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Introduction. The aim of research — to determine the
effect of clary sage (Salvia sclarea L.) essential oil on paper
packaging materials.

Materials and methods. Three packaging materials
have been studied based on paper coated with clary sage
essential oil. The chemical composition of the clary sage
essential oil is determined chromatographically.
Antimicrobial effect of essential oil was determined against
Gram-positive, Gram-negative bacteria, yeasts, and fungi
using the agar diffusion method.

Results and discussion. The chemical composition of
the clary sage essential oil showed a predominant amount
of oxygenated monoterpenes (83.43%), followed by
monoterpene hydrocarbons (7.86%), and sesquiterpene
hydrocarbons (5.16%). The major components of the clary
sage essential oil were linalyl acetate, B-linalool, o-
terpineol, limonene, and geranyl acetate that determined the
antimicrobial action of the oil.

The essential oil exhibited a fungicidal action against
the tested molds and yeasts. Its high antimicrobial
properties could be probably due to the high content of
linalyl acetate (40.31%) and g-linalool (22.72%).

Our results showed high fungicidal efficacy for the
three types of packaging materials. The suppressive action
against C. albicans during the investigated shelf life period
was about 100%. It was found a high efficiency of the
recycled paper against A. brasiliensis (99.2% - 81.9%). It
was determined that the bactericidal effect of the tested
packaging materials was lower than the Gram-negative
bacterium S. abony.

Conclusions. Clary sage essential oil could be used as
an antimicrobial agent in the food industry due to its
antimicrobial properties, in order to improve the quality of
the products and extend their shelf life.
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Introduction

Clary sage essential oil is obtained by steam distillation of flowering inflorescences of
the plant. The main constituents in the essential oil are linalyl acetate (45— 65%) and S-
linalool (15-25%). It has a musky, bittersweet smell [1]. It has an antibacterial and antiseptic
action [2,3]. It is mainly used in the perfumery, cosmetics, aromatherapy, and phytotherapy.
The leaves and inflorescences are used also for flavoring of some foods - meat, dairy,
vegetables, etc. [1].

The usage of plant extracts and essential oils is preferred in the development of novel
active packings due to the ability of the antimicrobial substance to contact the product or to
penetrate food [4,5].The interest in the usage of essential oils in packing systems has
increased in recent years due to their high antimicrobial activity. An antimicrobial active
packaging developed based on packing paper and essential oils has been used successfully in
the storage of strawberries [6].

The aim of the present study is to develop a wrapping paper with the clary sage essential
oil and to study its antimicrobial efficacy.

Materials and methods
Materials

Packaging papers. Three types of wrapping papers were used - 100% recycled paper
weighing 70 g/m?, 100% bleached pulp 40 g/m?and 100% unbleached pulp 40 g/m?.

Essential oil. The clary sage essential oil was provided by a manufacturer in Bulgaria.
Methods

Paper analysis. Microscopic analysis was performed to demonstrate the composition
of the fibrous material from which the packaging papers were obtained.

From the physico-mechanical properties, the length of tear of the test paper samples
was determined. The samples used have been analyzed before and after treatment with clary
sage essential oil [7].

Qil analysis. The physical and chemical parameters (appearance, color, odor, relative
density, refraction, and acid number) of the clary sage essential oil were determined [8].

The GC-MS analysis was carried out with an Agilent 5975C MSD system coupled to
an Agilent 7890A gas chromatograph (Agilent Technologies Inc., Santa Clara, CA). Agilent
J&W HP-5MS column (0.25 pm, 30 m x 0.25 mm) was used with helium as a carrier gas
(1.0 mL mint). The operational conditions were: oven temperature 35 °C/3 min, 5 °C/min to
250 °C for 3 min, total run time 49 min; injector temperature 260 °C; ionization voltage 70
eV; ion source temperature 230 °C; transfer line temperature 280 °C; solvent delay 4.25 min
and mass range 50 - 550 Da. The MS was operated in scan mode. One pL of the sample was
injected into the GC/MS system at a split ratio of 30:1. The GC analysis was carried out using
an Agilent 7890A GC system; FID temperature 270 °C. In order to obtain the same elution
order with GC/MS, simultaneous triplicate injections were done by using the same column
and the same operational conditions.
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The identification of compounds was made by comparing their mass spectra with those
from mass spectra libraries and by comparing the literature and estimated Kovat’s (retention)
indices that were determined using mixtures of homologous series of normal alkanes from
Csto Cy in hexane, under the conditions described above [9]. The percentage ratio of volatile
components was computed using the normalization method of the GC/FID peak areas.

Determination of antimicrobial activity. The antimicrobial activity of clary sage
essential oil was tested against test microorganisms provided by the National Bank for
Industrial Microorganisms and Cell Cultures in Sofia, Bulgaria: Gram-positive bacteria:
Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633; Gram-negative bacteria:
Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 9027, Salmonella abony
NTCC 6017; yeast: Saccharomyces cerevisiae ATCC 2601, Candida albicans ATCC 10231,
and fungal strain: Aspergillus brasiliensis ATCC 16404.

The antimicrobial activity was determined by the agar well diffusion method with a well
size of 8 mm. The growth media were Tryptic soy agar (Merck) for the tested bacterial strains
and Sabouraud-Dextrose-Agar (Merck) for the yeast and fungi. The media were inoculated
with a 24-h suspension of the bacterial species with a density of approximately 107 CFU mL
(turbidity: 0.5 McFarland standards). Media melted and cooled to 50 °C were inoculated with
the tested microorganisms and then equally dispensed into Petry dishes. Next, a hole with a
diameter of § mm was punched aseptically with a sterile cork borer, and a volume (50 pL) of
the antimicrobial agent was placed into the well. After that, the agar plates were incubated at
37 °C or 28 °C for 24 or 72 h according to the microbial species. After cultivation, the distinct
zone of growth inhibition around the wells was measured using a digital caliper. The diameter
of the zones, including the diameter of the well, was recorded in mm, for instance, up to 15
mm the microbial culture was poorly sensitive, from 15 to 25 mm it was considered sensitive,
and over 25 mm it was considered as very sensitive. The tests were performed in parallel
with solvent controls [10].

Determination of the antimicrobial properties of paper coated with clary sage
essential oil. The clary sage essential oil was applied with a pump dispenser on both sides of
each paper square (5/5 cm squares) and dried. The antimicrobial activity of coated papers
was examined after 2 h, 24 h, and 5 days. A 24 h-culture was prepared from each bacterial
test microorganism. With a wire loop, vegetative material was taken and suspended in 10 mL
of saline. The suspensions prepared were with a cell concentration of about 10° CFU/mL.
Yeast and mold suspensions were prepared in the same manner, but the cultures used were
at the age of 48 h for yeast and 120 h for mold. In aseptic conditions with sterile tweezers,
each square coated with essential oil was placed in a sterile petri dish. With sterile pipette on
each square was dropped 0.1 mL of the prepared cell suspensions and carefully spread over
the surface of the paper and then they were placed in a thermostat at 30-35 °C for 2 h.
Aseptically with a sterile pipette, in every petri dish were dropped 20 mL of Tryptic soy agar
for bacteria or Sabouraud-dextrose agar for yeast and molds. The following control samples
were also prepared: clary sage essential oil and microorganism free paper and essential oil
free paper with suspension from the current microorganism were obtained. Samples were
cultivated in a thermostat at 30-35° C for 24-48 h for bacterial species and at 20-25 °C for
48-72 h for yeast and 120 h for mold. The colonies grown in the petri dishes were
encountered [10].
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Results and discussion

The clary sage essential oil is a light yellow liquid with musky and bitter-sweet odor.

Indicators as appearance, color, odor, relative density refractive index, and an acid
number of lary sage essential oil were presented in Table 1. The results are in agreement with
the data found in the literature [1].

Table 1
Indicators of clary sage essential oil

Indicators Clary sage essential oil
Appearance Liquid
Color Light yellow
Odor Musky, bitter-sweet
Z0
Relative density (d:c.) 0.9034 +0.00
20
Refractive index ("' ) 14602 £0.05
Acid number (mg KOH/g clary sage essential oil) 1.52 £0.02

Chemical composition of clary sage essential oil

The chemical composition of the clary sage essential oil was shown in Table 2.

In the clary sage essential oil were identified 30 constituents representing 98.97% of the
total content of the oil as 5 of them were in concentrations above 1% and the rest 25
constituents were in concentrations under 1%. The main constituents in the clary sage
essential oil (above 3%) were: linalyl acetate (40.31%), g-linalool (22.72%), o-terpineol
(7.74%), limonene (5.40%), and geranyl acetate (4.63%). These constituents determined the
antimicrobial properties of the clary sage essential oil [2,3].

The differences between the essential oil yield in this study and that from other studies,
reported in the literature [1,11,12] are probably due to the climatic conditions in the
respective locality where the plants were grown, and also to the plant parts processed and
extracted.

The distribution of major groups of aroma substances in the clary sage essential oil was
also shown in Table 2. Oxygenated monoterpenes and monoterpene hydrocarbons dominated
in the clary sage essential oil.

The physico-mechanical parameters (length of the tear in the longitudinal direction and
relative longitudinal extension) of three different types of papers were presented (Table 3).

The results showed that the paper coatings with clary sage essential oil affected their
properties as the length of the tear in the longitudinal direction and relative longitudinal
extension. A decrease in the physico-mechanical parameters (breaking length by about 200
m) was indicated. The results showed that the loosening of the hydrogen bonds occurred
when the clary sage essential oil has penetrated. These changes were not significant and the
papers could be used for their intended purpose.
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Table 2
Chemical composition of the clary sage essential oil
1 , | Content,
Name RT* | RI % of TIC?
a-Pinene 9.69 | 932 0.22
p-Pinene 11.08| 975 0.31
[-Myrcene 11.51] 988 1.49
p-Cymene 12.64 1020 0.21
Limonene 12.81|1025 5.40
cis-Linalyl oxide 14.11| 1067 0.37
Terpinolene 14.56 | 1084 0.36
p-Linalool 15.08|1090| 22.72
o-Terpineol 17.94|1188 7.74
Linalyl formate 18.40| 1215 0.38
p-Citronellol 18.81| 1224 0.94
Nerol 19.53 1230 0.41
Linalyl acetate 19.75| 1254 40.31
a-Citral 20.04 | 1268 0.43
Neryl formate 20.25| 1280 0.11
Geranyl formate 20.82| 1297 0.24
Linalyl propanoate 21.76 | 1334 0.65
a-Cubebene 22.05 1345 0.88
Citronellyl acetate 22.14| 1350 0.85
Neryl acetate 22.46 | 1361 2.78
Geranyl acetate 23.01 1380 4.63
S-Cubebene 23.19 | 1386 0.37
S-Bourbonene 23.27|1389 0.23
S-Caryophyllene 24.12 | 1420 1.54
S-Selinene 25.63 | 1487 0.28
a-Selinene 25.80 | 1496 1.81
Spathulenol 28.09 | 1577 1.92
Caryophyllene oxide 28.58 | 1582 0.12
(2-Z,6-E)-Farnesyl acetate | 34.66 | 1821 0.20
n-Docosane 40.53 ] 2200 1.07
Total, % | 98.97
Aliphatic hydrocarbons, % 1.08
Monoterpene hydrocarbons, % 7.86
Oxygenated monoterpenes, % 83.43
Sesquiterpene hydrocarbons, % 5.16
Oxygenated sesquiterpenes, % 2.26
Phenyl propanoids, % 0.21
1 - retention time, min;
2 - retention (Kovat's) index;
3 - identified at > 0.05% of TIC
—— Ukrainian Food Journal. 2020. Volume 9. Issue 2 291
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Table 3
Length of packing paper cuts
Paper
Kind Bleached cellulose Unbleached cellulose Recycled paper
< c <
o o o
c = c = c =
o |5} o O o | 5]
= [ = a3 = 3
o = o = o =
2 5 e 5 e S
S 3 S 8 S 8
© [ © [ = [
£ 8 2| 5 | § 2| 5 |8 z
2|2 g |8 2|2 ¢ || 2|2 ¢g |8
D> | =2 = > o =2 = =) o =] =
5|5 85 |£| 5|35 5 |£€| 5 |%| 5|8
2| E| 8 |E| &2 |E 8 |=| g |E| g |c=
c| 3| ¢ | &| £ |3| ¢|&| E|3| ¢ |5
£ | 3 A G £ 2 3 G £ 2 2 G
| 8| & | =« | 2| = 8| « | 2| < &
o @ o P s} @ o ® s} @ o @
s | 2 S 2 S 2 S 2 £ 2 s 2
2| = 2 | = 2 | = 2 | = 2 | = 2 | =
[<5) () (5] (&) (5] () (<5} () [«5) (5] [<5} (]
| o — o | o — o — o | o
m | % m % m % m % m % m %
Untreated
withclary 1 o500| 1.4 | 2000 | 1.6 | 5800 | 1.0 | 1800 | 15 | 2800 | 0.8 | 1900 | 2.0
sage essential
il
Treated with
clary sage 2200( 1.2 | 2000 | 1.4 | 5600 | 0.8 | 1600 | 1.2 | 2600 | 0.6 | 1600 | 1.8
essential oil

Antimicrobial activity of clary sage essential oil

The clary sage essential oil exhibited a fungicidal action against the tested strains of
mold and yeast, with an inhibition zone diameter between 16.5 and 23.1 mm (Fig. 1). It was
determined a bactericidal effect of clary sage essential oil on Gram-positive bacteria S. aureus
(18.6 mm) and B. subtilis (17.9 mm) as the antimicrobial activity was determined to be lower
against Gram-negative bacteria S. abony (16.7 mm) ), E. coli (15.8 mm) and P. aeruginosa
(14.6 mm). The antimicrobial properties of clary sage essential oil have been studied by other
researchers [2,3]. We consider that there is a correlation between the antimicrobial activity
of clary sage essential oil and its chemical composition [3, 13]. Its high antimicrobial
properties against the investigated test-microorganisms could be probably due to the high
content of linalyl acetate (40.31%) and g-linalool (22.72%).
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Figure 1. Antimicrobial activity of clary sage essential oil

Antimicrobial properties of paper coated with clary sage essential oil

The antimicrobial activity of different papers coated with clary sage essential oil was
presented (Figure 2, 3 and 4).
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Figure 2. The antimicrobial effectiveness of bleached cellulose wrapping paper coated with
clary sage essential oil
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The antimicrobial effectiveness of recycled paper coated with clary sage essential oil
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The results obtained two hours after application of the clary sage essential oil to
bleached cellulose wrapping paper (Figure 2) showed inhibitory action of S. aureus growth
(100% efficiency) and B. subtilis (97.8%). Keeping the paper for 24 h did not affect its
antimicrobial action against S. aureus, but it was decreased against B. subtilis (80.6%). After
5 days of storage, antimicrobial effect decreased to 89.8% for S. aureus and 52.5% for B.
subtilis.

Packaging paper had a full inhibitory effect on E. coli (100%) two hours after clary sage
essential oil application and weaker activity for S. abony, where viable cells decreased to
66.9%. After 24 h-storage, the antimicrobial action against E. coli and S. abony was found to
be 56.3% and 60.5%, respectively. The five-day storage period reduced the antimicrobial
effectiveness to 48.9% for S. abony.

Full inhibition of C. albicans yeast growth and 83.9% in the A. brasiliensis mold growth
was observed 2 h after the clary sage essential oil application. After 24 h, the antimicrobial
activity remained 100% in C. albicans and decreased to 66% in A. brasiliensis. After 5 days,
this efficiency was 99.8% for C. albicans and 52.6% for A. brasiliensis.

Our results for the unbleached cellulose wrapping paper (Figure 3) showed an inhibition
of the growth of Gram-positive test organisms S. aureus (100%) and B. subtilis (87.3%) two
hours after the addition of clary sage essential oil. Keeping the paper for 24 h reduced the
antibacterial action to 71.8 and 86.1%, respectively. After a five-day storage period, it was
determined that the antimicrobial effectiveness was 51.3% against S. aureus and 62.4%
against B. subtilis.

Among the Gram-negative bacteria, S. abony was less affected than E. coli by
unbleached cellulose paper. After 2 h of storage, the growth of E. coli was reduced to 97.8%,
while the growth of S. abony was found to be 51.3%. After 24 h of paper storage, the
effectiveness of the antimicrobial action against E. coli did not change significantly and was
97.3%, while it was determined to be decreased to 37.1% for S. abony. Our results showed
that the antimicrobial action was decreased to 88.7% for E. coli and 33.2% for S. abony after
five-day storage.

Full inhibition of viable cells was detected in C. albicans 2 h after treatment of the
wrapping paper with clary sage essential oil.

Unbleached cellulose wrapping paper started to inhibits the growth of A. brasiliensis
(88.8%) 2 h after the addition of the clary sage essential oil.

The usage of recycled paper (Figure 4), 2 h after the addition of clary sage essential oil,
led to the suppression of the S. aureus (100%) and B. subtilis (76%) growth. After 24 h-
storage, its antibacterial action against S. aureus decreased to 89.2%. After five days, the
effectiveness of S. aureus was 68.2%, while it was 71.7% against B. subtilis.

Recycled paper inhibited the growth of E. coli and S. abony bacteria by 100% and
71.3%, respectively, two hours after the treatment with clary sage essential oil. After 24 h-
storage and 5 day-storage, its antimicrobial activity against E. coli decreased to 64.4%.

Treatment of recycled paper led to 100% inhibition of C. albicans yeast growth and
99.2% of A. brasiliensis mold. After 24 h, the effectiveness of the antimicrobial activity
remained at the same level as both test microorganisms. After 5 days of storage, the
antimicrobial effect was 99.7% for C. albicans and 81.9% for A. brasiliensis.

Previous studies showed that terpene essential oil components are effective on the
biological activities on the common prominent pathogenic and spoilage food-related bacteria
[14]. Our results for antimicrobial potential of clary sage essential oil are in agreement with
the data found in the literature. Its high antimicrobial action could be probably due to the
high content of oxygenated monoterpenes linalyl acetate and g-linalool.
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Conclusion

The results obtained showed high fungicidal efficacy for the three types of packaging
materials. The suppressive action against C. albicans during the investigated shelf life
varied about 100%. A high antimicrobial efficiency against A. brasiliensis was found
in the recycled paper (99.2% - 81.9%). The antimicrobial effectiveness in the bleached
paper was found to be 83.9% and reduced to 52.6%, while the antimicrobial activity of
unbleached paper reduces from 88.8% at the beginning of the experiment to 61.2% at
the end of the storage period.

The bactericidal efficacy of the three types of packaging papers, coated with clary sage
essential oil against the Gram-positive test microorganisms tested was found to be
among 100% and 76% and reduced to 89.8% - 52.5% at the end of the five-day storage
period. It was determined that the bactericidal effect of the tested packaging materials
was lower than the Gram-negative bacterium S. abony.

Clary sage essential oil may be used in food packing as an antimicrobial agent in order
to improve its quality and extend its shelf life.
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Introduction. The mechanism of water-binding and water-retention
health additives based on double oxide of two- and trivalent iron
“Magnetofood”(Fe3Oa).

Materials and methods. A model system based on nanoparticles of
the “Magnetofood” (FesOs4) additive is added to water, starch, egg
white, fat, linoleic acid, wheaten wheat. water-retaining capacity
(WRC) was achieved by energy dispersive x-ray (EDX) and IR-Fourier
spectroscopy (FTIR), the Shokh method, the indicator method (IM), the
differential thermal analysis (DTA), the coefficient of water absorption
(cm®g) was determined on the Dogadkina device, the swelling
properties of powder raw materials, effective viscous flow at the
Reotest-2 rotational viscometer.

Results and discussion. The mechanism of interaction of food
additive nanoparticles based on double oxide of two- and trivalent iron
“Magnetofood” (FAM) by self-organization of nanoparticles of the
additive (NP FesO4) in electrostatic complexes with proteins,
polysaccharides and fats such as “clusters”, “cavitates”, “clathrates”. It
was found that in food systems that contain proteins, polysaccharides,
water, their university is adjusted due to the “clusterophilicity” of FAM
and the ability of NP FesO4 to polarize, electrostatic coordination, the
formation of aqua associates.

A shift in the maximum absorption of the Fe—O bond was detected
in the high-frequency region by (57+2) cm™ compared with the
experimental sample of pure FAM indicates the chemical interaction of
iron cations with FAM molecules of macromolecular compounds
(starch, egg white, fat).

The chemical composition is determined of model systems of
macromolecular compounds with FAM: for particles of pure FAM — Fe
particles 75,5%; O 24,5%; for additive particles coated with egg white
—Fe 44,7%; O 26, 9%; C 21,4%; N 5,9%; S 1,1%; for additive particles
coated with starch — Fe 41,7%; O 35,7%; C 22,6%; for additive particles
coated with linoleic acid — Fe 45,6%; O 34,7%; C 19,7%; for additive
particles coated with sunflower oil — Fe 39,7%; O 36,7%; C 23,67%.

The ratio established of bound and free moisture in solvated FAM:
the amount of bound water: physico-chemical 68,9-69,4%, physico-
mechanical 21,5-22,3% and free 8,8-9,1%.

Conclusions. For the first time, models of the interaction of NP
Fe304 with water, proteins, fats, and carbohydrates have been proposed
to substantiate the mechanism of water-retention of food additive
nanoparticles based of double oxide of two- and trivalent iron.
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Introduction

One of the most important functional and technological properties of food raw materials and
food systems, which determines the course of technological processes, output, quality and timing of
preserving the freshness of finished products, is the water-retaining capacity (WRC), that is, the
ability to bind and retain water. The study of the mechanisms of binding and retention of water by
food ingredients will allow rational use of new types of food raw materials and predict the behavior
of components in food systems during cooking and storage of finished products.

To improve water-retaining capacity of raw materials and food systems, used food additives
of different origin: chemical compound (ammonium salt ortofosfornoj acids; meta-, ortho-, poly-,
pyrophosphates of sodium, potassium; lactates, citrates, etc) [1]; the special composition of enzymes
DSM [2, 3]; biologically active substance of vegetable, fruit and herbal additives [4-7]; a variety of
polysaccharides: citrus fibre; hydrocolloid vegetable (banana and Apple powder; coconut meal; guar
and xanthan gums), Polydextrose, cellulose ethers [5-11]; natural powdery substance on the basis of
dairy and egg products [12-15]; functional ingredients derived from industrial by-products (skin,
hooves, feathers, offal, seeds, bran, whey, etc.) [16, 17]; supplements of different chemical
composition: based on wheat, soybean, chickpea, enzymes, microalgae, and others [18-22];
nanoparticles of metal oxides (especially ZnO deposited on a film of carboxyme-thylcellulose) [23—
25]; micro- and nano-sized meat, fish, avian powders [23, 24].

The main disadvantages of known additives are narrow focus and lack of comprehensive
action. At the same time, the performance of nano-additives in innovative food products is
determined by a wide range of functional and technological properties, due to their high dispersion,
shape, structure and physical and chemical parameters.

Modern achievements and experience of domestic and foreign specialists in the field of
innovative food technologies [1-25] allow us to apply their results for further research and use of
nanomaterials, in particular metal oxides with stable physical and chemical indicators for correcting
the functional and technological properties of food raw materials and improving consumer
characteristics of food products [24, 25].

Interaction of nanoparticles with biopolymers of food systems (proteins, carbohydrates, lipids)
is a complex of complex chemical reactions. An important role is played by the supramolecular
organization of nanoparticles and the structure of the organic matrix, which results in the formation
of spatial nanostructures that significantly affect the functional and technological properties of raw
materials and food systems [26-35].

Therefore, the work on creating new functional and technological properties of food systems
using nano-powders food additives of complex action is relevant. It is important to understand the
mechanisms of water-binding and water-retention.

Since there is insufficient data on the study and justification of the mechanism of water-
permeation capacity of food additives in the nanometer range, in this paper we present research
related to the determination of the nature of interaction of food nanoparticles based on double oxide
of two- and trivalent iron “Magnetofood” (FAM) with water, proteins, fats, polysaccharides — the
main components of the technological environment. FAM has stable physical and chemical
parameters, a wide range of functional and technological properties (structure-forming, stabilizing,
water- and fat- retention, sorption, etc.) and promising technological applications [30-42].

The aim of the research is to study the mechanism of water-binding and water-retention by
nanoparticles of a food additive based on double oxide of two- and trivalent iron “Magnetofood”
(FAM).

To achieve this goal, the following tasks were set:

—  To study the mechanism of interaction of high-molecular compounds (starch, egg protein,
higher fatty acid, fat) with FAM nanoparticles using IR spectroscopy;
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To establish the chemical composition of experimental samples of FAM pure and coated with
starch, egg white, linoleic acid, sunflower oil using energy-dispersive x-ray spectroscopy;

To study the water-binding and water-retention of FAM by determining the coefficient of
water absorption in various media, the degree of swelling, the water absorption capacity of the
food additive;

Determine the indicator method and differential thermal analysis of the ratio of bound and free
moisture in solvated FAM;

To study the effect of FAM nanoparticles on water-retention, swelling and effective viscosity
of model systems of rye-wheat flour and starch.

Materials and methods

Materials
Research object: water-retaining capacity of powdered ingredients of food raw

materials, in particular nanoparticles of a food additive based on double oxide of two-and
trivalent iron “Magnetofood” (FAM).

Research subjects:

Food additive based on double oxide of two-and trivalent iron “Magnetofud” (FAM)
[Patent UA. 126502; TC U 10.8-2023017824-001:2018] — a highly dispersed brown or
black powder with a particle size of 70-80 nm. The chemical composition of FAM is
double iron oxide (FeO-Fe;O3 or Fe3Os), which was obtained by chemical
coprecipitation from aqueous solutions of ferrous and trivalent salts in an alkaline
medium [36];

Model system: suspension of FAM in water — obtained by dispersing the calculated
amount of FAM in drinking water deaerated and demineralized at a temperature of 18—

20 °C for (5-7)x60 s, followed by holding for (10-12)x60 s [33];
“starch+magnetofood”, “egg whitetmagnetofood”, “linoleic acid+magnetofood”,
“sunflower oiltmagnetofood”, “rye-wheat flour (60:40) (RWF)+magnetofood”:
suspension of FAM in 1% (13%) starch (flour) solution was obtained by introducing
the calculated amount of FAM in 1% (13%) starch (flour) solution) at a temperature of
(20-23) °C due to constant mixing n=(2,0-2,2) s for (5-7)x60 s [37]. Suspension of
FAM in 3% egg white solution was obtained by introducing the calculated amount of
FAM in 3% egg white solution at a temperature of (18-20) °C by constant stirring
n=(2,0-2,2) s’ for (3-5)x60 s, followed by holding for (5-7)x60 s [38]. Fat suspensions
of FAM were obtained by peptising the calculated amount of FAM into oil (linoleic
acid) at a temperature of (45-50) °C (rational ratio of components —FAM: fat
(wt.%)=50:50; that is, 2.5 g of suspension contains 1.25 g of FAM) with careful mixing
(n=2.0-2.2 s1) for (3-4)x60 s, followed by cooling the mixture to a temperature (18—
20) °C due to constant mixing n=(2.0-2.2) s [34, 35, 39-42].

Research methods
Fourier-infrared spectroscopy (FTIR)
Vibrational spectra of experimental samples were obtained using the method of IR-

Fourier spectroscopy [50] on a Tensor 37 Fourier spectrometer manufactured by Bruker
(Germany), controlled by the OPUS software package with standard calibration capabilities
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in the frequency range (4000-400) sm™ in the absorption format (IR-Fourier spectra of
samples were taken in KBr tablets) [26, 29, 34].

Energy-dispersive x-ray spectroscopy (EDX)

To establish the chemical composition of the test samples, a scanning electron
microscope JSM-820 (JEOL) with an EDX prefix was used. X-ray spectra were obtained by
bombarding experimental samples with electrons using a voltage of 20 kV (corresponding to
the lines of characteristic spectra of Iron, Carbon, Sulfur, Nitrogen and Oxygen). The
determination of the elemental composition of the experimental samples was performed by
analyzing the obtained spectra of characteristic x-ray radiation [26, 28, 34, 35].

Indicator refractometric method

It consists in determining the difference in dry matter between sugar solutions-
“indicator” and FAM, solvated in sugar solution [43].
The bound moisture was determined by the formula (1):

X = M , (1)
PxDb,
where X — the amount of bound water, g per 1 g of dry matter;
b1 and b, — the initial and final concentration of sucrose solution,%;
B — the mass of 20 cm?® 10% sucrose solution, g;
P — the weight of dry matter, g.
Free moisture was determined by the formula (2):
v (C, - C)xmx100 @)

C, xgxW
where Y- free water content, % of the total content;
Co, C1— initial and final concentrations of sucrose solution,%;
m — mass of the initial sucrose solution, g;
g — weight, g¢;
W — total water content in 1 g of the sample, g.

Differential thermal analysis (DTA)

Thermographic determination was performed on the derivatograph system Q-1500D of
the company MOM (Hungary) for the weight of samples 0.5 g for the following modes of
removal of derivatograms: sensitivity of the DTA — 250 galvanometer, DTG — 500
galvanometer, TG — 500 galvanometer, the rate of change of the heating temperature — 4
°C/60 sec [44]. Based on the TG curve, which corresponds to the process of dehydration, the
temperature curve T was built according to the degree of change of the mass « to the
temperature T. On the TG curve at 5 °C was found to change the mass of the sample, which
corresponds to the mass fraction of moisture at a temperature T, and total mass fraction of
moisture, determined in TG curve at the end of the process of dehydration. The degree of
change in mass a was calculated using the formula (3):

Am,
o=
m

: ©)

where « is the degree of mass change,
Amy is the change in the mass of the sample at temperature (T), 103g;
m is the total mass fraction of moisture contained in the sample, 10 g.
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Coefficient of water absorption (degree of swelling) of food additive
“Magnetofood”

The degree of swelling (Q,%) was determined on the Dogadkina device at two
temperatures: (20+1) °C and (50+1) °C in media traditionally used in food technologies [45]
according to the formula (4):

Q=Mu 1002 2 w100, @)
MO MO
where Mo — weight of the suspension before swelling, g;
My — weight of the suspension after swelling, g;
o — density of the absorbed liquid, g/cm?;
V — volume of the absorbed liquid, cm® (V=2xDhxK;);
h — height of the column of the absorbed liquid, cm;
D — diameter of the tube, cm;
K, — coefficient of the device.

Water absorptive capacity (WAC) of food additive “Magnetofood”

The method is based on bound moisture at T=293K by various hydromodule of FAM
followed by centrifugation and determination of WAC (am,%) by standard weight method
[46, 47] according to the formula (5):

a, = <, ®)
where m, and m are the mass of the FAM hitch before and after solvation.

The swelling properties of powder raw materials

It was determined by infusing 1% of the water suspension of the experimental sample
during the day. Swell (N, cm®/g) was estimated as the maximum amount of water that an
object can absorb and hold until dynamic equilibrium occurs, related to the weight of the
suspension [12, 42].

Water retaining capacity (WRC) of powder raw materials

WRC (%) was determined by the Schoch method as the amount of water that was
adsorbed and retained by the raw component during the process of infusing and centrifuging
the water suspension [12,48, 49].

Effective viscosity

It was determined on a rotary viscometer “Reotest-2" in 13% aqueous suspensions of
model systems of starch and flour. The choice of concentration is determined by obtaining
solutions with the optimal viscosity for the study on this device. The viscosity of the samples
was measured for 30 minutes every 10x60 s at temperatures of (23£2) °C and (40+2) °C
[12,48, 49].
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Results and discussion

Scientific justification of the interaction of FAM with the main components of food
systems — proteins, fats, polysaccharides, water

The chemical activity of “Magnetofood” nanoparticles (NPM) is determined mainly by
electrostatic — dipole-dipole (vandervaals) and ion-dipole interactions. Donor-acceptor
(coordination) interactions, such as hydrogen bonds, are also involved in the adsorption of
proteins, fats, carbohydrates, and water on the surface of the NPM [26, 28-35].

Figure 1 shows the schemes of NPM solvation, which explains the regularities of the
formation of the properties of food systems, in particular the bound water capacity. On the
surface of the NPM are variously polarized areas (**Fe) and (?0). The Fe*and F&* NPM
cations are structure-forming [26, 28, 30]. High tension electric field created by cations of
iron magnetic nanoparticles additives, enhances the polarization of the molecules that are
next and this contributes to a further ordering of the dipoles (e.g., peptide bonds, HO™-groups,
COO~-groups, H20 and others) outside the particle surface and chemisorption [26, 28— 31].

In a neutral environment (pH=6,8—7,0), polarized NPM are formed (Figure 1, a), which
then pass into solvated particles and solvated aquacomplexes [30]. In an acidic environment
(pH<6,8) (Figure 1, b), protonated, then solvated-protonovani NPM, which then form
solvated aquaasociati [30]. In an alkaline environment (pH>7,0) (Figure 1, ¢), hydroxylating
NPM are first formed, then solvated-hydroxylating NPM arise, which then form
solvatocomplexes [30].

For a more detailed explanation of the mechanism of interaction of proteins,
polysaccharides, and fats with NPM, consider the electrostatic coordination interactions that
occur between NPM and the ionogenic groups of these compounds. As a result, electrostatic
complexes are formed: “clathrates” (Figure 2) and “cavitati” (Figure 3) [30-32].

In an internal molecular complex — “clathrate” (Figure 2, a) of the “complex-cell” type
(Figure2, b), the donor is a Nitrogen atom of the heterocyclic systems Histidine (His) and
Tryptophan (Trp), which has a free electron pair on the outer shell. NPM ferum cations (Fe?,
Fe*), which have vacant 3d-orbitals, act as a complex-forming acceptor. As a result, three
intramolecular coordination ligaments are formed that strengthen the electrostatic complex
[30].

Complex associates of polyheterocyclic ligands of protein molecules with NPM,
combining fragments of two polypeptide chains of histidine and tryptophan with iron cations
(F&*, Fe*) due to intermolecular complexation, are the mizmolecular complex “cavitat” —
“NPM-+protein”.

In addition to the fact that the iron cations (Fe*,Fe*) of the NPM are coordinated in a
linear ligand (Figure 3, a), they also firmly hold a similar ligand located perpendicular (Figure
3, b). Such a complex structure is strong due to the multiplicity of formed coordination links
[30-32].

Under the influence of “Magnetofood” nanoparticles (NPFesO4) high-molecular
compounds (proteins, polysaccharides, higher fatty acids, fats) undergo structural changes,
forming fairly stable structures with NPFesOs. Figure 4 shows the process of self-
organization of NPFe3O4 into electrostatic complexes with proteins, polysaccharides and fats.
The NPFes;0, complex with gliadin (Figure 4, a) is stabilized by coordination (donor-
acceptor) bonds of Fe atoms with Oxygen and Nitrogen atoms of Glutamine and Tryptophan
residues, as well as by electrostatic hydrophobic interactions of aliphatic side chains of
leucine residues and n-n—stacking interactions of aromatic fragments of tryptophan residues.
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Figure 1. Mechanisms of FAM solvation at different pH levels in aquatic environments

a — neutral (pH~7.0); b — acidic (pH<7, 0); ¢ — alkaline (pH>7, 0)
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in the Gliadin polypeptide chain:
a — “clathrate” — “NPM-+protein”; b — “complex-cell” — “NPM+protein”
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Figure 3. Intermolecular complex of NPM with links of two polypeptide chains:
a— “cavitate” — “NPM-+protein”;
b — spatial structure “cavitate” — “NPM-+protein”
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Figure 4 (Continue). Electrostatic complexes of NPFe3O4 with:
a — protein (gliadin); b — polysaccharide (amylopectin); ¢ — fat (triglyceride)

All this causes a more branched structure and intertwining of protein macromolecules.
As aresult, there are formations such as “clusters”, “clathrates”, “cavitates” and “loops” [30—
32, 34, 35].

Intermolecular complexes of NPFez;O4 with links of two main chains of amylopectin
(Figure 4, b) are formed due to coordination bonds of Fe atoms with Oxygens (etheric,
pyranose and hydroxyl) of D-glucopyranose residues, amplifying the 7-x stacking interaction
of pyranose cycles in the “plane-to-plane” type. In the amylopectin molecule, the n-w stacking
interaction is due to electrostatic forces: hydrophobic and dispersive london forces between
the glucopyranose residues. All this contributes, first, to an increase in the degree of
branching of the main chain of the polysaccharide, in particular amylopectin, and second, to
the appearance of “cluster” — type formations [30, 32].

Under the influence of NPFesO., fats undergo structural changes, forming
supramolecular associations from NPFe3;0,— electrostatic complexes (Figure 4, c) due to the
coordination bonds of Fe atoms with Oxygen atoms of the natural group of triglycerides,
which causes their chemosorption on the reactively active surface of polar NPFe3zO4[34, 35].
Figure 5 shows the bound water of NPFe;O. in food systems containing proteins and
polysaccharides.
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a - gliadin; b —amylopectin; ¢ — cellulose
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Water dipoles

Solvatocomplex of NP Fe3O4 with chain link Cellulose

Figure 5. (Continue). Distribution of water dipoles in “clusters” of links of solvated polymer
chains structured by NPFe3O4:
a — gliadin; b —amylopectin; ¢ — cellulose

Water accumulation is observed around the polar NPFe304 and in “clusters” and “loops”
between two Gliadin chains (Figure 5, a), where both intermicellar and intramicellar water
can be retained (due to hydrogen, dipole-ion and dipole-dipole bonds with NPFesO4 and
hydrophilic groups of amino acid residues) [30, 32]. H,O dipoles also form hydrogen bonds
without breaking the strength. Side branches that appear in the protein macrostructure
contribute to the extension of the main chains, without breaking the “cross-linking”. This
facilitates the interaction of protein macromolecules with H,O dipoles and improves the
hydration of protein fragments. The result is an increase the WRC of food systems and
finished products.

When FAM is introduced into food products (in particular, gel-like type),
polysaccharide molecules are exposed to polar NPFesO4 (Figure 5, b). That is, when
polysaccharides are hydrated in the presence of NPFe3O4, a system of hydrogen,
hydrophobic, electrostatic, and coordination bonds is formed, which contributes to the
stability of the carbohydrate structure [31, 32]. Water molecules, forming hydrogen bonds,
penetrate deeper polysaccharides (in particular starch) in the least organized parts of the chain
macromolecules of carbohydrate and form of education “NPFe3;04+polysaccharide+H,0” on
type “cluster” (Figure 5, b). NPFe3O4 form aquacomplex, and in “clusters” occur solvatatsii.
This pushes the polymer chains apart and improves water penetration into the starch. This
water absorption weakens the micromolecular bonds in dense layers and promotes the
penetration of moisture into the most crystalline layers. This process goes through the
gelation stage, when the starch grains swell and increase in volume. As a result, the WRC of
the carbohydrate-containing system increases.
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Due to the open (linear unbranched) structure of cellulose (Figure 5, c), the availability
of hydrophilicity centers (NPFesO4, OH™-groups, etc.), the high reactivity and complex-
opening ability of polar NPFe3O. increases the energy potential of hydrophilic components
of cellulose and color: adsorption of H>O dipoles in microcapillars (which are built in a three-
dimensional mesh structure); penetration of H,O dipoles inside the cellulose (due to
expansion of polymer chains and weakening of micro-macromolecular bonds in dense
layers). As a result, solvatoassociates are formed and the water-retaining capacity of the
structural polysaccharide (cellulose) increases [31, 32].

Experimental confirmation of interaction of a food additive based on double oxide
of two- and trivalent iron “Magnetofood” with proteins, fats, polysaccharides, water

Fourier-infrared spectroscopy. The results of Fourier-IR spectroscopic studies of
model systems of egg protein, starch, linoleic acid and sunflower oil with FAM are shown in
table 1 and table 2.

The intensive wide band with the maximum absorption (3341+4) cm™ is shifted in the
complex asociati to the low-frequency region in comparison with the frequency of free OH-
-groups and Amide A (N-H) (3406+4) cm™ (Table 1). This indicates the participation of
hydroxyl Oxygens and amide Nitrogens in the formation of coordination bonds with Fe atoms
of FAM [26, 27].

Table 1
Comparison of wave numbers of individual peaks in the IR-spectra
of the complex associate “egg white+tmagnetofood” and the starting substances
(egg white, food additive “Magnetofood” — FAM)
Communication Position of maxima (wave numbers), cm ! Offset,

fluctuations Egg white FAM | «egg whitetmagnetofood» em?
v(O-H),
v(N-H)-Amide A 3406+5 - 3341+5 -65
vas (C—H) 2927+4 - 2927+4 0
vs(C—H) — — 2360+4; 234243 —
v (C=0)-Amide | 1653+3 - 1642+3 -11
8 p.(N-H)-Amide II 153943 - 152743 -12
3p.(C-H) 1451+3 - 144243 -9
0 p.(C—C) 123942 - 123942 -
3 extpl. (C—C) - - 115542 -
8 extpl. (C—C) 1079+2 - 10272 -52
v (Fe-0) — 532+2 588+2 +56

There are also intense bands with maxima at (2360+4) cm™ and (2342+3) cm, which
are absent in the egg protein spectrum. These peaks can be attributed to the symmetric
valence (vs) oscillations of the C—H bond, which is confirmed by the electrostatic
hydrophobic interactions of aliphatic side chains of amino acid residues in “clathrates” and
“cavitates”, which occur under the action of NPFe3O4 [27]. During the adsorption of egg
white on the surface of the NPFe30,, the absorption bands of valence vibrations of Amide I
WC=0) and plane deformation vibrations of Amide II 8y (N-H) are shifted to a lower
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frequency in the region: v(C=0)=(1642+3) cm™; 8,.(N-H)=(1527+3) cm’L, respectively [27,
34].

The absorption bands of plane and out-of-plane deformation vibrations & ,.(C—H) and
Bext.pl.(C—C) are shifted to a lower frequency — in the region: &, (C-H)=(1442+3) cm™* and
Bextp.(C—C)=(1027+2) cm respectively, a new absorption band of plane deformation
vibrations 8. (C—C)=(1155+2) cm is also observed. This is confirmed by the electrostatic
hydrophobic interactions of aliphatic and cyclic amino acid residues in complex associate
[27, 34].

In the spectrum of pure FAM (Table 1), there is an absorption line of the Fe—O bond with
a maximum value of ~532 cm1, which is in good agreement with the data from literature
sources of ~530 cm® [26, 28, 35]. The shift of the maximum of the corresponding absorption
band of the Fe—O bond valence vibrations in the “egg protein+magnetofood” complex to the
region of ~ 588 cm™ is due to the influence of surface egg protein molecules, their
interference in the near-surface layer of FesO4 nanoparticles and chemical interaction with
ferum cations. Thus, the research results confirm the formation of a complex between egg
protein and NPFe30..

Comparison of IR-spectra (Table 2) shows that the wave numbers of peaks differ in the
spectra of the initial substances (starch, FAM) and the “starch+magnetofood” complex,
indicating the chemical interaction in the carbohydrate-magnetofood model system. In the
spectrum of the “starch+magnetofood” complex, there is a shift of the intense band of free
OH— groups (3443+5) cm™ to the low-frequency region — (3415+5) cm™, which indicates the
participation of hydroxyls in the topic of hydrogen bonds and electrostatic coordination
interactions with Fe atoms of FAM [26, 27].

Table 2
Comparison of wave numbers of individual peaks in the IR-spectra of the complex associate
“starch+magnetofood” and initial substances (starch, FAM)

Communication Position of maxima (wave numbers), cm~ Offset, cm!
fluctuations Starch FAM «starch+magnetofood»

v(O-H) 3443+5 - 341545 -28
vas (C—H) 292744 — 291744 -10
vs(C—H) - — 2360+4; 234243 -
v (C-0-0) 1653+£3 — 164043 -13
3 p1.( C-0-C) 1457+3 - 1441+3 -16
5 p.(C—C) 1162+2 - 115242 -10
3u(C-C) - — 1081+2; 102142 -
3 extpl, (C—C) 982+2 92042 -60
8 extpl. (C—C) 857+2 84742 -10
S extpl. (C—C) 763+2 7532 -10
v (Fe-0) - 53242 58942 +57
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Displacement of the peak of valence v (C-O—C) by (13+3) cm™ and plane deformation
vibrations DPL.( C-O-C) at (16+3) cm™ in the low-frequency region in comparison with the
experimental starch sample indicates the presence of coulomb and coordination interactions
between Fe atoms of FAM and Oxygens (ether, pyranose and hydroxyl) of D-glucopyranose
residues [27].

The appearance of new absorption bands in the region (700-1200) cm, which
characterize the fluctuations of the carbon skeleton, and the shift to the lower frequency
region of some characteristic absorption bands (C-C) bonds indicates the presence of
hydrophobic and dispersive london interactions between the residues of glucopiranose [26,
27]. The shift of the maximum absorption of the Fe—-O bond to the high-frequency region
(57£2) cm™ in comparison with the experimental sample of pure FAM indicates the chemical
interaction of FAM ferum cations with starch molecules. All this confirms the presence of
chemical interaction in the complex asociati “starch+magnetofood” [27, 34].

The study of chemosorption of linoleic acid and 1-linoleyl-2-oleoyl-3-
linolenoylglycerol on the surface of FAM nanoparticles is given in previous studies [34, 35,
42], which indicates the chemical interaction of higher fatty acid and fat with FesO.
nanoparticles.

Energy-dispersive spectroscopy (EDX)

The chemical composition of model systems was determined using EDX-spectra:
“magnetofood-Fes04”  (sample 1), “starch+magnetofood” (sample 2), “egg
proteintmagnetofood” (sample 3), “linoleic acid+magnetofood” (sample 4), “sunflower
oil+magnetofood” (sample 5) (Table 3).

Table 3
Chemical composition of experimental samples of compositions “protein (or fat or
polysaccharide)+magnetofood” based on the results of EDX-spectra

Elemental composition
Samples Fe | 0 C

Mass% Atomic% Mass% Atomic% | Mass% | Atomic%
1 75,5+3,7 42,9421 24,5+1,2 57,1+2,8 - -
2 41,721 36,7+1,8 35,7+1,6 27,4+1,4 | 22,6x1,1| 32,6x1,6
3* 447+2,2 37,0+1,7 26,9+1,3 22,86+1,1 | 21,4+1,0| 31,2+1,5
4 45,6+2,3 37,5+1,7 34,7£1,5 26,6+1,3 |19,7+0,9| 30,9+1,4
5 39,7+1,9 35,5+1,6 36,7+1,8 29,6+15 |23,6+1,2| 34,9+1,7

* Note: Sample 3 —mass %: N(5,9+0,3); S(/, /£0,05); atomic %: N(2,7+0,1); S(0,7+0,03).

On the EDX spectra of all experimental samples, peaks of about 0.8; 6,3 and 6,8 keV are
associated with the absorption of kinetic energy of electrons by the Fe atom [27, 28]. The
spectra of NP FesO, covered with egg white, linoleic acid, oil and starch contain two more
peaks: about 0,27 keV and 0,47 keV. These absorption bands belong to the C and O atoms
[27, 28, 34, 35]. Moreover, the peak at 0,47 keV, characteristic of the O atom, is also present
in the spectrum of pure FAM; and the peaks of about 0,3 and 1,2 keV are associated with the
absorption of kinetic energy by the electrons of the N and S atoms, respectively [27, 28, 34].
Fe, O, and C (H cannot be investigated) and N and S (for sample 3) are the main components
in the system “protein (fat, polysaccharide) of magnetofood” (Table 3).
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Thus, systems with NPFe;O4 have a chemical composition: sample 1 (FAM) — Fe 75,5%);
O 24,5%; sample 2 (NPFesO4 covered with starch) — Fe 41,7%; O 35,7%; C 22,6%; sample
3 (NPFez0. covered egg white) — Fe 44,7%; O 26, 9%; C 21.4%; N 5,9%; S 1,1%; sample 4
(NPFesO4 covered with rich linoleic acid) — Fe 45,6%; O 34, 7%; C 19,7%; sample 5
(NPFe304 coated with sunflower oil) — Fe 39,7%; O 36,7%; C 23,6%.

So, in the experimental samples (2-5) a new chemical element (C) appears, and in the
experimental sample 2 two more elements (N and S), which are absent in pure FAM (sample
1). The result indicates that FAM nanoparticles were successfully obtained (sample 1) and
the main substances of food systems: proteins, fats, polysaccharides (samples 2-5)
chemosorbated on FAM particles.

Determination of FAM bound moisture forms

Depending on the heterogeneity of multicomponent systems, FAM can behave as a
functional additive with a high hydration capacity with a wide range of actions in food
production technologies, especially during the formation of various colloidal systems. Table
4 shows the coefficients of water absorption of FAM in media traditionally used in food
technologies [45].

Table 4
Coefficient of water absorption of FAM in various environments

The coefficients of water absorption of FAM,
Polar environment rel.un.

t=204+2°C t=5042°C
Sodium bicarbonate, pH=6,0 12,4+0,4 12,8+0,4
Ethanoic acid solution, pH=4,5 12,8+0,4 13,0+0,4
Sodium chloride solution, 0,5 % 13,1+0,5 13,4+0,5
Sodium chloride solution, 1,7 % 13,4+0,5 13,5+0,5
Solution of sucrose, 1,1 % 13,6+0,5 13,7+0,5
Solution of sucrose, 5,0 % 13,8+0,6 14,0+0,6
Milk 12,6 £0,4 12,9+0,4

Increase in the temperature of the environment to (50+2) °C (Table4) promotes hydration
ability of FAM, which are caused, firstly, nano size particles Fe;O4 with a developed active
surface area and a significant interaction of FAM particles with the aqueous phase [30, 33];
second, the presence of polarized sections, and structure-forming cations of iron on the
surface, exhibit pronounced hydrophilic properties and childist to education aguacomplex
[31, 32, 37].

The clusterofilnosty NP “Magnetofood” (NPM) [30] and the presence of a defective
near-surface layer [33, 35, 39] significantly affect the intensity of hydration — (degree of
swelling, Ks) and water absorptive capacity (WAC) of the food additive (Figure 6).

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2 313



Food Technology ——

400

350

WAC, %

300

250

200

150

100

50

B ]

B

F
7
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
%

o
o

g
g
ﬁ
ﬁ
ﬁ
ﬁ
ﬁ
g
ﬁ

o
ol

15 20 30 45 60 75
Soak period, tx601 s
a
400

350 °

/
300

250 /

200 /

150 /

100
50 /
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30 35 40
Duration swelling, tx60-1 s

b
Figure 6. Intensity of FAM hydration:
a— WAC of “magnetofood+water” systems in the ratio of FAM:H20
W13 B _1:5. 0_1:10;
b — swelling kinetics.
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The weight of all systems “magnetofood+water” (Figure 6, a) is maximized by 2,0-2,2
times in 30x60 s. Thus, the greatest WAC is observed for these systems with a ratio of 1:5
and 1:10, and the minimum is 1:3. Region at T<10x60s(Figure 6, b) is characterized by high
speed of swelling due to the filling of microdefects of the surface layer additives and water
adsorption on the developed surface of NPM water molecules with their electrostatic forces
as individual molecules or in the form of a film of a thickness of several molecules. Next, an
aquacomplex is formed, since the following aquashares (polimolecular adsorption layers)
appear on top of the formed aquaplive (monomolecular adsorption layer), which are attracted

314 —— Ukrainian Food Journal. 2020. Volume 9. Issue 2



Food Technology ——

by molecular forces (including hydrogen bonds) [30, 32]. After (25+£5)x60 s the swelling
process ends and reaches a maximum value of Kqw=340-350%.

