Yactora mnokasy KOMYHIKAIiiHOTO ITOBIiIOMJICHHS
BU3HAYa€ He JiHiIe e(eKTUBHICTh 3BEPHEHb JIO CIOXKMBAua, ajle d BUTPATH HA MeIidHUN
Olo/KeT, IpoTe Hapasi BiACYTHA €OWHA TOYKA 30py Ha If0 HpoOieMy B HayKOBHX
nyOmikamisix. SIk HeocTaTHs KijbKICTh 3BEPHEHb, TaK 1 HQJMIpHA 4acTOTa MPHU3BOMAATH 10
Hee(eKTHMBHOI'O BUKOpHUCTaHHs Otopkery. EdexTrBHa yacToTa MOBIJJOMIICHHS BIUIMBA€E HE
TIJIbKM Ha KYITiBEJIbHY MTOBEIHKY CIIO)KMBaya Ta MOKa3HUKH 3/I0pPOB’st OpeH.Ly, a i Ja€ 3Mory
ONTHMI3YBaTH MeZiHNNA OwJpkeT. Bu3HayeHo, 10 HalvacTimie B MelalulaHyBaHHI
BHUKOPHCTOBYIOTh €(DEKTHBHY YAaCTOTHY CTPATETIIO «TPH ILIIOCH.

3 Merow BH3HAYEHHs e(EKTUBHOI YacTOTH KOMYHIKalid 31 CIOKHBAa4aMu JIjist
IHCTPYMEHTIB OHJIAHH-TIPOCYBaHHS NMBa 3aMPOIIOHOBaHO Mo MpikoBany MaTpuiiio OcTpoy.
Y nockoHaneHo 6J10ku (haKTOpiB, SIKi BIUIMBAIOTH HA TPOCYBaHHSI IMBA HA CIIOKUBYUI PUHOK:
«PuHKOBI YMHHUKM», «UMHHUKH SIKOCTI PEKIaMHOTO TOBIIOMIICHHS», «3aralibHi
MeniaunHHUKUY. JlomaHo 610k «OHIalH-MeaiadMHHUKWY, KyIi YBIHIILIA TaKi MOKa3HUKH,
SIK XapaKTePUCTHUKA PECYPCiB PO3MIIIIEHHS, BAKOPUCTaHHS COLIAIbHUX MEeJlia, BAKOPUCTaHHS
BizeodopMaTiB, BUKOPUCTAHHS HECTAHJAPTHUX TNPOSABIB 1 (opmariB, OXOIUICHHS
Me/liakaHaJy, THIT PO3MIIIEHHS, BIAMOBIHICTh 3arajbHOMY KOHTEHTY KaMIIaHii.

ApanTariisi BJIOCKOHAJIEHOT MAaTpUIll BigOynach Ha NPHKIAAI HAWOUIBIIMX TMHBHHX
OpeHIOiB pHUHKY, I SKUX Oylno BH3HAYeHO €(EeKTHBHY YacTOTy IIOBTOPEHB
KOMYHIKaI[ifHOTO ITOB1IOMJICHHS Ta 3AiHICHEHO MOPiBHAHHS 3 (DAKTUYHOIO, IO a0 3MOTY
3TPYILyBaTH OPEHIN B YOTHPH TPYITH 3 TTO3MIIT CTPATErii MOJAIBIINX BUTPAT HA PO3MIIIICHHS
pEeKITaMHHUX TTOBiTOMJICHb B Mepexi [HTepHeT.

BucnoBku. s miaHyBaHHS YacTOTH PEKIAMHHMX IIOBIJOMJICHb HPOIOHYETHCS
BUKOPHCTOBYBATH MOJM(DIKOBAHY MATPHIIIO BU3HAYCHHS e(hEKTUBHOI YaCTOTH KOMyHIKAIlil
31 CIIOKMBaYaMH TIPOAYKIT MUBHUX OpEHIB, IO TACTh 3MOT'Y OIITUMi3yBaTH Meia-0r0/IKeT.

