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Introduction. It was studied the formation of fruit flavor
involving precursors and enzymes. It has a certain advantage over
other methods.

Materials and methods. Lipid emulsions fruits (cucumber,
squash, watermelon) were prepared in the Soxhlet apparatus
according to the classical procedure using chloroform-ethanol
solvent. The intensity of oxidative processes was evaluated using the
developed technique based on the reactions of carbonyl compounds
(CC) in the vapor phase with 2,4-dinitrophenylhydrazine. The
particle size distribution (PSD), {-potential of the colloidal fraction
was made on the analyser Malvern Zetasizer Nano ZS with a
detection angle 173 °C. Recovery of fresh taste and aroma lost
during thermal treatment was calculated by using organoleptic
methods.

Results and discussions. The molecules of a precursor-
compound can withstand the processing modes, while enzymes and
aromatic compounds break down frequently. Most of the aromatic
components are reaction intermediates formed between the substrate
(lipid hydroperoxide derivatives, HPO) and the corresponding
enzymes (hydroperoxide lyase HPL). The fruit and vegetable
pretreatment conditions and subsequent environment in which
enzymatic reactions take place can be considered as potential factors
in the formation of fresh flavors.

The hanges of the plant aromatic components during heat or
combined processing are associated with transformations of lipid
components. The availability of these components for enzymatic
reactions depends on the distribution of lipid particles according to
their size and potential mobility. Pre-treatment of samples positively
influences binding energy in the complex of enzyme-substrate. The
change of iodine number in treated homogenates, as compared to
fresh ones, shows isomerization of flavor precursors. The minimal
quantity of homogenates introduced (up to 20 g) and the duration of
aroma-restoring reaction (from 5 to 7 minutes) were defined.

During heating in vacuum (with underpressure 6+1 kPa, at
temperature 32+2 °C) of the suspended plant homogenates,
substrate-enzyme interactions are the most intensive because of the
conditions of interphase activation when the hydrophobic interaction,
covalent links, and Van der-Vaalsovyh forces change. These effects
ensure multimolecular adsorption and biosynthesis of green leaf
volatiles (GLVs) in the fruits after heat treatment.
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Introduction

The studies in the field of aroma formation mechanisms have showed that fragrances
are formed from precursors and enzymes. Amino acids, carbohydrates, and lipids can be
flavor precursors of the plant raw material under different conditions (DeMan John M.,
1999; Guentert M.,2007). It has been found that thioglycosides, conjugate S-cysteine in
grapes, and alliin in garlic can be precursors of fresh fruits of cabbage family (Ho Ch.-T at
el,1990; Yu T.H. at el,1994; Tominaga T. at ¢l,1998). As a result of reactions between the
precursors of lipid nature, polyunsaturated fatty acids (PUFAs) and enzymes, the "green
flavor" of crushed leaves (GLVs - Green Leaf Volatiles) occurs (Kalbrener J. E, 1974;
Yang, X. et al, 2011; Gigot C., et al., 2010). The formation of fruit flavor involving
precursors and enzymes is important and has a certain advantage over other methods. This
advantage ensures fast formation of food flavor shortly before a meal or in the mouth. The
conditions of flavor formation by virtue of precursors of lipid nature and enzymes have
been sufficiently studied at different pH, temperature, presence of specific isoforms of
enzymes, localization in the cell of fresh fruits (Luning P. A., 1995; R. Davidovich-
Rikanati, 2008; Song J., 2010). The possibility of formation of really different volatile
components has been shown on the test solutions of PUFAs extracted from the plant raw
material (Kalbrener, J. E, 1974).

Mechanical grinding is sufficient for carrying out enzymatic reactions involving lipids
cells in fresh fruits (cucumber, tomato, banana, etc.). Changes in lipid structures after heat,
physical or combined processing of fruits have been considerably investigated only from
tpoint ohe f view of peroxide processes (Jiménez-Monreal, A. M., 2009). The study of
aroma formation from lipids in vitro is connected with large methodological difficulties; so
lipid transformation processes due to thermal, physical or combined effects on the plant raw
material are not much discussed in scientific publications. According to the theory of flavor
restoration by G.Reed, with the availability of precursors, flavor can be restored in the fruit
raw material after heat treatment when interaction conditions are created (Reed G.,1966).
The preconditions for the repetitive flavor formation from precursors in fruits after heat
treatment have been previously investigated (Dateo G. P. at el., 1957; Hasselstrom T.,
1962; Schwimmer S.,1963), but the participation of lipid substrates in these processes is not
still clarified (Gargouri M., 2008;0ey 1.,2010).

Since lipid precursors are of hydrophobic nature and enzymes are of hydrophilic one,
enzymatic reactions under in vitro conditions occur at very low speed. Surface active agents
(surfactants) are used in aquatic lipid systems to increase the contact surface area in lipid-
substrate reactions and to decrease water shell thickness. Similar effects can result from the
physical effect and lead to the rescovery of the lost flavor. In this study, enzyme catalysis is
studied to a greater extent from physical perspective, since enzymes alter energy levels of
the system intermediates using nonvalent interactions.

The theory of enzyme kinetics considers enzymatic reactions to be multistage ones
accompanied by the formation of temporary intermediates. Most of the aromatic
components are reaction intermediates formed between the substrate (lipid hydroperoxide
derivatives, HPO) and the corresponding enzymes (hydroperoxide lyase HPL) (Damodaran
S., Parkin K. L., 2008; Hui Y. H., 2010). Therefore, changes of aroma components can
fairly quickly reflect the results of enzymatic hydrolysis in vitro. The study of structural
changes in flavor lipid precursors will enable to determine the optimum conditions of
physical effects on the enzyme-substrate system.
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Materials and methods

Materials. Cucumbers, pumpkins, watermelons, and basil leaves were purchased from
Poltava farmers during mass harvesting in summer.

Fruit heat processing: hydrothermal processing such as convective processing (fruits
were immersed in boiling water, kept for 20 minutes and cooled) and combined processing
including vacuum one with microwave heating (in the vacuum plant for steam distillation
combined with a Selekta microwave oven with capacity of 0.6 kW, frequency of 2450 Hz,
vacuum depth of 61 kPa, the material temperature of 32+2 °C), freezing (at temperature of
-18 °C) in a freezer, and defrosting in a microwave unit).

Aqueous suspensions of fruits were prepared from fresh or heat treated fruits by
mixing them with water at room temperature in the ratio 1:1 followed by homogenization.

Lipid emulsions were prepared in the Soxhlet apparatus according to the classical
procedure using chloroform-ethanol solvent.

Centrifugation of the lipid fraction was carried out on the laboratory centrifuge MPW-
223e with the drum rotation speed of 3004000 r/min.

Method for determination of hydroperoxides and diene conjugates is based on
measuring the light absorption by diene hydroperoxides at 234 nm on the
spectrophotometer SF-42 at room temperature, with a molar extinction coefficient 2,5-10*
M'em™.

Determination of aldehydes. The intensity of oxidative processes was evaluated using
the developed technique based on the reactions of carbonyl compounds (CC) in the vapor
phase with 2,4-dinitrophenylhydrazine. The plant raw material weighing 100 gr was
transferred to a 500 ml volumetric flask. A special container of 5 cm® was filled with 1%
alcoholic solution of 2,4 - dinitrophenylhydrazine and hung inside the flask.

The flask was sealed with a ground-in stopper and put in the thermo cabinet for 5 hours
at 60 °C. The flask was cooled for 50 minutes on the glazed tile, the 1% alcoholic solution
of 2,4-dinitrophenylhydrazine was transferred from the special container to a standard glass
cuvette of 24 mm wide and 5 mm thick. The absorption spectra of light waves at 490 nm in
photocolorimeter were determined. The concentration of C4—Cy carbonyl compounds in
pairs of the plant product was defined with the help of the pre-constructed calibration line.

Analysis of volatile components was carried out on the chromatography-mass
spectrometry system Agilent 6890N/5973 inert (Agilent Technologies, the USA). The
capillary column: HP-5ms 30m x 0,25mm x 0,25mkm (Agilent technologies, the USA).
Temperature mode: 50 °C (5 min.), the temperature gradient: 5 °C/min to 220 °C (5 min.),
the second gradient: 5 °C/min to 300 °C (10 min.), carrier gas: helium, flow velocity
through the column: 1.0 ml/min. The evaporator temperature is 250 °C, interface
temperature is 280 °C, the sample was introduced in the mode of 1:25 flow separation.
Registration of ions was performed in SCAN mode in the range of 30-420 m/z. The
mixture components were identified using a mass spectra library NIST02.

The distribution of size, particle size distribution (PSD), {-potential of the colloidal
fraction was made on the analyser Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.,
UK) with a detection angle 173 °C. All measurements were performed in a temperature-
controlled cell by 25 °C using ditch/cuvette DTS0012. At least five replicate measurements
were made to control results repeatability on each sample. Size distribution in terms of
intensity was obtained from the analysis of the correlation functions using an algorithm of
General-purpose software analyser Zetasizer Software 7.11.
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The descriptive sensory analysis of flavor in aqueous suspensions was made by the
session of qualified judges of 12 women of different age groups who had the experience in
the field of sensory evaluation. The evaluated attributes (aroma identity, other flavors,
correspondence to the fresh raw material, shades) were grouped into conventional
categories by the distribution method. The team members practiced assessment of defining
attributes and their intensity during training on the basis of the differential threshold such as
the minimum perceptible presence or change of flavor shades. Every descriptive attribute
was verbally described; the patterns of fruit sample flavors were submitted to judges at the
time of preparation; identification of descriptors served as a guidemark during testing.

Results and discussions

In spite of the diversity of the plant volatile components, most of them belong to three
main groups: terpenes, phenylpropanoids/benzenoids and PUFA derivatives. By the
accumulation point, volatile components are divided into those concentrated in: protoplasm
or cell sap, idioblasts, and in special structures such as receptacles of essential oils.
Isolation and extraction of the plant aromatic complex depends on the mode and intensity
of the heat effect on aroma-containing structures of the raw material. The brief exposure at
high temperature (80 °C) is the most commonly used in industry when there is an intense
flavor separation from one or more accumulation points, depending on their sensitivity to
temperature. The method of heat treatment at low temperature (32+5 °C) and the prolonged
exposure was developed in order to increase the concentration of aromatic components by
activating the specific enzymatic complex of the raw material (Mactavish H. S., 1998). The
mechanism of enzymatic processes is specific and has many particular features; so with this
method, flavor of the final product will be different at various heat input methods
(volumetric and surface) to the product. For example, various heat treatment of basil leaves
contributes in each case to occurrence of special components of aroma. Both identical
components (eucalyptol, heptan-2-one, eugenol, phenol, 1,6-octadien-3-ol, mono (2-
ethylhexyl) ester, 1,2-benzenedicarboxylic acid), and specific ones appropriate to this type
of pretreatment were identified in the samples with preliminary freezing (Nel), convective
processing (Ne2) and combined processing (Ne3) (Table 1).

Table 1
Aromatic components and characteristics of basil flavor

Ne | Distinctive aroma components Flavor characteristics

1 1,3,6-octatriene, 1-Hepten-6-one, 7-Octen-2-ol, 2- | Basil, ethereal, spicy
methyl-6-methylene, acetic acid, hexyl ester, limonene,
(E)-2-butenylcyclopropane, 1,3,6,10-Dodecatetraene,

1,4-methanophthalazine, 1-Cyclopentene, 6,6-
dimethylcycloocta-2,4-dienone
2 | 2-aminobenzoate, 3-cyclohexene-1-methanol, 4- | Grassy, hay, of specific

trimethyl-, (S)-p-menth-1-en-8-0l, octahydro-7-methyl- | bitterness
3-methylene-4-(1-methylethyl), 2-methylenecyclopropyl

3 1,5-heptadiene, 1,3,6-heptatriene, trans-isobornyl acetate, | Saturated basil, fresh,
1-naphthalenol clove
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The identified aromatic components of basil leaves differ from the well-known ones
due to the heat treatment temperature range and heating method. In the sample with leaves
pre-frozen and then defrosted in the microwave field, the presence of ether shades is
explained by specific enzymatic processes during and after thawing (Damodaran S., Parkin
K. L., 2008). In the sample with convective and microwave processing, the sequence of
thermal effects on various enzyme-containing structures is different. The shade of fresh hay
prevails with convective processing, and a pleasant clove shade dominates with microwave
processing. Thus, the way of heat input and the method of heat treatment at low impact
temperatures on the raw material influence the product overall aroma profile.

Aromatic components of melons (cucumber, pumpkin and watermelon) are
characterized by distinct sensibility to the thermal effect; they contain similar key and shade
Cs-Cy aldehydes, their alcohol derivatives (Bezysov A., 2015). Only trace amounts of
aromatic components which are not recorded on aromograms were identified by smell in
the samples of these fruits after freezing and hydrothermal treatment, as their concentration
was below the detection threshold of chromatographs. Our earlier studies of the fruit lipids
demonstrated that the fruit content was not changed after cooking but the accumulation of
hydroperoxide derivatives of PUFA occurs. Also, as a result of heat processing, the
accumulation of hydroperoxides (HPO) occurs after heat treatment in artichoke, asparagus,
green beans, pepper, spinach, carrots and others (Jiménez-Monreal, A. M., 2009).

Hydroperoxides (HPO) of fatty acids are split by the enzyme of hydroperoxide lyase
(HPL) (Feussner and Wasternack, 2002; Noordermeer et al., 2001). Depending on the
characteristics of the carrying base, HPLg can be classified into three groups (Matsui K. et
al., 2001; Mita et al., 2005):

— 13-HPL which specifically splits fatty acids 13-HPO to form Cé6-aldehydes
(polyhexenal (1) or (Z) -3-hexenal (2)) and 12-o0x0- (Z) -9-dodecenoic acid,;

— 9/13 HPL which can split both 13 and 9-HPO-HPO with virtually the same
efficiency;

— 9-HPL which specifically splits 9-HPO to C9-aldehydes ((Z) -3-nonenal (3) or (Z, Z)
-3,6- nonadienal (4)) and 9-oxo-nonanoic acid.

Hydroperoxide lyase HPL belongs to membrane bound enzymes. Without exception,
all cellular membranes are thin lipoprotein films consisting of a double layer of lipid
molecules that includes protein molecules. When freezing, heating, or undergoing
microwave exposure, protein components of the raw material are coagulated. The main
factors determining the behavior of particles in the coagulated structure are as follows: size
of particles, the hydrophilic-hydrophobic balance of the particle surface, overall and
electrokinetic potential of the surface. The activity of HPL using insoluble substrates such
as hydroperoxides essentially depends on the dynamic properties of the general lipid phase
of membranes. Most hydroperoxides in thermally processed fruits are formed from linoleic
and linolenic acid. The hydroperoxide catalysis can be represented schematically as
follows:

9/13 NRA + 9/13HPL — C4- Cy aldehydes + Co-C;, oxoacids

The reactions of hydroperoxide lyase in fresh fruits are sufficiently studied (Klee, H. J.,
2010; Lanciotti R. et al, 2004), and their participation in the thermally processed raw
material causes aroma-forming reactions. To identify and understand the conditions of
catalysis with the participation of hydroperoxide lyase, the comparative analysis of
physical and chemical parameters of the lipid system of fresh and thermally processed
samples of the cucumber extract was made (Table 2).
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Table 2
Physical and chemical characteristics of lipids in the cucumber extract
Index name Fresh Frozen Hydrothermal

processing
{ -potencial, mV -2,87+0,15 -4,11+£ 0, 30 -5,50+0,22
Size, nm 10000...5000 5000...1000 1000...500
Total content of hydro- 8 12 18
peroxide compounds
Characteristics of aroma of Intense Weak vegetable, Grassy, soup
aqueous suspension cucumber mushroom shade
Total aldehydes, mg/g 0,079 0,055 0,043

According to the traditional view, the greater the absolute value of ( is, the greater the
electrostatic repulsion between droplets is, and hence the more sustainable the system stability
is (Nakauma et al., 2008). Experimental measurements of {-potential indicate steric repulsion
of particles in the hydrocolloid system and characterize stabilizing properties of the emulsifier
represented by phospholipids in cell walls (Ferezou, J., & Bach, A. C., 1999). The samples (-
potential ranges from -2,5 to -5,5 mV. As a comparison, {-potential range of industrial
flavorings after enzymatic processes ranges from -22 to -25 mV. According to these data, we
can characterize the stability of the studied emulsion of triglycerides; C-potential in the fruit
raw material may indicate the system instability and the behavior of reactions involving
enzymes. For the test samples, {-potential is distributed in the following order: fresh raw
material < frozen raw material < hydrothermal processing. Dimensions of triglycerides
extracted from cucumber are distributed in reverse sequence relative to {-potential. Thus, with
the increase of the particle size their mobility rises. A similar pattern was described for
liposomes (Tsukagoshi K.,1996; Radko S., 2000). The samples of pumpkin and watermelon
after heat treatment showed identical distribution patterns of (-potential and the particle
hydrodynamic diameter.

Dynamic properties of the membrane lipid matrix provide conformational flexibility of
enzymes. The properties of the lipid matrix are associated with structural rearrangement in
biological membranes. For example, water crystallization in frozen fruits induces activation of
membrane-bound lipolytic enzymes and, subsequently, results in significant changes in
structure, physical and chemical characteristics of fatty acids of membrane lipids. Thermal
processing of membrane lipids affects physical properties of lipids and the oxidation process
by endogenous enzymes. Thermal effects, freezing, electrical breakdown, and osmotic
pressure are factors determining structural adjustments and the activity of endogenous
enzymes (Gonzalez, M. E. et al, 2010). Maximum number of hydroperoxides in the extracts
of fruit lipids after hydrothermal processing and the minimum amount of aldehydes (Table 2)
are the conditions for maximum effect of HPL. The expected result of this action is the
reduced amount of hydroperoxides and increased concentration of C¢-Cy aldehydes.

The data on nanodimensional areas are a powerful approach to the study of the dynamics
of biomolecules. The size of single molecules of the plant lipids is about 5200 nm.
According to some studies, single lipids don’t exist in cell membranes but lipid nanodomains
do (Eggeling C. et al., 2009), with average size of 710 nm. It is shown that the size of more
than 700 nm testifies about the presence of cluster proteins, the hydration shell, and
hydrophobic hydration which hinder detection of lipids through electron microscopy and their
subsequent diffusion. To isolate lipid domains from extracts and analyze their hydrodynamic
diameter, the samples were examined before and after centrifugation at different frequency
and amount of time of the emulsion separation (Figures 1-4).
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Figure 1. PSD of lipids from the fruits after hydrothermal processing:
1 — without separation, 2 — separation for 10 minutes at frequency of 1500 rev/min,
3 —separation for 10 min at frequency 4000 rev/min)
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Figure 2. PSD of lipids from the fruits after hydrothermal processing:
1 — without separation, 2 — separation for 20 minutes at frequency of 1500 rev/min,
3 —separation for 20 minutes at frequency of 4000 rev/min
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Lipid domains in the extract that was not separated in the centrifugal field are mainly
composed of particles with a hydrodynamic diameter of 5000 nm. Separation in the
centrifugal field for 10 minutes at frequency of 1500 rev/min decreases a hydrodynamic
diameter of lipid domains to 2000 nm and separation at frequency of 4000 rev/min reduces
it to 1000 and 300 nm. In order to understand the impact of the physical effect of the
centrifugal field on protein-lipid associates, the separation time in the centrifugal field was
increased to 20 minutes (Figure 2).

Lipid extracts that were not separated in the centrifugal field are mainly composed of
particles with a hydrodynamic diameter of 6000 nm. Separation in the centrifugal field for
20 minutes at frequency of 1500 rev/min decreases a hydrodynamic diameter of lipid
domains to 800 nm and 25 nm and separation at frequency of 4000 rev/min reduces it to
900, 250 nm and 25 nm. The increase of separation time in the centrifugal field to 20
minutes results in the decrease of a hydrodynamic diameter of lipid domains.

The impact on the cell lipid structures to enhance or diminish the hydrophobic
interactions, covalent links, and Van der Waals forces is made using chemical, enzymatic
or physical methods. The combination of the physical impact and enzymatic processes
leads to the preservation of natural flavor that was shown in plants with high hydrostatic
pressure and low temperature (Van Buggenhout S., 2006). Intermolecular forces are
components of disjoining pressure which depends on the thickness of the lipid film,
temperature, the composition and properties of the interacting phases (bodies). The study of
disjoining pressure forms the basis of the theory of stability of hydrophobic colloids —
DLVO theory; it explains many surface phenomena.

Overcoming positive disjoining pressure preventing thinning of the film under the
influence of external forces leads to adhesion or fusion of contacting bodies. It means
coalescence or coagulation of the particles of the dispersed phase in the context of colloidal
systems; in this study it denotes the enzyme-substrate interaction. The combined processing
of fruits in vacuum with depth of 6+1 kPa is accompanied by the optimal temperature mode
for activation of fruit enzymes (3242 °C).

Changes in properties of lipid structures of plant cells and membrane-bound enzymes
in vacuum comply with DLVO theory (Gennis R. B., 2013; de Jesus, S. S., & Filho, R. M.,
2011). This theory considers the combined effect of several components of surface energy.
According to this theory, colloidal protein-lipid particles can loosely approach each other
until they come in contact with their watery diffuse shells or layers. In these conditions,
there are no interaction forces between them. For the reaction approximation of particles of
enzymes and lipids, it is necessary to achieve deformation of diffuse shells to reach their
mutual overlapping (or penetration into each other). While the thickness of the liquid layer
or film is greater than the total thickness of boundary layers with special structure, the
influence of these layers is manifested only through the relevant changes in electrostatic
and molecular components of disjoining pressure.

The implementation of these processes causes some change of the PSD profile
described above. Hydrodynamic diameters of lipids in the extract are distributed more
evenly due to the combined processing (Figures 3-4).

The comparison of the results of the samples after hydrothermal and combined
processing testifies about the system greater permanence and stability, which is expressed
in the adjustment of a hydrodynamic diameter to the range of 1000 nm and 100 nm.
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The analysis of the PSD profile of the samples after hydrothermal and vacuum
processing with separation for 20 minutes shows approximate results and the similar
stability after the impact of the centrifugal field. Thus, the increase of the physical impact
on lipid nanodomains is efficient under certain conditions. The expansion of the local zone
of the lipid layer surface leading to adjustment of a hydrodynamic diameter (Figure 3) and
favorable conditions of enzymatic hydrolysis is observed in vacuum. Strengthening of the
further physical impact on this system changes the conditions of disjoining pressure; so the
particles demonstrate repulsion resulting in the decreased hydrodynamic diameter and
different PSD profile.

In the case of peripheral proteins (membrane bound enzymes of HPL), the described
bilayer modifications lead to their activation. For example, when Ca2 + ions or products of
lipid peroxidation are added to membrane fractions, the activation of mitochondrial
phospholipases is observed (Halliwell B., & Chirico S., 1993; Adibhatla R. M., & Hatcher
J. F., 2008). After combined processing, due to changes in the activity of hydroperoxide
lyase HPL, alterations in the fruit flavor occurring during the accumulation of Cy-Cy
aldehydes were registered (Figures 5,6).

The intensity and peak area of aromatic components indicate the formation of Cg-Cy
aldehydes of the GLVs profile from lipid hydroperoxide compounds. The effectiveness of
combined processing of fruits in the context of reactions implies activation of
hydroperoxide lyase and reactions between hydrophilic enzymes and hydrophobic
precursors. Under disjoining pressure in vacuum, the sheet of water in the interphase
interlayer of the lipid bilayer, hydration shells around polar portions of lipids and
membrane proteins is sufficiently reduced to make these reactions possible.
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Figure 5. Aromatogram of the lipid extract after combined processing of fruits with active HPL
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Figure 6. Aromatogram of the fruit lipid extract with inactive HPL

The physical effect of vacuum on the colloidal solution causing changes in the size of
the diffuse layers and the value of {-potential depends on the method of heat input. In the
discussed combined plant, microwave heating in a range of 32+2 °C was used, which was
replaced by convective heating in subsequent experiments. The purpose for replacing the
heat input method to convection is the focused study of conditions for interaction between
lipids and their oxidation products and enzymes in the fruit system. The statistical analysis
of experimental data on the effect of vacuum depth and processing temperature mode fruit
pulp is represented as the following relationship:

Y=294-00125X,—-20,73/X,

where X; — pressure, kPa. Upper level is 91,3 kPa, lower level is 1.3 kPa, variation interval
is 10 kPa.
X, — temperature, °C. Upper level is 46°C, lower level is 20 °C, variation interval is
3°C
Y —number of flavor, relative units

The received data are valid according to the value of the Student’s coefficient for the
mathematical model.

Thus, regardless of the method of heat input, the functional activity of membrane
proteins and dynamic properties of the membrane lipid matrix contributing to
conformational flexibility of enzymes were shown. Therefore, vacuum processing of
watermelon flesh which lost its flavor results in aroma recovery due to the repeated
enzyme-substrate interactions down to measurable concentration which can be recorded on
a chromatograph (Figure 7). The peaks responsible for fresh flavors of Nonadienal, 3-
hexenal, 3-nonenal, 12-ox0- (Z) -9-dodecenoic acid, 5-Nonanol corresponding to enzymatic
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hydrolysis of peroxide compounds of fatty acids were identified among the compounds (2-
Propenoic acid, 2-hydroxyethyl ester, Propane, 2- (ethenyloxy) - 2-Propanamine,
Adenosine, 4'-de (hydroxymethyl) -4 '- [N-ethylaminoformyl], 2-Furanmethanol, Propanoic
acid, 2-oxo-, methyl ester, Ethyl 3-hydroxy-3-methylbutanoate, dl-Glyceraldehyde dimer,
S-Ethyl ethanethioate, 2-Butanone, Cyclohexanone, 2,4-Dihydroxy-2,5-dimethyl-3 (2H ) -
furan-3-one, Propane, Cyclopropanecarboxamide, ethyl ester, Furyl hydroxymethyl ketone,
Propanal, 4-Mercaptophenol, 1,2,3-Propanetriol, 1-acetate).

It is known that the protein molecule may be fixed in the bilayer using various types of
interactions including electrostatic ones (at the level of polar heads of lipids) and
hydrophobic ones (in the bilayer thickness). During heating fruits or aqueous suspensions in
vacuum (underpressure is 6+1 kPa, temperature is 32+2 °C), substrate-enzyme interactions
are the most intensive because of the conditions of interphase activation, when there is a
change in mobility, structure and spatial position of lipid domains. These effects ensure
multimolecular adsorption and biosynthesis of GLVs in the fruits that lost their flavor after
thermal processing.
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Figure 7. Aromatogram of the restored flavor of watermelon samples
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Conclusions

Heat processing (convection and microwave) of the raw material in vacuum allows
purposefully affect the aromatization enzymatic process. The availability of flavor
precursors of lipid nature for enzymatic reactions can be assessed by the distribution of
their hydrodynamic diameter and (-potential mobility. Changes in these parameters of the
plant lipid components during processing affect the concentration of aromatic components.

The influence of triglyceride dimensional characteristics on the possibility of aroma-
forming reactions involves the change in the conditions of the contact interaction of
hydrophilic-hydrophobic colloidal systems. It has been established that during vacuum
heating (underpressure is 6x1 kPa, temperature is 3242 °C) of the suspended plant
homogenates, substrate-enzyme interactions are the most intensive because of the
conditions of interphase activation when the hydrophobic interaction, covalent links, and
Van der -Vaalsovyh forces are weaken. These effects ensure the multimolecular adsorption
and biosynthesis of GLVs in the fruits after thermal processing.

Many structurally simple aroma-forming substances found in certain foods affect the
completeness of sensation and perception of the product as being delicious, fresh and
fragrant. Their presence or absence can be regulated by introducing small quantities of
fresh homogenized material. Aroma recovery is the enzymatic process which depends on
availability of enzymes and flavor precursors in foods. In order to improve enzyme activity,
the material may not necessarily be fresh, but also frozen or stored at low temperatures, and
processed in the microwave field. More experiments are needed on recovery of fresh flavor
by using enzymes from plant materials, especially in creation of flavored food glazes and
foam. Reinforcement of the flavor profile will be reflected in reducing the amount of salt or
sugar used in preparation of products and in manufacturing fat-free products. The increased
demand for organic foods and flavors should support the interest in this area of research.
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Introduction. Walnuts were formerly marketed in an
unbleached condition, but the demand of the trade has led
to the general practice of bleaching. Some walnuts are still
sold in an unbleached condition, but most of those
destined for out-of-state markets must be bleached. The
objectives of this study are to present the effect of
different bleaching agents on walnuts (Juglans Regia L.)
shell.

Materials and methods. For color quantifying it was
used the most popular color space system for measuring
color of agricultural products - the Commission
International de 1’Esclairage (CIE) color system which
uses the L*, a*, and b* indices. Also, the total color
difference (E), a single value which takes into account the
differences between the L*, a*, and b* of the sample and
standard was calculated.

Results and discussion. Analyzing the obtained
values for cromatic parameters for each of used bleaching
agents it was esteblished that those vary depending on the
bleaching agent, concentration, pH of the medium,
temperature and retention time of walnuts in bleach. The
concentration has a major significance, with its growth
reduces the time required to achieve an expected result.
The pH of the medium plays an important role in the
catalytic oxidation. Speed of walnut shell bleaching and
brightness (L) increase with increasing pH from 3 to 10.
The studied agents form the following series of bleaching
activity: Na,B,04(OH), >Okoron 12>H,0, > Ca (ClO),.
It has been established that the optimal conditions for
bleaching with Na,B,0,4(OH); are: C = 5%, pH = 10; t =
60 °C.

Conclusions. All bleaching agents proved to be
suitable to lighten the walnut shell. In comparison with the
widely used H,O, the ageing process developed
simultaneously, but there were differences in the total
lightness change, the Sodium perborate treated samples
stayed lighter.
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Introduction

The walnut tree (Juglans regia L.) is cultivated commercially throughout southern
Europe, northern Africa, Eastern Asia, the USA and western South America [1].

Walnut cultivars differ in the ability to produce light-coloured kernels under different
climatic conditions. Important quality factors of walnuts are the size, colour, level of
internal damage caused by insects, and level of external damage, such as adhering hull
tissue and broken shells [2].

In Moldova, the walnut sector has seen rapid growth, from a very low base, in recent
years, founded on three factors: the comparative advantage in production, the presence of a
low cost labour force which is able to extract manually for the confectionary market with a
much higher extraction rate of unbroken kernels than mechanised methods, and preferential
access to the EU market with no tariff duties. The result has been a proliferation of
marketing and processing operators. In recent years the walnut production has grown from
22 700 in 2012 to 31 000 metric tons, in shell basis in 2016 [3].

Color of the food is the first parameter of quality evaluated by consumers. What is
important is the acceptance of the product even before being consumed.

Food colour is governed by thechemical, biochemical, microbial and physical changes
which occur during growth, maturation, postharvest handling and processing.

Most walnuts of good commercial quality have shells of a brownish straw color and in
some instances the shells will be of a light straw color which is more favored in the trade.
Walnuts were formerly marketed in an unbleached condition, but the demand of the trade
has led to the general practice of bleaching. Some walnuts are still sold in an unbleached
condition, but most of those destined for out-of-state markets must be bleached. In general,
the quality of the walnut kernel is not indicated by the color of the shell, but it is the general
practice in the nut-packing industries to bleach the shells in order to produce a more
attractive appearance‘ in view of the preference which buyers exhibit for light-colored nuts.
Walut shell is composed of constituents responsible for its skeleton: cellulose,
hemicellulose, lignin and chemical compounds responsible for color: phenols, quinones,
coumarins, tannins and flavonoids, studies and research have shown, however, that lignin is
involved in the color changing.

About 25.16% cellulose, 21,32% hemicelluloses, and 53.52% lignin were reported in
the Walnut shel [4].

Bleaching is the treatment of cellulose with chemical solutions in order to lighten the
color or discoloration. Brightness can be carried out by solubilization and removal of lignin,
a macromolecular aromatic compound that confers rigidity, cloak to water and a high
resistance to decomposition, at the same time has an influence on walnut shell color
changing.

Besides removing lignin, bleaching serves to disinfect the walnuts from mold spores
that can result from processes of mesocarp traces decay. Besides lignin, extractive
substances also have an influence on the phenomenon of color change or fading.

Both oxidizing and reductive agents are used for bleaching cellulosic products. In
reactions caused by the treating agents the number of covalent bonds in cellulose, hemi
cellulose and lignin is reduced. With the decreasing number of covalent bonds the color of
the wood appears lighter.

Nowdays, the bleaching agents are based primarily on hydrogen peroxide (HP). The
bleaching agents provide whitening of cellulosic products through decomposition of
peroxides into unstable free radicals. These radicals further breakdown into large
pigmented molecules either through an oxidation or a reduction reaction, that leads to the
change of the chemical structure of product interacting organic substances, which results in
color change [5, 6].
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Materials and methods

Materials
Walnult fruits, variety Calarasi, were collected from local walnut plantation, largara,
Moldova. All chemicals used for experiments were at least analytical grade.

Sample preparation
The walnut samples were cleaned to remove trash and damaged, sunburned, and
broken walnuts.

Bleaching

For walnut bleaching were selected oxidising agents: H,O,, Okoron12, Na,B,0,(OH),
and Ca(CIO), (concentrations in the neighborhood of 1-10% being found satisfactory). The
process was performed in the temperature range -20-60 °C and at the pH range 3 to 10 (pH
adjusted with HCI or NaOH to the desired value).

Prepared walnut samples were immersed in the solution of bleaching agent being
agitated to insure complete contact, the time of retention varied from 10 to 120 min, being
considered as a sufficient period to secure thorough impregnation of the shells, after which
the walnuts were withdrawn from the solution‘and allowed to dry.

Quantification of Colour

CIELAB analysis are used in many different experiments in organic chemistry [7],
anorganic chemistry [8], and in food chemistry as well.

All color data were expressed by L*, a*, b*, where L* corresponds to lightness; a*
corresponds to the transition from green (- a*) to red (+a*); and b* corresponds to the
transition from blue (- b*) to yellow (+b*). The international standards and the
nomenclature for the measurement of color used by the food industry were defined by the
Commission Internationale de I’éclairage (CIE) in 1931. In the present study, the CIELAB
system (L*, a*, b*) was used.

Colour change was calculated acc. to the following formula [PN-ISO 105- B02:2006]:

AE = (ALY +(Aa)® +(AbY

where: AE — colour difference, L — colour achromatic coordinate (lightness); L = 100
indicates approximation of a given colour to white, and L = 0 to black, a, b — colour
chromatic coordinates; (+ a) indicates red colour, (— a) indicates green colour, (+ b)
indicates yellow colour, (— b) indicates blue colour. The measurement of colour coordinates
L', a", b of walnuts before and after bleaching was done in the same, accurately marked
places.