Based on the analysis of the forms of water bond in FAM after swelling (indicator and
thermogravimetric methods) the amount of bound water was determined: physical-chemical
68,9-69,4%, physical-mechanical 21,5-22,3% and free 8,8-9,1% (Figure 7). This fact
confirms the bound water capacity of FAM.
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Figure 7. Distribution of water on the forms in the FAM after swelling, the specific methods:
1 — differential thermal analysis; 2 — indicator;
a — free, osmotic and physical-mechanical moisture;
b — the amount of bound moisture

The ability of FAM to bound and retain water confirmed experimentally in model
systems “rye-wheat flour (RWF)+magnetofood” and “starch+magnetofood” increase
(compared to control): swelling (Sw) of 1,15-1,2 times for starch and 1,1-1,3 times for flour
and the water-retaining capacity (WRC) — 1,15-1,3 times for starch and-1,15-1,27 times for
flour (Figure 8).

60 o 60

2 &

t 50 ) § 50 %

= 4 I 7 % 40 iz

(%]
30 e 30 LA
20 e 20 LEAA
10 1 P 10 don:
0 [INlnl=I= , 0 A= i

123456 78 1 2 3 45 6 7 8
a b

Figure 8. Swelling (Sw) (a) and WRC (b) systems “RWF+magnetofood” and
“starch+magnetofood” with different amounts of FAM, mas.%:
1,5 - RWEF, starch 0, 2%; 2, 6 — RWF, starch 0, 15%;
3, 7- RWEF, starch 0, 1%; 4, 8 - RWF, starch 0%
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This is due to the ability NPM branching of the polymer chain of the macromolecules
due to the “cavitativ”, “clathrativ” and the side chains, extending the main chain of
macromolecules of proteins and polysaccharides [30-32].

Also, the nanoparticles form a hydrophilic additive of solvatation with protein-
carbohydrate complexes food systems, increasing haratio the ability of the feed components,
in particular proteins and polysaccharides [30-32].

Under the influence of the applied shear stress, the formed aggregates are gradually
destroyed, and in samples with FAM more slowly. This explains the high pseudoplasticity of
water suspensions of experimental starch and flour samples. As a result, their viscosity
decreases (Figure 9).
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Figure 9. Effective viscosity of 13% of water suspensions at different temperatures and mass
fraction of FAM, mas.%: a — “starch (St)+magnetofood”;
b — “RWF+magnetofood” (1 — control and 2 — 0,15% FAM at 23 °C;
3 —control and 4 — 0,15% FAM at 40 °C)
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The use of FAM increases the viscosity of aqueous suspensions of starch and flour at
both temperatures (compared to the control) by an average of 27-31% for starch and 20-24
% for flour at 21-25 °C and 15,0-17% for starch and 9-11% for flour at 38-42 °C. That is,
the process of destruction of the internal structures of the dispersed system is slowed down
when adding FAM to the system (due to the structure-forming and stability-forming ability
of this additive) [30-32]. Moreover, the introduction of FAM into the system accelerates and
strengthens the processes of hydration and dissolution of starch and flour [30, 37, 38].

Increase in the viscosity of 13% of water suspensions of starch and flour during proofing
(shear rate y=9 s) — 30x60* s (Figure 10) by 1,15-1,35 times at temperature of 21-25 °C
and 1,13-1,26 times at a temperature of 38-42 °C for starch and 1,1-1,27 times at a
temperature of 21-25 °C and 1,1-1,22 times at a temperature of 38-42 °C for flour (compared
to the control) is associated with the continuation of the processes of hydration and
dissolution (due to the clusterofilnosti and amphifilnosti FAM) [30, 33].
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Figure 10. Dependence of the effective viscosity of 13% water suspensions on the time of
tincture at different amounts of FAM, mas.%: a — “starch (St)+magnetofood”;
b — “RWF+ magnetofood” (1 — control and 2 — 0,15% FAM at 23 °C;
3 —control and 4 -0,15% FAM at 40 °C)

Adding a food additive based on double oxide of two- and trivalent iron “Magnetofood”
(FAM) to the system accelerates and strengthens the processes of hydration and dissolution
of starch and flour. The thickening properties of the food additive and its ability to bind and
retain water have been experimentally confirmed. These properties are important in hal- and
foam-like, emulsified and emulsified-suspension systems.
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Conclusions

Proved the mechanism of water retention nanoparticles of food additives, based of
double oxide of two- and trivalent iron “Magnetofood” (Fe3O4) due to clusterophilicity and
amphiphilicity food supplements and the ability of NPFe3O, polarization, electrostatic
coordination, formation of aqua associates. The introduction of a food additive based on
double oxide of two- and trivalent iron “Magnetofood” into the poliphase system increases
the water-retaining capacity of its components (in particular, proteins, polysaccharides),
which contributes to improving the quality indicators and shelf life of finished products in
comparison with the control.

The conducted research shows the high hydration capacity of a food additive based on
double oxide of two- and trivalent iron “Magnetofood” (FAM), which in food production
technologies can improve the functional and technological properties of heterogeneous
dispersed systems and improve the timing of preserving the freshness of finished products.

References

1. Trokhymenko V., Kalchuk L., Didukh M., Kovalchuk T., Zakharin V. (2018),
Vykorystannia kharchovykh dobavok u kovbasnomu vyrobnytstvi ta yikh vplyv na
orhanizm liudyny, Visnyk Sumskoho natsionalnoho ahrarnoho universytetu, Seriia
«Tvarynnytstvoy, 2(34), pp.233-237.

2. Maforimbo E., Skurray G., Nguyen M. (2007), Evaluation of |-ascorbic acid oxidation
on SH concentration in soy—wheat composite dough during resting period, Food Sci. and
Technol., 40(2), pp. 338-343.

3. Rosell C., Aja S., Bean S., Lookhart G. (2003), Wheat flour proteins as affected by
transglutaminase and glucose oxidase, Cereal Chem., 80(1), pp. 52-55.

4. Chugunova O., Pastushkova E. (2015). Modelirovaniye organolepticheskikh pokazateley
khleba s rastitelnymi dobavkami. Vestnik YuUrG,. Seriya « Pishchevyye i biotekhnologii»,
3(4), pp. 80-87.

5. Tamazova S., Lisovoi V., Pershakova T., Kazimirova M. (2016), Pishchevye dobavki na
osnove rastitelnogo syria, primeniaemye v proizvodstve khlebobulochnykh i muchnikh
konditerskikh izdelii, Politematicheskii setevoi elektronnyi nauchnyi zhurnal KubGAU,
122(8), pp. 1-8.

6. Rosliakov lu.F., Vershinina O.L., Gonchar V.V. (2016), Nauchnye razrabotki dlia
khlebopekarnoi i konditerskoi otraslei, Tekhnologii pishchevoi i pererabatyvaiushchei
promyshlennosti, APK-produkty zdorovogo pitaniia, 6, pp. 1-6.

7. Rosliakov Ju., Vershinina O., Gonchar V. (2010), Perspektivnye issledovaniia
tekhnologii khlebobulochnykh izdelii funktsionalnogo naznacheniia, lzvestiia vuzov,
Pishchevaia tekhnologiia, 1, pp.123-125.

8. Gorshunova K., Semenova P., Bessonov V. (2012), Vzaimodeistvie gidrokolloidov i
vodorastvorimykh vitaminov pri konstruirovanii obogashchennykh pishchevykh
produktov, Pishchevaia promyshlennost, 11, pp. 46-49.

9. Filips G. O, Viliams P. A. (2006), Spravochnik po gidrokolloidam, Per. s angl. pod red.
Kochetkovoi A. A. i Sarafanovoi L. A., GIORD, Sankt—Peterburg.

10. (2013), Tsitrusovye volokna Herbacel AQ Plus — tip N: spetsifikatsii dlia pishchevykh
dobavok i retseptury, Available at: http://specin.ru.

318 —— Ukrainian Food Journal. 2020. Volume 9. Issue 2



Food Technology ——

11. Domoroshchenkova M., Demianenko T., Kamysheva 1. (2007), Issledovanie
funktsionalno—tekhnologicheskikh svoistv izoliatov soevykh belkov, Maslozhirovaia
promyshlennost, 4, pp. 24-28.

12.Renziaeva T., Pozniakovskii V. (2009), Vodouderzhivaiushchaia sposobnost syria i
pishchevykh dobavok v proizvodstve muchnykh konditerskikh izdelii, Khranenie i
pererabotka selkhozsyria, 8, pp. 35-38.

13.Renziaeva T., Tuboltseva A., Ponkratova E., Lugovaia A., Kazantseva, A. (2014),
Funktsionalno-tekhnologicheskie svoistva poroshkoobraznogo syria i pishchevykh
dobavok v proizvodstve konditerskikh izdelii, Tekhnika i tekhnologiia pishchevykh
proizvodstv, 4, pp. 43-49.

14. Anup S., Atanu H., Shrikant C. (2012), Comprehensive Reviews in Food Science and
Food Safety, Institute of Food Technologists, 11, pp. 518-528.

15. Bae S., Cho M., Jeong J. (2017), Effects of Various Calcium Powders as Replacers for
Synthetic Phosphate on the Quality Properties of Ground Pork Meat Products, Korean J.
Food Sci Anim Resour, 37(3), pp. 456-463.

16. Martins Z., Pinho O., Ferreira, 1. (2017). Food industry by—products used as functional
ingredients of bakery products, Trends in Food Science & Technology,67, pp. 106-128.

17.Lai W., Khong N., Lim S., Hee Y., Sim B., Lau K., Lai O. (2017), A review: Modified
agricultural by—products for the development and fortification of food products and
nutraceuticals, Trends in Food Science & Technology, 59, pp. 148.

18.Bharath K., Prabhasankar P. (2014), Low glycemic index ingredients and modified
starches in wheat based food processing: A review, Trends in Food Science &
Technology, 35(1), pp. 32-41.

19.Ngemakwe P., Le Roes-Hill M., Jideani V. (2014), Advances in gluten—free bread
technology, Food Science and Technology International, 21(4), pp. 256-276.

20.Bird L., Pilkington C., Saputra A., Serventi L. (2017), Products of chickpea processing
as texture improvers in gluten—free bread, Food Science and Technology International,
23(8), pp. 690-698.

21. Garcia—Segovia P., Pagan—Moreno M., Lara |., Martinez-Monzé J. (2017), Effect of
microalgae incorporation on physicochemical and textural properties in wheat bread
formulation, Food Science and Technology International, 23(5), pp. 437-447.

22. Boubaker M., Omri A., Blecker C., Bouzouita N. (2016), Fibre concentrate from
artichoke (Cynara scolymus L.) stem by-products: Characterization and application as a
bakery product ingredient, Food Science and Technology International, 22(8), pp. 759-768.

23. Ramachandraiah K., Choi M.-J., Hong G.-P. (2018), Micro— and nanoscaled materials
for strategy—based applications in innovative livestock products: A review, Trends in
Food Science & Technology, 71, pp. 25-35.

24.Hansen S., Heggelund L., Besora P., Mackevica A., Boldrin A., Baun A. (2016),
Nanoproducts — what is actually available to European consumers?, Environmental
Science: Nano, 1, pp. 1-8.

25. Thiruvengadam M., Rajakumar G., Chung M. (2018), Nanotechnology: current uses and
future applications in the food industry, 3 Biotech, 8(1), pp. 74-83.

26.Drmota A., Kosak A., Znidarsik A. (2008), A mechanism for the adsorption of carboxylic
acids onto the surface of magnetic nanoparticles, Materials and technology, 42, pp. 79—
83.

27.Mahdavi M., Ahmad M. B., Haron M., Namvar F., Nadi B., Ab Rahman M., Amin J.
(2013), Synthesis, Surface Modification and Characterisation of Biocompatible Magnetic
Iron Oxide Nanoparticles for Biomedical Applications, Molecules, 18, pp. 7533-7548.

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2 319


https://www.sciencedirect.com/science/article/pii/S0924224417305095#!
https://www.sciencedirect.com/science/article/pii/S0924224417305095#!
https://www.sciencedirect.com/science/article/pii/S0924224417305095#!
https://www.sciencedirect.com/science/journal/09242244
https://www.sciencedirect.com/science/journal/09242244
https://pubs.rsc.org/en/results?searchtext=Author%3ASteffen%20Foss%20Hansen
https://pubs.rsc.org/en/results?searchtext=Author%3ALaura%20Roverskov%20Heggelund
https://pubs.rsc.org/en/results?searchtext=Author%3APau%20Revilla%20Besora
https://pubs.rsc.org/en/results?searchtext=Author%3AAiga%20Mackevica
https://pubs.rsc.org/en/results?searchtext=Author%3AAlessio%20Boldrin
https://pubs.rsc.org/en/results?searchtext=Author%3AAnders%20Baun
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5766453/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5766453/

Food Technology ——

28.Zhang L., He R., Gu H.-C. (2006), Oleic acid coating on the monodisperse magnetite
nanoparticles, Applied Surface Science, APSUSC-14301, 7, pp. 1-7.

29. Chernyshova I., Ponnurangam S., Somasundaran P. (2011), Adsorption of Fatty Acids
on Iron (Hydr)oxides from Aqueous Solutions, Langmuir, 27(16), pp. 10007—10018.

30. Tsykhanovska 1., Evlash V., Alexandrov A., Lazareva T., Svidlo K., Gontar T.,
Yurchenko L., Pavlotska L. (2018), Substantiation of the mechanism of interaction
between biopolymers of rye-and-wheat flour and the nanoparticles of the «Magnetofood»
food additive in order to improve moisture—retaining capacity of Dough, Eastern-
European Journal of Enterprise Technologies, 2/11(92), pp. 70-80.

31. Tsykhanovska I., Evlash V., Alexandrov A., Lazareva T., Bryzytska O. (2018),
Substantiation of the interaction between the lipo- and glucoproteids of rye-wheat flour
and nanoparticles of the food additive «Magnetofood», Eastern—European Journal of
Enterprise Technologies, 4/11(94), pp. 61-68.

32. Tsykhanovska I., Evlash V., Alexandrov A., Lazareva T., Yevlash T. (2018),
Substantiation of the mechanism of interaction of between the carbohydrates of rye—
wheat flour and nanoparticles of the polyfunctional food additive «Magnetofood»,
Eastern-European Journal of Enterprise Technologies, 3/11(93), pp. 59-68.

33.Levitin E. la., Vedernikova 1. A., Tsikhanovskaia I. V. (2007), Issledovanie
elektropoverkhnostnykh svoistv magnetitovykh dispersnykh sistem na vodnoi osnove,
Eastern—European Journal of Enterprise Technologies, 3/4 (27), pp. 16-18.

34. Tsykhanovska 1., Evlash V., Alexandrov A., Gontar T. (2018), Mechanism of fat-binding
and fat-contenting of the nanoparticles of a food supplement on the basis of double oxide
of two- and trivalent iron, Ukrainian Food Journal, 7(4), pp. 702—-715.

35. Tsykhanovska 1., Evlash V., Alexandrov A., Gontar T., Shmatkov D. (2019), The study
of the interaction mechanism of linoleic acid and 1-linoleyl-2—oleoyl-3-linolenoyl—
glycerol with Fes04 nanoparticles, Chemistry & chemical technology Chemistry, 13(3),
pp. 303-316.

36. lliukha N., Barsova Z., Kovalenko V., Tsikhanovskaia 1. (2010), Tekhnologiia
proizvodstva i pokazateli kachestva pishchevoi dobavki na osnove magnetita, Eastern-
European Journal of Enterprise Technologies, 6/10(48), pp. 32-35.

37.Tsykhanovska 1., Evlash V., Alexandrov A., Lazareva T., Yevlash T. (2018),
Investigation of the water-retaining capacity of the carbohydrate complex of rye-wheat
dough with addition of polyfunctional food supplement «Magnetofood», Eureka: Life
Sciences, 3/15(3), pp. 56-64.

38.Tsykhanovska 1., Yevlash V., Lazarieva T., Shynhisov A. (2019), Doslidzhennia
strukturno—mekhanichnykh pokaznykiv ta pinoutvorennia zefirnykh mas z riznymy
strukturoutvoriuvachamy pry vvedenni v retsepturu kharchovoi dobavky «Mahnetofud»,
Pratsi TDAU, Tekhnichni nauky, 2(19), pp. 168-189.

39. Aleksandrov O.V., Tsykhanovska I.V., Barsova Z.V., Dudenko N.V., Pavlotska L.F.,
Skurikhina L.A. (2015), Kolektyvna monohrafiia, Povnotsenne kharchuvannia:
innovatsiini aspekty tekhnolohii, enerhoefektyvnoho vyrobnytstva, zberihannia ta
marketynhu, Oderzhannia ta doslidzhennia vlastyvostei biolohichno—aktyvnykh dobavok
na osnovi lipido—mahnetytovykh suspenzii, KhDUKhT, Kharkiv, pp. 138-167.

40. Tsykhanovska I., Aleksandrov O., Lazarieva T., Hontar T., Pavlotska L. (2016),
Kolektyvna monohrafiia, Povnotsenne kharchuvannia: innovatsiini aspekty tekhnolohii,
enerhoefektyvnoho vyrobnytstva, zberihannia ta marketynhu, Vykorystannia zhyro—
mahnetytovoi suspenzii dlia pidvyshchennia kharchovoi tsinnosti tsukerok «Sukhofiukty
v shokoladi», zbahachenykh zalizovmisnoiu kharchovoiu dobavkoiu, KhDUKhT,
Kharkiv, pp. 143-170.

320 —— Ukrainian Food Journal. 2020. Volume 9. Issue 2


https://pubs.acs.org/author/Chernyshova%2C+Irina+V
https://pubs.acs.org/author/Ponnurangam%2C+Sathish
https://pubs.acs.org/author/Somasundaran%2C+Ponisseril

Food Technology ——

41. Tarasiuk N., Barsova Z., Tsykhanovska I. (2012), Tekhnolohiia otrymannia oliino—
mahnetytoveikh suspenzii, Khimichni Karazinski chytannia — 2012 (KhKCh12): tezy IKh
Vseukr. nauk. konf., 23-26 kvitnia 2012 roku, Kharkivskyi natsionalnyi un—t im. V. N.
Karazina. pp. 326-327.

42. Tsykhanovska I., Alexandrov A., Gontar T., Kokodiy N., Dotsenko N. (2016), Stability
and morphological characteristics of lipid—magnetite suspensions, Eureka: Life Sciences,
3(3), pp. 14 — 25.

43. lurchak V., Berzina N., Shmarovoz V., Prishchepa M. (1989), Opredelenie sviazannoi
vody indikatornym metodom v khlebopekarnom proizvodstve, Izvestiia vuzov,
Pishchevaia tekhnologiia, 4, pp. 78-80.

44 Nilova L., Kalinina I., Naumenko N. (2013), Metod differentsialno—termicheskogo
analiza v otsenke kachestva pishchevykh produktov, Vestnik IuUrGU, Pishchevye i
biotekhnologii, 1(1), pp. 43—49.

45, Krainiuk L., Savgira lu., Pozdniakova E., lancheva M. (2000), K voprosu o
sovershenstvovanii metodiki opredeleniia vodosviazyvaiushchei sposobnosti miasa i
miasoproduktov, Progresivni tekhnologii ta udoskonalennia protsesiv kharchovikh
virobnitstv: zb. nauk. prats, 1, pp. 119-123.

46. Svidlo K., Peresichnyi M. (2011), Technology of functional public catering foods with
dietary additives, Proceedings of 11th International Congress on Engineering and Food
«Food Process in Changing Worldy, 22—26 May 2011, National Technical University of
Athens, School of Chemical Engineering, pp. 2035-2037.

47.Diakov A., Torianik A., Svidlo K., Lipovoi D. (2013), Issledovanie vlagosoderzhaniia
shrota i kletchatki ovsa i proektirovanie na ikh osnove tekhnologii smuzi
gerodieticheskogo naznacheniia, Protsessy i apparaty pishchevykh proizvodstv, Sankt—
Peterburg: SPBGUNIPT, 1, pp. 10.

48. Rikhter M., Augustat Z., Shirbaum F. (1975), I1zbrannye metody issledovaniia krakhmala,
Pishchevaia promyshlennost, Moscow.

49.Renziaeva T., Pozniakovskii V. (2009), Vodouderzhivaiushchaia sposobnost syria i
pishchevykh dobavok v proizvodstve muchnykh konditerskikh izdelii, Khranenie i
pererabotka selkhozsyria, 8, pp. 35-42.

50.Posudin Y.l., Peiris K.S., Kays S.J. (2015), Non-destructive detection of food
adulteration to guarantee human health and safety, Ukrainian Food Journal, 4(2), pp.
207-260.

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2 321



Food Technology ——

Effect of some unconventional ingredients on the
production of black beer

Marius Ciocan, Adriana Dabija, Georgiana Gabriela Codina

Stefan cel Mare University of Suceava, Suceava, Romania

Keywords:

Black beer
Acorn
Topinambur
Molasses

Abstract

Article history:

Received
02.09.2019
Received in revised
form 16.01.2020
Accepted
30.06.2020

Corresponding
author:

Adriana Dabija
E-mail:
adriana.dabija@
fia.usv.ro

DOl:
10.24263/2304-
974X-2020-9-2-5

Introduction. The aim of this research is to determine the effect
of some unconventional ingredients such as the acorn flour,
topinambur flour and molasses in order to develop a beverage
similar to black beer.

Materials and methods. Black beer was obtained according to
a conventional method of obtaining beer in a pilot scale brewery. In
the manufacturing recipe, brown malt has been replaced with acorn
flour, topinambur flour and molasses with 50% sucrose in the
following variants: variant 1 — 0.5:1.5:1; variant 2 — 1:1:1; variant
3-1:1.5:0.5; variant 4 — 1.25:1.25:0.5. For fermentation of bottom-
fermenting yeast was used. The extract content, alcohol content and
apparent fermentation for the black beer samples were analysed
with the Anton Paar device.

Results and discussion. The CO; content, foam height, foam
stability, total acidity of beer, for all the analyzed samples are within
the admitted limits for the black beers. The sensory characteristics
of the black beer samples evaluated, namely appearance, colour,
odour, taste, gas release and foam stability indicates the fact that the
variant 1 of the black beer received the lowest score whereas the
variant 4 received the highest one. The sensory analysis results were
unexpected ones, the non gluten beers obtained being very well
appreciated, the panellists preferring them over commercial black
beers made from traditional ingredients. The black beer obtained in
all four experimental versions are beers with an alcoholic
concentration which ranged between 7.06% and 8.16%, with a high
degree of final fermentation, which ranged between 73.26% for
variant 2 and 85.85% for variant 4. The data obtained with the
unconventional raw materials as the acorn flour, topinambur flour
and molasses were comparable to commercial black beer, which
acted as the control sample. The best result regarding the final
fermentation degree (85.85%) was obtained for the variant 4, even
higher than those obtained for the commercial beer (80.20%). Also,
the variant 4 was the best appreciated from the sensory point of
view. This variant can be proposed to obtain black beer on an
industrial scale because it has good physico-chemical properties
comparable to a black beer on the market.

Conclusions. Black beer, obtained on the basis of an innovative
manufacturing recipe, presented good sensorial characteristics, a
freshly roasted coffee flavour, a fruity taste and bittersweet.
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Introduction

Nowadays, the beer production from other raw materials than barley or wheat malt is an
increasing one in the beer industry field. The new innovative products meet consumers
demand especially those suffering from celiac disease. The gluten content in commercial
beers is below the limits of Codex Alimentarius Standard (20 ppm), but even so may create
healthy problems to the consumers due to their different clinical sensitivity to the beer gluten
content [1].

Over the last years, different strategies can be applied to produce gluten-free beers [2].
Some approaches for the biological or chemical elimination of barley gluten (hordein) or
wheat gluten (gliadin) have been proposed [3]. For example, Fanari et al. (2018) proposed
two different deglutinization treatments: an enzymatic process based on Aspergillus niger
prolyl endopeptidase and a precipitation process by silica gel [4].

Many studies has been carried out into the use of other cereals in the brewing of beer
such as maize, rice, sorghum, teff, millet, and triticale, pseudocereals (buckwheat, amaranth,
quinoa), and another ingredients such as cassava, chestnut, honey, sugar, molasses etc. [5-
15].

The future studies should be performed to improve the quality of innovative beer
assortments from new unconventional raw materials in order to satisfy the consumers
demand.

This current study proposes the use of three ingredients as malt substitutes for obtaining
black beer: acorn flour, topinambur flour and molasses.

Acorn flour is obtained from Quercus sp. fruits from ancient times through drying,
maturation, milling, detanization processes and it is used in the manufacture of various
bakery products, beverages, pastry-confectionery, pasta, biscuits, as a coffee substitute
etc.[16,17,18]. Acorn flour is an important source of antioxidant substances, has a high fat
content (of which over 80% unsaturated fat), protein and a considerable amount of calcium,
magnesium, potassium, phosphorus, iron, copper and zinc, vitamins from the B complex (B1,
Bz, Bs and Bs) [19,20]. Acorn flour has anti-inflammatory, mineralizing, antianemic,
antirash, antitumor, antioxidant, diuretic, energizing favouring insulin secretion properties.
This flour is recommended for the treatment of gastritis, ulcer, enteritis, anaemia, mental
disorders, fatigue, mental exhaustion, overuse and headaches [21,22].

Topinambur tubers have been brought to the attention of specialists and consumers due
to their properties, being recommended by many nutritionists for consumption. Topinambur
is currently recognized as a culture used for the production of long-standing ethyl alcohol,
including beer production [23,24]. The topinambur tubers were also used to produce brandy
in France and Germany or for sake in Japan. The topinambur flour is a valuable, easy-to-use
product, and its addition to bakery, pastry and pasta-making recipes improves their nutritional
value [25,26]. The topinambur flour is rich in fiber (36.4% on average), mineral substances
(calcium, iron, selenium, potassium, phosphorus) and vitamins (B vitamins, vitamin C, -
carotene) [27]. Topinambur is also rich in inulin (over 50% of the dry substance), which can
be easily hydrolysed and then converted into ethyl alcohol. The yield in ethyl alcohol is
equivalent to that of sugar cane and twice as high as that of ethyl alcohol obtained from corn.
Other uses of topinambur flour are: extruded products, confectionery products, gelatine
products, sugary products, functional granules, culinary products etc. [28,29,30].

Molasses is the last by-product from the manufacture of sugar following repeated
crystallization of sucrose and from which can still be obtained by crystallization. Nowadays,
in the US, Europe, Australia, as well as in our country, molasses is the main raw material
used in the production of bakery yeast and a valuable raw material for the production of ethyl
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alcohol (containing an average of 50% sucrose). The chemical composition of molasses
varies depending on the raw material used in the manufacture of sugar (beet or sugar cane)
and the technological process applied in the sugar factories. The benefits of molasses cover
a wide range of health problems: acne and other skin diseases, headaches, anaemia, stress,
obesity, diabetes, constipation, prostate disorders, premenstrual symptoms, or cancer [31,32].

The main objective of this research was to use these unconventional raw materials that
have been previously developed to obtain brew, a beverage similar in aroma, taste and mouth
feel to black beer. To our acknowledgments no other studies has been made for non-gluten
black beer production with the ingredients used in this research. This fact will lead to a
diversification of black beer assortments which may satisfy the consumers.

Materials and methods
Materials

In our research the following ingredients were used: acorn flour and topinambur flour
obtained from Bio Boom Company Romania, molasses from Agrana Romania Company, a
bottom fermentation yeast from Grama Trading Company under the trade name Saflager W
34/70 (Fermentis, Belgium), and hop pellets from Agrosiro Serv Impex Company
(Sighisoara, Romania). All the raw materials used in the process came from trustworthy
suppliers with technical quality specifications, in compliance with the current food safety
legislation.

In order to obtain the black beer, several experimental variants were elaborated in which
the three basic ingredients — acorn flour, topinambur flour and molasses — replaced the barley
malt from the classic beer recipe. Thus, the ratio between acorn flour, topinambur flour and
molasses was: variant 1 — 0.5:1.5:1; variant 2 — 1:1:1; variant 3- 1:1.5:0.5; variant 4 —
1.25:1.25:0.5.

Beer production

Brewing was carried out in a pilot scale brewery (30 L, Braumeister, Speidel, Germany).
The technological process of obtaining the beer respected the classical technology through
the decoction process with two mashes [33]. Thus, acorn flour and topinambur flour were
mashing separately, until boiling for gelatinization of the starch. Then, those 2 mash were
inserted into the main mash to obtain the wort using the following mashing programme:
mashing in at 45 °C; rest for 30 min; ramp heating within 15 min to 63 °C; rest for 30 min;
ramp heating within 5 min to 65 °C; rest for 30 min; ramp heating within 5 min to 72 °C and
rest for 60 min. At this temperature saccharification was monitored every 10 min, until the
reaction with iodine did not took place anymore. Mashing off temperature was 78 °C, and
then the mash was filtered to obtain the wort.

The wort was boiled with hops for 60 min under atmospheric pressure, cooled to 12 °C
and fermented for 5 to 7 days at 12 °C using a bottom fermentation yeast. The fermentation
trials were performed simultaneously under the same conditions. Fermentation was followed
by a maturation period of 21 days at 4 °C. Filtration was carried out using a plate filter, and
then the filtered beer was bottled using a manual bottling unit.

Bottled black beer was stored to the dark at 4 °C until analysis.
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Beer analyses

The final beer was analyzed for its physical-chemical and sensorial properties. The
extract content, alcohol content and apparent fermentation were determinated by Anton Paar
(Anton Paar GmbH, Austria) using an automated beer analyzer. The CO; content, foam
height, foam stability, total acidity of beer, was measured [34, 35].

A sensory evaluation of the beers was carried out by a trained, 25-member tasting panel
(10 women and 15 men, 24-60 years old), following the 20 points method. The points ranged
from O to 5 for each attributes: appearance, colour, odour, taste, gas release and foam stability.
A point of 0 meant that the attribute was absent whereas a point of 5 indicated that the
attribute was extremely strong [36].

Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical analysis was performed using XLSTAT statistical package (free trial version,
Addinsoft, Inc. Brooklyn, NY, USA) at a significance level of p < 0.05.

Results and discussion
Physicochemical characteristics of black beer samples

The beer samples obtained were analyzed from the physicochemical point of view, and
the results obtained were compared with an assortment of commercial black beer. The results
obtained were shown in Table 1 and Table 2. Beer constituents were provided from the raw
materials (acorn flour, topinambur flour, molasses, carbohydrate sources), bitter and flavour
substances from wort production, as well as from fermentation and maturation.

Foam, foaming capacity and foam stability distinguish beer from other beverages. A
good, white and stable foam stability is a key parameter which reflects the fact that it was
handled correctly during the brewing process. The characteristics of the foam are: volume,
density and persistence. The volume of the foam depends on the carbon dioxide content and
the amount of surfactants. The slow release of carbon dioxide, in small, uniform bubbles, is
explained by its bounding to colloids from the extract: dextrin, proteins, bitter resins from
hops etc. [37].

The persistence of the foam depends on the degree of dispersion of the colloidal
substances in the beer, which forms a resistant film around the carbon dioxide bubbles. The
persistence of the foam is favoured by the bitter resins of the hops and by the nitrogenous
substances, complex, but it is diminished by the presence of fats and the amount of alcohols
content. The beer must have long and persistent foam, must be clear and shiny and must
maintain these characteristics for the longest period of time possible [7].

Considering Table 1 one can observe that the samples with the highest foam stability are
samples 2 and 4, followed by samples 3 and 1.

CO:; content is crucial for the ability to foam and other beer sensory properties. In the
beer samples analyzed, the CO, content is within the limit of min. 0.4 g/100 mL drink [34].
The highest value of this parameter was recorded for the sample 4, namely 4.8 g CO, /100 g
beer. This value was higher even than those obtained for the market beer sample, whose value
was only 4.06 g CO, /100 g beer.
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Table 1
Physicochemical properties for black beers by standard methods
Beer samples — COz FH FS [m LTI\'IA;OH
mean (SD) [9/100 mL] [mm] [min] 1N /100 mL ]

Beer 1 (B1) 4,140.1% 28.0+1.0° 4,00+1.0% 2.80+0.20%
Beer 2 (B2) 4,0+0.1% 48.0+2.0? 8.00+1.0° 2.90+0.05%
Beer 3 (B3) 3.940.2% 42.0+2.0° 5.00+0.0% 2.95+0.05%
Beer 4 (B4) 4.8+0.12 58.0+2.0° 7.00£1.0% 3.50+0.10?
Commercial beer b a b b
sample (BC) 4.06+0.11 59.33+4.16 7.00£1.0 3.26+0.11
F-ratio 9.862 5.617 7.194 8.069
P-value 0.002 0.012 0.005 0.004

Physicochemical properties: CO, colour, FH, foam height, FS, foam stability, TA, total acidity
The values are meanststandard deviations of three replicates.
Means in the same column followed by different letters are significantly different (p < 0.05).

Table 2
Physicochemical properties for black beers by Anton-Paar device
Beer samples — OE ALC H GFF
mean (SD) [°P] [% VIv] P [%]
Beer 1 (B1) 17.85+0.08? 8.16+0.042 4.60+0.02% 77.04+0.50%
Beer 2 (B2) 17.05+0.05? 7.60+0.03? 4.53+0.01% 73.26+0.33%
Beer 3 (B3) 16.87+0.03? 7.06+0.042 4.56+0.03% 79.87+0.23%
Beer 4 (B4) 16.92+0.022 7.40+0.042 5.02+0.02% 85.85+0.15%
ga%rl‘;e(rgé') beer | 14 g5:008° | 7.204020° | 4.60400%° | 80.20+0.20°
F-ratio 12.178 9.972 9.500 8.965
P-value 0.001 0.002 0.002 0.002

Physicochemical properties: OE, original extract, ALC, alcohol concentration, GFF, final
fermentation degree

The values are meanststandard deviations of three replicates.

Means in the same column followed by different letters are significantly different (p < 0.05).

The extract of the primitive must and the alcohol concentration of the beer are the most
important determinations, at least from the financial point of view [38]. The black beer
obtained in all 4 experimental versions is a beer with an alcoholic concentration between
7.06% and 8.16%, with a high degree of final fermentation, with values between 73.26% for
variant 2 and 85.85 % for variant 4 (Table 2). It can be observed that beer samples 4, recorded
the best results regarding the final fermentation degree (85.85%), even higher than the beer
from (80.20%).
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Sensorial characteristics of black beer samples

Sensory analysis is of essential importance in assessing the quality of beer. The taste, the
smell, the colour, the clarity, the foaming, the release of the carbon dioxide bubbles, are the
best recommendation and are, at the same time, the result of all the technological operations
[10, 39]. To perform the sensory analysis of the 4 experimental variants, the 20 points sensory
method was used. The results of the sensory analysis are shown in Table 3.

Table 3
Sensorial properties for the dark beers samples
Beer
samples — AP CO_S oD TA GR FS S PT
mean (SD)

Beer 1 (B1) 2.00+ 2.66+ 0.66+ 5.60+ 1.80+ 1.06x 13.80+
0.342 0.46° 0.118 0.10° 0.60? 0.23? 0.20°
Beer 2 (B2) 2.20+ 3.73t 0.80+ 5.60+ 2.20+ 1.46+ 16.00+
0.342 0.46° 0.20° 0.10° 0.342 0.23? 0.20°
Beer 3 (B3) 2.20+ 2.94+ 0.60+ 6.06+ 2.00+ 1.46+ 15.26+
0.34%® 0.46% 0.10% 0.807 0.34%® 0.23® 0.61%
Beer 4 (B4) 2.60+ 4.00+ 1.00+ 6.53+ 2.40+ 1.86x 18.40+
0.342 0.10° 0.10° 0.80% 0.10° 0.23? 0.40°
Commercial | 3.00+ 4.00+ 0.86+ 6.53+ 2.60+ 1.86x 18.86+
beer (BC) 0.10° 0.10° 0.11° 0.80° 0.34° 0.20° 0.41°
F-ratio 7.228 9.088 11.933 | 10.294 7.865 8.695 9.221
P-value 0.009 0.004 0.001 0.002 0.007 0.005 0.004
Sensorial properties: AP, appearance, CO_S, colour, OD, odour, TA, taste, GR, gas release,
FS_S, foam stability

Means in the same column followed by different letters are significantly different (p < 0.05).

From the sensory point of view, the most appreciated by tasters was beer sample 4,
followed by beer sample 2 and beer sample 3.

Relationship between characteristics of the beer samples obtained

Table 4 shown the Pearson correlation between the sensorial and physico-chemical data
of the black beer analyzed samples. It may be seen that all the sensorial values for total points
(PT) are significant correlated with the physico-chemical data of the analyzed beer samples
and with each sensory characteristics analyzed. Therefore the highest significant direct
influence according to the correlation obtained (p<0.01) on PT for the analyzed samples
presented the beer’s physico-chemical characteristics foam stability (FH), r=0.925 and total
acidity (TA), r= 0.823. A significant negative influence on PT presented the physico-
chemical characteristics original extract (OE) r = -0.776 at a significant level of p =0.01 and
alcohol concentration (ALC), r = — 0.584 at a significant level of p = 0.05. It may be also
noticed that between physico-chemical data ALC and OE it is a direct significant correlation
(r=0.648) at a level p = 0.01, a similar one been also obtained by Codina et al. (2011)[40].
From the sensorial characteristics point of view, it seems that all of the analyzed sensorial
parameters presented a highly significant (p<0.01) influence on PT except gas release (GR)
which presented a lower significant influence one (p<0.05), between these characteristics
(PR and GR) being the lowest correlation value of r = 0.636.
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Table 4

Pearson correlation of physicochemical and sensorial properties for the black beers samples
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Significant at p < 0.01™, at p < 0.05".

Physico-chemical properties: CO, colour, FH, foam height, FS, foam stability, TA, total acidity,

OE, original extract, ALC, alcohol concentration, GFF, final fermentation degree.

Sensorial properties: AP, appearance, CO_S, colour, OD, odour, TA, taste, GR, gas release, FS_S,

foam stability
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Principal component analysis (PCA) shown in Figure 1 carried out on black beer samples
explain all the data variation. The first two principal components explain 71.44% of the total
variance (PC1=54.83% and PC2=16.61%). The both PCA components, PC1 and PC2
underline a very good correlation between physico-chemical characteristics CO and GFF and
between OE and ALC. Also it may be noticed a very good correlation between all the
sensorial characteristics analyzed, most of them being placed at the left part of the graph,
characteristics which reflect highly significant correlation coefficients. The closed
association between sensory and physico-chemical characteristics of the beer analyzed
samples it may be noticed between CO_S, FS_S and FS at a level of p = 0.01 which may be
clearly seen in the left part of the graph.

OE
°e ALC

—

O

a éR 3
o ...'A\
° I!S

PC2
Figure 1. PCA loadings of black beer properties
Conclusion

These researches proposed to obtain a new assortment of black beer, having as basic
ingredients unconventional raw materials, respecting the classical technological process of
obtaining beer. The new product is part of the category of undistilled black beer alcoholic
beverages, whose composition includes only natural ingredients: water, acorn flour,
topinambur flour, molasses, hops and yeast, without the addition of food additives. The
uniqueness of the product is mostly due to the ingredients used in the manufacturing recipe
of the finished product: the use of acorn and topinambur flour as raw materials and the
capitalization of molasses, as a by-product of sugar production.

The product has been conceived as a product that can be easily reproduced on an
industrial scale, from micro-factories to high-capacity production companies, through a
simple process, in accordance with the regulations in force, respecting food safety.
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Introduction. Influence research of wheat food fiber (Vitacel
WF400) have been carried out in order to rationalize the structure
formation process of whey-creamy cheeses.

Materials and Methods. Cheese whey, cream and Vitacel
WF400 were the raw materials for the production of whey-creamy
cheese. The technological properties of food fiber were
determined by the amount of retained fat and adsorbed water,
respectively, in the infusion process and suspension
centrifugation. The yield value and the water activity in model
samples of whey-creamy cheeses, the optimal addition amount of
Vitacel WF400 the temperature and the mixing duration of the
condensed whey have been determined.

Results and discussion. The water-retainaing capacity in
cheese whey and fat holding capacity in cream with mass fat
fraction 33 were 104.2+1.0 and 82.0+0.5, respectively. With an
increase in the addition amount of Vitacel WF400 (from 1.0 to
4.0) and an increase in the temperature of structure formation
(from 62 to 74 °C), the index of yield value increases from
350+1.1 Pa to 430+1.3 Pa. Increasing the temperature to 68 °C,
increasing the amount of Vitacel WF400 to 2.5 and reducing the
mixing duration to 70 min leads to a decrease in the amount of
dispersion medium and the structure coagulation of the samples
of whey-creamy cheeses is dehydrated. Model samples of the
above products with different amounts of Vitacel WF400 (from 2
to 3) are characterized by a decrease in water activity compared
with the control sample. a. is 0.898 for the control sample.

Upon reaching a dry solids content of 66 and a corresponding
decrease in the content of the liquid phase, the index of yield value
reaches 427 Pa. The consistency of whey-creamy cheeses samples
turns into a plastic pastes state, in which the structure restoration
is possible only under the load action, that causes irreversible
deformation, which acts on the entire surface area of the phase
separation.

With a further temperature increase to 74 °C and a mixing
time to 70 min, a further structure compaction occurs — the layers’
thickness of the liquid medium decreases, thixotropy and
plasticity disappear.

Conclusions. The optimum values of the Vitacel WF400
amount have been justified at the level of 2.5+0.5, temperature —
68+1 °C and mixing time during structure formation — 70+2 min.
Whey-creamy cheeses with the rational addition amounts of food
fiber are characterized by a decrease in water activity values from
0.885 t0 0.823.
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Introduction

One way to process whey by concentrating proteins is to produce whey cheese. In
addition to the most famous ricotta cheese, whey can be used to produce brown cheese,
characteristic and famous especially in the Scandinavian countries [1-3].

For example, Brunost is made from a mixture of whey and cream or sour cream
(Remme), Gjetost — from goat whey and Mysost — from a mixture of milk and/or goat whey
[4-6].

The production of brown cheese is based on the moisture evaporation from whey or
milk mixture at a temperature of 65+1 °C and a pressure of 0.8 MPa to a dry solids weight
ratio of 60£2. After the fat component addition, mass formation occurs up to 73+2% of dry
matter under certain conditions in order to avoid uncontrolled growth of lactose crystals and,
as a result, granularity of finished products [2]. The physical-chemical indicators of this
product are in the following ranges: moisture mass fraction —17.4-28.2; fat — 1.9-28.7; ashes
— 4.0-4.8; pH — 5.1-5.7 [7, 8]. The above processes correspond to the parameters for
obtaining a similar product — whey-creamy cheese [7, 9]. The structure formation process is
complex and takes place for 90 minutes under an elevated temperature and a mixing speed
of 3—4 r/min and requires additional research. Next, the mixture is sent to cooling, with the
simultaneous lactose crystallization, packaging and after-cooling.

The consistency of whey-creamy cheeses is characterized by rheological indicators, of
which the yield value of the product is the most sensitive to technological changes.

An indicator of water activity (aw) is one of the important parameters for determining
the storage conditions of whey-creamy cheeses. Whey-creamy cheeses are food products
with average moisture, ay values are from 0.60 to 0.91 [10]. Scientific interest has minimal
aw Vvalues that are critical for certain types of microorganisms and limit their growth.

It is relevant to improve the technology of whey cheese using modern ingredients to
rationalization processes. Probably, that the addition of such components as food fiber with
multifunctional properties in functionally significant amount will contribute to the process of
structure formation in the finished product [11, 12].

It is expedient to study Vitacel WF400 with a high moisture and fat-holding capacity
for use in the technology of whey-creamy cheeses. The stage of preparation and addition into
the milk base of the above food fiber, depending on their expected technological effect,
requires clarification. As a result, a change in quality indicators, including rheological ones.
The real problem is the lack of an integrated approach to solving the problems identified as
part of the review.

The aim of this work is to determine the influence of wheat food fiber on the structure
formation process of whey-creamy cheeses.

Materials and methods
Materials

The object of research was the technology of whey-creamy cheese with food fiber —
Vitacel.

Cheese whey (CW) had the following physical-chemical indicators: mass fat fraction
—(0.2+0.1), dry solids — (6.30+0.02), titrated acidity — (18.0£0.1) °T, pH — 5.32+0.02.

The cream had the following physical-chemical indicators: mass fat fraction —
(33.0£0.1), dry solids — (38.00+0.01), titrated acidity — (17.0+0.1) °T, pH 6.57+0.02.
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Cream is a compound of whey-creamy cheese, added to condensed whey during
structure formation, followed by concentration to 70-80 dry solids.

The control sample was whey-creamy cheese obtained according to the above
technology without food fiber, which had the following sensory parameters: consistency —
homogeneous, plastically, soft, slightly fragile; flavor and aroma — pure milk with a
pronounced caramelization flavor, salty; color — light brown, uniform throughout the mass.
Physical-chemical indicators: mass solids fraction — 73+2, mass lactose fraction — 48.0+1.5,
pH —5.1+0.1.

For research, model samples of whey-creamy cheese were made with the Vitacel
addition in an amount of 1.0 to 4.0 [11].

Food fiber Vitacel WF400 (manufactured by J. Rettenmaier Sohne GmbH, Germany)
has the following technological properties: water-holding capacity and fat absorption (per 1
g of product) — 11 g and 6 g, respectively. Water activity is fixed at 0.44, and pH is (6.5+1.5).
The bulk mass of Vitacel is 40+2.5 g/dm®. Average sizes of 90 fiber particles <300 um. The
total amount of food fiber is (98.0+0.5), including cellulose — (72.0£2.0), hemicellulose —
(25.5£1.5), lignin — 0.5+0.1. For food fiber, the indicated chemical indicators are follows:
mass fat fraction — (0.2+0.02), protein — (0.4+0.06), moisture, not more than 8, ash, not more
than 3. According to the manufacturer, Vitacel WF400 has the following microbiological
indicators: QMAFANM (CFO in 0.1 g) — 5x10% mold (CFO in 0.1 g) — not more than 50,
pesticides and fungicides — < 0.002 mg/kg. Pathogenic microorganisms (salmonella), in 25 g
of FF, aflatoxins, Coliform bacterias in 0.1 g were not found. The energy value in 100 g of
Vitacel WF400 is 0.09 kcal [13].

Methods

Fat-holding and water-retaining capacities of Vitacel WF400. At the first stage of
experimental reseach, the water-retaining (WRC) and the fat-holding (FHC) capacities of
food fiber have been investigated.

Fat-holding and water-retaining capacities of Vitacel WF400 were determined by the
amount of retained fat and adsorbed water, respectively, in the infusion process and
suspension centrifugation. The process was carried out at a temperature of 20 °C in cream
and whey.

Fat-holding capacity was calculated by the formula, in:

FHC= (c —a)-100/m Q)

where a — is the supernatant mass, g

¢ — is the mass of added liquid, g

m — is the sample mass, g [14].

The method for determining WRC of food fiber is similar to FHC, but the process takes
place in cheese whey.

Obtaining process of whey-creamy cheeses. The condensation process of whey was
carried out to a mass solids fraction in the mixture — (60£2), in a laboratory setup in which
the vacuum evaporation conditions in circulating-type apparatuses were simulated.

The structure formation process was carried out at a temperature of 65.0-70.0 °C in a
container with mechanical mixing of condensed whey and cream with mass fat fraction
(33£1) in the amount of (10+0.3). The mixing speed was 3—4 r/min, hold time — 90£1 min.
Whey-creamy cheese was cooled at a rate of 14-16 °C/h to a temperature of 20 °C for 3-4
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hours and packaged in hermetic container.

Then the whey-creamy cheese was kept for 12 hours at a temperature of 14-16 °C. In
this case, the structure formation process occurs due to the growth of lactose crystals, fat and
the swelling of whey proteins. Next, the finished product was stored at a temperature of 2—6
°C and changes in quality indicators were analyzed.

Yield value of model whey-creamy cheese samples. The yield value of model whey-
creamy cheese samples was determined on Ulab 3-31 M penetrometer (5 s exposure time, in
identical containers using measuring cone with apex angle of 2a = 60°).

The principle of the penetrometer operation is based on measuring the depth of the
needle (cone) immersion in the sample at a certain test temperature and load for a certain
time. The value is fixed in penetration units.

Sample preparation is carried out as follows: container filling with a pallet; prepressing
for 180 s; thermostat control by temperature control device to the set temperature; device
preparation for measurements: put a predetermined indenter and install an additional load;
taking penetration measurements using a conical indenter with an angle of 60 ° at the apex.

Data experimental computing was carried out as follows:

1. Calculate the average value of the maximum immersion depth of the indenter in the
product according to the formula:

hep = (h1 + ho + h3)/3, m )
2. Determine the error in investigation the value of h:
An = [(hep — i)/Nep] - 100,% (3)
3. Calculate the yield value taking into account the proportionality coefficients:

o=k 4

o th

Determine the optimal amount of Vitacel WF400 food fiber. To determine the
optimal amount of Vitacel WF400 food fiber, modeling method based on Wilson-Box plan
was used [9].

The temperature and the mixing duration of the condensed whey with dry solids weight
ratio 60+2 during structure formation in the technology of whey-creamy cheese, the
mathematical modeling method was applied using the Wilson-Box plan on a cube. The
method is specific samples from a complete factorial experiment of type 3k, where k — is the
factors number, 3 — is the levels number at which each variable varies. These plans do not
have simple generators and have a complex interrelationship. However, they allow to carry
out research with the least of time and resources expenditure.

Experiment planning matrix. In the preparation of the test samples, the amount of
Vitacel food fiber (Xs), the temperature of structure formation (X3), and the mixing duration
(X1) during structure formation were varied according to experiment plan presented in Table
1. Factor variation levels are given in Table 2.
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Table 1
Experiment planning matrix by the Wilson-Box method on the cube
Independent variables
(coded values)
N Mixing Temperature of Vitacel Yield value, Pa
duration, min struc'tu reo amount, (¥2)
(X1) formation, °C (Xs)
(X2)
1 + 90 + 74 + 4 430,00
2 - 50 + 74 + 4 410,00
3 + 90 - 62 + 4 420,00
4 - 50 - 62 + 4 390,00
5 + 90 + 74 - 1 400,00
6 - 50 + 74 - 1 390,00
7 + 90 - 62 - 1 380,00
8 - 50 - 62 - 1 370,00
9 + 90 0 68 0 2,5 400,75
10 - 50 0 68 0 2,5 390,00
11 0 70 + 74 0 2,5 400,75
12 0 70 - 62 0 2,5 390,00
13 0 70 0 68 + 4 400,00
14 0 70 0 68 - 1 350,00
15 0 70 0 68 0 2,5 370,50
Table 2
Factor variation levels
. Factor variation levels
. . units
Factor Designation upper Zero lower
measure " 0 —
Mlxmg(rd)uratlon X B 90 70 50
Temperature of
structure formation X °C 74 68 62
(t)
Vitacel WF400 Xs % 4 25 1
amount (v)

According to the research results, the regression equation coefficients were calculated,
the significance analysis of which was determined by the Fisher criterion (Fp). The criterion
essence is the decomposition of total dispersion of statistical complex into its constituent
elements. Their next assessment makes it possible to determine the change proportion of the
effective sign from the factor signs action, that is, to narrow the research scope. This confirms
the adequacy of the obtained equations. To determine the functional dependence, which most
accurately reproduces the change in indicators, an approximation confidence coefficient (R2)
of each function was found [9]. The results accuracy is ensured by three-five times
repeatability of the experiments.
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Water activity of model whey-creamy cheese samples

Determination of water activity of model whey-creamy cheese samples (control sample)
and with food fiber was carried out on a Rotronic instrument modified by Hygro Palm AW
(manufacturer Rotronic AG (Switzerland). The measurement range is as follows: 0-1 aw,
sample temperature 5-50 °C, accuracy +£0.01aw, 0.1 °C. The water activity analyzer consists
of an instrument unit, HC2-AW station, a case for transportation and storage, calibration
solutions, plastic cups for samples. The operation principle of the analyzer is to use a
dielectric moisture sensor to determine the water activity. Between the two porous electrodes
of sealed chamber, a porous polymer is placed. The electrical properties of the polymer vary
with the relative moisture in the chamber. The electrodes give a signal based on relative
moisture in a closed chamber. This signal is converted by software and displayed on the
screen as a value of water activity. The measurement cycle lasts from 3 to 5 minutes. In
balanced state the relative moisture in the chamber is equal to the water activity in the test
sample. The value of water activity is determined to the third decimal place [13].