KurouoBi ciioBa: nugo, 6peno, mapxkemune, OHAQUH-peKIaMa, Meoid.
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— BucHoBku (2-3 psaaxu).
6. Kiitouosi ciioBa (3—5 ciiB, ajie He CIIOBOCHIONYYEHbD).

VA WN R

IIyHKTH 2—6 BUKOHATH aHIIIHCHKOIO | YKPailHCHKOI0 MOBaMH.

7. OcHOBHHI TEKCT cTaTTi. Mae BKIIIOYATH TaKi 000B’I3KOB1 pO3/ILIH:
— Beryn
— Marepianu Ta MeTOIU
— PesynbraTi Ta 0OTOBOpPEHHS
— BucnHoBku
— Jlirepatypa.
3a HeoOXiJHOCTI MOXKHA JIOAABATH 1HIII PO3/IIITK Ta PO30MBATH 1X HA IMiAPO3ALIH.

8. ABtopchka noBimka (IIpisBume, iM’st Ta To OATHKOBI, BUCHHH CTYIIHD Ta 3BaHHS, MICIIe
pobotu, erekTpoHHa aapeca ado TenedoH).
9. KonrakTHi 1aHi aBTOpa, 10 SKOT'0 32 HEOOXIAHOCTI Oy/Ie 3BepTaTUCh PENaKIlis KypHAaIy.

Pucynku BukoHyroThes sikicHO. CKaHOBaHI PUCYHKH He MpuUiMaioThes. Po3Mip TekcTy Ha
pucyHKax moBuHeH 0yru cmiBpo3mipauMm (!) Texcry crarti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JMie 3a iX 3HaYHOI HayKOBOI LIHHOCTI.

®oH rpadikis, miarpam — e Oinuit. Komip enemenTiB pucyHky (miHii, CiTKa, TEKCT) — YOPHUIA
(ue cipuii).

Pucynku ta rpadixu EXCEL 3 rpadikaMu 101aTKOBO MOJAIOTHCS B OKpeMHuX (aiinax.

CkopoueHi Ha3BH ()i3UYHHX BEIMYUH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JTATUHCHKHUMHU
niTepamu BianoBiaHo 1o cuctemu Cl.

V crmcky niTepaTypH MOBHHHI MepeBakaT aHTJIOMOBHI CTaTTi Ta MOHOTrpadii, siki omy0mikoBaHi
micist 2010 poky.
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O¢opMiIeHHSI HUTAT Y TEKCTi CTATTI:

Kisbkicts aBTOpiB cTatTi | IlpuKiIag IUTYBAHHA Y TEKCTI
1 aBTOp (Arych, 2019)
2 aBTOpa (Kuievda and Bront, 2020)
3 i OispIIe aBTOPIB (Bazopol et al., 2022)

Mpuxaan Tekety i3 mutyBannam: It is known (Arych, 2019; Bazopol et al., 2022), the
product yield depends on temperature, but, there are some exceptions (Kuievda and Bront,
2020).

VY 1UTyBaHHAX HEOOXITHO BKA3yBaTH OJHE JPKEPENO, 3BiIKU B3ATO iH(OpPMAILit0.

CrmcoK JiTepaTypy cOpTyeThes 3a andaBiToM, JIITEpaTypHi JUKepena He HyMEPYIOThCS.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journalg3sto 3a OCHOBY 3arajbHOMPHHHATE B CBiTi CHIpOIIEHE
o(hOpMIIEHHS CIUCKY JIiTepaTypu 3rigHo cranmapty Garvard. Bei eneMeHTH MOCHIaHHS
PO3IUISIOTHCS JIMIIIE KOMaMH.

1. [Tocuy1aHHS HA CTATTIO:

ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(Homep), cropinku, DOI.

[HIIiaIKM TUITYTHCS MICHS MPi3BHUINA.