Hue angle (h") and chroma (C¥) are two effective parameters for describing visual color
appearance [9-11]. The h* and C* values were calculated using the following Egs. [12]:

h=tan 2
a

c=+/(a’ +b%)
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Results and discussion

There were no literary data available on the mechanism of bleaching with some agents,
thus the first question was whether are they effective or not for bleaching walnuts and in
how much time a 1 to 10% concentration will manifest its effect.

The results of walnuts bleahing with all used bleaching agents according their
concentration are presented in Tables 1-4.

Table 1
The effect of hydrogen peroxide concentration
on chromatic parameters of walnuts shell

C,% | t,tmin | a b L AE h C

10 2.8 | 28.23 |42.94 | 11.46 | 1.47 | 28.37
30 | 2.38 |30.52|46.96 | 15.29 | 1.49 | 30.61
60 2.3 | 32.27 | 51.09 | 18.46 | 1.50 | 32.35
90 | 2.01 | 33.2 | 58.48 | 2298 | 1.51 | 33.26
120 | 1.89 | 33.9 | 60.59 | 23.81 | 1.52 | 33.95
10 | 2.34|30.24 | 45.42 | 12.93 | 1.49 | 30.33
30 |2.06|31.68|54.96 | 17.42 | 1.51 | 31.75
6 60 1.8 | 32.96 | 58.11 | 21.17 | 1.52 | 33.01
90 1.6 | 342 | 62.35|23.25 | 1.52 | 34.24
120 | 1.55 | 34.61 | 63.43 | 24.96 | 1.53 | 34.64
10 1.68 | 31.1 | 54.76 | 15.56 | 1.52 | 31.15
30 1.2 | 34.65 | 59.81 | 20.66 | 1.54 | 34.67
8 60 0.9 | 35.11 | 62.53 | 22.57 | 1.55 | 35.12
90 0.5 | 36.23 | 63.48 | 24.10 | 1.56 | 36.23
120 | 0.1 | 36.65 | 65.7 | 25.09 | 1.57 | 36.65
10 1.2 | 31.45 | 58.44 | 16.21 | 1.53 | 31.47
30 0.8 | 34.78 | 64.78 | 22.02 | 1.55 | 34.79
10 60 0.5 | 35.82 | 65.23 | 23.31 | 1.56 | 35.82
90 0.3 | 37.64 | 65.96 | 24.10 | 1.56 | 37.64
120 | 0.2 | 38.17 | 66.5 | 25.75 | 1.57 | 38.17

The results show that an important role in walnut bleaching with hydrogen peroxide
plays the agent concentration. The higher the concentration is (8—10%), the more it
increases the concentration in solution, which results in decreasing the time necessary to
achieve the necessary bleaching level.

The oxidation reaction is directed to the chromophore groups of lignin, destruction of
which leads to the high degree of cellulose bleaching. Hydrogen peroxide bleaching occurs

due to peroxide ion HO, originated as a result of hydrolytic cleavage of peroxide:
H,0, <> H" + HO,

It is believed that non etherified phenolic units of lignin are initially processed in
alkaline environment in ortho and para-benzoquinones that are then subjected to oxidation
to produce acid fragments. In these conditions the e etherified phenolic units are stable
[13].
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This leads to a substantial increase in the number of carboxyl groups of the lignin
(Figure 1).

(H0H
C=0
o

i ilj__ COOH
B _H0; y !
] OCH; OH™ — ¢
3 HC=O0H O—TLignina HC COOH H—C OCH,
‘ O O— Lignina H—(|3=0 O— Lignina
H,CO OCH; (0 )

Lignina— O OH

Figure 1. The reaction of the interaction of lignin
with hydrogen peroxide in the bleaching

The effect of hydrogen peroxide concentration on the bleaching process was studied at
four concentrations of hydrogen peroxide: 3, 6, 8 and 10%. The results show that increasing
the concentration of hydrogen peroxide increases the brightness of the product. The initial
Luminosity values of samples was 35.37 to 48.77, and bleached samples were from 42.94
to 66.5. Analyzing the presented values (Table 1) it can be noted that there is a tendency to
increase the brightness parameter.

Hypochlorite aqueous solution that is commonly used in bleaching, contains molecular
chlorine, hypochlorous acid and hypochlorite ions. The molecular chlorine predominates at
low pH, at a pH of 4—6 basically only the hypochlorous acid is present, and at a pH above
9.5 the only form of active chlorine present in the solution is the hypochlorite ion.

Hypochlorite reaction with lignin stems initially quite fast and slower towards the end.
In result of the reaction occurs oxidative degradation of lignin and chlorination and
demethylation reactions are practically missing [14].

Analyzing the results blanching nuts with calcium hypochlorite (Table 2) was found
that calcium hypochlorite bleaching which is less efficient, increasing temperature and an
alkaline pH increases the brightness of shells and accelerates destruction of lignin and
bleaching respectively. The optimum temperature is considered to be 40—45 °C and optimal
pH value is about 10.0 during 1.5-2.0 hours.

Okoron 12 it is a stabilized composition, which contains peracetic acid CH;CO;H
(15%), hydrogen peroxide and organic acids, produced by FINK TEC GmbH (Germany)
and widely used as a disinfectant.
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Table 2

The effect of calcium hypochlorite (Ca(OCl),) concentration on chromatic parameters of walnuts
shell

C,% | t,tmin | a b L AE h C

10 | 7.66 | 25.65 | 40.10 | 2.34 | 1.28 | 26.77

30 | 6.68 | 27.60 | 41.11 | 3.04 | 1.33 | 28.40

3 60 | 439 | 27.90 | 42.57 | 2.40 | 1.41 | 28.24
90 | 3.96 | 28.11 | 44.79 | 3.75 | 1.43 | 28.39

120 | 1.84 | 28.30 | 45.39 | 5.55 | 1.51 | 28.36

10 | 7.18 | 28.31 | 40.76 | 3.83 | 1.32 | 29.21

30 | 6.20 | 29.10 | 43.74 | 5.61 | 1.36 | 29.75

6 60 | 3.90 | 29.60 | 45.77 | 7.99 | 1.44 | 29.86
90 | 2.79 | 30.10 | 45.78 | 8.29 | 1.48 | 30.23

120 | 1.29 | 30.20 | 46.37 | 8.76 | 1.53 | 30.23

10 | 6.11 | 29.81 | 41.32 | 7.16 | 1.37 | 30.43

30 | 498 | 31.20 | 44.17 | 9.51 | 1.41 | 31.59

8 60 | 3.87 | 31.90 | 47.13 | 11.80 | 1.45 | 32.13
90 | 2.50 | 32.10 | 52.30 | 16.13 | 1.49 | 32.20

120 | 1.10 | 32.23 | 54.10 | 18.01 | 1.54 | 32.25

10 | 3.08 | 32.00 | 46.03 | 17.25 | 1.47 | 32.15

30 | 2.5]33.90|49.12| 19.26 | 1.50 | 33.99

10 60 2 |34.80 | 54.78 | 21.54 | 1.51 | 34.86
90 | 0.89 | 35.20 | 55.57 | 22.38 | 1.55 | 35.21

120 | 0.11 | 35.63 | 56.79 | 23.08 | 1.57 | 35.63

The effect of Okoron 12 concentration on chromatic parameters of walnuts shell

C,% | t,tmin | a b L AE h C
10 492 | 29.67 | 40.19 | 5.64 | 1.40 | 29.27
30 421 | 30.16 | 43.35 | 6.32 | 1.43 | 30.16
1 60 356 | 31.1 | 44.81 | 11.81 | 1.46 | 31.10
90 3.02 | 33.60 | 45.19 | 5.99 | 1.48 | 33.60
120 | 2.80 | 35.16 | 45.52 | 12.85 | 1.49 | 35.16
10 4.03 | 29.88 | 42.09 | 3.76 | 1.44 | 30.88
30 3.40 | 30.25 | 46.13 | 11.47 | 1.46 | 31.95
5 60 2.56 | 32.89 | 49.09 | 12.79 | 1.50 | 33.89
90 1.89 | 35.49 | 50.32 | 15.40 | 1.52 | 35.49
120 | 1.60 | 36.13 | 52.09 | 24.31 | 1.53 | 36.13

Table 3

Whitening effect of Okoron 12 is due to its active component peracetic acid. The main
reaction of peracetic acid with phenol and ether phenols are shown in Figure 2 being typical
for the hydroxylation of aromatic rings and their oxidation in ortho- and para-quinones. The

oxidised ring is fragmented in muconic acid and ester structures [15].
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Table 4

The effect of Sodium perborate Na,B,0,4,(OH), concentration on chromatic parameters of
walnuts shell

C, % | t, min a b L AE H C
10 4.6 | 29.8 | 57.56 | 21.26 | 1.42 | 30.15
30 39 | 30.6 | 60.04 | 21.96 | 1.44 | 30.85
1 60 |2.89|31.12|63.59| 2262 | 1.48 | 31.25
90 |2.52| 314 | 66.51|23.44|1.49 | 31.50
120 | 1.98 | 319 | 70.64 | 25.15 | 1.51 | 31.96
10 | 2.63 | 30.2 | 6548 | 22.49 | 1.48 | 30.31
30 2.1 | 31.5 | 61.41 | 23.19 | 1.50 | 31.57
5 60 1.84 | 32.2 | 71.26 | 28.78 | 1.51 | 32.25
90 1.4 | 33.08 | 73.34 | 29.22 | 1.53 | 33.11
120 1.2 | 33.2 | 73.56 | 31.10 | 1.53 | 33.22

Analyzing the presented data Sodium perborate dimierized [Na,B,O04(OH), ] was found
to be the most effective bleaching agent. Its bleaching action is due to its property to
decompose rapidly in aqueous solution generating hydrogen perroxide according to the

reaction:

Naz (H4B20g)+4H20—>2Na[B(OH)4] +2H202

The advantage of using sodium perborate is that it is not necessary to add sodium
hydroxide, for alkalinization of the environment because the sodium borate from the
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reaction has an alkaline reaction with a pH value of about 10.5. In addition, at high
temperatures sodium perborate is more active than hydrogen peroxide. These two features
make the perborate to be considered a reliable and effective whitening agent [16]. Sodium
perborate releases oxygen rapidly at temperatures over 60 °C. To make it active at lower
temperatures  (40-60°C), it has to be mixed with a suitable activator,
typically tetraacetylethylenediamine (TAED) [17].

The obtained results show that the walnuts shell brightness (L) increases with
increasing perborate concentration, yellow hue decreases (increases the value of component
b). The maximum value of brightness is reached after 60-80 minutes of imersing in
bleaching agent. The results have shown that bleaching speed increases significantly with
increasing ambient temperature from 20 to 60 °C.

The mechanism of bleaching with sodium perborate is similar to the mechanism of
bleaching with hydrogen peroxide. As it was mentioned hydroperoxide anion (HOO")
attacks practically all organic structures, including those that contain hydroxyl and ethereal
bonds [18]. Similar reactions occur and treated with sodium perborate, but its alkalinity is
higher than that of hydrogen peroxide; in this respect, sodium perborate has the most
significant effect on the process of delignification at the same concentration of active
oxygen [19].

Total color difference E. The total color difference (E) values at different
concentration of bleaching agents are shown in tables 1-4. It is clear that E values were
affected by the concentration for all tested agents. For all bleaching agents, E increased
with the increased concentration. For example, when using H,O,, the E increased from
23,81 to 25.75 when the C (%) increased from 3 to 10%. A similar trend was also observed
for the rest of used agents. The results indicate that the walnuts shell tends to get lighter as
the concentration increased due to increased amount of active components.

Conclusion

Colour isone ofthe mostimportant quality attributes influencing consumer
food choices, perceptions and purchase behaviour. Colour measurement and analysis is
therefore important in postharvest handling and biopro-cessing to optimize the quality and
value of food. There were quantified chromatic characteristics of walnuts in shells by
CIELAB system and conducted experimental studies on theyr bleaching with oxidizing
agents (hydrogen peroxide, Okoron 12 calcium hypochlorite and sodium perborate).

By analyzing the color parameters values L, a and b there have been studied the effects of
independent parameters of bleaching and their interactive effects on the color profile and
on walnut shell bleaching process.

It has been found that oxidative bleaching agents are more effective, and that whitening
depends on the concentration of agents, the temperature and pH of the medium and walnuts
lasting retention in bleaching environment. After blanching nuts shell, bleaching agents
studied form the following series:

Na2B204(OH)4 >Qkoron 12>H202 > Ca (C10)2
Considering the activity of bleaching agents and their toxic emissions, walnuts can be
bleached with Na,B,04(OH), (concentration 5%, pH-10, temperature — 60 °C, retention
time — 40-50 min).
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Introduction. Radish roots contain in their
composition essential oils, which are in the form of
glucosides and cause its specific odor and taste. The
content of volatile substances is an important indicator for
determining of root consumer characteristics.

Materials and methods. Radish roots of varieties
Black radish, White radish, Marushka, Lebidka,
Troyandova, Sertse drakona, Margelan radish and daikon
were investigated. The identification and quantitative
composition of the radish essential oils were determined
by chromatography-mass spectrometry method.

Results and discussion. Complex volatile
compositions isolated from radish roots of various
economic and botanical varieties are, mainly, represented
by the following compounds: hydrocarbons, sulfur-
containing substances, organic acids, aldehydes, esters,
ketones, terpenes, alcohols and arenas, total mass fraction
of which is in the range of 23,69 mg/kg (Lebidka) to
1605,94 mg/kg (White radish). From 26 to 40 chemicals
compounds are found, most of which are specific to each
analyzing variety, but 14 substances are common to all
the wvarieties of radish: nonanal, pentadekanal,
dioktylftalat, dyizobutylftalat squalene, linoleic acid,
linolenic acid, oleic acid, stearic acid, trycosane,
tetracosane, pentacosane, hexacosane and heptacosane.

Diverse component composition of radish volatile
substances determines specificity and intensity of its
flavor, has a significant impact on taste properties and
makes antibacterial activity against gram-positive and
gram-negative microorganisms.

Conclusions. The complex research of qualitative
and quantitative composition of radish root volatile
substances in varietal perspective was conducted for the
first time.
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Introduction

Radish (Raphanus) belongs to the family cruciferous (cabbage) of one- or two-year
plants, this family has from 6 to 8 species and has geographical varieties, which are
European (radish) is grown in many countries of the Northern Hemisphere and Asian
(Chinese — lobo, Japanese — daikon) is distributed mainly in Asia.

It is known from the literature [1, 2] that the radish contains a number of essential oils,
which are in the form of glucosides and determine its specific smell and taste. Their content
in different varieties ranges from 8,4 to 50 mg per 100 g of raw material, black radish
contains them from 8,4 to 21,4 mg per 100 g. So, F.V. Tserevytynov’s researchers show
that the essential oil of radish (sulforafen) consists of liquid and crystalline parts. The
crystalline part contains lactone rafanolid (C,9Hss0,4) with melting temperature of 62 °C. In
addition, the volatile oils of the radish contain allyl mustard oil, methylmercaptan (which
causes smell), glycoside synalbin [3]. The crystalline part consists mainly of
lactoneurafapolid which precipitates in the form of crystals.

The radish is used as a remedy that increases the formation and secretion of bile from
the gallbladder to the intestine due to the content in its roots of rafanous and sulfurous oils,
and it is extremely important in the treatment of cholecystitis and for cholelithiasis
prevention [4].

The substance trans-4-methylthio-3-butenyl-isothiocyanate causes spicy taste and has
antimicrobial activity against a number of fungi and bacteria in the range of 50 to 400
mg/ml, while the yeast is more resistant and is not affected by this substance. Sis-isomeryd
in ratio of Trans-cis 4 : 1 is also contained [5].

The content of essential oils defines the consumable characteristics of vegetable raw
material as they participate in the formation of flavor, thereby provide consumers with an
idea about food quality and whet appetite.

It should be noted that the complex studies of component and quantitative
compositions of volatile substances in terms of varietal perspective were not conducted.
These studies are of great practical importance, since volatile components are widely used
in medicine as antiseptic preparations and remedies for aromatherapy, aromatic substances
are used in food, perfume, cosmetics production.

With taking into account the specific organoleptic properties of radish, the aim of our
study is research the complex of different varieties of radish volatiles, it allows providing
comprehensive description of the root, which later will became the basis for the distribution
of varieties according to tendencies of use (for industrial processing or for health care

purposes).

Materials and methods

Study of quantitative and qualitative composition of volatile fraction of radish root is
carried out with use Agilent Technologies 6890 chromatograph with mass spectrometric
detector is 5973, column is capillary DB-5 with length of 30 meters and inner diameter of
0.25 mm, according to the method of L.B. Chernohorod and B.A. Vynohradova. [6,7] The
sample (5 g of radish root) is put in vial of 20 ml and internal standard is added. Tridecane
is used as internal standard, at 50 mg per sample, with following calculation of the resulting
concentration of internal standard, which is then used for calculation of the substance
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amount. 10 ml of distilled water is added to the sample and volatiles of the sample are
distilled off with steam for 2 hours with use of the air-cooled inverse refrigerator. During
the distillation volatiles are adsorbed on the inner surface of inverse refrigerator. Adsorbed
substances after cooling of the system are washed off with slow addition of 3 ml of pure
pentane in dry vial of 10 ml. Washout is concentrated by blowing (100 ml/min) of pure
nitrogen to extract residual volume of 10 ml, which is fully selected by chromatographic
syringe. Further concentration of the sample is carried in the syringe to the volume of 2 ml.

Putting the sample in chromatographic column is carried out in splitless mode (without
flow division) that allows putting the sample without losing for division and significantly
(in 10-20 times) increasing sensitivity of the chromatography method. The speed of the
sample putting is 1,2 ml/min during 0,2 minutes. The speed of gas carrier (helium) is 1,2
ml/min. The temperature of the sample putting heater is 250 °C. Thermostat temperature is
programmed from 50 to 320 degrees at speed of 4 °/min.

The library of mass spectra NIST05 and WILEY 2007 with total number of spectra
more than 470000, combined with programs for identifying AMDIS and NIST is used for
identifying the components.

The method of internal standard is used for quantitative calculations. Calculation of
components content (mg/kg) is carried out by the formula:

C=K,"K, )]
where: K; = P/P, (P, — peak area of the analyzing substance, P, — standard peak area); K, =
50/M (50 — weight of internal standard (mg) which is added to the sample, M — mass of the

sample (g) [8].

Results and discussion

The identification of compounds was carried out by comparing the mass spectra of the
chromatographic peak with the mass spectra of reference compounds; with high probability
they were identified by the identified program on the array of spectra database (Figures 1 —
8).

Comparison component composition of volatile substances of different varieties of
radish showed (Table 1) that their composition in the sample Black radish were represented
with 35 components (2 of them were not identified), White radish — 31 (1 was not
identified), Marushka — 27, Lebidka — 38 (2 were not identified), Troyandova — 40 (1 was
not identified), Sertse drakona — 36 (1 was not identified), Margelan radish — 26 (1 was not
identified), daikon — 39 (2 were not identified). Complex volatile compositions isolated
from radish are represented with chemical compounds of such groups: carbonyl (aldehydes,
ketones), alcohols, organic acids, esters, terpenes, hydrocarbons, sulfur and aromatic
compounds.
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Table 1
Comparison component composition of volatile fraction of various varieties radish roots
Number of economically botanical varieties mg / kg
Component Black White Marushka | Lebidka | Troyandova Sertse Margelan Daikon
. . drakona radish
radish radish
1 2 3 4 5 6 7 8 9
Aldehydes
Dekanal 0,95 4,20 0,11 1,56 2,66 1,16 0,41
Nonanal 0,42 1,61 2,27 0,05 0,86 1,89 0,74 7,26
Pentadekanal 0,46 3,44 1,91 0,07 2,44 0,56 1,19 4,22
Dodekanal - - - 0,06 - - -
Tetradekanal - - - - 1,24 - - 7,18
Hexadec-7,11-dienal - - - - - 0,88 0,81 -
Ethers
Diisobutylphthalate (3) 7,75 31,35 32,50 0,61 16,99 13,77 22,54 30,45
Dibutylphthalate (3) - 3,97 2,49 0,14 - 2,38 0,83 10,61
Dioctylphthalate (3) 15,45 64,97 43,20 3,46 66,91 74,72 34,97 38,08
Methylpalmitate - - - - - - - 90,74
Methylmyristate - - - - - - - -
Sulfur-containing compounds
1-Cyano-4, epityopentan 3,33 519,82 53,41 0,02 2,29 7,44 - 2,54
I- Cyano -4,5- epityopentan | ¢ 5 508,19 84,15 0,01 8,16 11,99 ; ;
(isomer)
3-(methylthyo) . 29,90 8,10 . 0,78 1,30 . .
Pentanenitrile
4- Methylthyo-3- i 2.51 i i i i i i

butenylisothiocyanate
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Table 1 (Continuation)

Number of economically botanical varieties mg / k
Component Black White | Marushka | Lebidka | Troyandova | ¢t Margelan |, oy on
. . drakona radish
radish radish
1 2 3 4 5 6 7 8 9
Alcohols aliphatic
Docosanol | -] -] -] 0,03 | 081 | 0,48 | - | -
Alcohols cyclic
Ledol | 032 | 0,76 | | 0,02 | 0,70 | 1,19 | - | -
Terpenes and their derivatives
o-Pinene 0,17 - - 0,49 - - - 4,02
Limonene 0,32 0,57 2,38 - 0,51 - - 5,71
Nerolidol 1,60 0,48 - 0,07 0,34 0,73 - 3,11
B-Myrcen 0,05 - - - - - - 0,60
5-Karen 0,17 1,15 - 0,20 0,18 - - 4,31
Squalene 80,75 182,53 409,90 13,04 328,21 332,84 381,19 70,11
Organic acids

Myristic 2,36 - 11,04 0,19 5,83 8,91 8,53 7,36

Pentadecanoic - - - 0,09 2,31 4,29 - -

Lauric - - - 0,02 - - - -

Palmitoleic 4,12 5,44 27,28 0,29 19,23 22,89 8,39 -

Palmitic 22,19 50,01 104,59 1,35 78,11 69,28 36,39 -
Linoleic 22,76 36,45 86,91 0,55 7,39 11,36 3,71 1,04
Linolenic 1,86 26,85 43,89 0,28 4,65 13,14 1,06 0,83
Oleic 1,83 34,79 76,23 0,71 45,50 44,89 9,81 4,86
Stearin 0,54 8,88 10,76 0,07 4,90 6,88 1,19 1,82

11-
Cyclopentylundecanoic 0,89 i i i i i i i
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Table 1 (Continuation)

Number of economically botanical varieties mg / kg

Component gl;icsl; :Z(lilllstﬁ Marushka | Lebidka | Troyandova dfzitosI?a Mrzr&git;ll‘:m Daikon
1 2 3 4 5 6 7 8 9
Hydrocarbons (saturated and unsaturated)

Tricosane 1,09 1,62 4,52 0,09 1,01 1,95 1,16 1,31
Tetracosane 0,39 2,70 5,47 0,04 0,95 5,80 2,85 1,52
Pentacosane 1,45 1,08 3,66 0,03 1,90 4,27 0,87 0,84
Hexacosane 2,55 3,64 4,78 0,24 2,58 3,65 4,46 3,66
Heptadecane - - - - - - - 3,75
Heptacosane 9,47 10,36 62,90 0,29 9,35 8,36 5,56 0,93
Nonacosane 13,62 60,65 36,03 0,73 5,58 4,33 8,00
Tetradecane 0,77 0,13 0,89 0,52 - 2,79

3-Methylpentadecane - - - - - - - 10,46
2,6-Dimethylpentadecane - - - - - - - 11,08
4-Methyl-hexadecane - - - - - - - 5,38
6-Methyloctadecane - 0,50 - - - - - -
Nonadeca-1,4,6,9-tetraen - 3,87 5,69 0,11 2,57 2,82 - -
Ketones
Hexadecane -2-on 0,94 785 | 2,76 | 005 3,72 - - 9,51
Aromatic compounds
1-(Propilnonyl) Benzol - - - - - - - 3,60
1-(Methyldodecyl) Benzol 1,19 - - 0,05 0,74 0,91 0,70 6,49
1-(Butylnonyl) Benzol - - - - 1,08 1,27 0,59 9,30
Amylbenzol - - - - 0,69 - 2,84
1-(Hexylheptyl) Benzol - - - - - - - 11,82
Mass fraction of volatile 208,01 | 160594 | 1131,00 | 23,69 630,96 668,87 539,54 389,17

components, mg/kg
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It is reasonable to consider in detail the classes of chemical compounds which are

identified in various varieties of radish for understanding the impact of each substance on
the formation of biological value and taste, aromatic properties.
Radish aroma forming components include aldehydes [9]: dekanal has strong aldehyde
smell and during the dilution its smell has citrus, floral notes (all experimental varieties of
radish contain dekanal, except variety White radish); nonal has strong, fatty, muscat smell
(all varieties of radish); pentadekanal has strong aldehyde smell (all varieties of radish);
dodekanal has strong smell with floral and grass notes (only variety Lebidka); tetradekanal
has soft, fatty smell with notes of toffee (varieties Troyandova and daikon); hexadek-7,11-
dienal has soft, floral-aldehyde smell with grass notes (varieties Sertse drakona and
Margelan radish).

Ethers of complex aromatic acids in the investigated samples of radish are presented by
the following substances: diisobutylphthalate in an amount of 0,61 (Lebidka) to 31,35
mg/kg (White radish) and dioctylphthalate from 3,46 (Lebidka) to 74,72 mg/kg (Sertse
drakona); the concentration of dibutylphthalate is from 0,14 mg/kg (Lebidka) to 10,61
(daikon), varieties Black radish and Troyandova don’t contain this component. In addition
the variety of radish Sertse drakona contains ether methylmyristate in amount of 0,5 mg/kg,
daikon contains methylpalmitate (90,74 mg/kg). Identified ethers are characterized by
relatively pleasant expressionless fruity smell, it to a certain extent promotes the balancing
of radish flavor [10].

Volatile fractions of radish in the composition have large numbers of sulfur-containing
compounds, namely, 1-cyano-4,5-epitiopentan, 1-cyano-4,5- epityopentan (isomer), 5-(me
x xzzz thylthyo) pentanenitrile, 4-methylthyo-3-butenylisothiocyanate, which have strong,
unpleasant smell. It is known that essential oils with sulfur should be used with great
caution and under strong dilution. However, the concentration of these substances in roots
is non-toxic. The radish of variety White radish has the highest total number of sulfur-
containing compounds — 1060,42 mg/kg, and the radish of variety Lebidka has the smallest
number of sulfur-containing compounds — 0,03 mg/kg, the radish of variety Margelan
radish hasn’t sulfur-containing compounds in its composition.

Aliphatic and cyclic alcohols are present in radish roots in the small amount but they
have high antiviral and antimicrobial properties [11]. Docosanol is identified in varieties
Lebidka, Troyandova, Sertse drakona and ledol is identified in varieties Black radish, White
radish, Lebidka, Troyandova and Sertse drakona.

Terpenes are the main components of radish essential oils; they provide spicy taste and
specific flavor. In addition, the presence of terpenes allows naturally without the use of
chemicals to keep pests from radish. The composition of radish varieties Black radish and
daikon includes all identified terpenes (a-pinene, limonene, nerolidol, B-Myrcen, 3-Karen,
squalene), the total mass of them is 83,06 and 87,86 mg/kg respectively. The varieties of
radish White radish and Troyandova contain four representatives of the class of terpenes
(limonene, nerolidol, 3-Karen and squalene), and the sample of variety Lebidka contains o-
pinene, nerolidol, 3-Karen, squalene. Limonene and squalene are contained in the radish of
variety Marushka and the radish of variety Sertse drakona contains nerolidol and squalene.
The radish of variety Margelan radish only contains squalene.

Radish terpenes have substantial differences in chemical properties. So, a-pinene is
bicyclic terpene, which is a colorless, volatile liquid with characteristic «pine» smell;
limonene is monocyclic terpene, has citrus flavour; nerolidol is colorless oily liquid with
faint floral flavour; B-Myrcen is oily liquid with pleasant spicy flavor; d-Karen is colorless
liquid with pleasant sweet smell
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The presence in radish roots of squalene (acyclic polyunsaturated liquid hydrocarbon,
colorless and odorless, soluble in many organic solvents) is extremely interesting, because
it is believed that the main its source is the only shark liver (35%) and olive and rice oils (to
0,8%) [12].

It is ascertained that the concentration of squalene in different varieties of radish has
significant divergence from 13,04 mg/kg (Lebidka) to 409,9 mg/kg (Marushka). Its
chemical formula is quite unstable because of the lack of hydrogen, which is filled with
reaction with water, during this reaction the oxygen releases and this terpene saturates body
tissues, and it helps to eliminate free radicals. It provides squalene with certain antioxidant
properties. In addition, it is an intermediate substance in the biological synthesis of steroids,
including cholesterol (by the use of lanosterol), and it is involved in metabolism [13].

Fatty acids, including essential — linoleic and linolenic were found during the study
volatile components of radish also were found. All varieties contain in their composition
linoleic acid (0,55...86,91 mg/kg), linolenic acid (0,28...43,89 mg/kg), oleic acid
(0,71...76,23 mg/kg ), stearic acid (0,54...10,76 mg/kg). Myristic fatty acids are contained
in the range of 0,19...11,04 mg/kg in all samples of radish except White radish. Palmitic
and palmitooleic acids are contained in all varieties of radish (1,35...104,59 mg/kg and
0,29...27,28 mg/kg, respectively), but daikon doesn’t contain these acids. It should be noted
that the presence of palmitooleic acid, which has high antimicrobial action, in vegetable
products with low fat content is rarity, because basically its sources are the fat of marine
animals (15...20%), chicken egg yolk (5%) macadamia oils (6...12%), avocados (5...10%),
olive oil (9%) [14].

Varieties of radish Lebidka, Troyandova and Sertse drakona also contain such organic
acid as pentadecanoic acid in an amount of 0,09...4,29 mg/kg. In addition, the variety of
radish Black radish contains 11-cyclopentylundecanoic acid (0,89 mg/kg) and lauric acid is
contained in radish Lebidka (0,02 mg/kg). Notably, that radish Marushka has record high
concentrations of organic acids, while variety of radish Lebidka is characterized by low
content of these substances.

Saturated hydrocarbons (tricosane, tetracosane, pentacosane, hexacosane, heptadecane,
nonadecane, heptacosane nonacosane, tetradecane) and unsaturated hydrocarbons (3-
methylpentadecane, 2,6-dimethylpentadecane, 4-methyl-hexadecane, 6-methyloctadecane,
nonadeca-1,4,6,9-tetraen) are identified in radish roots, they are characterized by more or
less intense smell of petrochemical products. Tricosane in amount of 0,09...1,95 mg/kg,
tetracosane — 0,04...5,8 mg/kg, pentacosane — 0,03...4,27 mg/kg, hexacosane — 0,93...62,80
mg/kg are common for all varieties of radish. 3-methylpentadecane, 2,6-
dimethylpentadecane, 4-methyl-hexadecane, heptadecane, nonadecane are specific and
identified only in daikon, mass fraction of this substances is dominated in daikon.
Unsaturated hydrocarbon 6-methyloctadecane is identified only in the sample of radish
Marushka (0,5 mg/kg). It should be noted that this variety contains the largest amount of
hydrocarbons (123,05 mg/kg) and the sample Lebidka contains the smallest amount of
hydrocarbons (1,66mh / kg).

The representative of the ketones class — hexadecane -2-on also is identified, the mass
fraction of which is from 0,05 mg/kg (Lebidka) to 9,51 mg/kg (daikon). In addition, arenas
(aromatic compounds) are similar in chemical structure to the hydrocarbons are identified
as the study result; they have sweet smell and are not inclined to joining or oxidation
reactions that leads to disruption of aromaticity [303]. So, samples of Black radish and
Marushka contain only one representative of this group of chemicals — 1-(methyldodecyl)
benzol; sample of Sertse drakona contains two arenas (1-(methyldodecyl) benzol and 1-
(butylnonyl) benzol), varieties Lebidka and Margelan radish contain amylbenzol, 1-
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(methyldodecyl) benzol and 1-(butylnonyl) benzol; daikon contain the largest amount of
arenas (31,21 mg/kg): 1-(propilnonyl) benzol, 1-(butylnonyl) benzol, 1-(Hexylheptyl)
Benzol and 1-(methyldodecyl) benzol.

Conclusions

Thus, complex volatile composition are isolated from various economic and botanical
varieties of radish roots are presented by such chemicals as hydrocarbons, sulfur-containing
substances, organic acids, aldehydes, ethers, ketones, terpenes, alcohols and arenas, total
mass fraction of which is in the range of 23,69 mg/kg (Lebidka) to 1605,94 mg/kg (White
radish). From 26 to 40 compounds are identified, most of which are specific for each
sample of variety, but 14 compounds are common to all varieties of radish. They are
nonanal, pentadekanal, dioctylphthalate, diisobutylphthalate, squalene, linoleic acid,
linolenic acid, oleic acid, stearic acid, tricosane, tetracosane, pentacosane, hexacosane and
heptacosane. It is established that the various component composition of radish volatile
substances determines specificity and intensity of flavor, has significant impact on taste
properties and makes antibacterial activity against gram-positive and gram-negative
microorganisms. The results are major quality criteria for the distribution of varieties of
radish according to tendencies of use. Varieties of roots White radish and Marushka have
high total content of volatiles that causes intense specific smell, spicy taste and strong
bactericidal effect, and varieties (Lebidka, Black radish, daikon, Margelan radish ,
Troyandova, Sertse drakona) with minimum and average number of essential oils have less
intensity smell and are suitable for industrial processing.
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Introduction. This research was carried out to study of
electrocoagulation process as a new technique for removal of
impurities and non-sucrose compounds from raw sugar beet juice.

Materials and methods. This study was performed in a batch
chemical reactor equipped with a 5-liters tank containing 3 aluminium
anode and 3 Iron cathode electrodes connected in parallel. Effects of
voltage at 5, 10 and 15 volts; processing time at 15, 30 and 45 minute
intervals; and pH value at 6, 7 & 8 levels on the purity, turbidity and
colour of the sugar beet juice were investigated by the Box-Behnken
response surface methodology statistical design on Minitab 17
statistical software.