Results and discussion
Rational addition amount of Vitacel WF400 to whey-creamy cheeses

Water-retainaing capacity of Vitacel WF400 in cheese whey and fat holding capacity
in cream with mass fat fraction 33% have been determined, which were 104.2+1.0 and
82.0+0.5, respectively.

In order to reduce the technological cycle (process) duration of structure formation
according to the classical technology, it is 90 min, and obtaining whey-creamy cheese of
appropriate quality with FF, experimental data were processed. In addition, it is necessary to
prevent the dissolution of the formed lactose crystals in the finished product, to ensure the
required quality.

The process of lactose crystallization in the whey-creamy cheese production is carried
out during the operation of structure formation. In this case, the crystals size and number can
be regulated using several technological methods [15]: supersaturation degree of the aqueous
lactose solution, cooling rate, mechanical mixing, seed addition [2, 16].

The optimal addition amount of Vitacel WF400 in whey-creamy cheeses has been
found, which ensures the maximum realization of the technological potential of food fiber to
obtain a product with quality indicators as closely to control sample as possible.

The determinatoin of yield value at the penetrometer confirms the effect of Vitacel
WF400 on the rheological parameters of whey-creamy cheeses with FF. The restrictive factor
for adding the maximum amount of wheat fiber is the over-compaction of finished product.

The graphs (response surfaces) illustrating the influence of the Vitacel WF400 amount,
the temperature of structure formation and the mixing duration on the index of yield value of
the product are presented in Figure 1.
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Figure 1. Response surfaces and mathematical models of the influence on the index of yield
value of whey-creamy cheeses from:
a — the mixing duration and the temperature of structure formation;
b — the Vitacel WF400 amount and the mixing duration;
¢ — the Vitacel WF400 amount and the temperature of structure formation
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Figure 1 (Continue). Response surfaces and mathematical models of the influence on the index
of yield value of whey-creamy cheeses from:
a — the mixing duration and the temperature of structure formation;
b — the Vitacel WF400 amount and the mixing duration;
¢ — the Vitacel WF400 amount and the temperature of structure formation

According to the visualized data, with an increase in the addition amount of Vitacel
WF400 (from 1.0 to 4.0) and an increase in the temperature of structure formation (from 62
to 74 °C), the index of yield value increases from 350+1.1 Pa to 430+1.3 Pa. The
experimental data correlate with the corresponding quality indicators for whey-cream
cheeses without food fiber, obtained by the classical technology [2, 7].

The Vitacel WF400 addition promotes the new bonds formation in the structure of
whey-creamy cheese. It is a multicomponent system, the basis of which consists of
interwoven chains of unfolded denatured whey protein molecules. This net covers and
deprives the fluidity system and holds the lactose crystals in a suspended state, which
prevents their sedimentation [17]. Water molecules and other components of the concentrate
are somehow connected with the skeleton [18].

The dependence of the yield value from the addition amount of Vitacel WF400 in whey-
creamy cheeses obtained at a formation temperature of 62, 68 and 74 °C and the mixing
duration for 50, 70 and 90 minutes has been established. It has proved that the above indicator
increases to 430+1.3 Pa with an increase all variable factors and is inversely related to the
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penetration degree. An increase in the FF amount from 3.5 to 4.0 almost does not change the
yield value, but leads to a deterioration in the sensory characteristics of the finished product.

Influence of temperature and duration of structure formation process on the
consistency of whey-creamy cheeses

At the beginning of structure formation, the coagulation structure prevails in all samples
due to the Van-der-waals adhesive power between colloidal particles and dispersed phase
molecules — dry solids (proteins, fats, carbohydrates) of whey-creamy cheeses through
moisture layers of the dispersion medium — whey [19]. In this case, the mat thickness
corresponds to the minimum free energy of the system. This cheese structure keeps stable as
long as the the molecules fragments are firmly bound to the particles surface of the dispersed
phase and are able to dissolving without bond loss with them in the dispersion medium [20].
At this stage of the process, the coagulation structure of whey-creamy cheeses is able to
thixotropy [21]. The Vitacel WF400 addition change the structural and mechanical
characteristics of whey-creamy cheeses.

The temperature raising to 68 °C, increasing the Vitacel WF400 amount to 2.5 and
reducing the mixing time to 70 min leads to a decrease in the amount of dispersion medium
(free moisture in whey). The coagulation structure of cheese samples is dehydrated — their
strength increases, and after a certain limit they stop to be reverse-thixotropic. Samples in
this state acquire a visco-plastic structure. Independent structure reconstruction in them is
preserved, while the spatial skeleton is destroyed without violating the integrity [22].

Upon reaching a dry solids content of 66 and a corresponding decrease in the content
of the liquid phase, the index of yield value reaches 427 Pa. The consistency of whey-creamy
cheeses samples turns into a plastic pastes state, in which the structure restoration is possible
only under the load action, that causes irreversible deformation, which acts on the entire
surface area of the phase separation [2].

With a further temperature increase to 74 °C and a mixing time to 70 min, a further
structure compaction occurs — the layers’ thickness of the liquid medium decreases,
thixotropy and plasticity disappear [20, 21].

Further process continuation of structure formation to 90 min leads to biochemical
phase transformations of dry solids in whey-creamy cheeses by agglomeration or growing
together. The samples’ structure acquires a relatively high strength, elasticity and fragility,
which is not characteristic for the consistency of such products [22].

So, whey-creamy cheeses are among systems with a viscous-plastic consistency with a
controlled yield value. Probably, the indicator change is associated with the technological
abilities of wheat fiber for water retention and fat absorption.

Regression analysis of the experimental data carried out in the Statistica 10.0 program
made it possible to obtain analytical dependences which reflect the factors influence on the
response function in the form of a polynomial equation of the second degree.

Coefficient values of the polynomial equations are presented in Figure 1. Coefficients
in which p <0.05 are significant, namely are not equal to zero with a probability of more than
95%. High values of the determination coefficients (R2) confirm the adequacy of models with
experimental data.

It has been established that it is possible to obtain whey-creamy cheeses with the same
value of yield value at different temperatures and mixing duration. However, the process
prolongation to 90 min at a lower temperature of 62 °C is irrational and energy-consuming.
The Vitacel WF400 addition in an amount of 2-3 sufficiently intensifies the process of
structure formation. The obtained mathematical model allows to control the structure
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rheological parameters depending on the temperature of structure formation and the mixing
duration.

Analysis of the obtained dependencies allows to justify the optimal values of Vitacel
WF400 amount (X1) — 2-3, the temperature (X2) at 68+1 °C, and the mixing duration (Xs)
during structure formation — 70+2 min.

The obtained regression equations (mathematical models) can be used in practical
purposes for the operational management of the structure formation process by combination
of condensed milk whey, cream and food fiber with further concentration.

Determination of water activity in whey-creamy cheeses with Vitacel WF400

The determining results of the water activity in whey-creamy cheeses with different
Vitacel WF400 amounts are presented in Figure 2.
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Figure 2. Water activity of whey-creamy cheeses with different Vitacel WF400

Data analysis (Figure 2) showed that whey-creamy cheeses with different amounts
(from 2 to 3) of Vitacel WF400 are characterized by a decrease in water activity compared
with the control sample. This is due to the technology ability of the water-retainaing capacity
and fat absorption by food fiber. The index aw ranged from 0.885 to 0.823 in all samples of
whey-creamy cheeses with FF. For the control sample, ay is 0.898. Microorganism growth
and hydrolytic chemical reactions will be somewhat slowed down at such values.

An analysis of priori information [23, 24] and the obtained results allow to suggest that
food fiber addition in the above amounts in the structure formation process leads to decrease
of water activity rate in whey-creamy cheeses. This confirms its transition from free to bound
state.
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By determining the water activity (aw) it is possible to confirm the Vitacel WF400 effect
on the storage parameters of whey-creamy cheeses with food fiber at standard temperatures
2-6 °C.

A limitation for the practical realization of research results is the reconcilability of food
fiber with a milk base at the sensory level.

The prospects for further research are related to the selection of other vegetable
components with similar properties for solving technological problems in the whey-creamy
cheese production.

Conclusions

1. Vitacel WF400 effect, which has a complex of technological properties, on the
rationalization of structure formation process in whey-cream cheeses with food fiber
has been confirmed. The optimum values of the Vitacel WF400 amount have been
justified at the level of 2.5+0.5, temperature — 68+1 °C and mixing time during structure
formation — 70+2 min.

2. Data reduction process allows to obtain analytical correspondence in the form of
regression equations to calculate the amount effect of the Vitafel WF400, the
temperature of structure formation, and the mixing duration on the yield value.

3. Whey-creamy cheeses with the Vitacel WF400 addition 2.5+0.5% are characterized by
aw (from 0.885 to 0.823), which provides growth inhibition of vegetative bacteria forms,
partly yeast and creates unfavorable conditions for the development of spore forms of
bacteria and mold fungi.
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Introduction. This study was aimed to develop and
characterize a biodegradable time temperature indicator (TTI)
film by incorporating red beetroot (Beta vulgaris L.) extract,
which is rich in betalain pigments, into alginate (A) / polyvinyl
alcohol (PVA) blend film.

Materials and methods. The alginate-PVA blends
(APVA) were prepared by mixing the 1% PVA and 3% A
solutions at different A:PVA (v/v) ratios (2:3, 1:1, 3:2). TTI
films were obtained by addition of ascorbic acid and red
beetroot extract to APVA blends and adjusting the pH to 9.5
by adding 2M NaOH. The films were produced by casting
technique. The pure A, pure PVA, APVA and TTI films were
characterized by using Fourier transform infrared (FT-IR)
spectroscopy, thermogravimetric analysis (TGA), and
scanning electron microscopy (SEM).The mechanical
properties of the films were established through stress/strain
tests. The CIE L*a*b* color parameters of TTI film were
obtained during seven days of storage at 4, 25, 40 and 60 °C.

Results and discussion. Increasing the concentration of
A provided an increase in elastic modulus, tensile strength and
elongation at break (%) of APVA and TTI films. TTI(3:2) film
had better film flexibility compared to A, APVA, TTI(1:1) and
TTI(2:3) films. The ratio of A to PVA in blend films did not
create a significant effect on TGA thermograms. Higher A
proportion in TTI films decreased the phase separation
observed in SEM images. The intensity of O—H stretching
band clearly increased in TTI films compared to other films.
TTI (3:2) film stored at 4 °C did not undergo color change for
7 days, whereas the color of TTI stored at higher temperatures
changed gradually during storage depending on the storage
temperature. The changes in b* parameters and hue angle
values were more pronounced; and generally b* and hue angle
values of the samples stored above 4 °C started to increase
significantly beginning of the first day.

Conclusions. The developed TTI film has a potential to
monitor the quality changes of the foods, which are improperly
stored but normally must be refrigerated, through color
changes.
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Abbreviations
A: Alginate PVA: Polyvinyl Alcohol
APVA: Alginate-PVA blend SEM: Scanning Electron Microscopy
E: Elasticity Modulus TGA: Thermogravimetric Analysis
EB: Elongation at Break TS: Tensile Strength

FT-IR: Fourier Transform Infrared Spectroscopy TTI: Time Temperature Indicator
G: Glycerol

Introduction

Traditional food packaging materials provide protection from environmental influences,
contribute to the extended shelf-life, encourage consumers to purchase the product and have
convenience attributes such as ease of access, handling [1]. Extensive research has been
carried out for the development of food packaging materials and many successful innovations
have been implemented for meeting and exceeding customers' demands and expectations [2,
3]. Intelligent packaging which carries information by sensing environment is one of the most
popular innovative packaging systems [4]. Intelligent packaging is a system which enhances
food safety by informing consumer about quality of the packed food and has extra
characteristics such as detection, sensation, recording, tracing and communication [5]. It is
known that the shelf life of the food depends on the internal structure of food and outside
factors including temperature, relative humidity and outside gas composition [6].
Temperature which designates kinetics of physical, chemical and microbial deterioration is
an important environmental factor. Time temperature indicators (TTIs) that record and
observe temperature effect on food quality from production to consumption, are an easy to
use and an impressive intelligent packaging system [7]. TTls that confirm consumers with
color indicators representing food quality are generally part of the food package [8].
Commercial TTIs have variable working mechanisms based on some mechanical, chemical,
enzymatic or microbiological processes [4, 7]. Pennanen et al. [9] stated that much work is
still needed to enable TTIs to gain a wider acceptance by the consumers.

Natural pigments that assist tracking food quality with color change can be used in active
or intelligent packaging systems as an indicator of food deterioration [10-13]. The
employment of natural pigments in indicators is advantageous, since such indicators do not
have chemical effect on the packaged food. A couple of studies showed that some natural
pigments derived from plants have significant potential as being time temperature indicators
in intelligent packaging systems [14-16]. Nofrida et al. [14] used natural dyes of erpa leaves
(Aerva sanguinolenta) in the development of a TTI film and recorded that the color of film
changed from red to yellow at less than one day at room temperature and in 2 hours at 40 °C.
Maciel et al. [16] developed a TTI system by coating a cardpaper with chitosan suspension
containing anthocyanin pigment as color indicator. The color of this TTI system changed
irreversibly from violet to yellow when exposed to temperatures ranging from 40 to 70 °C
for 72 hours due to thermal degradation of anthocyanins. Betalains are also an important
group of plant derived natural pigments. The color of betalains may change depending on
temperature, pH, oxygen, enzyme and light [17]. Red beetroot (Beta vulgaris L.) is the most
important betalain source used to colorize foods [18]. As a result of thermal degradation, red
color of pigment decreases, and finally brown pigment is formed [19].

Natural biopolymers have been used for the development of indicator films in intelligent
packaging applications. In the literature there are several reports on polymer-based time
temperature indicator films. Nofrida et al. [14] obtained a TTI film using chitosan-PVA
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blend. Maciel et al. [15] designed temperature indicator cardpaper films coated with chitosan
polymer incorporated with anthocyanins. Pereira et al. [20] developed a time temperature
indicator film based on PVA/chitosan. Although several natural polymers have been used to
prepare smart packaging with several types of pigments, to date betanin containing alginate-
PVA films have not been studied. Alginate and PVA are interesting polymers for the
development of intelligent packaging since the film formed by blending them has greater
mechanical properties and better cost performance, besides allows the incorporation of
substances with specific properties [21, 22].

The aim of this study was to develop a time temperature indicator film based on alginate,
PVA and natural betalain pigments extracted from red beetroot. The films were evaluated for
chemical structure, and their morphological, mechanical and thermal properties using FT-IR,
SEM and TGA. Evaluation of TTI film as a color indicator was performed during seven days
of storage at 4, 25, 40 and 60 °C.

Materials and methods

Materials

The fresh red beet (Beta vulgaris L.) plants were obtained from the local market (Ordu,
Turkey) and stored at 4 °C until extraction. Sodium alginate and polyvinyl alcohol (PVA,
Mw =89,000-98,000, 99+% hydrolyzed), L-ascorbic acid and glycerol were purchased from
Sigma-Aldrich (St. Louis, MO, USA), and other reagents were of analytical grade.

Preparation of red beetroot extract

Red beetroots (Beta vulgaris L.) were washed, hand-peeled and cut into small pieces.
100 g of the grinded beet root was homogenized in 900 ml of distilled water at room
temperature using a homogenizer. Then, it was filtered and centrifuged at 4000 rpm for 10
minutes. The obtained solution was diluted with distilled water to obtain a solution volume
of 1L. The preparation of indicator film solution was performed immediately after obtaining
red beetroot extract.

Preparation of the films

1% PVA solution was obtained by completely dissolving 1.01 g of PVA powder in 100
ml of distilled water on a magnetic stirrer at 80-85 °C. To prepare the 3% alginate (A) film
solution, 3.1 g of alginate was dissolved in 100 ml of distilled water under magnetic stirring
at 70-75 °C [23]. The alginate-PVA blends (APVA) were prepared by mixing the 1% PVA
and 3% A solutions in the proportions given in Table 1. PVA, a non-toxic and biodegradable
synthetic polymer, was added in order to improve the mechanical features of the alginate
film. To see the effect of glycerol as plasticizer, 1 ml of glycerol was added to 100 ml of each
film forming solution as presented in Table 1. All film forming solutions were kept under
stirring at 300rpm at room temperature for 24 hours to obtain homogenized solution. Time
temperature indicator (TTI) film forming solutions were prepared with the addition of 1 ml
glycerol, 0.5 g ascorbic acid and 10 ml of red beetroot extract to 100 ml of the homogenized
APVA solutions (Table 1). Then, the final pH of the TTI solutions were adjusted to 9.5 using
2 M NaOH. The casting technique was used for the preparation of films. The solutions (12
g) were spread evenly over Petri dishes (60 mm diameter) and dried in vacuum oven (50mbar,
Memmert VO 500, Germany) at 50 °C for 3 hours. The dry films were peeled off from the
surface of plate and used for the further analyses.
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Table 1
Composition of the film forming solutions
Films A (3%) / PVA(1%0) Glycerol Ascorbic acid and
ratio (v/v) red beet root extract
A 1/0 - -
PVA 0/1 - -
A-G 1/0 + -
PVA-G 0/1 + -
APVA(L:1) 1/1 - -
APVA(3:2) 3/2 - -
APVA(2:3) 2/3 - -
APVA(1:1)-G 1/1 + -
APVA(3:2)-G 3/2 + -
APVA(2:3)-G 2/3 + -
TTI(1:1) 1/1 + +
TTI(3:2) 3/2 + +
TTI(2:3) 2/3 + +

Determination of mechanical properties

The dried films were cut into strips (10mm x 50 mm) and conditioned for 48 hours at 25
°C in a desiccator containing over-saturated solution of magnesium nitrate (50% relative
humidity) prior to measurement of mechanical properties [24]. The thickness of the film
strips was measured at five random positions using a digital caliper (Alpha-tools, Mannheim,
Germany; 0.001 mm sensitivity) and the average thickness was used for the tensile tests. The
tensile test was performed using a texture analyzing instrument (Texture Analyzer
TA.XT.plus (Stable Micro System, England) equipped with miniature tensile grips probe at
room temperature. Test method ASTM D1708-10 was used to measure the tensile properties
of the films [25]. The crosshead speed was 1 mm/s. Tensile strength (MPa) was calculated
by dividing the maximum load at break by the cross-sectional area of the film. Percent
elongation at break was determined by dividing the length extended at the moment of rupture
by the initial length of the film strip and multiplying by 100. Elasticity modulus (N/mm?)
was also calculated from the slope of the initial linear region of the stress-strain curve. At
least 6 specimens for each film type were tested.

Thermogravimetric analysis (TGA)

Thermogravimetric analyses (Labsys Evo, Setaram Instrumentation, Caluire, France)
were carried out in nitrogen atmosphere with a sample mass of approximately 9 mg at heating
rate of 10 °C min? in a temperature range of 20-800 °C.

Fourier transform infrared spectroscopy (FT-IR)

Fourier-transform infrared (FT-IR) spectroscopy [51] was conducted by using IR
Affinity-1 Spectrometer (Shimadzu Corporation, Kyoto, Japan) in the wave number range
from 4000 to 600 cm™ at 4.0 cm* resolution with 64 scans. Data analysis of each film was
performed with Peak Fit (\Version 4.12) program. For each replicate two measurements were
taken.
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Scanning electron microscopy (SEM)

SEM analysis was performed to examine the microstructure of films. SEM analysis was
carried out using JSM-6400 Electron Microscope (JEOL Ltd, Tokyo, Japan) equipped with
NORAN System 6 X-ray Microanalysis System. Prior to examination, samples were sputter
coated with gold—palladium to render them electrically conductive by using Sputter Coater
Device (Polaron Range, East Sussex, England).

Colorimetric characterization of TTI film

The TTI (3:2) film was used in the color analysis since it had higher percent elongation
at break compared to other TTI films. The TTI (3:2) films were conditioned at different
temperatures (4, 25, 40 and 60 °C) for seven days. The CIE L*a*b* color parameters of TTI
(3:2) films were measured (Minolta Chromameter CR-400, Osaka, Japan) immediately after
being dried and on each day during seven days of storage. Five readings at different locations
of the films were measured to obtain a mean value. The hue angle values were calculated by
using the following equations [26].

Hue = arctan (b */a %), for [+a =, +b *]
Hue = arctan (b */a *) + 360, for [+a*, —b *]

Statistical analysis

Data were expressed as means + standard deviations. Statistical analysis was performed
using Minitab 17. Differences were considered to be significant at validity of 0=0.95.

Results and discussion
Mechanical properties

Elasticity modulus (E), tensile strength (TS) and the elongation at break (EB) of the films
were determined from the typical curves obtained through the tensile tests and summarized
in Table 2.

Alginate film had E of 3376.0, TS of 49.63 MPa and EB of 4.72%. High E and low EB
values mean that pure alginate film tends to be brittle. These results are consistent with the
findings of Caykara and Demirci [21] and Russo et al. [23]. Caykara and Demirci [21]
determined the elongation at break value of pure alginate (1% wi/v) as 6.5%. The addition of
PVA to the alginate increased the E by 0.2-13.6% and TS by 1.5-10.6. It can be seen that the
stretch ability of the alginate film did not develop with the addition of PVA at 1:1 and 3:2
alginate/ PVA ratios. However, addition of PVA at the highest level (APVA (2:3)) provided
23.9% increase in EB of alginate (A) film. Similarly, Russo et al. [23] reported that the
addition of PVA to alginate in a ratio of 1:1 did not provide a noticeable increase in strain at
break. Compared to pure PVA film, the APVA blend films had higher E, TS and lower EB
values as expected. The addition of glycerol to A, PVA and APVA blend films provided
remarkable effects on the mechanical properties of films. TS and E of the films decreased
significantly while EB values increased. With addition of glycerol, EB values of A, PVA and
APVA films increased 9.3, 2.1 and 8.1-11.4 times, respectively. The E and TS of APVA
blend films decreased from 2918.20-3370.0 to 26.42-40.26 and from 50.39-54.91 to 1.94-
3.08, respectively while the EB values increased from 4.32-5.85% to 47.27-50.25%. This
indicates that addition of glycerol made films more ductile. The PVA-G film was the most
stretchable film with EB of 223.35%. Increase in the stretch ability of films with higher EB
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and lower TS values with the addition of plasticizers has been reported in previous studies
evaluating the effect of plasticizers on mechanical properties of films [23, 27, 28]. Plasticizers
promote the formation of hydrogen bonds between plasticizers and the polymeric material
and weaken the intermolecular forces of attraction in polymer which reduces the tensile
strength and improves the flexibility of film by increasing molecular mobility of polymers
[22, 27, 28].

Table 2
Elasticity modulus (E), tensile strength (TS) and the elongation at break (EB)
for the films
Films Elasticity modulus Tensile strength | Elongation at break
(N/mm? (MPa) (%)

A 3376.00+332.00 49.634+2.92 4.72+1.31
PVA 466.40+67.70 22.97+£3.00 105.64+16.80
A-G 126.43+£26.90 12.55+1.51 439144 .45
PVA-G 4.43+0.58 4.31+0.50 223.35+48.50
APVA(2:3) 2918.204+314.10 50.39+4.93 5.85+0.99
APVA(L:1) 3201.00+536.00 54.91+0.28 4.3242.67
APVA(3:2) 3370.00+399.00 53.93+10.53 4.74+0.91
APVA(2:3)-G 26.42+4.45 1.94+0.12 47.27+3.22
APVA(L:1)-G 31.23+£5.59 2.24+0.28 49 .44+2 .67
APVA(3:2)-G 40.26+6.42 3.08+0.42 50.254+2.52
TTI(2:3) 4.41+0.44 0.71£0.01 24.38+1.07
TTI(1:1) 6.45+0.33 1.36+0.11 30.324+3.10
TTI(3:2) 6.32+1.98 1.57+0.10 51.71+£3.17

TTI films contain also ascorbic acid and red beet root extract unlike APVA-G films.
With the addition of these components, the E of APVA-G films reduced by 79-86%. In
addition, when compared to APVA-G films, the tensile strength values of TTI films have
also decreased. This suggests the emergence of some intermolecular interactions with the
addition of ascorbic acid and beetroot extract. The EB values of APVA (2:3)-G and
APVA(1:1)-G films decreased by 48.4% and 38.7% whereas the EB of APVA (2:3)-G film
stayed nearly constant. For both APVA and TTI blend films, increasing concentration of
alginate provided an increase in E, TS and EB values of the films. TTI (1:1) and TTI(3:2)
films had 22.7-30.2%, 50.0-54.8% and 19.6-52.9% higher E, TS and EB values compared to
TTI(2:3) film. This means that the higher alginate proportion improved the handling
properties of TTI film. The TTI(3:2) film had better film flexibility compared to all other
films except PVA film with or without glycerol.

Thermogravimetric analysis

The TGA curves of pure A and PVA and the blends were shown in Figures 1 and 2. The
initial, final degradation temperatures and mass loss (%) were determined from TGA and
DTG (differential gravimetric analysis) curves. The recorded thermogravimetric plots for all
samples showed three mass loss regions. The first mass loss which begin around 26-28 °C
was 13 and 26% for PVA and A, respectively. The first loss is ascribed to the removal of
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adsorbed water from the polymer matrix [29, 30]. Some authors also stated that the initial
mass loss of PVA may also be associated with the splitting or volatilization of small
molecules [31, 32]. Higher percent of mass loss of A may be related with the alginate’s ability
to retain high amounts of water. Comparing to pure A and PVA, initial decomposition
temperature of APVA and TTI blends started at higher temperatures (41-45 °C) and the mass
loss of blends ranged between 22-25% which were close to that of pure A. There was no clear
difference between the blend films.
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Figure 1. The TGA thermograms of PVA (a), A (b), APVA(1:1) (c), APVA(2:3) (d) and
APVA(3:2)(e) samples
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Figure 2. The TGA thermograms of TTI(3:2) (a), TTI(1:1) (b) and TTI1(2:3)(c) samples
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All the samples showed a more significant mass loss in the second decomposition step.
In this stage, the mass loss of pure A and PV A started at similar temperatures (about 185 °C)
implying that the thermal stability of pure PVA and A are almost the same [21]. PVA showed
a high mass loss (57%) occurring at a temperature region of 185 to 402 °C. This result is in
coincidence with literature [29-31]. Ahad et al. [29] reported that the mass loss of PVA
occurring in the range of 178 to 368 °C was about 45%. The reason of the higher mass loss
of PVA in second stage was attributed to the degradation of the side chain (O-H) and the
bond scission in the polymeric backbone by some authors [29, 31-33]. Pure A and APVA
blends showed similar mass loss values (34-39%) which were lower than the mass loss (45-
46%) of TTI blends. In this step, the start of mass loss raised to higher temperatures (193-
197 °C) for APVA blends when compared to pure A or PVA which reveals that the APVA
blends have higher thermal stability. Caykara and Demirci [21] recorded that the mass loss
of pure PVA and sodium alginate started at around 230 °C while that of PVA/sodium alginate
blends started at higher temperatures due to some specific intermolecular interactions
between them. For the TTI blends, however, the initial degradation temperature in the second
step decreased below those of pure A and PVA. The mass loss which corresponds to this
stage was also higher (about 45-46%) than pure A and APVA blends. This reveals that the
addition of glycerol, ascorbic acid and beet root extract to APV A blends reduced the thermal
stability. The ratio of A to PVA in blend films did not create a significant effect on TGA
thermograms. PVA showed approximately 11% mass loss between 410 and 497 °C which is
associated with the decomposition of the main polymer chain [29, 33]. In this stage thermal
decomposition of alginate started at higher temperature (568.4 °C) compared to PVA. APVA
and TTI blends exhibited enhancement in thermal stability. For TTI blends, the thermal
degradation temperature was shifted toward higher temperatures with increasing A content.
However, the percent mass loss of APVA or TTI blends did not affected by the ratio of A to
PVA.

FT-IR analysis

FT-IR spectra of A, PVA, APVA and TTI blend polymer matrix studied in the range
4000-600 cm™* were presented in Figure 3. For all films, the large bands observed in the range
of 3000-3700 cm! are attributed stretching vibrations of O—H from the intramolecular and
intermolecular hydrogen bonds [34-36]. The FT-IR spectra of PVA shows a band between
2900-2940 cm™ indicating the stretching C—H from alkyl groups [34, 37], a band between
1327 - 1421 cm indicating bending and wagging of CH vibrations [35], a band at 1083 cm-
I indicating C-O stretching [35, 38]. According to literature, the 1141 cm™* band is sensitive
to crystalline parts of the PVA chain [39]. In the FT-IR spectrum of alginate, the peaks at
2926, 1597, 1409 and 1300 cm™* were assigned to aliphatic C—H stretching, antisymmetric
COO stretching, symmetric COO- stretching and skeletal vibrations, respectively [36, 40,
41]. The sodium alginate spectrum also shows a band at 1029 cm™ related to stretching
vibration of the C-O-C bond [36, 42]. APVA blend films display an FT-IR spectrum that is
very similar to alginate. Compared to pure PVA, the O—H stretching band of APVA blend
films became wider and shifted to lower frequency which may be related with the formation
of intermolecular hydrogen bonding between PVA and alginate. The intensity of O—H
stretching band clearly increased in TTI films compared to other films. In addition, the
aliphatic C—H stretching, the antisymmetric and symmetric COO" stretching and the C-O-C
stretching vibration band intensities were also clearly higher in TTI films compared to
alginate film. In TTI films, a band is appeared at 1716 cm™ probably originated from
stretching vibrations of C=C bonds of ascorbic acid [43].
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Figure 3. FTIR spectra of films

SEM analysis

The SEM micrographs of the surface and cross section of pure PVA and A films were
shown in Figure 4.
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c

d

Figure 4. The surface (250x) (a ,b) and the cross section (3000x) (c, d)
SEM images of A and PVA films

PVA and A films had smooth,
homogeneous and continuous structures as
seen from the figure. However, there was
a uniform surface roughness observed for
APVA (3:2)-G blend film (Figure 5). The
surface of the film had no visible crack but
had some bulges. The possible reason is
that the blend film exhibited phase
separation. This is also consistent with
several previous studies involving PVA
and alginate. Phase separation was
observed in sodium alginate/PVA blend
membranes by Yeom and Lee [44] and
PVA-alginate ester based membranes by
Amri et al. [45].
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Figure 6 presents the SEM micrographs of the surface and cross section of TTI blend
films. The appearance of the TTI films were similar to that of APVA(3:2)-G blend film. The
surface of the TTI films were flat without any crack but had many small or large sized bulges.
It may be observed from the figure that the phase separation is more significant in the
TTI(2:3) film which contains higher amount of PVA in its formulation. Yeom and Lee [44]
stated that the continuous matrix in sodium alginate/PVA blend membranes was composed
mainly of sodium alginate while PVA formed the separated domains. This explains the larger
size of separated domains in TTI(2:3) films. The mechanical properties of the film are
affected by the uniform distribution of the polymers in the matrix. This result is consistent
with the results of mechanical properties of the films. This means that the higher alginate
proportion in TTI blend films decreased the phase separation and improved the handling
properties of TTI film.

Figure 6. The surface (100x) (a, b, c) and the cross section (3000x) (d, e, f) SEM images of
TTI(1:1), TTI(2:3) and TTI(3:2) films

Colourimetric characterization of TTI film

TTI film developed in this study contains water extract of red beetroot as color indicator.
Red beet root extract contains a group of water-soluble pigments called betalains [18].
Betalains are classified into two major structural groups of pigments: betacyanins (red-violet)
and betaxanthins (yellow-orange) [46]. The pH affects the colorimetric parameters of
betalains and the stability of betalain pigments during storage [47]. The pH of TTI film
forming solution was adjusted to 9.5 in order to be able to obtain the desired color change at
the studied temperatures. The average values of the initial CIE L* a*, b* color parameters of
the TTI film were recorded as 76.83%1.70, 29.2 £1.97 and -9.4340.28, respectively. The L*,
a* and b* color parameters of TTI (3:2) film exposed to different temperatures were recorded
each day for 7 days. Table 3 presents the change in L*, a* and b* color parameter of the TTI
film. It was found that temperature, time and temperature x time interaction were all
important factors affecting the color parameters of the TTI film (Table 4). The L* values of
TTI films subjected to 4, 25 and 40 °C temperatures did not undergo significant changes,
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while the L* value of the TTI film exposed to 60 * decreased significantly on the first day
and fluctuated between 58.00+£3.69 and 69.24+1.61 throughout following days. Similar to
L*, the parameter a* (green-red axis) of TTI film remained nearly constant during seven days
of storage at refrigerator temperature (4 °C). At other temperatures, there was a significant
reduction in a* value of TTI film at the end of seven days. The reduction in a* value was
significant on the third and sixth days of storage at 25 and 40 °C, respectively. At 60 °C,
however, significant decrease in a* value was detected on the initial day, and then statistically
insignificant reduction in consecutive days was observed until end of storage.

Table 3

Change of the L*, a* and b* color parameter of TTI film exposed to different temperatures

Color Da Temperature
Parameter y 4°C 25°C 40 °C 60 °C
0 T745A7+0.91 | 78.99%+0.74 75.40%442 .88 75.5524+2 05
1 76.763A+1.25 78.66%+0.77 74.528A+2 61 58.0098+3.69
2 78.47%+1.77 79.263+1.04 75.70844+2.33 56.9398+3.70
L% 3 76.53%4+0.48 78.3634+0.52 73.37%+4.70 61.84%B12 61
4 76.46%4+0.33 78.49%4+1.31 68.18%8+4 .61 66.45°8+0.22
5 76.83%+1.60 79.94%4+0.58 75.1084+2.27 66.53°B+0.18
6 77.17%48+£029 | 79.47%+0.29 73.34%+3 86 64.34°C+1.70
7 76.60%4+0.53 79.17+0.31 | 73.57*8+2.16 69.24°C+1.60
0 28.77%+0.11 26.76%4+0.48 30.67#+3.80 30.713+2.82
1 29.0284+1.08 26.9434+0.85 29.98%A+3 26 | 21.92°8+0.90
2 28.318A+1.39 26.28%4+0.82 | 28.10%A+£2 42 | 20.97°B+0.89
* 3 28.8124+0.49 24.82°A+£0.56 | 26.30°A+£4.00 | 19.81°B+0.28
a 4 28.882A+0.55 24.08%9B+(0 87 | 25.833¢B+] 67 | 20.30°C+0.93
5 28.8924+0.80 23.11%B+(0.69 | 24.363°B £2 00 | 20.23°C+0.27
6 28.66+0.36 22.27%B+(.20 | 23.90°B+2 .93 18.78¢C+0.53
7 28.20%4+0.42 22.26°8+0.25 22.61°8 +0.25 16.09°C+0.53
0 -9.7234+0.18 -9.642+0.05 -9.23%4+0.17 -9.14%A+0.12
1 -9.7033A+0.20 -8.49PB+(.25 -5.02¢C+£0.40 0.06°°+0.01
2 -9.662A4+0.10 -6.71°8+0.44 -0.86°C+0.68 3.84°P+0.39
b* 3 -9.575¢A+0.10 -4.5298+0.25 3.109+2.20 6.15%P+0.14
4 -9.475%A+0.03 -3.85%8+0.21 4.109+1.21 7.069°+0.06
5 -9.19%A+0.24 -2.12°8+0.13 5.389C+1.75 8.00°P+0.22
6 -9.03°A+0.29 0.29%+0.11 6.169C+2.65 9.73™M+1.16
7 -9.00°4+0.03 1.289B+0.58 6.779C+2 28 12.599P+0.72
0 341.3220A+0.32 | 340.1894+0.39 | 343.937A+£0.78 | 343.0489°+1.16
1 341.49%0C+0.93 | 342.497+0.78 | 351.23%8+0.35 | 359.011%A+1.47
2 341.11°P+1.01 | 345.64°C+1.26 | 358.15%+1.63 | 10.36%4+0.63
Hue angle 3 341.61200+0.29 | 349.659+0.79 | 8.08%+1.97 17.259%+0.61
4 341.8420+(0 37 | 350.899C+0.83 | 8.04°8+1.28 19.2209A+0.72
5 342.3480+0 55 | 354.74°C+0.47 | 13.51"B+2.07 21.594+0.53
6 342.50°°+0.46 | 0.75°C+0.20 18.130%8+2.90 | 27.35PA+2.69
7 342.28%0+0.31 | 1.30%¢+0.28 21.28%8+0.17 35.27%+1.55

*Data are expressed as mean + standard deviation. For each color parameter, means with different
lower case letters (a, b, ¢) in the same column are significantly different at p < 0.05.

** For each color parameter, means with different capital letters (A, B, C) in the same row are
significantly different at p <0.05
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The parameter b*(blue-yellow axis) underwent more distinct changes compared to
parameters a* and L*. At refrigerator temperature, b* value of TTI film increased from the
initial value of -9.72 to -9.57 after three days. This increase was found to be statistically
significant. The b* value remained statistically stable in consecutive days and reached to -
9.00 at the end of seventh day. At the other temperatures, significant increases in b* values
of TTI films were detected on the initial day. At the end of seventh day, the b* values of the
samples subjected to temperatures of 25, 40 and 60 °C were 1.28, 6.77 and 12.59,
respectively. The effect of temperature on the b* values of the TTI film was statistically
significant from the first day. The highest change in the b* value occurred in the film kept at
60 °C. The hue angle is expressed in positive degrees ranging from 0 to 360. The angle of 0°
or 360° indicates red color while the angles of 90°, 180° and 270° represent yellow, green
and blue colors, respectively. Initially, the TTI film had an average hue value of 342.12. The
change in hue value was not significant during 7 days at 4 °C, while significant change was
observed from the first day at other temperatures. The hue angle changed in the
counterclockwise direction and rapidly passed the red color axis (0°) at 40 and 60 °C.

Table 4
ANOVA showing the effects of temperature (T), storage time (t), and interaction term
(T x t) on color values

Source | L*(R%4j=0.89) a*(R%0j=0.82) | b*(R%qj=0.98) Hue(R24j=0.98)
Adj Pvalue | Adj Pvalue Adj Pvalue Adj Pvalue
MS MS MS MS

t 41.04 0.00 74.49 0.00 275.16 0.00 | 1399.73 ] 0.00

T 1268.51 | 0.00 | 330.15| 0.00 | 124257 | 0.00 | 6653.93 | 0.00

Txt 42.01 0.00 15.38 0.00 37.08 0.00 212.85 0.00

Error 4.56 3.03 0.83 5.50

MS- mean squares, df- degrees of freedom, R2.q-adjusted coefficient of determination, P-value <
0.05 denotes significant effect

Higher temperatures accelerated the color change of TTI film as seen in Figure 7. The
color of the film exposed to 60°C changed considerably on the first day. The color change at
temperatures 40 and 60 °C was visually appreciable by human eyes on the first day. Maciel
et al. [15] developed a colourimetric temperature indicator by covering the surface of a card
paper with chitosan matrix film containing anthocyanin. The indicator was exposed to
temperatures of 20, 40 and 60 °C with or without luminosity (0 or 1000 Ix) for 72 hours.
They recorded no significant change in a* value irrespective of temperature and luminosity.
Similar to our findings, they observed the most significant change in b* parameter and the
highest change in b* value was obtained at 60 °C. They stated that the color of the indicator
changed from light purple to slightly yellow which is associated with the alteration in
anthocyanin structure. It is known that the pigment structure and concentration, temperature,
pH, oxygen, light, water activity, metal cations, antioxidants and enzymes are among the
factors affecting the stability of betalain pigments [18, 48]. Herbach et al. [49] stated that the
degradation rate of betalains increases with increasing temperature which results chromatic
changes depending on several degradation and transformation reactions. Herbach et al. [50]
reported that thermal treatment of betacyanin solution caused increasing hue angle values.
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The yellow compounds formed as a result of degradation reactions like hydrolysis or
dehydrogenation may be responsible for the increased b* value of the films [49].

Day 4 Day 5 Day 6 Day 7

Figure 7. Color images of the TT1 films stored at 4, 25, 40 and 60 °C during 7 days

Conclusion

Time temperature indicators applied to intelligent packaging are low-cost and user-
friendly systems informing consumers about quality and safety of food. In this study, TTI
films were prepared by adding red beet root extract to blend films with different ratio of
alginate and PVA. The analysis showed that TTI film made up of A and PVA with a ratio of
(3:2) provided enhancement of the mechanical properties and reduction of the phase
separation observed in SEM images. The color change of this film was investigated at
different temperatures. A visual color change was observed in the film upon exposure to
temperatures of 25, 40 and 60 °C while it maintained its color for 7 days at refrigerator
temperature. Results indicated that, this indicator may have potential applications to monitor
food products requiring refrigeration.
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Introduction. The aim of presented work was the investigation
of the efficiency of clarification of direct pressing apple juice with
utilization of nano-sized powders of both silicon dioxide and
titanium dioxide, modified silicon dioxide powder in comparison
with bentonite clay.

Materials and methods. The juice used for laboratory testing
was squeezed from "Glory to the Winners" apples. Modified silicon
dioxide powder (AMD-2, specific surface area 280 m?/g) and nano-
dispersed powders of both silicon dioxide (specific surface area
300 m?/g) and titanium dioxide (specific surface area 50 m?/g) were
selected as clarifiers. For comparison, we used bentonite clay
(specific surface area 160 m?/g). The optical density was measured
with spectrophotometr, the content of dry substances was evaluated
refractometrically, pH and titratable acidity was determined
according to known methods.

Results and discussion. Prospects of mineral oxides of
titanium and silicon utilization for clarification of apple juice have
been shown. It was established that the most effective clarifiers
were SiO, powder and suspension. Optimal weight of SiO, is 2.5 ¢
per 1 liter of juice; steep time is not more than 24 hours. The form
(in powder or suspension) has no significant effect on the result of
clarification.

The worst clarification ability bentonite clay demonstrated. It
was confirmed that utilization bentonite in suspension form
increases the clarification efficiency. Growth a mass of bentonite
from 0.1 to 2.5 g per | of juice impairs its optical properties.

The effect of temperature of clarification processes on its
efficiency and influence of the “juice-clarifier” contact time on the
physical-chemical properties of the finished product were
investigated. It was shown that the result of clarification is better at
low temperature (4 °C), and all the used oxides are able to slow
down the flow of natural processes of fermentation of raw apple
materials. It was found that more than 24 hours contact of juice with
clarifiers has a negative influence on the clarification result for all
tested samples.

Conclusion. Nano-dispersed oxides of titanium (IV) and
silicon (IV) could be effectively utilized to clarify of fresh direct
pressing apple juice. Their clarifying ability is higher than bentonite
clay and they could be brought in juice without pre-treatment, in the
form of powder.
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Introduction

According to [1] main substances which cause the turbidity in apple juice could be
divided into two groups. The first are substances which settle over time, among them: mold,
bacteria, plant cell fragments, protein-tannin complexes. The second — substances which
formed colloidal or true solutions: polymeric carbohydrates, proteins, polyphenols (tannins),
organic acids, alcohol and other. Because of such composition, clarification of apple juice is
the necessary stage of producing.

There are two different processes during juice preparation: clarification and fining [1].
It is well known that the production of apple juice includes both the removal of suspended
material and prevention of the development of juice turbidity after bottling. Precipitation of
suspended substances before filtration often called clarification. Measures, which are taking
to remove soluble materials that have the potential to form after-bottling sediment are called
fining [1].

For some fruit juices, a natural clarification process is possible under the prolonged
storage. This process is the result of chemical reactions that occur in the juice under the action
of natural enzymes [2]. The duration of such self-clarification process is from two weeks to
2-3 months [3]. This method can be successfully applied to grape juice, but not for freshly
squeezed apple juice [4].

Modern process of apple juice clarification consists of several stages: adding of
clarifiers agent, clarification process, vacuum filtration and final filtration. Most useful
clarifiers in technological process are enzymes. Many publications are devoted to the study
both of the influence of natural and synthetic enzymes on the process of juices clarification
and the mechanism of this process [2,5-7,8]. The principle of enzymatic clarification is based
on the destruction of the negatively charged surface layer of protein-carbohydrates
complexes and protein-pectin complexes under the action of enzymes [8]. Due to the action
of electrostatic attraction forces, floccules are formed and the system is destroyed [1].

A classical well-researched fruit juice clarifier is a bentonite clay [1,9]. The clarification
effect of bentonite and other minerals is explained by the combination of three processes:
adsorption, coagulation and sedimentation. Bentonite clays (like oxides we study) have a
developed surface that is why the adsorption of small proteins and other molecules occur on
the clay surface. At the same time, the processes of aggregation of proteins, starches and
tannins with bentonite particles in the system take place [1,1,7]. They are caused by the
redistribution of electrical charges in the system and the change in charge of coats of protein-
carbohydrates complexes. The result of these processes is coagulation. In general case,
coagulation is not accompanied by the chemical interaction of the clarifier and the juice
components [1].

It should be borne in mind that the properties of bentonite and other adsorbents and their
clarification ability depend on place of origin and method of its pre-treatment [10,11]. Such
pre-treatment can include pH control, selection of concentration range, temperature
conditions, the way of making the suspension in the juice and others. That is why results
described in different sources could be slightly different.

An important role is played by the method of bringing of bentonite in the juice: in the
form of powder or in suspension. It is believed that the use of the suspension is much more
effective [12]. Adsorption capability of bentonites increases with their swelling capability in
water [13]. To verify this statement, we introduced all clarifiers into the juice as a suspension
and powder.

Our previous work was devoted to the study of the effectiveness of lighting white and
red wines using mineral clarifiers [14]. We have shown that mineral nanosized titanium and
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silicon oxides are much more effective fining agents for red and white grape wines than
bentonite and saponite. However, the process of clarifying apple juice is different from the
process of clarifying wine materials and not necessarily clarifiers, which were effective for
grape wines, will be effective for apple juice.

Unlike enzymes, the utilization of mineral oxides for clarify juices is practically not
described in the literature. In addition to a wide range of works about clarification properties
of bentonite clays [12,15], some attention is paid to zeolites [16] and sepiolites [17,18], and
utilization of shungite for water treatment [19]. Membrane methods of clarification of fruit
and vegetable juices using TiO; and Al,O3 are described [20,21]. However, this is not enough
to assess the prospects of using oxides as clarificators. That is why these studies are a logical
continuation of the previous ones [4] in order to evaluate the possibility of using mineral
titanium oxides and silicon to clarify apple juice.

The aim was to investigate the prospect of using mineral clarifiers, as they have a
number of significant advantages: they are relatively cheap, environmentally safe, easily
removed from the finished product, they can be reused after proper cleaning.

Materials and methods
Materials

SiO; powder with highly developed surface area (AMD-2) and nanodispersed powders
of both SiO; and TiO; (Sger = 50 m?/g) were selected as clarifiers. Nanodispersed SiO; —
product which was obtained by flaming hydrolysis of SiCl. vapors in an air-aqueous mixture
at a temperature of 700 to 1100 °C. The size of the particles is 10-20 nm, the specific surface
area Sger = 300 m?/g. AMD-2 — high-disperse silicon dioxide modified by depolymerizate
D-4, specific surface area Sger = 280 m?/g. For comparison, we used the classic bentonite
clarifier, the formula of which is Al[AlISiz0¢x(OH)](OH)2xnH20 (Ser = 160 m?/g).

The juice used for laboratory testing was squeezed from "Glory to the Winners" apples
of one crop, steeped for 12 hours at ~ 4 ° C and decanted from the precipitate. The final juice
output was 60%.

Sample preparation

All samples were divided into two groups. In the first - the clarifier was added to the
juice directly in the form of powder. In the second case, the clarifier was added to the juice
in the form of a suspension. For suspensions obtaining, a portion of the powder was stirred
in hot (~ 80 ° C) water and left for 12 hours at room temperature. Then it was mixed
thoroughly and injected into the juice. The preparation of AMD suspension is not possible
because of its high hydrophobicity.

Methods

The optical density was measured with Agilent Cary 60 spectrophotometr at wavelength
A =400 nm, absorbing layer thickness 3,070 [22]. The comparison solution was water. The
content of dry substances was evaluated refractometrically (Atago PAL-1 BLT Digital Brix
Refractometer), pH value with device pH-150MI [23].

The titrated acidity (in terms of malic acid) was determined by titration of the sample
with 0.1 N alkali solution [24].
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Results and discussion
Influence of the clarifier mass and form on juice turbidity

The bentonite utilization for the clarification of juices at the industrial level is
minimized now, but the applications of cytosan [25] in combination with ultrafiltration and
nanofibrous membranes are widely described in the literature nanofibrous
membranes[25,26].

There are several ways to use bentonite clays for juices clarifying. The first is the short-
term thermostatation of the juices with a clay suspension at 60° C under the constant stirring
conditions. Stirring and increasing of temperature intensify the lighting process [12,27].

The second way is the long staying of the mixture of juice with clarifier. It is believed
that the most effective bentonite operates at concentrations of 400-500 g per 1 ton of juice at
exposure time 12-24 hours. That is why we chose 0.1-0.5-2.5 g/l (or 0.01-0.05-0.25
0/100 ml of apple juice) for powders that have brought into the juice without pre-treatment
and 0.5 g/l (0.05 mg/100 ml juice) when oxides were added as suspension form.

For indication of temperature influence on clarification result all investigation were
carried out under the temperatures 4 °C and 20 °C. On the one hand, under the temperature
increasing we can suspect the intensification of aggregation and coagulation processes. On
the other hand, the juice may deteriorate for a day and become unusable for further
processing.

In the first stage of research, the clarifiers were placed in apple juice, kept for 24 hours
at a constant temperature, decanted from the precipitate. The optical density of the juices was
then measured. The juices were then centrifuged for 5 minutes (1500 min ~1) and the optical
density was again measured.