Bci eneMeHTH nocHIIaHHS PO3IUISIOTHCS KOMaMHU.

IIpuknan:

Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)

green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of

Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108, DOI:

5533.935-3.

2. [ocuyiaHHS HA KHUTY:

ABtopu (pix), Hazea knuzu (kypcueom), Bunapaunrso, Micto.

[Himiany NIy ThCS MICIs MPi3BHUIIA.

Bci eneMeHTH MOCUIIaHHS PO3IUISIOTHCS KOMaMHU.

IIpuknan:

Deegan C. (2000), Financial Accounting Theory, McGraw-Hill Book Company,
Sydney.

3. IlocuiaHHs Ha Po31iJ y peqaroBaHiii KHu3i:

Astopu (pix), Hassa rmaBu, In: Pegaxropu, Hazsea knueu (kypcusom), BumaBHULTBO,
MicTo, cTOpiHKH.

IIpuxnan:

Coffin J.M. (1999), Molecular biology of HIV, In: Crandell K.A. ed., The Evolution of
HIV, Johns Hopkins Press, Baltimore, pp. 3-40.

Fordyce F.M. (2013), Selenium deficiency and toxicity in the environment. In: Selinus
O. (ed.), Essentials of Medical Geology, pp. 375-416, Springer, DOI: 10.1007/978-94-
007-4375-5_16
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4. Te3u nonosineii kondepeHmii:

Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57.

5. [locuiaHHS Ha eJIeKTPOHHUIA pecypc:

BukoHyeTbCsl aHANOTIYHO NMOCHJIAHHIO Ha KHUTY abo crartTio. [licns odopmieHHs
JaHUX Tpo myOmikamiro muryThes ciaoBa Available at: ta BkasyeTbes enekTpoHHa ajpeca.

[puxnan:

Cheung T. (2011), World's 50 most delicious drinks, Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

CrrcoK JTiTepaTypu 0QOPMITIOETHCS JIUIIE TATHHUIICKO. ETeMEHTH CIUCKY YKPATHCHKOKO
Ta POCIHCHKOI0 MOBOIO MOTPIOHO TpaHchiTepyBatd. JIJis TpaHCiTepamii 3 YKpaiHCHKOIO
MOBHU BI/IKOpI/ICTOByGTbCﬂ HaCHOpTHI/Iﬁ craggapT.

3pyunuii caiit 1yt TpaHciTeparii 3 ykpaincskol mosu: http://translit.kh.ua/#lat/passport

CTaTTs HAACHJIAETHCA 32 eJIEKTPOHHOIO aapecoro: Ufj nuft@meta.ua
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YK 663/664

Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi CTaTTi, KOpOTKi
TTOB1TOMJICHHS, OTJISZIOBI CTATTi, HOBHHU Ta OTJISAIH JITEPaTypH.

TemaTtuka nyoaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis IIpornecu Ta oOnamHAHHS

XapuoBa XiMis HanorexHororii

Mixkpobiosnoris ExoHoMmika Ta yrpaBiiHHS

@i3nyHi BJIaCTUBOCTI Xap4yOBHX MPOAYKTIB  ABTOMAaTH3allisl IIPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX MPOAYKTIB YnakoBKa Uit Xap4OBHX IPOIYKTIB

IMepiognunicTh BUXOAY KYpHAJIY 4 HOMEpPH Ha PIK.

Pe3ysnbraTi qOCIiIKEHB, IPENICTABIICH] B )KypHaJli, TOBUHHI OYTH HOBUMH, MaTH YiTKUH
3BSI30K 3 Xap4yOBOIO HAYKOIO 1 TIPEJCTAaBIISATH IHTEpeC Ui MIXXHApOIHOTO HayKOBOI'O
CIIBTOBApHUCTBA.