Results and Discussion. The results indicated that during the EC
process, turbidity was reduced as the voltage increased. As the voltage
rises, the solubility of the anodal electrodes also increases resulting in
removal of a larger quantity of pollutants. Therefore, reduction in
turbidity following the rise in voltage can be attributed to the increase
in flake production, while changes in pH value had no significant
effect on turbidity. Although the increase in voltage did not
significantly effect the intensification of the colour, however it can be
attributed to the increase in bubbles and the subsequent increase in
enzymatic activity during floatation. It seems that the increase in
enzymatic activity intensifies the melanin colour with the passage of
time due to the openness of the reactor cell during flotation and
aeration. Increase in the pH value, however, only slightly intensified
the colour. The results indicated that the increase in voltage resulted in
increase in the level of purity. The solubility of the anodal electrodes
increases as the voltage rises and subsequently a higher quantity of
impurities and polutants are removed by aluminium hydroxides
produced. Increase in voltage also leads to production of greater
quantity of bubbles which increase contact between aluminium
hydroxides with the pollutants and impurities and facilitates the
floatation of more of the produced sludge and thus removal of a
greater quantity of the impurities. Increase in process time also
resulted in an increase in the level of purity as an increase in reaction
time results in more floating sludge is produced on the fluid surface.
Increase in the pH value had no significant effect on the level of
purity.

Conclusion.  The  results  generally indicated  that
electrocoagulation process has positively affected on the turbidity
reduction and increase the purity of the raw sugar beet juice during
the process of purification though colour intensity was not so
significantly influenced.
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Introduction

Purification, removal of impurities, i.e. the non-sucrose compounds from sucrose, is
one of the critical challenges facing the sugar industry. Raw sugar beet juice contains 50
non-sucrose and impurities such as reducing sugars, organic and non-organic acids, amino
acids, proteins, starch, wax, resin, minerals such as potassium, magnesium, calcium, and
silicon, colour and floating substances [7]. Obtaining a raw sugar beet juice with the highest
degree of purity and least colour is the main objective in the purification stages. Purification
by the conventional method (Liming — carbonization) requires a high degree of precision in
the addition of lime and carbon dioxide as lack of precise control in the addition of these
compounds can result in only partial separation of the impurities from the juice and the
fragmentation of the colour compounds adsorbed from calcium carbonate crystals [8].
Traditional purification method also produces a large quantity of pulp due to high
consumption of lime resulting in environmental problems. The most important
disadvantage of this method is its high energy consumption [16]. Therefore, considering the
abovementioned points, use of modern technologies such as the membrane process,
electrocoagulation etc. in the sugar industry seems essential.

Electrocoagulation is a process in which suspended particles, emulsion or soluble
pollutants are destabilized in an aquatic environment by an electric current. This process is
beneficial in a wide range of water and sewage purification systems, and removal of
mineral, pollutants and pathogens [5]. This process begins with the oxidation of anodes and
the production of Al"* and Fe'? ions and continues with the combination of the metallic ions
with hydroxyl ions resultant from water electrolysis in the proximity of the cathode and the
production of metallic hydroxides which destabilize the pollutants and creates suspended
particles or flakes. These flakes can float on the surface of the fluid aided by the hydrogen
bubbles produced in the cathode due to the difference in density or be removed through
precipitation [3]. In general, the impurities removal mechanism in the electrocoagulation
process includes coagulation, adsorption, precipitation, and floatation which are performed
in accordance to the reactions below in the electrodes thus follows:

Anode reaction: Al — Al +3e”
Cathode reaction: 3H,0+3e” — %Hz +30H"

Production of Aluminium Flakes: A4I° +30H — Al (OH )3

The AI’" and OH ions produced during above reactions are formed into monomers

such as AI(OH)N,Al(OH);z,Alz(OH);H and ,AI(OH), and or polymers such as
AL (OH)", Al (OH)
eventually changed into Al (OH )z and become precipitated [9]. Insolubility of iron and
aluminium hydroxides in water, availability and the low cost of these metals in comparison
to metals with similar characteristics has resulted in their more widespread use in the
process of electrocoagulation [10 & 11]. Other advantages of this method also include: use
of simple equipment, low initial investment and operation costs, unnecessity of chemical
substances, low sludge production, production of larger, more stable and acid resistant
flakes, faster filtration, elimination of small colloidal particles, and low repair and
maintenance care [4]. The research by Shivayogimath and his collabrator, where they

4+
20 °

Al (OH)'!

152

Al,0,(OH)., ,and Al,(OH).,  which  are
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exploited electrocoagulation in the purification of the sugar industry wastewater, is among
many examples of the application of this method. Their results indicated that the
electrocoagulation process incorporating iron electrodes can be used as an affordable
substitute for the traditional methods of purifying sugar industry wastewater [12]. Xu et al.,
(2002) also applied electrocoagulation in order to retrieve useful compounds from the
wastewater produced by egg processing plants. Their results indicated that the use of this
process in the egg processing industry can be very successful and lead to the recovery of
fractions such as protein and highly digestible fat. Bazrafshan et al, (2013) used
electrocoagulation in order to purify dairy wastewater and found that this is a suitable
method for the removal of BODs , COD and other pollutants.

With regard to the high potential of EC process in removing impurities, the purification
of raw sugar beet juice was invetigated in this study through applying aluminium anode and
iron cathode electrodes under the influence of parameters such as voltage, pH value, and
process time in a batch chemical reactor.

Materials and methods
Material

The raw sugar beet juice was prepared from Chenaran sugar plant. Also, all the
chemical material, component and reagent for determination of Turbidity, color and purity
was purchased from Merck company.

Methods

EC process

This study was carried out in experimental form on a laboratory scale in a batch pilot.
Properties of the raw sugar beet juice are given in Table 1. As shown in Figure 1, the
electrocoagulation system consists of a 5 liter tank in which 3 alluminium electrodes as
anode and 3 iron electrodes as cathode have been placed alternatively at a distance of
0.015m from each other with a lateral surface area of 0.01875m” for each electrode
connected to an electrical power supply in a unipolar form. The tests were performed at
three voltage levels (5, 10 and 15 volts), three pH levels (6, 7 and 8) and three time
intervals (15, 30, 45 minutes). Firstly, pH of juice was adjusted with 0.1M NaOH , then five
liters of raw sugar beet juice was poured into the electrocoagulation cell at each stage and
the effects of the abovementioned parameters evaluated. At the end of the process, samples
were taken from the mid —cell area and turbidity, colour, and purity of the raw sugar beet
juice was tested after the precipitation of coagulums and filteration.
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Table 1
Initial Properties of Raw Sugar Beet Juice

Variable Unit Value
Turbidity NTU 166
PH - 6
Colour ICUMSA 10520
Pol % 13.2
Brix % 14.9
Degree of Purity % 88.6

Electrical power —_—

Anode __,|

Electrocoagulation

Cell -~ LaW SUgar

beet juice

Figure 1. Electrocoagulation pilot schematic

Measuring the colour

The colour was measured following the absorption value reading taken at a wavelength
of 420nm by the spectrophotometer model UNICO 2100 and evaluated according to the
ICUMSA Standard using equation 1 below [15].

A
Color (ICUMSA) =10° x ———— (1)
LxRDS % p

where:
A = Light absorption, L = Cell Length, RDS= Refractometric Dry Solid and p= Density
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Turbidity

Turbidity of the raw sugar beet juice was directly measured using the turbidimeter
(Aqualytic™ AL450T-IR model) according to the NTU unit [14].

Purity

Purity was determined using equation 2 following the evaluation of Pol (percentage of
sucrose) by NIR W2 Saccharometer and the percentage of solid matter by NAR-IT
Refractometer [13].

0="2% 100 3)
Brix

Experimental design

Effects of independent variables: voltage, processing time, and pH value on the purity,
turbidity and the colour of the raw sugar beet juice were examined in this study by the Box-
Behnken response surface methodology statistical design subject the full quadratic model
(equation 3) on Minitab 17 statistical software.

f=by+ bV + bV’ + b;T+ b, +bsP + bsP’ + b, VT + bgVP + boPT (3)
where:
V= Voltage, T= Time and P= pH
Run numbers, experimental treatments and replicate runs designed by RSM is
summarized in Table 2.

Table 2
Experimental runs, independent variable levels and replicate runs in RSM
(box-bhenken)

RunNumber | 1 | 2 | 3 | 4|5 |6 |7 |89 1011|1213 |14 |15
Voltage(volt) | 5 |15 |15 [15| 5 [ 15| 5 | 15|10 ] 10| 10| 10| 10| 10| 10
Time (min) 1515451453030 |30 30| 15|45 | 15|45 ]30]30]30
pH 7171717166 |8 |86 |6 |88 7|7]17

Results and discussion

Investigation of the effect of independent variables on raw sugar beet juice
turbidity changes

Turbidity is one of the most important factors that occurs in purification of the raw
sugar beet juice. Turbidity can result from residual mud on the sugar beet, organic
compounds, insoluable cellular compounds, beet plant fragments etc. As shown in Figure.2,
the results indicated that during the EC process, turbidity was reduced as the voltage
increased. As the voltage rises, the solubility of the anodal electrodes also increases
resulting in removal of a larger quantity of pollutants. Therefore, reduction in turbidity
following the rise in voltage can be attributed to the increase in flake production. In
electrocoagulation procrss for the removal of seasonal turbidity from drinking water was
found that the removal rate of turbidity significantly increased as the voltage increased.
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Increase in EC process time also led to an increase in coagulation and a higher rate of
impurity removal. Efficacy of impurity removal is directly dependent upon the
concentration of the ions produced on the electrodes, and as the concentration of the metal
ions and hydroxide coagulums increases along with time increase, their rate of such
removal also rises [1].

voltage 15

Hold Values
2 voltage 10
time 30
turbidity _, \“\ ¥ ;
WL
\:{\\ik\\\\‘\ p
22 SR RAARRA
Ly g
20
30 ! pH
time 40 6

Figure 2. Effects of voltage, time and pH on variability of juice turbidity

Shivayogimath et al., (2012) found during the investigation of purification of the sugar
industry sewage by electrocoagulation that the rate of removal of Turbidity increases with
time and declared that the maximum amount of turbidity (92.4%) is achieved after four
hours. Higher efficiency of the higher rate of turbidity removal can also be attributed to the

. Mt . . .
Faraday law. According to the Faraday law, m = T the quantity of metal ions (m) is
Z

dependent upon the intensity of the applied current (1) and electrolysis time (t). So,
concentration of coagulants increases along with an increase in the above parameters.
However, in this research no significant increase was observed in turbidity changes as
the pH value increased. The Al” and OH ions produce various monomerics such as
3+

AI(OH)“,AZ(OH);2 and polymerics such as Al (OH ), , AL (OH):;+ and Al (OH)i:

when the pH varies between 4 to 9 in value, which eventually transform into insoluble
AIl(OH); flake through chemical reactions percipitation/polymerization. A/(OH); coagulums
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contain a larger surface which is suitable for the absorption of soluble organic compounds
and trapping coloidal fragments. Therefore, the concentration of the coagulants such as

Al(OH )2+ and A/(OH); are similar in this range of the pH value [6].

Investigation of the effect of independent variables on raw sugar beet juice colour
changes

Colour is another one of the important factors in the purification of the juice. Melanins
formed as the result of the enzymatic browning reactions are among the most important
colour substances fromed in the syrupe by diffusion. Although these colour compounds are
superficially absorbed by the calcium carbonate crystals during the later stages, the results
however indicated that during electrocoagulation the colour intensifies as the voltage and
time are increased (Figure 3).

Although the increase in voltage did not significantly effect the intensification of the
colour, however it can be attributed to the increase in bubbles and the subsequent increase
in enzymatic activity during floatation. It seems that the increase in enzymatic activity
intensifies the melanin colour with the passage of time due to the openness of the reactor
cell during flotation and aeration. Increase in the pH value, however, only slighty
intensified the colour. These resuls correspond with the results of the reaserch carried out
on the elimination of colour from coloured wastewater through electrocoagulation [6].

13000 40 8
color 12000
30 Time pH
11000
20
5 6
10 s ; 10 45
Voltahe Voltahe
Hold Values
Voltahe 10
Time 30
H 7
13000 8 P
color 12000 ;
pH
11000
20 30 6
40
Time

Figure 3. Effects of voltage, time and pH on variability of juice color
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Investigation of the effect of independent variables on raw sugar beet juice purity
changes

An increase in the purity level of the raw sugar beet juice during purification is
indicative of desirable removal of the non-sucrose soluable and insoluable compounds. The
results according to Figure 4 indicated that the increase in voltage resulted in increase in
the level of purity. As explained previously, the solubility of the anodal electrodes increases
as the voltage rises and subsequently a higher quantity of impurities and polutants are
removed by aluminium hydroxides produced. Increase in voltage also leads to production
of greater quantity of bubbles which increase contact between aluminium hydroxides with
the pollutants and impurities and facilitates the floatation of more of the produced sludge
and thus removal of a greater quantity of the impurities. Increase in process time also
resulted in an increase in the level of purity as the an increase in reaction time results in
more floating sludge is produced on the fluid surface. Increase in the pH value had no
significant effect on the level of purity.

77
ARy
(T LT
91 ';_f:.;,'::",::_ﬂﬁ 90.5
%0 o 7 7 90.0
Q Q 89.5
89 40 89.0
30 Time
5 10 20 5
Voltahe 15 Voltahe 15

Hold Values
Voltahe 10

Time 30
pH 7

Figure 4. Effects of voltage, time and pH on variability of juice purity
Comparison EC process with traditional refining method

For the judgment of EC process performance to refining the sugar beet juice, the
properties of obtained sugar juice by EC process was compared to peroperties of thin juice
from Chenaran sugar plant by traditional method. As seen in the table 3 purity reached to
the purity of thin juice approximately. EC process to removal of turbidity was very
succesful, too. But removal of color by this method not suitable because of flotation and
Intensification of enzymatic browning. Although, it can hoped that color would removed by
supplementary process as filtration.

674 ——Ukrainian Food Journal. 2016. Volume 5. Issue 4



Food Technologies

Table 3

Compare the properties of refined sugar beet juice by EC process with thin juice
(traditional method)

Analysis of operational parameter and coefficient of full quadratic model

Properties Raw sugar beet juice | EC process Traditional
process
Turbidity (NTU) 166 20 19
Color (ICUMSA) 10520 11500 1400
Purity (%) 88.6 91 91.5
Table 4

Turbidity Color Purity
s | E " E s | £
Source | DF - = ;,‘:_’ - = é; - = é;
z T |5 R E-R R T |3
[-% =) =% =) =% =)
o o o
Model 9 74.9597 0.009 11091621 0 7.08433] 0.018
Constant 24.9 0 [126355 0 |89.600 0.000
Linear
\% 1 | -2.408 | 46.3685]/0.001| 276 | 609463 | 0 | 0.700 | 3.92 |0.002
T 1 | -1.648 [21.7140] 0.003 | 1092.2 | 9543664 | 0 | 0.575 | 2.645 |0.004
P 1 | -0.506 | 2.5088 [0.130| -16.4 | 2155 |0.461] 0.125 | 0.125 |0.317
Quadratic
V-V 1 0.1 |0.0369]0.835] 71.4 | 18817 |0.065| 0.063 | 0.01442]0.721
T-T 1 | -0.590 | 1.2853 |0.252| -487.8 | 878715 | 0 | 0.213 | 0.16673| 0.255
P-P 1 | -0.145 | 0.0766 | 0.763| -29.2 | 3140 [0.380] 0.113 | 0.04673] 0.527
Interaction
V-T 1 | 0.460 | 0.8464 | 0341 -43.9 | 7709 |0.192] -0.025 | 0.00250( 0.881
V-P 1 | 0.655 | 1.7161 [0.195| 1.3 7 0.967] -0.175 | 0.12250 0.321
T-P 1 | -0.315 | 0.3969 | 0.504| -383 | 5868 [0.245] 0.125 | 0.06250] 0.467
Residual | 5 11.765 16395 0.50500
Lacgt"’f' 3 3.8205 | 16395 | * 0.50500| *
Pure error 2 0.000 0.000 0
Total 14 78.7892 11108556 7.58933
R>™ 95.14 99.85 93.35
Adj-R*™? 86.32 99.57 81.37
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Conclusion

The results generally indicated that electrocoagulation process has positively affected
the reduction in turbidity and increase in the purity of the raw sugar beet juice during the
process of purification though colour intensity was not so significantly influenced.
Investigation of the independent parameters indicated that increases in the voltage and
process time of coagulation significantly affected the reduction in turbidity and increase in
purity such that the turbidity was reduced by 87% incomparison with the initial raw sugar
beet juice while the purity increased by three units. Changes in the pH in the 6-8 range
however, had no noticeable effect on Turbidity, colour, and purity. Although the results of
this research indicated only a slight increase in the colour intensity of the raw sugar beet
juice due to floatation and enzymatic browning, it is hoped that the colour produced can be
removed by absorbtion on the surface of bentonit powder or active carbon by filtration. The
operational parameters in this research were effective on the variations of color, turbidity
and purity with appropriate R>. Analysis of operational parameters effectivness subject the
full quadratic model summarized in table 4. This process can be offered as an effective
method in the purification of the raw sugar beet juice in combination with other purification
methods.
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Introduction. The choice of suitable vine cultivars to
icewine production is exerting an increasingly influence
on market supply expanding the premium segment of
agricultural sector.

Materials and methods. Databases and international
laws in winemaking were used to assessing the completed
performance associated with application of different grape
varieties for icewine production in different countries.

Results and Discussion. Current study illustrates the
comprehensive range of grapes used by winemakers who
decided to leave vines during low temperature in different
producing countries among which are Germany, The
Czech Republic, Austria, Slovenia and Canada. The states
listed compose the most diverse grape groups for finished
wines. Europe has the various grapes growing in winter to
freeze but the total Icewine amount is lower compare to
countries located in the North America including Canada
and the United States of America.

Majority of countries largely adopt Vitis
vinifera possessing thick-skin that offers better protection
against winter damage, however, varieties of this class are
relatively sensitive to weather than hybrids or
autochthonous grapes. Riesling is the most common used
for icewine processing due to appreciation of
characteristics of vine during winter period.

Climate conditions are the main contributor to
obtaining Icewine crops that can significantly decrease the
expected volumes of harvest, thuswise grapes protective
measures are provided before low temperatures.

Conclusions. The result obtained from review based
on the determining of the use of various cultivars
demonstrates the development and expansion of icewines
within the world wine society.
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Introduction

Harvest dates need to be considered carefully since they are based on subjective
evaluations of optimum fruit composition in view of ulterior wine quality, whose definition
is exposed to individual interpretation and trends, and may also depend on commercial
targets, market constraints, processing capacity and other factors [1]. According to VQA in
Canada grapes for Icewine' production must be harvested no earlier than November, picked
while the air temperature is —8°C or lower and the optimal time for harvesting is —7°C in
European countries [2]. The grapes must be harvested and pressed at these same
temperatures. The grapes are harvested at <—8 °C and pressed at low temperature to obtain
the minimum juice 35° Brix required for icewine in Canada. During pressing, much of the
water is retained with the grape skins as ice, while a juice is highly concentrated in sugars,
acids and aroma compounds [3].

The choice of cultivar for icewine production is important as it can affect the sensory
and chemical composition of the obtained wine. Generally, grape quality is the key
characteristic for the production of quality wines. The total requirements for grapes used in
icewine production are a resistance to rot and other diseases, the healthier structure,
technological maturity and the chemical composition of grapes. Characteristics of a good
variety for icewine production are that it has thick skin, be late maturing, possess a high
natural acidity and be resistant to low winter temperatures, but should be noted yield of
grape juice per tone of grapes is low [4]. According to Definition of the vitivinicultural
products by code sheet of OIV [5] all grapes used for Icewine production should come from
the same region.

Recently many countries have used comprehensive number of varieties and styles for
icewine production, yet to be characterized in the literature [23, 30-33, 43, 44]. The choice
of variety plays one of the important roles in the production of icewine. A number studies
are focused on searching of solutions for stability of grapevines during low winter
temperatures in order to obtain the good harvest.

The objectives of this research were:

1. To determine the main cultivars using for Icewine production across the world;

2. To indicate the substantial reasons for selection of grapes appropriated to naturally
freezing. Redistribution in wine production may occur within continents, moving from
declining traditional wine-growing regions to novel suitable areas [6]. Thereby the interest
about new types of wines and new cultivars has increased.

Materials and methods
Information about Icewine grapes was obtained from bibliographic sources including

articles, researches [1—4, 8—11] and thesis [7, 52] from Canada and then summarized using
statistic data [18-20] and wine reports [22-26, 41-43] from different countries. As the

! Icewine (title of wine bottle) is predominantly used by Americans. Canadian researchers in the
articles mark premium wine as Icewine, always with capital letter. Most of producers determine sweet
wines respectively to official languages, but according to acts belonged to OIV producers should
indicate wines like Canadians make. Author of this article uses the name of wine in accordance with
the marking of a particular country.
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principal indicator climate influence on the production of icewine was studied [12—17].
Company’s presentations [21, 44—46] were foundation for determination of used grape
varieties for icewine production. In order to show possible grape cultivars appreciated for
icewine production various vines possessing cold-resistant and disease-resistant originated
from different wine areas were examined [27-29, 34-39]. The official sites of wine
governments were the main basis to choosing enterprises having special dessert bottles in
their shops. Statuses and official documents of International Organisation of Vine and Wine
[5] and annual reports of The Vintners Quality Alliance [31, 56] were indicators for
determination peculiarities of utilized grapes. Data for the climatic conditions of wine
regions could explain the layout of icewine producers. Figures presented in current review
were produced using Excel software (MS Office 2007, Microsoft Corporation, Seattle,
WA).

Results and Discussion

1. Grape parameters for Icewine production

Icewine is the only wine type for which the soluble solids concentration at grapes
maturity is irrelevant, because the harvest of grapes for its production is performed at
temperature that is critical and leads to freezing of the water inside the berry and
concentrating all its components [7].

The resistance of low winter temperatures, high natural acidity, late ripening, tough
skins and stems and reasonable resistance to diseases have been identified as the most
important characteristics of grape varieties used for Icewine production, and largely
explains the predominance of Vidal and Riesling [8]. The production of this wine type
always depends on weather. Bad weather seriously can affect the Icewine grape crop
thereby many mass production companies hedge against changes in temperature that impact
on supply. Warm winter temperatures can significantly limit the winter grape harvest and
subsequently the volume of produced Icewine. For example, approximately 60% of Ontario
grapes set aside for Icewine were diverted to late harvest wines in 2001 due to insufficient
harvest hour temperatures. In addition to the lost opportunity costs of selling the harvested
juice in the form of cheaper late vintage table wine or grape juice rather than icewine, an
additional loss is the increased vulnerability of the vines to winter damage [9]. Later
harvesting is usually associated with significant losses due to deterioration of harvest from
wind, rot and other factors, and possibly lower sugar content levels in grapes. Due to this
bad weather conditions, losses in the Icewine industry were estimated in the range of 10-15
million dollars [10].

Additionally, winter hardiness is influenced by vineyard terroir factors and that vines
that are water stressed would not be resistant in comparison with non-water stressed vines
[11]. The resistance of low winter temperatures is a genetically controlled characteristic and
the full expression of that characteristic can be adversely affected by stresses such as over
cropping, drought, and diseases. Furthermore, the duration of the cold weather in regard to
the vine acclimation and the rate of temperature change can dramatically affect the
sustained cold injury [12]. With new viticulture technology for creation of cold-resistant
and disease-resistant hybrid grape varieties, the possibility of growing of vines with
improved properties has expanded into cold areas.

Climate change-related increases of the temperature, pH and potassium levels,
especially in conjunction with higher sugar concentrations, have a direct influence on wine
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chemistry, as well. It is often believed that relatively low crop load and optimal plant
nutrient status are necessary to maximize cold hardiness of grapevines [13]. Also black
grape varieties need more sunlight and heat than white grape varieties, to ensure the
physiological ripeness of the tannins in their skins. It follows, therefore, that the bigger part
of white grape varieties grow in cold regions; for example, Germany, Alsace, Loire Valley
[14].

Should be mentioned that grapevine genetics play an important role in the level of cold
hardiness of the cultivar. The different vine cultivars have different abilities to withstand
cold temperatures and that abilities are determined by evolutionary factors such as its area
of origin. The lineage of a particular cultivar, especially a hybrid, can give clues as to its
potential cold resistance. Many vine species have been used for hybridization. Most of the
cold resistant genes come through American grapevine species such as Vitis labrusca, Vitis
aestivalis, and Vitis riparia [15]. In addition to its genotype, the cold resistance of a
specific cultivar is determined by environmental conditions, such as seasonal temperatures
and their variation, and by vineyard management practices. It is important to remember
that exposure to lower temperatures plays a major role in the ability of the vine to acquire
its maximum cold resistance. The colder region, provides an opportunity for maximum
potential of cold resistance [16].

Other American species (Vitis rotundifolia, for example) are not cold resistant at all.
Vitis vinifera is the most common vine cultivar and originated of the Mediterranean areas of
Europe. Its ability to withstand cold winter weather is not good. Also, it is highly
susceptible to winter and spring temperatures. Therefore, knowledge of the genetic
background of a cultivar is a key component to choosing genotypes that are adapted to a
particular climate [17].

Vitis vinifera cultivars are more susceptible to cold injury and there is also much
variability between them. For example, varieties such as Riesling and Chardonnay are
much more cold tolerant than others such as Merlot, Syrah and Semillon. Hybrid varieties
are generally more cold tolerant than Vitis Vinifera. Vidal blanc is more cold sensitive than
most of the University of Minnesota hybrids such as Marquette that can withstand -30 °C.

Grapevines have varying levels of crop depending on variety, location, training system
and end use of the grapes. Ontario is no exception and in some vineyard blocks, crop levels
can be considerably higher than other blocks when used for Icewine production or target
(plateau) priced for lower tier wines. Higher crop levels have been associated with lower
cold tolerance in previous literature for some hybrid varieties. Furthermore, some Vidal
Icewine blocks have had a tendency to show reduced bud survival following some years of
Icewine production especially where they have been machine harvested or the block has
been used in consecutive years for Icewine production [18]. In general, Chardonnay, Pinot
noir and Merlot reduce maximum hardiness due to cropping level and/or timing of harvest.
Heavier crop levels and later harvests reduced maximum hardiness especially in cooler,
wetter and delayed seasons. For Cabernet franc, Sauvignon blanc and Riesling, crop level
and/or harvest date did not generally impact the vine’s ability to reach maximum hardiness
levels. Over-cropping can reduce maximum hardiness but in poor growing seasons even a
balanced vine may have slightly reduced hardiness. Pinot noir vines with more
clusters/shoot reduce cold tolerance regardless of harvest date. For other varieties larger
crop levels generally reduce cold hardiness throughout all of dormancy in some years.
Riesling is more of an exception and do not respond strongly to crop levels but later
harvests reduce cold hardiness. Therefore, Riesling vines used for Icewine production may
be slightly compromised in some years.
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2. Used cultivars for Icewine technology

Resistance to a wide range of diseases is needed, but the production of wine is almost
exclusively based on Vitis vinifera cultivars and even new hybrids within Vitis vinifera are
poorly accepted owing to the industry's reliance on traditional and easily marketed classic
wine grape cultivars[19]. Initially, Icewine was produced only from white grapes, but
recently winemakers start to leave vines of the red varieties during winter for expanding of
their range. The most utilized kinds of grapes from white varieties are represented in Figure
1. Figure 1 highlights used dark grape varieties.
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Figure 1. White grapes for icewine making by countries, %

Based on examined data the leaders are Riesling and Welschriesling. Evidenced for that
fact is that the 26% and 11% relatively of total cultivars are appreciated by producing-
countries due to their winter resistance and perhaps the possibility of growing on all
grounds in deferent lands.

Welschriesling is a widely planted and well-known variety of Central and Eastern
Europe. Welschriesling has many synonyms, including Welsch Rizling (Bulgaria), Laski
Rizling (the former Yugoslavia), Olasz Rizling (Hungary), Grasevina (Croatia), and
Riesling Italico (Italy). All central located European countries grow this white variety in
order to produce exclusive type of wines.

Originated from the Bordeaux region of France Sauvignon Blanc is popular not only in
Canada, also in Croatia, Slovenia and Russia for Icewine production. Austrian Icewineis
often made from variety Gruner Veltliner that is estimated as terroir autochthonous grape of
Osterreich. The scientists suggest that it probably derives from a crossing with Traminer
[20]. Dry and mild long autumn contribute to the optimum ripeness, juiciness and sugar
content for Gruner Veltliner and Silvaner, a white grapes of uncertain origin that is planted
in Alsace and more widely in Germany.
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Chardonnay and Sauvignon Blanc are used by winemakers from the Czech Republic,
Germany and Slovakia. Additionally, the Royal DeMaria 2000 Chardonnay Icewine is
recognized as the most expensive Icewine in the world, retailing at $250,000 a bottle [21].

Neuburger is chosen by companies landed on Austria and the Czech Republic.
Moldavian, Croatian and Slovenian estates deliver Icewine crops through harvests of
Traminer. The Russian Federation mostly sells Riesling and Muscat Ottonel dessert wines
that are included to special category.

The most used cultivar is Vidal Blanc in Canada, grape hybrid possessing the
appreciated characteristics for high quality wines. Originated from France the sort is
widespread across provinces provided annually crop to wineries. Vidal has been widely
planted in Eastern and Midwestern states due to its many positive attributes: moderate cold
resistance (more than Vitis vinifera varieties), spring frost avoidance (due to late bud
break), bunch rot resistance and especially its versatile and desirable wine style and quality
[22]. It requires places with long growing seasons and moderate winter temperatures. Bud
break is late, which reduces the risk of spring freeze injury. It is characterized by small
berries on very large, loose, tapering bunches of grapes. Bunches of grapes thinning is
sometimes required to prevent overcropping [12]. Also Chinese wineries adopting the
experience of Canadian growers plant basically Vidal near own Huanglong Lake which
promotes a cold and not too dry climate [23]. It is important to know that aged icewine
from wine varieties Vidal of the Canadian Company "Iniskillin" is defined as the best sweet
wine of 2002. Vidal Blanc Icewine of 2013 made by Debonne Vineyards was just named
best dessert wine at the 2015 San Francisco Chronicle Wine Competition, one of the
largest contests in the United States.

The biggest amount of icewine from North America is produced using French-
American hybrid, and European countries prefer Riesling. The first icewine in the world
was & Riesling, made in British Columbia by Walter Hainle in 1973. Incidentally, Riesling
is technical kind of grapes, identified on the banks of the River Rhine. The morphological
features and biological properties of Riesling are related to ecological-geographic group to
Western European varieties. Riesling is considered to be one of the world’s greatest white
grape varieties and some of the best white wines were obtained from it. It is a native variety
of Germany, where it is believed to have been cultivated for at least 500 years and possibly
as long as 2000 years, after all, over 22,000 hectares in German vineyards are planted with
Riesling which is about 60 percent of all the Riesling in the world [24]. In addition,
numerous comparative trials resulted in more than 80 Riesling clones registered in
Germany developed by the breeding department of the Forschungsanstalt Geisenheim [25].
The Riesling grape’s ability to retain its acidity while achieving high sugar levels is what
creates wines with considerable aging potential [26]. Conclusively, as a result, Riesling can
be identified as icewine king due to its good winter resistance and the most expanding
across wine regions in the world. This variety is selected by 14 producing countries. On the
basis of current researches most of states landed on Europe utilize especially above
mentioned white variety. Such countries as Germany, the Czech Republic, Slovenia and
Luxembourg basically create Riesling icewines.
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Figure 2. Dark grapes for icewine making by countries, %

Cabernet Sauvignon due to its relatively late maturing is viable grape cultivar for the
places with low temperatures. Also this variety has high resistance to mildew and botrytis
disease. Better than many other European sorts in the group is opposed to phylloxera and
slightly is damaged by grape moth. The point to be emphasized is that many investigates
are devoted to evaluate dormant bud cold hardiness of grapes among them scientists and
winegrowers often explore parameters of Cabernet Sauvignon [27], [28], [29]. It is variety
which was frozen in Brazil [30].

The second position of used red varieties belongs to Lemberger, having many
synonyms: Frankova in the Czech Republic, Frankovka modra in Slovakia, Blauer
Limberger or Blue Limberger in USA, but Austrians call it Blaufrinkisch like Vitis
vinifera name. The most popular dark grape variety in Canada and United States of
America is Cabernet Franc. According to data from Annual Report [31] in Canada there
was a substantial 68% increase in the production of Cabernet Franc Icewine in 2015.

However, Canada is considered for the biggest Icewine producer by volumes. Wineries
from Germany plant the significant number of diverse grapes for atypical technology. All
aforementioned grapes varieties are included in Icewine production, except for Vidal and
Traminer. Despite varieties shown in Figures 1 and 2, such grapes as Muskat Trollinger,
Trollinger, Gold Muscat, Huxelrebe, Ehrenfelser, Cabernet Mitos are used by Germans to
obtain of elite quality drinks. The last three grapes varicties were investigated by the
Geisenheim Grape Breeding Institute. Exactly from Huxelrebe was produced first batch of
Polish icewines at Jagiellonian University [32]. Anselmann Winery has icewines of the
grape varieties Silvaner, Chardonnay, Dornfelder, Cabernet Sauvignon, Pinot Noir and St.
Laurent.

The comprehensive range of current grapes varieties by countries is presented in Figure
3. From the analysis can be concluded that Germany, Austria and the Czech Republic have
a diverse market of Icewine that is made from different grape varieties.
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Figure 3. Range of grape varieties that used for production of icewine in different countries

Such countries as Luxembourg, Sweden, Slovenia and Croatia leave exclusively white
berries on the vines to become shriveled. Icewine technology in Luxembourg is described
in the law represented in official site of the Institute Viti-Vinicole Grand Duché de
Luxembourg. According to it premium wines can be made from the varieties Pinot Blanc,
Pinot Gris and Riesling[33]. The North Countries represented in this study have preference
to Vidal. In the smallest European countries wines are produced from Riesling. It was
found that Slovakia is only country that produces icewines by using more dark-skinned
varieties than light. The majority of wineries prefer white frozen grapes. Germany, Austria,
Canada and USA use the similar grapes including Kerner, Gewiirztraminer, Cabernet
Sauvignon and Riesling.

Figure 4 appoints the classification of made icewines by type of grape where the
varietal exceeds the blended by 56%. It is possible to obtain sweet stable wine easily using
one type of grapes than several. But mix icewines are yielded in Moldova, Italy, Austria,
Russia and USA. In the last country concentrated grape must was blended with red
raspberry wine in Arrowhead Wine Cellars, Pennsylvania. Pioneers of icewine usually use
one variety.
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Nowadays breeding of the new cultivars is developed by growers with helping
scientists. Hence, special programs for planting of cold resistant grape varieties were
conducted based on further crosses using French hybrids, native American species, and
Vitis vinifera varieties at Cornell University and University of Minnesota. Currently led by
grape breeders and Professor Bruce Reisch, the Cornell Breeding Program at the New York
Agricultural Experiment Station in Geneva has used interspecific hybridization to select
wine grapes with cold resistance, high yield, disease resistance and high wine quality.
‘Cayuga White,” ‘Melody,” ‘Chardonel,” ‘Marquis,” and ‘Traminette’ were released based
on the investigations of above mentioned university. «GR7» (Geneva Red 7) — is a highly
healthy, productive and winter resistant grape cultivar, with moderate resistance to diseases.
His red wines have a classical hybrid aroma, better tannin structure than Baco Noir and De
Chaunac. It has a place in the traditional red hybrid blended wines, and it is already in
limited commercial production. The University of Minnesota initiated its breeding program
for wine grapes in the mid-1980 and, in 2000, completed a state-of-the-art enology lab and
research winery. In the period from 1996 through 2006, the University of Minnesota
breeding program developed and released four cold resistant, productive, moderate- to
highly-disease resistant wine grape varieties—Frontenac, Frontenac Gris, La Crescent and
Marquette [34].