Figure 1 illustrates the dependence of the optical density of the juice on the weight of
the clarifier (4 °C, before centrifugation). The diagram shows that the best result shows
nanodispersed SiO- in the form of powder, and the effect is better, the greater the weight of
the powder. The efficiency of the illuminators decreases in the row:

Powders SiO,> TiO,> AMD> bentonite

When we bringing clarifiers in juice in the form of a suspension, we see a similar
pattern, but the efficiency of bentonite significantly increases:

Suspension SiOz> TiO,> AMD> bentonite
In view of the above at 4 °C, the efficiency of clarifiers decreases in the series:

SiO; powder & susp > TiO, powder & susp > bentonite susp> AMD > bentonite powder
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Figure 1. Dependence of the optical density of the juice on the weight of the clarifier (g/100 ml
juice) compared to the apple juice without clarifier (4 °C, before centrifugation)

Figure 2 shows the dependence of the optical density of the clarified juices on the weight
of the clarifier after centrifugation. It is obvious that centrifugation, as an additional stage of
technological clarification of juices, results in a decreasing in their optical density compared
to non-centrifuged samples. However, it should be noted that the decrease in optical density
for the clarifiyed samples was negligible and did not affect the overall result.
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Figure 2. Dependence of the optical density of the juice on the weight of the clarifier (g/100 ml
juice) compared to the apple juice without clarifier (4 °C, after centrifugation)
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The same experiments were carried out with juices samples under the 20 °C (imitation
of production workshop conditions). It is interesting to note that clarification process was not
so effective as under higher temperature. The optical density values of all samples were
higher than those obtained for lower temperatures (Figure 3).
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0,80 ®BTiO2
0Sio2

0,60 m apple juice

0,40

0,20

)

=
0,05 0,25 suspension apple juice

0,00

Figure 3. Dependence of the optical density of the juice on the weight of the clarifier (g/100 ml
juice) compared to the apple juice without clarifier (20 °C, before centrifugation)

Figure 3 shows that, at 20 °C, there is no significant dependence of the optical density
of juices on the clarifier mass, unlike the previous case. For bentonite only, the clarifying
efficiency decreases slightly with the increasing of the powder mass.

Talking about the significant difference of values for using clarifiers in the form of
powder or suspension is also meaningless. The result of their action is close. After
centrifugation, the optical density of juices with and without clarifier additives slightly
decreased (Figure 4).

Summarizing the results described above, we can conclude that at 20 ° C the most
effective clarifier was hydrophobic AMD (0.25 g sample), the rest of the substances can be
placed in a row accordingly to reducing their clarifying efficiency:

SiO, powder & susp > TiO, powder & susp > bentonite powder & susp

Authors [28] show that for bentonites from different fields, efficiency is directly related
to the surface area: the larger is the surface area than clarification process is more effective.
On the one hand, difference in clarification ability of the samples may occur due to different
adsorption capacity of the substances at different temperatures, on the other hand, titanium
and silicon oxides can slow the fermentation processes in the juice.
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Figure 4. Dependence of the optical density of the juice on the weight of the clarifier
(9/100 ml juice) compared to the apple juice without clarifier
(20 °C, after centrifugation).

Evaluation of physico-chemical changes in juice-clarifier system with time

For evaluation of physico-chemical properties of (juice+clarifier) system through the
time the measurements of optical density, general acidity (in terms of malic acid), pH value
and dry substances content were carried out. For these series of experiments the clarifier was
added in juice in powder form powder mass was 0.01 g/100 ml of juice).

Optical density

The question "how long does it take to keep the juice mixer together for optimal result”
still remains open. It depends on type of juice, pH-value, temperature and clarifier nature. To
determine the effect of time of steep, a series of apple juices with mineral clarifiers were
prepared. The optical density was measured on the first, second and third days. For this
purpose, the samples were decanted from the clarifier and centrifuged immediately before
measurements.

Figure 5 shows the optical density clarified juices dependence on contact time juice—
clarifier. From the above results it is concluded that clarification process was more successful
for 4 °C than for 20 °C. In addition, temperatures of 15-25 °C are considered optimal for
fermentation of apple raw materials [15]. Therefore, the experiment was carried out at 4 °C
to slow the fermentation process.
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Figure 5. Dependence of optical density of clarified juices on time of standing with clarifier
powder. For comparison, the curve 1 is apple juice without clarifiers addition that have

undergone the sa
me processing stages

From the presented results we can conclude that it is not necessary to storage the juices
with the clarifiers for a long time. Although, the results are described by the authors [12]
indicate that bentonite should be effective for apple juice clarification at high temperatures
(75°C) and preserving mixture up to three days. Such effect they explained by the
intensification of coagulation processes in juice—clarifier system. At the same time authors
authors [29] authors announce that there are three main factors for reaching of optimal
condition for fruit juice clarification with bentonite and gelatin: temperature (3070 °C), pH
(4-6) and short time of contact (40-120 min).

Acidity, pH value and dry substances content

The process of clarification essentially depends on pH value of juice. So, for potato
juice it was shown that maximum adsorption of the acid-soluble fraction occurs at pH 5.0.
The working conditions recommended for obtaining a protein-free potato juice is
acidification to pH 4.5. [30]. For clarification of fruit juices with bentonite—gelatin mixture
pH=4-6 was recommended [29].

In our case the pH value correction was not necessary for our samples. Values of pH
and general acidity of juices after clarification were almost indistinguishable from the values
obtained for pure juice and amounted to 4.00 = 0.04 and 0.40+0.05 %, respectively. The
content of dry substances after clarification was slightly less than for pure juice (Table 1).

Physical-chemical properties of juices after clarification did not change essentially after
five days steeping. Values were fixed at 1, 2, 3 and 5 days. Only apple juice without any
additions shows a slight increasing of all parameters which could be caused with the flow of
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fermentation processes. Similar effects were observed by the authors [14,31] for using
bentonite for grape wines clarification.

Table 1

Average values of physicochemical parameters of apple juice with and without clarifiers (4 °C)

Clarifier Brix, % | Generat acidity, % | pH
Days1,2,3and5

Bentonite 12.4+0.1 0.40+0.05 3.99+0.04
AMD 12.3+0.1 0.40+0.05 4.00+0.04
TiO, 12.24+0.1 0.40+0.05 3.98+0.04
SiO, 12.3+0.1 0.40+0.05 3.99+0.04
Juice without
additions
Days 1-3 (129-13.2) 0.1 | (0.40-0.44)£0.05 | 3.97-4.0020.04
Day 5 13.4+0.1 0.46 +0.05 4.02+0.04

General acidity and pH value of oxides-free apple juice increasing slightly with steeping
time. It is known that during the fermentation of fruit raw materials the concentration of acids
in juice could increase. At the same time partially transformation of malic acid into lactic
acid takes place. In addition, the fermentation process may be accompanied by the formation
of succinic and other organic acids [32]. According to [33], the general acidity of the juices
may slightly decrease in the process of fermentation, or increase slightly. Such changes are
determined by the variety of apples and storage conditions. Similar regularities were
described for properties of clarified apple juice in 4 weeks storage under 4 °C [34].

The constancy of physical-chemical properties of juices while they steep with clarifiers
indicates on partially or fully cessation of the fermentation processes. This effect may be
related both to the observance of the low temperature regime and to the pronounced
antibacterial and antifungal action of titanium oxides and silicon [35,36]. For these
substances bacteria growth inhibition was observed under the dark condition. Our samples
were stored in the refrigerator also under the dark condition.

Conclusions

1. Mineral nano-sized oxides of titanium (1V) and silicon (IV) should be successfully used
for apple juice clarification. Of all the substances tested, the classic absorbent — bentonite
clay shown the worst performance as a clarifier.

2. It was shown that clarification process was more efficient at low temperature (4 °C) then
at room temperature 20°C. By reducing the efficiency of clarification at low
temperatures, the test substances can be arranged in the following order:

SiO>> TiO,> AMD > bentonite (4 °C)
At 20°C the best clarification effect had AMD in concentration 2.5 g/l of juice. The other
substances lose their clarification ability in row:
SiOz> TiO2> bentonite (20 °C)

3. Itwas confirmed that bentonite possessed much better clarification ability as a suspension
form then in powder. On contrary, there is no significant difference for nano-sized SiO;
and TiO.. These oxides are equally effective both in suspension and in powder form.
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According to our results, the optical density of juices after clarification grows with the
time of steeping of mixture. That is why optimal clarification time at 4 °C was 12 hours.

4. Addition of investigated oxides in apple juice leads to the retardation of fermentation
processes in juice. It is interesting to note that clarification ability did not correlate with
the antimicrobial activity which generally increased from TiO to SiO; [36]. For these
substances bacteria growth inhibition was observed under the dark condition. Our
samples were stored in the refrigerator also under the dark condition.
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Introduction. This research aims at determining the effect
of canola oil and natural antioxidant of basil on chemical and
sensory properties of fresh cheese.

Materials and methods. A fresh spreadable cheese was
prepared by the use of fresh whole milk, canola oil and natural
antioxidant of basil. The prepared cheese was analysed on fatty
acid profile according to GC method of methyl esters,
tocopherol content — according to HPLC method, phytosterol
content — according to GC method, health lipid indices —
according to empirical calculations complying with the fatty
acid profile of the product, sensory evaluation — according to
10-points hedonic scale.

Results and discussion. Canola oil was characterized by a
high content of unsaturated fatty acid content above 93 g.100
g?! of the total content and a very good ratio of omega-
6/omega-3 — 2/1. The total content of tocopherols in the lipid
fraction was comparatively high — 315 mg.kg*. Canola oil
contained significant amount of phytosterols — 0.7 g.100 g'
with individual sterol composition — B-sitosterol (54.7 %) and
campesterol (35.3 %) predominated in the sterol fraction.

The cheese with partial replacement of milk fat by canola
oil was characterized by a reduced content of saturated fatty
acids which have negative effects on the human health — 35.18
g.100 g* compared to 68.33 g.100 g in cheese produced by
classical technology containing only milk fat. The product
contained a large part of the short-chain fatty acids, typical for
milk fat that defines the functionality of the end product. The
cheese with added canola oil presented a higher biological
value due to atherogenic index of 0.42 compared to 1.60 for
cheese produced only of milk fat, thrombogenic index of 0.59
compared to 3.13 for cheese produced only of milk fat and
preventive lipid score of 34.89 compared t0128.23 for cheese
produced only of milk fat.

The fresh cheese with partial replacement of milk fat by
canola oil had good sensory properties.

Conclusions. Fresh spreadable cheese with partial
replacement of milk fat by canola oil in the ratio (1:1) was
characterized by increased healthy characteristics — low levels
of atherogenic and prothrombogenic index and preventive lipid
score.
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Introduction

Vegetable oils were used to enhance fatty acids profile of dairy products [1-4].
Enriching the dairy products with omega fatty acids was made mostly by the inclusion of oil
seed and vegetable oil in dairy animal diets [5, 6]. Another possibility was to replace partially
or fully the milk fat in dairy products by oils rich in polyunsaturated fatty acids [7, 8].
According to our knowledge, there are insufficient investigations about the enrichment of
high fat dairy products with vegetable oils.

Canola oil, in comparison with other vegetable oils, is characterized by the lowest
content of saturated fatty acids (less than 10 g.100 g1), followed by the walnut and flaxseed
oil. It is an excellent source of mono- and polyunsaturated fatty acids, wherein the ratio of
omega-6/omega-3 is closest to the optimum [9]. Besides valuable fatty acid composition,
canola oil is [10, 11]. The current trend for the production of health foods requires on the
market the production of canola oil with low content of erucic acid, which is associated with
certain diseases of the human [12]. This makes reasonable the addition of canola oil in dairy
products.

It is appropriate to supplement natural antioxidant when an addition of vegetable oils is
used [13]. Sensory profile and valuable antioxidant properties of basil extract, due to
contained aromatic components, are appropriate in combination with canola oil in order to
reduce oxidation processes in the oil [14, 15].

The purpose of this work was to investigate the effect of canola oil and natural basil
extract on chemical and sensory properties of fresh spreadable cheese.

Materials and methods
Raw materials

Commercially available canola oil (Buldara Ltd., Bulgaria) and fresh natural cream
(supplied by United Milk Company AD, Bulgaria) were used.

For the preparation of the emulsions raw cow’s milk complying with the requirements
of Regulation 853, 2004 from the EU and raw skimmed cow's milk (supplied by United Milk
Company AD, Bulgaria) obtained on the day of its adoption were used as dispersible medium.

Other material

Emulsifier — glyceryl monostearate in amount of 0.1 g cm, according to data [16]
(Cognis with trademark Cutina®, Germany), antioxidant — extract from basil ("Extractum"
Ltd., Bulgaria) in the amount of 0.003 ¢cm3.100 cm™ with the major components in the
chemical composition linalool 10,64 g.100 g%, estragole 46.97 g.100 g%, methyl eugenol 8.94
g.100 g%, p-bisabolene 3.06 g.100 g* [17], characterized by sensory profile, suitable for
combination with canola oil.

Starter culture with the following composition: Lactococcus lactis subsp. lactis,
Lactococcus lactis subsp. cremoris, Streptococcus thermophilus, in the amount of 3 cm®.100
cm 3 ("Lactina" Ltd., Bulgaria).

Rennet — pure chymosin with activity 1:15 000, in the amount of 5 ¢cm®.100 dm
(Biokom Trendafilov with trademark Daniren®).

Oils and cream were stored at 4-6 °C (Regulation No. 2 of 2017).
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Methods

Fatty acid composition and total lipid content analyses. The preparation of methyl
esters of fatty acids was in accordance with 1SO 5509, 2001. The analysis of methy| esters of
the fatty acids was carried out by gas chromatography in accordance with 1SO 5508:2000.
Fatty acid composition of the obtained cheese was determined after extraction of fat by the
method of Schmidt-Bonzynsky-Ratzaloff in accordance with 1SO 1735|IDF 5:2004.

Sterols analysis. Unsaponifiables were determined by weight after saponification of
the lipid fraction and extraction with hexane in accordance with 1SO 18609:2000.
Identification was confirmed by comparison of retention times with those of a standard
mixture of sterols in accordance with I1SO 12228:2014.

Tocopherols analysis. Tocopherols were determined directly in the oil by high
performance liquid chromatography (HPLC) by Merck-Hitachi (Merck, Darmstadt,
Germany) and the tocopherol content was calculated on the base of tocopherol peak areas in
the sample vs. tocopherol peak area of the standard tocopherol solution in accordance with
1SO 9936:2016.

Emulsion preparation. It was performed by mixing of the two phases — vegetable oil,
cream, milk and emulsifier, stirred with a mixer (Polytron® PT45-80) at speed — 150 s*
during 5 min. The concentrations used were: for emulsifier 0.1 g.100 cm, for oil phase 4
cm?®.100 cm3 canola oil with 4 cm®.100 cm cream (1:1). The mixtures were heated to 55-60
°C in order to complete dissolution of the emulsifier [18].

Fresh cheese preparation with addition of vegetable oil. A flowchart for the
production of fresh spreadable cheese and addition of vegetable oil was applied [19].
Qualification of milk — Standardization of milk fat to 8 cm®.100 cm?® — (4 cm®100 cm3
canola oil + 4 cm?®.100 cm milk fat) and addition of antioxidant 0.003 ¢cm?®.100 cm® — Heat
treatment of milk and addition of emulsifier t = 55-60 °C and glyceryl monostearate (0.1
g.100 cm®) — Obtaining of emulsion — Pasteurization (88 °C, duration 5 min) — Cooling
(25 °C) — Inoculation (3 cm®.100 cm starter culture) — Pre-biological ripening (an increase
in titratable acidity of 0.018 — 0.027 represented as percentage of lactic acid) — Addition of
rennet (5 cm®.100 dm<) — Coagulation (14-16 h) — Cutting of the gel and curd retention in
the whey for 30 min at a temperature of 20-25 °C — Drainage and self-pressing to dry matter
approximately 30 g.100g* — At a temperature of 20-22 °C for 1-2 h — At a temperature of
4-6 °C overnight — Dry salting NaCl (0.5 g.100 g'') — Homogenization of the curd —
Packaging and cooling.

The data for the chemical composition and biological value of cheese produced only
with milk fat were taken from our previous study [19].

Health lipid indices. Qualitative indicators of fat atherogenic index (Al) [20];
Preventive lipid score (PLS) [21]; Thrombogenic index (TI) [22].

Sensory analysis. The sensory evaluation of the fresh cheeses was conducted in
accordance with the Bulgarian State Standard 15612-83 and 1SO 6654:1991. The evaluation
criteria were as follows: taste and flavour — 35 points, structure — 25 points, consistence — 20
points, appearance — 10 points, and colour — 10 points (maximum overall score — 100 points).
The results were equated to a 10 point evaluation scale in order to be presented in a spider
diagram.

Statistical analysis. The Significance of the differences between the average values
was evaluated by Least Significant Difference (LSD) test considering p < 0.05 as significant
[23]. Multiple comparisons were made by LSD method [24]. The results were presented as
mean value =+ standard deviation (SD) [25].
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Results and discussion
Canola oil analyses

The results of performed investigations about the fatty acid composition of canola oil
are presented in Table 1.

Table 1
Fatty acid composition of canola oil
Fatty acid g.100 g! of total fatty acids

Lauric acid C12:0 0.06+0.012

Miristic acid C14:0 ND

Palmitic acid C16:0 5.07+0.05°
Palmitoleic acid c1l6:1 0.28+0.05°¢
Margaric acid C17:0 0.06+0.012

Stearic acid C18:0 0.70+0.06°

Oleic acid C18:1 62.39+1.15°
Linoleic acid C18:2 20.06+1.00°
a-linolenic acid C18:3 9.48+0.859
Arachidonic acid C20:0 0.55+0.15"
Eicosenoic acid C20:1 1.08+0.28'

Behenic acid C22:0 0.27+0.09i

Erucic acid C22:1 ND

2J Means in the same column with different letters show significant differences (p < 0.05);
* Values are expressed as mean = Standard deviation (n=3); ND: not detected

The data showed that 13 fatty acids were identified which presented 99.97 g.100 g ! of
total fatty acids. The oleic 62.39 g.100 g' of total fatty acids and linoleic 20.06 g.100 g~! of
total fatty acids were prevailing.

Figure 1 presents the fatty acids distribution in canola oil.

The results showed that the canola oil was characterized by a high content of unsaturated
fatty acid content above 93 ¢.100 g* of the total content and a very good ratio of omega-
6/omega-3 — 2/1. The data on fatty acid composition were similar to those obtained by other
research teams, for varieties with low erucic acid (C22:1), which emphasizes its healthfulness
[12]. Essential fatty acids (C18:2 and C18:3) laid in high amounts on the total content of
unsaturated fatty acid content above 30 g.100 g*. These indicators determined the health
characteristics of canola oil and defined it as a vegetable oil with high quality fatty acid
profile.

The data showed that canola oil had a very low content of saturated fatty acids, and this
indicator was superior to other vegetable oils such as walnut, flaxseed, etc. [26, 27]. The high
amount of mono unsaturated fatty acids was similar to that of olive oil and helps the right
functioning of various physiological systems in the human body. The amount of omega-3
fatty acids (C18:3), was increased in comparison to other vegetable oils — olive, corn,
sunflower and others [19].
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Sum of saturated fatty acids, g-100 g~*
Sum of monounsaturated fatty acids, g-100 g*
| | Sum of polyunsaturated fatty acids, g-100 g

Figure 1. Distribution of the fatty acid groups in canola oil

The tendency of oils to oxidation was determined by the content of polyunsaturated
fatty acids. Vegetable oils contained different amounts of natural antioxidants — tocopherols
(a, B, vy, 8), which limited the oxidation processes. An important indicator of the healthy
nature of canola oil was phytosterol content (brassicasterol, campesterol, f-sitosterol, AS-
avenasterol, A7-avenasterol) [28]. Therefore, the content of tocopherols and phytosterols in
canola oil was investigated. The data obtained are presented in Table 2. The data showed that
canola oil was characterized by a high content of o and y-tocopherols, an important indicator
of the antioxidant properties of the vegetable oils [29].

The results showed that canola oil was characterized by a high content of phytosterols,
which, according to several studies lower the cholesterol and the level of LDL cholesterol in
the blood [30]. The total content in the oil was found to be 0.7 g.100 g~'. The individual sterol
composition is presented in Table 2. B-Sitosterol (54.7 g.100 g!) and campesterol (35.3
g.100 g') predominated in the sterol fraction.

Tocopherols are a class of organic chemical compounds, many of them have vitamin E
activity. The total content of tocopherols in the lipid fraction was comparatively higher — 315
mg.kg ™. The tocopherol composition is presented in Table 2. The y-tocopherol predominated
in the oil, followed by a-tocopherol. The oil with higher content of o and y-tocopherol proved
superior to a number of common food oils [28].

Table 2
Tocopherol and phytosterol content in canola oil
Total, mg Tocopherols content, % of tocopherol content
kgt a B Y v-3 8
Canola [315£10 | 43.540.5° 1.2£0.1° | 53.6£0.4°| 1.120.1¢ 0.60.1°
. Phytosterols content, % of phytosterol content
oil Total, g - -
100 g1 Brassicasterol | Campesterol |B-sitosterol A5 A7
avenasterol | avenasterol
0.7+0.0 9.6+0.22 35.3+0.5° | 54.740.5°| 0.2+0.1¢ 0.1£0.0°

&€ Means in the same row with different letters show significant differences (p < 0.05);" Values are
expressed as mean + Standard deviation (n=3)
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Fresh cheese analyses

An important characteristic of the end product is its biological and functional value.
Healthiness of cheese with canola oil was determined on the basis of the content of fatty acids
and indicators characterizing the wholesomeness of fats, presented in Table 3 and Table 4.

The data showed that the cheese with partial replacement of milk fat by canola oil was
characterized by a reduced content of saturated fatty acids which have negative effects on
human health —35.02 g.100 g* compared to 68.33 g.100 g* in cheese by classical technology
containing only milk fat [19].

The product contained a large part of the short-chain fatty acids, typical for milk fat that
defines the functionality of the end product [31, 32].

Figure 2 presents the fatty acids distribution in in cheese with canola oil.

Sum of saturated fatty acids, g-100 g™’
Sum of monounsaturated fatty acids, g-100 g*
\ Sum of polyunsaturated fatty acids, g-100 g™

Figure 2. Distribution of the fatty acid groups in cheese with canola oil

The cheese with partial replacement of milk fat by canola oil was characterized by an
increased content of unsaturated fatty acids in comparison to cheese, which contains only
milk fat [19]. Increased wholesomeness of the end product was determined by the content of
oleic acid (C18:1), linolenic acid (C18:3) and linoleic acid (C18:2). Our results were
comparable with the reported fatty acid composition studies of dairy products enriched with
canola oil [6].

Table 4 presents the evaluation of the biological value of the cheese determined by
qualitative indicators of fat values - atherogenic index 0.42 compared to 1.60 for cheese
produced only with milk fat, thrombogenic index 0.59 compared to 3.13 for cheese produced
only with milk fat and preventive lipid score 34.89 compared to 128.23 for cheese produced
only with milk fat [19]. These indicators in the control sample were three to four times higher
compared to the cheese with canola oil, which shows higher biological value of the product
with vegetable oil. It represents a healthier version of traditional fresh spreadable cheese
produced only of milk fat. A similar tendency was observed by other authors [33-35].
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Table 3
Fatty acid composition of cheese with canola oil
Fatty acid g 100.g7! of total fatty acids
Caproic acid C6:0 0.09 = 0.002
Caprilic acid C8:0 0.96+0.10°
Capric acid C10:0 1.67+0.15¢
Lauric acid C12:0 5.70+0.859
Miristic acid C14:0 0.64+0.15°
Palmitic acid C16:0 19.18+1.12f
Palmitoleic acid C16:1 1.16£0.159
Margaric acid C17:0 0.37+0.09"
Margarinoleic acid C17:1 0.20+0.05'
Stearic acid C18:0 6.41+0.951
Oleic acid Ci18:1 46.17+2.14%
Linoleic acid C18:2 12.77+1.00'
a-linolenic acid C18:3 4.68+0.88™
&M Means in the same row with different letters show significant
differences (p < 0.05);
*Values are expressed as mean = Standard deviation (n=3)
Table 4

Health lipid indices of cheese with canola oil

Health lipid indices g.100 g! of total fatty acids*
Atherogenic index 0.42
Trombogenic index 0.59
Preventive lipid score 34.89
Total cheese lipid content 20.70

*Values are expressed on the basis of mean fatty acid content

An important characteristic of the end product is its sensory profile. Figure 3 presents
the sensory characteristics of fresh cheese with partial replacement of milk fat by canola oil
and antioxidant of basil extract. The sensory profile showed that fresh cheese with partial
replacement of milk fat by canola oil had good sensory characteristics. Some variation in
colour was established due to the specific sensory profile of canola oil. The values for the
indicators of taste and aroma remained relatively high, indicating that canola oil can be
successfully used for the partial replacement of milk fat. The overall assessment of sensory
indicators was 47.5 of maximum 50 points. Our results complied with the results obtained by
other authors [36, 37].
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Figure 3. Sensory profile of the cheese enriched with canola oil

Conclusions

The fresh cheese with partial replacement of milk fat by canola oil and the addition of
natural antioxidant of basil extract was characterized by improved fatty acid profile, and a
significant higher content of essential polyunsaturated fatty acids.

The cheese with partial replacement of milk fat by canola oil was a very good source of
tocopherols and phytosterols, which increased its healthy characteristics.

Qualitative indicators of fat — atherogenic and thrombogenic index and preventive lipid
score defined the product as a healthy version of the classic fresh high fat spreadable cheese
containing only milk fat and reduces the risk of various diseases associated with the
consumption of animal fats.
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Introduction. Studies have been conducted to develop a
method for determining the pectin esterification degree in
order to limit the use a significant number of costly and hardly
available reagents.

Materials and methods. The samples of apple and citric
pectin were exhibited at Kyiv market with the different degree
of esterification according to accompanying documentation.
IR-spectroscopy research was provided on device Nexus-475
Nicolet firm. NMR-spectrums were registered by NMR-
spectrometer Mercury, VARIAN firm. Mathematical
treatment of the results is done according to mathematical
modeling concept.

Results and discussion. In the IR spectrum of low-
esterified pectin, this band is low intensity and is in the
oscillations region of 1686.71 cm™. In spectrum of high-ester
pectin the intensive line with three maximums at 3400.56
cm?, 3316.52 cm?, 3271.70 cm, which corresponds to
stretching vOH. In IR-spectrums with esterification till 42%
the line of free carboxyl group is available, in IR-spectrums of
high-esterified pectin there is an intensive line of carboxylate
groups (CO?%), and that differs the given spectrums.

The given characteristics of NMR-spectrums show the
difference in structure of high- and low-esterified pectin, but it
does not give an opportunity to conduct the quantitative
determination of esterification degree.

While analyzing the results we can make a conclusion that
the degree or hyperbolic models are the best for prognosing.

The difference between chemical method of esterification
degree determination and suggested method is 0.6-1.3%.

Conclusions. Determination of the pectin degree
esterification is possible by tyranic acidity with subsequent
calculation by the regression equation.
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Introduction

One the most important nutritional and technological characteristics of pectin is its
esterification degree [1]. The determining of this indicator needs the use of essential amount
of reagents according to approved methods and time. A task was set up to find an alternative
method of determining the degree of pectin esterification, since it is necessary to know the
degree of pectin esterification in order to produce marmalade products.

According to the known method by national standard of Ukraine the esterification degree
is a correlation of polygalacturonic acid esterified carboxyl groups to their general amount in
pectin. This method of determination of pectin esterification degree needs the following
reagents: hydrochloric acid, sodium hydroxide, ethyl alcohol rectified, silver nitrate,
indicator alizarin, ammonia aqueous solution concentrate, bromothymol blue, cresol red,
phenol red.

In literature there are data about the alternative methods of determination of pectin
esterification degree such as the suggested method with the use IR-spectroscopy [2, 3, 7],
NMR-spectroscopy [8], chromatography [9]. It is developed the improved method of high-
performance liquid chromatography (HPLC) for simultaneous determination of pectin
degrees of methylation and acetylation [5]. The suggested way includes the saponification in
heterogeneous environment with the next separation of methanol, acetic acid and inner
standard on C18 column and the quantitative determination with the help of refractometry
[6]. But the suggested alternative methods need the use of special expensive equipment: IR-
and NMR-spectroscopes and chromatograph [4, 8]. That is why the search of the alternative
method which does not need the use of expensive equipment and big amount of reagents on
determination of pectin esterification degree remains actual.

The purpose of the study is to develop a method for determining the esterification degree
using a minimum number of reagents, which does not require a significant amount of time.

Materials and methods

Materials

Samples of apple and citrus pectin presented with different esterification degrees.
Methods

The total acidity was determined by the titration method of pectin batch solution in the
presence of phenolphthalein [16].

The esterification degree was determined method that is based on the titrimetric analysis
of free and after saponification esterified carboxyl groups of polygalacturonic acid in pectin
batch, which is purified from soluble ballast additives and cations [16].

The presence of a carboxyl group in pectin of different esterification degrees was
determined by IR spectroscopy [7]. IR-spectroscopy research was provided on device Nexus-
475 Nicolet firm, in pills with KBr.

The chemical shift of the protons that are part of the pectin structural components was
recorded using NMR spectra [8]. NMR-spectrums were registered by NMR-spectrometer
Mercury, VARIAN firm, 400 MHz in the solution DMSO-ds.

384 —— Ukrainian Food Journal. 2020. Volume 9. Issue 2



Food Technology ——

Processing of research results

Mathematical treatment of the results is done according to mathematical modeling
concept [11].

Results and discussion

With the aim to get the complete characteristics of pectin properties with different degree
of esterification, except total acidity, IR- and NMR-researches of chosen pectin samples were
conducted.

The structure of pectin with different degrees of esterification is characterized by the
presence of methylated carboxyl groups (see Figure 1).

6COOCH,
4 5 o
~o0

1
HO COOH

3 2OHO e]
COO%H3
OH O‘%

HO

Ho™  OH%__

% COOH
0

HO™  OH_

a b
Figure. 1. Pectin structure: a — highly esterified; b — low esterified
The given different pectin structure is confirmed by IR- and NMR-spectrometric
researches, which are given further.
IR-spectroscopy research
According to the above given literature data [12], high- and low-esterified pectin have

different IR-spectrums.
The IR-spectrums of high-ester (58-62%) and low-ester pectin (27-33%) Figure 2.
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Figure 2. IR-spectrums of pectin: a — high-ester; b — low-ester
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In spectrum of high-ester pectin the intensive line with three maximums at 3400.56
cm?, 3316.52 cmt, 3271.70 cm™ is presented, which corresponds to stretching vOH. In IR-
spectrum of low-ester pectin this line has maximum at 3568.62 cm™, separated from the
other two 3389.35 cm is located in weaker vibrations region, that shows a greater degree
of hydrogen bonds, and confirms a lower degree of esterification. Maximum at 3568.62 cm-
Lit corresponds to stretching of free carboxyl group, that also confirms low esterification
degree.

The line at 2935.57 cm* of high-ester pectin sample and at 2941.41 cm™ of low-ester
sample are due to the presence of asymmetric and symmetric vibrations vC-H, which are
located in remainders of galactopyranose rings of pectin.

In both spectrums of low- and high-ester pectin samples lines at 1737.06 cm™ and at
1751.04 cm* of weak intensity exist, which correspond to vibrations of ester group C=0 in
composition of high- and low-ester pectin respectively.

In IR-spectrum of high-ester pectin sample the presented line of high intensity at 1616.78
cm belongs to latitudinal vibrations of adsorbed related water that is crossed by asymmetric
vibrations of carboxylate ion (CO?). In IR-spectrum of low-ester pectin sample this line is of
weak intensity and is located in vibration region at 1686.71 cm™.,

Besides this, IR-spectrums samples with esterification degree 24%, 28-36%, 38%, 36-
42%, 65-68%, 66-68% were received. In IR-spectrums with esterification till 42% the line of
free carboxyl group is available, in IR-spectrums of high-ester pectin there is an intensive
line of carboxylate groups (CO?%), and that differs the given spectrums.

NMR-researches research

NMR-spectrums of high- and low-ester pectin samples shown on Figure 3.

D-galacturonic acid in pectin is in conformational form “chair”. Meanwhile, the
hydroxyl groups near Carbon atom 1 and 4 are in axial position, so free rotation around
glycoside bond is complicated and pectin acid can be seen as a chain with limited flexibility,
that changes the electron density a little around galactopyranose ring protons. The higher
density is, the greater influence on inner field is, and therefore in a stronger field the
resonance signal of according proton will appear.

The influence of this factor corresponds that the proton, which has more acidic properties
(with less density of electronic shell) resonates in weaker field [12].

In general case the position of proton signal depends on electron density at surrounding
it atoms, which are determined in such case by inductive and resonance effects, that are
transmitted by chemical bonds and anisotropic effect of non-connected atom (interaction
“through the space”) [13].

Taking into consideration the above given and literature data [14] in NMR-spectrums of
high- and low-ester pectin samples signals are interpreted as shown in Table 1.
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Table 1
Interpretation of NMR-spectrums of high- and low-ester pectin

Proton type Value of chemical shift ppm
High-ester pectin Low-ester pectin

-OCHjs 3.579 3.567
4-H 3.632 3.639
5-H . 3.769
3-H 3.780 3.870
2-OH 4.605 4.425
1-H 5.102 4.805
3-OH 5.514 5.170
2-H - 3.184

*signals overlapped one by one

The given characteristics of NMR-spectrums shows the difference in structure of high-
and low-ester pectin, but it does not give an opportunity to conduct the quantitative
determination of esterification degree.

Total pectin acidity research

Results of research of total acidity determination of pectin samples shown on Figure 4.

80
70
60
50

40 —y
N— |

30 [
20

10
0

Esterification degree,%

80 100 120 140 160 180 200 220 240
Acidity, derrees

Figure 4. Total acidity change depending on pectin esterification degree
According to the given results (see Figure 4) there is a certain dependence between total

acidity and degree of pectin esterification. It gives the base for searching the mathematical
model.
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Mathematical processing of research results

On the base of the received experimental data the mathematical treatment will be
conducted.

According to the dependence graph outlook Y (%) esterification degree from X (degr.)
acidity and big tightness of linear connection (|ryX ~ -0, 96) , we will look through the linear

dependence. In order to clarify the best outlook of the resultative factor approximation we
will use other kinds of regression equation: hyperbolic, exponential and degree dependence:

y=a,+ax — linear (1)

§=a,+2,— hyperbolic (2)
X
¥ =a,e™ —exponential (3)
§ =a,x* — degree (4)

where ao, a1 — are unknown regression dependence coefficients.

The unknown model parameters (1-4) (ao, a1) we will find by the least squares method.
For the formation of methods of receiving the unknown models parameters (1-4) we will
consider them as common dependence y ().

For the model (1) we will use function LINEAR from Microsoft Excel (category
STATISTICAL), which also contains additional characteristics for the model qualitative
analysis.

. . . . 1. .
The model of inverted connection with the help of substitute t, = — is reduced to linear

y=a,+at.

To build the exponential model it is necessary to take logarithm of left and right parts
(3). We will get Iny =1Ina, +a,x, so as use the function LINEAR for data (In y;; x;).

For the degree function after taking logarithm as in previous case we will get
Iny=Ina, +a Inx and use function LINEAR for data (Iny;;Inx ). The inverted formulae

for finding @, = "* based on basic logarithmic identity.

Comparison quantitative and qualitative characteristics of received models and choosing
of “the best” for forecast carried out with the help of additional regression statistics.

1. Coefficient (index) of determination R’, is a part of dispersion, which explains
regression (model criterion of adequacy, which is the measure of independent variable x
explanatory force x);

2. F — Fisher statistics, univocally gives an answer about model adequacy (an opportunity

of use on practice);
2

3. Sum of squares of remainders (errors) SSE =Z(yi —yi) (deviation square of real
i=1

values of independent variable y;, from calculated vy, );
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yi_yi‘

n
4. MAPE =%ZT100% — absolute average percent error (indicator of prognosis
i=1 i
immutability). This criterion is used while comparing prognosis exactness, because it
characterizes the related prognosis exactness.
Meanwhile it is considered that that the definition MAPE is less than 10%. It gives high
prognosis exactness and the model quality.
These quality criteria are used as additional information while choosing the best model
from possible ones.
In calculating the additional models quantities (1-4) we will use formulae with [15].
2

SSR = Z(yi —9) — sum of squares, that explains the regression;
i=1

2

SST = Z(yi —?) — total sum of deviation squares;

i=1
pro SR
SST
For the linear model according parameters the egality SST =SSR+ SSE is done.

While verifying the model adequacy we will use F-test criterion.
To that end we find the calculated criterion definition

o I

estimated SSE - _p2 !
%n—m) oK )(n—m)

where m — quantity of the unknown parameters in the model (m = 2),

n — quantity of data (n=7).
For the assigned level of significance (error) a and number of freedom degrees m-1

and n—m we find from the statistical tables (or in Microsoft Excel function FINV) Fe. If
Fcaic>Fcr, the model is adequate, otherwise no.

To verify the significance of the received equations coefficients we will use t-test
criterion. To that end we will calculate the calculated definitions of the criterion on the
formulae ticaic = |ai| / oi, i = 0.1, and will compare it with the table one for 5% level of
significance. While using t-test we calculate according to the number of freedom degrees
n—m=>5and level of significance a = 0.05, we will get ter +2.57. The dispersions of models
parameters deviations we will calculate on the formulae:

2
2% o’ SSE
0_2 =GZ i=1 , O_lz — 62 —
z —\2 z =2 ° n-m
n (xI —x) Z(xi —x)
i=1 i=1

All the received results we will put into the Table 2.
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Table 2
Results of dispersions calculation of parameters deviations of the suggested models

Parameters of t-criterion
Model outlook
00 01 tcalc tlcalc tcr
Linear 7.68 0.05 12.78 7.54 +2.57
Inverted 3.51 430.05 3 15.56 +2.57
Exponential 4.68 0.0008 31.48 11.84 +2.57
Degree 0.028 3.947 4553.85 44.81 +2.57

Through the bilateral Student’s t-test, it is easy to make sure, using Table 3, that the
parameters of all the received models are significant at 5% level.

Table 3
Results of models significance verification at 5% level

Model type Equations R? chutéius;n SSE | MAPE,%
Linear $=98-0.41x 0.92 56.85 125.59 11
Hyperbolic . 6691.08

P 5=-1055+ 098 | 24208 | 3144 5
Exponential P =147.3-¢00K 0.98 145.63 46.65 6
Degree P =17974.9x125 0.996 242.08 33.20 5

While analyzing the results of Table 3 we can make a conclusion that the degree or
hyperbolic models are the best for prognosing.

$=17974.9x1%

= 1055 + 56908

Let us verify the received models. On condition of the well-known value of pectin
titrated acidity 139.7 degr., the degree of esterification is 36.9 and 37.4%, for the first and
second models consequently, while by the chemical method it was 38%. On condition of the
well-known value of pectin titrated acidity 191.3 degr., the calculated value esterification
degree is 29.9% and 24.4%, by the chemical method it was 24.0%.

In this way, the found models are adequate and available for use.

Conclusions

1. High-ester and low-ester pectin characteristics with the help of IR- and NMR-
spectroscopy is held, whereas these methods do not give the univocal indication of
esterification degree.

2. The pectin titrated acidity determination is held with the mathematical treatment. As a
result, two regression equations are received.

3. The difference between chemical method of esterification degree determination and
suggested method is 0.6-1.3%.
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Introduction. The study of samples of sunflower kernel
processing was carried out to substantiate the amino acid
composition of proteins for dietary and functional products.

Materials and methods. The subject of the study is the
samples of press cake, grist, and flour, and their amino acid
composition and physicochemical parameters. The amino
acid composition of the samples was determined using
liquid chromatograph Dionex 1CS-3000 with an
electrochemical detector. The ratio of hydrophobic and
hydrophilic amino acids was studied in the samples.

Results and discussion. It was found that the protein
content in flour from sunflower kernels is 22% higher. The
content of essential amino acids is 31.1% higher than in the
press cake from which the flour was isolated. The increase
in protein content in sunflower flour is due to the increase
of the fine fraction during fractionation. Along with the
increase in total protein content, flour is enriched with
essential hydrophobic amino acids, in particular leucine
(14.2%), isoleucine (6.7%), methionine (11.2%), as well as
replaceable hydrophobic proline (10.5%). Limiting amino
acid in flour is lysine (score 78%), the content of other
essential amino acids significantly exceeds their content in
the ideal protein (score of leucine 153%, isoleucine 143%,
methionine 213%, methionine with cystine 258%,
phenylalanine and tyrosine 177%). The content of leucine
and isoleucine in the classic kinds of sunflower is limited.
In sunflower kernel flour, their content is exceeded one and
a half times. To balance the obtained sunflower flour by
lysine content, it is rational to use its compositions with
other lysine-containing types of flour from oilseeds and / or
with the use of food microbiological lysine.

Conclusion. Balanced protein-lipid eco-products and
drugs on the basis of complex processing of sunflower
seeds show functional and technological properties and
contribute to disease prevention.
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Introduction

Samples of processed sunflower seeds are studied to substantiate the amino acid
composition of proteins for dietary and functional products.

Aspects of the protein problem in the world. Protein is crucial in a balanced diet for
people of all ages [1, 2]. Protein deficiency in food can affect the health of the population.

According to [3], nine out of ten Indians do not have sufficient protein intake. Most
people in the United States and Canada find it almost impossible not to meet their protein
needs. (Hamilton et al., 1991).

Dr. Geoff's review [4] presents protein concentrations in food. Energy consumption
from the maximum protein requirement for adults is approximately 8% of the estimated
average energy requirement. These values represent something similar to the concentration
of protein in food. A diet with a protein concentration of about 8% should be adequate for
adults (for children, this figure is close to 5%). We consume only a limited number of food
products in which at least 8% of calories are attributed to protein. In particular, human milk,
which is an ideal food for fast-growing children, is one such product. Oil proteins and
modified or processed oil proteins can be included in food to give it nutritional value and
functional properties. Vegetable protein processing includes physicochemical and heat
treatment, which affects the nutritional value of manufactured products, as well as technical
features. Conversely, functional properties \ affect the behavior of the protein during
processing and storage. These properties can be changed by chemical and enzymatic
treatment [5].

The use of balanced protein-lipid eco-products and drugs in the systemic concept of
health (KTIOL® system) contributes to disease prevention, comprehensive recovery and
health improvement. It is advisable to use the KTIOL® system for disease prevention and
rehabilitation for people of all ages [6, 7].

It is important not only to find available sources of protein-containing food syrups but
also to create products that are safe and balanced in the chemical composition of nutrients [8,
9].

An important component of food is a protein with a balanced composition of essential
amino acids [10].

Current trends in food technology are the search for new sources of protein and
improving the technological processes of processing materials. It is important to study the
methods of obtaining protein from the available sources, oilseeds, in particular, striving for
the preservation and balance of essential amino acids [11, 12

The problem of obtaining protein is the presence in the raw material of natural
substances that adversely affect the quality of the extracted protein, or complicate the
processing of raw materials [13].

Of particular interest is the production of dietary and functional foods from sunflower
seed kernels [14-17].

Technological aspects of amino acids in proteins. At the same time, the treatment of
oilseeds for lipid extraction, including heating, compression and removal, changes the
inherent protein, functional and technological properties, as well as affects its digestibility
[18-22].

Essential amino acids must be present in proteins, and their balance in a protein
determines the biological value of a food product. For cereals, lysine is a restrictive essential
amino acid, and for legumes — methionine and cysteine, which contain sulfur. At the same
time, limited critical amino acids are thermosensitive and reactive, so that any treatment will
affect their content in the resulting product. The oxidation of sulfur-containing amino acids
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could also pose a difficulty. Also, hydroperoxides of fatty acids react with amino acids to
form sulfoxides. After the interaction of hydroperoxides with methionine, methionine
sulfoxide is detected, which has no biological significance. Lysine and methionine are
isomerized in alkaline media, and their D-isomers are not biologically valuable. The Maillard
reaction involving the same free amino acids, reducing the carbohydrate content when heated,
gives a compound consisting of radical reagents such as fructose-L-tryptophan, which
reduces the digestibility of free amino acids. The products of the Maillard reaction to toxicity
have been studied because it has been found that in animals such substances slow down
growth [23].

The difficulty of assessing the native protein is the impossibility of its direct detection.
There are methods by which you can indirectly determine the degree of influence of
technological processing on the nature of the protein. All of them are based on a comparison
of the characteristics of the raw and processed protein. In particular, determining the activity
of certain enzymes, protein composition for solubility in water, solutions of salts, acids and
alkalis, digestibility of proteins in certain species of animals or birds, and determining the
metabolic energy of feed for them [10, 24-26].

Proteins consist of 20 amino acids, eight of which are needed. Amino acids differ in
their physical and chemical properties, in particular thermal stability [27, 28], reactivity [22],
polarity and hydrophilicity. The hydrophilicity of an amino acid is affected by the presence
of radicals and their properties that are not bound by a peptide bond [30].

Proteins are hydrophilic and can absorb up to 200% of water to dry weight. There may
be hydrophobic areas, most of which are in the middle of the protein molecule. The
hydrophilicity or hydrophobicity of certain parts of the protein is determined by the amino
acid radicals that remain after the formation of peptide bonds [30].

Of the eight essential amino acids, only two - lysine and threonine - have hydrophilic
properties, and the other six - hydrophobic. In the presence of polar groups, there are amino
acids that can carry a positive charge: lysine, arginine and histidine. Tyrosine and cysteine
have radicals that can take a negative charge. Asparagine, glutamine, serine and threonine
have nonionic polar radicals [31]. Usually, the constituent components determine the
properties of the substance. Therefore, it is important to find an experimental correlation
between the content of hydrophilic and hydrophobic amino acids in the protein and between
the modes of technological processes of protein production [15, 30].

The purpose of our study was to investigate sunflower kernel flour and materials for its
production, as well as the ratio of hydrophobic and hydrophilic amino acids in these products.

Materials and methods

The subject of the study is the products from the sunflower seed kernels, including flour,
press cake and grist.

Materials

The flour from the sunflower seed kernels was obtained by crushing the kernel, further
pressing the material at a temperature of 100-105 C, thus obtaining the press cake [15]. The
press cake was used as a raw material for the flour. The press cake was milled and
fractionated through a sieve. The fraction of passage through a sieve with apertures 0.3-0.6
mm was selected. The grist was obtained by degreasing the press cake with hexane in a
laboratory extraction plant [15, 32]. At the same time, three swabs of sunflower flour were
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taken: for preparing the sample for chromatographic analysis, to determine the moisture
content, and to determine the residual content of the oil.

Sample preparation for determining the amino acid content. The amino acid
composition and physicochemical of processed sunflower seed kernels were studied for flour,
press cake and grist.

The sample preparation for determining the amino acid composition was carried out by
acid hydrolysis of the sample [7]. The flour was placed in an ampoule tube and added 1:1 by
weight 6 n. HCI. The ampoule was sealed and kept at 110 °C for 24 hours. After hydrolysis,
the contents of the ampule were filtered, the filtrate was evaporated in a water bath. The dry
residue was dissolved in a citrate buffer, filtered again and used for analysis.

Methods

The amino acid composition of the protein in sunflower flour, the press cake and grist
was determined chromatographically. The amino acid composition of the prepared samples
was determined using a liquid chromatograph Dionex 1CS-3000 with an electrochemical
detector [7]. The presence of amino acid was determined by the time it was released from the
column, having previously calibrated it with pure amino acids. The number of amino acids
was determined by the area of the release peak of certain amino acids. The signal from the
detector is processed by a computer program that automatically determines the contents of
each amino acid in the sample.

In the sunflower flour, the press cake and the grist, the moisture content was determined
by an arbitration method [30] by drying to a constant mass at a temperature of 105 °C;
residual oil content was measured using the Soxhlet method, and the total protein content
measured by the Kjeldahl method.

Study results analysis

The change in amino acid content in sunflower flour was calculated for the content of
the respective amino acid in the press cake, that was the source for the flour. The ratio
between hydrophobic and hydrophilic amino acids in the studied samples was also calculated.

Results and discussion

Study of amino acid content of the sunflower flour, the press cake and the grist
(shrot)

Sunflower flour is a thin homogeneous powder of gray color in appearance with a
distinct taste and smell of sunflower kernel [15]. In the sunflower grist from the purified seed,
the residual oil content was 14.3 + 0.4 wt.%, the moisture content of 6.22 + 0.24 wt.%. The
standard deviation of the amino acid content of the flour, the press cake, and the grist was
4.8%.

Tables 1 and 2 show the amino acid composition of sunflower products from the
sunflower kernel compared with the literature on the content of amino acids of the press cake
and grist sunflower.
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Table 1

Amino acid (AA) content of the sunflower flour, the press cake and the grist (shrot), % wt

N | Amino acids Flour from the sunflower seed kernels
(AA) Flour Score Increase in AA Press | Grist
(account by content in flour,% cake
AA) flour, % wt. from the
contents of the
press cake
Essential 18,30 13,96 | 13,87
amino acids:
hydrophobic | 14,63 10,96 | 10,65
1 | Valine (V) 2,61 132 2,15 | 180
2 | Isoleucine () 2,27 143 6,7 1,78 1,50
3 | Leucine (L) 4,26 153 14,1 3,25 | 357
4 | Methionine (M) | 2,11 213 11,2 1,31 1,59
5 | Tryptophan (W) - - -
6 | Phenylalanine 3,38 284 12,7 2,47 2,19
(@)
hydrophilic | 3,67 3,00 | 3,22
7 | Lysine (K) 1,71 78 152 | 1,52
8 | Threonine (T) 1,96 124 1,48 1,70
Non-essential 21,40 18,57 | 18,49
amino acids:
hydrophobic | 8,56 6,80 | 6,89
9 | Alanine (A) 2,54 2,04 2,08
10 | Glycine (G) 2,90 2,42 1,93
11 | Proline (P) 2,96 10,5 2,21 2,77
12 | Cystine (C) 0,16 0,13 | 0,11
hydrophilic | 12,84 11,77 | 11,60
13 | Arginine (R) 5,50 593 | 541
14 | Aspartic  acid | 0,95 0,78 | 0,89
()]
15 | Histidine (H) 1,13 0,87 | 0,75
16 | Glutamic acid | 1,86 1,52 1,81
(E)
17 | Serine (E) 2,56 9,0 1,92 1,92
18 | Tyrosine (Y) 0,84 0,75 | 0,82
Total 39,70 22,0 32,53 | 32,36
number of

During the processing of sunflower seeds, the prepared material is subjected to wet heat

treatment, so it is possible to break covalent bonds and proteins [15]. Chemical interactions
with other substances are possible between amino acids and proteins [13]. As a result, they
lose their properties and undergo chemical transformations. Therefore, the content of amino
acids in the grist decreases compared to the cake, and this trend is maintained for all amino

acids.
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The preparation of flour from the press cake requires grinding at the micro-level, and
probably the peptide and covalent bonds in the protein molecules are preserved. This is
confirmed by the fact [15] that the amount of protein in flour increases and the bonds between
other components (cellulose, minerals, lignin) are destroyed faster than in protein molecules,
which allows us to obtain a fraction enriched in protein. Logically, the enrichment of the
product with protein is due to an increase in the content of amino acids in sunflower flour
obtained from the cake.

Comparative analysis of amino acid content of sunflower flour, the press cake and
the grist

Experimental studies (Table 2) confirm the increase in the content of amino acids in
sunflower flour compared to the press cake, which was the raw material for the production
of flour.

It was found that sunflower kernel flour has a higher total protein content and a higher
content of essential amino acids than in the cake from which it was obtained. In the flour
from the purified kernel found a limited content of the amino acid lysine (78%), the content
of other essential amino acids significantly exceeds their content in the ideal protein (leucine
153%, isoleucine 143%, methionine 213%, methionine in the amount of cystine 158%,
phenylalanine 284% phenylalanine in the amount of tyrosine 177%). The content of leucine
and isoleucine in the sunflower of classical processing is limited [25], in sunflower flour from
the purified kernel their content exceeds one and a half times. Improving the composition of
sunflower flour is provided by the introduction of food additives that have a higher content
of amino acids, which is limited to flour [26].