Ukrainian Food Journal iHmekcyeThCsi HAYKOMETPHIHUMH Ga3aMu:

Index Copernicus (2012)

EBSCO (2013)

Google Scholar (2013)

UlrichsWeb (2013)

CABI full text (2014)

Online Library of University of Southern Denmark (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH
PLUS) (2014)

Directory of Open Access Journals (DOAJ) (2015)

InfoBase Index (2015)

Chemical Abstracts Service Source Index (CASSI) (2016)
FSTA (Food Science and Technology Abstracts) (2018)

Web of Science (Emerging Sourses Citaton Index) (2018)
Scopus (2022)

Peuensisi pykonucy crarrti. Marepianu, npeacraBieni mis myomikyBanas B «UKrainian
Food Journaly, mpoxomsite «IloaBiiiHe citinie pelieH3yBaHHS» IBOMAa BUCHUMH, MPU3HAYCHHUMU
PEeNaKIiiHO KOJIETIE: OJTUH € YICHOM PEKOJICTIT i OUH HE3aIeKHUN YICHHIA.

ABTOpPCBKE NPaBo. ABTOPHU CTATEH rapaHTYIOTh, 1110 pOOOTa HE € MOPYIICHHIM OYyIb-IKUX
aBTOPCBHKUX IIPaB, Ta BiJIIIKOJOBYIOTh BHABIIO MOPYIICHHsS MaHol rapantii. OmyOnikoBaHi
Martepianu € mpaBoBoro BiacHicTio Buaasiyl «UKrainian Food Journaly, skimo He y3romkeHo

1HIIIE.

HeranbHa indopmanisi npo Kypnau, iHcTpykuii aBTopam, NpukjIagu oh)opMIeHHS

CTATTi Ta aHOTaMili po3mileHi Ha calTi:

http://ufj.nuft.edu.ua
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PepakuiiiHa koneris
I'onoBHUIT pexakTop:
Ouaena CrabuikoBa, 1-p., HayionanbHuil ynisepcumem xapiosux mexnonoait, Yxpaina
YiieHn MikHAPOIHOI peJaKIiiiHOl KoJIerii:

Arorta I'enpe Paiimene, 1-p., Jlumoscokutl incmumym azpapnoi exonomixu, Jlumea

B. I. Bepnaocvkozo HAH Yxpainu

bao Txu Bypour, n-p., Yuisepcumem Mexoney, B'emuam

Bikrop Cra6uikoB, n.T.H., pod., Hayionarpnuil yHisepcumem Xapuoux MexXHONO02Il,
Yrpaina

Toxein . Hmocci, mpodecop, Memopianvuuii ynieepcumem Xybepma Katipyxi, Hap-ec-
Canam, Tanzanis

Jopa Mapinosa, npodecop, Vuisepcumem Kepmina, Ascmpanis

Eron Hlniumep, a-p, npodecop, Jepocasnuii ynisepcumem Iouma I poccu, bpaszunis
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Tponxetim, Hopgezis
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Kipcren Bpaunnar, npodecopp, Yrisepcumem Hviokacaa, Beruxobpumatis

Kpicrina Jlyiza Mipanaa CinBa, a-p., npodecop, [lopmyzarbcokuii kamoauyvbkuil
yHieepcumem — biomexuonoeiunuii konedoc, [lopmyeanis

Kpicrina IlonoBuy, 11-p., nouent, Texuiunuil ynigepcumem Mondosu

JleniBenwa Xy0, acoyiayis «Mixcnapoona eapmonizayitina iniyiamugay, Hioepranou
Mapis C. Tamnia, npodecop, Llenmpanvuuii ynisepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, na-p., Incmumym cinbcvkozocnooapcokoi  6iomexnonocii  Ilokanio
(INDEAR), IToxanio, Apeenmuna

Mapk llamusig, 1-p., A0UEHT, YopHomopcoKa acoyiayis 3 Xapuoeoi HayKu ma mexHono2ii,
Pymynia

Hyp 3agipa Hyp Xacuan, nokrop dinocodii, Vuisepcumem Ilympa Manaiizii, Cenaneop,
Manaiizia

Oxrasio [lapenec Jlonec, 1-p., npod, L{enmp nepchexmugnux oocnioxcenv Hayionanornozo
noaimexuiuno2o incmumymy, Mexcuxka.