Despite the high yields of icewines made from Vitis vinifera, hybrids and
autochthonous grapes are often used possessing the highest resistance to impact of low
temperatures. While there are many individual weather and climate factors that can affect
grape growth and wine quality (e.g., solar radiation, heat accumulation, extreme
temperatures, precipitation, wind, and extreme weather events such as hail). Growing
season length and temperatures are critical aspects because of their major influence on the
ability to grapes ripening with achievement of optimum levels of sugar, acids, and aromatic
components in order to maximize of the wine quality [35]. Also training system can
influence on bud survival in cool climates reviewed by [36] according to it the right choice
of grapevine growing is useful to obtain successful crop. Large diameter canes are less
winter resistant. Therefore, diverting or reducing vigour through management practices or
using a divided canopy system may improve sunlight exposure of shoots and increase the
resistance [18].

Having regard to investigates edited by Reisch Bruce 1., Pool, & Peterson (1993) [37],
the most susceptibility of grape varieties to low-temperature injury are Elvira, Saint Croix
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and Ventura, American types derived from Vitis labrusca. But in common used varieties to
obtain icewines is included Vitis vinifera, that were identified as the most cold sensitive
[38]. Consequently, many producing countries step by step have switched to indigenous
grapes.

Current study shows the first frozen grape varieties in different countries, among them
are Italy, Hungary and Bulgaria produced premier icewines from indigenous grapes. It was
noticed that Riesling had been commonly used for icewines by first producers due to its
wide spread and winter hardiness. The Riesling grape has ability to retain its acidity while
achieving high sugar levels. This creates wines with considerable aging potential. The main
significance of aforementioned cultivar is its high acidity that harmonizes the final
sweetness of the resulted icewine. The first icewine in Romania was obtained from
Traminer. Slovakia obtained first icewines using Gruner Veltliner. China used Vidal.
Chateau Pajzos became the first Hungarian winery for production of Tokaj Icewine that
was yielded not from Riesling and from indigenous variety called Furmint. The Perico
Winery, located in Brazil, firstly produced wines from Cabernet Sauvignon when
temperature dropped to -7.5°C in Santa Catarina wine region [30].

Italians produce icewines using only domestic varieties — Avana, Becuet, Chatus in
mix. The Pri¢ blanc is the only one native white-berried variety from Aosta Valley. It is
employed by company Cave Mont Blanc Morgex. The Winery at Spring Hill located in
Ohio, USA makes icewines from Noiret that is a product of the Plant Breeding Program at
Cornell University. This variety results in a fine, full bodied red wine with characteristic of
peppery notes. Therefore, Kiona Estate crafted icewines from variety Chenin Blanc and
Cave B Estate Winery makes icewine from Semillon grapes in Washington. Furmint is
widely used only for making sweet Tokaj, but Hungaria showed that white grape varieties
also is intended for icewine production. Consumers can find icewines from Bulgaria that
grows Mavrud to production of rare beverages. «Johanneshof-Reinisch», Austrian winery
presented "Eiswein" utilizing Zirfandler, autochthonous cultivar that can find in the
Thermenregion. Alibernet (Odesskij Chernyj) was bred in 1950 in the Ukrainian Scientific
Research Institute of Wine and Vines in Odesa, but then announced grape was developed in
former Czechoslovakia. Due to its late-ripening, it requires the best positions, harvests are
regular and high. Such grape benefits were attracted by winegrowers in the Czech Republic
to freezing. Winemakers from Slovakia plant own native grapes. Among them Andre and
Devin are suitable for icewine production.

3. Harvest conditions

Weather conditions during the growing season and during the dormant period can have
an impact on vine health and cold resistance to low winter temperatures. There are many
factors which must be considered in selecting of icewine grape varieties. The most
important factors are climate and topography of a prospective site. Other factors include
slope-aspect and soil conditions [39]. In order to obtain certain amount of grapes and avoid
the losses in such conditions winemakers should monitor temperature levels before harvest.

Monitoring of the temperatures in the vineyard is very important. Each site has specific
characteristics — topography, soils, cultivars, cropping history and many others that
influence vine resistance. The local or vineyard climate can vary within the vineyard from
east to west and from north to south depending on the size and natural slope of vineyard.
For this reason, multiple stations have been located throughout the grape growing regions
of Ontario and have demonstrated that on a single night the lowest cold temperatures can
differ by up to 5 °C or more.

——Ukrainian Food Journal. 2016. Volume 5. Issue 4 — 687



Food Technologies

In order to obtain suitable crop for Icewine growers and winemakers should be sure in
the area weather conditions whereby the wine volume always depends on winter season.
Icewine is produced in all wine production regions of Canada; however, the main part of
icewine production is in Ontario, principally the Niagara Peninsula, where the summers are
warm and the winters are cold. This climate is suitable for optimal grow [40]. Although
Ontario is not unique in producing of Icewines. It is the major wine region that has the
climate capable to allow the icewine production almost every vintage.

The Niagara Peninsula region has cold climate. The region is situated near N43°
latitude, with relatively high variation in day-night temperatures and substantial sunshine
during the growing season. Three of the five Great Lakes of central North America — Lakes
Huron, Erie and Ontario formed Ontario’s wine regions. During winter the lakes do not
freeze, their warmer water helping in the protection of their shoreline vineyards against
vine-destroying deep freezes. This combination provides the development of more complex
and intense grape flavours during ripening than warmer climates.

Lake Erie is a multi-state American Viticultural Area (AVA) in the Great Lakes region
of the northern United States. As might be inferred from the title, most of the AVA's
vineyards are located along the shores of this most southerly of the Great Lakes, stretching
through New York and Pennsylvania before reaching the vineyards of northern Ohio. Most
of the viticulture lands lie along the edges of the lake or near water, where the temperatures
are moderated by the insulating capacities of the water. By the same token such distribution
is suitable for cultivation of grapes widespread for Icewine making. This arrangement
provides a unique micro climate where the large mass of lake water holds heat from the
summer, moderates local temperatures and provides warm breezes through autumn to delay
typical first frost into November and conversely the lake moderates winter low
temperatures, but keeps the area cooler into the spring, delaying first budding until past the
typical last frost date[41]. Thus, the biggest share of Icewine production and sales belongs
to upstate the Finger Lakes located in the middle of New York State. The most of wineries
centres on main lakes named Canandaigua, Keuka, Seneca and Cayuga. The climate of
these areas provide temperate conditions suitable for viticulture. Furthermore, American
native grapes varieties are established with the highest hardiness ratings compare to grape
varieties obtained from Vitis vinifera [28]. Proof of that is estimation of the economic losses
during winter season. They were conducted by The OSU Grape Team in Ohio State
according to its average estimated crop loss, total estimated grape and wine value loss and
average loss per acre of Vinifera Grape Varieties exceed than harms of American Grape
and Hybrid Grape Varieties [42].

There is different type of climatic conditions which significantly influence grape
growing of each country across Europe. The warmest wine-growing region is Moravia in
the Czech Republic. It is the most favourable in temperatures in the comparison with the
Mikulov and Velké Pavlovice regions for example. Cooler Bohemia region lays in the rain
shadow of the Krusné Hory and Ceské Stiedohofi Mountain ranges. The climate is
continental, with the influence of cold invasions and moist air from the Atlantic Ocean or
from Siberia. Summer is with intense temperatures. That fact significantly accelerates the
grapes ripening [43]. The biggest company producing icewine in the Czech Republic
«Znoviny is situated in The Znojmo Sub-region where cold climate contributes to planting
Miiller Thurgau, Rhine Riesling, Griiner Veltliner (Veltlinské zelené). Although, icewine
producers are situated too in all sub regions of the country where the climates are not
considered as cold. Croatian winery «Bodren» located in winegrowing region Pregrada,
Hrvatsko Zagorje is situated between Alps and Adriatic Sea on the southern foothills of the
mount. The climate is continental-type. The microclimatic potential guarantees the
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accumulation of high acids levels in grapes. This has been used as an advantage for
production of dessert wines in which the acidity is well balanced against sweetness and
reduces the sensation of weight [44]. The continental climate, which means warm summers
and cold winters, is defining for wine regions of Germany and Austria. Yet even Germany
and Austria underwent climate variations that caused the regular harvest and uncertain
supply of icewine from year to year [45].

Besides countries which are commonly considered as areas with cold climates there are
states providing icewine making due to its low winter temperatures. The moderate
continental Moldovan climate boasts plenty of sunshine and warmth, and is characterized
by a long warm period — 260-290 days, and a relatively short cold period that lasts only
75—105 days [46]. That make possible to growing of grape varieties for rare wine style.

The management to protecting grapes against winter damages plays the significant role
in controlling of the harvest volumes. One of the methods to prevent potential decrease of
grapes yields is netting of vines blocks [47]. Also noise makers and scaring devices ensure
the saving vineyards from animals and birds attacks. There is also always the risk for
grapes decay before the temperatures are cold enough for an Icewine harvest. Due to study
created by [48] estates can indicate spatial and temporal patterns for bird damages on the
wine grapes at the level of single vineyards. The potential employing of weather derivatives
against temperature related risks is capable to save the grape harvest. This technology is
widely used in various agricultural sectors. Consequently, in order to obtain favourable
crop for Icewine processing the winemakers should focus on determination of the time for
grapes harvest during low temperatures and to select resistant grape varieties.

4. Impact of grapes on sugar and alcohol content in Icewine

Icewine is a wine for which the harvest temperature is the most important to achieve
the quality finished beverages. As a result, colder temperatures are required to freeze the
berry and achieve the desired soluble solids concentration in the must later in the season
and, thus, reducing yields [49]. It was noticed, that the date and time of harvest basically
impact on composition of frozen grapes. The time period of harvest determines the main
biochemical and chemical reactions in icewine. The most important among them are sugar
levels and volatiles concentration. The ideal temperature is between -10 and -13 °C before
picking. This provides the optimum sugar levels and good flavor in the grapes. The
dependence of sugar content from temperature is highlight in Table 1. The data about sugar
levels in grape must from Canada is presented in Figure 5.

Table 1
Dependence of sugar content from temperature
Temperature, °C Sugar content, %
-6 29
-7 33
-8 36
-9 39
-10 43
-11 46
-12 49
-13 52
-14 56
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Higher sugar concentration is observed during autumn season. Higher sugar levels
occur in freezing grapes. Should be noted, that the optimal days for harvest were fixed in
the middle of December, but wineries determine the final time for harvest based on current
weather conditions when air temperature is appreciated. The latest dates of gather were
defined as not favorable for icewine making due to low-quality grapes that had been rotten.
But according to researches of Canadian winemakers and scientists the highest
concentrations of aroma compounds were estimated from grapes harvested with increasing
hang time. Unfortunately, the complete composition of the Icewines made from only
Riesling, Vidal and Cabernet Franc from Canada are described in scientific literature.

Chardonnay | 3‘8,6 |
Vidal Blanc | 38,8 |
Riesling | 38,8 |
Gewilirztraminer | ‘ 40,4
Cabernet Franc | ‘ 38,9 |
Cabernet Sauvignon | 38,9 |

37,5 38 38,5 39 39,5 40 40,5 41

Figure 5. Sugar of must from frozen grapes in Canada, °Brix

The most concentrated grapes make challenges for providing of Icewine production:
slow fermentation rates, difficulties in reaching 10-11% (v/v) ethanol in the wine before the
yeast stop fermenting and overproduction of glycerol that influence higher concentration of
volatiles predominantly acetic acid. Increasing Icewine juice concentration from 40 to
46°Brix decreases yeast growth, sugar consumption rate, the total amount of sugar
consumed and the total amount of produced ethanol. Increasing The sugars in the grape
must for Icewine production lead to raises of the proportion of yeast sugar metabolism
diverted away from growth and towards glycerol and acetic acid production. This leads to
increased osmotic stress. The acetic acid presented in Icewine at certain levels is not an
indicator of microbial spoilage, but rather is a natural by-product of wine yeast
fermentation under hyperosmotic stress that may be of benefit in the overall sweetness to
sourness balance of the wine. In higher levels it exerts a negative influence overall wine
quality [50].

It should also be emphasized that alcohol content differs among countries. Typically,
premium wine contains 9—12% alcohol while icewine from Germany and most of European
countries have 7-10% ethanol. This fact can be explained by the time of the harvest
contributed largely on concentrating of grapes. In some parts of Europe, the vintage is done
at a temperatures of minus 7 °C. Winery Klet Zoren¢ — Hohnjec from Slovenia offers
premium wines contained more than 14% alcohol that represents the highly alcoholic
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icewine among another types from other countries. Also enterprise Moravc¢ikova vina from
the Czech Republic produces icewine contain 14% alcohol. An ethanol concentration in
icewines directly correlates with sugar levels and the use of yeast strains for fermentation.

The choice of yeast strain can contribute to the consistent production of high quality
wines with unique styles and characteristics. Therefore, the most of articles, investigations
and research works are dedicated to ascertaining of convenient yeast strains for providing
fermentation [51], [43], [53], [54], [55]. The only weather condition required for a
successful harvest is the amount of time between the desired temperature. Other climatic
factors such as humidity or wind speed do not affect the quality of the harvested grapes [9].

Similar in character to Icewines, but with less pronounced sweetness and intensity are
Late Harvest wines. They are made from grapes harvested after the regular fall harvest but
before Icewine harvest. They range from Special Select Late Harvest (sweet and almost like
Icewine) to Select Late Harvest to Late Harvest (usually just sweeter than an off-dry or
medium table wine) [56].

5. Prices of Icewines made from diverse grapes

Quality signals are important price determinants. An objective quality measure is very
difficult to define. Many of the sensory indicators that determine expert quality ratings are
subjective. Additional indicators, such as labeling, bottle design, or the reputation of
producers and regions may also advance or hinder the sale of a particular wine [57].

Bodren Icewine 2009 (Vrhunsko), Regional Decanter Award Winner 2011 from
Croatia costs 63 euro per 250 ml bottle while price of Cuvee Ledeno Vino (Icewine) 2008
of this estate is 38 euro. Also Canadian company Inniskillin is considered as brand of
Icewine selling their bottles of 0,375 ml priced more than 70 dollars. However, Icewine
from Riesling is more expensive than wine made from Vidal of this winery. But evidenced
fact that Oak aged Vidal Icewine is the most known premium beverage thereby has the
highest price than another wines. Also with the same charges American wines are sold, but
the highest values of icewine s were pointed in the New York state exactly in shops of
wineries located in the Finger Lakes area.

The prices of German Eiswein are different depending on wine region, popularity of
winery and historical roots of exclusive wine establishing. The white icewine s have bigger
circle of customers and cost relatively higher while red Icewines are less common inside
market. The analyzed data for current study shows that Riesling and Chardonnay Icewines
are the most expensive contrary to wines produced from another cultivars. The prices of
rare wines from ingenious varieties are quite different among countries. It was noticed that
elite wines cost more in that case if adverse weather conditions occur during grape Icewine
season.

Due to consolidation position including necessary characteristics suitable for Icewine
production mentioned grapes are chosen mostly. Also marketplace of estate in ice category,
management of advertisement and tax policy impact the price of premium wine bottle. The
major of producers despite of used grapes from diverse countries have the similar price
politic the mean score of which is 40 dollars of 0,375 1 bottle. The bottles of 0,200 1 and
50ml cost in average 25 and 10 dollars respectively. Additionally there are not true icewine
s in market produced by alternative methods which have lower prices. However, company
Znovin located in the Czech Republic sells their wines with price that is similar to icewine
bottle made by non-real producers.

To conclude this part should be noted that choice of used grape do not contribute much
to certain price per bottle. Small sizes of describing price about icewines prove the truth of
different harvest time that make impossible to analyze bigger amount of wines per one
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period. The significant role belongs to harvest time, reputation of winery and risks of
producers. The above listed factors largely determine the management of pricing model of
Icewines.

The findings reported here can be useful for growers and especially for further
investigations related to icewine technology. As icewine making is not studied in whole
aspects, the next researchers should be directed to discussion of the data confirmed based
on the true choice of varieties for atypical technology in various producing-countries.

Conclusions

Weather conditions are the most important factor for Icewine production generally,
thereby the grape choice plays useful role to achieve harvest for rare beverage. Despite of
popular ascertainment of Vitis vinifera Icewine production basically from white cultivars,
the hybrids and native varieties are still widely utilized because they tolerate much lower
temperatures and break bud later in the winter season. Their resistance or tolerances to
many of the common diseases that affect grapes also contribute to popularity between
estates making premium wines. Only seven counties had used native grapes for obtainment
of first premium wines bottles. White grapes used for production of Icewine are more
diverse group. Riesling and Welschriesling are common used and that determine them as
the leaders in whole category. The red Icewine production used predominately Cabernet
Sauvignon and Lemberger. According to this review each country selects the most suitable
varieties possessing the necessary grape characteristics for Icewine developing. Varietal
choices made by individuals should be made in the context of climate, site quality,
management, and the suitability of varietals from an agronomic and marketing perspective.
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Introduction. The objectivs of this study is to present
the chemical composition of Salvia officinalis essential oil
from Bulgaria.

Materials and methods. The herb from salvia was used
from the market. The essential oil was obtained by
hydrodistillation for 3 h in laboratory glass apparatus. The
chemical composition of the oil was determined
chromatographically.

Result and discussion. The moisture of the plant was
12.16% and the yield of essential oil is 0.93%.

Twenty-eight components were identified in the oil.

The main compounds of essential oil were as follows:
o-thujone (26.68%), (E)-B-caryophyllene (7.47%), 1,8-
cineole (7.19%), a-humulene (6.11%), B-pinene (5.44%),
B-thujone (5.35%), camphor (4.84%), allo-aromadendrene
(4.55%), borneol (3.69%), and a-pinene (3.58%). Three
groups of compounds were found in hydrodistillated sage
oil. The total oxygen-containing monoterpenes constituted
the highest percentage of the components of the essential
oil constituting 59.15%, followed by sesquiterpene
hydrocarbons (24.37%) and monoterpene hydrocarbons
(14.66%). The oxygen-containing monoterpene fraction
was most abundant in the oil and it was particularly rich in
ketones (70.96% of this fraction)

Conclusion. It can be stated that a number of oxygen-
containing monoterpenes, sesquiterpene hydrocarbons and
monoterpene hydrocarbons were detected in S. officinalis
essential oil.

——Ukrainian Food Journal. 2016. Volume 5. Issue 4 — 695



Food Technologies

Introduction

The family of Lamiaceae consist of about 230 genera. Many species from this family
are considered of high importance because of their uses in medicine, culinary and
cosmetics, and production of essential oil. Same of the major genera belonging to
Lamiaceae family is Salvia.

About 900 species of the genus Salvia are cultivated throughout the world. The
commercial oil is produced mainly by S. officinalis L. (sage) and S. sclarea L. (clary sage).

Sage (Salvia officinalis L.) is a common herbal plant widely cultivated in varios parts
around the world, but it is native in East Mediterranean region. It is typically cultivated in
temperate climatic areas where is abundant sunlight.

The preparation of dried herb of sage is registered as a medicinal drug. Phytochemical
investigation of sage revealed a great number of bioactive compounds, among which the
most important are essential oil and polyphenol compounds.

A previous studies have revealed a-thujone, 1,8-cineole, S-pinene, S-thujone, camphor
and borneol to be the major constituents of the sage essential oil [1, 2, 3, 4, 5, 6, 8, 11, 14,
15, 16, 18, 19, 20, 21].

Different chemotypes have been described for sage: 1. camphor > a-thujone > 1,8-
cineole > [-thujone; 2. camphor > a-thujone > fS-thujone > 1,8-cineole; 3. [-thujone >
camphor > 1,8-cineole > a-thujone; 4. 1,8-cineole > camphor > a-thujone > S-thujone; 5.
a-thujone > camphor > S-thujone > 1,8-cineole [9].

ISO 9909:1997 [10] for medicinal uses regulates the amounts of the following
constituents in the essential oil: cis-thujone (18.0-43.0%), camphor (4.5-24.5%), 1,8-
cineole (5.5-13.0%), trans-thujone (3.0-8.5%), a-humulene (<12.0%), a-pinene (1.0-6.5%),
camphene (1.5-7.0%), limonene (0.5-3.0%), bornyl acetate (<2.5%) and linalool+linalyl
acetate (<1.0%).

Sage essential oil and extracts have been used for thousands of years in folk medicine
[91.

Essential oil distinguishes itself by an olfactory bouquet with camphor and thujone-like
notes. This kind of fragrance is highly appreciated in compositions with herbal and spicy
character, and is especially favored in the creation of masculine-type perfumes. The
characteristic aromatic-herbal complex of the oil is also of a particular interest to the
development of aromatic compositions for food industry — typically for canned fish and
meat products [9].

More recently, studies on the biological activity of sage showed that the essential oil
and some of its constituents possess god antimicrobial activity with respect to bacteria,
yeast and fungi involved in food spoilage [1, 2, 3, 11, 12, 13].

The aim of present study was producing of the sage essential oil and determination of
their chemical composition.

Materials and methods

In the investigation was used herb from sage (Salvia officinalis L.) from the market.
The row material moisture content was determined by drying up to constant weight, at
105 °C [17].
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The essential oil was obtained from the cut (1-2cm) aerial parts (100g) by
hydrodistillation for 3 h in laboratory glass apparatus of British Pharmacopoeia, modified
by Balinova and Diakov [7]. The oil was dried over anhydrous sulfate and stored in tightly
closed dark vials at 4 °C until analysis.

GC analysis was performed using gas chromatograph Agilent 7890A; column HP-5 ms
(30m x 250um x 0,25um); temperature: 35 °C/3 min, 5 °C/min to 250 °C for 3min, total 49
min; carrier gas helium 1 ml/min constant speed; split ratio 30:1. GC/MS analysis was
carried out on a mass spectrometer Agilent 5975C, carrier gas helium, column and
temperature as the same as the GC analysis.

The identification of chemical compounds was made by comparison to their relative
retention time and library data. The identified components were arranged in order to the
retention time and quantity in percentage.

Results and discussion

The moisture of the plant was 12.16%.

The essential oil obtained from sage with a yield of 0.93% (in abs. dry mass) was a
yellowish liquid with a warm camphoraceous, thujone-like odor and taste. The difference in
the yield of the oil and the reported data may be due to the climatic conditions in the
respective locality in which the plant is growing and the part of the plant processed.

The list of the compounds, in order of elution, and the quantitative data, expressed as
area percentage, was reported in Table 1. As seen 28 components representing 88.75% of
the total content were identified in the oil. Thirteen of them were in concentrations over 1%
and the rest 15 constituents were in concentrations under 1%.

As seen the major constituents (up 3%) of the oil were as follows: a-thujone (26.68%),
(E)-B-caryophyllene (7.47%), 1,8-cineole (7.19%), a-humulene (6.11%), B-pinene (5.44%),
B-thujone (5.35%), camphor (4.84%), allo-aromadendrene (4.55%), borneol (3.69%), and
a-pinene (3.58%).

The difference in the quantities of chemical composition of the our essential oil and the
reported data may be due to environmental conditions under which the plant has grown as
well as the variation in conditions of analysis.

The chromatographic profile showed a complex mixture of components. The
classification of the identified compounds, based on functional groups, was summarized in
Table 1. The total oxygen-containing monoterpenes constituted the highest percentage of
the components of the essential oil constituting 59.15%, followed by sesquiterpene
hydrocarbons (24.37%) and monoterpene hydrocarbons (14.66%). The percentage of
aliphatic hydrocarbons, oxygen-containing sesquiterpenes and phenyl propanoids were
under 1%.

The oxygen-containing monoterpene fraction was most abundant in the oil and it was
particularly rich in ketones (70.96% of this fraction) (Figure 1).

The ketones and cyclic ethers were the main groups of compounds responsible for the
characteristic odor of sage oil and their concentrations were similar to those regulated by
ISO 9909:1997 [10].
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Table 1
Percentage composition of the essential oil of
Salvia officinalis L.
N Components RI Content
1 (Z)-salvene 849 0.39
2 (E)-salvene 858 0.11
3 o-Pinene 939 3.58
4 Camphene 953 0.75
5 fS-Pinene 980 5.44
6 Myrcene 991 0.67
7 o-Terpinene 1018 0.29
8 p-Cymene 1026 0.18
9 Limonene 1030 2.02
10 1,8-Cineole 1032 7.19
11 y-Terpinene 1061 0.26
12 o-Thujone 1098 26.68
13 S-Thujone 1112 5.35
14 Camphor 1141 4.84
15 (E)-Pinocamphone 1160 0.38
16 Borneol 1165 3.69
17 Terpinen-4-ol 1178 0.45
18 a-Terpineol 1189 0.29
19 Bornyl acetate 1284 3.62
20 (E)-B-caryophyllene 1418 7.47
21 o-Humulene 1455 6.11
22 allo-Aromadendrene 1465 4.55
23 y-Muurolene 1477 0.43
24 Viridiflorene 1494 2.52
25 y-Cadinene 1513 0.18
26 o-Cadinene 1524 0.37
27 Ledol 1568 0.53
28 Caryophyllene oxide 1583 0.41
Total 88.75
Oxygen-containing monoterpenes 59.15
Sesquiterpene hydrocarbons 24.37
Monoterpene hydrocarbons 14.66
Aliphatic hydrocarbons 0.56
Oxygen-containing sesquiterpenes 1.06
Phenyl propanoids 0.20
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Figure 1. Oxygen-containing monoterpene fraction

Conclusion

It can be stated that a number of oxygen-containing monoterpenes, sesquiterpene
hydrocarbons and monoterpene hydrocarbons were detected in S. officinalis essential oil.
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Introduction. Breadfruit is an underutilized fruit and its
utilization as food can be improved by converting it to
indigenous foodstuff like elubo that has an established
processing technology.

Materials and methods. The breadfruit were washed in
clean water to remove adhering latex and dirt, peeled manually
and chopped. The chopped breadfruit was parboiled in water at
30, 50 and 60 °C for 90, 120 and 150 min. The parboiled
breadfruit was steeped for 6, 12 and 18 hrs. The steeped
breadfruit was drained, dried in the cabinet dryer at 60 °C for 2
days and milled into flour (elubo) while the breadfruit paste
(Amala) produced from the breadfruit flour (elubo) was
subjected to sensory analysis.

Results and discussion. The moisture content of breadfruit
elubo varied between 9.07 and 12.20%. The moisture content
of a food sample reflects the amount of solid matter in the
sample. The high ash content of breadfruit elubo (BE) is an
indicative of being a good source of mineral for the flour. The
values of the ash content varied between 2.00 and 2.90%. The
fibre content of the breadfruit elubo varied between 2.86 to
3.60%. Parboiling temperature, parboiling time and steeping
time does not significantly (p>0.05) affects the fibre content of
the breadfruit elubo. The protein content of breadfruit elubo
varied between 3.80 and 5.42%. The protein content of the
breadfruit elubo decrease irrespectively of parboiling
temperature, parboiling time and steeping time. The
carbohydrate content for the breadfruit elubo varied from
73.67 to 78.33%. High carbohydrate content in food implies
the food is a high in calorie. The carbohydrate content of the
breadfruit elubo is not significantly (p>0.05) affected by the
parboiling temperature, parboiling time and steeping time.
The Sensory parameters of breadfruit paste prepared from
breadfruit elubo were significantly (p<0.05) different from
paste of yam elubo (t-value=2.523, degree of freedom=14, p-
value=0.01, one tailed).

Conclusion. The result revealed that breadfruit elubo has
high fibre and carbohydrate content which implies that
breadfruit elubo can serves as high energy food.
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Introduction

Elubo is obtained from the conversion of yam tubers into fine flour and the unit
operations involved include harvesting, sorting, peeling, slicing, blanching, drying and
milling. The resulting product is a white to cream flour, which can be stored for months [1].
The quality of elubo is dependent on the process parameters adopted for its production.
Elubo can be processed into a thick consistency food popularly called “Amala” which is
prepared by reconstituting (cooking and stirring with boiling water) fermented or
unfermented yam flour (e/ubo) to achieve starch gelatinization [2, 3, 4]. Amala primarily
contains carbohydrates and as a result, it does not provide adequate nutrition. Amala
prepared from yam flour contribute more than 200 dietary calories per capita daily for more
than 150 million people in West Africa and serve as an important source of income [5].

In Nigeria, yam is the second most important source of carbohydrate after cassava
[6].Nigeria is the highest producer of yam in the World [7] producing about 38 million
tonnes per annum [8] which is well over half of the world’s yams [9]. It is a seasonal crop
that has competing domestic culinary uses and therefore attracts relatively higher prices
during off-season period. One way to minimize this higher price during off-season period is
the use of under utilized crops in the production of elubo, for the purpose of providing
cheap and unrestricted access to this staple food.

Breadfruit (Artocarpus altilis) is a tropical fruit native to Malaysia and countries of the
South Pacific and the Caribbean and it is an important food in these areas [10]. Breadfruits
are found from sea level to about 1550 m elevation. It has been reported that breadfruit
yields in terms of food are superior to other starchy staples such as cassava and yam [11].
The mature fruit is a good source of carbohydrate (84%) with starch constituting more than
60% of the total carbohydrate [12].The bread fruit pulps are made into various dishes; it can
be processed into flour and used in bread and biscuit making [13]. Breadfruit has also been
reported to be rich in fat, ash, fibre and protein [14]. Despite the importance of this fruit, its
production is faced with several problems including short shelf life and poor yield due to
diseases [15]. The fruits are utilized in Nigeria within 5days of harvesting because of their
short shelf lives. One way to minimize post-harvest losses and increase the utilization of
breadfruit is by processing into flour, which is a more stable intermediate product. Its
utilization can be enhanced by converting it to elubo, which is the starting material for
processing through reconstitution with hot water to form a paste or dough. In Nigeria,
breadfruit is regarded as the poor man’s substitute for yam (D. Rotundata or D. Alata),
because it can be used in the preparation of several foodsfor which yam was a traditional
crop of choice. It also costs less than one third the price of procuring yam [16].

Extensive research from yam and cassava for “elubo” have been reported by several
authors [17 3, 18, 4, 19]. Information is however scanty on the use of breadfruit for “elubo”
production. Also, if the existing technology for the production of yam elubo (YE) is to be
adapted for breadfruit elubo (BE), it would be necessary to explore the effect of critical
processing parameters on the some quality attributes of the elubo and the paste made from
its reconstitution.This study therefore investigated the optimum processing conditions
required for the production of breadfruit elubo using response surface methodology (RSM),
and the sensory acceptability of the breadfruit elubo (BE) paste (Amala)compared to the
one made from yam elubo (YE).
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Materials

Freshly harvested matured breadfruits were purchased from a local market in Idiroko,
Ogun State, Nigeria. Equipment used include cabinet dryer, laboratory milling machine,
mechanical sieve, digital weighing balance, stirrer, knife, bucket and stainless steel
perforated tray, stainless steel pot, electric cooker were obtained from the Food processing
Laboratory of Department of Food Science and Technology, Federal University of
Agriculture, Abeokuta, Nigeria.

Methods

Production of breadfruit flour (“elubo’’)

The method described by [4] for the production of yam flour elubo was adopted, with
variation in parboiling time, parboiling temperature and steeping time. The fruits were
washed in clean water to remove adhering latex and dirt, peeled manually and chopped.
The chopped breadfruit was parboiled in water at 30, 50 and 60 °C for 90, 120 and 150min.
The parboiled breadfruit was steeped for 6, 12 and 18hrs. The steeped breadfruit was
drained and dried in the cabinet dryer at 60 °C for 2 days. The dried breadfruit was milled
using laboratory milling machine (Fritsch, D-55743, Idar-oberstein-Germany).The milled
sample was sieved using 250pum screen and stored in air-tight polyethylene bags.

Preparation of Breadfruit Paste (Amala)

“Amala” was prepared from breadfruit flour using the method described by [20].
Breadfruit paste (Amala) was prepared by adding 200g of breadfruit flour (elubo) to 200 ml
of boiling water in a stainless pot. The paste was stirred manually with a wooden spoon
over a low flame until a smooth consistency was attained.

Experimental design and process optimization

Box-Behnken design [21] was used for the experiment. The three independent
variables used for the process optimisation were parboiling temperature (X1), parboiling
time (X2) and steeping time (X3). Design Expert software version 7.00 (Stat Ease Inc.,
Minneapolis, MN, USA). The three levels established for each of the independent variables
based on a series of preliminary experiments were coded as —1, 0, and 1 with their actual
values in Table 1. The design consists of 17 experimental runs to which the dependent
variables (Responses) were fitted after the laboratory experiments. The measured responses
were the proximate composition (Moisture, ash, protein, fibre and carbohydrate)

Experimental data were fitted to a second order polynomial model and regression co-
efficient the various responses were obtained. The generalized second-order polynomial
used in response surface analysis was.

Where Y is the response, Py is the intercept, where ;, B, and B; are linear, quadratic and
interaction coefficients respectively,x;, X,, X3 are the various independent variables and € is
the error. The statistical significance of the terms in the regression equations was examined
by analysis of variance (ANOVA) for each of the responses. The design expert software
was used to generate response surfaces models graphs showing the relationship between the
independent variable and the responses while holding a variable constant. The parameters
were optimized by using the numerical method of RSM based on desirability concept to
obtain range of optimised solutions which were used for the verification experiments to
determine the validity of the model.
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The coded values for the independent variables

Processing Variable | -1 0 | +1
Variables

Parboiling temperature (°C) | (X1) 45 130 | 60
Parboiling time (min) (X2) 120 | 90 | 150
Steeping time (h) (X3) 6 12 | 18

Response surface analysis different experimental runs

Experimental | Parboiling | Parboiling time | Steeping time
Runs temperature (X2), (X3),
(X1) min h
°C
1 60 150 12
2 45 90 6
3 60 120 6
4 30 150 12
5 45 90 18
6 45 120 6
7 30 120 6
8 45 120 12
9 30 90 12
10 45 150 18
11 45 120 12
12 30 120 18
13 60 12 18
14 45 120 12
15 45 150 6
16 45 120 12
17 60 90 12

Determination of proximate composition of breadfruit elubo

Moisture content and crude fibre content of breadfruit elubo were determined by
AOAC method. Crude protein was determined by the standard khjeldahl method, AOAC
method. Fat content of the samples were measured using Soxhlet extraction method
according to AOAC method. Ash content was determined by igniting 5g of sample in a
furnace for 4hours at 550 °C until light grey ash colour and constant weight was achieved
by [22].Carbohydrate content were determined by difference method. The analyses were

carried out in triplicates.