The protein content of cake and meal is lower than the protein content of the flour,
which is due to the enrichment of the protein fraction of fine particles during fractionation.
Along with the increase in total protein content, the fine fraction is enriched with essential
hydrophobic amino acids, in particular, leucine, isoleucine, and methionine. Also, the content
of the substituted amino acids alanine, glycine, proline, which are hydrophobic, and the
hydrophilic amino acids serine and histidine increases.

Content of hydrophobic and hydrophilic amino acids and their ratio in sunflower
products

The calculated ratio of hydrophobic and hydrophilic amino acids in sunflower products
from the purified kernel is given in Table 3.

Sunflower cake and meal are obtained by heat treatment in the presence of hydrophobic
reagents. Fractionation of crushed cake particles promotes the concentration of protein in
sunflower flour and increases the content of hydrophobic amino acids.

As a result of fractionation, the content of hydrophobic amino acids and the content of
total protein in sunflower flour increased in comparison with cake and meal.

The ratio of hydrophobic amino acids to hydrophilic amino acids showed that the
content of hydrophobic amino acids increases, and the number of hydrophilic amino acids
decreases. This indicates that free radicals, which are not involved in the formation of the
peptide bond in the protein, are better able to resist the processing during oil production and
the production of sunflower flour than the hydrophilic amino acids (Table 3).
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Table 2

Comparative analysis of amino acid (AA) content of sunflower flour, the press cake and the
grist (shrot), % wt

N | Amino acids | Sunflower | Sunflower | Sunflower | Sunflower | Sunflower
(AA) press cake | presscake | grist [14] | grist[21] | grist [21]
[22] [20]
Essential
amino acids: 8,60 7,03
hydrophobic
1 | Valine (V) 1,32 1,23 3,83 1,96 2,00
2 | Isoleucine (1) 3,26 1,26 1,64
3 | Leucine (L) 2,73 2,44 7,40 2,28 2,54
4 | Methionine 0,71 0,51 2,38" 0,93 0,91
(M)
5 | Tryptophan - - 1,22 - -
(W)
6 | Phenylalanine 1,41 0,92 8,17-¢ 1,75 1,84
(@)
hydrophilic
7 | Lysine (K) 1,09 0,86 3,75 1,34 1,43
8 | Threonine (T) 1,34 1,07 4,85 - -
Non-essential 13,43 12,63
amino acids:
hydrophobic
9 | Alanine (A) 1,35 1,25 - -
10 | Glycine (G) 1,81 1,48 - -
11 | Proline (P) 1,45 1,54 - -
12 | Cystine (C) - - - -
hydrophilic
13 | Arginine (R) 191 1,83 3,23 3,14
14 | Aspartic acid - - - -
(D)
15 | Histidine (H) 0,89 0,59 0,85 1,01
16 | Glutamic acid 3,93 4,22 - -
(E)
17 | Serine (E) 1,31 1,11 - -
18 | Tyrosine (Y) 0,78 0,61 - -
The total 22,03 19,66 34,86 13,60 14,51
number of

- Methionine + Cystine, ““ - Phenylalanine + Tyrosine
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Table 3

Content of hydrophobic and hydrophilic amino acids and their ratio in sunflower products

Indicator Products from sunflower Sunflower Sunflower
kernel press cake press cake
Flour | Press Grist [15] [13]
cake (shrot)

Content of essential 18.30 | 13.96 13.87 8.60 7.03

amino acids (EA)

hydrophobic 14.63 | 10.96 10.65 6.17 5.10

hydrophilic 3.67 3.00 3.22 2.43 1.93

The ratio of

hydrophobic to| 3.99 3.65 3.31 2.54 2.64

hydrophilic EA

The content of 21.40 | 18.57 18.49 13.43 12.63

substitutable amino

acids (SA)

hydrophobic 8.40 6.67 6.78 4.61 4.27

hydrophilic 13.00 | 11.90 11.71 8.82 8.36

Ratio of hydrophobic | e | 56 | (58 0.52 0.51

to hydrophilic

Total content of

hydrophobic amino 23,03 | 17,63 17,42 10,78 9,37

acids

Total content of

hydrophilic amino 16,67 | 14,90 14,93 11,25 10,29

acids

The ratio of

hydrophobic to| 1,38 1,18 1,17 0,96 0,91

hydrophilic

This property of proteins to retain functional hydrophobic properties during the
technological processing of press cake, flour, and grist allows us to use these products as raw
bio materials for the production of dietary and functional protein-containing and protein-lipid
products and to improve their quality.

Conclusion

1.  The balanced amino acid composition of sunflower flour is substantiated.

2. An increase in the content of hydrophobic amino acids improves the technological
properties of flour. It is advisable to use sunflower kernel as a formulation component
for the development and introduction of dietary and functional products with improved
consumer properties, as well as for expanding the range of food products and improving

their quality.

3. Balanced protein-lipid eco-products and drugs on the basis of complex processing of
sunflower seeds show functional and technological properties and contribute to disease

prevention.
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Introduction. The aim of the study is to determine the
antioxidant capacity of aqueous-alcoholic infusions using non-
traditional spicy-aromatic raw materials in the technology of
alcoholic beverages.

Materials and methods. Antioxidant ability of infusions of
spicy-aromatic plants: Perilla frutescens; Elsholtzia stauntonii
Benth; Artemisia abrotanum; Monarda didyma; Agastache
foeniculum; Satureja hortensis; Ruta graveolens; Nepeta
transcaucasica Grossch was determined by redoxmetry and pH-
metry; sensory evaluation — by expert method; the results of
mathematical and statistical processing — by the method of linear
Pearson correlation.

Results and discussion. The minimum theoretical value of
redox potential (RP) for plant aqueous-alcoholic infusions was
obtained, which has a value from 228.0 mV (Satureja hortensis) to
260.4 mV (Agastache foeniculum). The actual measured RP of
infusions was established — from 117 mV (Elsholtzia stauntonii
Benth) to 134 mV (Nepeta transcaucasica Grossch). The hydrogen
index for aqueous-alcoholic infusions from spicy-aromatic raw
materials has a value of 6.66 units pH (Agastache foeniculum) to
7.20 units pH (Satureja hortensis). Aqueous-alcoholic infusions
from vegetable raw materials and a volume fraction of ethanol of
40% have the value of recovery energy (RE) in the range from 100.0
mV (Nepeta transcaucasica Grossch) to 138.2 mV (Ruta
graveolens).

Aqueous-alcoholic infusions from spicy-aromatic raw
materials have values of sensory evaluation (S.e.) from 9.50 to 9.69
points. The highest value of S.e. 9.69 points is characteristic of
Nepeta transcaucasica Grossch: color — light brown; taste — mint;
aroma — soft, pleasant, sweet.

Conclusion. It is proposed for the technology of alcoholic
beverages the use of aqueous-alcoholic infusions from Ruta
Gravelens and Nepeta transcaucasica Grossch, which received
increased antioxidant characteristics RE 138.2 mV and RE 100.0
mV, respectively, and positive S.e. 9.57 and S.e. 9.69 points on a
10-point scale.
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Introduction

One of the important directions of food industry development is improvement of taste,
aroma of food, preservation (or addition) of nutritional value of the final product (Dubovkina I.
etal., 2019; Kuzmin et al., 2016; Kuzmin et al., 2017) [1-3].

Currently, the use of vegetable raw materials in the technology of alcoholic beverages is
very relevant (Andreou et al., 2018; Chandrasekara, Shahidi, 2018; lannitti, Palmieri, 2009;
Halliwell, Gutteridge, 1990; Kawa-Rygielska et al., 2019; Fotakis et al., 2016 [4-9], especially
when used in restaurant business. Herbal beverages commonly consumed worldwide contain
different chemical substances that display a broad spectrum of biological activities (Kamdem
et al., 2013; Frolova et al., 2019; Gerolis et al., 2017; Imark et al., 2000; Pyrzynska,
Sentkowska, 2019; Wong et al., 2020; Sentkowska, Pyrzynska, 2018; Siddiqui et al., 2018;
Steenkamp et al., 2004) [10-18]. They have gained growing interest among scientists and
consumers due to their antioxidant properties (Breiter et al., 2011; Dube et al., 2017 [19, 20].
The ability of plant phenolics to act as free radical scavengers has led to increased interest in
their ability to act as antioxidants (Keating et al., 2014; Oh et al., 2013; Herrera et al., 2018;
Humia et al., 2020) [21-24]. Antioxidants are able to reduce the output of oxidation products:
hydroperoxides, alcohols, aldehydes, ketones, fatty acids.

Beverages are rich sources of natural bioactive compounds such as carotenoids, phenolic
acids, flavonoids, coumarins, alkaloids, polyacetylenes, saponins and terpenoids, among others
(Ruiz-Ruiz et al., 2020; Naithani et al., 2006) [25, 26]. Of particular interest in the production
of alcoholic beverages is a spicy-aromatic raw material that exhibits antioxidant and tonic
properties (Vergun et al., 2018; Vergun et al., 2019; Kurylo et al., 2018) [27-29]. At present,
the antioxidant characteristics of all prescription components, food additives, biologically
active substances and their combinations have not been sufficiently studied (Buglass et al.,
2012; Grunert et al., 2018; Gullon et al., 2018; Gulua et al., 2018; Joubert, Beer, 2012) [30-
34].

RP is an important indicator of the biological activity of solutions (Kuzmin O. et al., 2016;
Merwe etal., 2017) [2, 35]. It characterizes the deviation from the ionic balance of free electrons
in a liquid medium. Changing the concentration of free electrons leads to a change in its electron
charge and, accordingly, the RP. If the RP is positive, it indicates the oxidizing ability of the
solution, negative indicates recovery ability. The value of RP allows to estimate the energy of
processes, that is, characterizes the activity of ions in redox reactions (Bahir, 1999; Priluckij,
1997) [36, 37]. Therefore, in order for the human body to optimally use in the exchange
processes aqueous-alcoholic mixtures and food, the RP values must correspond to the RP values
of the internal environment of the organism, or have more negative values (Bahir, 1999) [36].

But among all the useful properties, the main thing will be to change the redox reactions
(Priluckij, 1997) [37]. Redox reactions affect the ratio of energy to support homeostasis —
relativity of dynamic constancy of composition and properties of internal environment and
stability of basic physiological functions of an organism. This ensures the vital activity of any
organism. The magnitude of this rate depends on the ratio and concentration of oxidized and
reduced substances in the body, including substances coming from food and beverages, so one
of the main factors in the regulation of redox reactions is the redox potential (Kuzmin O. et al.,
2016; Bahir, 1999; Priluckij, 1997) [2, 36, 37].

These circumstances determine the relevance of this work, which is to develop aqueous-
alcoholic infusions of vegetable raw materials in the technology of alcoholic cocktails for
restaurants. Creating alcoholic cocktails with reduced toxicity through the introduction of spicy-
aromatic infusions with antioxidant properties, allows restaurant establishments to create new
products, which favorably differentiates them from competitors, creating a favorable image of
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the institution, which cares for the protection of consumers.

The purpose of the work is to develop the scientific bases of antioxidant activity of
aqueous-alcoholic infusions from vegetable raw materials and to identify the most promising
plants as sources of natural antioxidants in the creation of alcoholic beverages.

It is necessary to solve the following problems:

— To substantiate the prospect of using aqueous-alcoholic infusions from vegetable raw
materials in the production of alcoholic beverages;

— To establish the value of the restorative capacity of aqueous-alcoholic infusions from
vegetable raw materials;

— Todevelop statistics on the frequency of values in a certain range of the data obtained during
sensory evaluation and physicochemical values;

— To carry out mathematical and statistical analysis of indicators of aqueous-alcoholic
infusions and establish internal correlation;

— Identify the most promising sources of natural antioxidants for use in alcoholic beverage
technology.

Materials and methods
Materials

The study used plant raw materials that are allowed to be used in the production of
alcoholic beverages. In the M.M. Gryshko National Botanic Garden of NAS of Ukraine was
created new cultures of spicy-aromatic plants, which became the subject of these studies
(Rakhmetov, 2011) [38].

In the Figure 1 shows a photo of vegetable raw materials: Perilla frutescens; Elsholtzia
stauntonii Benth; Artemisia abrotanum; Monarda didyma; Agastache foeniculum; Satureja
hortensis; Ruta graveolens; Nepeta transcaucasica Grossch. For preparation of extracts used
the following basic raw materials: ethanol rectified, water, cardboard filtering.

The extracts should meet the requirements on sensory evaluation (Table 1). The extracts
must meet the requirements by physicochemical parameters (Table 2).

Table 1
Sensory evaluation of extract

Indicator Characteristic

Transparent without sediment and foreign impurities fluid, acceptable
opalescence that disappears after filtration

Color, taste, | The inherent vegetable raw materials from which they are made,
aroma without the foreign taste and odor

Appearance

Table 2
Physicochemical parameters of extract

Parameter Norm
Ethyl alcohol by volume, % 20.0-90.0
Mass fraction of essential oil, % 0.0-15.0
Mass concentration of the total extract, g/100 cm?® 0.1-20.0
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Figure 1. Photo of vegetable raw materials:
a — Perilla frutescens; b — Elsholtzia stauntonii Benth; ¢ — Artemisia abrotanum; d —
Monarda didyma; e — Agastache foeniculum; f — Satureja hortensis; g — Ruta graveolens; h — Nepeta
transcaucasica Grossch

Agueous-alcoholic infusion — semi-finished product, which is prepared by extraction of
raw materials in aqueous-alcoholic solution with a strength of 40 %. The static method of
extraction is called maceration. The tested aromatic raw material (dry) was infused in a
aqueous-alcoholic mixture in this work.

Description of research procedure

The first stage — the preparation of infusions. Plant raw materials were minced into a size
of 3x3 mm (Figure 2), suspensions of 4 g were placed into the glass bottles, were filled by
100 ml of alcohol solvent with volume fraction of rectified ethyl alcohol 40 %. The resulting
infusions were cooled to 20 °C for 7 days, stirring periodically.
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Figure 2. Photo of Samples of crushed plant raw materials:
a — Perilla frutescens; b — Elsholtzia stauntonii Benth; ¢ — Artemisia abrotanum; d —
Monarda didyma; e — Agastache foeniculum; f — Satureja hortensis; g — Ruta graveolens; h — Nepeta
transcaucasica Grossch.

Next, the infusions were filtered and studies were performed to determine the indicators
of active acidity, which was measured on a pH meter in the mode of pH measurement with a
combined glass electrode. The RP was measured in the potential measurement mode with a
combined redoxmetric platinum electrode.

Description of methods

Expert method of sensory evaluation. The expert method of determination of values of
indexes of quality is based on the account of opinions of group highly skilled specialists-
experts. (The expert of — it a specialist on the certain type of object which owns the increased
sensitiveness to properties of this object) (Kuzmin et al., 2016; Kuzmin et al., 2017) [2, 3].
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Methods for determining antioxidant capacity. To evaluate the antioxidant properties
of the obtained aqueous-alcoholic plant infusions, the method (Priluckij, 1997) [37], based
on the difference of RP in inactivated inorganic solutions and complex biochemical media.
The main criteria of this method were its clarity, simplicity, specificity, reproducibility of
results and efficiency. A number of researchers also emphasize that method allows to
determine the total antioxidant activity of liquid products, including in total in a complex
mixture, and multifunctional antioxidants (Kuzmin et al., 2016) [2].

Formula (1) holds for inactivated inorganic solutions in equilibrium. This formula links
the active acidity of the pH and the RP (Priluckij, 1997) [37]:

ENmin=660-60-pH, mV 1)

where Ehmin — the minimum theoretically expected value of the RP;
pH — active acidity of the test solution.

Acquired RP values were compared with actual measurements of Ehy solution. The
change of the RP toward the recovery energy (RE) was determined by the formula:

RE = Ehmin—Ehac, MV )

where RE — the shift of RP to the side of recovered meanings (resilence);
Ehmin — minimal theoretically expected meaning of RP;
Ehae — actual measured RP.

Mathematical and statistical methods. Pearson correlation coefficient measures the
strength of the linear association between variables. Each variable should be continuous,
random sample and approximately normally distributed. There are many rules of thumb on how
to interpret a correlation coefficient, but all of them are domain specific. For example, here is
correlation coefficient (Table 3) interpretation for behavioral sciences offered by Hinkle et al.,
2003 [39].

Table 3
Correlation coefficient interpretation
Absolute value of coefficient (r) Strength of correlation

0.90-1.00 Very high

0.70-0.90 High

0.50-0.70 Moderate

0.30-0.50 Low

0.00-0.30 Little, if any

The correlation coefficient can take a range of values from +1 to -1. Positive correlation
coefficient means that if one variable gets bigger, the other variable also gets bigger, so they
tend to move in the same direction. Negative correlation coefficient means that the variables
tend to move in the opposite directions: If one variable increases, the other variable decreases,
and vice-versa. When correlation coefficient is close to zero two variables have no linear
relationship (Hinkle et al., 2003; Shendrik et al., 2019) [39, 40].

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2 409



Results and discussions

Sensory evaluation

Food Technology ——

The results of sensory evaluation (Kuzmin et al., 2017) [3] of the obtained infusions on the
extractant are presented in the Table 4 and Figures 3.

Table 4
Sensory evaluation (S.e.) of extracts

Plant raw materials Color Aroma Test S._e.,

points

1. Perilla frutescens | Light amber Floral Sour-bitter, tart, 9.50

unpleasant
2 Elsholl';zéztshtauntonu Light brown | Grassy, floral Sour-bitter 9.64
3. Artemisia abrotanum | Thatched Grassy Bitter, with a long, bitter 9.51
aftertaste
. Sour-bitter, unpleasant,

4. Monarda didyma Thatched | Fragrant, floral Wwith a bitter aftertaste 9.52
5. Ag_astache Light amber Bright ethereal, Bitter, tart 9.65
foeniculum herbal, fragrant

6. Satureja hortensis | Light brown Spicy, fragrant, Mode_rately hot, irritable, 967

herbal with a sweet taste

7. Ruta graveolens Thatched Fragrant, Bitter, tart 9.57

grassy, floral
8. Nepeta Light brown Mint Soft, pleasant, sweet 9.69
transcaucasica Grossch
9. Extractant - aqueous- Transparent | Alcoholly Abrupt 9.57
alcoholic mixture
» 975
15
© 9,70 A
o
¢ 9,65 A
0
9,60 -
9,55 +
9,50 A
9,45 T T T T T T T T
1 2 3 4 5 6 7 8

Figure 3. Sensory evaluation indicators of extracts on the extractant:
1 — Perilla frutescens; 2 — Elsholtzia stauntonii Benth; 3 — Artemisia abrotanum;
4 — Monarda didyma; 5 — Agastache foeniculum; 6 — Satureja hortensis;

7 — Ruta graveolens; 8 — Nepeta transcaucasica Grossch; 9 — aqueous-alcoholic mixture
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Physicochemical studies, namely determination of the pH level and RP (Prévost, Brillet-
Viel, 2014; Nicoli et al., 2004) [41, 42], were performed according to the method (Priluckij,
1997) [37] and calculations given above (Kuzmin et al., 2016) [2]. As a result of extraction
received infusions (Andreou et al., 2018; Chandrasekara, Shahidi, 2018; lannitti, Palmieri,
2009; Halliwell, Gutteridge, 1990; Kawa-Rygielska et al., 2019) [4-8], physicochemical
indicators (Breiter et al., 2011; Dube et al., 2017 [19, 20] of which are presented in the Table
5.

Table 5
Quality indicators of extracts on extractant

Plant raw materials t,°C | pH | Ehgin, mV | Ehae, MV | RE, mV
1. Perilla frutescens 18 7.07 235.8 123 112.8
2. Elsholtzia stauntonii Benth 17 7.04 237.6 117 120.6
3. Artemisia abrotanum 16 | 7.18 229.2 118 111.2
4. Monarda didyma 17 | 6.79 252.6 132 120.6
5. Agastache foeniculum 17 | 6.66 260.4 132 128.4
6. Satureja hortensis 17 | 7.20 228.0 125 103.0
7. Ruta graveolens 16 | 6.73 256.2 118 138.2
8. Nepeta transcaucasica 19 | 7.10 234.0 134 100.0

Grossch
9. Aqueous-alcoholic mixture 18 | 7.96 182.4 180 2.4

min 16 | 6.66 228.0 117 100.0
max 19 | 7.20 260.4 134 138.2

where: t — temperature of infusion; pH — active acidity of the test solution; Ehmin — minimal theoretically
expected meaning of RP; Ehact— actual measured RP; RE — recovery energy

Figures 4-7 show graphically the change in the physicochemical indicators of the quality
of extracts of spicy-aromatic raw materials on the extractant.

- 80
o

7,5

7,0

6,5
6,0
5,5 A

5,0 T T T T T T T T
1 2 3 4 5 6 7 8 9

Figure 4. Hydrogen index (pH) of infusions of the investigated raw material:
1 — Perilla frutescens; 2 — Elsholtzia stauntonii Benth; 3 — Artemisia abrotanum;
4 — Monarda didyma; 5 — Agastache foeniculum; 6 — Satureja hortensis; 7 — Ruta graveolens;
8 — Nepeta transcaucasica Grossch; 9 — Aqueous-alcoholic mixture
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Figure 5. The minimum theoretical value of RP (Ehmin) of infusions of the investigated raw
material
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Figure 6. The actual measured RP of infusions (Ehact) of infusions of the investigated raw material
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Figure 7. Recovery energy (RE) of infusions of the investigated raw material

For Figures 5-6: 1 — Perilla frutescens; 2 — Elsholtzia stauntonii Benth; 3 — Artemisia
abrotanum; 4 — Monarda didyma; 5 — Agastache foeniculum; 6 — Satureja hortensis; 7 — Ruta
graveolens; 8 — Nepeta transcaucasica Grossch; 9 — Aqueous-alcoholic mixture
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The minimum theoretical value of RP (Ehmin) for plant aqueous-alcoholic infusions
(Priluckij, 1997) [37] was obtained, which has a value from 228.0 mV (Satureja hortensis)
to 260.4 mV (Agastache foeniculum). The actual measured RP of infusions (Ehac) was
established — from 117 mV (Elsholtzia stauntonii Benth) to 134 mV (Nepeta transcaucasica
Grossch). The hydrogen index for aqueous-alcoholic infusions from spicy-aromatic raw
materials has a value of 6.66 units pH (Agastache foeniculum) to 7.20 units pH (Satureja
hortensis).

Aqueous-alcoholic infusions from vegetable raw materials and a volume fraction of
ethanol of 40% have the value of regenerative capacity (recovery energy — RE) in the range
from RE 100.0 mV (Nepeta transcaucasica Grossch) to RE 138.2 mV (Ruta graveolens). For
the restaurant business in the manufacture of alcoholic beverages are promising agqueous-
alcoholic infusions of Ruta Gravelens and Nepeta transcaucasica Grossch, which received
increased antioxidant characteristics RE 138.2 mV and RE 100.0 mV, respectively, and
positive sensory evaluation (S.e.) 9.57 and S.e. 9.69 points.

The prescription composition of alcoholic beverages may include aqueous-alcoholic
infusions with a mass fraction of extractives — up to 60 g/100 cm? (liqueur).

Determination of Pearson’s linear correlation
According to the physicochemical and sensory evaluation, mathematical and statistical
analysis (Hinkle et al., 2003; Shendrik et al., 2019) [39, 40] was performed in the Pearson

correlation matrix (Table 6).

Table 6
Marked correlations (r) are significant at p<0,05; N=9

t pH Ehmin | Ehaat RE S.e.
t 1,00 0,40 | -0,40 | 0,48 | -0,46 | 0,30
pH 0,39 100 | -100 | 0,76 | -0,95 | -0,06
Ehmin | -0,39 | -1,00 | 1,00 | -0,76 | 0,95 0,06
Ehact 0,48 0,80 | -0,80 | 1,00 | -0,93 | 0,01
RE -0,46 | -090 | 090 | -0,93 | 1,00 0,03
S.e. 0,30 | -0,10 | 0,10 0,01 0,03 1,00

where: t — temperature of infusion; pH — active acidity of the test solution; Ehmin — minimal theoretically
expected meaning of RP; Ehac— actual measured RP; RE — recovery energy; S.e. —sensory evaluation

According to the obtained matrix 6*6, it was found that of the 6 indicators (t, pH, Ehmin,
Enact, RE, S.e.), only 4 indicators are statistically significant. As a result of research it was
found that physicochemical parameters (t, pH, Ehmin, Ehac;, RE) are statistically insignificant
for sensory evaluation (S.e.), because the correlation coefficient is very weak (r=0.0-0.3).
Also, a weak (r=0.3-0.5) and very weak (r=0.0-0.3) relationship is observed between
temperature (t) and other physicochemical and sensory evaluation. The range of values with
very high correlation (r=0.9-1.0) includes the following indicators: pH, Ehmin, Enact, RE.

Figure 8 shows the graphical dependence of pH on Ehmin. It was found that the pH is in
the range of 6.66—7.96, and Ehmin 182.4-260.4 mV. According to the obtained equation, at a
pH value of 7.00 Ehpin is 240 mV. When the pH value changes by 1 (pH 8.00), the Ehmin
decreases by 60 mV (Ehmin 180 mV). That is, the relationship between Ehmin and pH is very
high, because r=-1, because it is inversely correlated, which leads to an increase in pH to a
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decrease in the level of Ehmin. Based on the research, it was found that the addition to the
aqueous-alcoholic system with a weakly alkaline environment of vegetable spicy-aromatic
raw materials, which leads to acidification and reduction of the pH level in the neutral
environment (pH 6.66—7.20).

Scatterplot: pH vs. Eh;, (Casewise MD deletion)
Eh,;,= 660-60*pH
Correlation: r = -1

| ~0_95% confidence

Ehmim mV
o
o
o

6,6 6,8 7,0 7,2 7,4 7,6 7,8 8,0 8,2
pH

Figure 8. Dependence of pH level on the RP (Ehmin)

Figures 9-13 show the graphical dependence of the pH level, Ehact, Ehmin, RE.

It was found that Eha is in the range from 117 to 180 mV, and the pH is 6.66-7.96. At
the value of Ehat 120 mV, the pH level is 6.8. If you increase the pH to by one to 7.8 then
the value of Eha Will be 159 mV, i.e. Ehae Will increase by 39 mV. This is due to the fact
that there is a very strong interdependence between the variables Ehat and pH (r=0.8). As
the pH value increases, the Ehae index increases.

It was found that RE is in the range from 2.4 to 138.2 mV, and the pH is 6.66—7.96. When
the value of RE 132 mV, the pH level is 6.8. If you increase the pH by one to 7.8, the value
of RE will be 32 mV. Increasing the pH per unit from 6.8 to 7.8 leads to a decrease in RE by
100 mV. This is due to the fact that there is a very strong interdependence between the
variables RE and pH (r=-0.9). As the pH value increases, the RE decreases.
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Scatterplot: pH vs. Eh, (Casewise MD deletion)
Eh,.=-142,0+38,6*pH
Correlation: r =0,8
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Figure 9. Dependence of pH level on the RP (Ehac)

Scatterplot: pH vs. RE (Casewise MD deletion)

RE=801,98-98,55*pH
Correlation: r=-0,9
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Scatterplot: Eh,;, vs. Eh, (Casewise MD deletion)
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Figure 11. Dependence of RP (Ehmin) on RP (Ehac)
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Scatterplot: Eh, vs. RE (Casewise MD deletion)
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The general graph of the three most correlation-significant physicochemical parameters
is shown in Figure 14. In volumetric form, it is seen that some points (Ehac, RE, Ehmin) are
as close as possible to the surface, i.e. there is a very strong correlation between them. The
farther the points are from the surface, the weaker the relationship.
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Figure 14. Response surface of RP (Ehact) from reduction energy (RE) and RP (Ehmin)

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2

417



Figures 15-19 show graphs with histograms that show the frequency of variable values
in individual intervals. The histogram visually represents the distribution of a continuous
numerical variable, which measures the frequency of occurrence of similar values in the data
set. The x-axis shows the numerical values, which are divided into ranges. Each range
corresponds to a column of the histogram; the width of the column corresponds to the value
of the interval, and the height is the number of elements in the data set, the values of which
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fall into this interval.
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The histogram of the distribution of sensory evaluation is shown in Figure 15. Numerical
values are divided into ranges with an interval of 0.5, starting from 9.45 to 9.70 points. Only
5 ranges and the same number of columns. The maximum frequency is typical for 4 ranges
in the range 9.50-9.70 points — 8 values of the variable. The lowest frequency has the range

9.45-9.50 points, which got 1 value of the variable.
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Figure 17. Histogram of the distribution of values of the level of RP (Ehmin)
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Figure 18. Histogram of the distribution of values of the level of RP (Ehac)
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Figure 16 shows the distribution of pH values, the range of which is divided into 3
columns. It is established that 9 data elements lie in the range of pH values 6.6-8.0. The
highest frequency 5 is the range of pH values 7.0-7.2, 3 — in the range of pH values 6.6-6.8,
and only 1 — in the range 7.8-8.0, which is the lowest frequency.

Histogram: RE
K-S d=0,34771, p<0,20 ; Lilliefors p<0,01
— Expected Normal

(95}
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Figure 19. Histogram of the distribution of recovery energy values (RE)

Figure 17 shows the histogram of RP (Ehmin). The x-axis is divided into 5 ranges ranging
from 180 to 270 mV. According to the values of the elements in the data set, only 5 columns.
The maximum frequency is typical for the range 230-240 mV, which includes 3 elements.
The lowest frequency is characteristic for the ranges 180-190 mV, 260-270 mV, which
includes 1 element.

The value of the histogram (Ehae) (Figure 18) is divided into 4 ranges, starting with 110
and ending with 180 mV. The maximum repetition rate is typical for the range 110-120 mV
and 130-140 mV, each includes 3 values. The lowest frequency of the ranges is 170-180
mV, which includes 1 element.

Figure 19 shows a histogram of RE, which includes 4 ranges starting from 0 to 140 mV.
The maximum frequency, which consists of 4 elements, belongs to the range 120-140 mV,
and the lowest 0—20 mV and 80-100 mV, which include 1 element.

Histograms allow you to develop statistics on the frequency of values in a certain range.
They are a generalized view of the data obtained during sensory evaluation and
physicochemical values (Shendrik et al., 2019) [40].

Based on mathematical and statistical analysis, it was found that physicochemical
parameters (pH, Ehmin, Ehaet, RE) are statistically insignificant for sensory evaluation (S.e.)
and infusion temperature (t). The range of values with very high correlation (r=0.9-1.0)
includes the following indicators: pH, Ehmin, Ehact, RE.
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Development of recipes of alcoholic beverages

On the basis of the obtained results, it was established that the maximum values of RP
have extracts of Ruta graveolens and Nepeta transcaucasica Grossch. These extracts were
used in the preparation of cocktails, the recipes of which are presented in Table 7-8.

Table 7
Composition of the cocktail «Mint mulled wine»
Ingredients Content, %
Red wine 62.65
Extract of Nepeta transcaucasica
25.0
Grossch
Sugar 12.0
Nutmeg, cloves, cinnamon, allspice 0.35
Table 8

Composition of the cocktail «Pomegranate grog»

Ingredients Content, %
Extract of Ruta graveolens 27.0
Ginger 0.5
Grenadine 8.5
Lemon fresh 14.0
Black tea 50.0

The data obtained are correlated with the basic scientific concepts which are displayed in
the works (Kamdem et al., 2013; Frolova et al., 2019; Gerolis et al., 2017; Imark et al., 2000;
Pyrzynska, Sentkowska, 2019; Wong et al., 2020; Sentkowska, Pyrzynska, 2018; Siddiqui et
al., 2018; Steenkamp et al., 2004; Ruiz-Ruiz et al., 2020; Naithani et al., 2006; Buglass et al.,
2012; Grunert et al., 2018; Gullon et al., 2018; Gulua et al., 2018; Joubert, Beer, 2012; Silka
et al., 2016; Naumenko et al., 2015; Frolova, Korablova, 2016) [10-18, 25, 26, 30-34, 43—
45], regarding the processes of extracting of plant materials.

Improvement of the technology of alcoholic beverages (Andreou et al., 2018;
Chandrasekara, Shahidi, 2018; lannitti, Palmieri, 2009; Halliwell, Gutteridge, 1990; Kawa-
Rygielska et al., 2019; Fotakis et al., 2016; Vergun et al., 2018; Vergun et al., 2019; Kurylo
et al., 2018) [4-9, 27-29] is due to the addition of spicy-aromatic aqueous-alcoholic
infusions. It allows to increase the antioxidant properties of the product (Breiter et al., 2011;
Dube et al., 2017; Keating et al., 2014; Oh et al., 2013; Herrera et al., 2018; Humia et al.,
2020; Vergun et al., 2018; Vergun et al., 2019; Kurylo et al., 2018) [19-24, 27-29], will help
to increase the immunity of the human body, improve the metabolism, positively affect the
cardiovascular system, in addition it increases the consumer properties and will allow to
reduce the cost of the finished product.
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Conclusions

It is established that one of the promising ways of forming consumer properties and
expanding the range of alcoholic products is the use of new types of spicy-aromatic
plants, which include biologically active substances. Such substances improve the
sensory evaluation of beverages, contribute to the promotion of human health
(antioxidant effects, enhancing redox reactions).

Experimental studies show that all aqueous-alcoholic infusions of aromatic origin
contain antioxidant systems. It was found that the recovery value of all the tested
extracts is positive and ranges from 100.0 to 138.2 mV.

Histograms allow you to develop statistics on the frequency of values in a certain range.
They are a generalized view of the data obtained during sensory evaluation and
physicochemical values.

Based on mathematical and statistical analysis, it was found that the infusion
temperature (t) has a statistically insignificant effect on physicochemical parameters
(pH, Ehmin, Eha, RE), which have a statistically insignificant effect on sensory
evaluation (S.e.). The range of values with very high correlation (r=0.9-1.0) includes
the following indicators: pH, Ehmin, Ehact, RE.

Improvement of the technology of alcoholic cocktails by adding spicy-aromatic
aqueous-alcoholic infusions allows to increase the redox properties of the product,
increases consumer properties and reduces the cost of the finished product.
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Introduction. The aim of the study was to study the bitter
substances of hops to establish the dependence of the bitterness of
the wort and the quality of beer hops on the quantitative and
qualitative composition of alpha-acids hop homologues, in
particular, on the content of cohumulone in alpha-acids.

Materials and methods. Aromatic and bitter hops with
different content of cohumulone in the composition of alpha-acids
and beer made from it were studied. High-performance liquid
chromatography was used to determine the amount and composition
of hop bitter substances and products of their transformation in the
brewing process as well as spectrophotometric methods of quality
control of the bitterness of hopped wort and finished beer.

Results and discussion. It is noted that alpha-acids of the
studied varieties contain a wide range of cohumulone content: from
19.6% in hops of Alta variety to 43.8% in hops of Ruslan variety.
Establishing the relationship between the quantity and quality of
bitter substances of hops and the bitterness and quality of hopped
wort and beer show that with increasing mass fraction of
cohumulone in the composition of alpha-acids of aromatic hops by
1% with a ratio of beta-acids to alpha-acids of 1.11-1.34 the value
of bitterness of the wort hopped by them increases from 0.69% for
Gaidamats’kyi variety to 1.05% for Slovyanka variety. In bitter
hops, the ratio of beta-acids to alpha-acids is much lower and is
0.51-0.74. Analysis of the relationship between the growth of
cohumulone and the change in the bitterness of the wort hopped
with bitter varieties shows that with increasing the share of
cohumulone in the alpha-acids of bitter hops by 1% the bitterness
of hop wort increases from 0.19% for Ruslan to 0.38% for the
variety Promin’. Between the bitterness of the wort and the amount
of cohumulone with hops when using both bitter and aromatic
varieties, there is a strong relationship as evidenced by the
correlation coefficient which is for bitter varieties r = 0.90+0.10, for
aromatic r = 0.98 + 0.20. In the formation of the bitterness of the
wort, hopped with aromatic varieties from the ratio of beta-acids to
alpha-acids is more than one, the role of beta-acid compounds is
much higher compared to bitter varieties.

Conclusions. When used for hop wort of bitter type hops with
different composition of alpha-acids, their use is more effective in
varieties with a high content of cohumulone.
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Introduction

Previous research [1, 3—7] show that high-quality beer with a characteristic bitter taste
and aroma can be obtained only with the use of hops and products of its processing of certain
breeding varieties. This is due to the peculiarities of their biochemical composition, and
above all, with the quantitative content and qualitative composition of bitter substances,
polyphenolic compounds and essential oil of hops aromatic and bitter varieties [2, 8—10].
Different ratio of components of these compounds affects taste and aromatic properties of
beer [11, 15].

Bitter substances, polyphenols and aromatic essential oils of hops take part in the
formation of taste and aromatic properties of beer [1-3, 8-15]. The specific qualities of beer
are most affected by isomers of the original bitter substances of hops, which are contained in
cones in small quantities, and are formed during the boiling of wort with hops [1-3, 7]. Iso-
alpha-acids are quantitatively the most important fraction of hops in beer. They give a typical
bitter taste, and depending on the desired bitterness and type of beer, their concentration
ranges from 10 to 100 mg/l [16]. Iso-alpha-acids are more soluble in beer wort and more
bitter than alpha-acids and form 90-95% of the total bitterness of beer [1, 7]. In addition to
the isomerization reaction, iso-alpha-acids undergo both oxidative and non-oxidative
transformations. As a result, both the intensity and the quality of the bitterness of beer are
negatively affected [16]. Trans-iso-alpha-acids in beer are significantly less stable than their
counterparts. At the same time, a sharp, lingering bitter taste develops and an aroma defect
is formed, which occurs during the aging of beer [16]. The formation of volatile substances
from iso-alpha-acids after beer aging is explained by the process of cyclization of trans-iso-
alpha-acids into tri- and tetracyclic decomposition products. These non-volatile breakdown
products of trans-iso-alpha-acids have only recently been identified [16].

According to the results of research, in the formation of the bitterness of beer [1, 3, 7,
16] in the hop the main importance are alpha-acids, which consist of humulone, cohumulone,
adhumulone, prehumulone and posthumulone. Insoluble alpha-acids are converted at high
temperatures by hopping the wort into soluble iso-alpha-acids (isohumulone, isocohumuloneg,
isoadhumulone), giving the beer a bitter taste [3, 8, 16]. Moreover, depending on the length
of the side chains of the acyl residue in the second carbon atom of the hexadiene ring changes
the solubility of alpha-acid homologues, and the rule is the longer the side chain, the lower
the solubility. Therefore the solubility of cohumulone is much higher than that of humulone
and adhumulone [1, 3, 7, 16]. When studying the bitterness and iso-alpha-acid content of
some brands of Brazilian and North American beer [17] it was found that the isoadhumulone
fraction was a fraction of lower concentration in all samples, and most samples showed a
higher concentration of isohumulone. The range of isohumulone ranged from 3.0 to 17.0
mg/l.

Not all alpha-acids have a positive effect on the quality of bitterness in beer. It is known
[1, 3, 7, 16, 17] that isohumulone, isocohumulone and isoadhumulone have approximately
the same degree of bitterness. However, when the wort is boiled with hops, the isomerization
of alpha-acid homologues proceeds with different formation of isocomponents. Of great
importance is the quantitative ratio of homologues of alpha-acids. Czech hops (Zaaz variety)
are characterized by a high content of humulone and adhumulone (up to 80%), while in
German and American high-resin varieties such as Hercules, Tomahawk is dominated by
cohumulone (up to 50%).

Cohumulone is converted to the isomer better than other components of alpha-acids.
But this faction is attributed a negative role in the formation of the bitterness of beer [18].
However, although in Czech varieties the composition of alpha-acids is dominated by
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humulone, the bitterness of Czech beer is represented mainly by isohumulone. In the
processing of hops varieties with a predominant content of cohumulone, beer contains mainly
isocohumulone, and the quality of bitterness according to M. Kusche and others. much worse
[19-20]. It is possible that the qualitative difference in the composition of the original alpha-
acids is also the reason for the known difference in the quality of beer, which is very
significant. But the question remains whether varieties of hops with a high content of
cohumulone create more bitterness in beer. It follows from the above that the selection of
varieties with the optimal composition of bitter substances for beer with excellent and high
quality bitterness is a topical issue for brewers of the American Association [18], European
brewers [19] and Ukrainian beer producers [21].

As can be seen from the analysis of literature sources the composition of bitter
substances of hops of European and American varieties and the influence of their homologues
on the quality of beer bitterness are well studied. Instead, there have been almost no similar
studies with Ukrainian hop varieties. In this regard to ensure stable and high-quality bitterness
of beer it is important to investigate the effect of certain components of alpha-acids of
Ukrainian hops on the qualitative and quantitative indicators of the drink.

The aim of the work was to study the bitter substances of hops, to establish the
dependence of the bitterness of the wort and the quality of beer hops on the quantity and
quality of homologues of alpha-acids of Ukrainian and European varieties, in particular the
content of cohumulone in alpha-acids.

Materials and methods

The cones of pressed hops of Ukrainian and European selection of typical
representatives of the aromatic group of varieties were used for research: Slovyanka,
Nationalnyi, Zaaz, Gaidamats’kyi and bitter: Alta, Magnum, Northern Brewer, Promin’,
Ksanta, Ruslan and beer made from them.

Methods of research of bitter substances of hops. Bitter substances of hops from
cones were extracted with an organic solvent — methanol [22]. The ratio between the mass of
hop cones and the extractant was 1:10. The amount of alpha and beta-acids and the content
of cohumulone in the composition of alpha-acids were determined by the international
method of EMU 7.7 using liquid chromatography HPLC [23]. Chromatography was
performed using a liquid chromatograph Ultimate 3000 with a UV detector at a temperature
of 35 °C [1]. Used a column measuring 100 x 2.1 mm which was filled with sorbent Pinacle
DV C18 3 um [1]. A solution of methanol, water and acetonitrile in the ratio 38:24:38 was
used as the mobile phase [24].

The international standard ICF-3 was used to quantify the components of bitter
substances [23].

Methods for the presentation of wort and beer. Beer from the studied hop samples
was produced at the mini-breweries of the Department of Hop and Beer Biochemistry of the
Polissya Institute of Agriculture of the National Academy of Agrarian Sciences of Ukraine
with a yield of 100 liters, which fully simulates the conditions of real enterprises on a scale
of 1: 100, compact and allows to achieve research goals [2].

Rationing of hops in mini-brewery was performed on the content of alpha-acids in them.
The wort was prepared from 100% barley malt. The hopping was performed at the rate of 60
mg of bitter substances per 1 liter of wort. After complete set the wort was boiled for 30
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minutes. Then in the wort in each variant of the experiment was made hops of the presented
varieties in two steps: 85% at the beginning of hopping, 15% — 15 minutes before the end of
hopping. The total boiling time of hop wort was 90 minutes [21].

The bitterness of the wort formed during its boiling with hops, as a result of extraction
and isomerization of bitter substances of hops, was determined on a spectrophotometer
according to the method of EMU 8.8 (International method of IM) [23]. The method is based
on measuring the optical density of the isooctane extract obtained by extracting bitter
substances from acidified beer wort or beer with isooctane (2,2,4-trimethylpentane), on a
spectrophotometer at a wavelength of 275 nm against isooctane [23]. The value of the rate,
the number of turns in the units of the international scale for the value of the terms of the
EBC were estimated on the basis of the optical index of the weight, as in the international
units of the unit — EBC [23].

The beer quality was evaluated organoleptically at the tasting, hardened tasting
committee of the designated Institute, for the 25-point integrated assessment [21].

Results and discussion

Bitter substances of hops of aromatic and bitter varieties

Complex biochemical studies of hops of different breeding varieties made it possible to
establish that hops of aromatic and bitter varieties have different biochemical composition,
and hence different brewing value.

The most important among bitter substances are alpha-acids, which in the process of
isomerization during hop hopping are converted into iso-alpha-acids, the main compounds
of beer bitterness. When the wort is hopped with freshly harvested hops almost 90% of the
bitterness of beer is formed as a result of isomerization of alpha-acids into iso-alpha-acids,
as a result of which the hexadiene ring of alpha-acids is converted into pentadiene iso-alpha-
acids, giving beer a bitter taste [3, 7, 8, 16]. The amount of alpha-acids is the main pricing
factor in the evaluation of hops and hop products.

The biochemical characteristics of bitter substances of the studied varieties of the bitter
group of hops are given in Table 1. From the data of table 1 it is seen that in the hops of the
studied varieties the content of alpha-acids ranges from 9.5 to 11.2%. Most alpha-acids were
found in Magnum hops — 11.2%.

Table 1
Characteristics of bitter substances of hops of bitter group varieties
Coh_umulone Contents The ratio of
Contents in the
- beta- beta/alpha-
Ne Variety of hop alpha- composition acids,% acids
acids,% alpha- ’
acids,%
1 | Alta (Ukraine) 10.3 19.6 3.8 0.53
2 | Magnum (Germany) 11.2 23.1 5.3 0.51
3 | Northern Brewer 9.5 27.8 3.9 0.52
(Great Britain)
4 | Promin’ (Ukraine) 9.6 29.6 4.1 0.53
5 | Ksanta (Ukraine) 9.9 34.7 6.0 0.74
6 | Ruslan (Ukraine) 9.7 43.8 5.7 0.73
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The content of beta-acids in the studied varieties is from 3.8% in hops of the Alta variety
to 6.0%, respectively, in the Ksanta variety. Beta-acids are not bitter in taste but in the process
of oxidation, compounds are formed that have a pleasant bitterness. One of their main
properties is a high antiseptic effect which is important to increase the biological stability of
beer during storage [8-15]. The coefficient of aromaticity between the content of beta- and
alpha-acids for this group of varieties is from 0.51 to 0.74 which is less than one.

Not all alpha-acids have a positive effect on the quality of bitterness in beer.
Cohumulone is converted to the isomer better than other components of alpha-acids, so the
solubility of cohumulone is much higher than humulone and adhumulone [1, 3, 7, 16]. But
this faction is attributed a negative role in the formation of the bitterness of beer [18].

The analysis of table 1 shows that the selected varieties of bitter hops have a slight
deviation of alpha-acids and the ratio of beta-acids to alpha-acids is less than one, instead
have a wide range of cohumulone content: from 19.6% in cones of Alta up to 44.1% in the
Ruslan variety, which will allow to investigate its influence on the quality of beer.

Bitter substances of typical representatives of aromatic varieties of hops were also
studied (Table 2).

Table 2
Characteristics of bitter substances of aromatic varieties of hops
Cohumulone .
Contents in the Contents Ratio of
. . beta- beta/alpha-
Ne | Variety of hop alpha- composition - .
. acids,% acids
acids,% alpha-
acids,%
1 | Nationalnyi
(Ukraine) 5.1 20.1 5.7 1.11
2 | Slovyanka
(Ukraine) 55 22.1 7.4 1.34
3 | Zaaz
(Czech Republic) >3 253 68 1.28
4 | Gaidamats’kyi
(Ukraine) 4.2 29.6 5.3 1.27

In the samples of hops of the studied varieties, the content of alpha-acids ranges from
4.2 to 5.5% which is much less compared to bitter varieties. A characteristic feature of cone
hops of aromatic varieties, in contrast to bitter, is a high positive coefficient of aromaticity
between the content of beta and alpha-acids, ranging from 1.11 to 1.34. Among the studied
varieties, hop cones of Slovyanka and Zaaz varieties are characterized by the highest
indicator of aromaticity.

From the analysis of table 2 shows that the selected varieties of hops of aromatic type
have a ratio of beta-acids to alpha-acids greater than one. The content of cohumulone in the
composition of alpha-acids ranges from 20.1% in the cones of the Nationalnyi variety to
29.6% in the Gaidamats’kyi variety which will allow to investigate its effect on the quality
of beer.
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Influence of cohumulone bitter and aromatic varieties of hops on the quality of
the wort

Experimental beer samples were made with the studied hop varieties. The amount of
alpha-acids and cohumulone up to 1 liter of wort was calculated.

Since the hop was carried out with bitter hops at the rate of 60 mg of bitter substances per
1 liter of wort, the same amount of alpha-acids is added to the wort — about 60 mg/l but
different amount of cohumulone: from 11.8 mg/l with Alta hops to 26.3 mg/l with the Ruslan
variety. In this case, the value of the bitterness of the hopped wort also varies from 33.2 units
EBC (variety Alta) up to 41.3 units EBC when using Ksanta hops which is shown in Figure
1.

B Cohumulone, mg /|

B Bitterness of the wort, un.EBC
Olntroduced alpha-acids, mg / |

Figure 1. The amount of bitter substances introduced into the wort and identified in it when
using bitter hops

From the analysis (Figure 1) we see that with hops of the Ksanta variety in the wort is
introduced 76.3% more cohumulone with alpha-acids compared to hops of the Alta variety
which has the lowest content of cohumulone in the composition of alpha acids. At the same
time the value of the bitterness of the hopped wort increased by 24.3% compared to the use
of the Alta variety. That is with an increase in the mass fraction of cohumulone in the alpha-
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acids of Ksanta hops by 1% the value of the bitterness of the hopped wort increases by 0.32%.
When the wort is hopped with Ruslan hops with a much higher content of cohumulone in the
composition of alpha-acids, the value of the bitterness of the wort practically does not change.
But if in Ruslan hops the amount of cohumulone in the composition of alpha-acids was
123.4% more compared to Alta hops, the value of the bitterness of the wort hopped by this
hop increased only by 23.7% compared to Alta. With an increase in the mass fraction of
cohumulone in the composition of alpha-acids of the Ruslan variety by 1% the value of the
bitterness of the hopped wort increases by only 0.19%. After analyzing the relationship
between the growth of cohumulone in the composition of alpha-acids and the change in the
value of the bitterness of the hops watered by these varieties, it follows that with increasing
the share of cohumulone in the composition of alpha-acids of bitter hops by 1% the bitterness
of hop wort increases from 0.19 for the Ruslan variety up to 0.38% for the Promin’ variety.
For other studied varieties of bitter type this figure is in the range of 0.27-0.32. The obtained
research data explain why when normalizing hops according to the content of alpha-acids
with different content of cohumulone they do not always get stably normalized bitterness of
beer because with increasing the share of cohumulone in alpha-acids increases the bitterness
of the wort which is consistent with other scientists [16, 19-20].

In Figure 2 shows the correlation field between the bitterness of the wort (axis y) and
the amount of cohumulone (axis x) introduced when using bitter hops, the regression equation
and the coefficient of determination R? constructed a trend line which is also shown in this
figure.

y=1,3785x - 34,293 .
25 A R2=0,8108

20 ¢

Bitterness of the wort, un.EBC

5 T T T T T 1
30 32 34 36 38 40 42
Cohumulone. mg/ 1

Figure 2. Coreliness of deposits between the must of wort and the amount of wort introduced by
cohumulon with hops of rich varieties

The occurrence of the wort and the wort must have been added to the cohumulone
with the hops in the case of vicarious vigorous varieties of currencies that are correlated:
y = 1.3785x — 34.293. Among the signs of speeding straight ahead. The coefficient of
correlation (r = 0.90 + 0.10) shows that there is less wort and more wort introduced to the
cohumulone with hops in case of strong vigorous varieties. Some determinants R? = 0.8108
per case, 81.08% of the amount of wort added is due to the amount of wort added to the hop
and the 18.82% was found to be unavailable.
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Studies have shown that when used for hop wort bitter type hops with different alpha-
acid composition more effective use in varieties with high content of cohumulone which is
consistent with the results of studies by other scientists [16, 19-20].