Ounexcangp lleBuyenko, 1.1.H., ipod., HayionanvHuii yrigepcumem xapuo8ux mexHono02i,
Yrpaina

Pana Mycrada, n-p., [nodbanvuuti incmumym npooosonvyoi Oesnexu, YHieepcumem
Cackauesana, Kanaoa

Cewmix OT1aec, 1-p., npogh, Yuisepcumem Eee, Typeuuuna

Couns Amapei, 1-p., npog, Yuisepcumem «LlImegpan yen Mapey, Cyuasa, Pymyris
Cranka [lam'siHoBa, N.T.H., Tipod., Pycencokuii yHisepcumem «Aucen Kawnuesy, ¢hinis
Pasepao, Fonreapia

Credan Credanos, 0.1.H., ipod., Vrieepcumem xapuosux mexuonozii, boreapis

Tersina IMupor, 10.1.1., pod., HayionanvHuii yHisepcumem xap4o8ux mexHonoziu, Ykpaina
Ywmesypyiike Jlinye Omnapa, mpodecop, Cmenrenbouwicokuti yHigepcumem, KetinmayH,
Iligoenna A¢puxa
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Ileitna Kinonsi, Yuiseepcumem Kapamina, Kenisn

KOunis [35136K0, 1-p. XiM. HaYK, C.H.C., [Hcmumym 3a2anbHoi ma Heopeaniunoi Ximii imeni
KOu-Xga Ierri Xci, 1-p, mpodecop, Yuisepcumem Dropuou, CLIA

FOpiii Binan, 1-p., npod., Yuisepcumem Tomawa Bami 6 3nini, Yexis

Scmina Jlykinak, n.1.H., mpodecop, Vrieepcumem Ociexa, Xopsamis

Scmina Jlykinak, n-p, npod., Ociexcovkuil yuigepcumem, Xopsamisi.
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Arorta I'enpe Paiimene, 1-p., Jlumoscokutl incmumym azpaphoi exonomixu, Jlumea

bao Txu Bypour, n-p., Yuisepcumem Mexoney, B'emuam
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Yrpaina

Bosomumup Koso6aca, n-p. TexH. Hayk, npod., Hayionanvuuil yrigepcumem Xapyoeux
mexuonoait, Ykpaina

Il'anuna Cimaxina, a-p. TexH. Hayk, npod., Hayionamvnuil yuigepcumem Xapuoeux
mexuonoait, Yrpaina

I'onsin JI. Huocci, npodecop, Memopianvnuii ynisepcumem Xybepma Katipyxi, /lap-ec-
Canam, Tanzanis

Jopa Mapinosa, npodecop, Vuisepcumem Kepmina, Ascmpanis

Eron Hlniumep, a-p, npodecop, LJepocasnuii ynisepcumem Iouma I poccu, bpaszunis
Eiipin Mapi Ckiionnan bap, 1-p., npodecop, Hopsgeszvkuii ynieepcumem nayku i mexixu,
Tponxeiim, Hopsezis

HMopnanka Crepanosa, 1-p, [Tnosdiscoruii yuicepcumem "[aiciii Xinenoapexi", Boreapisa
Kipcren Bpaunnar, npodecopp, Yrisepcumem Hviokacaa, Beruxobpumatis

Kpicrina Jlyiza Mipanaa CiaBa, a-p., npodecop, [lopmyzanrscokuil KamoauybKuti
yuigepcumem — biomexnonoziunuil konedoc, Ilopmyaanis