Sensory evaluation of breadfruit paste (Amala)
Simple paired comparison was used to compare the difference between amala made
from breadfruit elubo (BE) and yam elubo (YE). Thirty untrained panelists were asked to
rate the colour, mouldability, taste, aroma, smoothness, elasticity, stickiness and hardness
of the respective amala samples
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Statistical analysis
Apart from the statistical method used as an integral part of the RSM. Independent t-
test was also used to evaluate the result of the sensory analysis conducted on the amala.

Results and discussion

Effect of process variables on moisture content of breadfruit elubo (BE)

In Table 3, the regression coefficients of the quadratic models for the response variable,
along with the corresponding p-value are presented. Coefficient values less than 0.05
indicated that the model was significant. In this case, the linear coefficient of parboiling
temperature (X), steeping time (X;) had a significant impact on the moisture content. The
quadratic effects of the parboiling temperature, time and steeping time had negative
significant (p<0.05) effect on the moisture content. However, the interactive effects of all
the process variables except for parboiling temperature and steeping time (X;X3) had no
significant (p>0.05) impact on the moisture content. Moisture content of breadfruit elubo
varied between 9.07 and 12.20%. The moisture content of a food sample reflects the
amount of solid matter in the sample. The higher the moisture content, the higher the rate of
spoilage. Adebowale et al., [23] stated that moisture content is a measure of the water
content and also an indicator of shelf stability. Figure 1 shows the effect of the process
variables on the moisture content of breadfruit elubo. From the figure, increase in
parboiling temperature (PT) and parboiling time (Pt) brought about an increase in moisture
content at constant steeping time (ST). A similar trend was observed when increasing ST
and PT using a constant level of Pt. From the results, at a higher ST and Pt, there was an
increase in moisture content of the breadfruit elubo. This may be as a result of decrease in
porosity which will lead to an increase in moisture content. The higher moisture content
observed for breadfruit elubo may be due to the thick slices (50—60 mm) used. Babajide et
al., [4] earlier reported that thick slices (30-50 mm) had significant higher moisture content
than slices less than 30mm. Increase in moisture content can enhance microbial growth
which leads to deterioration in foods. FAO [6] recommended a safe level of 12 to 14%
moisture content for flour or powdered food

Table 3
Regression Coefficients for moisture content of BE
Factors Coefficient Estimate | Standard error | p-values
Constant 12.16 0.078 < 0.0001
Parboiling Temp(x,) 0.096* 0.061 0.1605
Parboiling Time(x;) 0.14 0.061 0.0547
Steeping Time(x;) 1.37* 0.061 < 0.0001
P Temp-P Time(x;X,) 0.013 0.087 0.8894
P Temp-S Time(x;X3) -0.25% 0.087 0.0236
P Time-S Time(x,x3) 0.030 0.087 0.7395
P Temp-P Temp(x,’) -0.81%* 0.085 < 0.0001
P Time-P Time(x,") -1.03* 0.085 < 0.0001
S Time-S Time(x;") -0.52%* 0.085 0.0004

*Significant at p<0.05, P=parboiling, x,=parboiling temperature, x,=parboiling time and x;=steeping
time
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Figure 1. Response surface plot for Moisture content (%) of BE
(a — steeping time = 12; b — parboiling time — 120; ¢ — parboiling temperature = 45)

Effect of process variable on protein content of breadfruit elubo (BE)

An acceptable second-order polynomial regression equation (2) as a function of
parboiling temperature, time and steeping time was generated for the protein content after
the removal of non-significant terms as follows:

Y =4.41+0.04X, -0.77X, +0.36. X7 —0.36X; —0.19.X; 2)

where X, X; and X; represent coded values of parboiling temperature and steeping time,
respectively and Y is the response variable (BE protein content).

In table 4, the regression coefficients of the quadratic models for the response variable,
along with the corresponding p-value were presented. Coefficient values less than 0.05
indicate that the model is significant. In this case, the linear coefficient of parboiling time
(X,), steeping time (X3) had a great impact on the protein content. The quadratic effects of
the parboiling temperature, time and steeping time had negative significant (p<0.05) effect
on the protein content. However, the interactive effects of all the process variables had no
significant (p>0.05) impact on the protein content. The protein content of the breadfruit
elubo varied between 3.80 and 5.42%, within the experimental conditions. The response
surface plots for protein content at different experimental conditions are presented in Figure
2. From the figures, it can be observed that increasing PT and Pt at constant ST decreases
protein content at constant Pt increase in ST and PT results in low protein content. Also,
increasing ST and Pt when PT is constant lowers the protein content of the breadfiuit elubo.
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The effect of parboiling and steeping on the protein content of the breadfruit elubo probably
maybe due to the denaturation of protein caused by the effect of heat on the breadfruit
slices during parboiling. This is an indication that protein content of breadfruit flour can be
influenced by using appropriate set of processing parameters. This shows that protein
content will decrease irrespectively of parboiling temperature, parboiling time and steeping
time [27].

Table 4
Regression coefficient for protein content of BE
Factors Coefficient Estimate | Standard error | p-values
Constant 4.41 0.018 <0.0001
Parboiling Temp(x,) 0.02 0.014 0.3186
Parboiling Time(x,) 0.04* 0.014 0.0313
Steeping Time(x;) -0.77* 0.014 < 0.0001
P Temp-P Time(x;X,) 0.00 0.020 1.0000
P Temp-S Time(x;X;) -0.02 0.020 0.3451
P Time-S Time(X,X3) -0.03 0.020 0.1727
P Temp-P Temp(x;’) 0.36* 0.019 < 0.0001
P Time-P Time(x,’) 0.36* 0.019 <0.0001
S Time-S Time(x;") -0.19%* 0.019 < 0.0001

*Significant at p<0.05, P=parboiling, x,=parboiling temperature, x,=parboiling time and x;=steeping
time

‘*‘:uo'o

(e dna) '.

‘ﬂ’w‘ ,n N i
& .o 9‘ 'c 't
i \

T o ‘....

\\“\\\“\\“G\O

P 120

Vi
Stog,: 9\\/1001100\\\@3
fl/b p//}g 690 ‘)g“
c C4 e

Figure 2. Response surface plot for Protein (%) content of BE
(a — steeping time = 12; b — parboiling time — 120; ¢ — parboiling temperature = 45)
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Effect of process variable on ash content of breadfruit elubo (BE)

In table 5, the regression coefficients of the quadratic models for the response variable,
along with the corresponding p-value were presented. Coefficient values less than 0.05
indicate that the model is significant. The quadratic, interactive and the linear effect has no
significant effect on the ash content. The values of ash content for breadfruit elubo varied
between 2.00 and 2.92%. Ash content is a reflection of mineral status, even though
contamination can indicate a high concentration in a sample. The ash content of breadfruit
elubo (BE) was higher than 2.07% reported for sweet potatoes elubo by Fetuga ef al., [20]
and 2.03% reported by Babajide et al., [24] for yam elubo. The high ash content of the flour
is indicative of being a good source of minerals. Breadfruit elubo would therefore, be a
better source of minerals than sweet potatoes and yam elubo. Figure 3 shows the effect of
the process variable on the ash content of breadfruit elubo. From the figure, It was observed
that increasing PT and decrease in Pt when ST is constant increases ash content while
decreasing ST and increasing PT at constant Pt increases ash content. At a constant PT,
increase in ST and Pt decreased the ash content of the breadfruit e/ubo .This maybe because
of the leaching of soluble minerals from the breadfruit [4]

Table 5
Regression coefficient for ash content of BE
Factors Coefficient Estimate | Standard error | p-values
Constant 3.09 0.081 0.2391
Parboiling Temp(x,) -0.07 0.064 0.8072
Parboiling Time(x;) -0.01 0.064 0.3275
Steeping Time(x;) 0.11 0.064 0.1194
P Temp-P Time(x;X,) 0.04 0.064 0.9153
P Temp-S Time(x;X3) -0.13 0.091 0.6916
P Time-S Time(x,x3) -2.5:107 0.091 0.0496
P Temp-P Temp(x,’) 0.11 0.091 0.1826
P Time-P Time(x,") -0.14 0.088 0.1658
S Time-S Time(x;") -0.06 0.088 0.3146

*Significant at p<0.05, P=parboiling, S=steeping, x,=parboiling temperature, x,=parboiling time and
X;=steeping time

Effect of process variable on crude fibre content of breadfruit elubo (BE)

The quadratic effect linear effect and the interaction effect of the parboiling
temperature, parboiling time and steeping time does not significantly (p>0.05) affects the
fibre content of the BE. The fibre content of breadfruit e/ubo varied between 2.86 to 3.60%.
The fibre content of breadfruit e/lubo was higher than yam elubo (1.65%) reported by
Babajide et al., [24], but lower than 3.2% reported by Fetuga et al,, [20] for sweet potato
elubo. Fibre is reported to plays a significant role in the prevention of several diseases such
as; cardiovascular diseases, diverticulosis, constipation, irritable colon, cancer and diabetes
[25, 26]. Figure 4 shows the response surface plots for the crude fibre at different
experimental condition. From the figure, it was observed that increasing PT and Pt when
steeping time is constant decreases fibre content while increasing ST and PT at constant Pt
increases fibre content. At a constant PT, increase in ST and Pt increases the fibre content
of the breadfruit elubo. It was shown that parboiling temperature, parboiling time and
steeping time does not significantly (p>0.05) affects fibre content of the breadfruit, this was
in accordance with Adejumo et al., [27].
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Figure 3. Response surface plot for Ash (%) content of BE
(a — steeping time = 12; b — parboiling time — 120; ¢ — parboiling temperature = 45)
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Figure 4. Response surface plot for Fibre (%) content of BE
(a — steeping time = 12; b — parboiling time — 120)
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Effect of process variable on carbohydrate content of breadfruit elubo (BE)

The main effect and the interaction effect of the parboiling temperature, parboiling time
and steeping time does not significantly (p>0.05) affects the carbohydrate content of the
BE. The carbohydrate content for the breadfruit elubo ranged from 73.67 to 78.33%. High
carbohydrate content in food implies the food is a high in calorie. The carbohydrate of the
breadfruit elubo in this research is lower than Fetuga et al., [20], which reported a value of
87.68% for sweet potatoes elubo. The response surface plots for carbohydrate content at
different experimental conditions are presented in Figure 5. It was observed that increasing
PT and Pt at constant ST resulted in decrease in carbohydrate content increasing ST and PT
at constant Pt decreases carbohydrate content. At a constant PT, increase in ST and Pt
decreases the carbohydrate content of the breadfruit e/ubo. The carbohydrate content of the
breadfruit elubo is not significantly (p>0.05) affected by the parboiling temperature,
parboiling time and steeping time. The result obtained in this work is similar to the findings

of Akissoe et al., [28], which reported that different cultivars have varied carbohydrate
content of yam elubo.
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Figure 5. Response surface plot for Carbohydrate (%) content of BE
(parboiling temperature = 45)

Comparison of amala made from breadfruit elubo and yam elubo

The mean difference between conditions was 5.00 and the 95% confidence interval for
the estimated population is between 0.68 and 6.57. The independent t-test showed that the
difference between conditions were significantly different (t-value=2.523, degree of
freedom=14, p-value=0.01, one tailed). This implies that the sensory attribute of cooked
paste prepared from breadfruit elubo were different from paste of yam flour. This could be
due to the familiarity of the panel to traditionally processed yam paste (amala) which is free
from odour, stickier, and darker in colour than breadfruit amala.

Conclusion

It can be inferred from this study that breadfruit elubo can be developed into a cooked
paste (Amala). Response surface methodology was successfully utilized for optimization of
the proximate composition of breadfruit elubo. However, the breadfruit elubo has high fibre
and carbohydrate content which implies that breadfruit elubo can serve as high energy food
and can be used to improve the health benefit of the consumer.
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Introduction. Today, the ways of using nut, seed raw
materials and its combinations as a source of essential fatty acids
for healthy products are not sufficiently investigated.

Materials and methods. We have investigated the
composition of ingredients of the universal base for the beverage
industry. The content of proteins, fats, carbohydrates, ash and
caloric of product was determined. With the help of the gas
chromatography method, fatty acid structure of the prescription
components was investigated and the ratio of ®-3 and ®-6 fatty
acids in ready-made product was found out. We studied the
amino acid content of the developed composition, its viscosity
and storage stability.

Results and discussions. The authors suggested 9 recipes
of smoothies drinks with different organoleptic characteristics.
The results show, that 250 cm’ of the investigated drinks can
satisfy daily need of the healthy person in linolenic and linoleic
acids on 30 %, because their content in the prepared drinks is
accordingly at least 0,5 g and 2 g. Such drinks are recommended
to all groups of population, especially to people, who have a
disease of cardiovascular system or wish to support its work in
normal state.

Usage of chia seeds and walnuts significantly increase the
content of biologically valuable substances in beverages. Chia
seeds significantly affect on the rheological parameters of
smoothies, increasing density and viscosity of drinks due to
mucous substances of seeds' grains and also provides stability of
fatty system at storage. The ability of chia seeds to create
sliminess is explained by content of water-soluble
polysaccharide — pentozans, which constituted to 8 % weight of
grain seed. The findings suggest that the usage of chia seeds as
part of a universal base maintains its stability by 100 % during
24 hours, which fully meets the needs of public catering
establishments. Proteins which are a part of walnut — seed basis
for smoothie drinks production have perfect composition. The
limiting amino acids are lysine, methionine + cysteine, treonin
and valin.

Conclusions. For the first time the possibility of using chia
seeds as a structurant of smoothie drinks and ingredients
composition for the production of universal bases for beverages,
which has a balanced content of ®-3 and ®-6 fatty acids were
studied.
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Introduction

The analysis of statistical researches of physicians demonstrates that for the last year
thousands people died because of cardiovascular system diseases [1]. These indexes show
the necessity of disease prevention of such a type. One of the aspects of cardiovascular
system diseases is the healthy nutrition and the usage of products which have positive
influence on cardiovascular system.

In solving the problem of a large number of human diseases is important to providing
the population with products of healthy food. A creation and implantation in the structure of
foodstuffs which contains physiologically valuable natural ingredients that are capable to
renew the content of scarce essentially nutrients and to weaken negative technogenic
influence of environment on a human body is necessary. The market of products of healthy
food constantly develops, but the main part of such products in our country is replenished
by foreign producers.

Usage of various technologies of processing of food raw materials is accompanied by
considerable decrease of content of native foodstuffs in diet of modern people.
Technological operations deprive food of the important biologically active substances
which are necessary for normal functioning of human organism which leads to different
diseases that are called "diseases of civilization".

That’s why the creation of multicomponent products of healthy food on the basis of
natural raw materials, that contains biologically and physiologically necessary ingredients
for human health recovering and expansion of their range, belongs to actual problems of the
present day. With the help of combination of various natural raw materials and product
recipe modeling, it is possible not only to weaken the influence of external negative factors
on a human constitution, but also to get a product of new generation, which will prevent
from alimentary-related conditions and diseases.

Formulation of the task. Design of functional food fat-containing products provides
for the creation of the structures balanced by optimum composition of irreplaceable fatty
acids and fat-like substances that have the corresponding functional and improving
properties. For the correction of food diets and optimization of fatty balance, various fatty
seasonings, such as pastas and sauces are included which usually have high caloric content
and are not recommended as a food for certain diseases.

The previous researches showed us the necessity of creation of products for the daily
use which have the low caloric content and the balanced fat and acid structure.

Now a considerable popularity as the products of healthy food, have got smoothie
drinks that are prepared from fresh fruits, vegetables and berries. Smoothies are the drinks
with stiff consistence that are more like desserts. Some consumers replace with this product
one meal that’s why the biological value of smoothie should be high and has healthy
properties.

Analysis of scientific works

Prevention of cardiovascular system diseases demands the adequate balanced food.
One of the main causes of such diseases is insufficient intake of polyunsaturated fatty acids,
which are responsible for a lipoid metabolism in human organism. The main sources of
these substances are products with high content of fat, especially of vegetable origin.

Within the last two decades fatty products became the object of close attention of both
foreign and native scientists. It is connected with the fact, that fats are included into the
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main three feedstuffs with proteins and carbohydrates and contain functional ingredients —
polyunsaturated fatty acids, phospholipids and fat-soluble vitamins. Non-saturated fatty
acids such as ®-3, -6 and ®-9 play an important role in maintaining the health of each
person and are involved in metabolism. They influence favorably on immune,
cardiovascular and nervous systems of an organism. These fatty acids are very important
for the person, but they are not synthesized or synthesized in our organism in small
quantities. A lot of authors singled out the so-called vitamin F, which contains essential
linoleic and linolenic acids, which are the main components of ®-6 and ®-3 fatty acids.

The majority of the foodstuff that is widely used around the world contains ®-3 and -
6 fatty acids in the unbalanced ratio. The balanced content of ®-3 and -6 fatty acids in
food is required to support the balance of hormonal, cellular and other metabolic processes
in organism. It is well known that for the best digestion of fatty acids such as ®-3 to ®-6,
the ratio of 1 to 4 is necessary. Today, according to the World Health Organization in the
majority of food diets of people the ratio is of 1:10 to 1:20 depending on age and eating
habits of interviewed persons [2].

Despite these data, foods balanced with fatty acid composition produced in a small
amount. For example, most of the healthy foods take drinks, and very popular healthy drink
is smoothies. Usage of smoothie drinks grows every year, but there is not a smoothies with
balanced fatty acid composition. Today smoothies are prepared and suggested almost in all
public catering establishments, but the investigation of their physical and chemical
indicators and their influence on human organism is not complete and it is paid not so much
attention to the study of such a question.

Now the researches of European countries found that high active acidity of smoothie
leads to the formation of tooth enamel erosion [3]. In Europe, the production technology of
smoothie is created for gerodietetic food products, smoothie of radio protection effect on a
grain basis and smoothie which is prepared on the basis of feijoa for people who have lack
of iodine in organism [4, 5, 6].

The purpose of the work is studying of possibility to use of walnuts and chia seeds as
a source of essential fatty acids in the universal basis for drinks.

Materials and methods

Investigated materials

Fruit, berry or vegetable raw materials are carefully crushed in a mashed state during
preparing of smoothie drinks. Such mashed sauces are very dense and viscous that’s why
the producers adjust their consistence by the adding of water, crushed ice, juice, ice cream
or milk. In addition to enrich the product with biologically valuable substances and to make
the smoothie with juice spice taste, we proposed to use a liquid universal basis in the form
of walnut-seed composition, which is made of vegetable milk and chia seeds.

To increase the content of polyunsaturated fatty acids particularly -3 and to ensure the
desirable rheological properties of the product chia seeds are used by us. 100 g of chia
seeds contain more than 20 g of protein and about 35 g of fat and 38 g of carbohydrates [7].
Chia seeds are valued as natural product which have curative properties because
polyunsaturated fatty acids of chia seeds are presented in 41-59 % alpha-linolenic (®-3)
fatty acid and 18-25 % linoleic (0-6) fatty acid.

In this research chia seeds are chosen as the object of the research that are cultivated in
Paraguay and bought in ecomarket; vegetable milk of own production which was derived
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from a Walnuts kernel according the technology that was suggested by us and created
smoothie drinks.

Milk from a Walnuts kernel can be prepared in two ways: the first way includes frying
of the Walnut kernel, separation of the Walnut shell, soaking of the kernel in 7 fold volume
of water with further soaking and careful crushing with the help of blender. A prepared
mixture is sustained at the room temperature within 30 minutes and then crushed to the
state of emulsion and filtered.

Preparation of vegetable milk by the second way allows using crude Walnut kernels
which are presoaked in water for 6-8 hours, and then they are carefully washed out, boiled
and mixed up in 7 fold volume of water and crushed. The prepared mixture is filtered and
subjected to fine-dispersed grinding again. For the basics, which is recommended to be
used for the smoothie drink production, vegetable milk from the Walnuts kernel is mixed
up in a certain proportion with chia seeds. For this purpose chia seeds are weighted and
added to the nut milk and carefully mixed up and sustained for swelling.

Depending on what technology vegetable milk was prepared, the difference in
organoleptic indicators of ready drinks is observed. Milk from the roasted kernel has more
expressed nutty flavor and creamy color and milk from crude nuts has white color and more
neutral flavor.

It should be noted, that substitution of milk of an animal origin by vegetable nut milk
significantly increases a number of consumers of the created smoothies. Vegetarians,
people who are not capable to take milk proteins and lactose in, can use this product and it
also can be used during a post.

We used in our research the first way of preparing vegetable milk from a Walnut
kernel.

Description of the methods and facilities

For the definition of physical and chemical indicators of products, standard methods
described in special literature are used. Determination of viscosity of liquids was carried
out by Ostwald’s method [8]. The moisture, fat and ash contents were determined using
standard methods [9]. Protein content was determined by Kjeldahl [10,11].

Isolation and separation of emulsion visually evaluated in a static beaker test method
after a certain period of time (eg, 4 hours). Further statistical test is performed in a
separatory funnel by measuring changes in concentration. In this case, change in the
concentration of emulsion at the bottom of the separating funnel after a predetermined time
is also determined and compared to the initial concentration of the emulsion immediately
after mixing [12].

Determination of the total fat content [13]. To determine fatty acid content in the
created products of gas chromatography method is used [14, 15]. Researches were
conducted on the gas chromatograph Shimadzu GC chromatograph-14a with a flame
ionizing detector according to the ISO 5508-2001 standard.

For receiving valid data, samples were analyzed not less than three times with the
following statistical processing.
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Results and discussions

Scientists have proved, that daily intake of ®-3 and w-6 fatty acids for the healthy
person depending on age and body weight is accordingly an average of 1,4 and 5,6 g [16].
To give smoothie healthy effect on cardiovascular system, the content of polyunsaturated
fatty acids in drinks should be raised for creating required ratio of ®-3 and w-6 fatty acids,
that’s why these criteria were chosen as the main ones during modeling fatty basis for the
production of smoothie drinks. The content of basis recipe components for the production
of smoothie is given in the Table 1.

Table 1
Formulation of the basis for the production of smoothies

Components content

Raw materials

Brutto, g | Netto, g
Walnut kernels 20 15
Chia seeds 1,67 1,67
Drinking water 150 150

According to the standard methods, the content of some biologically valuable
substances in the created basis of smoothie drinks was determined. The research results are
shown in Table 2.

Table 2
Chemical composition of bases

Name Content g / per serving (150 g)
Proteins 2,89+0,2
Fats 5,0+£0,2
Carbohydrates 2,85+0,1
Ash 0,63 +0,02
Dietary fiber 2,46 £ 0,05
Calorie, kcal 119,3

If to compare chemical composition of the developed basis with a composition of ice
cream sundae or creamy ice cream [17], which is often used as a basis for production of
smoothies, we can conclude, that our basis has almost 2 times less calories, contains almost
identical amount of protein, but at the same time contains 8 times less carbohydrates and
twice less fats and also it contains all the necessary for our organism vitamins and dietary
fibers. It should be pointed out, that ice cream fats are presented by saturated fatty acids the
number of which in the diet of modern person is more than the daily need in contrast with
the created composition.

For substantiation of healthy properties of drinks and the appropriateness of the use of
the created smoothies for the prevention of cardiovascular diseases, the research of the
content of the main polyunsaturated fatty acids was made; the quantity of -3, ®-6, ®-9
fatty acids and their ratio in the created basis for smoothie drinks is counted. Results of the
research are given in Table 3.
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Table 3
The content of essential fatty acids in the developed compositions
. Fatty acid Lipid | Content in portion | Content in portion
Fatty acid name formula (150 g), g (150 g), %
Alpha-linolenic 18:3 0,56 £0,01 11,2
Linoleic 18:2 2,14+ 0,05 42.8
Oleic 18:1 0,65+ 0,01 13,0
> -3 0,69 + 0,01 13,9
> -6 2,77 £0,05 55,4
> ®-9 0,8+ 0,01 16,0
> -3: Yo-6 1:4
Saturated
fatty acids w-3

15%

55%

Figure 1. The content of fatty acids in the developed based

Taking into consideration the fact that walnuts and chia seeds contain a significant
number of proteins the research of qualitative composition of proteins of the created
composition was made and its amino-acid structure is determined. Results of research are
presented in Figure 2.
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Figure 2. Amino acid composition of the nut-seeds bases for the production of the smoothies

For determination of biological value of proteins of the created walnut and seed
composition amino-acid is counted. Calculation of amino acid score is reduced to
calculating the percentage of each amino acid in the test protein relative to their content in
the protein as a reference, according to this formula:

_ AKh

" AKc

AS -100%

where AKc — contents of amino acids in standard protein;
AKh — contents of amino acids in the researched protein.
Proteins of chicken egg are taken for a standard.
Limiting are those essential acids, amino acid score of which is less than 100%.

From the results of the research we can make a conclusion that proteins which are a
part of walnut — seed basis for smoothie drinks production have perfect composition. The
limiting amino acids are lysine, methionine + cysteine, treonin and valin.

Samples of the created smoothies belong to the non-Newtonian pseudo-plastic liquids,
the increasing shear rate of which influences on falling of effective viscosity. Viscosity of
vegetable milk is caused mainly by its proteinaceous and mucous components. It should be
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pointed out, that during the contact of chia seeds with liquid on a surface of each grain of
seed the gel cover is appeared, which is characterized by high content of soft and soluble
food fibers. The ability of chia seeds to create sliminess is explained by content of water-
soluble polysaccharide — pentozans, which constituted to 8 % weight of grain seed. These
gels significantly affect on the structural and mechanical properties of the developed
smoothies, provide the necessary structure and prolong the stability of the system.

Table 4
Amino-acid score of universal bases for the production of smoothies

Amino acid Amino acid score, %
Isoleucine 102,79
Leucine 102,32
Lysine 54,11
Methionine + Cysteine 76,37
Phenylalanine + Tyrosine 118,94
Treonine 92,34
Tryptophan 150,52
Valine 96,02

From the results of the research we can make a conclusion that proteins which are a
part of walnut — seed basis for smoothie drinks production have perfect composition. The
limiting amino acids are lysine, methionine + cysteine, treonin and valin.

Samples of the created smoothies belong to the non-Newtonian pseudo-plastic liquids,
the increasing shear rate of which influences on falling of effective viscosity. Viscosity of
vegetable milk is caused mainly by its proteinaceous and mucous components. It should be
pointed out, that during the contact of chia seeds with liquid on a surface of each grain of
seed the gel cover is appeared, which is characterized by high content of soft and soluble
food fibers. The ability of chia seeds to create sliminess is explained by content of water-
soluble polysaccharide — pentozans, which constituted to 8 % weight of grain seed. These
gels significantly affect on the structural and mechanical properties of the developed
smoothies, provide the necessary structure and prolong the stability of the system.

Table 5
Change of rheological parameters of the bases for the production of smoothies, during storage

Storage life, h

Indicator 7 3 B 22
Viscosity, Pa‘s 1,497 1,530 1,535 1,550
Stability, % 100 100 100 100

To expand the range of smoothies recipes of three drinks types — berries, fruits and
vegetables were developed. Recipes of the developed beverages are presented in Table 6.
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Table 6
Content of formulation components in smoothies
Berries smoothie | Fruits smoothie Vegetab!es
smoothie
Ingredients The content of components, g

1] 2 3 4 5 6 7 8 9
Bases for the production of
the smoothies

150 | 150 | 150 | 150 | 150 | 150 | 150 | 150 | 150

Blueberries 50
Strawberries 70
Cherry 70
Peaches 70 70
Apricots 70
Frozen melon pulp 50
Cucumbers 90 | 80 80
Lemon 2 10 10
Mint 30
Spinach 30 50
Frozen banana 50 50 50 | 50 50
Optional
Sugar 5 5 5 5 5
or fructose 2,8 2,8 |28 |28 28
or honey 3,3 33 133|331 33

For justification of expediency of use of the created basis for the production of
smoothie drinks we compared the content of polyunsaturated fatty acids in the created basis
and in smoothie that was made without its usage, but on the basis of drinking water. Drinks
that are made according to the developed recipes, but on water basis contain from 0 to
0,068 g of polyunsaturated fatty acids in the ready drink and haven't preventive effect on
cardiovascular system of the person. While drinks on the basis of walnut - seed composition
contain from 2,58 g of polyunsaturated in ready smoothie and satisfy daily need in these
functional ingredients at least for 30%.

Conclusion

The results of analytical and experimental researches confirms that the nut oils and fats
in chia seeds, which are taken in the right proportions, providing the right balance of
polyunsaturated fatty acids in universal composition which should be used as a basis for
smoothie drink production. The basis is like liquid of emulsion type with impregnation of
chia seeds, which has neutral taste, nutty flavor and combines well with any raw material.
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Usage of this composition in smoothie drink gives an opportunity to raise the content of
essential fatty acids in the product thanks to what the drinks according to the suggested
basis satisfy need of healthy person in polyunsaturated fatty acids at least for 30%.

For the first time the authors scientifically substantiated the expediency of the

combination of chia seeds with walnuts to obtain the necessary ratio m-3 and -6 fatty
acids. Also for the first time the universal basis for smoothie drinks production with the set
content of nutrients is created. Authors proved that chia seed can be used in food products
as a structurant. Usage of various prescription components confirms the universality of
elaborated composition.

10.

11.

12.
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Introduction. =~ We have done comparative
investigations of indispensable amino acids score of the
proteins of boiled sausages, formulated with «Belkoziney»
and rate of tyrosine accumulation in the dynamic model of
their digestion in human gastrointestinal tract in order to
establish digestion level of the sausages .

Materials and methods. Hydrolysis has carried out in
a special chamber consisted internal and external
reservoirs. Internal part has a glass stirrer, which provided
continuous mixing both fermented mass and dialysis of
hydrolysis products. Duration of the two-step fermentation
is 3 hours of each stage. Pepsin action was done on the
first stage, whereas trypsin impact — on the second. Amino
acids in protein containing foods have analyzed by ion-
exchange chromatography of protein hydrolysates.

Results and  discussion. The comparative
investigations of enzymatic hydrolysis of boiled sausages,
made from thigh chicken meat and cooled to 0-4 °C have
carried out. Trypsin has a positive effect on tyrosine
formation. We were investigated the amino acids profile
of the boiled sausages. It was found that, «Belkozine»
inclusion into formulations of the boiled sausages didn't
cause significant changes in the amino acids content.
Increase of «Belkozine» content resulted in the rise of
tyrosine formation due to high availability of sausages
proteins which has argued that this hydrocolloid has a
positive impact on the ingestion degree of boiled sausages.
The relationships between duration of hydrolysis and
concentration of tyrosine, which is being formed during
hydrolysis, has been established on the basis of
experimental data.

Conclusions. Increase of this  hydrolysate
concentration from 6 to 12 % in the formulation give rise
tyrosine formation as a result of sequential enzymatic
hydrolysis in the pepsin-trypsin system, which in vitro
simulates ingestion processes occuring in humans bodies.
Therefore, «Belkozine» utilization in boiled sausages
formualtions allows to increase their bilogical value.
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Introduction

Increased food production often resulted in loss of biological value of the final products
due to concentration decrease of several important nutrients, such as essential fatty and
aminoacids, macro- and microelements and others [1]. Thus, improvement of food
technologies in order to increase their biological value is a still relevant for the
manufacturers and consumers. Meat technologies take an important place in the diet for
some specific groups, since products made from meat are the main source of amino acids in
a human diet [2]. However, meat products, especially boiled sausages vary in their stability
to provide all of the essential amino acid in amounts needed to meat human requirements. It
has been shown, that boiled sausages can provide relatively complete proteins.

The methodology to measure the quality of dietary proteins for humans has been
discussed for a long period of time. Protein Digestibility Corrected Amino Acid Score
(PDCAA Score) was recommended by FAO/WHO as the preferred method to evaluate
dietary protein quality [3,4]. Unfortunately, the true digestibility of the proteins is always
higher, than apparent value since digestibility measurements take into account the fecal
protein [5]. Thus, several gastrointestinal models, simulating gastrointestinal transit of food
and digestive processes in the stomach and small intestine have been proposed [6, 7]. In this
work we were applied dynamic in vitro amino acids digestibility model, which has been
validated for the digestion of a broad range of food products, including dairy, wheat and
fish products [5, 8, 9].

Inclusion of collagen containing protein «Belkozine» in the boiled sausages
formulations can improve sensory and functional properties of the final products as well as
partly compensate loss of essential aminoacids, which is usually occurs at the partial meat
content decrease in the formulation [10]. We have used enzymatic hydrolysis method to
investigate in vitro the effect of using «Belkozine» on ingestion degree of proteins of boiled
sausages. This method can simulate the processes which occur in gastrointestinal tract of
humans [11-13]. According to the method, protein containing samples were subjected to the
proteolytic enzymes action, which were included pepsin and trypsin at the constant release
of hydrolysis products by dialysis [11, 12].

Materials and methods

Materials

HCl, NaOH, Na,CO;, NaHCO;, Na,C;H;O4, CuSO04-5H,0, Na,WO, 5H,0,
Na,Mo0,-5H,0 were offered from Sigma-Aldrich. Unless specific notifications, all the
chemicals were analytical reagent grade without further purification. Crystalline pepsin and
trypsin were obtained from Biopharm Co. (Kyiv, Ukraine). The semi-permeable (cut-off of
5-7 kDa, surface area 0,7 m2) was introduced in the bottom part of the digestibility
compartment.

The chicken thigh meat was obtained from ‘“Nasha Ryaba”. The thigh meat was
deboned and skinned before being stored under vacuum at -20 °C and was used within a 10
days of storage. Dry beef isolate «Belkozine» was obtained from Belkozine Co. (Pryluky,
Ukraine) Carboxymehtylcellulose (CMC), Xanthan gum, guar gum, soybean isolate, whey
protein isolate, soybean isolate, salt, sodium nitrite were obtained from Roeper Co.
(Germany). Silicagel A300 was sourced from Shandong Sinchem Silica Gel (China).
Aromatizer “Frankfurter's sausages” was obtained from local supermarket “Auchan”.
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Set-up of the in vitro digestion experiments

Hydrolysis has carried out in a special chamber consisted internal and external
reservoirs. Internal part has a glass stirrer, which provided continuous mixing both
fermented mass and dialysis of hydrolysis products. Duration of the two-step fermentation
is 3 hours of each stage. Pepsin action was done on the first stage, whereas trypsin impact —
on the second [11].