Influence of cohumulone of aromatic varieties of hops on wort quality

The correlation between the content of cohumulone in the composition of alpha-acids

of aromatic varieties and the bitterness of hop wort was investigated in the manufacture of
beer samples with aromatic samples of hops.

In the obtained samples of wort, the amount of beta-acids and cohnumulone up to 1 liter
of wort and the value of the bitterness of the wort were determined which is shown in Figure

3.
80 1/

70 A

60 -

50 -

40 A

30 -

20 -

10 A

0

Nationalnyi

Slovyanka 7aaz

Gaidamats’kyi

B Cohumulone, mg /|
B Bitterness of the wort, un.EBC
OlIntroduced alpha-acids, mg /|

Figure 3. The amount of bitter substances introduced into the wort and determined in it when
using aromatic varieties of hops

When the same amount of alpha-acids (about 60 mg/l) is added to the wort different

amounts of cohumulone are added to the wort: from 12.1 mg/l with hops of the Nationalnyi
variety to 17.8 mg/l with the Gaidamats’kyi variety. The magnitude of the bitterness of the
hopped wort also varies from 24.0 units EBC up to 31.8 units EBC. But if in the hops of the
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Gaidamats’kyi variety the amount of cohumulone in the composition of alpha-acids was
47.2% more compared to the hops of the Nationalnyi variety which has the lowest content of
cohumulone, the value of bitterness of the hop wort hop increased by 32.5% compared to the
Nationalnyi, i.e. with an increase in the mass fraction of cohumulone in the alpha-acids of
hops of the Gaidamats’kyi variety by 1%, the value of the bitterness of the hopped wort
increases by 0.69%. When using hops of the Slavyanka variety 13.3 mg/I of cohumulone is
added to the wort with alpha-acids which is 9.9% more than the hops of the Nationalnyi
variety and the value of the bitterness of the hop wort increased by 10.4% compared to
Nationalnyi. For hops of this variety with an increase in the mass fraction of cohumulone in
the composition of alpha-acids by 1% the value of the bitterness of the wort hopped by it
increases by 1.05%.

In Figure 4 shows the correlation field between the bitterness of the wort and the amount
of cohumulone introduced using hops of aromatic varieties.

20 A

—_
co
1

y=0.711x- 5,297 A
R*=0.961

—
(=)}
I

—_
2
1

Bitterness of the wort, un.EBC
=) =
1 1

oo

22 24 26 28 30 32 34

r2
o

Cohumulone. mg /1

Figure 4. Correlation between the bitterness of the wort and the amount of cohumulone with
hops of aromatic varieties

Given the use of aromatic hops, this dependence is expressed by the correlation
equation: y =0,711x —5,297. There is a direct connection between the signs. There is a strong
correlation between two factors: the bitterness of the wort (axis y) and the amount of
cohumulone (axis x) added to hops of aromatic varieties, as evidenced by the correlation
coefficient (r=0.98 £ 0.20). The total variation in the bitterness of the wort (96.10%) is due
to changes in the amount of cohumulone and the remaining 3.90% is other factors that were
not taken into account in this case.

We found that with an increase in the mass fraction of cohumulone in the composition
of alpha-acids of aromatic hops by 1% at a ratio of beta-acids to alpha-acids of 1.11-1.34, the
value of the bitterness of the wort hopped by them increases from 0.69% for hops
Gaidamats’kyi variety up to 1.05% for hops of the Slovyanka variety while for bitter hops in
which the ratio of beta-acids to alpha-acids is 0.51-0.74, this figure was much lower and
amounted to only 0.19-0.38%. Thus it was found that in the formation of the bitterness of
the wort hopped with aromatic varieties of hops from the ratio of beta-acids to alpha-acids is
more than one, the role of beta-acid compounds is much higher compared to bitter varieties.
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Influence of cohumulone of aromatic hops on beer quality

The established dependences remain and at research of ready beer which characteristic
is resulted in Table 3.

Table 3
Content of bitter substances and polyphenolic compounds in beer samples

Variety of hops from which Magnitude of the Total polyphenols,
Ne beer is made bitterness of beer, mg/dm?3
units EBC
1 Nationalnyi 19.3 172.0
2 Slovyanka 22.6 183.4
3 Zaaz 24.8 180.0
4 Gaidamats’kyi 26.1 218.0

Sensory evaluation of experimental samples of beer and its biochemical characteristics
showed that all samples differed significantly in taste, bitterness and aroma (Table 4).

Table 4
Technological evaluation of the studied varieties of hops
Name of quality indicators
Taste
« c
Options % S é IS § 5 § E’
Z S8 @ o @ o] s ©
5 L | < 2 S S &
= S 2 o
O T
Nationalnyi 3 3 5 3.6 4.1 4.3 23.0 | perfectly
Slovyanka 3 3 5 3.9 4.3 4.6 23.8 | perfectly
Zaaz 3 3 5 3.9 4.2 4.6 23.7 | perfectly
Gaidamats’kyi 3 3 5 3.5 3.9 3.9 22.3 | perfectly

Slovyanka and Zaaz obtained the best beer in the case of hop worting with finely
aromatic hop varieties. The beer had a pleasant taste, fresh hop of polyphenolic compounds,
which are rich in hop of this aroma and a gentle, residual bitterness. Excellent quality was
also beer using the aromatic variety of hops Nationalnyi. The fourth sample of beer had good
taste, but was inferior in aroma and hop bitterness to other samples. The members of the
commission noted a slightly rough astringent bitterness, characteristic of the excessive
amount variety.

The members of the tasting commission also noted that in the first sample of beer, in
which the lowest amount of cohumulone and beta-acids was added with Nationalnyi hops,
the value of beer bitterness was the lowest. With an increase in the content of cohumulone in
the composition of alpha-acids from 20.1% in hops of the Nationalnyi variety to 29.6% in
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the variety Gaidamats’kyi and with an increase in the amount of cohumulone with these
varieties of hops from 12.1 to 17.8 mg to 1 liter of wort, increases the amount of bitterness
of beer both spectrophotometric and sensory which is consistent with the data of other
scientists [3, 8] who also note that ways to create new varieties of hops are intended to
maintain the level of cohumulone formation not more than 25% of total alpha-acids in
aromatic hops and 35% in bitter hops [3, 8]. Thus different representatives of the bitter
substances of hops have different bitterness both in total intensity and in individual flavors.
Taking into account the maximum qualities of all components of the group of bitter
substances allows you to rationally use the most expensive raw materials, creating new beers.

Conclusions

1. The quality and magnitude of the bitterness of beer depends on the varietal
characteristics of hops, i.e., the quantity and quality of homologues of alpha-acids and
beta fractions.

2. When used for hop wort hop with a slight deviation of the ratio of beta-acids to alpha-
acids and different composition of alpha-acids, their use is more effective in varieties
with a high content of cohumulone.

3. More intense coarse bitterness in beer is created by cohumulone, so the methods of
creating new varieties of hops are intended to maintain the level of cohumulone
formation of not more than 25% of the total alpha-acids content in aromatic hops and
35% in bitter hops.

4. Establishing the relationship between the quantity and quality of bitter substances of
hops and the bitterness and quality of hopped wort and beer which show that with
increasing mass fraction of cohumulone in the composition of alpha-acids of aromatic
hops by 1% at a ratio of beta-acids to alpha-acids 1.11-1.34, the value of the bitterness
of the wort hopped by them increases from 0.69% for hops of the Gaidamats’kyi variety
to 1.05% for hops of the Slavyanka variety, while for bitter hops in which the ratio of
beta-acids to alpha-acids 0.51-0.74, this figure was much lower and was only 0.19-
0.38%.

5. The role of beta-acid compounds in the formation of the bitterness of the wort, hopped
with aromatic varieties of hops with a ratio of beta-acids to alpha-acids greater than one
is much higher compared to bitter varieties.
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Introduction. It was conducted a study of the process of
kneading wheat yeast dough with cam working. The aim is to
determine the rational configuration of structural elements for
continuous kneading of dough at different levels of frequency
of the working elements rotation and the distance between them.

Materials and methods. It was investigated the
kneading of wheat yeast dough by cam working elements.
Mathematical modeling was performed using the Flow Vision
software package based on the simulation of three-dimensional
motion of liquids and gases in technical structures, as well as
for the visualization of flow curves by computer graphics.
Physical modeling was performed via experimental setup with
cam kneading elements. The distance between the cams is 2—
4—-6-8—10 mm, the rotation speed is 20—-100 rpm.

Results and discussion. As the rotational speed of the
working elements increases from 20 to 100 rpm, the mixing
speed increases from 0.1 to 0.6 m/s, the distance between the
cams does not affect the mixing in the specified range. The
maximum values of pressure reach 16560 Pa for the distance
between the cam working elements 2 mm and a speed of 100
rpm, the minimum 555 Pa for the distance between the cam
working elements 10 mm and a speed of 20 rpm. In the mixing
chamber, the highest-pressure values are formed in the contact
zone of the cam working elements with the wall of the mixing
chamber and in the contact zone of the two cams. The
dependence of the viscosity in the mixing chamber on the speed
of rotation of the working element is of a power nature and with
increasing speed from 20 to 100 rpm decreases from 1600 to
320 Pa-s. Parts of the mixing chamber in which viscosity values
in the range from 320 to 960 Pa-s are achieved are considered
to be the most effective during mixing. Reducing the viscosity
of the dough involves reducing energy costs during kneading.

Conclusions. To increase the carrying capacity of the
cam working elements, improve mixing and reduce heat
consumption, it is rational to use cam working elements with a
variable pitch and a variable position of the cams at a = 45° or
a combined cam working element using a screw auger at the
beginning of the working element.
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Introduction

The development of a continuous-action dough-mixing machine is accompanied by the
choice of a rational configuration of the working element. Rationalization is realized by
analyzing the various configurations of the working element and its effect on the kneading
process. Imitation modeling aims to calculate the values of certain characteristics of a process
that develop over time, by reproducing the flow of this process on a computer via its
mathematical model [1-2].

During projecting of the process of dough mixing, there is a range of issues related to
the type of working elements is supposed to be chosen. On the basis of theoretical searches
and obtained experimental results, after comparative analysis of working elements, it was
decided to simulate the process of kneading yeast wheat dough using cam working elements
[3].

Obtaining information about the process of mixing at any point in the mixing tank using
simulation modeling and the results of a physical experiment allow to project an effective
working element in a high-tech continuous mixing machine [4].

Dough kneading is a complex process that involves creating a homogeneous capillary-
porous mass of flour, water, yeast, salt, and other components. The formation of dough during
kneading occurs as a result of a number of processes, of which the most important are:
physico-mechanical, colloidal and biochemical processes. All these processes occur
simultaneously, mutually affecting each other and depend on the duration of kneading,
temperature and the amount and quality of raw materials used during kneading the dough [5—
6].

The yeast dough is considered as a complex colloidal system, which consists of several
continuous and periodic phases. Solids and liquids (gluten and water) in the dough are
continuous phases, starch grains and gas formed during fermentation of the dough is a
periodic phase. As a result, the physical properties of the dough are characterized by the
parameters of solids, liquids, gases, and indices that are caused by the interaction of these
phases. This process is carried out by mechanical processing of the dough, and based on the
swelling of the starch and protein complex with the formation of elastic-elastic-viscous
homogeneous mass containing active-acting microorganisms and ferments [7-8].

The research methodology is based on the information technologies of designing of
processes of elastic-viscous-plastic deformation of thixotropic dispersed materials using
modern computer technologies [9-10].

Based on the literature analysis, the task for mathematical modeling of the kneading
process of the yeast dough with using cam working elements of the selected geometric shape
was formed. The speed was in the range from 20 to 100 rpm and the distance between the
structural elements for kneading from 2 to 10 mm.

The aim is to determine the rational configuration of cam structural elements for
continuous kneading of dough at different levels of frequency of the working elements
rotation and the distance between them.
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Materials and methods

The object of the study is the process of kneading of yeast dough [20].

The dough is considered as a complex colloidal system consisting of several continuous
and periodic phases [19]. Solid and liquid (gluten and water) in the dough are continuous
phases, starch grains and gas formed during the fermentation of the dough — the periodic
phase. As a result, the physical properties of the dough are characterized by the parameters
of solids, liquids and gases and the indicators arising from the interaction of these phases.

This process takes place during machining, and consists in the swelling of starch and
protein complex with the formation of elastically elastic viscous homogeneous mass
containing active microorganisms and enzymes. The aim of kneading yeast dough is to obtain
a homogeneous mass with certain structural and mechanical properties [19].

Theoretical basis of the modeling problem

To determine the exercise of calculating the motion of liquids, it is necessary to
formulate and solve a system of differential equations: energy, continuity, motion, change of
density and rheological properties. Equation data for non-compressible liquids but cannot
adequately describe the process of movement of the yeast dough are used in the literature, as
several researchers prove that the dough is compressed due to the significant content of the
gas phase [3-4].

The one-dimensional equations (Saint-Venant), which expresses the principle of mass

conservation, for cases of steady motion and non-compressible fluid:
ovx vy ovt __
ax oy + 9z 0, (1)
where, VX, vy, vz — velocity components, m/s.
The equation of motion of a continuous, non-compressible environment is a system of
equations and has the form:
% vxdvx | vyovx | vzOovx\ __ _6_p i%ﬁ atyx &rﬂ
(dt+6x+6y az)_ ax (i)x+i)y+6z)+pgx
617_y vxdvy | vydvy | vzovy\ _ _6_p atxy M atzy
p(dt+ax+6y+6z)_ dy (i)x+ay+6z)+pgy @)
dvz | vxdvz | vydvz | vzovz\ _ _ 6_p dtxz | 0tyz %
(? 6x+6y+az)_ dz (6x+i)y+6z)+pgx
where, p is the density, kg/m3; t — time, s; p — pressure, Pa; g is the acceleration of free fall,
m/s2.
Energy equations for non-compressible liquids:
a_T vjoT\ _ E A_T Tijov;
pc (Bt + axj) - (ij) (axj) + oxj ' ©)
where, ¢ is the specific heat, J/kg; A — coefficient of thermal conductivity, W/m;
T — temperature, K.
T,j0vi/dxj = F — the intensity of the kinetic energy transition into thermal, to the unit

of volume. In the Cartesian coordinate system, F is equal to:
_ mxdvx | tydvy | 120VZ GLx av_y av_y % % dvx

F = p + 3y + P + 12 (ay + P +vyz(az + 6y)+sz(6x + Bz) 4

The material density equation describes its dependence on temperature, pressure,
humidity, and other factors. In logarithmic coordinates, the dependence of T on j for many
non-Newtonian materials becomes linear for the most part, thus explaining the widespread

use of the Ostwald equation:

dvx

T =ky", Q)
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where, T — the shear stress, Pa; k- the coefficient of consistency; y — the shear rate, s%; n — the
fluidity index.

For processes occurring in mixers, it is quite difficult to determine the criteria that
includes the velocity of the particles of solution V. It is often used a conditional velocity
equal to the velocity at the outside diameter of the working element of the mixer u. The
traditional definition of the Reynolds (Re) criterion for flow in pipes is as follows:

Re = Vav:o'/’ 1 (6)
where, Va, — average speed, m/s; p — density, kg/m?; do—the inside diameter, m;

n — the coefficient of the structured viscosity of the non-Newtonian fluid, Pas.
For the case of movement of the blend in the mixer is conditionally taken [5, 7]:

Vaw = 0" R, (M
where, o is the angular velocity, rad/s; R — the outer radius of the working element, m.
R2.
Re = %. (8)

The Reynolds criterion calculated by this method is not universal, which determines the
nature of the flow of the blend in the mixer, since the nature of the flow also depends on the
design of the chamber and the working elements of the mixer, which are not shown in the
last formula. This drawback does not make it possible to use the resulting criterion
universally to analyze many food processes occurring in mixers, so it is necessary to develop
separate formulas for each type of mixer to determine the power consumed for mixing. The
Froude criterion (Fr) is the ratio of the inertia forces of the mixable mixture to the

gravitational forces. For mixers it can be written as following:
Fr="1, ©)
where, o is the angular velocity of rotation of the working element of the mixer, rad/s;

R — the outer radius of the working element, m; g — the acceleration of free fall, m/s2.

This criteria takes into account the effect of the vorticity formed on the back of the
working element during movement in the yeast dough.

Generalization of the results of the study of the power consumed for mixing non-
Newtonian fluids is associated with some difficulties, since the viscosity of such fluids
depends on the hydrodynamic regime in the mixer [4], and, accordingly, the angular speed
of rotation of the working element and its configuration. The rheological properties must also
be taken into account. This can be done using the dimensionless Hedstrom criterion [5]:

He =2, (10)
where, R is the outer radius of the working element, m; p — the density of the mixture, kg/m?3.

The basic definition of the Eulerian criteria in the general case is as follows [6-71]:

Eu= pA52 (11)

where, Ap — pressure drop, Pa; V is the speed of movement of the mixture, m/s.

The Eulerian criteria is the ratio of the forces that cause the movement of the mixture
to the forces of dynamic pressure. For processes occurring in mixers, the pressure drop Ap
and velocity V should be replaced by the power consumed for mixing. We obtain the
modified Euler criterion or the power criterion Ky:

KN= il

p.nZ.RS : (12)
Thus, taking account mentioned above, the basic criteria equation is describing the

motion of a viscous-plastic stirring medium will be as follows
wR? p w?R To° R? P

=f——5 ) (13)

pn2 pm?RS g n
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also, the obtained equation can be written in the form of a step monomial:
Ky =C-Re™-Fr™"-He?, (14)
where, C is the coefficient; m, n, s are the exponents.
When kneading wheat yeast dough, the role of gravity is quite small, so the value of
gravity is neglected. In general, the criteria equation of the mixing power can be written as:
Ky =C-Re™- He”. (15)
Therefore, the considered mathematical models of the movement of wheat yeast dough
allow to simulate the process of kneading wheat yeast dough and can be used for simulation
in the software complex Flow Vision.

Mathematical modeling the process of kneading the yeast dough

Modeling of the yeast dough kneading process was performed via the Flow Vision
software package, which is designed to model the three-dimensional motion of liquids and
gases in technical and natural objects, as well as to visualize flow curves by computer
graphics.

To simulate the process of kneading the yeast dough by the cam working elements, the
software program "Flow Vision™ was selected, which is designed to simulate the three-
dimensional motion of liquids and gases in technical and natural objects, as well as to
visualize curves of currents by computer graphics.

To simulate the process of kneading the wheat yeast dough, an incompressible fluid
model was chosen, which describes the flow of a viscous fluid at small and large (turbulent)
Reynolds numbers, followed by its visualization [7]. In the model it was used following
equations:

Navier-Stokes equation:

TV V) =T V() (7 V 4 (1D) + (1 -2, (16)

Flow continuity equation:
VV =0, (17)
where, V is the velocity vector m/s, P is the pressure Pa, i is the turbulent viscosity Pa's,

Phyd i the hydrostatic density of kg/m?®, g is the vector of gravity m/s?.
“The incompressible fluid” simulation model is based on the use of k-¢ of the first-level

turbulence model [8], which requires to get the formula for turbulent viscosity pC
Equation for turbulent viscosity:

k2
turbulent energy equation k is also included in the model
% + V(pVk) =0V <(u + 5—;) Vk) + u.G — ps; (19)

Turbulent energy dissipation rate equation:
[7] - 2
)+ V(pve) =V <(u + ?) Vs) +N; SG — Cop s (20)

marked by G expression:

av; .
G _Dija_x]_ ;

2 k

1)
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avy |, 0Vj
Sy =— .

) e oxi

(23)

Parameter values are:

o =1; 0, =1,3;C, =0,09; C; =1,44;C, = 1,92.

To load the geometry of the working elements, we use the filter "Element Movement in
the Geometry Template", in which we enter the mass of the kneading element, the matrix of
inertia, the angular velocity and the primary location. The next step in the simulation is to
establish the boundary conditions of the problem, as shown in Figure 1.

Wall

ElW

Figure 1. Boundary conditions for simulation modeling

Cam working
element

At the "Input” border, we set the "Normal Speed" boundary condition; on the border
“Cam working element” we establish the “Logarithmic law”; at the Exit boundary we set the
Free Exit boundary condition.

The next step of entering the input parameters is to build a grid in the calculation area,
which is used to select a uniform grid along the guides x, y, z.

To obtain reliable results, it is necessary to enter the parameters of numerical
calculation, which determine the program step by time and take into account the action of
gravity.

Several methods were used to visualize the obtained results in the Flow Vision software
package: visualization of scalar fields, individual numerical values, velocity vector fields.

Physical modeling of kneading the yeast dough

To compare the results of physical and mathematical modeling, we have developed a
kneading machine (Figure 2) that allows us to investigate the process of kneading wheat yeast
dough and changing rheological properties, to perform a comparative analysis of different
structures of working elements, and based on research to develop effective working elements
for kneading yeast dough.
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Figure 2. Experimental kneading machines

The procedure for performing physical modeling:

1.

Preparation of raw materials and installation, installation of devices.

Yeast dough for the study, prepared for 300 grams of flour, according to the following
recipe:

Wheat flour, premium grade 300 g;

Baking yeast, granulated 3 g;

Food salt 4,5 g;

Drinking water 175 ml.

Yeast dough, with a humidity 43%, was prepared in a steamless way from high-grade
flour. The duration of fermentation is 30 minutes at a temperature of 33 °C.

2.
3.

No ok~

Pre-mixing the prescription components for 10 s.

Loading pre-mixed components into the receiving hopper of the working
chamber.

Kneading yeast dough and recording data.

Determine the mass and humidity of the yeast dough.

Determination of structural and mechanical properties of the dough.
Determination of the porosity of the finished product.

After the research based on the received data, we build graphics with the dependences
of kneading of yeast dough.

Results and discussion

Mathematical modeling of kneading the yeast dough

We conducted studies on the effect of the distance between the cams and the speed of
rotation of the working element on the kneading process of yeast dough. The distance
between the cam working elements was changed from 2 mm to 10 mm (2-4-6-8-10 mm),
the rotation speed was changed in the range from 20 rpm to 100 rpm (20-40-60-80-100
rpm). Simulation modeling of the kneading process was performed in the Flow Vision
software package. The simulation results were obtained in the form of graphical images with
a color scale of distribution of variables with numerical values (Figures 3, 5, 7).
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Speed, m/s

Color Value

Figure 3. Visualization of the speed of movement of the dough in the mixing chamber during
simulation parametric modeling of the cam working elements in the software complex Flow
Vision.

This result is explained by the fact that the cam working elements rotate in the opposite
rotation, forcing and accelerating the speed of mixing of the components of the yeast dough
[11-12].

Based on the results, after parametric modeling of the kneading process by the cam
working elements, a linear dependence of the speed of movement of the dough in the working
chamber was obtained (Figure 4).

V, m/s
0,6
0,5
0,4
0,3

0,2

0,1

0
0 20 40 60 80 100 120
n, rpm

Figure 4. Variation of mixing speed, depending on the distance between the cams and the speed
of rotation of the working element

It has been investigated that with increasing the speed of the working element, the speed
of movement of the dough in the mixing chamber increases, under these conditions of the
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mixing process the distance between the cam working elements does not affect the speed of
mixing.

This result is explained by the fact that the rotational speed of the working element
directly affects the mixing speed of the prescription components of the yeast dough, which
mix faster with increasing rotational speed despite the distance between the cam working
elements in the specified range [11-14].

The change in the mixing speed [V = m/s], depending on the distance between the cams
and the speed of rotation of the working element, is determined by the mathematical formula:

V =0,005n + 0,03, (24)
Pressure, Pa

Color Value

I 20000
[ 18000

16000
14000
12000
| 10000
8000
6000
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B 000
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Figure 5. Visualization of pressure in the mixing chamber during simulation of parametric
modeling of cam working elements in the software complex Flow Vision.

The simulation data on the change in pressure in the mixing chamber were analyzed
(Figure 5), which made it possible to obtain the dependence of the pressure on the rotation
speed of the working element and the different distance between the cams (Figure 6). It was
found that with increasing the speed of the working element, the pressure in the mixing
chamber increases. The pressure in the chamber is also affected by the distance between the
cam working elements, the smaller the distance, the greater the pressure in the chamber. The
maximum pressure values are 16560 PA at a distance between cam working elements of 2
mm and a rotational speed of 100 rpm, a minimum of 555 PA at a distance between cam
working elements of 10 mm and a rotation frequency 20 rpm.

In the mixing chamber, the highest pressure values are formed in the contact zone of
the cam working elements with the wall of the mixing chamber and in the contact zone of the
two cams (Figure 5)

This result is explained by the fact that the cam working elements rotate to meet each
other, the highest pressure is observed in the area of engagement of the cam working elements
and in the area of contact with the wall of the housing [14-16].
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Figure 6. Changing the pressure in the mixing chamber, depending on the distance between the
cams and the speed of rotation of the working element.

The change in pressure [P = PA] in the mixing chamber, depending on the distance
between the cams and the speed of rotation of the working element is of a power character
and is described by the formula:

P = (73 — 6,95 )n0035 + 114 (25)
where, S is the distance between the cam working elements, mm; n is the speed of rotation
of the working element, rpm.

We obtained the viscosity distribution of the kneading chamber at different rotational
speeds and working element distances. The simulation results confirmed the pseudoplastic
nature of the test, which is explained by the variable numerical viscosity data of the dough in
the kneading chamber (Figure 7). Based on the obtained results, a graph of viscosity change
in the mixing chamber was constructed, depending on the distance between the cams and the
rotation speed of the working element (Figure 8).
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Viscosity, Pa-s
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Figure 7. Visualization of the change in viscosity in the mixing chamber during simulation

parametric modeling of the cam working elements in the software program
Flow Vision

The parts of the kneading chamber that achieve the lowest viscosity are considered to
be most effective during mixing. Increasing the rotation speed of the working element leads
to an increase in the speed of movement of the dough in the work chamber, which in turn
leads to a decrease in the viscosity of the dough and a decrease in energy costs during the
kneading process.

This result is explained by the fact that with increasing speed of the working elements
decreases the viscosity of the yeast dough, and the change in viscosity is affected by the
distance between the cam working elements in the process of kneading the dough [15-17].

n, Pa-s
1600
1400
1200
1000
800
600 3
10 mm
400 8 mm
6 mm
200 4. mm
2mm
0
0 20 40 60 80 100 120
n, rpm

Figure 8. Viscosity change in the kneading chamber, depending on the distance between the
cams and the rotation speed of the working element
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It has been investigated that with increasing rotation speed, the viscosity of the dough
[n=Pa - s] decreases in the kneading chamber. The decrease in viscosity is also affected by
the reduction of the distance between the cam working elements, as the distance between the
cams during the kneading process will decrease the viscosity of the dough.

The mathematically obtained dependence is described as:

n = (201431 - S~14)n009S ~ 14 (26)
where, S is the distance between the cam working elements, mm; n is the speed of rotation
of the working element, rpm.

Physical modeling of kneading the yeast dough

Simulation parametric model of the yeast dough kneading process allowed us to study
in detail the processes occurring in the dough mixing chamber, the dependence of the flow
motion on the design and configuration of the cam working elements, and the rotational
speed.

The results of simulation parametric modeling were tested on a physical model (Figure
9).

V, m/s
0,6 1
0,5
0,4
0,3
0,2

0,1

0

0 20 40 60 80 100 120
n, rpm

Figure 9. Comparison of the results of physical and simulation modeling of change of speed [V,
m/s] in the mixing chamber at different speed of the cam working element
(1 — physical; 2 — simulation)

Comparing the results of physical and simulation modeling of the yeast dough kneading
process with the camshafts, and carrying out the mathematical processing of the obtained
results, the error is less than 5%, the mathematical model corresponds to adequacy.

On the basis of simulation modeling and experimental studies, the design of the working
element for kneading yeast dough in a continuous kneading machine is proposed.

It is rational to use the gap between the cams and the wall of the mixing chamber for
cam working elements, this will help during production to compensate for production
tolerances and irregularities, compensate for uneven heat distribution and reduce the
excessive pressure on the semi-finished product.

448 —— Ukrainian Food Journal. 2020. Volume 9. Issue 2



-Processes and Equipment

Rational parameters of the cam working elements

To increase the carrying capacity of the cam working elements, improve the mixing and
reduce the cost of heat (increase the temperature of the dough), rational use of the cam
working elements with a variable pitch and a variable position of the cams at a = 45°
(Figure 10) or combined cam working element with the use of turns auger (Figure 11) at the
beginning of the working element. It is rational to use the selected cam working element
profile (a = 45°), so that the location of the cam can be changed on the shaft of the working
element depending on the needs of the process. Changing the cam pitch also affects the
intensity of the kneading process and the duration of the kneading steps.

Figure 10. Cam working element with variable pitch

It is possible to rationalize the process of kneading the dough and reduce the time it
takes to stand and ferment due to the intensive mechanical processing of the dough by the
working cams, and as a result of obtaining the qualitative characteristics of the bakery
products.

It is advisable to knead yeast dough using cam working elements. In the first kneading
stage, to ensure the mixing of components and to improve the transport properties, it is
advisable to use a cam working element with a pitch of 18 mm and a distance between the
cams of 2 mm, the number of doubly located cam 5 pairs with an angle o = 45° or a screw
working element (Figure 11) with a pitch of 18 mm is paired with 4 turns of the screw auger
on the shaft.

In the second kneading stage, it is advisable to use 2 doubly arranged cam elements
with 36 mm increments and 8 mm cam spacings, under these conditions the working volume
in the mixing chamber will increase and the mixing chamber pressure will decrease. It is
advisable to carry out the plasticization step with a pairwise cam working element with a
pitch of 54 mm and a distance between the cams of 4 mm under these conditions, the outlet
stabilizes the viscosity of the product.
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Figure 11. Combined (cam-screw) working element

In the case of positioning at the beginning of the shaft of the screw element, for the
second and third stages on the rest of the shaft, it is advisable to place the cam working
element in 18 mm increments and the distance between the cams for 5-8 pairs of cams 2 mm
for proper mixing, under these conditions, the pressure is increased, thereby reducing the
viscosity and, consequently, the load on the engine, which saves electricity, then 9-12 pairs
of cams with the distance 4 mm to plasticize the dough.

Conclusions

The simulated parametric model of the kneading process by cam working elements has
been developed that allows to perform design calculations effectively in case rational
structural and technological parameters selection. The use of the presented scientific and
methodological developments will greatly speed up and economically save the process of
creating reliable technological equipment for kneading yeast dough.

Changes in the shear stresses of the yeast dough in the mixing chamber, in the area of
engagement of the working elements and close to the contact with the walls of the mixing
chamber are studied. The dissipation distribution in the kneading chamber and the
temperature change during the kneading process were investigated. At a rotation speed of the
working element of 60 rpm, the temperature of the yeast dough rises to 5° C, which is
acceptable during kneading of the dough.

Mixing speed, dough viscosity, and mixing chamber pressure were investigated. With
increasing rotation speed of the working element, the speed of mixing the dough in the mixing
chamber increases. Increasing the rotational speed from 20 rpm to 100 rpm increases the
pressure in the kneading chamber and reduces the viscosity of the yeast dough.

Based on the simulation modeling of the yeast dough kneading process, effective
working elements for kneading yeast dough in a continuous kneading machine are proposed.

450 —— Ukrainian Food Journal. 2020. Volume 9. Issue 2



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

-Processes and Equipment
References

Séepanovié P., Goudoulas Th.B., Germann N. (2018), Numerical investigation of microstructural
damage during kneading of wheat dough, Food Structure, 223,
pp. 8-16.

Cappelli A., Guerrini L., Cini E., Parenti A. (2019), Improving whole wheat dough tenacity and
extensibility: A new kneading process, Journal of Cereal Science, 180, pp. 109-118.
Packkia-Doss P.P., Chevallier S., Pare A., Le-Bail A. (2019), Effect of supplementation of wheat
bran on dough aeration and final bread volume, Journal of Food Engineering, 252, pp. 28-35.
Hackenberga S., Vogelb C., Scherfb K.A., Jeklea M., Beckera T. (2019), Impact of altered starch
functionality on wheat dough microstructure and its elongation behavior, Food Chemistry, 290,
pp. 64-71.

Tozattia P., Hopkinsa E.J., Briggsb C., Huclb P., Nickerson M. (2019), Effect of chemical
oxidizers and enzymatic treatments on the rheology of dough prepared from five different wheat
cultivars, Journal of Cereal Science, 90, pp. 24-35.

Lamrinia B., Della G., Treleac T., Perrotc N., Trystram G. (2012), A new method for dynamic
modelling of bread dough kneading based on artificial neural network, Food Control, 600, pp.
512-524.

Lial H., Thompsona M., O’Donnellb K. (2014), Understanding wet granulation in the kneading
block of twin screw extruders, Chemical Engineering Science, 113, pp. 11-21

Schittnyab A., Ogawac H., Huwylera J., Puchkova M. (2018), A combined mathematical model
linking the formation of amorphous solid dispersions with hot-melt-extrusion process
parameters, European Journal of Pharmaceutics and Biopharmaceutics, 250, pp. 127-145
Sadot M., Cheio J. Le-Bail A. (2017), Impact on dough aeration of pressure change during
mixing, Journal of Food Engineering, 195, pp. 150-157

Li H., Thompson M., O’Donnell K. (2014), Understanding wet granulation in the kneading of
twin screw extruders, Chemical Engineering Science, 133, pp. 11-21

Oestersotebiera F., Traphonera P. (2016), Design and implementation of intelligent control
software for a dough kneader, Procedia Technology, 26, pp. 473-482

Bucheabcde S., Davidouabc F., Vertée J. (2014), Influence of oxygen content of kneading
atmosphere on oxygen uptake and relaxation index of bread dough with various additives, Journal
of Cereal Science, 60, pp. 282-288

Hackenberg S., Jekl M. (2018), Mechanical wheat flour modification and its effect on protein
network structure and dough rheology, Food Chemistry, 248, pp. 296-303

Guy B., loan D., Trelea C., (2012), A new method for dynamic modelling of bread dough
kneading based on artificial neural network, Food Control, 26, pp. 512-524

Ruiz T., Delalonde M., Bataille B. (2005), Texturing unsaturated granular media submitted to
compaction and kneading processes, Powder Technology, 154, pp. 43-53

Asaithambiabc N., Fontainebcd J., Lancelotbc E. (2020), Evaluation of bread dough aeration
during kneading by an air—jet impulse system, Journal of Food Engineering, 278, pp. 109-121
Cappelli A., Guerrini L., Cini E. (2019), Improving whole wheat dough tenacity and extensibility:
A new kneading process, Journal of Cereal Science, 90, pp. 102-122

Morgensternb O. Campanellacfl N. Larsenb (2000), Rheological Properties of Dough During
Mechanical Dough Development, Journal of Cereal Science,
pp. 293-306

Vitalii Rachok, Volodymyr Telychkun, Yevgenii Shtefan, Yuliya Telychkun, Stanka Damyanova
(2018), Modeling of the process of kneading the yeast dough by cam operating elements,
Ukrainian Food Journal, 8(2), pp. 355-367.

Rachok V.V., Hudzenko V.V., Telychkun Yu.S., Telychkun V.I. (2018), Formuvannia struktury
pshenychnoho tista v protsesi zamishuvannia, Naukovi pratsi Natsionalnoho Universytetu
kharchovykh tekhnolhii, 24(2), pp. 155-162

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2 451


https://www.sciencedirect.com/science/article/pii/S2213329117301260#!
https://www.sciencedirect.com/science/article/pii/S2213329117301260#!
https://www.sciencedirect.com/science/article/pii/S2213329117301260#!
https://www.sciencedirect.com/science/article/abs/pii/S0733521019305909#!
https://www.sciencedirect.com/science/article/abs/pii/S0733521019305909#!
https://www.sciencedirect.com/science/article/abs/pii/S0733521019305909#!
https://www.sciencedirect.com/science/article/abs/pii/S0733521019305909#!
https://www.sciencedirect.com/science/article/abs/pii/S0260877419300287#!
https://www.sciencedirect.com/science/article/abs/pii/S0260877419300287#!
https://www.sciencedirect.com/science/article/abs/pii/S0260877419300287#!
https://www.sciencedirect.com/science/article/abs/pii/S0260877419300287#!
https://www.sciencedirect.com/science/article/abs/pii/S0260877416303132#!
https://www.sciencedirect.com/science/article/abs/pii/S0260877416303132#!
https://www.sciencedirect.com/science/article/abs/pii/S0260877416303132#!
https://www.sciencedirect.com/science/article/pii/S0009250914001183#!
https://www.sciencedirect.com/science/article/pii/S0009250914001183#!
https://www.sciencedirect.com/science/article/pii/S0009250914001183#!

-Processes and Equipment

Influence of gas-dynamic parameters of the heat
carrier on the efficiency of drying peas in rotary dryers
with a fluidized bed

Roman Yakobchuk, Sviatoslav Lementar
National University of Food Technologies, Kyiv, Ukraine

Keywords:

Drying
Peas
Rotory
Dryer
Fluidization

Abstract

Article history:

Received 02.09.2019
Received in revised
form 27.01.2020
Accepted 30.06.2020

Corresponding
author:

Roman Yakobchuk
E-mail:
yakroman@ukr.net

DOI: 10.24263/2304-
974X-2020-9-2-15

Introduction. The aim of the research is determination the
influence of gas-dynamic parameters of heat carrier movement in
the chamber of a rotary drying unit with a fluidized bed on the
efficiency of the peas drying process.

Materials and methods. The research was carried out on an
experimental drying unit with a conical element installed in the
drying chamber, and with the help of 3D models of drying units.
The simulation of the heat carrier movement was performed using
CFD methods, followed by verification in a pilot plant.

Results and discussion. It is established that the heat carrier
speed in the drying chamber without a conical element is in the
recommended limits (1.8-2 m/s) only in the range from 0 to 0.7
m in the height of the chamber. The zone from 0.7 to 1.2 m is used
less efficiently, because the velocity of the heat carrier is in the
range of 1.65-1.8 m/s. The reason for this is that when the heat
carrier passes through the wet product, its temperature decreases,
it leads to decreasing of heat carrier volume. This causes the
destruction of the constant mode of heat carrier and consequently
reducing of the intensity of drying of the product.

In the drying unit with a conical element, the stabilization of
the heat carrier speed is achieved within the recommended (1.8-
2 m/s) limits along the entire height of the drying zone, which
provides a constant height of the fluidized bed of product in the
drying chamber. This creates the conditions for a higher intensity
of drying the material and improves the quality of the dried
product, because it does not stay for a long time in the high
temperature zone.

It is found out that with heat carrier speed increasing over 2
m/s there is a decrease in the efficiency of its potential. Thus at an
initial speed of 2 m/s and an initial temperature of 100 °C, its final
temperature is about 55 °C, which coincides with drying
regulations for installations of this type. While increasing speed
up to 2.2 and 2.4 m/s there is final temperature increasing of the
heat carrier up to 58 and 60 °C and as a result it reduces the
efficiency of this installation.

Conclusions. This research allows to determine the
influence of the installation of a conical element in the drying
chamber on the speed of the of heat carrier and its pressure in the
drying zone, as well as the influence of the speed of the drying
agent on its temperature in this zone.
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Introduction

There are various methods of green peas drying, including drying in a fluidized bed,
which has proved its effectiveness as it provides equal distribution of the heat carrier inside
the layer of material and high intensity of its drying [1]. One of the most efficient drying units
of this type is a rotor dryer which provides equal distribution of the drying agent in the cross
section of the drying chamber and its intensive interaction with the product [2]. However it
is difficult to ensure a constant height of the fluidized bed, which reduces its efficiency in
this kind of dryer [2].

It is necessary to research the gas-dynamic parameters of the heat carrier in the drying
chamber to solve this problem and provide recommendations for improving the design of the
drying unit. It should take into account not only the highest acceptable temperature of the
product, but also the rate of its achievement, i.e. the heating rate, as well as the duration of
the product at this temperature [3, 4]. In addition, the interaction of the heat carrier and the
product is substantiated by design features of the drying unit [5].

In order to reduce the cost of experimental dryers and expand the range of research [6,
7], the feasibility of using CFD methods to model the process of drying products in a fluidized
bed is substantiated. According to this approach, it is important to choose an appropriate
calculation model and the reliability of the input data [8, 9]. Taking into account the
peculiarity of the research process, the authors [10] argue that while modelling it is also very
important to analyze the sensitivity of the model's responses to changes in parameters in the
main components of the equations to identify possible weaknesses in model prediction. For
this reason in this research [10, 11] the influence of the following parameters was analyzed:
total volumetric heat transfer coefficient, heat loss coefficient, drying rate, specific heat of
solid and specific heat of dry air on the forecasting model studied in this research [12]. These
data can be used to describe the functional dependencies of the input parameters that are
embedded in the calculation model. It is also important to be able to scale research results.
The authors of [11] proposed a method for scaling the results of studies of fluidized bed
dryers using the volume coefficient of heat transfer.

The research results of [13, 14, 15] authors mentioned above and other ones showed
high reproducibility in real research facilities and in the operation of industrial equipment,
but they were carried out on equipment that is structurally different from those which are
considered in this article.

Therefore, the aim of the research is to determine the gas-dynamic parameters of the
heat carrier movement during peas drying in the chamber of a rotary drying unit with a
fluidized bed [2].

Materials and methods

The process of drying peas was researched. Preparation of research samples was carried
out according to the methodology [13].

For modeling, 3D-models of rotary-type drying units with a fluidized bed without a
conical element [2] and with a conical element were used (Figure 1). Inside the drying
chamber with a conical element there is a perforated lattice with a sector cutout, where the
drive shaft with a conical element with welded blades is placed (Figure 2). The design of the
basic drying chamber [2] is different as there is no conical element. The geometrical
parameters of the model are shown in Figure 3.
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Figure 1. Improved drying chamber of
rotary dryer with a fluidized bed

Figure 2. Model of the drive shaft with a conical element and blades
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Figure 3. Geometric parameters of the model
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Modeling of drying agent flows was performed using the methods of Computational
Fluid Dynamics (CFD), according to the method [16]. 3D models created in CAD Autodesk
Inventor.

The following input parameters are entered into the model:

— initial temperature of the drying agent — 100 °C;

— final drying agent temperature — 55 °C;

— initial temperature of the material — 18 °C;

— final temperature of the material — 40 °C;

— initial humidity of material — 25%;

— final moisture content of the material — 14%;

— initial relative humidity — 63%;

— final relative humidity — 80%;

— air velocity at the entrance to the material layer — 2 m/s;
— the average particle diameter of the material is 5 mm.

The expected result of modeling the drying agent flows is finding the characteristic
features of the gas-dynamic pattern in the drying chamber of this drying unit, to identify areas
of intense vortex formation and separation in order to determine the rational parameters of
the drying process.

Description of the experimental dryer

The simulation results were checked on an experimental plant (Figure 4).
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Figure 4. The scheme of the experimental plant for the drying peas research:
1 - blower; 2 — control valve; 3 — flow meter; 4 — heater; 5 — thermocouples;
6 — drive rotor of the device; 7 — gas distribution grille; 8 — rotor of the drying chamber;
9 — drying chamber; 10 — data logger; 11 — PC

456 —— Ukrainian Food Journal. 2020. Volume 9. Issue 2



-Processes and Equipment

The input parameters of the heat carrier and product for experimental research were the
same as for modeling.

The air is supplied by a blower 1 through the control valve 2 and the flow meter 3 to
the heater 4, where it is heated to 100 °C and enters the drying chamber 9 through the gas
distribution grid 7. The product is filled into the drying chamber 9 between the rotor blades
8. The temperature at the inlet and along the drying chamber is measured by thermocouples
5. The signals from the thermocouples are sent to the data logger 10 connected to the PC.

Results and discussion

As a result of researches graphs of distribution of speed, pressure and temperature of
the heat carrier in the drying chamber are received.

According to [14], the minimum required heat carrier supply rate to create a stable
fluidization regime when drying peas with an initial humidity of 23-25% is 1.8-2 m/s. It is
discovered (Figure 5) that the velocity of the heat carrier in the drying chamber of the base
unit [2] is according to the recommended limits only in the range from 0 to 0.7 m in the height
of the chamber. The zone from 0.7 to 1.2 m is used less efficiently, because the velocity of
the heat carrier is in the range of 1.65-1.8 m/s. The reason for this is that when the heat carrier
passes through the wet product, its temperature decreases, which leads to a decrease in the
volume of the heat carrier [18]. This causes the destruction of the constant mode of
fluidization and, consequently, reduce the intensity of drying of the product. For a product
with a higher initial humidity, this effect will be even much greater, as the minimum rate of
fluidization increases linearly with the moisture content of the product [14].
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Figure 5. Change of heat carrier velocity on the height of the drying chamber
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Investigating the change in heat carrier temperature along the height of the drying
chamber depending on its initial speed (Figure 6), we found that when it grows above 2 m/s
there is a decrease in the efficiency of the drying agent potential. Thus, at the initial velocity
of the heat carrier of 2 m/s and the initial temperature of 100 °C, its final temperature is about
55 °C, which corresponds to the accepted drying regulations for installations of this type.
With increasing speed to 2.2 and 2.4 m/s, there is an increase in the final temperature of the
heat carrier to 58 and 60 °C. This is because the heat carrier does not have time to give the
required amount of heat to the product at high speeds.
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Figure 6. Change of heat carrier temperature on height
of the drying chamber depending on its initial speed:
1-2m/s; 2-2.2mls; 3-2.4m/s.

Therefore, it is impossible to ensure a constant fluidization mode by increasing the inlet
velocity of the heat carrier without reducing the efficiency of the drying unit. To ensure a
uniform fluidization rate along the height of the chamber, a conical element with an expanded
base at the top is installed, which gradually reduces the cross section of the drying chamber
(Figure 1, 2, 3).

The positive effect of installing a conical element is as follows. As it was mentioned
before, lowering the heat carrier temperature leads to a decrease in its volume. However,
reducing the cross-sectional area where the heat carrier passes in the dryer with a conical
element stabilizes its speed. As a result, the velocity of the heat carrier remains constant
throughout the height of the fluidized bed, which creates conditions for higher drying
intensity of the material and improves the quality of the dried product, because it cannot stay
too long in the high temperature zone [18].
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In addition, to detect the effect of the installation of a conical element on the pressure
of the heat carrier flow, the change of this pressure along the height of the chamber was
investigated. It is seen (Figure 7) that in the chamber of the basic dryer (without a conical
element) there are fluctuations of this parameter in the range from 3350 to 3720 Pa. There is
a slight decrease of average pressure from 3565 to 3550 Pa from the beginning to the end of
the zone of intensive drying.
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Figure 7. Change of drying agent pressure on the height of the drying chamber

For a more detailed picture of the pressure distribution of the heat carrier flows over the
volume of the chamber, the results of research in the form of vector pressure fields are given
(Figure 8).

The following results of similar researches are shown, but for a dryer with a conical
element.

It is shown on the Figure 9. that in this kind of drying chamber the velocity of the heat
carrier is according to the recommended (1.8-2 m/s) limits along the entire height of the
drying zone, which confirms the correct choice of design and geometric parameters of the
conical element (Figure 3).

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2

459



-Processes and Equipment

Relative pressure, Pa
4200

3500

2800

2100

1400

700

0

-700

-1400

Figure 8. Vector pressure fields of the drying agent in the drying chamber
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Figure 9. Change of the heat carrier speed on height of the drying chamber with a conic element
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In the chamber of the dryer with a conical element (Figure 10), the nature of the pressure

change has changed slightly and there is a more pronounced decrease compared to the basic
dryer. Pressure fluctuations are in the range from 3240 to 3630 Pa. There is a slight decrease
in the average pressure from 3475 to 3380 Pa from the beginning to the end of the drying
zone. These changes are fully consistent with the laws of gas dynamics, because the speed of
the heat carrier in the dryer with a conical element is slightly higher than in the basic one.

simulation.

The results of research on the experimental plant confirm the data obtained by

From Figure 11, it is seen that the nature of the temperature change corresponds to the

data obtained by simulation in the corresponding range of heights of the drying chamber. The
error varies between 3-4%. The nature of the change in the gas-dynamic parameters of the
heat carrier is confirmed in researches [14, 17].
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Figure 11. Change of the heat carrier temperature on the height of the drying chamber

of the experimental plant depending on its initial speed:
1-2mfs;2-22mls; 3-2.4m/s

Conclusions

1. Itis found out that the speed of the heat carrier in the drying chamber of the dryer without
a conical element is in the recommended range (1.8—-2 m/s) only in the range from 0 to
0.7 m in the height of the chamber. The zone from 0.7 to 1.2 m is used less efficiently,
because the velocity of the heat carrier is in the range of 1.65-1.8 m/s.

2. Inthe dryer with a conical element, the stabilization of the heat carrier velocity is achieved
within the recommended (1.8-2 m/s) limits along the entire height of the drying zone,
which provides a constant height of the fluidized bed of product in the drying chamber.
This creates the conditions for a higher intensity of drying the material and improves the
quality of the dried product, because it does not stay for a long time in the high
temperature zone.

3. It is discovered that when speed of the heat carrier increases over 2 m/s efficiency
decrease of use of its potential is observed. Thus, at an initial velocity of 2 m/s and an
initial temperature of 100 °C, its final temperature is about 55 °C, which corresponds to
the adopted drying regulations for installations of this type. With increasing speed to 2.2
and 2.4 m/s there is an increase in the final temperature of the heat carrier to 58 and 60
°C what consequently reduces the efficiency of this dryer.
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Introduction. The aim of this research is to identify the main
disproportions in the development of the grain market in Ukraine in the
implementation of land reform.

Materials and methods. The Ukrainian grain market is researched
in the context of land reform. The compliance of the implemented
transformations with the international dimensions and the concept of
market regulation is monitored. A logical-abstract method was used to
group national and international analytical results.

Results and discussion. In 2018, the production of grain crops in
Ukraine was the highest within the period from 1991 to 2018. In general,
the positive dynamics of growth in grain crop production is observed
since 2003. The growth of grain crops production was achieved by
increasing the crop production area and increased yields. The main
cereals are wheat, corn, sunflower, barley, soybeans and rapeseed. The
profitability of wheat in Ukraine corresponds to the level of major
producer countries, and averages 26.8%

Sunflower production volumes during the period from 2011 to 2019
demonstrate positive dynamics of growth. The highest yield was in 2016,
2018 and in 2019. The highest indicators of soybean production were
recorded in 2016 and 2018, which is associated with significant yields.
Since 2016, there has been a gradual positive dynamics of rapeseed
production.

According to the national balance of supply and demand for grains
and legumes, it should be noted that Ukraine consumes not more than 30—
40 centners of grain crops and oilseeds out of 92 million tons of harvested
products. Therefore, further increasing of production is only possible by
means of increasing exports of Ukrainian grain to the world market that,
in spite of tough requirements applied by it to quality and safety of
Ukrainian grain, is characterized by a rapidly growing demand. The
volume of foreign currency earnings from exports of grain crops by
Ukraine within the period from 2011to 2019 has a positive upward trend,
except for 2013 and 2015

There are 32,214 economic entities in the field of grain growing, of
which 71.3% are farms. At the same time, their share in the areas from
which the harvest is harvested is only 15.8%, which indicates a low level
of land concentration in farms.

The main risks of opening the land market for legal entities is
massive buying of land by large agricultural holdings and fall of
investment attractiveness of Ukraine. Financial risks will increase for
small farmers due to the lack of the credit history and unavailability of
financial instruments for the purchase of land.