Kpicrina IlonoBu4, 1-p., noneHt, 7exuiynuil yHisepcumem Monoosu

Jlana UlepinsH, a-p. ekoH. Hayk, npodecop., Hayionamvnuil yHigepcumem Xapyoeux
mexHonoeil, Yxpaina

JeniBeana Xy0, acoyiayis «Mixcrhapoona eapmonisayiiina iniyiamuseay, Hioepranou
Mapis C. Tamnia, npodecop, L{enmpanvhuii ynisepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, 1-p., IHcmumym cinbcokoeocnooapcewvkoi 6biomexnonoeii  Ilokanio
(INDEAR), Ioxanio, Apeenmuna

Mapk lamusig, a1-p., A0LEHT, YopHomopcbka acoyiayis 3 Xapuo8oi HayKu ma mexHoao2ii,
Pymynis

Hyp 3adipa Hyp Xacnau, noktop ¢inocodii, Yuisepcumem Ilympa Manaiizii, Cenaneop,
Manaiizia

Oxrtasio [Iapeaec Jlonec, 1-p., mpod, Llenmp nepcnexmusrux oocioxcenv Hayionanvrnoeo
noaimexuiuno2o incmumymy, Mexcuxka.

Ounexcanap lleBuenko, n.1.H., ipod., Hayionanvruii yrigepcumem xapuo8ux mexHono2i,
Yxpaina

Oabra Pubak, KaHA. TEXH. HAYK, JOL., [epPHONIIbCbKUL HAYIOHANbHUL MeXHIYHUL
yuiepecumem imeni leana Ilymos, Yxpaina

Pana Mycrada, n-p., [nodanvuuti incmumym npooosonvyoi Oesnexu, YHigepcumem
Cackaueeana, Kanaoa

Cemix Otitec, 0-p., npogh, Yuieepcumem Eze, Typeuuuna
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Credan Credanos, 0.1.H., npod., Vrieepcumem xapuosux mexuonoeiii, boreapis

Tersina IMupor, 10.1.1., npod., Hayionanshuii ynisepcumem xap4o8ux mexnonoziu, Yrpaina
Tersina [Mupor, a1-p. 6ion. Hayk, pod., Hayionanvruil yHieepcumem xapio8ux mexHoa02i,
Yrpaina

Ywmesypyiike Jlinye Omapa, npodecop, Cmennenbouwicokuii yHisepcumem, KetnmayH,
ITisoenna Agppuxa

I eitma Kinonsi, Yuiseepcumem Kapamina, Kenisn

KOunist I3936K0, -p. XiM. HAYK, C.H.C., [HCmumym 3a2aneHoi ma Heopeaniunoi Ximii imeni B.
1. Bepnaocvkoco HAH Vkpainu

KOn-Xga Ierri Xci, 1-p, mpodecop, Yuisepcumem @ropuou, CILLIA

Scmina Jlykinak, n-p, npod., Ociexcovkuil yruigepcumem, Xopeamisi.

Ounexciii I'ybensi (BiOmoBimanpHUN CeKpeTap), KaHI. TEXH. HAyK, NOU., HayiowmanrvHuil
YHIgepcumem xap4osux mexuonoziu, Ykpaina.

—— Ukrainian Food Journal. 2022. Volume 11. Issue 4



HayxoBe BugaHHs

Ukrainian Food Journal

Volume 11, Issue 4 Tom 11, Ne 4
2022 2022

[Mign. go apyky 28.02.2023 p. ®opmar 70x100/16.
OO0mn.-Bun. apk. 12.71. Ym. apyk. apk. 12.73.
Iapuitypa Times New Roman. /Ipyk odceTHuit.
Haxnax 100 npum. Bua. Ne 241/22.

HVYXT. 01601 Kuis—33, Byn. Bomogumupceka, 68

CBi0LTBO TIPO JepKABHY PEECTPALIIIO
JIPYKOBaHOT0 3ac00y MacoBoi iH(opmarii
KB 18964-7754P
Bumane 26 6epesns 2012 poky.