The ingestion procedure was modified [12]. The sample, containing approximately 150
mg of protein was subjected into internal vessel, having semipermeable membrane in the
bottom part. After that, 15 ml of 0,02 M hydrochloric acid (pH=1,7) was added into the
internal vessel and external vessel was filled with 60 ml of 0,02 M HCI in order to maintain
ionic potential similar to that of internal vessel. Further, internal vessel has put into external
vessel, so as the level of both liquids were the same. The samples were incubated at 37 °C.
Crystalline pepsin (15 mg) was added into the internal, when temperature will reach this
value. Thus, pepsin concentration (1ug/ml) in the internal vessel was similar to that of
gastric juice at the ingestion of food. The reaction mixture was constantly stirred at 60 rpm.
Duration of enzymatic hydrolysis in acidic conditions was 3 hours. After that, solution of
external vessel was changed from acidic to base by 0,02 M NaHCO; addition, whereas
protein containing slurry in the internal vessel was neutralized by means of 2 M NaOH
solution addition, pH value should be 8,2. Further, internal vessel was diluted by 15 ml of
0,02 M NaHCO; solution which provided an opportunity to obtain buffer solution and 15
mg of trypsin was added. The procedure of incubation by trypsin was similar to that of
pepsin and terminated after 3 hours. The samples were taken from external solution each
hour of enzymatic hydrolysis [12].

Tyrosine concentration in these samples was determined photometrically at the
appropriate absorbance wavelength (A = 750 nm) according with the procedure, which is
widely used for this purpose [14]. The calibrating plot of standard solution of tyrosine
versus optical density, when values of optical density of the standard solutions was
measured and finally concentration of tyrosine has determined.

Amino acids profile analysis and PDCAA score calculation

Amino acids in protein containing foods have analyzed by ion-exchange
chromatography of protein hydrolysates. The procedure of hydrolysis was the following:
the sample of boiled sausage (2mg) was placed into the thermo resistant flask and 1 ml of 6
M HCI was added. After that, flask was hermetically sealed and retained at 110 °C during
24 hours with nitrogen blanketing. Following hydrolysis, the ion exchange chromatography
was used with post column ninhydrin derivatization for detection. Cystine was oxidized to
cysteic acid by rhe sample treating with performic acid solution at for 0 °C for 16 hours.
After that, the sample was hydrolyzed with 6M HCl at 110 °C during 18 hours. Cysteic acid
was separated on an ion-exchange column post-column ninhydrin derivatization.

Amino acids results were converted to mg/ 100 mg protein using nitrogen to protein
conversion factor of 6.25. Amino acid ratios (milligrams of an IAA (indispensable amino
acids) in 1.0 g of test protein per milligram of the same IAA in 1.0 g of reference protein
100) for TAA are calculated by using the FAO/WHO suggested pattern of amino acid
requirements as the reference protein for all ages except for infants. This pattern contains,
in milligrams per gram of protein: histidine, 19; isoleucine, 28; leucine, 66; lysine, 58;
methionine + cystine, 25; phenylalanine .tyrosine, 63; threonine, 34; tryptophan, 11; and
valine, 35 [1, 3, 4].

Amino acids content was measured according with Moor and Stein method by means
amino acids analyzer T 339 (Czech Republic) [15]. Eluted amino acids were measured by
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reaction with ninhydrin and spectrophotometric determination at 570 nm for o amino acids
and 440 nm for proline.

The values of Amino acids score and tyrosine concentration were obtained with
statistical significance set at P < 0.05.

Results and discussion

The boiled sausages with different «Belkozine» content in the Protein Stabilizer (PS)
were manufactured in order to evaluate effect of this additive on digestion degree. The
developed composition of PS has the following components, %: carboxymethylcellulose —
5, guar gum — 10, xanthan gum — 5, whey isolate — 20, collagen containing protein
«Belkozine» — 60. The functional and technological properties of the sausages were
improved by silica dioxide (A300) addition into the formulation in the form of
nanocomposite at the level of 0,3% to the total mass of mixture [10].

We have done comparative investigations of enzymatic hydrolysis of boiled sausages,
made from chicken meat and cooled to 0-4 °C. In our previous works we have developed
formulations of boiled sausages with different PS content. Formulations of these boiled
sausages are given in the Table 1.

Table 1
Content of the forcemeat systems, %

Raw materials Sample 1|Sample 2
Chicken thigh meat 80 60
Protein Stabilizer 10 20
Soybean isolate 10 20
Water, to the total mass 30 30
Salt, to the total mass 2,2 2,2

Since 20 % of the developed PS are not the proteins and 20 % is a soybean isolate, the
health benefit of the developed compositions and final sausages may at first sight appear
questionable. Thus, comprehensive research of digestibility of the developed sausages is
necessary.

Table 2 compares the amino acids profile. The data shown in the table have suggested,
that «Belkozine» inclusion into formulations of the boiled sausages didn't cause significant
changes in the amino acids content. The sample of boiled sausages, contained 10 % of
protein stabilizer has similar amino acid score with the control sample. In other words,
decrease of meat content in the formulation has no negative impact on essential amino acids
score in the final sausages. Taking to account these data, we have concluded about
noticeable compatibility between thigh chicken meat and dry beef collagen containing
protein «Belkozine» in the technology of boiled sausages. Further increase of PS level
resulted in the negligible decrease of valine score, which is a limiting amino acid in the
samples of sausages. Therefore, further increase of «Belkozine» content in the formulations
is not desirable due to possible negative effect on amino acids profile.

——/Ukrainian Food Journal. 2016. Volume 5. Issue 4 — 727



Food Technologies

Table 2
Protein content and Indispensable Amino Acids compositions of the samples of boiled sausages

Amino acid Control Sample with 10% Sample with 20%
PS PS
% IAA % IAA % IAA
Score, % Score, % Score, %

Lysine 8,55 155,0 8,46 154,0 8,44 153,0
Histidine 2,71 - 2,73 — 2,75 —
Arhinine 6,18 - 6,25 - 7,13 -
Aspartic acid 9,51 - 9,45 - 8,99 -
Threonine 4,78 118,0 4,68 117,0 4,48 112,0
Serine 5,26 — 5,32 — 5,33 —
Aminoglutaric 18,6 - 18,66 - 18,78 -
acid
Proline 6,48 - 6,40 - 5,58 -
Glycine 4,88 - 4,90 - 5,02 -
Alanine 6,34 - 6,24 - 6,10 -
Cystine 1,2 114,0 1,22 114,0 1,34 114,0
Valine 3,65 72,0 3,60 72,0 3,53 71,0
Methionine 2,86 - 2,76 - 2,63 -
Isoleucine 3,08 79,0 3,16 79,0 3,26 82,0
Leucine 8,11 116,0 8,15 116,0 8,27 118,0
Tyrosine 3,75 133,0 3,80 134,0 3,92 139,0
Phenilalanine 4,12 - 422 - 4.45 -
Total 100,0 — 100,0 — 100,0 —

The data shown in the table 2 has been used in the next step of our investigations, there
we were studied digestibility of sausages in the dynamic in vitro model. As it can be seen
from the table 2, increase of the «Belkozine» content in the formulated sausages cause rise
of tyrosine residue content. Thus, we were expected that it would be mirrored in the data,
obtained from this model.

It is well known that the peptides and free amino acids being released into solution as a
result of hydrolysis of protein containing products [1, 3, 9, 10]. Therefore, the total quantity
of amino acids is determined in the processes, which modeling in vitro ingestion of foods
[10, 11]. According to the Lowry protein assay, tyrosine concentration was determined by
means of spectrophotometric devices.

We were compared an impact of way of protein stabilizer addition on the ingestion
degree of proteins. PS was mixed with the forcemeat emulsion in hydrated form and as a
dry powder. It has been found that the enzymatic hydrolysis rapidly proceeded in the
sausages, formulated with dry PS, especially at the stage of trypsin action (Figure 1 and 2).
In our opinion it may related to the formation of the more dense texture due to the rapid
swelling of collagen in the sausages made with hydrated «Belkozine» based stabilizer.

728 ——Ukrainian Food Journal. 2016. Volume 5. Issue 4



Food Technologies

E 600 & o
2 —_
> 540 g 8-
S 480 ,y// -
‘» /T -
S 42
= “4
S5 360 —
c o
_g 300 // ]
© 240 O/
| 180 <
Qo g
E 0
(o) 7
(&] 60 /
/
0od
0 1 2 3 4 5 6 7
Duration of hydrolysis, hours
0O Sample with 10% of PS O Sample with 20% of PS

Figure 1. Tyrosine accumulation during enzymatic hydrolysis of boiled sausages, manufactured
with dry PS

Relatively high quantity of tyrosine at the initial stage of pepsin enzymatic hydrolysis
has observed in the sausages made with dry PS. It can be explained by the primary
hydrolysis at the surface of the sausages, whereas trypsin reacted with low molecular
peptides.
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Figure 2. Tyrosine accumulation during enzymatic hydrolysis of boiled sausages, manufactured
with hydrated PS
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As it can be seen from Figure 1 and 2, rise of «Belkozine» content resulted in the
increase of tyrosine formation due to high availability of sausages proteins which has
argued that this hydrocolloid has a positive impact on the ingestion degree of boiled
sausages. These results were explained by the greater tyrosine residues content in collagen
containing protein «Belkozine» compared with those in raw meat and soybean isolate.

The relationship between duration of hydrolysis (t) and concentration of tyrosine (C),
which is being formed during hydrolysis, has been established on the basis of experimental
data. It can be described by the following equations:

C = 60,6In(t) + 307,2 (for the boiled sausages, formulated with hydrated PS at a level
of 10 %)

C = 66,4In(t) + 343,7 (for the boiled sausages, formulated with hydrated PS at a level
0of 20 %)

C=-14,7t*+ 181,3t + 1,7 (for the boiled sausages, formulated with dry PS at a level of
10 %)

C=-188 t*+212,3t+ 1,7 (for the boiled sausages, formulated with dry PS at a level of
10 %); r* = 0,9991

Conclusions

Thus, on the basis of results of investigations, we have concluded about significant
improvement of ingestion degree of boiled sausages manufactured with dry beef protein
«Belkoziney. Increase of this hydrolysate concentration from 6 to 12 % in the formulation
give rise tyrosine formation as a result of sequential enzymatic hydrolysis in the pepsin-
trypsin system, which in vitro simulates ingestion processes occuring in humans
gastrointestinal tract. Therefore, «Belkozine» utilization in boiled sausages formualtions
allows to increase their bilogical value.
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Introduction. Rheological properties of aqueous solutions
of polysaccharides showed thixotropic behavior in the
destruction of their partially well-maintained structure that
occur during physical or thermal effects.

Materials and methods. For experiments prepared 3—15%
dispersion of native potato and corn starches in distilled water.
These dispersions kept in an incubator for 30 min at a
temperature 20 °C. The specimens loaded in a cylindrical
container reotest at room temperature. After receiving the
rheological curve of the sample aqueous dispersion of starch, its
left in reotest for 3 hours and then received the rheological
curve.

Results and discussion. A new method of relaxation in
starch mixtures is that the structural relaxation of polymer units
of the polysaccharides in time is slow and long.

According to the literature, only polysaccharides of
molecular weight greater than 1 million, for example potato
starch, is characterized by the slow relaxation of the structure.
Physic-chemical characterization of polysaccharides -
relaxation, is due to a partially ordered structure with the
mutual arrangement of individual chains in a spatial grid.

Under the action of shear stress to reotest destroyed pseudo
plastic structure of aqueous dispersions of starch is gradually
restored to equilibrium with the system state. The recovery time
of the structure is 17 hours.

The slow process of recovery, or structural relaxation of the
spatial structure of aqueous dispersions of polysaccharides is
due to the adjustment of the spatial grid of the polymer, which
is formed due to the existence of transverse chemical bonds.

Similar behavior with a little time structural relaxation
typical of other polysaccharides, in particular xanthan, the
relaxation time which is about 3 hours.

Conclusion. These characteristics of colloidal systems
affect its quality, structural, mechanical and technological
properties that must be considered when choosing rational
modes of equipment, development of optimal process
conditions, the design of automated production control systems.
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Introduction

Raw materials, semi-finished products and finished products of food processing
industries have different structural and mechanical properties such as elasticity, flexibility,
strength, creep, thixotropy, relaxation. These properties of food systems depend on
temperature, humidity, pressure, mode of transportation, means and timing of storage.
These factors affect the behavior of the structure during its deformation when machining:
grinding, forming, stamping and others [1, 2, 12, 13].

To improve the organoleptic, structural, mechanical, physical and chemical
characteristics of food products used polysaccharides. They provide some form of products
such as sauces, puddings, confectionery, comminuted meat, fish products, and low fat dairy
products. In a food system, the roles of polysaccharides are to stabilize the structure and
interact with other components to deliver or maintain nutrient and flavor. For example,
polysaccharides can serve as thickening agents for sauces, cream soups, and pie fillings;
colloidal stabilizers for salad dressing; moisture retention for cake toppings; gel-forming
agents for gum confections; binders for wafers and ice cream cones; and coating and
glazing agents for nut meats and candies.

Among natural polysaccharides starch occupies a unique position. It is has a wide
range of applications in many industries and technology. This is what causes the large
number of studies state starches of different botanical origin in conditions the action of
various factors that appear in the literatures recently.

Natural polysaccharides, unlike synthetic, are characterized by a partially order
structure which is formed in the process of synthesis and growth. This feature of biological
macromolecules polysaccharides is due, primarily, their chiral structure, paired with the
existence of hydrogen bonds included water molecules in their structure [1].

As you know, there is change in the nature of intermolecular inter actions in
biomacromolecules starch in a temperature range of 40-70 °C and converts it ordered
structure [1, 2]. This is also confirmed by experiments in the dehydration process
gelatinized starch [3].

The structural features of starch reflected in the rheological behavior of its aqueous
dispersions. During processing, starch dispersions will be subjected to combined high
heating and shearing that affect their rheological change as well as the final characteristics
of the product. Starch gelatinization, especially granular swelling, changes the rheolgical
properties of aqueous dispersions. The subsequent retrogradation will further modify the
rheolgical properties of dispersions. Depending on the starch source and concentration, the
final structure of starchy products will give a thickened solution or a gelled structure. Thus,
the rheological curves of starch dispersions are characteristic of non-Newtonian fluid while
at low shear stresses dispersions behave as elastoplastic system. Increasing the tension is
the destruction structural formations and the system behaves as a classical fluid. These
properties of the system due to the presence of intermolecular interactions and chaotic
thermal motion of molecules [4—6].

It is suggested that after the removal of the applied stress to the system is slow
restoration of the original structure, i.e. relaxation. Relaxation period is characterized by the
speed system transition from a non equilibrium thermodynamic condition caused by
external influence, in the state of thermodynamic equilibrium.

To confirm is assumption studied the rheological behavior of starch aqueous
dispersions after a certain period of time after receiving another rheological curve.
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Materials. For experiments prepared 3—15% dispersion of native potato and corn
starches in distilled water.

Method. These dispersions kept in an incubator for 30 min at a temperature 20 °C. The
specimens loaded in a cylindrical container reotest at room temperature. After receiving the
rheological curve of the sample aqueous dispersion of starch, its left in reotest [14] for 3
hours and then received the rheological curve [1, 2, 4].

Results and discussion

Rheolgical curves with time become more nonlinear and approaching in shape to the
original curve (Figure 1, curve 1). This indicates that the destroyed under shear stress
resistor pseudo plastic structure aqueous dispersions of starch gradually restored to
equilibrium at the given conditions of the system.
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Figure 1. Rheograms for 5% dispersion of potato starch,
heat treated at 20 °C (1) taken every 3 hours (2-7)

In general, the deformation that occurs as a result of shear stresses consists of elastic
and viscous components. Elastic component are on Hooke's law [4, 7]:

(ﬂjel
dr

dP
(Gdz')

where P — shear stress, G — modulus of elasticity.
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Any structured system described by Hooke's law only to a certain limit, above which
comes the new state of deformation.
Viscous component is determined from the equation Newton [4, 7]:

(ﬂjv _( P ’ )
dr n
where 1 — viscosity.

Summing up two components obtained the Maxwell equation [4, 7]:

dy __ dP 3)

de (Gdt + PJ
n

As is known [4, 5, 7], unauthorized restoration structure of aqueous dispersions of
various substances occurs exponentially to confirm this model, analyzed the rheological
behavior of starch aqueous dispersions at regular intervals after the complete destruction of
their structure. It was assumed that the value of shear rate that is fixed for each intermediate
rheolgical curve in Figure 1 at shear stress of 200 Pa, also varies exponentially depending
on the recovery time structure.

The dependence of shear rate of starch structure, v on time at fixed shear stress 200 Pa
can be represented by the following expression [7]:

T

y=7e ", )

-1 . . .
where y and y, are shear rate s”, for observation t and relaxation time, 7, .

Studies to determine the 5 % dispersion of potato starch presented on Figure 2.
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Figure 2. The dependence of shear rate on time at fixed shear stress (200 Pa) for 5% dispersion
of potato starch, heat treated at 20 °C
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To determine the period of relaxation structure constructed dependence /(ny —7
(Figure 3).
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Figure 3. The dependence of shear rate on time at fixed shear stress

Relaxation period was calculated as tg = S the slope angle of the line Iny = f7 .The
TP
relaxation period is 17 hours.

Linear dependence of the logarithm of shear speed from time observed the restoration
of equilibrium in the system shown in Figure 4. It confirms the proposed mechanism of
restoring equilibrium in the system after mechanical excitation. The rate of structure
relaxation decreases evaluates from equation (1) is 17 hours, which indicates very slow
process of restoring equilibrium of the sequence moving individual units of the polymer in
a more convenient location moving individual units of the polymer in a more convenient
location.

It is natural to assume that the recovery rate of equilibrium will depend on the
complexity of the structure of the polymer. This is confirmed by similar experiments with
simpler polysaccharides with a molecular weight of less than 1 000 000, while the
molecular weight of starch 1 000 000. As an example, in Figure 4 shows the experimental
determination of relaxation in aqueous solutions of the xanthenes gum. Time structural
relaxation of the xanthenes gum is 210 minutes (Figure 4).

Very slow relaxation process spatial patterns are characteristic of cross-linked
polymers in highly elastic state where the relaxation process is due to the restructuring of
the spatial networks formed by intermolecular chemical bonds.

In the studied of polysaccharides aqueous dispersions maybe similar relaxation process
that caused flexible friction a large areas of polymer chains.
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Figure 4. Rheograms for 5% dispersion of xanthenes,
heat treated at 70°C (1) taken every 3 hours (2-4)
Conclusions

Study rheology behavior of aqueous starch dispersions in various stages of restoration
non-Newtonian liquids structure and consideration possible model of their relaxation have
confirmed the existence of ordered structures formed by interaction with water molecules
surrounding hydrocarbon chains of biopolymers.

Under the influence of shear stresses in rheostat, the structural elements in starch
mixtures are destroyed. Dispersion system became into a state of Newtonian liquid.
Rebalancing to the original state in the secomplex systems is slow enough.

Developed method of changing the times of the structural relaxation of the
carbohydrate chains of the polymer.

This behavior aqueous dispersions of polysaccharides must be considered when
considering the in termolecular inter actions and structure of polymer solutions, as well as
the development of technology using polysaccharides as food additives.

References

1. Mank V., Melnyk O., Bakhmach V. (2014), Anomalous properties in agueous
solutions of polysacchariedes, Ukrainian Journal of Food Science, 2 (2), pp. 236-243.

2. Bertolini C.A. (2010), Starches: characterization, properties, and applications, Taylor
and Francis Group, New York.

——Ukrainian Food Journal. 2016. Volume 5. Issue 4 — 737



10.

11.
12.

13.

14.

738

Food Technologies

Xiaowen L., Wu L., Wang J., Li J., Qin Y. (2011), Characterization of Water Binding
and Dehidration in Gelatinized Starch. J. Agric. Food Chem., 59(1), pp. 256-262.
Malkin A. J., Askadskyi A.A., Kovryga V.V. (1978), Metody izmereniya
mekhanicheskykh svoistv polymerov, Khimiya, Moscow.

Gorbatov A.V., Machykhyn S.A., Maslov A. M., (1982), Strukturno-mechanicheskie
kharakterystyky pischevukh produktov, Lehkaya i pischevaya promyshlenost, Moscow
Xue T., Yu L., Xie F., (2008), Rheological properties and phase transition of starch
under shear stress, Food Hydrocolloids, 22, pp. 973-978.

Padokhyn V.A., Kokina N.P., (2007), Fiziko-mekhanicheskie svoistva suria i
pischevukh produktov, Ivanovo.

Flad E. (1999), Interphase boundary gas-solid, Moscow, pp. 129-147.

Olga Rybak (2013), Some aspects of the formation of emulsions and foams in food
industry, Ukrainian Journal of Food Science, 1(1), pp. 41-49.

Akselrud G.A., Articular M.A. (1993), Introduction to capilano-chemical technology,
Moscow.

Schrader M. E., Yariv S. (1990), Wettability of Clay Minerals, /bid, 136(1), pp. 85-94.
Lugovska O., Sydor V. (2014), Effect of starch as hydrocolloids for formation of a
stable emulsion system in food, Ukrainian food journal, 3(2), pp. 202-210.

Ai Y., Jane J.1. (2016), Starch: Structure, Property, and Determination, Encyclopedia
of Food and Health, Academic Press, pp. 165—-174.

Natalia Dacka, Olena Podobii (2014), The sour milk drink with antioxidant properties,
Ukrainian Journal of Food Science, 2(2), pp. 205-212.

——Ukrainian Food Journal. 2016. Volume 5. Issue 4



Processes and Equipment of Food Productions

Fouling of polymer and organic-inorganic membranes
during filtration of corn distillery

Yurii Zmievskii!, Yuliia Dziazko?, Valerii Myronchuk?,
Ludmyla Rozhdestvenska?, Alexander Vilenskii®, Ludmyla Kornienko?

1 — National University of Food Technologies, Kyiv, Ukraine

2 — V.I. Vernadsky Institute of General and Inorganic Chemistry of the National
Academy of Science, Kyiv, Ukraine

3 — A.V. Shubnikov Institute of Crystallography of the RAS, Moscow, RF

Keywords:

Distillery
Membrane
Nanoparticle
Separation
Modification

Abstract

Article history:

Received 10.11.2016
Received in revised
form 18.12.2016
Accepted 27.12.2016

Corresponding
author:

Yurii Zmievskii
E-mail:
yrazm@meta.ua

DOI: 10.24263/2304-
974X-2016-5-4-13

Introduction. Baromembrane separation is the most
commonly used method for processing of corn distillery. In
order to prevent fouling, polymer membranes are hydrophilized
modified with particles of inorganic ion-exchangers. The aim of
the investigation was to establish and compare the mechanism of
fouling for polymer and composite membranes.

Materials and methods. Polyethyleneterephthalate track
microfiltration membrane was modified with aggregates of
nanoparticles of zirconium hydrophosphate, the materials were
examined with a method of scanning electron microscopy. The
pressure test was performed using deionized water as a working
liquid. Corn distillery was filtered at 1-4 bar and 60 °C.

Results and discussion. The models of pore blockage, pore
constriction and cake formation were applied, particularly to
water filtration through the composite membrane. Pore blockage
and pore constriction were shown to be possible during pressure
test at 60°C, this can be caused by transformation of porous
structure of the polymer and fragmentation of the modifier.
Regarding corn  distillery, the composite —membrane
demonstrates higher stability against fouling than the pristine
separator. Depending on time of filtration, the composite
material obeys Darcy's law or shows the maximal flux at 3 bar.
The flux of permeate through the pristine membrane decreases
with pressure growth due to accumulation of organics. A linear
increasing of productivity under similar conditions is
characterized for modified membranes. It means that substances,
which polluted the membranes, have a smaller hydrodynamic
resistance. The mechanism of pore blockage is valid both for the
pristine and composite membranes. Increasing in pressure
enhances pore constriction (pristine membrane) and cake
formation (all separators). Composite membranes have higher
resistance to fouling that allows to use smaller amount of
chemicals for regeneration, reduce time of regeneration and
volume of wastewater.

Conclusions. The inorganic ion-exchanger allows us to
improve stability against fouling with components of corn
distillery: no fouling has been found at 1 bar. In order to prevent
blockage under higher pressure and facilitate the membrane
cleaning, location of ZHP particles just near the outer surface is
necessary. Organic-inorganic membranes can be applied to other
objects of food industry, especially under room and lower
temperatures.
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Introduction

More than 80 licensed plants of alcohol industry operates in Ukraine at present time,
[1]. They are able to process 900 000 tons of grain per year and obtain 32 millions
decalitres of alcohol. Their annual demand of beet molasses is 1.1 million tons, 30 millions
decalitres of alcohol are produced from this feedstock. During the alcohol manufacture, a
large amount of liquid wastes, such as grain distillery, is produced. These wastes are
characterized by high chemical oxygen demand (COD), biological oxygen demand (BOD)
and dark brown color [2]. In order to reduce ecological risks, processing of grain distillery
is necessary. Baromembrane separation is the most commonly used technique for this
purpose [3-7]. Permeate is returned to the fermentation process increasing ethanol yield [8].
This product could be also applied to extraction of proteins [9]. Concentrate is dried and
used further as supplements to food for domestic animals [10] and even for production of
bread and cookies [11].

Very important problem of baromembrane separation is fouling of polymer membranes
with organic species [12]. Modification of the membrane with inorganic constituent allows
us to overcome this difficulty [13, 14]. Hydrophilic inorganic particles inside pores of the
membrane are a barrier against fouling with organics [14]. Moreover, in the case of
synthetic ion exchangers [15-17], ion exchange membranes [18] or fibrous biomaterials
[19], this approach allows us not only to protect them from organic species, but also to
improve functional properties [15-19].

The method of polymer modification with hydrated zirconium phosphate (ZHP),
functional properties of the membrane and its testing for practical application were
considered earlier [14]. Regarding the application to baromembrane processing of grain
distillery, further enhancement of the membrane is impossible without knowledge of
fouling mechanism. Establishment of this mechanism is a purpose of the investigation.

Materials and methods

Polyethyleneterephthalate track membrane produced by A.V. Shubnikov Institute of
Crystallography of the RAS (RF) was used for the investigations. Through pores of this
porous polymer are regular and rather straight [14]. The membrane was modified with ZHP
(4.7 mass %) as described in [14].

Both the pristine (further PM) and composite (CM) membranes were tested. A divided
cell was used for baromembrane separation (effective area of the membrane was 2.1-107
m?), the stack elements are listed in [14]. Deionized water and corn distillery (pH 4.1, total
solids — 73 g dm™, COD — 64) was used for investigations. The biological liquid was
centrifuged and filtered through the paper filter.

Preliminarily the membranes were pressed (at 1 bar and further at 3 bar) in deionized
water at 25 ', then the same procedure was performed at 60 °C. After the pressure test,
water was filtered through the membranes again at 1 bar and 60 °C. Then the cell was filled
with corn distillery, which circulated through the concentration compartment without
filtration for 1 h at 60 °C. Further deionized water was filtered at 1 bar and 60 °C. After
this, corn distillery was filtered at 1 bar and 60 °C, than water was filtered again. The next
procedure was filtration of corn distillery at 3 bar and 60 °C followed by water filtration at
at 1 bar and 60 . At last, corn distillery was filtered at 4 bar and 60 °C.
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Results and discussion

Pressure test

For example, Figure 1 shows cumulative volume (7) of permeate (deionized water)
through the PM and CM as a function of time (7). As seen, increasing in pressure drop (AP)
causes intensification of water transport in accordance to Darcy equation [20]:

AP
J=—- @)
nR,
. drv 1 . . .
Here J is the flux (J =d—z, where A4 is the membrane area), 1 is the dynamic
T

viscosity of a liquid, R,, is the hydrodynamic resistance of a membrane. The modified
membrane is less sensitive to pressure than the pristine separator. As shown in [14],
aggregates of ZHP particles block macropores (about 300 nm) of the polymer increasing
hydrodynamic resistance. Similar phenomenon has been found for ceramic membrane
containing incorporated particles of inorganic ion-exchangers [21, 22].
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Figure 1. Filtration of deionized water at 60 °C:
cumulative volume of permeate through PM (1, 2) and CM (3, 4) as a function of time. Pressure
drop: 1 (1, 3) and 3 bar (2, 4).

In the case of modified membranes, the inorganic particles can be considered as
contaminants. According to known theory of fouling, the fouling mechanism is pore
blockage (primary particles or their aggregates are comparable with pores of polymer), if
the J — V curve is linear [21]. Pore constriction (deposition of particles on pore walls) is

realized, when the %—r curve is approximated by linear polynomial. At last, linearity of

T o o
the ;—chrve indicates the cake model (precipitation on the outer surface of the

membranes).
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Regarding water filtration through CM, only pore constriction and pore blockage
models can be applied. No fouling model is suitable for the process at 25 °C (practically no

Change of flux at 1 bar and no linearity of the %—r curve). At the same time, pore

blockage and pore constriction models are applicable at 60 °C (Figure 2). It could be
explained by polymer squeezing and pore deformation (formation of their narrowings-
widenings). This leads to an increase of hydrodynamic resistance On the other hand, partial
fragmentation of ZHP aggregates is possible. The primary particles, which leave the
aggregates, can block voids between the next aggregate. On the other hand, the particles are
deposited on walls of pores due to turbulence of water flow inside pores (centrifugal force
appears as a result of vortex).
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Figure 2. Application of pore blockage (a) and pore constriction (b) models to water filtration
through CM.
Filtration was carried out at 1 (1, 2) and 3 (3, 4) bar, at 25 (1, 3) and 60 °C (2, 4).
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The last assumption is confirmed by Figure 3, which illustrates water flux for different
stages of water filtration. CM shows more rapid decrease of water flux than PM during
water filtration at 1 and 3 bar (60 °C), though the inorganic particles should prevent
deformation of the polymer. In the case of PM, decrease of the J value is due to polymer
deformation. After the pressure test, both the pristine and composite membranes show
lower flux of water due to transformation of porous structure on the one hand and lower
temperature on the other hand. No sufficient change of the flux has been found after
adsorption of corn distillery.
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Figure 3. Water flux for different cycles of water filtration (numbers of abscissa axis):
beginning (1) and end (2) of the process at 60 °C and 1 bar, beginning (3) and end (4) of the
process at 60 °C and 3 bar, further filtration at 25 °C and 1 bar (5), after distillery adsorption
without filtration (6), after distillery filtration at 60 °C and 1 bar (7) or 3 bar (8). The region I
corresponds contact of membranes with distillery, the region Il is related to water filtration
after the processes that involve distillery. Curve 1 is related to PM, curve 2 is for CM

Filtration of corn distillery

In opposite to PM, the flux of permeate through CM remains without changes (CM, 1
bar) indicating stability of the composite membrane against fouling. In the other cases, the
flux decreases over time. This values reduces slower for CM than for PM at 3 bar.
Alternatively CM shows faster decrease of the flux at 4 bar probably due to stronger
pressing of the, which occurs simultaneously with filtration. On the other hand,
fragmentation of ZHP aggregates can be reinforced under these conditions. Regarding CM,
the initial flux obeys Darcy law (Figure 5). However, the final one demonstrates a
maximum at 3 bar. Both the initial and final flux fall with pressure in the case of PM
evidently due to fouling. No sufficient change of water flux has been found after filtration
of corn distillery (see Figure 3).

The model of pore blockage can be applied to all membranes, since approximation of
the curves with linear polynomial gives the same correlation coefficient as for quadratic
polynomial (Table 1, see also Figure 4). In the case of pristine membrane, increasing in
pressure drop enchances the tendency to pore constriction and cake formation. Three these
mechanisms are valid simultaneously at 4 bar. Regarding CM, only pore blockage and cake
formation are realized under these conditions.
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Figure 4. Filtration of corn distillery at 60 °C:
permeate flux as a function of time (a), models of pore blockage (b), pore constriction (¢) and
cake formation (d);

Application of different models to filtration of corn distillery at 60 °C

Table 1

Membrane | Pressure, Pore blockage, R Pore constriction, R Cake formation, R’

bar Linear | Quadratic Linear | Quadratic Linear | Quadratic
polynomial |polynomial | polynomial | polynomial | polynomial | polynomial

PM 1 0.99 0.99 0,81 0,92 0,80 0.93

3 0.99 0.99 0,95 0.99 0.97 0.99

4 0.98 0.99 0.98 0.99 0.98 0.98

CM 1 — — — — _ _

3 0.99 0.99 0.53 0,57 0.83 0.93

4 0.98 0.99 0,82 0.92 0.99 0.99
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Figure 5. Filtration of corn distillery at 60 °C trough PM (1, 2) and CM (3, 4):
initial (1, 3) and final (2, 4) permeate flux as a function of pressure drop

Since no sufficient change of water flux after filtration, the "corks" of organics occupy
insignificant volume of pores of the polymer. Regarding CM, organics can block pores
between ZHP nanoparticles of the aggregates.

Conclusions

ZHP affects permeability of the track membrane. During pressure test under elevated
temperature, the flux of deionized water can be caused by not only transformation of porous
structure of the polymer, but also by fragmentation of the modifier aggregates. This
phenomenon is not observed under room temperature. The inorganic ion-exchanger allows
us to improve stability against fouling with components of corn distillery: pore constriction
is not realized for CM in opposite to PM. Moreover, no fouling has been found at 60 °C and
1 bar. In order to prevent blockage under higher pressure and facilitate the membrane
cleaning, location of ZHP particles just near the outer surface is necessary. The
improvement of the modification technique is a subject of further investigations.

Increasing in pressure leads to intensification of cake formation. However, the
precipitate can be easy removed from the outer surface of the membrane by means of
hydrodynamic pulsations.

Due to stability against fouling, organic-inorganic membranes can be applied to other
objects of food industry, especially under room and lower temperatures.
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Introduction. Combustion of solid biomass as a mix with
domestic coal in exsisting industrial and utility boilers can
not only reduce harmful emissions but also diversifies the
generations’ fuel base. It also allows effective utilization of
solid food processing wastes which otherwise would be
dumped and thus cause a strong unfavorable environmental
impact.

Materials and method. The pulverized pine-sawdust and
anthracite co-combustion has been carried out in down fired
experimental unit at 30 kg/h fuel rate. The kinetics of the
pine sawdust cokes’ termal degradation has been studied in
fluidized bed unit. The thermal decomposition kinetics of
pine wood and straw pellets of wheat, rape, corn and soy
were studied by thermogravimetric (TG) method.

Result ans discussion. The co-combustion of pulverized
domestic anthracite and wood in the unit VGP-100V has
proven its technical realizability and a noticeable potential
to significantly improve the quality of low-reactive
anthracite combustion. As a result the optimum share of
solid biomass of approximately 10% has been determined.
This share allows the stabilization of flame without natural
gas addition along with the highest level of fuel carbon
conversion.