Conclusions. The introduction of the land market requires the
improvement of state regulation and mechanisms for the support of
production, strengthening of exports capacity, formation of the adequate
infrastructure of the grain market, etc.
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Introduction

The state of the country's grain market is an important indicator of the quality of
economic reforms carried out in the country, the implementation of agri-food policy. As an
object of state regulation, the grain market needs to identify its nature, mission, functions,
role in the macroeconomic system of the country [1,12,19].

Efficiency of developing the crop production industry influences welfare of population,
ensures national food security and country’s export capabilities [20]. The grain is the basis
of all agricultural production that determines the volume of supply and the cost of food
staples, forms a considerable part of the agricultural producers' income, determines the status
and trends of development of rural areas, and generates foreign exchange earnings of the state
[12,17].

Market transformations of strategically important commodity markets, in particular,
grain, are reflected in the works of many domestic and foreign scientists [1,7,14,18,19]. At
the same time, the issues of grain production, foreign trade and internal distribution in the
conditions of land market opening remain insufficiently covered and require further research
[10,11,19].

The above-mentioned conditioned consideration and critical analysis of the following
tasks: the balance of supply and demand of grain in Ukraine in 2014/15 - 2018/19 marketing
years [5,6]; the factors influencing the state of the grain market in Ukraine, in particular the
dynamics of areas sown with cereals and legumes [6,9,10], the volume and structure of grain
production [6,9]; the structure of land depending on the type of owner [10]; the risks and
opportunities of land reform for grain producers in Ukraine [11].

The purpose of the study is to identify problems in the functioning of the grain market
of Ukraine in the implementation of land reform.

Materials and methods
Materials

The object of study is the grain market of Ukraine.

Subjects of research are: the crop production area planted with grain crops and grain
legumes, the grain yield, the volume of grain crop production, the production of wheat, corn,
sunflower, rape seeds and soybeans, the volume of foreign currency earnings from exports
of grain crops by Ukraine, the countries leading in exporting wheat, the leading exporters of
corn (Kernel, COFCO Agri Ukraine, ADM Trading Ukraine, Nibulon, Suntrad) and also risks
and opportunities of land reform in Ukraine.

Methods

The methodology of the study included statistical analysis, grouping, systematization
of indicators of grain market development. The logic of presentation of the material follows
the structure of the national grain market. The logic of the study is subordinated to the task
of analyzing the constituent parts of the national grain market.

It was used used official materials of the State Statistics Committee of Ukraine about
the harvesting of grain crops: harvested areas [6], production [6,9], yielding capacity [6,20];
indicators of grain supply and demand in Ukraine [6,14,15,16,18,20], volume of grain exports
[4-6; 12,13].
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In addition, we used research and analytical studies of domestic and foreign
organizations of the countries that lead in exports of wheat and maize [1,7,12-14;18], and
results of the rating evaluation of the leading exporters of grain [8-10].

Results and discussion

Grain production is a sector, products of which always was, is and will be one of the
most important sources of wealth of any state. In the global agriculture, grain crops constantly
dominated, and even today grain remains the most important and strategic agricultural
product [9].

Grain is used by human beings in the form of bread, cereals, pasta, confectionery, etc.
These products are distinguished by high nutritional and taste qualities, contain enough
protein, carbohydrates, vitamins, amino acids, and minerals. Products of grain growing
industry are raw materials for the processing industry. Alcohol, starch and other products can
be obtained as the result of grain processing, pulp, paper, etc. can be produced as a result of
straw processing. Grain is the main and indispensable forage in animal husbandry. It has a
much higher nutritional value as compared with other types of feed, is characterized by a
high content of forage units, digestible protein, macro- and micronutrients. By-products of
grain growing — straw and chaff — and grain by-products are also used as forage.

The total demand for grain in the country is determined by the amount of grain
consumed for nutrition, processing, forage, seeds, exports, and creation of state reserves. The
largest share in this volume is occupied by grain that is consumed by human beings and
animals as food/feed. In Ukraine, 52-57 % of the total volume of produced grain crops are
used as forage for livestock and poultry, 15-17 % — as food, 8-10 % — as seeds, 3—4% are
processed and up to 6-8 % are lost during storage and post-harvesting [9].

Itis quite natural, climatic conditions are favorable for cultivation of almost all the well-
known grains and legumes. As of 1 January 2020, 68.7 % of Ukraine — almost 41.5 million
hectares — are agriculturally used areas. In particular, 32.5 million hectares are arable lands.
1.7 million hectares out of 10.4 million hectares of agriculturally used areas owned by the
state were transferred to united municipalities, while 1.6 million hectares are rented, 1.4
million hectares are reserve lands, 1.3 million hectares remain in constant use, 700 thousand
hectares are located at the occupied territory. Within the period from 2013 to 2019, 630
thousand hectares were transferred to private ownership. And it is surprising that almost 30 %
— 3.1 million hectares are marked as the “statistical error”.

Balance of grain crops supply and demand in Ukraine

In marketing year 2018/19, grain crop production in Ukraine was by 7.9 million tons
higher than in marketing year 2017/18 and reached almost 70 million tons. Production of
corn increased the most. Along with the growth of the gross production, volume of exports
in the 2018/19 MY was at the level of 47.5 million tons that exceeds last year's level by 6.5
million tons. Forage consumption of grain crops increased by 11 % or by 1.2 million tons
again mainly due to corn [6].

The balance of grain crops supply and demand in Ukraine in marketing years 2014/15—
2018/19 is shown in Table 1.
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Table 1
Balance of grain crops supply and demand in Ukraine
in marketing years 2014/15 to 2018/19 MP, thousand tons
Indicator Years

2014/15 | 2015/16 | 2016/17 | 2017/18 2018/19
Initial reserves 6831 8981 6044 6454 6305
Harvesting areas, ha 14,627 14,641 14,337 14,560 14,782
Crop capacity, 4.4 4.1 4.6 4.3 4.7
kg/centner
Production 63,859 60,126 66,088 61,917 69,800
Imports 197 211 223 279 237
Aggregate supply 70,888 69,318 72,355 68,649 76,342
Exports 35,179 39,924 45,212 40,956 47,472
Forage consumption 14,933 12,728 10,226 10,610 11,671
Food processing 6208 5835 5685 5578 5392
Industrial consumption 1294 1057 1258 1577 1142
Seeds 2236 2325 2217 2221 2266
Losses 2056 1405 1303 1403 1756
Domestic distribution 61,906 63,273 65,901 62,344 69,789
Final stocks 8981 6044 6454 6305 6554

Source: [6]

As Table 1 shows, the overall supply of grain crops during marketing years 2014/15-
2018/19 tended to increase from 70,888 thousand tons in the 2014/15 MY to 76,342 thousand

tons in 2018/19 MY.

It should be noted that, with a slight increase in production areas, there was the growth

in grain yield in 2014/15 MY from 4.4 kg/ha to 4.7 kg/ha in 2018/19 MY.

Crop production area planted with grain crops and grain legumes

The dynamics of the areas planted with grain crops and grain legumes within the period
from 1991 to 2018 is shown in Figure 1.
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Figure 1. Dynamics of the area planted with grain crops and grain legumes
within the period from 1991 to 2018, million ha [6].
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Thus, the crop production area planted with grain crops and grain legumes remained
almost unchanged over the period from 1991 to 2018.

Volume of grain crop production

The figure illustrates the volume of grain crop production within the period from 1991
to 2018.
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Figure 2. Volume of grain crop production within the period from 1991 to 2018 in Ukraine,
million tons [6]

As Figure 2 shows, In 2018, the production of grain crops in Ukraine was the highest
within the period from 1991 to 2018. In general, the positive dynamics of growth in grain
crop production is observed since 2003. Thus, in 2003, Ukraine produced grain in the amount
of 20.2 million tons, in 2018 — 70.1 million tons that is by 24,7 % more than in 2003 and by
81.14 % more than in 1991. The growth of grain crops production was achieved by increasing
the crop production area and increased yields [5].

Production of wheat, corn, sunflower, rape seeds and soybeans

The main grain crops and grain legumes with the highest share in the total production
are wheat, corn, sunflower, barley, soybeans, and rape.

The volume of basic grain crops harvested within the period from 2011 to 2019 is shown
in Figure 3-4.

The Figure 3 shows that the largest volume of production within the period from 2011
to 2019 was wheat. While in 2011 the volume of production was 18.38 million tons, in 2019,
its value has increased by 1.6 times. The cost of wheat production shows the tendency to
growth. Over the past 5 years, the cost of wheat has almost doubled. The profitability of
wheat in Ukraine corresponds to the major countries producing this culture and is in average
equal to 26.8 %.
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Considerable positive dynamics inherent to volume of corn production within the period
from 2018 to 2019 While, within the period from 2011 to 2017, the largest amount of corn
production was observed in 2014, corn production in 2018 increased by 1.2 up times to
25.52 million tons as compared with this level and by 1.4 times to 29.16 million tons in 2019
due to its high yield, i. e. the amount of corn harvested per area unit. The highest corn yield
indexes until 2019 were recorded in 2018, when the corn yield was 76 centners per hectare
that is by 10.14 % more than in 2011 and indicates the growing efficiency of corn growing
[4].

Sunflower production volumes during the period from 2011 to 2019 demonstrate
positive dynamics of growth. The highest yield was in 2016. (13.19 million tons), 2018
(13.88 million tons) and in 2019 (14.92 million tons).

Within the period from 2011 to 2019, soybean production had a positive trend. The
highest indexes were recorded in 2016. (105% increase relative to 2011) and in 2018 (123.6%
increase relative to 2011) that is associated with a significant volume of harvested crops.
Thus, the soybean yield in 2018 was 26.4 centners per 1 ha, and in 2016 — 23.6 centners per
1 ha, and in 2019 — 23.2 centners per 1 ha.

The yield of rapeseed (winter rape and colza (spring rape)) in 2018 was 27 centners per
1 ha, and in 2016 — 26.2 centners per 1 ha, and in 2019 — 25.9 centners per 1 ha. Despite
the fact that the rape yield in 2016 was the highest, volumes of its production during the
researched period were the lowest (1.18 million tons). It is year of 2016, since which a gradual
positive trend of its production is observed that indicates an extensive way of production
intensification.

According to the national balance of supply and demand for grains and legumes, it
should be noted that Ukraine consumes not more than 3040 centners of grain crops and
oilseeds out of 92 million tons of harvested products.

Despite the steady growth of grain production, Ukraine still has the potential for
increasing the yield of grain crops. Thus, the average yield of grain crops in the USA is 82
centners per 1 ha, in China and Brazil — 52-56 centners per 1 ha, while in Ukraine in 2019
it was 48.2 centners per 1 ha.

Further growth in production of grain crops will lead to the increased deficit in storage
facilities in Ukraine, the size of which is only approximately 40 million tons. Thus, 70 % of
the existing elevators are morally and physically obsolete. In most of them, grain is stored in
bulk on the floor — under such conditions, it is very difficult to ensure quality and safety of
grain. At such facilities, there are no effective transport equipment that would allow
performing fast unloading and dispatch of certain types of grain.

Therefore, further increasing of production is only possible by means of increasing
exports of Ukrainian grain to the world market that, in spite of tough requirements applied
by it to quality and safety of Ukrainian grain, is characterized by a rapidly growing demand.

Volume of foreign currency earnings from exports of grain crops by Ukraine

Ukraine exports grain to 190 countries. The largest buyers of Ukrainian grain in 2019
was Africa, Asia, and Europe. Egypt remains the leader in the ranking of the largest importers
(with a share of 14.1 %) for several years running. Significant shares in Ukrainian exports of
grain crops accounted to China (9.6 %), Spain (7.5 %), Turkey (7.4 %), the Netherlands
(6.8 %), Indonesia (5.1 %), Bangladesh ( 3.9 %), Israel (3.4 %), Tunisia (3.1%), and Italy
(3.1%). In aggregate, these 10 countries generate 64 % of total revenues from exports of this
group. The traditionally high demand for Ukrainian grain by the European Union is still
preserved — 23.9 % in the structure of export supplies [3,6].
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The total value of exports of grain crops by Ukraine within the period from 2011 to
2019 is shown in Figure 5.
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Figure 5. Exports of grain crops by Ukraine within the period from 2011 to 2019, million US
dollars [6]

Thus, the volume of foreign currency earnings from exports of grain crops by Ukraine
within the period from 2011to 2019 has a positive upward trend, except for 2013 and 2015
Significant rates of growth in foreign currency earnings from the export of grain crops was
observed in 2012 (193.5 %) and in 2019 (133.1 %) along with a more noticeable increase of
the share of grain crops in total exports of the country (Figure 6).

25 250
20 1 200
15 & \ ] — 1 150
S
_ ’_*/
10 — g RSPy p g 19,7+ 100
159 167 |15 153
5 - 102 {01 121 L 50
F,s T
O T T T T T T T T 0

2011 2012 2013 2014 2015 2016 2017 2018 2019

% of the total —e—In% to the previous year

Figure 6. Share of Ukrainian exports of grain crops in the total exports and rates of growth of
foreign currency earnings within the period from 2011 to 2019, % [6]
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According to results of the 2018/2019 marketing year, Ukraine exported 50.4 million
tons of grain crops, grain legumes and flour — by 10.5 million tons more than last marketing
year (MP) .

Since the 2019-2020 marketing year, exports of Ukrainian wheat to EU countries
increased by more than six times as compared to the same period — from 29.7 thousand tons
to 188.8 thousand tons. This allowed Ukraine to become the main supplier of soft wheat to
the EU with a share of 42 % in total imports.

Countries leading in exporting wheat

Table 2 shows the top 10 countries-exporters of wheat.

Table 2
Countries leading in exporting wheat in 2018 [2]
Ni?]rrgrl]aeer Country - Exports, Share in world
. billion US dollars exports, %

ranking

1 Russia 8.4 20.51

2 Canada 5.7 13.87

3 United States of America 5.5 13.27

4 France 4.1 10.04

5 Australia 3.1 7.54

6 Ukraine 3.0 7.31

7 Argentina 2.4 5.88

8 Romania 1.2 2.98

9 Germany 1.2 2.84

10 Kazakhstan 0.97 2.35

In the ranking of the 10 largest world exporters of wheat, Ukraine ranks sixth with
exports for an amount of 3 billion US dollars. and a share in world exports of 7.31 %.

Ukraine is the third largest exporter of corn after the USA and Brazil. In the 2018-2019
marketing year, 21.4 million tons of corn were exported. The largest amount of it — 11.8
million tons were purchased by European countries. Asia ranks second (6.1 million tons),
countries of North Africa rank third (3.5 million tons) [3,4].

Ukrainian corn is purchased in large quantities by 12 countries that already account for
90 % of exports or 18.9 million tons. Ukraine exports the largest amount of corn to the
Netherlands (3.2 million tons), Spain (3.1 million tons), China (2.9 million tons), Egypt (2.4
million tons), Italy (1.8 million tons) and Iran (1.2 million tons). Germany, Turkey, Israel,
Portugal, Belgium and Libya belong to twelve countries that are the major importers of
Ukrainian corn [2-5].

Leading exporter of corn

The largest exporter of corn in 2018 are shown in the Table 3.
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Table 3
Leading exporter of corn in 2018 [4]
Number . .
in the Exporter I_Ex_ports, Share in national exports of
. million tons corn, %
ranking
1 Kernel 2.8 135
2 COFCO Agri Ukraine 2.3 11
3 ADM Trading Ukraine 2.1 10
4 NIBULON 1.6 8
5 Suntrade (the major
subsidiary of Bunge) 15 73

The ten corn exporters also includes JSC “State Food and Grain Corporation of
Ukraine”, “Glencore Agriculture”, “Ahroprosperis”, “Louis Dreyfus Company Ukraine” and
Black Sea Commodities, a relatively young trader on the Ukrainian market with the registered
office in UAE [4].

Risks and opportunities of land reform in Ukraine

Studies have shown that, as of 1 January 2018, there are 32,214 entities engaged in
growing the grain crops. 71.3 % of them are farms (22,977). In this case, the area, at which
their share gathers in the crops, is only 15.8 % that indicates that insignificant concentrations
of land in farms. In addition, farms occupy 17.0 % of the gross production of grain (8736
thousand tons).

The main reason for the low rate of productivity of farms is the low level of yield that
is less than 15-20 % as compared with that of large manufacturers operating in the industry.
The reason is poor logistics, limited access of small producers to advanced technology, lack
of working capital that would provide an opportunity to purchase new plant selection
varieties and appropriate means to protect them and increase yields (fertilizers, growth
stimulants, etc.). However, the share of industrial enterprises with a land bank of more than
10 thousand hectares increased almost twice: from 14.2 % in 2010 to 24.8 % in 2016 [6].
This trend is due, firstly, to the process of consolidation of farms, including the increased
levels of agricultural technology and culture cultivation ensured by increased scale.
Secondly, large companies more often prefer to grow corn that, in spite of higher costs of
production, has a higher yield than other crops.

The cancellation of the moratorium on sale of land brings new risks and opportunities
for producers of grain crops. Thus, among the main risks of opening the land market for legal
entities is massive buying of land by large agricultural holdings and fall of investment
attractiveness of Ukraine. Financial risks will increase for small farmers due to the lack of
the credit history and unavailability of financial instruments for the purchase of land.

The increase in prices for land after introduction of the land market will lead to an
increase in rental rates that will affects both small farmers and agricultural holdings.

In addition, a long extensive development led to reduction of land banks that requires
the increased efficiency in production of grain crops on smaller areas.
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A positive consequence of opening the market land to those farmers who will purchase
land, on which they work: they will be able to use these lands as mortgage when taking loans
in the bank [2].

Conclusions

Modern agriculture is the most dynamic sector of the national economy that is being
developing actively. Ukrainian agrarian market feeds not only Ukraine with its 40 million
population, but also 190 countries, and the tendency to increased production is still preserved.
Our country has a huge potential for growth in production, and there is a rapidly growing
demand in the world markets.

In 2019, the agricultural sector generated approximately 12—-13 % of Ukrainian GDP.
The share of agricultural products in the total exports of Ukraine for this period was 39.8 %
or a record-breaking value for Ukraine of 18.8 billion US dollars. This means the receipt of
foreign exchange earnings by Ukraine, stability of the hryvnia. Moreover, today,
approximately three million people work for the agricultural complex. That is, if the goal of
the reform lied specifically in development of the industry, then the question arises: Why do
we need the land reform with such expected results? If the purpose of the reform is to attract
investment, then there are barriers to development of financial and banking system of
Ukraine. In this case, the farmer has to get access to credits, and hence mechanisms allowing
to make loans cheaper are necessary for development of agricultural production.
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AHoTauii

XapuoBi TexHonorii

Bnuous edipHoi oaii magJii (Salvia sclarea L.) Ha nanepoBi nakyBaabHi MaTepiann

Iniana KocTosa', Becka Jlamesa?, Xadize @igan’,
Japina Ieopriesal, Cranka Jlamsnosal, Anbena CrosiHoBa®
1 — Pycencokuii ynisepcumem, ¢hinisi ¢ m. Pazepao, boneapis
2 — Vuisepcumem ximiunoi mexuonozii ma memanypeii, Cois, boneapia
3 — Vuisepcumem xapuosux mexwnonoeiti, [1nosdis, boneapis

Beryn. Meta mpocnimkeHp — BU3HAUUTH BILTUB eipHOI omii masmii (Salvia sclarea L.)
HA TTariepoBi MaKyBaJIbHI MaTepiajm.

Marepianu i meroan. JlocnmimkyBaiucs nakyBalbHI MaTepialy BHBYEHI Ha OCHOBI
mamnepy, MoKputoro edipHO omiero mapmi. XiMmiyHui ckiaan edipHOi omii ImaBmil
BU3Ha4yaBcs XpomarorpadiuHo. AHTHUMIKPOOHY nito edipHoi oumii BHU3HAa4YalnM MpOTH
IpaMIIO3UTHBHUX, FPaMHEraTUBHUX OaKTepiil, ApiKIXKIB 1 rprOiB MeTooM Andys3ii arapy.

Pe3ysabTaTu i 00roBopenns. Ximiunuii ckias edipHOi ouii maBiii NOKa3aB MepeBaXKHY
KIJIBKICTh OKCHT€HOBaHMX MoOHOTepreHiB (83,43%), mani MOHOTEPIICHOBHX BYIJICBOIHIB
(7,86%) Ta ceckBiTeprieHOBHX BYTJeBOAHIB (5,16%). OCHOBHUMH KOMITOHEHTaMH edipHOT
otii maBii OyJH JTiHATINANETaT, 3-TiHATI00J, (-TEPIIiHEeO, IIMOHEH Ta TepaHianeTar, saKi
BH3HAYAJN aHTHUMIKpOOHY IO OJIii.

Edipra omis BusBmsana QyHrimumHy Ail0 MPOTHM ILTCHSABM Ta APLKIKIB. 1i BHCOKi
AQHTUMIKPOOHI BJIACTUBOCTI MOXIIMBO TIOB'S3aHI 3 BHCOKAM BMICTOM JTiHATINIAIIETATy
(40,31%) ta B-ninanoomny (22,72%).

Hamri pesynbraTé mokaszanu BHCOKY (GYHTiLMIHY e(EeKTHBHICTh ISl TPhOX THIIB
nmaKkyBaJgbHUX MarepiamiB. IlpurhiuyBampra nis mporu C. albicans mporsrom
JIOCITIKYBAHOTO Tepioay 30epiranHs cranoBmia 0gu3bko 100%. Byio BHSBIEHO BHCOKY
eeKTHBHICTh mepepobieHoro namepy mpotu A. brasiliensis (99,2% — 81,9%). Busnauero,
mo OakrepuuuAHUil edekT BUNPOOYBaHMX NAaKyBaJIbHMX MarepialliB OyB HWXYHM JIO
rpamHeraTuBHUX OakTepiii S. abony.

BucnoBok. EdipHa omis masiii Moke OyTH BUKOPHCTaHa K MPOTUMIKPOOHHIA 3aci y
XapUOBHX TEXHOJIOTISX 3aBSIKM CBOTM aHTUMIKPOOHHMM BIIACTHBOCTSIM 3 METOO HOJIIMIICHHS
SIKOCTI TIPOAYKTIB Ta ITPOJIOBXKEHHS TEPMiHy X 30epiraHHs.

Katouosi ciioBa: ynaxosxa, nanip, wasnis, eghipna onis, anmumumikpoOHuil.

MexaHi3m B0J103B’I3yBaHHSI Ta BOJOYTPUMAHHS HAHOYACTHHKAMHU Xap4Y0BOi 100aBKH
HA OCHOBI MOABIHHOr0 OKCHIY IBO- i TPUBAJIEHTHOTO 3aJ1i3a

Ipuna Iuxanoscwbkal, Bikropis €snam?, Onbra bnariiit
1 — Vkpainucoka inocenepno-nedazoziuna axademis, Xapkis, Ykpaina,
2 — Xapkiscoruil Oeporcasnull yHieepcumem xapuyeants ma mopeaieni, Xapkis, Yxpaina

Beryn. O0rpyHTOBaHO MEXaHi3M BOJI03B’3YBAIGHOI Ta BOAOYTPHUMYBAIEHOI 3JaTHOCTI
XapyoBoi JOOABKM Ha OCHOBI TOJBIHHOTO OKCHIY JBO- 1 TpPHUBAJEHTHOTO 3aii3a
«Marneropyn» (Fes0a).
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Marepiann i meromm. MogenbHi CHCTEMHM Ha OCHOBI HAaHOYACTHHOK JOOaBKH
«Marneropyn» (FesOs) Ta Boan, KpoXMallo, Sl€UHOTO OisIKa, JKUPY, JIIHOJIEBOi KUCIOTH,
KHUTHBO-TIIIEHUYHOro OoporiHa. BonoyrpumyBansny 3natHicts (BY3) nocmimkysanu
eHeproaucnepciiiHolo pentreriBeskoo (EDX) Tta IY-®yp'e cnekrpockomiero (FTIR),
meronoM Illoxa, iHmukatopuum MetonoM (IM), nudepeHIiHHO-TEpMIYHIM aHali30M
(ATA), Bu3Ha4YeHHSM BOJNONOITMHAHHA Ha mpmaaai Jloraakina, Ha6yxaHH;1(CM3/r),
e(peKTHBHOI B’ A3KOCTI Ha poTamifHOMY BickozumeTpi «Peorect-2».

Pe3yabTaTh i 00roBopennsi. BupueHo MexaHi3M B3aeMO/ii HAHOYACTHHOK XapUOBOi
N00aBKM Ha OCHOBI IOABIMHOTO OKCHAY [IBO- 1 TPHUBAJICHTHOTO 3amiza «Maraetodym»
(XIM) nuisixom camoopranizanii HaHogacTuHOK no6asku (HY FesOs) B enexktpocTaTHuHi
KOMIUIEKCH 3 OiTKaMu, ToJlicaxapuJaMH Ta JKUPaMH 3a THIIOM «KJIACTEepiB», «KIATPaTiBy,
«KaBITATiBY». YCTAHOBJICHO, IO B XapYOBUX CHUCTEMAX, SKi MICTATh OLJIKH, MOJIiCaXapHIy,
Bony, BY3 kopuryerscst 3apasiku «xnacrepodinbaocti» XJIM ta 3patHocti HU FesO4 o
MoJIsIpU3allii, eICKTPOCTATHYHOI KOOPAMHALIT, YTBOPCHHS aKBaacoIliaTiB.

BusiBiieHe 3cyHeHHS] MaKCUMyMY TTOTIMHaHHs 3B’ 513Ky Fe-O y BUucoko4yacToTHy 00nacth
Ha (57£2) cM! mopiBHAHO 3 JocHigHEM 3paskoM umcToi XJIM CBiguMTL IpO XiMiuHy
B3aeMoOIil0 KaTioHiB depymy XJIM 3 MosieKynamMu BHCOKOMOJICKYJISIPHHX —CIOJYK
(xpoxMaito, IETHOTO OiJIKa, KHUPY).

BusnradyeHO XIMIYHUH CKIIal MOACTHHHUX CHCTEM BUCOKOMOJICKYIIIPHUX CITONYK 3 X/IM:
st gactuHOK gmcroi XM — Fe 75,5%; O 24,5%; nnst yacTHHOK 100aBKH, TOKPUTHX
sieanuM OinkoM — Fe 44,7%; O 26, 9%; C 21,4%; N 5,9%:; S 1,1%; mi1s 4acTHHOK J0OaBKH,
MOKPUTHX Kpoxmaiem, — Fe 41,7%; O 35,7%; C 22,6%; misa 9acTHHOK T00aBKH, HOKPUTHX
JITHOJICBOIO KUCIIOTOI0, — Fe 45,6%; O 34, 7%; C 19,7%; 1ig 4acTHHOK J00aBKH, TOKPUTHX
coHAmHUKOBOI omiero,— Fe 39,7%; O 36,7%; C 23,67%.

BceraHOBICHO CHIBBIAHOIICHHS 3B’s3aHOI Ta BUIBHOI BOJIOTH B COJIbBaTOBaHii XJM:
KUTBKICTh 3B’s13aHO01 Boau: (pizuko-ximiuHoi 68,9-69,4%, dizuko-mexaniunoi 21,5-22,3% i
BinbHOT 8,8-9,1%.

BucHoBku. Brepie 3anpornonosano momenm B3aemonii HY Fe3O4 3 Bogoro, Oinkamuy,
JKHPaMH, BYTJIEBOJaMHU Il OOTPYHTYBAaHHS MeXaHi3My BOAOYTPHMAaHHSI HaHOYACTHHKAMHU
Xap4oBOoi JOOABKH HA OCHOBI MOJIBIHHOTO OKCHIY JBO-1 TPUBAJICHTHOTO 3ai3a.

Kuaro4oBi citoBa: soooympumanns, oxcuo 3anisa, kiacmepoginibHicme.

BnuiuB gesikux HeTpagMUiHHUX iHrpeAieHTIB HAa BUPOOHMIITBO YOPHOI'0 NMBA

Mapiyc Liokan, Anpiana Jlabixa, ['eoprina ["abpiena Koxina
Yuieepcumem «llImegan wen Mapey, Cyuasa, Pymynis

Beryn. Mera 1mporo mocmipkeHHS — OOTPYHTYBaTH BHUKOPHCTAHHS HETPaIWIiHAX
IHTpeIiEHTIB, TAKUX K OOPOIIHO K0Ty 151, OOPOIIHO TomiHAMOypa Ta MEJISICH, Y TEXHOJIOT1i
HaIo¥0, MOAIOHOTO 10 YOPHOTO TTHBA.

Martepiaim i meroau. YopHe NHBO OTpPUMYyBald 3a 3BHYaWHUM METOJOM Ha
MUBOBapHOMY 3aBOJi. Y pELeNnTi BUTOTOBJCHHS COJIOJ KOPHUYHEBOTO KOJIBbOPY 3aMIHEHO
OOPOIITHOM 13 KOy, TOMHAMOYpY 1 Mensicoro 3 50% caxapo30ro B HACTYITHHUX BapiaHTax:
Bapiant 1 — 0,5:1,5:1; Bapiant 2 — 1:1:1; BapianT 3 — 1:1,5:0,5; Bapiant 4 — 1,25:1,25:0,5.
BMicT ekcTpakTy, BMICT aKOTroMio AJIsl 3pa3KiB YOPHOTO NMUBa OyJM TpoaHaji30BaHi 3a
JornomMororo npuctporo Aurona Iaapa.

PesynbTaTi i o6roBopennsi. Bmict CO», BucoTa miHHM, CTa0UIBHICTD IiHHU, 3arajbHa
KHCJIOTHICTB NMUBA /IS BCIX aHAJIi30BaHMX 3pa3KiB 3HAXOASTHCS B JOIMYCTHMHX MEXax Ul
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yopHoro muBa. CEHCOpHI XapaKTEpPUCTUKH OLIHEHHWX 3pa3KiB YOPHOTO IHBa, a came
30BHIIIHIN BUIJIA, KOJIp, 3allaX, CMaK, BUALJICHHS Ta3y Ta CTA0UIBHICTh MiHH, CBIAYUTH PO
Te, 0 BapiaHT 1 YOpPHOro NMUBa OTPHMaB HAWHMKYY OLIHKY, TOJI SIK BapiaHT 4 OTpUMaB
HaliBuIni. Pe3ynbrarn ceHCOpHOro aHaiidy OyJiM HecloMiBaHMMH, OTPUMaHe MUBO 0e3
KJICWKOBHHH OTPHUMAJIO JTy’KE BUCOKY OLIHKY, yYaCHHKH (OpYyMY BiJJIaf0Th HiepeBary iM Haj
YOPHUMH THBHUMH KOPMaMH, BUTOTOBJICHUMH 3 TPAaJUIiHHUX iHTpenieHTiB. YopHe muBoO,
OTPUMAaHE y BCIX YOTHPHOX EKCIIEPHIMEHTAIBHUX BEPCisIX — IIe MABO 3 KOHIICHTPAIIEI0
AIIKOTOJTIO, sIKa KoJmBajacs Mix 7,06% ta 8,16%, 3 BUCOKHM CTyIIeHEM KiHIIEBOTO OpOIiHHS,
sIKE CTAaHOBMJIO Bix 73,26% muist BapiaHTy 2 Ta 85,85% 1u1s BapianTy 4. Pe3ynpTary, oTpuMaHi
JUI TIMBA 3 HETPaIULiHHOI CHpOBHHHU (OOPOIIHO KONy, TOMHAMOypa i maTokw), Oyim
MOPIBHAHHI 3 KOMEPUIHHMM UYOPHHM IIHBOM, SKE€ BHCTYNAJIO KOHTPOJIBHHM 3pPa3KOM.
Haiikpanuii pe3ynbraT moao piBHs KiHieBoi depmenrauii (85,85%) OyB orpumanuit ms
Bapianty 4, i OyB BUIIMM, HDX i KomepuiidHoro nuBa (80,20%). Takox Bapiant 4
HaMKpalle OI[IHWIM 3 OPraHOJCNTHYHOI TOUKHM 30py. Llei BapiaHT MPOMOHYETHCS IS
OTpPHMaHHS YOPHOTO MHBA B IPOMHUCIOBUX MacIITa0ax, OCKUILKK BiH Mae xopoiui (hi3nuko-
XIMiYHI BIaCTUBOCTI, IOPIiBHSIHHI 3 YOPHUM ITUBOM Ha PUHKY.

BucnoBok. YopHe n1BO, OTpMMaHe Ha OCHOBI IHHOBALII{HOTO pelenTy BUTOTOBJICHHS,
Majo 100pi OpPraHOJENTHYHI XapaKTEPUCTHKH, CBDKO CMAaXXCHHH KaBOBHHM apomar,
(GpyKTOBHI CMaK i TipKOTY.

KoarouoBi ciioBa: uopne nuso, siconyon, moninambyp, menaca.

BnuinB nimeHUYHUX XapyoOBHUX BOJIOKOH Ha npouec ¢GopMyBaHHS CTPYKTYpH
CHPOBATKO-BEPIIKOBUX CHPIB

Onena I'pex?, Kipa Oscienxo?, Amna Tumuyx?, Onena Ononpiituyk®, Amit Kymap?
1 — Hayionanvhuii ynisepcumem xapyogux mexuonozit, Kuis, Yxpaina
2 — Inmeepanvruil ynisepcumem, Jlaxnay, Inois

Beryn. IlpoBeneHi nOCimKeHHS BIUIMBY MIICHUYHUX Xap4YOBUX BOJIOKOH 3 METOIO
panioHai3zamii mpouecy CTpyKTypOYTBOPEHHSI CHPOBAaTKO-BEPIIKOBUX CHPIB.

Marepiagu i Mmerogu. CHpPOBHHOIO JJIsl OTPUMAaHHS CHPOBATKO-BEPILIKOBOTO CHUPY
Oyma miIcMpHa MOJIOYHAa CHpoBaTka, Bepmku Ta Biranems WF400. TexnomoriuHi
BJIACTHBOCTI XapYOBUX BOJIOKOH BU3HAYAIH 32 KUIBKICTIO yTPIMAHOTO KUPY 1 ancopOoBaHO1
BOJIY B IPOLIECi HACTOIOBAHHS 1 EHTpU(yryBaHHs cycrensii. Takox BU3HAYAIM rpaHUYHE
HAaIpy>XeHHS 3CyBY Ta aKTHBHICTh BOJIU B MOJIEJIbHUX 3pa3kax CUPOBATKO-BEPIIKOBHX CHPIB,
ONTUMAJIBHY KIJIBKICTH BHeceHHA Biranens WF400, TtemmepaTypy 1 TpHUBaIiCTh
MepeMilryBaHHA MiA3TyIIEHOT MOJIOYHOI CHPOBATKH.

Pe3ysabTaTH i 00roBopeHHsl. YTOUYHEHO TEXHOJIOT19Hi BracTuBOCTi BiTaens WF400.
Tak, BomOroyTpMMyBaJbHa 34aTHICTh Yy TMiACHPHIM MOJOYHIH cHpoBaTmi Ta
KHUPOTPUMYBaJIbHA Y BepmIKax 3 M.4.k. 33 cxmamu 104,2+1,0 Ta 82,0+0,5 BixnosigHo. I3
30UTBIICHHSAM KiIbKOCTI BHeceHHs Bitamems WF400 (ix 1,0 mo 4,0) Ta mimBUIIEHHSIM
TEMIIEpaTypu CTPYyKTypoyTBopeHHs (Bix 62 1o 74°C) noka3HHK IPaHMYHOTO HAIpy>KEHHS
3cyBy 3pocrae 3 350+1,1 IMa no 430+1,3 I1a, a TpUBaNICTH IEpEMINlyBaHHS CKOPOUY€ETHCS 3
90 no 70 xa. IligBummenus temnepatypu g0 68°C, 36inpmienHs Kinbkocti Bitanens WF400
70 2,5 Ta CKOPOUYEHHS TPUBAJIOCTI MepeMintyBaHHs 10 70 XB MPHU3BOJIUTH O 3MEHIICHHS
KUIBKICTh JHMCTIEPCIHOTO CepeloBHUIla, TOMY BiAOyBa€ThCsl 3HEBOJHEHHS KOATryJSIiHHOL
CTPYKTYpH 3pa3KiB CHPOBAaTKO-BEPIIKOBUX CHpiB. MOJENbHI 3pa3Kd JOCIiIKYBaHUX
MIPOAYKTIB 3 pi3HOIO KiibKicTio Bitamens WF400 (Bim 2% mo 3%), SKmo HOpiBHATH 3
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KOHTPOJIbHAM 3pa3KoM, XapaKTepU3yIOThCS 3HIDKCHHSIM MOKa3HUKa aKTHBHOCTI Boju. J{ms
KOHTPOJIBHOT'O 3pa3Ka ay CTaHOBHUTH 0,898.

[Ticnst OCATHEHHS BMICTY CYXUX PE4OBHH 60 1 BIIIIOBITHOTO 3HIKEHHS BMICTY PiAKOT
(da3u IMOKAa3HMK TPAHWYHOTO HAIpyXeHHs 3cyBy csarae 427 Ila. 3pa3ku cuUpoBaTKO-
BEPLIKOBUX CHpIB HaOyBalOTh KOHCHUCTEHII IIACTHYHMX IAacT, B SIKUX BiJHOBJICHHS
CTPYKTYpPH MOXJIMBE JIHIIE 332 YMOBH il HABaHTAXXCHHS, IO CIPHIHMHIE IUIACTHUHY
nedopMallito, Ska Ji€ Ha BCIH TUTOIII MIOBEPXHI PO3MOALTY (a3.

[Ipu momanmbpIIOMy MiABUIICHHI TeMIepaTypH 10 74°C i TpUBaIOCTI IEpEeMIillTyBaHHS 10
70 xB BiIOYBa€ThCS MOAAIBIIE YINIIPHEHHS CTPYKTYPH — 3MEHIITY €ThCSI TOBIIMHA MPOIIAPKiB
PIAKOTO CepeoBHIa, TUKCOTPOIIS i TUIACTHYHICTh 3HUKAIOTh.

BucnoBku. OOrpyHTOBaHO ONITUMAaJIBHI 3Ha4eHHS KinbKkocTi Bitanens WF400 Ha piBHI
2,5+0,5, remnepatypu — 68+1°C i TpuBaJIOCT] IEpeMIlTyBaHHS I1iJ] 9aC CTPYKTYPOYTBOPEHHS
— 7042 xB. CpOBaTKO-BEPILKOBI CUPH 3 JOJABAHHIM PalliOHAIBHUX KUIBKOCTEH XapuoBUX
BOJIOKOH XapaKTepH3YIOThCsl 3HIKEHHIM 3HaueHb akTUBHOCTI Boau Bix 0,885 mo 0,823.

KirouoBi ciioBa: gonokna, cup, cuposamxa, éepuiku, Bimayenv, akmuenicms 800u,
peonoais.

Yaco-temnepaTrypHa iHIMKaliliHA IUTiIBKA HA OCHOBI AJIbIIHATY i eKCTPaKTY
4yepBOHOTro Oypsika (Beta vulgaris L.): xapakrepucrtuka in vitro

Epca Tekin, Icin bapaktymy Mani, Xacan Trope
Yuisepcumem Opoy, Opoy, Typeuuuna

Beryn.  BusHaueHo — XapakTepUCTHKH — O1OpO3KIaJHOTO  4Yaco-TeMIIepaTypHOi
immukaniigoi (TTI) wiBKKM UIIXOM BKJIFOYEHHS €KCTPaKTy 4epBoHOro Oypska (Beta
vulgaris L.), skuit 6aratnit 6eTanaiHOBUMH MIrMEHTaMH, Y IUTIBKY i3 cymili anbrinaty (A) /
nosniBirizoBoro ciupty (PVA).

Martepiamm i MmeToan. Cymimi anmerinaty-PVA (APVA) rotyBanu nnoissxom 3MilTyBaHHS
1% pozunniB PVA Tta 3% A npwu piznux cniBBigHomenHsx A: PVA (2:3, 1:1, 3:2). [IniBkn
TTI 6ynu oTpumani JogaBaHHAM acKOPOiHOBOI KMCIIOTH Ta €KCTPAKTY YEPBOHOTO OypsKa 110
cymimeir APVA Ta perymoBanas pH nurixom momaBaras NaOH. IIniBku BUTOTOBISITHCS
MeTOJIOM JHTTSA. XapakTepucTuku ductoi A, umctux PVA, APVA i TTI orpumanu 3a
nornomoroio dyp’e-criekrpockorii (FT-IR), TepmorpaBimerpuunoro ananizy (TGA) Ta
CKaHyBaJIbHOI eJIeKTPOHHOI Mikpockomii (SEM). MexaHniuHi BIacTHBOCTI TUTIBOK Oyiu
BCTAaHOBJICHI 3a JIONIOMOIOI0 TECTiB Ha HampyxeHHs/aedopmanito. Koiapoposi napamerpu
CIE L*a*b* TTI-mniBku Oyau OTpUMaHi MPOTATOM CEMH [HIB 30epiraHHs 3a TeMmeparypu
4,25,40 Ta 60 ° C.

Pe3ysabTaTi i 00roBopenHs. [linsumeHHs KoHIEHTpaii A 3abe3medyBano 301IIbIIeHHS
MOJIyJISl TIPYKHOCTI, MIITHOCT]1 Ha pO3pUB i MOAOBXKEHHS pH po3puBi (%) miiBok APVA i
TTI. IniBka TTI (3:2) mana kpamty rHyukicTs y nopiBasiHHi 3 A, APVA, TTI (1:1) Ta TTI
(2:3). CuiBBigHomeHHs A 10 PVA y 3MimaHux 1IiBKax He CyTTEBO BIUIMBAE HAa TEPMOTpaMU
TGA. binpm Bucoka yactka mriBka TTI 3MeHmmia monin a3, Mo CHOCTepiraeThCs Ha
306paxennax SEM. Intencusnicts O-H cMyru po3TaryBaHHs iBHO 3pocTaia B miiskax TTI
MOpiBHAHO 3 iHmMUMH IutiBKamu. [lmiBka, mo 306epiraetsecs mpu 4 °C, He 3MiHIOBaJach
mpoTsiroM 7 nHiB, Toal gk komip TTI, mo 30epiraBcst mpu OLIBII BUCOKHX TeMIIEpaTypax,
MIOCTYIOBO 3MIHIOBABCS MiJl yac 30epiraHHs 3aJIe)KHO Bij TeMmreparypu 30epiranHs. 3MiHN
napameTpiB b* Ta 3HaueHp KyTa BiATIHKY Oynu OUIBII BHUpaXeHMMHU; 1 3a3BH4ail b* Ta

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2

479



——Abstracts

3HAUEHHs KyTa BIJITIHKY 3pa3KiB, 10 30epiratoTbest 3a Temneparypu Buiie 4 °C, 3Ha4HO
30UIBINYIOTHCS HAa MOYATKy HEPILIOTO JIHS.

BucnoBok. Po3potnena TTI rutiBka 3aBIsiKH 3MiHI KOJIBOPY Ja€ MOKIIUBICTh
KOHTPOJIIOBATH 3MiHY SIKOCTI IIPOAYKTIB, SIKi HEMPaBHIBHO 30€piraroThes, i, sIK MPaBuiIo,
MaroTh OyTH 3aMOPOKEHUMHU.

Kuarouosi ciioBa: TTI, niiexa, inoukamop , uepgonuii 6ypax, arveinam

EdexTuBHicTh 0CBiT/IeHHS A0JYYHOI0 COKY 3 BUKOPHCTAHHSIM HAHOPO3MipHHUX
MiHepaJbHUX OKCHAIB

Amnacracis Cauko, Irop Kobaca, Onecs Moiictopa, Mapist BopoOerip
Yepniseyvkuil nayionanvuuil ynieepcumem imeni FOpisa ®eodvroguua, Yepuisyi, Yrpaina

Beryn. JlocnimkeHo e()eKTHBHICTh OCBITIICHHS SIOJYYHOTO COKY MPSIMOTO BiDKUMY 32
JIOIIOMOT0I0 CYCHEH3ii Ta MOPOLIKIB HAHOJUCIEPCHUX JIOKCHAIB THTaHy Ta CHIIILIO,
MonudikoBaHoro okcumy cuiiiito (AMJI). ns mopiBHAHHS 0OpaHO BHUCOKOIMCIICPCHY
OCHTOHITOBY TJIHHY.

Martepiamn i metoau. Cik, SKUif BUKOPHCTOBYBAIU IS 1a0OPATOPHUX JOCIiIKEHb,
OyB BiATHCHYTHH 3 A0MyK copTy «CiaBa mepeMoXmsamM». AepocHsl — MOPOIIOK JIOKCHIY
cuinito (AM/I-2, mormra nuromoi moBepxHi 280 M2/T) Ta HaHOAMCIICPCHI MMOPOIITKH OKCHIiB
cuniniro (IV) (momma nuromoi nosepxHi 300 M%) Ta Tutany (IV) (mIoma NMToMo1 MOBEpXHi
50 mM%/r) 6ynu obpaHi sk ocBiTMOBayi. s MOPIBHAHHSA BUKOPUCTAIN OEHTOHITOBY TVIMHY
(wioma  mutomoi  mosepxni 160  M%r). OnTMYHy ~TYCTHHY  BHMIpIOBaIM
CHEKTPOPOTOMETPUYHO, CYXHMH 3aJIMILIOK OLiHIOBaIN pedpakroMeTpryHO,-BennynHy pH i
TUTPOBaHY KHCJIOTHICTh BU3HAYAJIM 32 3arajbHOBIIOMUMHU METOMKaMHU.

PesyabraTn i oOroBopeHHsi. JloBeneHO TEPCIEKTUBHICTb  BUKOPHUCTAHHS
MmiHepanpHux okcuiiB SiO; Ta TiO2 mist OCBITIEHHS A0JYYHOTO COKY. BCTaHOBIIEHO, IO
Halie(peKTHBHIIIIIM OCBITIIIOBAYEM € TIOPOIIOK i CyCIeH3is aepocminy. OnTuManbpHa Maca 2,5
r Ha 1 11 coKy, 9ac BUTpUMKH He Oinpmie 1 noon. @opma BHeCeHHS (Y BHIIISII TOPOIIKY YH
cycneH3ii) He Ma€ CyTTE€BOTO BIUIMBY Ha pe3yJbTaT OCBITICHHS.

HafiMeHIIIoI0 OCBITIIIOBaTIBHOIO 3IATHICTIO BOJOAie OeHTOHIT. [ligTBepmkeHo, IO
BHKOPUCTAHHS CyCIIeH3ii OCHTOHITY MiABHIIYe €(EKTHBHICTH OCBITICHHS. 30iTbIICHHS
HaBakku OceHTOHITY Bix 0,1 mo 2,5 T/ COKy MOTipIIye ONTHYHI BIACTUBOCTI OTPHUMAaHOTO
COKY.

JocnipkeHo BIUIMB TeMIeEpaTypd, IpH SIKIi MPOBOAWIIOCS OCBITJIIEHHS, Ha
e(peKTUBHICTh il OCBITJIIOBAaYiB 1 BIUIMB Yacy BUTPHMYBAaHHS COKY 3 OCBITJIIOBadeM Ha
(i3MKO-XiMiYHI BIACTHBOCTI TOTOBOTO MPOIYKTY. JlOBEelEHO, 110 pe3yNbTaT OCBITICHHA €
KpalpM TpH HU3BKUX Temmeparypax (4°C), a Bci BHKOPHCTaHI OCBITIIOBadi 31aTHI
MIPUTAIBMOBYBATH Tepedir MpHUpOAHNX MporueciB OpOoAiHHA CHpPOBHMHHU. BcTaHOBIIEHO, IO
BUTPUMYBaHHs COKY 3 OCBiTJIIOBaueM Oinbiie | g0OM HETaTHBHO BIUIMBAE Ha PE3yJIbTAT
OCBITJICHHS JIJIsL BCIX JTOCII/PKYBaHHX 3pa3KiB.

BucnoBku. HanoaucmepcHi okcuau THTaHy Ta CHJILII0 MOXYThb OYTH YCHILITHO
BUKOPHCTAHi JUI OCBITJIEHHS CBIXKOBiITMCHYTOTO AGJIYYHOrO COKY. IXHS OCBiTNIIOBajbHA
3[aTHICT € BHIIOI0, HIK Y OCHTOHITOBOI TJIMHH, TOX BOHH MOXYTb JI0JIaBaTHCS B Cik 0e3
MIOTIePETHBOI MATOTOBKH y (POPMi HOPOIIKY.

KuawouoBi cnoBa: ocgimaenusn, sbnyunuil cix, 0iokcud mumauy, OiOKCuo cuuiyiio,
benmoHim.
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Bnuine pancoBoi 0J1ii Ta IPHPOJHOTr0 AHTHOKCHAAHTY 0a3uiika Ha XiMidHI Ta
OpPraHoJIeNTHYHI BJACTHBOCTI CBI’Or0 cCHpPY

Mixaena Isanosal, Osnbra Tanesa?, Mapis Jlymkosal,
Panxa Bnacesal, AnGena CtostHoBa!
1 — Vuigsepcumem xapuosux mexuonoeiu, Ilnogdis, boreapis
2 — ITnosdiscvkuii yHisepcumem "llaicit Xinoapcokuii", Ilnogdis, Boneapis

Beryn. Meta nmocmikeHb — BH3HAUATH BIUIMB pAaricoBOi OJii 1 MPHUPOTHOTO
AHTHOKCHIAHTY Oa3niTiKa Ha XiMi4HI Ta OPTaHOJIENTHYHI BIACTHBOCTI CBIXKOTO CHPY.

Martepianu i merogu. CBiXuii poscunuacTuil cup OyB BHTOTOBJICHHH 31 CBIKOTO
HEe30UTOT0 MOJIOKA, PaIiCOBOI OJIi1 Ta MTPUPOIHOT0 aHTHOKCHIAHTY Oa3miika. [lixroToBneHui
CHp aHANI3yBald Ha MPOGiIb KUPHUX KHCIOT 32 MeTogoM GC MeTHIOBHX edipiB, BMICT
Toko(epoiny — 3a meromom HPLC, Bmict ¢ditoctepony — 3a meromom GC, ceHcopHe
OLIiHIOBaHHS — 3a 10-0a1bHOI0 FeJJOHIYHOIO0 HIKAJIO0.

PesyabTaTn i 0o6roBopenHs. ParicoBa omisi xapakrepu3yBanacsi BUCOKMM BMICTOM
HEHACMYECHUX JKUPHHUX KucioT Buile 93 r Ha 100 r Bix 3araipHOrO BMICTY 1 JOOpHM
CIIBBITHOIICHHSAM oMmera-6/omera-3 — 2/1. 3arampHul BMICT TOKOQEpOIiB y IimimHIN
¢pakuii 0yB mopiBHAHO BHCOKUM — 315 mr Ha kg. KanonoBa ois MicTiIa 3HaYHY KiJBbKICTh
¢itocteponiB — 0,7 rHa 100 T 3 iHAUBIAyaTEHIM CTEPOIBHUM CKIIAZOM — y (Ppakiii cTrepoiry
nepeBaxkanu PB-curocrepodn (54,7%) i kamnectepon (35,3%).