The internal kinetic mode of pine cokes’ samples’
combustion was determined for particles size 0,1-1,6 mm in
temperatures’ range of 390-560 °C at the fluidized bed unit
RSK-1D.

Some stages of organic biomass thermal decomposition
(namely demoisturization, devolatilization and coke burn
out) and their kinetics have been detected by means of TG
methods. Comparison of pine sawdust and wheat straw
pellets’ devolatilization kinetics with those available in
literature sources indicates that the existing minor deviations
may be explained by the difference in sample heating rate,
size of sample particles, variation in organic and mineral
composition of samples, methods of reaction constants
calculation and interpretation. At the same time, the kinetic
constants of the devolatilization stage for pellets of different
crops straw examined in the present work turned out to be
close enough.

Conclusion. Presented results can be used in calculations
of the some stages co-combustion processes which take place
in TPP’s.
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Introduction

The technology of the biomass as supplementary fuel together coal combustion (BCC
technology) has widely spread in the last decades. At present, in Europe o more than 200
boiler units are operated following such technology. A variety of solid biomass is being
used. For example, straw as a supplementary fuel is utilized in pulverized coal (PC)
boilers (TPP Studstrup, Denmark), wood wastes (TPP Kimiyarvi, Finland), sorted
municipal solid wastes (so-called RDF — TPP Lakhti, Finland), crushed bones of olives and
other horticultural crops ( TPP Puertolano, Spain), pellets of different agricultural wastes
(TPP Drax, Great Britain, TPP Kozenice, Poland) and many other foreign TPP’s and CHP’s
[1, 2]. The main advantages of the solid biomass and coal co-combustion technology
(BCCC) over individual biomass combustion in special dedicated boilers are as follows:

— Minimal capital investments, since biomass combustion takes place in already existing
boilers and needs the construction of only plants of biomass reception, on site
transportation and pre-combustion preparation;

— Reduction of pollutant emissions since biomass is considered as CO,-neutral fuel, has
much lower (in comparison with domestic coal) content of sulphur nitrogen compounds;

— Prospective to reduce thermal and electric generation due to fossil fuel;

— Significant potential to recycle wastes of different production types and thereby reduce
the environmental pollution;

— Growing feasibility of biomass using in coal boiler units under appropriate legislation
(the “green tariff”, the fee for biomass dumping in landfills, etc.).

The said technology has so far been implemented in a variety of arrangements, as follows
[1]:

— in PC boiler units;

— in CFB boilers;

— the biomass gasification in separate gasifiers with subsequent burning in coal boilers.

As per environmental performances of the co-combustion process, the above-
mentioned sulphur oxide reduction can be noted due to lower content of such substance in
the biomass, its CO,- neutrality in combustion processes, experimental data on nitrogen
oxide reduction are in many foreign editions [3, 4, 5].

The NO, reduction can be explained by technological factors, also: a high
devolatilization rate of biomass can be explained the creation of enriched fuel zone at the
beginning of the torch at the exit of the burner. A high moisture content of some biomasses
could also effect on nitrogen oxide reduction in boiler furnace.

It should be noted that just a few domestic works addressed the problems of the
dynamics of biomass dehydration and devolitalization. In works [6,7] the set of equations
for the calculating kinetic constants has been proposed. Particularly, the equation [6] allow
to calculate the time span of the dehydration and devolatilization stages of complex process
of certain types of biomass combustion. At the same time it is clear that the data avaliable
in literature are insufficient and lacking fist of all the kinetic characteristics of biomass
mixtures combustion and biomass cokes burned out.

The BCC technology combustion of such heterogeneous fuel as anthracite and plant
solid biomass is of particular interest. A small part only of volume of the total world BCC
technology studies is devoted to these fuels, mostly the studies of scientists are from those
regions where anthracite is mined (in general - 5% of the world's deposits explored). These
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are the countries, such as: Korea, Vietnam, South Africa, Spain and Pennsylvania State in
the USA.

Currently, the irregular supply of the anthracite from the occupied territories of the
Donetsk coal basin is typical for Ukraine. For instance, in 2015 compared to 2013 the
supply of the anthracite (rank A and T) at TPP’s reduced from 18 to 8 million tons taking
into account the supplies from Russia and Republic of South Africa. At the same time, the
market of biomass as fuel is rapidly growing (the pellet plants that were built for the money
of foreign grants and investors). The displacement at least of the anthracite part for the
biomass is a partial solution of the critical situation that led to boiler units’ shutdown of
Zmiyevska and Trypilska TPP’s this winter.

The CETI almost for 10 years has been working on the biomass and anthracite co-
combustion technology development, the beginning of which founded a joint project with
Pittsburgh Energy Technology Center (PETC) of the Ministry of Energy of the USA under
the NATO Program “Science for Peace” since 2007. In the course of works, the optimum
regime characteristics, the synergetic effects of the mutual influence of two different solid
fuels, the kinetic characteristics of the pine sawdust for combustion process calculation,
defined [8, 9]. The purposes of the studies were the following:

— to identify the optimum biomass/anthracite ratio for the most complete burnout of both
fuels at residence time in the anthracite PC boiler furnace;

— to determine the optimal performance characteristics of such combustion;

— to determine the characteristics of a wide range of the domestic biomass (pine
sawdust, pulp, pellet of wheat straw, rape, etc.) for the BCCC calculation;

— to investigate the effect of the biomass impurities on coal burnout efficiency;

— to study the effect of the biomass impurities on environmental performances of the
mixture burnout;

— based on experimental and theoretical studies, to develop the burners’ and primary
furnaces’ constructions for combustion as separately biomass as its mixtures with coal.

Materials and methods

The BCC experiments were conducted at the pilot unit VGP-100V which simulate the
processes that take place in the lower radiation part of boiler furnace. The aim of pilot co-
combustion was to confirm the possibility of natural gas, injected for torch “lighting”,
substitution by volatiles of biomass. Here the biomass with a high volatile content is
supposed to offset the deficiency of volatiles in coal, betters torch ignition, provides its
stability when firing high-ash low-reactive anthracite,

The principal schematics of the pilot unit VGP-100V (thermal output up to 100 kW in
the mode of coal combustion in raw air) is shown on Figure 1. It includes the vertical
downstream reactor 1, the burner 2, the slag bath 3, the turning area with cyclone 4, the
cooling and afterburn chamber 5. The total length of the reactor is 4,8 m, the reactor area to
the turn into a cyclone is 3,2 m; the length of the diagnostic area from the original section
of the burner is 2,4 m.

The diagnostic area consists of 4 sections length of 0,6 m, the internal diameter is 0,28
m (the diameter of the rest channel to turn is 0,2 m). The water-cooling walls of the reactor
are covered with the three-layer lining from the inside: the fire layer — zirconium dioxide,
the heat-insulation layer — chamotte, the strain isolation layer — asbestos fabric.
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Figure 1. Experimental unit VGP-100V
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The burner is vertical water-cooling lined cylinder with internal diameter of 0,2 m,
length of 0,5 m, installed through water-cooling transition flange on the upper section of the
reactor, equipped with two burners and operational and diagnostic windows.

From its end the primary gas burner is installed and designed for combustion of the
natural gas, sawdust or its mixture. The natural gas duct is coaxially located to main gas
burner which ends short section with perforation for gas release. The air or air/sawdust
mixture supply duct is coaxially located to gas duct which ends vane swirler to intensify air
blowing with gas and sawdust — with combustible products.

The auxiliary gas burner with electroignition that is differed by air walls’ air-cooling
with heated air supply to the burner, is installed on the side wall of the burner.

The supply of the following reagents is foreseen, such as:

- the natural gas — in the main and auxiliary burners;

- the air — in the main and auxiliary burners, transporting air with coal and sawdust,
secondary air;

- the coal — in the upper part of the burner through the side wall;

- the biomass — in the primary burner.

The unit is equipped with two independent measuring devices: the coal measuring
device - the productive efficiency from 5 to 40 kg per hour and the sawdust measuring
device — the productive efficiency from 3 to 15 kg per hour.

The experiments are controlled:

- the natural gas and air consumption behind each of the input channels — by the
rotameters;

- the sawdust consumption — following the calibration chart of voltage on windings of
the motor and following the pressure in front of the ejector;

- the coal dust consumption — following the calibration chart of voltage on windings of
the motor;

- the lining temperature on the reactor length — by two-spectral pyrometer “DPR-1" (the
fire layer, at times) and K-type thermocouples immersed in the lining layer over 5-10
mm from fire surface (always);

- the gas flow temperature — by the S-type thermocouples embedded to axis of the
channel;

- the rarefaction in the reaction zone — by the U-shaped sensor;

- the composition of combustible products at reactor output — by gas analyzers: by mass-
spectrometer MX-1215 and portative gas analyzer MRU Vario Plus.

The indications of the K-type thermocouples and mass-spectrometer are processed
from analog to digital signals, displayed on monitor screen for operational control (updating
each 0,5 s) and registered (each 20 s) by automated control system on the basis of PC. The
gas phase analysis is constantly taken off at the reactor outlet by water cooling sampling
probe, the probe transporting time (constant time delay) to gas analyzer no more than 15 s.
At Treactor = 1200-1250 °C, the residence time T was at the level of 0,75-0,8 s which is close
to residence time of particles in the lower radiation part of the pulverized boilers’ furnace.

The Kinetic studies of dehydration, devolatilization and cokes’ burning of different
biomass types

The above-mentioned studies of the BCC processes examined with use of wood that is
considered one of the most environmental types of the solid biomass available in Ukraine.
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However, due to high demand on the wood and its wastes in wood processing and other
industries, the shortage for this type of biomass as fuel could take place in some regions of
Ukraine. At the same time, there is a large number of available straw of different crops in
the country that is also used in the world in the BCCC technology but not so prevalent
because of high chlorine content in it, which has a negative impact as on the state of the
boiler heating surface as on environmental friendliness of its operation. In the event of
chlorine problem solution in the future, the biomass number for a large-scale BCCC
technology implementation is significantly expanded. Therefore, to determine the
possibility of straw using of the different crops available in Ukraine for co-combustion
technology, in cooperation with the Ural Federal University (the Yekaterinburg city,
Russia) and the Institute of Macromolecular Chemistry of NAS of Ukraine (the Kyiv city)
were held the thermogravimetric studies of the wheat straw, canola, corn and soybeans’
pellets’ samples, and for comparison, samples of wood (sawdust), which used in previous
studies on panels of the CETI of NAS. The pellet samples’ studies conducted on
derivatograph of the Paulik-Paulik-Erdey Q-1000 system in air atmosphere with heating
rate of 20 °C / min. in temperature range of Tambient — 1000 °C. The mass of test samples
was 100 mg. The wood samples studied at integrated complex of simultaneous thermal
analysis STA 449 Jupiter by NETZSCH company in air atmosphere with heating rate of
5 °C/min. in temperature range of Tambient — 700 °C.

The Kinetic studies of the wood cokes’ burning at unit RSK-1D

To calculate the next biomass combustion in the upper part of the boiler furnace it is
necessary to determine the kinetic characteristics of the biomass coke burning. Despite the
fact that during the wood combustion, the volatile yield is 80-85 %, the burnout time of just
biomass coke residue determines the total time required for combustion of fuel mixture.
Therefore, to clarify the characteristics of the wood coke burnout, the kinetic studies at unit
RSK-1D of the Coal Energy Technology Institute (CETI) were held, that is a vertical pulse
gradientless fluidized bed reactor.

The unit RSK-1D (Figure 2) is designed to study the kinetics interaction with gases-
reagents at temperature up to 1250 °C. It is a differential pulse reactor that operates in
modes near to ideal elimination in gas phase and ideal mixing in solid phase, as well as
allows to support small temperature gradients (less than 10 K) in the reaction zone along
the height mounting under performance of the experiments.

The intensive fuel particles’ blending provides the mode of ideal mixing in solid phase
and also almost the uniform concentration of the gas-reagent in the sample layer. The gas
flow in the reactor promotes the ideal elimination mode in gas-reagent pulse.

The base of the unit (Figure 2) is vertical tube furnace with one-through cylindrical
reactor located inside and manufactured of heat-resistant steel (height 1,1 m, internal
diameter 3,3 cm). At the bottom of the reactor is inert magnesium oxide filling intended for
gas-reagent heating that is supplied from the bottom, on the top of which the fluidized air
distribution grate is located. The grate is made of fine-mesh ceramics and has a resistance
of 1000 Pa due to which an equal distribution of the gas-reagent flow rates in cross section
of the reactor is achieved. The temperature in the reaction zone is controlled by K-type
thermocouples located in the centre of the fluidized volume of the coke sample examined,
in furnace and outside of the reactor (all at one level). The temperature measurement is
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provided by multichannel analogue/digital converter (ADC UKT-38). The gases’ supply is
made by means of gas conditioning — air and helium bottle batteries (argon, nitrogen).

During the kinetic experiment carrying out the gas flow passing through reactor, is
measured. The gas components’ concentrations are measured by gas analyzer Siemens
Utramat 23.
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Figure 2. Unit RSK-1D:
1 - ADC; 2 — thermocouples; 3 — timber weight; 4 — needle valves; 5 — dosing device;
6 — voltage regulator; 7 — magnesium oxide filling; 8 — tube furnace; 9 — perforated grate;
10 — reactor; 11 — flowmeter; 12 — needle valve; 13 — gas analyzer; 14 — explosive valve.

At the beginning of the experiment, the dependence R, = f(T) is read step by step (in
10°C). The pulse input is made no more than two times at each temperature level.

Upon receipt of the rate dependencies from the temperature, the gas-reagent pulse
value chosen so as to the reduction of the carbon mass D, in timber weight was much less
its initial value m,, and based on the marginal sensitivity of the gas analyzer used and
compliance with isothermality conditions in the reaction zone. During the kinetic studies,
the gas-reagent pulse value that is given by loop volume, was chosen experimentally.

The technical analysis of fuels examined at unit VGP-100V, derivatograph Q-1000 and
unit RSK-1D are shown on Table 1.
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Table 1
Sample W% [ A% [ V% V&%
unit VGP-100V
Anthracite Nel 1,1 248 5,5 7,3
Anthracite Ne2 0,6 27,9 5,3 7,3
Pine sawdust 10,0 1,8 83,5 85,0
derivatograph Q-1000
Pine sawdust 1 8,3 2,9 82,93 85,41
Pine sawdust 2 10 0,9 83,06 83,81
Wheat straw pellets 9,2 8,9 74,52 81,80
Rape pellets 9,6 11,2 73,08 82,30
Corn pellets 10,6 15,0 70,55 83,00
Soy beans pellets 11,4 11,8 73,82 83,70
unit RSK-1D
Pine sawdust | - | 1,75 | 8085 | 823

Results and discussion

The primary experimental data from derivatograph Q-1000 obtained in the form of
electronic tables and in graphic form, also. The data include curves of mass and
temperature changes, rate of mass change, rate of temperature change during the
experiment. Conventionally, it can be separated on stage of dehydration, formation and
release of volatiles and coke-ash residue burning. To determine the temperature limits of
the each stage of the fuel samples thermal decomposition, the initial temperature T, where
the sample weight is 0,975 from the original and the maximal temperature of the stage T .«
which the second derivative from the mass change is zero and the final temperature of the
stage where the first derivative from the mass change has a minimal value and the second is
zero, are defined.

The following kinetic equation of each stage of thermal decomposition is considered
[10]:

_da _ . f(a) (1
dr
where o — the degree of the experimental sample conversion shows which part of the

experimental sample reacted to the timepoint 7 ; k — the reaction rate constant; f(¢)— the
function that characterizes the reaction mode. The conversion degree at the timepoint ¢ is
my —m

T

determined from the derivatogram by the formula o =
my—m,,

where 7, — the initial sample weight; 71— the thermal decomposition final mass; 71, —the

current sample mass. To represent the reaction rate constant, the Arrhenius formula is used:

k =k, exp( —%) 2)
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where k— pre-exponential factor; E — energy of activation, J/mol; R — universal gas

constant, 8,314 J/mol-K; T — temperature, K.
Combining the equations (1) i (2), we obtain the following form of equation (1):

99—k, -exp(-—) - (@) G)

To simplify the calculations, the assumption common in thermogravimetric studies was
accepted that existing reactions of the thermal decomposition are of the first order. Then,
the function f(a)= (1 -«) and, as a result, (3), we obtain known differential kinetic

equation:

Ln(ldaj:—E+Ln(ko) (4)
l-a drt RT

The equation (4) is a linear dependence of the expression Ln( 1 d“) from
l-a drt

reciprocal temperature 1 in form of y=k-x+b, where k=[_ £ j, ab=Ln(k,).
T R

During the experimental data processing on kinetics of the wood coke burning at unit
RSK-1D, the calculations of the specific burning rate and degree of conversion carried out
on the basis of the mass flow measurement CO and CO, by gross reaction of C + Oy: R, =
(Am/At)/m;

Rio = (Am/At)/my;

(Am/At) = McGg([CO] + [CO,])/22.4, where m, m, — the current and initial mass of
carbon; R, Ry — the specific carbon burning rate, kg/(kg-s); Am — the carbon mass
reduction, kg; At — the pulse time, s; (Am/At) — the overall rate of the carbon burn-out in
sample, kg/s; Mc = 12 — the molar carbon mass, kg/kmol; G, — the total consumption of
combustible products at the reactor outlet, m*/s (under normal conditions); [CO], [CO,] —
the average during pulse time concentrations CO u CO,, the percentage (by volume).

The degree of the carbon conversion in pulse i is the expression X; = RyjAt.

The experimental data are accumulated in electronic spreadsheet, the rated elements
among others were (for pulse 1): (Am/At);, Am; = At(Am/At);, where m; = my — (Am; + Am,
+ ... + Amy ;) — the current carbon mass that is not reacted in weight for pulse starting
(where N — the pulse number, m;=my); the sample conversion degree X; = 1 — (my/my); the
carbon burning specific rates (Ry); = (Am/At)/m; and (Rmy); = (Am/At)y/m,. The initial
mass my of the carbon in weight is determined on the basis of the coke technical analysis.
The obtained data were processed in the form of the reaction rate dependence from
conversion degree at a given temperature T [R,, = f(X) at T = const] and reaction rate
dependence from temperature [R,, = f(T)].

Following the above-mentioned method, the primary data of derivatograms were
processed. The temperature ranges of thermal decomposition individual stages of the
biomass samples under examination, as well as distribution of fuel samples’ initial mass
following thermal conversion stages, are shown in Table 2.

Analyzing the temperature-zero coefficients and its extremes in certain stages of
thermal decomposition, the attention is drawn to the proximity of these values for all
biomass types explored. However, among others it could be possible to mark pine sawdust
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which due to large release of volatiles has almost 20 % more thermal mass fraction of
appropriate thermal stage and less mass of the coke residue. Moreover, the temperature
ranges of the sawdust sample dehydration stage are shorter for 34-78 °C compared to other

samples.

The pre-exponential factor calculation results (ko) and activation energy (E) for
dehydration and devolatilization stages of the fuel samples studied, as well as similar
research data from sources of literature, are shown in Table 3.

Table 2
Temperature ranges and mass distribution of thermal decomposition individual stages of
biomass samples

Fuel thermal decomposition stage

dehydration devolatilization Coke residue burn-out
% g g
Fuel sample . g g . g S . g S
& s = g s >t g, =) b5t

=9 |EP| B 20 |EV|Ese| 2V |EV| £

3 ] o= < © = &= < © = C=E0)
& g @ & s 2 =4 o] 2
= @ = < s 4
= = =

ll)mesaWd“St 27-120| 65 | 7,20 | 120-416 | 301 | 79,80 |416-697| n/s | 13,00

Pine sawdust | 32-136 | 56 | 6,80 | 136-404 | 307 | 77,20 | 404-610| n/s | 16,00

Wheat straw
pellets
Rape pellets | 23-194 | 103 | 9,54 | 194-418 | 303 | 57,98 |418-872| n/s | 32,32

Corn pellets | 24-186 | 99 | 9,44 | 186-416 | 281 | 58,02 |416-940| n/s | 32,51

24-187 | 100 | 6,18 | 187-440 | 290 | 62,60 |440-920| n/s | 31,19

Soy beans
pellets
n/s —not specified

23-161 | 98 | 9,23 | 161-404 | 294 | 56,79 |404-898 | n/s | 33,89

The graphical dependence of the devolatilization rate from reciprocal temperature in
acc. to equation (4) for solid biomass samples studied is shown on Figure 3.

From the Figure, we can see a significant difference in devolatilization rate from the
wood compared to other straw pellet samples studied, which can be explained by
differences in nature of the above-mentioned crops growth, somewhat different heating rate
during the study, as well as different step of its previous processing. Compared the pine
sawdust samples and wheat straw pellets’ results received during the study with results
obtained in foreign studies [6, 11-14] (Table 3), mainly we see the difference in
devolatilization rate that is explained by discrepancy in heating rate of samples during the
experiment, different grinding degree of samples studied, difference in organic and mineral
composition of samples due to different growth and storage conditions, difference in
approaches to calculate reaction constants. Instead, the devolatilization rate values’
proximity of the straw pellets’ samples of the different crops in the given study that were
obtained under the same conditions and at the same facilities, is observed.

——Ukrainian Food Journal. 2016. Volume 5. Issue 4 — 757



Processes and Equipment of Food Productions

Table 3
The pre-exponential factor (ky) and activation energy (E) calculation results for stages of
dehydration and devolatilization of fuel samples studied and its literature analogues

Heating Fuel thermal decomposition stage
Fuel sample rate, dehydration devolatilization
*Chmin. = T E, kd/mol | kg 1/s | E, kJ/mol

Pine sawdust 1 5 4373,85 39,19 80,02 54,76
Pine sawdust 2 5 1018,31 35,02 2627,79 71,34
Wheat straw pellets 20 1,51 16,35 177,03 52,15
Rape pellets 20 8,90 22,82 472,72 55,58
Corn pellets 20 13,18 23,32 2145,44 63,11
Soy beans pellets 20 443,86 33,78 740,19 56,57
Tupca cocau [11] 15 - - 6,60-10° 102,30
Pine [12] 10 - - 7,32-107 122,56
Pine sawdust [6] 20 13,60 24,52 164400 87,37
Wheat straw [13] 30 - - 2,61-10°% 115,59
Wheat straw [6] 20 13,70 25,85 92470 82,00
Soy beans [14] 5-20 - - - 182,00

. 2

@

E 4

& 5 ,4

15 3 \ 6

S 3

g XN

. \\/ 1
-12 N\
2 / \ -~

1714 1/541 1/435
Inverse temperature, 1/K

Figure 3. Comparison of the volatile yield rate dependencies from pine sawdust and pellets’
sample reciprocal temperature studied, where 1 and 2 — pine sawdust as per 1 and 2, 3 — wheat
straw pellets, 4 — rape straw pellets, 5 — corn straw pellets, 6 — soy straw pellets
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The studies’ results at the unit RSK-1D to determine the carbon burn-out specific rate
dependence of wood coke (fraction size 0,1-1,6 mm) from inverse temperature (the
temperature range of 390-560 °C in the study), which were obtained following the above-
mentioned approach, are shown on Figure 4 in semilog coordinates. As can be seen from
the graph, in temperature range studied, the wood coke particle size, as well as gas-reagent
rate change in the reactor does not affect the ambient oxygen interaction rate which indicate
the presence of intra-kinetic burning regime of the samples studied in the temperature range
0f 390-560°C.

Analyzing the linear dependence obtained for wood cokes following the above-
mentioned approach, we get the rate constant of the reaction K,; = 4,9-10* [1/s]/[kg/m’] and
activation energy E= 199,3 kJ/mol. As the study of the specific surface area of the wood
coke particles has not been conducted, the K, constant value was not measured.

» 1,0E-02
=
c
- 3
g N
S
g 1 A
£ 1,0E-03
@
Q
@ BRNLo
/aQ
2 A
=)
1,0E-04 -
(=]
Oa
o\
° o
o™y
1,0E-05
1/909 1/833 1/769 11714 1/667

Inverse temperature, 1/K

Figure 4. The dependence of the wood coke carbon burn-out rate from inverse temperature
(T=390-560 °C): 1 — coke 0,1-0,2 mm; 2 — coke 0,4-0,5 mm; 1 — coke 1,25-1,6 mm;

The BCCC experiments at unit VGP-100V conducted using natural gas both to
simulate the thermal input of the hot air the temperature of which at TPPs of Ukraine
reaches 400 °C (for anthracite burning), as to compare the effect of gas (under “lighting”)
and biomass (under co-combustion) for the coal burnout process.

The Table 4 shows the summary experiments’ results at unit VGP-100V. The coal
carbon conversion degree during the coal/natural gas co-combustion depends on coal ash
content and gas share for “lighting”. The degree of common influence of such factors could
be changed depending on specific combination of the process parameters. Thus, under gas
consumption that provided steady burning, the further increase of its consumption under
other identical process parameters reduces the carbon conversion degree that confirmed by
regimes 1 and 4. For coal of even ash content in conditions of the gas consumption increase
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(by heat rate) from 6,9 to 20,8 %, the conversion degree is reduced from 63,4 to 52,3 % that
is explained by intense oxygen absorption under combustion of more reactive gas with
lower temperature ignition.

The experiments conducted of the biomass and anthracite (of different ash content) co-
combustion are shown in Table 4 (regimes 6-8). In the experiments, the biomass portion
(that is burnt) is varied in appropriate range of heat portion introduced within 2,9-13,9 %
taking into account heat expended for air heating. The anthracite carbon conversion degree
under its co-combustion with biomass, is determined based on consideration of reference
value of the biomass conversion degree when it is burning with gas, which was obtained
during the separate regime of combustion. Based on the values of the anthracite carbon
conversion degree found in this way, it is possible to determine the optimal sawdust share
which provides the torch stability along with maximal carbon conversion degree.

Table 4
The experimental regime characteristics
Gas temperature in Fuel share under
X |Conversion = » sections, °C heat, %
2 | degree, % = ~ g
ol & < by =
El § 2| £ | 8 t
ool 9 54 2 = = -
| = M = ) > = — 2
& 2 = = Sl1]12 3|4 | 8| 2|32
< ~—= 7} on < =
- | 2 |= ) o > S s
E|2 |8 = -7 P 3
|z |° S
3
Natural gas and coal combustion
1{24,8] 0 | 63,4 0,74 |146,6| 0,9 |1340|1340(1330|1200|11,3| 6,9 |88,7| 0O
21279 0 | 60,8 0,76 [141,4| 0,9 |1300|1350(1355|1250|11,7| 7,2 |88,3| 0O
31248 0 [59,2] 0,8 |147,8| 0,9 |1002|1275(1320|1202|12,0/ 6,5 | 88 | 0
41279 0 |523|0,82| 146 | 0,8 |940 |1260(1380|1320|25,7(20,8|74,3| 0
51279| 0 |73,3]0,86|148,1| 0,9 |940 |1090(1100|1010|26,8(20,2|73,2| 0O
Biomass and coal co-combustion
6 (24,8 30 56,5 | 0,47 {172,9] 0,8 [1380|1445|1405/1290| 0 | 2,9 |92,9| 7,1
7127,9| go | 70,4 | 0,78 | 154,4| 0,7 |1445]|1445|1415]1305| 0 |13,9(80,9|19,1
8127,9| go | 75,9 | 0,85 | 145,7| 0,7 |1445|1445|1405|1330| 0 | 8,4 |85,7|14,3

Notes:

* — the natural gas/sawdust heat share taking into account its consumption for air heating up to 320°C
at TPP that is operated.
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Figire 5. Temperature distribution in reactor and coal conversion degree comparison under its
lighting by natural gas and sawdust: 1 — mode anthracite/gas (93,8%7/6,2%), Xc0al=60,8%;
2 — mode anthracite/sawdust (97,1%/2,9%), Xco0al=56,5%.
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Figure 6. Dependence comparison of the sawdust conversion degree under- co-combustion with
anthracite: 1 — sawdust share 2,9%; Xco0al=56,5%; 2 — sawdust share 8,4% Xcoal=75,9%;

3 — sawdust share 14,3% Xcoal=70,4%.
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As per temperature measurement results in the reactor and coal carbon conversion
degree under its lighting by the natural gas and co-combustion with sawdust, then the
obtained results show that even under biomass supply at a rate of 2,9 % by heat value it
completely succeeded to refuse from the torch lighting by natural gas although coal
conversion degree slightly decreased compared to gas lighting regime (see Figure 5).
Herewith, the core torch temperature significantly increased. By increasing the supply of
the biomass up to 8,4% by the heat value, the significant increase of the coal conversion
degree is observed, as well as palpable extension of torch (Figure. 6) due to increase in time
of the coke residue burn-out time of the biomass particles that can exceed the anthracite
coke burn-out time. The further increase in biomass supply while maintaining the torch
stability and high heat density of reactor volume leads to the carbon conversion degree
reduction. This fact is connected with that highreactive fuel that is this case is sawdust
rapidly consumes air oxygen in high temperature core zone thereby worsening the
conditions of coal burn-out.

Based on the above-mentioned, on the basis of the co-combustion regimes’ comparison
under heat share variation that is brought by the biomass (Figure 6), the optimal thermal
share of the biomass was determined that is about 10% (Figure 7). The supply of such
biomass share in high-ash anthracite and biomass co-combustion regimes provides torch
stabilization without gas lighting and highest degree of the coal carbon conversion.

The conducted studies confirmed the feasibility of efficient substitution of lighted
natural gas by wood processing wastes in pulverized boiler units’ furnaces which burn
anthracite. The full natural gas substitution by biomass is accompanied by steady burning in
the experiments. Upon this, the gas temperature increase in reactor is observed. The
volatiles’ shortage compensation in the anthracite due to sawdust is proven efficient
measure to support the low-reactive coal burning, even in case of high-ash coal combustion.

80
s T

SN

Conversion degree of anthracite, %

2
65 /
60 /
55
0 5 10 15 20 25

Lighting share, %

Figure 7. The dependence of the coal conversion degree from
the natural gas and sawdust lighting:
1 — sawdust; 2 — natural gas; Max — the optimal thermal share of the biomass.
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Conclusions

The co-combustion of pulverized domestic anthracite and wood in the unit VGP-100V
has proven its technical realizability and a noticeable potential to significantly improve
the quality of low-reactive anthracite combustion. In the event of unsatisfactory state of
boiler units or supplies of high-ash coal at TPP’s, wood is more efficient alternative to use
natural gas to maintain anthracite burning stability.

The study of the carbon reaction rate dependence of wood coke with air oxygen from
the temperature at unit RSK-1D indicates the presence of intra-kinetic burning regime in
the temperature range of 390-560 °C.

The analysis of thermogravimetric study results shows possible significant differencies
in characteristics of solid biomass as separate types, as different samples of the same type.
Therefore, unlike with coal in each case of the BCCC technology implementation, it is
necessary to study biomass that is planned to burn.

Presented results can be used in calculations of the some stages co-combustion
processes which take place in TPP’s.
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Introduction. Technological processes associated with
combustion pose serious environmental problems due to
the emission of harmful substances predominantly in
gaseous state. According to the generally accepted view,
the nitrogen oxides mostly originate in combustion plants
in the regions of high temperatures.

Materials and methods. Therefore the problems
associated with the thermocouple errors at temperature
measurements in the flames carried out during
experimental combustion of natural gas in the
experimental unit VGP-100B are being dealt with.

Results and discussion. A model has been derived
aimed at the evaluation of correction factors that are to be
applied, when processing data from the direct
thermocouples’ readings. The model takes into account
the convective heat transfer, irradiation on a part of the
thermocouple bead, which falls from the combustion
products. It also takes into consideration that a part of the
thermocouple bead irradiates in the direction of the cooled
surrounding. As a result, a transcendent fourth order
equation has been obtained and solved numerically by
MathCad. A set of correction coefficient was obtained
which, when added to the direct readings of
thermocouples, have shown a close conformity to the
results obtained from the 3-d modeling of the natural gas
combustion in the cylindrical down flow reactor.

Conclusion. The developed correction methodology
may be recommended to be used in practice, when
experimental temperature measurements may be
performed by means of bare thermocouples, when
sheathed thermocouple or suction pyrometer cannot be
used.
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Introduction

Literature sources [1-8, 10, 11] deal with the flame temperature measurements with
bare thermocouples. They mainly discuss the measurement of temperature in combustion
processes within the flame or near in the vicinity of cooled walls or with temperature
measurements of relatively cold gas flows in the presence of high-temperature enclosures
that are in direct exposure to the thermocouple.

If a thermocouple measures the temperature of gas flow outside of the radiating flame,
it most likely gives too high temperature readings, since the thermocouple bead receives not
only the convective heat from the flow itself, but radiative flux from the flame as well.
Because the radiant flux is proportional to the 4th temperature degree, it is clear that
thermocouple measurements in high temperature processes, particularly combustion the
input of radiant flux will be much more significant than that from convection.

On the contrary, when measurements take place in a close vicinity of flame with the
enclosure kept at a lower temperature and with optically semitransparent medium, the
thermocouple readings will be lower than the actual flame temperature. This is due to the
effect that the thermocouple bead, being a participant of complex heat transfer, will receive
heat as a result of convection from the gas flow and radiation from the flame, will also
irradiate towards the cooled enclosure. Shannon and Butler [1] suggested a mathematical
model that takes into account the heat balance of the thermocouple bead:

[gﬂ o T; “€heaa @ ngad :|F form—bead —[€4e0a © Tl;iad —&,0 T; :|(1 _F form bead—oo ) =h4,., (T/Z ~Thua )
(1)

where F — a function that takes into account the relative exposure, flame-bead or bead
surrounding, respectively.

In [2] an extremely simplified model was accepted, according to which the
thermocouple radiates all the heat, obtained by the convection from the flow:

(Tﬂ - T;;eud) = %g(Tbiad - T; )’ (2)

where h — heat transfer coefficient from the gas flow calculated by:

-0.17

%(Tﬂ - Tbead )
T

bead

d 0.45
Nu =0.24+0.56(W—j , 3)

\%

Combining (2) and (3) one can approximately determine the thermocouple error from
the re-radiation:

%5 . .
(Tﬂ _Eead)zW(nead -7, ) “4)

Where-w —gas flow speed, may be termed as a portion of heat delivered by convection.
Some conclusions are readily available from this correlation: the reduction of the error can
be achieved by reducing the diameter of the thermocouple bead or by decreasing the
proportion of radiant heat transfer between the gas flow and the bead.
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Walker-Stokes [3] proposed the method of measuring the temperature with
thermocouple set, whose diameter is decreased progressively. This method has allowed to
reduce inertia of thermocouple readings and to determine the effect of radiation basing
upon the expression (4). This method allows also to increase the accuracy of measurements,
but its implementation is too complex, because it requires simultaneous temperature
measurement with the range of thermocouples of different sizes. The method becomes
absolutely unrealizable due the temperature instability of flows and necessity to install the
thermocouple in the same place of a flow.