CHp 3 YacTKOBOIO 3aMIHOKO MOJIOYHOTO JKHPY PAalrCoOBOIO OJIEI0 XapaKTepU3yBaBCs
3HW)KEHMM BMICTOM HACHYEHHX >KUPHHUX KHUCIIOT, sIKI HEraTHBHO BIUIMBAIOTH HA 37J0POB’s
monuaK — 35,18 rHa 100 r nopiBHsHO 3 68,33 r Ha 100 r'y cupi, BUpOOICHOMY 32 KIIACHYHOIO
TEXHOJIOTIEI0, 10 MICTUTh TUIBKM MOJIOYHHMH Kup. [IpOAyKT MICTHB BEJHMKY 4YacTHHY
KOPOTKOJIAHIIOTOBHUX JKHUPHUX KHCIJIOT, XapaKTePHUX Ul MOJIOYHOTO JKHPY, 1[0 BU3HAYAE
(YHKI[IOHAJIBHICTD KIHLIEBOTO NPOAYKTY. CHp 3 J0/aBaHHSIM ParcoBoi oii BUSBUB OLIbIILY
0ioJIOTIYHY IIHHICTH 3aBJIsSKU areporeHHoMy inzaekcy 0,42 mopiBasHO 3 1,60 mis cupy,
BHPOOIICHOMY JIUIIIE 3 MOJIOYHOTO JXUPY, TpoMOOTeHHOMY iHAekci 0,59 nmopiBasHO 3 3,13 s
CHPY, BUPOOJICHOMY JIUIIE 3 MOJIOYHOTO XKUPY, Ta HPODINTaKTHIHOMY JIiIII JHOMY TIOKa3HUKY
34,89 mopiBHsHO 3 128.23 mist cupy, BUPOOICHOTO JHIIE 3 MOJIOYHOTO YKHPY.

BucHoBok. CBiXHIl CHp 3 4aCTKOBOIO 3aMiHOK MOJIOYHOTO YKUPY PANCOBOIO OJI€I0 Y
criBBigHomeHHi  (1:1) xapakTepu3yBaBCs HH3BKHM  pIBHEM aTEpOTEHHOTO  Ta
MPOTPOMOOTEHHOTO MOKA3HUKIB 1 MPODITaKTHYHIM MOKa3HUKOM JITIi/TiB.

KuiiouoBi ciioBa: anmuoxcudanm, pancoea ouis, Cup, MOAOYHUL JHCUP.

MeToa BU3HAYEeHHS cTyneHs eTepudikanii neKTHHY 32 THTPOBAHOIO0 KHUCJOTHICTIO

Oxcana lynsra, Bonogumup Jlncroman, Cepriit Llymnera, JTlrogmura FOpayx
Hayionanvnuii ynieepcumem xapuosux mexnonozit, Kuis, Yxpaina

Beryn. [IpoBeneHi qociipKeHHS METOTy 3 BUSHAUCHHS CTYIIEHS eTepudikaiii meKTHHy
3 METOI0 OOMEXEHHS BUKOPHMCTAHHS 3HAYHOI KIJIBKOCTI BapTICHUX 1 CKJIQJIHOJOCTYITHUX
PEaKTHUBIB.

Martepianu i MmeToau. 3pa3ku MEKTHUHY SOIy9IHOTO Ta IUTPYCOBOTO MAIOTh Pi3HHMA
cTyminb erepudikanii. HasBHICTE KapOOKCHIBHOI TpyHmM B IMEKTHHI PI3HOTO CTYIICHS
eTepudikamii Bu3HaueHo 3a pomomoroio [Y-cmexkrpockomii. XiMi9HMI 3CYyB NMPOTOHIB, SKi
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BXOAATh 10 CTPYKTYPHHX CKIJIQJIOBHX NEKTHHY, 3apeecTpoBaHO 3a aomomoror SIMP-
CHEKTIB.

Pesyabratu i odroBopennsi. B [4-cniekTpi 3pazka BUCOKOeTepU]PIKOBAHOTO NMEKTHHY
HasBHA CMyra CWJIBHOI iHTeHcHMBHOCTI mpu 1616,78 cm! namexurs aedopmaniiHum
KOJIMBaHHSM aJIcOpOLIitHO-3B’13aHOT BOJIH, 1110 TIEPEKPUBAETHCS ACHMETPUYHOIO BiOpalli€io
kapbokcmmataoro ioHa (CO2). B IU-crekTpi 3pa3ka HU3EKOETEPU(PIKOBAHOTO MEKTHHY IS
cMyra c1abKoi iHTEeHCUBHOCTI 1 3HaXOAMThbCS B 00MacTi KoauBaHb 1686,71 cm™. ¥V crexrpi
BHCOKOETCPU(IKOBAHOTO MEKTHHY HasBHA IHTEHCHBHI CMyTa 3 TPhOMa MaKCUMyMaMH TIPH
3400,56 cm! 3316,52 1 3271,70 cm™L, sxa BixgnmoBimae BamenTHHM KonmBanHAM VOH. B Y-
crekTpax 3 erepudikamiero 10 42% HasBHA cMyra BUTbHOI KapOokcuibHOI rpymny, a B IU-
CIIEKTpaxX BHCOKOCTepH(IKOBAaHUX NEKTHHIB HasBHA {HTEHCHUBHA CMyTa KapOOKCHIATHHUX
rpym (CO2’), 9uM 1 pi3HATHCS HABECHI CIIEKTPH.

Hasenena xapakrepuctuka SIMP-cniekTpiB nmokasye BiIMiHHOCTI y OyJOBi BUCOKO- Ta
HU3bKOCTEPH(PIKOBAHOTO IMEKTUHY, MPOTE HE HAJA€ MOXKIMBOCTI MPOBOAWUTH KiJIBbKICHE
BU3HAYCHHS CTYIMEHs eTepudikarrii.

BiAmnoBinHO 1O OTpUMaHUX pe3yJIbTaTiB CIIOCTEPIracThCs 3aJEKHICTh MIXK 3araibHOO
KHCJIOTHICTIO Ta CTyleHeM erepudikanii NeKTHHY, sKa MOKe OyTH IpeAcTaBleHa
CTETICHEBOIO a00 rinepOomigHo0 Moo, Halikpamumu i1t mporHO3yBaHHS € CTeTIeHEBa
abo rinepboiyHa MOJIEITI.

[MoxmOka MK XIMIYHEM METOJOM BH3HAUCHHS CTymeHs erepudikamii Ta
3aIpOMOHOBAHUM METOIOM cTaHOBUTH 0,6—1,3%.

BucHoBkH. BusHadeHHS cTyneHs erepudikanii MEKTHHY MOMJIMBE 33 THTPOBAHOIO
KHCJIOTHICTIO 3 MOJAJIBIIUM PO3PaXyHKOM 3a PIBHSHHSM perpecii.

KuarouoBi cinoBa: nexmun, emepugixayis, xuciomuicms, 14-cnexmpockonis, AMP-
cnekmpu.

OOrpyHTyBaHHSI aMiHOKHMCJIOTHOI0 CKJIAY COHSIIHUKOBUX OiNKIB 115 TIETUYHUX i
¢yHKIioOHAJIBHUX NPOAYKTIB
Muxomna Ocetiko?, Tersaa Pomaroscekal, Bacuis Illeunk?
1 — Hayionanvruii ynisepcumem xapuogux mexuonoziu, Kuis, Ykpaina
2 — «Mikpoxipypeis oueil Bacuns Lllesuuxay, Yepnizis, Yxpaina

Beryn. IIpoeneHo mocmikeHHst 3pa3kiB nepepoOKH HACIHHS COHSIIHUKY 3 METOIO
OOIpYHTYBaHHSI aMIHOKHCJIOTHOTO CKJIany OUIKIB JUIsi JIETUYHUX 1 (YHKIIOHAJIHHUX
MIPOAYKTIB.

Martepianu i MeToau. J{ocmipKyrOTbCs 3pa3ku MaKyXy, MaKyXu 3HEXKHPEHO] (IIpoT),
OOpoIITHa, OTPUMAHOTO 3 OYWIICHOTO SApa COHSAIIHUKY, aMiHOKHCIOTHUH CKIanm i (i3uKo-
XiMiUHI TOKa3HWKH TPOAYKTIB OYHMIIEHO! (pakmii sapa COHAIIHUKY, OOpOIIHA, MaKyXH,
KHUPHOT MaKyXxu. AMIHOKHCIOTHHH CKJI1aJ] 3pa3KiB BU3HAYAIN HA PIAMHHOMY XpomMaTorpadii
Dionex ICS-3000 3 enekTpoximMiuHUM JETEKTOPOM. Y 3pa3Kkax AOCIIKEHO CITiBBIAHOIICHHS
ripodoOHuX 1 TiapodiIbHUX aMiHOKUCIIOT.

PesynbTaTn i 06roBopeHHsi. BctaHoBieHO, 1110 OOPOITHO 3 COHSNTHHKOBOTO SIpa Ha
22,0% mae OiNbIIMA BMICT LIOAO 3arajibHOro Oinka. BmicT He3aMiHHHMX aMiHOKHCIIOT Ha
31,1% Oinpmie HiX y Makyci, 3 sKOi BOHHM BHUAiNICHI. 30iNbIIeHHS BMIiCTy Oilka B
COHSIIIHUKOBOMY OOpOIITHI TMOSICHIOEThCSL 30aradeHHAM JApiOHOI ¢pakmii mig dac
¢dpaxiionyBanHs. [lopsiy i3 30iMbIIEHHSM 3araIbHOTO BMICTY Oiika OOpOIIHO 30aradyeThes
He3aMiHHUMU TiApodOOHIMH aMiHOKHCIIOTaMH, 30Kkpema JernnHoM (14,2%), izomeiinnaom
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(6,7%), werioninom (11,2%), a Takox 3amiHuM TigpodoOHMM npoainom (10,5%).
OOMeKeHOI0 aMiHOKHUCIIOTOK y OopoutHi € Ji3uH (ckop 78%), BMICT IHIIMX HE3aMIHHUX
aMIHOKHCIIOT 3HAYHO MEepEeBHIIY€E IXHIH BMICT B ifeaipHOMY OUIKy (ckop seiinnny — 153%,
i3oneiinmay — 143%, wetioniny — 213%, MeTioHiHy pa3zoM 3 1mcTHHOM — 258%,
(eHiNangaHiHy pa3oM 3 TUPO3UHOM — 177%). BMmicT neiiunHy Ta i30JeHIIMHY B COHSIIHUKY
KJIACHYHUX COPTIB OOMEKeHHHA. Y OOpOIIHI i3 COHAMIHUKOBOTO sjpa IXHIH BMICT
MIEPEBHUIICHO B MiBTOpa pasa.

s 30amaHCOBAaHOCTI OTPHMAHOTO COHSIITHMKOBOTO OOpOINHA 32 BMICTOM JI3WHY
pamioHaTFHIM € BHKOPHCTAaHHA HOTO KOMITO3MIIH 3 IHITUMH Ji3MHOBMICHUMH BHUIAMHU
OopomrHa 3 HAciHHA OJIHHUX KyJnbTyp i/a00 3 BHKOPHCTaHHAM XapdoOBOTO
MiKpOOiOJIOTI9HOTO JII3HHY.

BucnoBok. BukopucranHs 30anaHCOBaHMX OIJIKOBO-JIIAHUX EKONPOIYKTIB 1
npenapariB  Ha OCHOBI KOMIUIEKCHOI IepepOoOKM HACiHHS COHSIIHHMKY IIOKpallye
(YHKII0HAJIbHI-TEXHOJIOT1YHI BIACTUBOCTI Ta CHpUsE NPO(DiNaKTHI 3aXBOPIOBAHb.

KurouoBi ciioBa: consiuunux, npodykm, 6i10K, aMIHOKUCIOMA, 300P08 5.

AHTHOKCHIAHTHA 3JaTHICTh AJKOr0JIbHMX HAIOIB HA OCHOBI HACTOIB 3 HeTpaaAULiliHOI
NPSIHO-APOMATUYHOI POCIUHHOI CHPOBMHHU
Onter Ky3bMin?, Bonoaumup Kyuepenko?, Ipuna Cuka?, Bonoaumup Icaenko?,
IOmis ®ypmanopal, Onena [lasmouenko’, B’ saecnas [yGerst
1 — Hayionanvuuii ynieepcumem xapuosux mexronoziu, Kuis, Yxpaina
2 — Vkpaiucvka kopnopayis no éunocpadapcmesy i 6UHOPOOHIN NPOMUCIOBOCHE « VKPBUHNPOMY
3 — Hayionanvruil asiayitinuil ynieepcumem, Kuis, Yxpaina

Beryn. Mertoro nocnmiypkeHHS € BU3HAYEHHS AHTHOKCHJAHTHOI 3/1aTHOCTI BOZHO-
CIHMPTOBHMX HACTOIB 3 BHUKOPHCTAHHSIM HETPAAMIIHHOI NMPSHO-apOMAaTHYHOI CHPOBUHH Y
TEXHOJIOTI1 aJIKOTOJIFHIX HAIO1B.

Marepiann i Meroan. AHTHOKCHIAHTHY 3[aTHICTh HAcTOIB 3 NPSHO-apOMAaTHYHHX
pociun: Perilla frutescens; Elsholtzia stauntonii Benth; Artemisia abrotanum; Monarda
didyma; Agastache foeniculum; Satureja hortensis; Ruta graveolens; Nepeta transcaucasica
Grossch BusHauyamm 3a MeTOIOM pemoKeMeTpii Ta pH-MeTpil; CEHCOpHI MOKa3HUKH — 3a
eKCIePTHUM METOJIOM; PE3ylbTaTH MAaTeMaTHKO-CTaTHCTHYHOI OOpOoOKH — 3a METOAOM
JiHiHOT Kopensuii [lipcona.

Pesyabratn. OTpuMaHO MiHIMalbHE TEOPETHYHE 3HAYEHHS OKUCHO-BiJHOBHOTO
MOTEHIN Ay JJIi POCIMHHUX BOJHO-CIUPTOBUX HACTOIB, sKe 3MiHIOETHCS Binm 228.0 mMB
(Satureja hortensis) no 260.4 mB (Agastache foeniculum).

BcraHoBiIeHO (hakTHYHMI BUMipSHUN OKHCHO-BITHOBHHAN MOTEHITian HacToiB — Big 117.0
MB (Elsholtzia stauntonii Benth) mo 134.0 mB (Nepeta transcaucasica Grossch).

BopaneBuil moka3HUK Ui BOJHO-CIMPTOBUX HACTOIB 3 MPSIHO-apOMATHYHOI CUPOBHHHU
Mae 3HaueHHsI Bij 6.66 ox. pH (Agastache foeniculum) o 7.20 ox. pH (Satureja hortensis).

BonHO-criupTOBi HACTOT 3 POCIMHHOI CHPOBHMHM Ta 00’€MHOIO YacTKoro eraHoiy 40%
MaroTh BETMUMHY eHeprii BigHoBneHHs (EB) B mexax Bix 100.0 MB (Nepeta transcaucasica
Grossch) mo 138.2 mB (Ruta graveolens).

BopaHo-cniupToBi HacTOi 3 MPSHO-apOMATHYHOI CHPOBHHHU MAlOTh 3HAUYEHHS CEHCOPHUX
nokasHuKiB (S.e.) Bix 9.50 no 9.69 6axis. Haiibinbiue 3HauenHs S.e. — 9,69 GainiB xapakrepHe
quist Nepeta transcaucasica Grossch: komip — CBITJIO-KOPHYHEBHIT; CMaK — M'SITHHUIT; apoMar
— M'SIKH, IPUEMHUH, COJIOAKYBATHH.
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BucHoBKH. 3anipONIOHOBAHO JJIs1 TEXHOJIOTIT aIKOTOJILHUX HAIOTB 3aCTOCYBAaHHS BOJIHO-
cniupToBUX HactoiB 3 Ruta graveolens ta Nepeta transcaucasica Grossch, siki oTpumanu
MIiBUINCHI aHTHOKCUIAHTHI XapakTepuctuku EB — 138.2 MB ta £B — 100.0 MB BimnosigHo,
Ta MO3UTUBHI CEHCOPHI MOKa3HUKHU S.e. — 9.57 ta S.e. — 9.69 Ganis 3a 10-0anbHOIO MIKAJIOKO.

KarouoBi cioBa:  npsno-apomamuuHuil, — aHMUOKCUOAHM,  OKUCHO-8IOHOGHULL
nomenyian, Hacmii, aiKO201b.

Bnuine romosoris ajnbga-KHCJI0T XMeJII0 TNPKUX Ta apOMaTHYHHX COPTIiB Ha SIKICTH
NUBa

Jinis Ipouenko!, Cepriii Puxyk!, Mukona Jlsmenko®, Onekcanap lllesuenko?,
Csitnana Jliteunuyx?, Jlinis SInce®, Tenpix Minocra?

1 — Incmumym cinbcovroco eocnodapcmaa Ilonicca HAAH Ykpainu, JKumomup, Yrpaina
2 — Hayionanvhuii ynieepcumem xap4osux mexronoeit, Kuis, Ykpaina
3 — Hayionanvha akademis azpaprux Hayk Yxpainu, Kuis, Ykpaina
4 — 3axnao oceimu «I poonencokull 0eporcasrull azpapruil yHisepcumemy, I pooro,
Pecnybnixa binopyco

Beryn. JlocnipkeHO TipKi peYOBHHH XMENIO, BCTAHOBJICHO 3aJIE€KHOCTI BEIHYNHH
TIPKOTH cycila 1 SIKOCTI OXMEJIHHA NMHBAa BiJ KUTBKICHOTO 1 SKICHOTO CKIJIQJy TOMOJOTIB
aNb(a-KUCIOT XMEJI0, 30KpeMa BiJl BMICTY KOI'YMYJIOHY Y CKJIa/ii ajib(a-KUCIIOT.

Marepianu i MmeToau. J{ociipKyBaBcsi XMiJIb apOMaTHYHUX 1 TIPKHX COPTIB 3 Pi3HUM
BMICTOM KOTYMYJIOHY Y CKJIaJi anb(a-KUCIIOT Ta IMBO, BUTOTOBJIEHE 3 HOTr0. Bukopucrano
BUCOKOE(EKTHBHY PiJMHHY Xpomarorpadiro Jyisi BU3HAUSHHS KIIBKOCTI Ta CKIIaLy TipKHX
pPEUOBHH XMENI0 1 MPOAYKTIB iX MEpPEeTBOPEHHS B MpOLEC] MUBOBApPiHHA, a TaKOXK
CHEKTPOPOTOMETPUYHI METOAM KOHTPOJIIO SIKOCTI TIPKOTH OXMEJIEHOTO Cyciia Ta FOTOBOTO
TIMBA.

Pe3yabTaT i o6roBopenHns. [Ipu mOCTIIKCHHI TipKAX PEYOBHH apOMATHYHHX i
TIPKUX COPTIB XMEIIO BCTAaHOBJCHO BIIMIHHOCTI y iXHhOMY OiOXIMIYHOMY CKJaai 3a
aOCOJIOTHMM 3HAYCHHSIM TaKHX ITOKa3HMKIB, sIK MAacOBa YacTKa atb(a-KUCIIOT, 6eTa-KUCIOT
1 IOKa3HUKA BMICTY KOTYMYJIOHY B CKJafi anbda-KucioT. BiqmiueHo, mo anb(a-KUCIOTH
JIOCIIIJDKYBaHUX COPTIB MAalOTh Y CBOEMY CKJIaJi IIMPOKHI Jiana3oH MOKAa3HHKa BMICTY
KorymysoHy: Bim 19,6% y xmem copry Aubra 1o 43,8% y xmeni copry Pycnan.
BcraHoBieHi 3aleXHOCTI MK KIUJIBKICTIO 1 SKICHUM CKJIaJIOM TipKUX PEYOBHH XMEIIO i
TiIPKOTOIO Ta SKICTIO OXMEJEHOTO CyCJia i MMBa MOKa3yI0Th, IO i3 301IbIIEHHSAM MacoBO1
YaCTKH KOTYMYJIOHY B CKJIaJi alb(da-KUCIOT XMEI apoMaTHYHUX COpTiB Ha 1%, mpu
CIiBBiTHOMIEHHI O0eTa-KUCJIOT A0 anbda-kucioT 1,11-1,34 BenuunHa TipKOTH OXMEIEHOTO
HUMU cycna 30umbiryeThes Big 0,69% mis xmenro copty [aiimamanekuii mo 1,05% mns
xmento copTy CroB’siHKa. Y XMeJi TipKuX COPTiB CIiBBIIHOLIEHHS OeTa-KUCIOT 10 aubda-
KHCJIOT € 3HAaYyHO HIKYMM 1 craHoBuTh 0,51-0,74. AmHami3 CHIBBIIHOIIEHHS MiX
3pOCTaHHAM KOTYMYJIOHY Ta 3MIiHOIO BEJIMYMHHU TipKOTH Cycja, OXMEJIEHOTO TipKHUMH
COpTaMu, CBIUUTH, IO 13 3pOCTaHHSIM YaCTKH KOI'YMYJIOHY B CKJIaJi anb(a-KUCIOT XMEII0
ripkoro tumy Ha 1%, BeTMYMHA MPKOTH OXMEJIEHOTO HUM cycia 30utbnryerses Bin 0,19%
g copty Pycman mo 0,38% mms copry Ilpomine. Mik TipkoToro cyciia Ta KiJTbKiCTIO
BHECEHOTO KOTYMYJIOHY 3 XMeJIeM IPH BUKOPHUCTAHHI SIK T1pPKUX, TaK 1 apOMaTHYHUX COPTIB
iCHy€ CHJIBHMH 3B’SI30K, IPO IO CBITYATH KOEQIIIEHT KOPENsmii, SIKHH CTAaHOBUTH IUIS
ripkux copTiB r = 0,90+0,10, ms apomatuaaux r = 0,98+0,20. B yTBOopeHHI TipKOTH cycia,
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OXMEJICHOT'O apOMAaTHYHUMH COPTaMHU i3 CIIBBIIHOIICHHS OETa-KHCIOT A0 aib(ha-KUCIOT
OLIIBIIIE OJMHHUIII, POJIH CIIOIYK OCTa-KUCIOT 3HAYHO BHINA TOPIBHSHO 3 TIPKUMHU COPTaMH.
BucHoku. [Ipu 3acTocyBaHHI JUIss OXMEIIHHS CyClia XMEJO TiPKOTO THITY 3 Pi3HUM
CKIIQZIOM ajib(a-KUCIOT OUTBIN ¢()eKTUBHE BUKOPUCTAHHS JUIS COPTIB 3 BUCOKHM BMICTOM
KOT'YMYJIOHY.
KuarouoBi ciioBa: xmine, anbgha-xuciomu, KO2YMyNIoH, CYcio, RUGO.

Mpouecu i o6nagHaHHA

MaremMaTu4He MOJ€JII0OBAHHA nmpouecy 33MiIIIyBaHHﬂ I[pi)KIDKOBOFO TicTa
KYyJa4YKOBUMHU pOﬁO‘lI/IMI/I CJICMCHTAMH

Biraniit Pauox?, Bonogumup Temuukyn', Ctanka Jamsanosa?, 0mis Tenmuxyn®
1 — Hayionanvnuii ynisepcumem xapuogux mexuonoeiu, Kuis, Yxpaina
2 — Pycencwruii ynigepcumem «Aneen Kanuesy, ginis 6 m. Pasepao, boneapis

Beryn. IIpoBeeHO DOCTIKEHHS TPOLeCy 3aMilllyBaHHS MIIEHHYHOTO JPLK/KOBOTO TicTa
KyJIauKOBUMM pPOOOYMMH €JeMEHTaMH 3 METOI BU3HAYCHHsS palioHalIbHOI KOHQIiryparii
KOHCTPYKTUBHHMX €JIEMEHTIB sl Oe3NepepBHOrO 3aMilllyBaHHS TICTa 3a pIi3HOI YacTOTH
o0epTaHHs pOOOYNX E€JICMEHTIB 1 BiICTaHI Mi>K HUMH.

Marepianu i meToan. JlocniKy€eThCs 3aMilTyBaHHS MIIEHUYHOTO IPiXHKOBOTO TICTa
KyJJadKOBUMH pOOOYMMH eJeMeHTaMH. MaTeMaTHdHe MOJCTIOBAHHS IIPOBEICHO 3
BUKOPHCTaHHSIM TporpaMHoro mnakera Flow Vision mo 0a3yeTbcs Ha MOJEIIOBaHHI
TPUBUMIPHOTO PYXY PIJIMH 1 ra3iB y TEXHIYHUX KOHCTPYKTHBHHX 00'€KTax, a TAKOXK JJIs
Bisyanizauii KpMBUX Tediii Meromamu KoMm'toTepHoi rpadiku. DizuuHe MOJIEIIOBaHHS
MPOBEJICHO HAa €KCIIEPUMEHTANIbHIH yCTAaHOBIII 3 KyJa4YKOBUMH MICHJIBHUMH €JIEeMEHTaMH.
Bincrane Mik Kyjaukamu craHoBwia 2, 4, 6, 8 1 10 mm, mBuakicts odepranns — 20—100 06/xB.

Pe3yabsTaTh i 06roBopeHHs. 3a 301IbIICHASIM 9aCTOTH 00epPTaHHS pOOOYNX CIIEMEHTIB
Bix 20 mo 100 06/xe 30LMBIOIYETHCS MIBHIKICTH MepeMinryBanHsa Bin Big 0,1 mo 0,6 m/c,
BiZIcCTaHb MDK KyJlaukaMH Ha IIepEeMIllyBaHHs y BKa3aHOMY /lialla30Hi HE BILJIMBAE.
BcTaHOBIIEHO, 1110 YUM MEHIIIA BiJICTaHb MIXK KYJIaYKOBUMH €JIEMEHTaMHU, TUM O1JbIINH THCK
y KaMepi 3aminryBanHs. MakCHMasIbHi 3HAYCHHS THCKY csraioTh 16560 Ila 3a BimcTani Mix
KYJIaYKOBHMH POOOYMMHU eleMeHTaMu 2 MM Ta 4acTtotu obepranus 100 06/xB, MiHIMaIIbHI
555 Ila 3a BigcTaHi MiX KyJ1a4KOBUMHU poOourMu opranamu 10 MM Ta 4acToTH oOepTaHHs
20 o0/xB. Y xamepi 3aMimryBaHHS HAHOINBII TTOKAa3HUKHA THUCKY YTBOPIOIOTHCS B 30HI
KOHTaKTy KyJIAaUKOBHX pOOOYMX €JIEMEHTIB 31 CTIHKOIO KaMepu 3aMillyBaHHS Ta B 30HI
KOHTaKTy JIBOX KYyJIauKiB. 3aJIe)KHICTh B'SI3KOCTI B KaMepi 3aMilllyBaHHS BiJ IIBHIKOCTI
obOepTaHHs POOOUYOro eeMeHTa Mae CTENEeHEBUI XapakTep Ta 3i 301JIbLICHHSIM YacTOTH
obepranns Big 20 no 100 06/xB 3menmyeTbes Bix 1600 mo 320 IMa-c. Yactunu xamepu
3aMillyBaHH:, B SKHUX JOCATAIOTHCSA MOKAa3HUKU B’SI3KOCTi B Mexkax Binm 320 mo 960 Ila-c,
BBXAIOTHCS HAHOIIBII €(heKTUBHIMH ITiJ] 9ac MepeMilryBaHHs. 3MEHIIIEHHS B’ SI3KOCTI TicTa
nependavae 3HMKEHHS eHEPreTUUHHUX 3aTPaT B MPOLIEC] 3aMilllyBaHHSI.

BucHoBku. {5 migBUIIEHHS TPaHCIOPTYIOUOI 3aTHOCTI KyJIa4KOBUX POOOYMX OPTaHiB,
MOKPAIIEHHS 3MIIIYBaHHA 1 3MEHIUCHHS BUTpPAT TEIUIOTH PAaLliOHAIFHO BHKOPHCTOBYBATH
KyJIa4KOBi po00Yi OpraHu 3i 3MiHHMM KPOKOM i 3MiHHHM IIOJIOKEHHSIM KyJ1adkiB Ha a=45° a0
KOMOIHOBaHMH KyJIa4KOBHH poOOUYMH OpraH 3 BHUKOPUCTAHHSAM BHTKIB IIHEKa HA IIOYATKy
poGoyoro oprauy.

KuouoBi ciioBa: samiwysanns, micmo, Kyia4ox.
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Bnuins razoqmHaMivyHHX HapaMeTpiB TEIMJIOHOCIS HA e()eKTUBHICTD CylIIHHSA FOPOXY B
poTaliliHMX CylIapKax 3 NCeBA03PiIKeHUM IAPOM

Poman SIko0Ouyk, Cearocnas JlemenTap
Hayionanvnuii ynieepcumem xapuosux mexwonoeiu, Kuis, Yxpaina

BeTtyn. Metoro 1ociikeHb € BU3HAYCHHS BIUIMBY ra30MHaMIYHNAX [TApaMETPIiB PyXy
TEIUIOHOCIS B KaMepi POTamiifHOI CymIMIbHO{ yCTAaHOBKH 3 IICEBJO3PIHKCHAM IIapoM Ha
e(EeKTUBHICTH MPOLIECY CYIIHHS TOPOXY.

Martepiaam i MmeToau. JlociimkeHs TPOBOAMIICS HA EKCIICPUMEHTANBHIN CYIIHIBHIN
YCTAaHOBIII 3 BCTAHOBJICHUM Y CYIIMJIBbHIA KaMepi KOHIYHUM €JIEMEHTOM Ta 3a JOIIOMOTOIO0
3D-Mopzeneil CymMIBHUX YCTaHOBOK. MOJENIOBaHHS PyXy TEIUIOHOCIS MPOBOIMIOCS 3
BukopuctanHs M MetoniB CFD 3 mopjaneiioro mnepeBipkold Ha eKCIEepPUMEHTAbHIN
YCTaHOBIII.

Pe3ysabTaTi i 00roBopeHHs. BCTaHORBICHO, [0 MIBUIKICTH TEIUIOHOCIS B CYIIMIIBHIH
KaMmepi yCTaHOBKH 0e3 KOHIYHOTO eJIEMEHTa 3HaXOJUThCS B peKOMEHI0BaHUX Mexax (1,8—2
M/c) smme B miamazoni Big 0 mo 0,7 M mo Bucoti kamepu. 3oHa Bixg 0,7 mo 1,2 M
BHUKOPHCTOBY€ETHCS MCHII €()EKTUBHO, OCKIIBKY B HiH MIBHIKICTH TEIIOHOCIS 3HAXOAUTHCS
B Mexax 1,65-1,8 m/c. [IpuunHOI0 HBOTO € Te, M0 MPH IMPOXOHKEHHI TEIUIOHOCIA Yepes
BOJIOTHH NPOIYKT HOTO TeMIeparypa 3MEHIIY€eThCs, 10 IPUBOJUTH 10 3MEHIICHHS 00'eMy
TeruioHocis. 1le BuKknnkae pyHHyBaHHS CTaJOTO PEXUMY ICEBIO3PIKEHHS 1, IK HACIIIOK,
3HIDKEHHS IHTCHCHBHOCTI BUCYIIyBaHHS IIPOAYKTY.

VY cymunbHIA YCTAHOBI 3 KOHIYHUM €JIEMEHTOM JIOCATA€ThCS CTa01Ti3aIlisl IIBHIKOCTI
TEIUIOHOCIS B pexoMeHnoBaHux (1,8—2 m/c) mexax 1o BCid BHUCOTI 30HHM CYLIIHHS, IO
3abe3mneyye cTajly BHCOTY IICEBIO3PIPKEHOrO IIapy MPOAYKTY B Kamepi cymrinus. lle
CTBODIOE YMOBH JUIs OULIBII BHCOKOI IHTEHCHBHOCTI BHCYIIYBaHHsS Marepiaily 1 crpuse
IIBUILIEHHIO SIKOCTI BUCYIIEHOTO MPOAYKTY, OCKUIBKHY BiH HE 3HAXOJUTHCS 3aHA/ITO JJOBI'O B
30HI BUCOKHUX TEMITEPaTyp.

BcranoBneHo, 110 TpH 3pOCTaHHI MIBHIKOCTI TEIDIOHOCIS MOHAT 2 M/C CIIOCTEPIraeThCs
3MEHIIECHHS! e(EeKTHBHOCTI BUKOPHUCTAHHS HOro moreHmiamy. Tak, HpH IOYATKOBIH
IIBUJIKOCTI TETUIOHOCIA 2 M/c 1 movaTkoBiit Temneparypi 100 °C iioro kiHIeBa Temmeparypa
ckianae 6mu3pko 55°C, Mo BiNOBigae MPUHHATOMY PETJaMEHTY CYIIIHHS U YCTAHOBOK
naroro tumy. [lpu migBumeHHi mBHAKOCTI 10 2,2 i 2,4 M/c crocTepiraeTbes 301UTBIICHHS
KiHIIeBOI TeMmepaTypu TeruroHocis go 58 i 60 °C BiAmOBiAHO, MO 3HMWXKYE e(PEKTHBHICTH
poOOTH YyCTaHOBKH.

BucHoBku. JlocTiDkeHHS AalOTh 3MOTY BU3HAYMTH BIUIMB BCTAHOBJIEHHS KOHIYHOTO
eJIeMEHTa B CYIIWIbHIA KaMepi Ha MIBUAKICTh TEIUIOHOCIS Ta HOrO THCK Y 30HI CYIIiHHSA, a
TaKOX BIUIMB IIBHJIKOCTI TEIJIOHOCISI HAa HOTO TeMIIepaTypy B LiH 30Hi.

Kuarouosi cioBa: cywapka, pomop, menioHociu, ncegdo3piodlcenns.
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——Abstracts

ExkoHOMika
AHaJni3 pHHKY 3epHa B YKpaiHi B yMOBaX BIPOBa/I’KeHHS 3eMe/IbHOI pedopMu

Tersina Pubauyk-Sposa, Ipuna Troxa
Hayionanonuii ynieepcumem xapuosux mexnonoziu, Kuis, Yxpaina

Beryn. MeToro 0CHIKEHHS € BUSIBJICHHS. OCHOBHHX JHMCIIPOIIOPIIIN PO3BUTKY PHHKY 3€pHA B
VYkpaiHi B yMOBaxX BIPOBAKEHHS 3eMEIbHOI peopMHL.

Marepiaan i meroam. JlocmipKyeTbcs YKpaiHCBKMI PHUHOK 3€pHa B KOHTEKCTI 3eMENBHOI
pedopmu. KOHTpOIIOETBCS BIANOBIMHICTG 3/IHCHEHHX NEPETBOPEHb MDKHAPOJHUM BHUMIpam 1
KOHIIETIII{ peryiaroBaHHs PHHKY. JIsI TpyIyBaHHS HAIIOHAIBHUX 1 MDKHAPOJHHMX aHAJITHIHHX
Ppe3yNbTaTiB BAKOPUCTOBYBABCS JIOTIYHO-a0CTPAKTHHI METOI.

Pe3yabratu i ooroBopennsi. Y 2018 p. oOcsru BUpOOHHMUTBA 3E€pHOBUX B YKpaiHi Oyin
HawBumMu npotsrom 1991-2018 pokie. I[lo3utuBHa auHamika crnoctepiraetbess 3 2003 poky.
3pOoCTaHHs JOCATHYTO HUIAXOM 30UIBIICHHS 3aCiBHMX IUIONI IiJi 36pHOBI Ta 3aBISKUA 3POCTAHHIO
ypoxkaitHocTi. OCHOBHUMH 3€PHOBHMH € TIICHUII, KyKYpyA3a, COHSIIHHK, SUMiHb, COS Ta pilak.
PenrabenpHiCTh NMIIeHUNI B YKpaiHi BiIIOBiae PiBHIO OCHOBHHUX KPaiH-BHPOOHUKIB i B CEPEAHBOMY
CTaHOBUTE 26,8%.

OO6csirn  BUpoOHMITBa CcOHAMHKMKY mnpoTsarom 2011-2019 pp. KEeMOHCTPYIOTH ITO3HTHBHY
JIUHAMIKy 110 3pocTanHs. HaiiBumii obcsiru BupoOHuiTBa Oy y 2016 p., 2018 p. Ta y 2019 porii.
HaiiBumti moka3sHuky BUpoOHUITBA coi dikcyBamuncs y 2016 p. ta'y 2018 p., oo moB’s3aHo 31 3HAYHOIO
BpoxaiinicTio. 3 2016 p. crmocTepira€Thes MOCTYMOBa MO3UTHBHA THHAMIKA BUPOOHUIITBA PIllaKy.

BianosigHo 10 HaIiOHAIBHOTO OaTaHCy MOMMUTY 1 MPOMO3MIII 3¢PHOBUX Ta 3¢PHOO0O0BHUX, CIIi
BIJI3HAYMTH, 110 B YKpaiHi COKUBAEThCs He Outbie 30-40 MIIH TOHH 3€pHOBHX Ta OJIIHHUX KYJBTYp 3
92 muH ToHH 3i0panux. Toxx momanpie HApOUTYBAaHHS BHPOOHHUITBA MOJKIMBE TUIBKM 33 PaxyHOK
301IBIICHHS €KCITOPTY YKPATHCHKUX 36PHOBHUX Ha CBITOBHI PUHOK, SIKUl XapaKTepH3y€EThCs TMHAMITHO
3pOCTAIOYHM ITOTTUTOM.

V raiy3i BUpOLIyBaHHSI 3€pPHOBUX KyJbTYp HaniuyeTbest 32 214 cy6’eKTiB rocrnoaproBaHHs, 3
Hux 71,3% — depmepchki rocniomapersa. [Ipy oMy 3a miomamy, 3 Sskux 30HpaeThesl BpoxkKai, IXHs
gacTka CTaHOBUTH jumie 15,8%, mo cBiqunTh TpO HU3BKWI piBeHb KOHIEHTpPALil 3eMelb Yy
(hepMepChKIX TOCTIONAPCTB.

Cepell OCHOBHHX PH3HKIB BIAKPUTTS PUHKY 3€MIIi UIA IOPUAMYHHX Oci0 € T MacoBe
CKYTIOBYBaHHS BEJIMKHMH arpOXOJIIMHTaMH Ta TMAaiHHS iHBECTUIIiTHOI npuBabmuBocTi Ykpainu. s
IpiOHUX GepMepiB 3poCTyTh (hiHAHCOBI PU3NKH Yepe3 BiICy THICTh KPEIUTHOT iCTOPIi Ta HEOCTYIHICTh
(iHaHCOBHX IHCTPYMEHTIB Ha KYIIBJIIO 3€MJIi.

BucHoBKH. 3anpoBa/pKeHHs PUHKY 3€MJIi BUMarae yJI0CKOHAJCHHS JIep)KaBHOTO PEryJIIOBaHHS
Ta MeXaHi3MIB MiATPUMKN BHPOOHHMIITBA, HAPOLIEHHS EKCIIOPTHOTO IOTeHmiany, (opMyBaHHS
HAJISKHOI 1HPPaCTPYKTYPH 3€PHOBOTO PHHKY TOLIO.

Kurouosi ciioBa: sepro, supobnuymeo, excnopm, Yrpaina, peghopma.
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Dear colleagues!

The Editorial Board of scientific periodical
“Ukrainian Food Journal”
invites you for publication of your research results.

Requirements to all texts:

Language — English.

Recommended size of the article — 15-20 pages.

Font — Times New Roman, font size — 14, line intervals — 1, margins on both sides — 2 cm.

The structure of the article:
The title of the article
Authors (full name and surname)
Institution, where the work has been performed.
Abstract (2/3 of a page). The structure of the abstract should correspond to the structure
fthe article (Introduction, Materials and methods, Results and discussion, Conclusion).
Keywords.
The main body of the article should contain the following parts:
Introduction
Materials and methods
Results and discussion
Conclusion
— References
If you need you can add another parts and/or divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place of work, email
and contact phone number).

oug

All figures should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white color. The color of the
figure elements (lines, grid, text) — in black color.

Figures and EXCEL format files with graphs additionally should be submitted in
separate files.

Photos are not recommended to be used as graphical materials.
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IIManoBHi koaern!

PenakuiiiHa kosnerist HaykoBoro nepioauynoro Buaanns « UKrainian Food Journal»
3anpormrye Bac mo my0mikamii pe3yapTaTiB HAyKOBHUX JTOCTIIKECHb.

Bumoru 10 opopmiienHs crarei

MoBa crarteil — aHIJTiHChKa.

MinimansauiA 0o0csr ctarti — 10 cropinok dopmary A4 (6e3 BpaxyBaHHSA aHOTAIiH i
CIHCKY JITepaTypH).

Js Beix enemenTiB ctatTi mipudt — Times New Roman, kerns — 14, intepsan — 1.

Bci mosnst cropinku — 1o 2 cM.

CTpyKTypa cTarTTi:

1. VK.
2. Ha3Ba crarri.
3. ABtopu cratTi (iM’sI Ta Mpi3BHUIle MOBHICTIO, pukiaa: JeHuc O3epsHKO).
4. Yemanosa, 8 Axiil gukonana poboma.
5. AroTanis. O00B’AI3K0Ba CTPYKTypa aHOTAIIil:

— Beryn (2-3 psinkn).

— Marepianu ta MeTou (10 5 psIKiB)

— PesynbraTn Ta 00roBopeHHs (IiB CTOPIHKH).

— BucHoBku (2-3 paaxmu).
6. Kirtouosi ciioBa (3—5 ciiB, aje He CJIOBOCIIONIYYEHbD).

IIyHKTH 2—6 BUKOHATH aHIIiliCbKOIO | yKpaiHCHKOI0 MOBaMU.

7. OCHOBHHIA TEKCT CTAaTTi. Mae BKIIFOYATH TaKi 000B’SI3KOBI pPO3ILIIH:
— Beryn
— Marepianu Ta MeTOAH
— PesynpraTi Ta 00TOBOpEHHS
— BucuoBkm
— Jlitepatypa.
3a HeoOXiJHOCTI MOXKHA JI0/IaBaTH 1HIII PO3ALIHM Ta PO30MBATH 1X Ha MiPO3IiIH.

8. ABropchka goBingka ([Ipi3Buiie, iM’s Ta 10 0ATHKOBI, BUCHHH CTYIIIHb Ta 3BaHHSI, MicIIe
poboTH, eneKTpoHHa aapeca abo Tenedon).
9. KoHTakTHI ZaHi aBTOpA, JI0 SKOTO 32 HEOOXiTHOCTI Oy /1€ 3BepTaTHCh peakilist KypHaIy.

Pucynkn BUKOHYyIOTBCS sikicHO. CKaHOBaHI PHCYHKH He IpuiiMaroTecs. Po3Mip TekcTy Ha
pHcyHKax nmoBuHeH Oytu cmiBpo3mipuuM (!) Texcty cratti. @oTorpadii MokHa BHKOPHCTOBYBATH
Juue 3a iX 3Ha4HOI HayKOBOI LiHHOCTI.

®on rpadikis, xiarpam — nunie 6inanil. Komip eaemenTiB pucyHKy (JiHii, CiTKa, TEKCT) — YOPHHUI
(ue cipwmif).

Pucynxku Ta rpadiku EXCEL 3 rpadikaMu 1oAaTKOBO MOJAIOThCS B OKPEMUX (aiinax.

CkopodeHi Ha3BH ()i3UYHHX BEJIMYMH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JATHHCHKUMH
niTepaMu BianoBigHo 1o cucremu Cl.

B cnmcky mitepaTypu MOBHHHI NEpEeBaKaTH aHTIIOMOBHI CTAaTTI Ta MOHOTpadii, sKi omyOikoBaHi
micist 2010 poxky.
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IIpaBuia opopMileHHS CIUCKY JiTepaTypu

B Ukrainian Food Journale3sro 3a OCHOBY 3araJbHOMPHIHATE B CBITI CIpPOIICHE

oopMIIEHHST CITUCKY JiTeparypu 3rigHo cTanmapry Garvard. Bei emeMeHTH MOCHIaHHS
PO3ALIAIOTECS JIHIE KOMAMHU.

(Ho

po

1. [locujiaHHA HA CTATTIO:

ABTopu A.A. (pik Buaanus), Ha3ma crarrti, Ha3Ba kypuaay (kypcuom), Tom
Mep), CTOPiHKMH.

[Himianw MUy THCS TICIS MPi3BHINA.

Bci enreMeHTH OCHIIAHHS pO3Z[iJ'I$IIOTI)CH KOMaMu.

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.

2. ITocnjiaHHS HA KHUTY:

ABTopu (pik), HazBa kuuru (kypcusom), Bunasauurso, Micro.

[Himiany MUy THCS TICIS MPi3BHINA.

Bci eneMenTH ocuiaHHs pO3AUIAIOTHCS KOMaMH.

puxnan:

Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuianHs Ha eJeKTPOHHMIA pecypc:

BuKoOHY€eThCsI aHAJIOTTYHO MOCHIIAHHIO Ha KHUTY a00 ctaTTio. [Ticis odopmiteHHs JaHux
ny6mikanito munryThes ciosa Available at: ta Bkasyerbes enekTpoHHa aapeca.
[puknanu:

1. (2013), Svitovi naukovometrychni bazy, available at:

http://lwww1.nas.gov.ua/publications/q_a /Pages/scopus.aspx

2. Cheung T. (2011), World's 50 most delicious drinks [Text], Available at:

http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Cnmcok Jlitepatypu 0(OpMITIOETHCS JINILIE JaTHHUIIC. EleMeHTH CcucKy yKpaiHChKO0

Ta POCIHCHKOI0 MOBOIO IMOTPiIOHO TpaHciiTepyBaTtu. [[ns TpaHciitepanii 3 ykpaiHCHKOIO
MOBHU BHKOPHCTOBYETHCS MACIOPTHHUII CTaHIAPT, a 3 pociiickkoi — crangapt MB/] (B nux
CTaHapTaxX BUKOPUCTOBYIOTHCS CHMBOJIH JIMIIE AHTIIHCHKOTO andasiTy, 0€3 XBOCTHKIB,
anocTpodis Ta iH).

3pyuHi caliTi A9 TpaHcaiTepanii:
3 ykpaiHncekoi moBu — http://translit.kh.ua/#lat/passport
3 pociiicekoi moBu — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukJax opopMIIeHHS CTATTI — HA caliTi

http://ufj.ho.ua

CTaTTd HAACHJIAETHCA 3a eJIeKTPoHHOoI0 aapecoro: Ufj_nuft@meta.ua
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YK 663/664
Ukrainian Food Journal nyGrikye opurinansai HaykoBi cTaTTi, KOPOTKi
MTOB1TOMJICHHS, OTJISZIOBI CTATTi, HOBUHU Ta OTJIAIH JITEPaTypHU.

Temartuka my6uaikaniii 8 Ukrainian Food Journal:

XapuoBa iHXeHepis Ipornecu Ta 001aTHAHHS

XapuoBa XiMis Hanorexnomorii

Mikpobionorist ExoHoMika Ta ynpaBiiHHS

®Di3uYHI BIACTHBOCTI XapYOBUX ABTOMATH3AIIisI TPOIIECIB
MPOAYKTIB YnakoBKa JUIs XapuoOBHUX MPOTYKTiB

SxicTh Ta Oe3rexa XapuoBHUX MPOIYKTIiB

[epiogmuHicTs BUX0QY KypHAJIY 4 HOMEpH Ha PiK.

Pesynbratu mociimKeHb, IPeICTaBICHI B )KypHAJIi, HOBUHHI OyTH HOBUMH, MaTH YiTKHN
3B'30K 3 XapyOBOK HAyKOIO 1 MPEACTABIATH iHTepeC Uil MIXHAPOJHOTO HAYKOBOT'O
CHIBTOBAPHCTBA.

Ukrainian Food Journal iHmekcyeTbcs HAyKOMETPUIHUMH Oa3aMHu:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRJI) (2014)
Universal Impact Factor (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)
Emerging Sourses Citaton Index (2018)

Penensisi pykonucy crarri. Marepianu, npencrasieni s my6mikyBanas B «UKrainian
Food Journaly», npoxoasts «IlozagiiiHe ciine peLieH3yBaHHS» JBOMAa BYCHHMH, NPH3HAYCHUMHU
pEenaKmiifHOO KOJIETI€I0: OJIMH € WICHOM PEAKOJIETil i OIUH He3aJICKHUH YICHUH.

ABTOpCBKe MPaBo. ABTOPH CTaTel rapaHTYyIOTh, 0 POOOTa HE € MOPYIIEHHIM OyAb-SIKHX
aBTOPCHKHX IIPaB, Ta BIJIIKOAOBYIOTh BHAABIIO HMOPYIICHHS maHoi rapanTii. OmyGmikoBaHi
Marepianu € npaBoBoro BiaacHicTio Buaasus «UKrainian Food Journaly, sikimio He y3romkeHo
iHIIE.

IMonituka axagemiunoi eruku. Penakuis «Ukrainian Food Journal» xopucrtyerbes
IIpaBWJIaMHU aKaJeMiuyHOl eTHKHM, BUKIaneHuXx B poboti Miguel Roig (2003, 2006) "Avoiding
plagiarism, self-plagiarism, and other questionable writing practices. A guide to ethical writing”.
Penaxuist mponoHye aBTOpaM crarteil i perieH3eHTaM IpsAMO CIIiIyBaTH [[bOMY KEPiBHULTBY, I[00
YHUKHYTH IIOMUJIOK Y HayKOBIH JIiTepaTypi.

IHcTpyKUii ANa aBTOPIB Ta iHIIa KOpUCHA iH(pOopMAIlis PO3MIICHI Ha CaiTi

http://ufj.ho.ua
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JeaiBeana Xy0, acoyiayis «Mixcnapoona eapmonizayiina iniyiamusay, Hioepranou
Ouxaexcanap leBuenko, 1-p.TexH. HayK, pod., HayionaneHuil yHisepcumem xap1oeux
mexwnonoeill, Yxpaina

Ouiena I'paboBchbKa, 1-p. TeXH. HayK, npod., Hayionansruil yHieepcumem xapuoeux
mexnono2iu, Yxpaina

Ouena [Iparan, 1-p. eKoH. HayK, npod., HayionanvHuil yHigepcumem xapioux
mexHonoziu, Yxpaina

Ouabra Pubak, kaHa. TeXH. HayK, IOL., TepHoninbcbKuil HAyioHaAbHUL MEXHIYHUL
yuigpecumem imeni leana Ilynios, Yrpaina

Mackaaw Monwo, 1-p, YVuieepcumem Knoo bepnapo Jlion 1, @panyis

Cewmix OTiec, 1-p., npogh, Yuisepcumem Eee, Typeuuuna

Coust Amapeii, 1-p., npog, Yuieepcumem «lllmeghan wen Mapey, Cyuasa, Pymynis
Cranka [lamsiHOBA, 1-D., npogh, Pycencoruil ynieepcumem «Anenen Kanueey, Qinis
Paszepao, Boneapis

Credan Credanos, 1-p., npod., Vuieepcumem xapuosux mexnonoeit, boreapis
Tersina IMupor, n-p. Gion. Hayk, npod., Hayioranvruil ynigepcumem xapuoeux
mexnono2iu, Yxpaina

Tomam Bepuar, 1-p., npod., [Jeyuncokuii ynigepcumem, [lonvwya

KOuist I3a3bK0, I-p. XiM. HayK, C.H.C., [Hcmumym 3a2anvHoi ma HeopeaHiuHol Ximii imeHi
B.I. Bepnaocvkoeo HAH Yxpainu

KOpiii Binan, g1-p., mpod., Kewyscokuii Texnonoeiunuii Yuisepcumem, Ionvwya
Ouexciii I'yoenst (BiAmoBinanbHUi cekperap), KaHI. TEXH. HAyK, 01, Hayionanvhuil
VHIBepcumem xapyoeux mexunonozit, Ykpaina.
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