Most often, the protective screens are used to shield thermocouple beads [1-4]. Since
the protective screen has an intermediate temperature between the actual temperature of
bead and the ambient temperature, it significantly reduces the re-radiation flux. Protective
screens can be accompanied with the suction of flow through a cylindrical screen, which
leads to an increase of flow speed around the thermocouple bead and, as a result,
increasing convective heat transfer coefficient thus bringing closer bead actual temperature
to that of flow. In practice, the speed of sucked flow is limited by the experimental
considerations (prevention of significant disturbance in the flow). Comparative results of
the temperature measurement in industrial furnaces by means of unprotected thermocouples
of different diameters, two types of shielded thermocouples, that differed by the place of
suction, were given in [1, 2, 8]. The authors have shown that the greatest error occurs at
measuring the temperature of medium with the thermocouple irradiation.

From the data given in [1-8] follows that the error of "cold" flow measurement by bare
thermocouple within the radiating environment reaches 250%. Errors of temperature
measurements by bare thermocouples in “hot” flows surrounded by cooled walls reach
25%. Installing of a dual screen can reduce the error to 25% and 7%.

Materials and methods

Experiments have been conducted in the experimental rig designed and erected at the
Coal Energy Technology Institute of the National Academy of Science of Ukraine. The
scope of experimentation covered the following:

— Obtaining experimental data of the direct temperature and components” concentration
distribution within the reactor when burning natural gas, which then will be used for
the 3-D CFX and FLUENT models validation by the comparison of the measured and
modeled data;

— Co-combustion of coal and solid biomass aimed at the determination of the optimal
process conditions;

— Combustion of solid biomass at different regime parameters aimed at the determination
of the effect of the various types of biomass burning kinetics, its conditions and
properties aimed at the determination of the optimal process conditions.

Since the experimental rig closely models the conditions which exist in the lower
radiation section of industrial boiler furnaces in the vicinity of burners, the experimental
results obtained thus may be applicable for the designing optimal combustors.

The schematic (layout) of the stand is shown in Figure 1.

Thermal capacity of the unit when burning coal with air as an oxidant reaches 100
KW.
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Figure 1. Experimental down flow reactor VGP-100 B:
1 - experimental sections, water cooled jackets for calorimetry;

2-Burner head with multiple air inlets;
3-ash collector;
4-cyclon for fly ash removal;
5-flue gases duct.

The main part of the unit is a down flow test channel with four diagnostic sections in
which combustion takes place. Each of three initial sections is 0.6 m long with the internal
diameter 0.28m. The last one has the same length and 0.2 m internal diameter. The internal
walls of all test sections have a tree layer protective covering consisting of consecutive
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layers of zircon dioxide, fire clay and asbestos. Each section has a water cooled jacket with
the individual supply and water flow measurement, which in turn allows the calorimetry of
each section. The burner head is equipped with two natural gas burners. The main burner
has an additional channel for the injection of pulverized (ground) solid biomass or coal
together with NG and initial air. The secondary burner is designed to inject natural gas and
air only. There are also additional inlets allowing to inject any of the combustion
components with the respective measurements of the component’s flow rate. Each section
also equipped with the inlets allowing inserting probes and thermocouples allowing direct
measurements of local temperature and flue gases composition.

The experiments of natural gas combustion were carried out in the down flow
cylindrical reactor VGP-100, Figure 1. The temperature of test sections’ walls was
measured by chromel-alumel (type K) thermocouples that were built in the fire proof lining
10 mm deep from the fire layer. Periodical measurements of fire layer of lining were
performed with the pyrometer "DPR-1" through the diagnostic openings. The temperature
of the gas flow on the axis of the reactor was measured by Platinum-Platinum-Rhodium
thermocouples (Type R) with 0,2 mm diameter wires in corundum protective cover with
0,5 mm diameter channels positioned in probes at a midsection of each test section. Hot
thermocouple junctions were covered with a layer of corundum making the bead diametr-5
mm.

Thus obtained data related to the combustion of natural gas of a known composition
were used for the validation of the developed 3-D CFX model of the process along with the
direct temperature measurements which were used as benchmark data for developed model
of measured temperatures correction.

In order to carry out the validation, a complex 3-d meshes of the reactor has been
developed. The mesh represents the experimental stand VGP in general and in minor
details. The main problem of the mesh development consisted in finding an optimum
compromise between the number of mesh cells (which eventually determines accuracy and
calculations convergence time and, thus, the required computer capacity) on the one hand,
and the necessity to represent minor stand details which affect the actual process and are to
be represented in the mesh — on the other.

Combustion of methane in down flow cylindrical reactor VGP-100B of the Coal
Energy Institute of the National Academy of Sciences of Ukraine (ICE NASU) has been
studied. The temperature inside the reactor was measured as follows —temperature of walls
was measured by chromel-alumel (type K) thermocouples that were built in the fire proof
lining 5-10 mm deep from the fire layer with continuous registration of temperature.
Periodical measurements of fire layer of lining were performed with the pyrometer "DPR-
1" through the diagnostic openings. The temperature of the gas flow on the axis of the
reactor was measured by thermocouples, Platinum-Platinum-Rhodium (Type R) with 0,2
mm diameter wires embedded in corundum protective cover with 0,5 mm diameter
channels and put through the diagnostic openings. Hot thermocouple junctions were
covered with a layer of corundum making the bead diametr-5 mm. Lack of thermal
stabilization of cold junctions was accounted for by correction factor for a local air
temperature. The process has been modeled in a 3-d arrangement with the CFX-15 and
FLUENT (Lic.N0o1023420 ) commercial codes.
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Figure 2. Reactor VGP:
a — VGP Reactor, b — geometry model with and without insulation,
¢ — 3-D mesh of the reactor core and insulation

Results and discussion

The results of simulation with CFX and FLUENT software, particularly the
temperature distribution along the reactor axis, heat fluxes from the diagnostic sections
were compared to those observed experimentally.

It was found that the gas temperature measured in 4 points in the middle of each
diagnostic section on the axis were 120-150 °C lower than respective CFX-FLUENT
simulated values. The difference in the obtained data can be explained by re-radiation of
thermocouple beads towards the cooled walls. Thermal balance of thermocouple bead, that
considers both convective and radiant flows, can determine the value of error of flow
temperature measurement on the axis of the reactor.

It should be noted that the model under consideration becomes significantly complex as
a result of taking into account radiant heat transfer between the thermocouple and gas flow,
since gases are characterized by selective spectral energy absorption and emission. The
absorption and emission of energy by monatomic and diatomic gases, including nitrogen,
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oxygen, and hydrogen are insignificant and may be neglected. Polyatomic gases, including
carbon dioxide CO,, water vapour H,O, sulphur dioxide SO,, ammonia NH;, and others,
have a large capacity for absorption and emission of radiant energy. Carbon monoxide CO
also has a significant level of emission and absorption, but this gas occurs only as traces in
the products of methane combustion at a proper air-fuel ratio.

The model of radiant heat exchange of bead with the environment has been derived
under the assumption that the gas has a constant temperature 7, and the wall has a constant
temperature 7.

Flue gas and the walls are considered gray bodies. Radiation of the wall is
characterized by a continuous spectrum and the medium (combustion gases) has selectively
radiation in a form of separate bands e;, gi; €, 2. In the general case the number of such
bands varies.

Radiation heat transfer from the gas to the wall can be expressed as:

Qﬂfwall = (E(;f fl=wall - E(;f.wallafl )Awall s (5)

where A, — surface area of the wall;

E ;1 oans Fog an—p — effective radiation heat flux from gas medium and the effective
radiation of the wall, respectively.

The effective radiation heat flux of the gas medium and the walls was calculated based

upon the balance method. The values can be represented by the expressions that are valid
within certain radiation spectral bands [9,13]:

1
E(/.ﬂ = (Eo 7 )M 4 g van [1 - J >

AL

1
Eef.wull = (EO wall )Aﬂ + qwull—ﬂ (1 - J (6)

wall , AL

The fractions of black body emission of the gas and wall at the limiting values of their
emissivity factors can be expressed by the following expressions:

4
T
_ f o
(EO,ﬂ )Aﬂ = CO [—IOOJ 'Eﬂ B

Twall ) o
(EO,wall )M =G, 100 “E all > (7

where .9;

and ¢ — are limit values of emissivity factors for gas and walls, respectively,

wall
which in case of the wall radiation assumes the black body radiation at the wall
temperature, whereas in case of gas radiation it is assumed that the optical length of the gas
layer approaches infinity, i.e. gas radiates at its spectral bands as a black body.
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The values are determine from the charts [12] at temperatures of gas and wall,
respectively. Gas emissivity &,,, is determined by the following:

_ kleg +kleg, _ Eom  E4En &g

SLAL 0 o (
alblelgl + azbzezgz (Eo,ﬂ )M ‘gﬂ EO,(/I gfl

&

Equation (8) can be interpreted by means of Figure 3. As it can be seen, J, ,J, are
lines that depict spectral radiation intensity of black and “grey” body, respectively at a
certain temperature.

i
oo
b,
& /[i a,
[ : 'lgb bz
|l |\{
|
| |
L | |
e g &; g, A
a1, A,

Figure 3. Spectral radiation intensity of black, grey bodies and selective
radiation of gas

If one suggests that a certain gas radiates within two bands 44; , 44, and energy
emitted within these bands somewhat lower than that of the black body, namely those equal
graphically to the area within the bands e; k; [; g; and e, k> I, go.

At the same time, within the same bands the black body radiates energy that can be

depicted by area e;a1b;g; and e,ayb,g; , see Figure 3. Therefore, the gas emissivity
(absorptivity) within the bands 44, , 44, can be calculated by (8), where &;” can be
interpreted as the emissivity (absorptivity) of a gas layer with infinite thickness within a
whole range of wave length . When taken within all spectral bands the gas radiates, this
value will be equal to the fraction of black body radiation.

The degree of wall emissivity within certain bands A4 can be considered as equal to
integral emissivity factor &€g.an = Ewan - For the stationary conditions regime holds the

following  qpwaii=- Gwaii-fi-
Substituting (7, 8) into (6), we obtain the following expression for the radiant flux Q. ,

that is transmitting from the gas medium to the thermocouple bead:
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Integral values of emissivity factor (absorption coefficient) for a gas mixture, as it was
shown above, in general case is not equal to the sum of the values of the individual
components of the mixture. Thus, for a mixture of CO, and H,O the emissivity factor and
the absorption coefficient are less than the sum of their values for CO, and H,O separately,
due to its partial overlapping of emission spectral bands:

&1 = emotecor — Aeg, (10)

The individual values of steam and carbon dioxide emissivity were taken from [12,13]
at gas temperature and corresponding component’s partial pressure in the gas mixture, and
beam path length, p/ . Average path length of the beam was determined from the following

expression:
4y

l=m—,
A
where V is a volume of a gas body;
m=0,9 — correction factor.

The results of direct temperature measurements with bare thermocouples during the
experimental combustion of natural gas in a vertical reactor VGP-100B (100 KW th) of the
Coal Energy Technology Institute were taken as benchmark values for the validation of the
model. The objective of the proposed model is to derive a comparatively simple equation
which will allow to calculate the temperature of a hot bead of a thermocouple ( 7,, ) placed
into the flow of hot combustion gases at a given (7) and being exposed to the relatively
cold walls at given T,,. Thus, the correction temperature can be determined which is to be
used when direct readings of unsheathed thermocouples which are used for temperature
measurements in media with convective-radiative heat transfer.

The equation was derived under the condition of equality of heat supplied to a
thermocouple bead and the amount of heat, that thermocouple gave off to the walls as a
result of re-radiation. Heat input is realized by means of convective heat transfer, radiation
of hot flue gas and by radiation of heated head burner lining,

For the approximate estimation of the re-radiation effect it was decided to apply the
simplified model of radiant heat transfer between the bead surface and the heated lining
surface under the following conditions: a) bead surface and radiating lining surface are
plane-parallel; b) the area of bead surface, that receives radiation, is equal to a half of the
total area of thermocouple bead; c) absorbing capacity is €,,=0.9; d) the temperature of the
heated lining is taken equal to the temperature of the gas core 7;; Then, the components of
a heat balance of the bead will be:
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(11
Heat, radiated by the thermocouple bead on the wall
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where Tj, T, Tp — temperatures of thermocouple, wall, actual temperature of the gas,
respectively, [K];

h —heat transfer coefficient from the thermocouple bead surface to gas environment;

& y— emissivity factor of gas;

€3, — limiting emissivity factor of gas at I=oo, gas at the temperature of gas, and

gas at temperature of the wall, respectively;
&,— emissivity factor of corundum,

A, — surface area of the bead.

The heat transfer coefficient was calculated for the case of an external flow of hot flue
gases around a thermocouple. The correlation for determination of Nu number was taken
from [9] and thermophysical parameters were calculated by the software EnecCalc3, and
checked with data base [9]:

Nu=2+0.03Re"™ Pr'*+0.35Re"*® Pro (13)

The speed of the flue gases for determining the Reynolds number was calculated on the
basis of process modeling CFX 15 Fluent code (Lic.No 1023420 ) and conventionally
accepted as constant w=4.5m/s. The diameter of the thermocouple bead accepted at d-0.005
m. The values of heat transfer coefficients were calculated for three different temperatures
of incoming flow — flue gases core.

The calculations were performed with variations of temperatures of the gas core within
the limits T; = 2200 ... 1600 K and with the temperature of cooled walls variation so that
the temperature difference between the wall-flow changed recursively 200 ... 400 ... 600 K,
which corresponds to the actual conditions of the experiment. Thermophysical parameters
of combustion products, optical properties of CO, and H,O, both individually and in
mixtures were defined as a result of the process modeling). Convective heat transfer
coefficients were calculated for each pair of the assumed combustion gas and walls
temperatures, accordingly.

Thus derived transcendental equation of 4th degree with nonlinear coefficients was
solved in Mathcad software package as the point of intersection of the two functions (11
and 12). The solution was obtained in graphical and numerical forms.

The results of equations solving for different cases of gas stream and wall temperatures
are summarized in Table 1 and shown in the graph (Figure 4).
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Table 1
Summary table of thermocouple readings at different temperatures of the gas core and walls

Tﬂ’ K Twall’ K Tbead’ K
2200 2000 2077
1800 1986
1600 1910
1400 1854
1200 1814
2000 1800 1880
1600 1792
1400 1724
1200 1677
1800 1600 1686
1400 1606
1200 1548
® 2200
S
= 2100 .
2000
1900 ’////i:z
-
1800 —| S
— -
1700 - 3
1600 T
1500
1000 1200 1400 1600 1800 2000 2200

Twall

Figure 4. Calculated readings of a thermocouple installed in the flow of flue gases and emitting
radiation on the channel wall (7,,,;) at different temperatures of a flow (7p):
1 - T;=2200K, 2- T;=2000K; 3 7,~1800K.

According to the obtained data, shown in the Figure 1, at the actual temperature of
the flow 2200 K and 2000 K temperature of the wall, thermocouples will show the
temperature at 123 K less than the actual gas temperature. At the same gas temperature, the
difference between actual temperature and measured thermocouple will increase to 386 K
at 1200 K temperature of the wall. At 1800 K of core temperature and 1600 K of wall
temperature specified difference will be 114 K that is slightly smaller than the measurement
of a core temperature.

Analyzing the obtained data, one can conclude that re-radiation plays a significant
role in the measurement of temperature at the considered conditions. The graphical
interpretation of Mathcad solution of the developed model at a flow temperature of 1400 K
and variations of wall temperature is presented in Figure 5.
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Figure 5. Calculation by the model for conditions [2,8]

Each abscissa value of the lines’ intersection gives the value of thermocouple bead
temperature at the flue gas temperature 1400 K and respective wall temperature. The bigger
the wall temperature, the closer to the 1400 K value moves the intersection point, and
respectively closer to 1400 K moves the reading of the thermocouple.

To define a degree of reliability of the developed model, the data obtained from the
above calculation were displayed in coordinates given in [2,8] namely, Ty, - difference
between the gas temperature and thermocouple bead temperature as a function of wall
temperature Ty,;. The result are given in of Figure 6.

Apparently, the data obtained from the proposed model are slightly lower than those
given in [2, 8] at wall temperatures below 850 C. This can be explained by the fact that in
our model it is assumed that the bead emits energy by the half of its surface that is directed
down towards the ash collector, as the upper part of the bead is directed to head with
burners, which emit the energy to the bead. In addition, the proposed model takes into
account emission and absorption of triatomic gases in the combustion products, whereas the
models threat the gas flow as a transparent medium.

It seems possible to use the obtained data to adjust the results of a direct temperature
measurement of the thermocouples located at stand VGP-100D, and to compare them with
the calculated data of the CFD modeling process by means of FLUENT and CFX packages.
The comparison of direct measurement readings and with those determined by the 3-d
model and proposed correction are shown in Figure 7. Data in Figure 7 show that the
readings of a direct temperature measurement by thermocouples located along the axis of
the channel of the reactor VGP 100B and respective temperatures determined on the basis
of simulation are significantly differ. This happen because the measurements by
thermocouples are taken under the condition of reradiation from the thermocouples to the
cooled walls toward downstream direction. Correction of thermocouple readings was based
on the model described above. Thus, the calculation of correction factors was based on the
stream temperatures according to the model.
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Figure 6. Comparison of the calculations based upon the developed model and data [2,8].
The solid line are data [2, 8]. The points — calculation by the model.
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Figure 7. Comparison of the results of calculation by means of CFX package with the results of
measurements with a consistent refinement that based on the model of reradiation accounting

The temperature of the wall was taken according to the measurements that were
considered reliable because the wall thermocouples, being embedded in the lining, do not
participate in radiation heat transfer, and their readings are deemed as reliable. Thus,
obtained corrections were added to the thermocouple readings because they reflect the bead
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temperature and not the temperature of the flow of combustion products that flows around
the thermocouple bead. Instead, corrections to the thermocouple readings reflect the
temperature of stream that flow around beads, see equation (11.12).

As it can be seen from Figure 4, based on the readings of thermocouples and proposed
model of measuring the temperature of the flow on VGP channel axis matched with the
modeling results close enough (within 5%), which indicates adequacy of the proposed
model and accuracy of data obtained by measurements by the thermocouples. In general,
the comparison of the results of CFX simulation of the process of natural gas burning in
VGP stand by expendable and operational parameters that correspond to the results of the
experiment, indicates their resemblance, which, in turn, is an evidence of a model
validation (confirmation of adequacy).

Validation of the models was based on a comparison of heat loss from the parts of VGP
stand, that were subjected to calorimetric measurement and losses, that were deducted on
the CFX model basis.

Table 2
Comparison of heat losses on the calorimetric stand sections
Section of the Heat loss measured Heat loss of a A, %

experimental unit on the stand, W model, W

Burner 8600 9113 5.9

Flange of a burner 2500 2320 7.2

Diagnostic section 4300 4641 7.3

Total 15400 15738 2.2

Apparently, there is a close correspondence of the results within 7.5% on sections and
2.2% on stand.

Examples of modeling the processes of natural gas combustion using FLUENT
package in VGP stand are shown in Figure s 5-7.

Figure 5. Temperature field in the axial section of VGP with the supply of 125 m® of air to the
burner head
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Figure 6. Temperature field in the axial section VGP, mode B 41, supply of 77 m® of air to the
burner head and 48 m® to the diagnostic section

Figure 7. Temperature field in the axial section VGP, supply of 25 m* of air to the burner head
and 100 m® to the diagnostic section

Conclusions

1. CFD modeling gives a very powerful tool for the study of combustion processes of
different fuels, allowing any variation of operational parameters and process
components flow rates.

2. The model which accounts for the thermocouple bead heat balance has been
developed.

3. Asaresult of model validation a method of adjustment  thermocouple readings when
measuring the temperatures in the presence of strong radial flows has been presented.

4. A set of 3-d models of the experimental natural gas combustion in the down flow
reactor VGP-100 B was developed. The models may be used for simulation of the
process with a wide range of regime parameters and flow rates variation.
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Introduction. The objective of this work is
mathematical modeling of inhomogeneous hydrodynamic
regime of fluidization, which will improve the efficiency
of heat and mass transfer in processes of obtaining
organic-mineral fertilizers, which include sunflower ash,
stimulating and nutritional components.

Materials and methods. The process of
inhomogeneous fluidization, which causes an active
volumetric mixing of granular material with the intensive
circulation in bed, was held in camera of granulator,
equipped with a special gas distribution device in the
bottom and the directing insertion in the upper part.
Measurements of pressure drop in the bed and video-
fixation of hydrodynamics have been done by using the
special equipment.

Results and discussion. An inhomogeneous regime
of fluidization is implemented with applying the original
gas-distributing device (with a factor of cross-section
¢0=4.9%) and the improved chamber of granulator. An
intensive macro-mixing of a granular material (with an
equlvalent diameter D.=3.97 mm and density p, =1450
kg/m®) is provided with ratio of nominal pressure drop to
height of layer — AP,/Hy>8500 Pa/m and frequency of
pulsations f=1.67 Hz. The absence of stagnant zones
provides the coefficient of granule formation y>90%, and
the average spemﬁc load of bed's surface by moisture a,
=0.8+0.9 kgye/(m*h). A chosen mathematical model was
modified what allowed to define the conditions of the
process considering inhomogeneity in which 25% of the
layer mass is in active phase above the bed with a
frequency f=1.67 Hz. It confirms the results of research
with accuracy of 94.8%.

Conclusions. Hydrodynamics without formation of
stagnant zones in chamber of granulator was implemented.
Modified mathematical model allowed to determine the
intensity of an active volumetric circulating mixing that
will significantly improve the stability of a granule
formation process in dewatering of liquid heterogenous
systems.
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Introduction

Rapid population growth causes an increase in the demand of agricultural products,
quality and amount of which depends on agricultural land [1]. However, over 30% of the
world arable lands have been lost as a result of erosion and pollution by chemical fertilizers
for the past 40 years [2]. The deterioration of state of the environment compels the
humanity to seek ways to reduce the negative impact on the soil [3].

In modern terms to increase yields is advisable to create a complex granulated organic-
mineral fertilizers that contain mineral nutrients NPK, deoxidizing additives and humic
substances, contributing the simultaneous soil formation.

As phosphorus-potassium substances a sunflower ash which is obtained by burning of
husk can be used in the production of fertilizers. The husk is a by-product of sunflower oil
production, percentage of which in market is constantly increasing, and reached to 6.6%
among 17 oilseeds. This is evidenced by the constant increase of acreage for planting of
sunflower in the world and at the year 2016 amounted to 25,640,000 Ha [4].

Content of the main valuable components that are a part of sunflower ash is 93.67% of
the total weight, Table 1, and the rest 6.33% — Zn, C, Co, Mn, Fe, Mo [5].

Table 1
The chemical composition of sunflower ash

Chemical compounds | K,O | CaO | MgO | SO; P,Os

wt.% 31.40 | 19.07 | 18.58 | 13.68 | 10.94

Dehydration and granulation of a sunflower ash water solution is proposed with an
implementation of rotary drum granulators [6—8], but due to the lack of nitrogen-containing
components and humic substances the effectiveness of their use reduces. The authors [9—
11] propose to eliminate the aforementioned drawbacks by pressing the mixture composed
of ammonium sulfate and humic substances in addition to sunflower ash, but in this case
the component distribution is at macro level and finished product have a low strength and
great capacity for caking.

To obtain a granular product with desired properties the most effective is technique of
fluidization which allows to combine multiple technological stages in one device with the
coefficient of heat using more than 50%. An important factor for implementation of this
method is hydrodynamics [12].

Effectiveness of the process kinetics depends on the hydrodynamic regime in chamber
of granulator, which provides the necessary intensity of renewal the contact surface of
phases by moving a considerable mass of granular material.

Therefore, research of hydrodynamic regime of fluidization that provides an active
volumetric mixing of granular material with an intensive circulation in bed with absence of
stagnant zones in chamber of granulator and on the surface gas-distributing device and
significantly to intensify the process by the use of heat carrier with a temperature that is
significantly higher than the melting point of nitrogenous components is topical.

The aim of experimental research is to determine the conditions under which the jet-
pulsating mode of fluidization provides an active volumetric mixing of granular material
with an intensive circulation in bed.
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Analysis of scientific works

Researches of the transfer process in a bubbling mode of fluidization were held in
works of D. Gidaspow, J. Davidson [13, 14] and other. In the main they considered the jet
injection of gas flow with the further movement of gas bubbles formed in layers of granular
material with height H>1m.

In particular, the authors [15] propose to improve a layer mixing due to formation of
large bubbles Dg,params/ Dousbies<1.5, that in a layer partially moves its part while lifting.
Material that is above a layer is sliding due to a presence of stern in a lower part of the
bubble. With this is proposed reduction of a step between the gas jets in the gas distribution
device. In this can be achieved a merger of bubbles with the formation of a large one,
occupying nearly the whole volume of chamber, thus providing a local piston mode of
fluidization. However, movement of a granular material into the bottom of an apparatus
chamber is significantly slowing and respectively its circulation to.

Regularities of inhomogeneous fluidization were profoundly investigated in the works
of scientists [14, 16—18] but most fully the interaction of gas with solid particles in
dispersion medium was investigated in the [13].

The author [13] propose a determination of the total pressure drop as the sum of three
basic components: pressure drop due to momentum of gas and solid particles, pressure drop
due to friction of gas and particle and pressure drop due to the weight of solids, that can be
written in differential form as [13]:

dP dP dP dP
e B - It - R 2 ()
dZ total dZ momentum dZ friction dZ elevation

APtotalz APmomentunz+ (APﬁiction due to gas+ AP_/iiction due to solids)+ APelevation- (2)

Pressure drop in the bed due to momentum of gas and solid particles in integral form
[13]:

APmumentum = (gppp‘/; + ggpg‘/; )HO s (3)

where ¢,, &, — void fraction of solid particles and gas; p,, p, — density of solid particles and
gas, kg/m’; v,, Vo — velocity of solid particles and gas, m/s; H, — height of the motionless
bed, m.

Pressure drop due to friction of gas and of solid particles [13]:

2f.e,pviH,
APfriL‘tiun dueto gas = % s (4)
o 1 —
APfriL‘tiunduetugas = 57 10 ? EggvgngHO th B 5)

t

where f;, — coefficient of gas friction; D, — diameter of the apparatus, m; 0=(g,p,Vv,)/(€gpgV,) —
the loading ratio of solid and gas phases.
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Pressure drop due to the weight of solid particles [13]:
APelevatiun =& (pggg + ppgp )HO N (6)
Thus, the equation (2) in expanded form:
2f,&,p,v H, .
D

. ' (7
+5.7-10’2E.egvgng’H0 gD, +g(pg£g +ppgp)H0

t

AP = (epppv; +sgpgv;)H0 +

total —

Materials and methods

Experimental installation

In order to achieve the specified requirements for the granular product was used a
specifically developed method of the experiment [19].

Investigation of the hydrodynamic mode of fluidization carried out at the experimental
installation of granulator with the chamber sizes 4 xBxH=0.3x0.11x0.8 m. To create a jet-
pulsating mode of fluidization, the chamber of granulator in a bottom part is equipped with
the gas distribution device (GDD) of a slit type [Patent of Ukraine Ne 109509 IPC B0O1J
8/44. Gas distribution device of a fluidized bed apparatus], and the with the guiding
insertion at the top [Patent of Ukraine Ne 95431 IPC B01J 8/44. Section of fluidized bed
apparatus]. The cross-section coefficient of GDD is ¢p=4.9%, and a step between the slits,
relatively to a chamber'r's width — r=0.44 [20].

Materials

As a granular material was applied a polydisperse granular product on the basis of
sunflower ash and ammonium sulfate with additives of humins containing components.

It was obtained by the application of dehydration of composite liquid systems in the
apparatus of a fluidized bed [Patent of Ukraine Ne 4465. IPC C05 G 1/00. The method of
granulated organic-mineral fertilizers production]. Equivalent diameter of particles D.=3.97
mm and density — p,=1450 kg/m’. Mass of loaded into the apparatus bed of granules was
My =8.2 kg. From this mass the bed height was determined as Hy=0.32 m and the nominal
hydrostatic pressure AP,,,,=2780 Pa at porosity ¢, = 0.4.

Measuring complex

Pressure drop in the bed was continuously measured by the computerized system with
using of low pressure sensors MPXV7007DP with an accuracy + 0.1 Pa and the frequency
of 63 measurements per second (63 Hz) connected to the computer via the controller
Arduino Pro Mini. The scheme of placement devices and sensors for fixing data is shown in
Figure 1.
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Figure 1. The scheme of computerized system for measuring the pressure drop in the
experimental installation
1 — fluidized bed granulator; 2 — gas blower; 3, 4 — low pressure sensors;
5 — controller; 6 — computer; 7 — video camera

The porosity of bed was determined with the use of photo-analysis of the bed state in
time with step At = 0.04 s. The calculation of velocitiesthat are included in equation (7)
was carried out by the known dependencies of Reynolds number from Archimedes number
(Re=f(Ar)) [13,14].

Results and discussion

Physical modeling of inhomogeneous fluidization

Apparatus is roughly divided into three zones /-/II (Figure 2, a) with almost the same
width 4/3. Inside the zone II at height Hjiguion zone» Which is 0.68H, is a dispersant for
filing the liquid phase.

The basic technical idea is to organize such interaction of gas phase with solid
particles, which would ensure an active granular material passing through the irrigation
zone (1), relaxation (/), intensive heat transfer (D), located directly at the surface of GDD,
and upward flow through the zone (/I]) — airlift (Figure 2).

The gas jet through the slits of GDD is filing into a chamber of granulator by two
streams: horizontal — point p and at the angle o — point k, (Figure 2, b).

Long range of a gas jet in horizontal direction (p. p) x,, depends on the volume flow
rate of fluidizing agent x,,.=f(V) and in active mode is almost equal to the width of
fluidization zone II (A/3). Vertical part of the jet (from p.p) is connecting to the stream
(from p. k) at the height A+, As a result of this method of filing the fluidizing agent at the
height of the torch y,; that comes out of p.k there is horizontal coalescence of gas phase in
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zone I11. This further causes an intense inertial ejection of the granular material into space
above the bed. Velocity of these particles must be sufficient for moving to the surface of
zone [ (line segment bc) when contacting with the insert 3 (Figure 2).

N Xhorizontal \Y 181715 a:2

AH](I)
=2/
AH]](U

k

|
2 - T f§~ Nainy “Neam
I 5
Tl el ‘ 1
2 a Enrggle
] < R
= il
L/
D t
A
a b

Figure 2. Physical model of the jet-pulsating mode of fluidization
a — the flows scheme in chamber of the apparatus; b — scheme of forces acting on the gas jet in
working area GDD; 1 — gas distribution device (GDD);
2 — chamber of granulator; 3 — guiding insertion;
I — zone of downward movement (a, b, ¢, p); 1I — transition zone (p, c, d, k);
III — zone of an upward flow (the ascending zone) (k, d, f, e); D — zone of an intense heat
exchange

As a result, there is a significant pulsational increase of a bed height in zone [ to
magnitude AH=(0.4+-0.8)H, (Figure 2) and as a result the hydrostatic pressure in zone of the
downward movement / (p. p) is significantly increasing. This leads to shifting of large mass
of granular material into transition zone /I, through the line ¢p as the pressure N acting on
the p. p increases due to it's vertical and horizontal components (Mo =K"Nyertical), (Figure 2,
b). For this reason, further is happening the displacement of a gas torch trajectory (that
comes out of p. p) and its union with stream from p. k. Thus, gas heat carrier that is injected
into the zone //I creates a local piston-mode of fluidization (Vyubbles=0.33+ Vapparatus) the zone
of an upward flow III by increasing of pressure of material in zone / and /1.
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This physical model of inhomogeneous fluidization (Figure 2), is possible at velocity of
particle moving out of the bed W,,,,;,,.>2 m/s, and is calculated from the equation, m/s, [21]:

Wmoving:(z'g'HO)l/z' (8)

Justification of the mathematical model

With taking into account the developed physical model in the momentum equation (3)
and in the pressure loss equation (6) for H, is necessary to enter a variable additional of
material bed height H,,..0=f(t) that is transferred into the zone I. This depends on the
intensity of the hydrodynamic mode. Accepted that for each moment of time g, +e,~1.

taking into account of these assumptions, an equation (7) takes the form:

2f.6,p,viH, .

b ©)

L1
45.7-107 e P OHgD, +g(p,e, +p,e, ) (Hy+ H,yp,)

t

AP = (817!0[7‘/127 + ggpg‘/; )(HO + Hvariable) +

total —

Experimental studies of hydrodynamic mode

The dynamics of pressure drop fluctuations in bed with volumetric flow of fluidizing
agent 7=0.039 m®/s and number of fluidization K,,=1.02 as a graphical dependency and
photographs of layer state in local extremums AP are presented on Figure 3, 4.

Maximum values of pressure drop in the bed at a K,, = 1.02 are lower then AP,,,. This
indicates the absence of inertial mass transfer of bed.

2800 |APw Pa

—s=-——A-T--F-T1T--1FT—-—-1-FT—-—-%——1-
N

2700

0 v ] W
oA N N
oM Wl IV WM
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o0 i \W

2100

1,8
2000 | |
0 016 032 048 064 08 096 1,12 1,28 144 16 1,76 1,92

AP(experimental) — — — AP(nominal)

Figure 3. Experimentally determined dynamics of pressure drop changes in bed
for H,=0.32 m, K,=1.02 and frequency of pulsations /=1.47 Hz
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A: 1=0.00 s B: 1=0.34 s C: 1=0.68 s

Figure 4. Experimentally determined photofixation of bed at minimum and maximum values of
pressure drop for H;=0.32 m, K,,=1.02 and frequency of pulsations /~1.47 Hz

The minimum values of AP, (Figure 4 A, C) AP,<AP,om comply with the conditions in
which vertical jets, emerging from two slits are combined into one at height y,=80-+-100 mm
[12] and locally pass through a bed of granular material, causing a small inertial particle
removal (point B), that is characterized by a slight increase of AP ux-APnom <100 Pa. Thus
the kinetic energy of particles that are moving from the bed is insufficient to interaction
with the directing insert 3, Figure 1. Therefore, moving of granular material from the zones
II and [II into a zone I do not occur. That means that there is no motion of material into
space above the bed.

When increasing the energy of the gas flow injected through the slits of GDD to the
bed of granular material, for values of 7=0.0528 m’/s and K,=1.37, Figure 5, pulsation
frequency increases from f=1.47 Hz to /~=1.67 Hz, that is confirmed by the photographs of
bed condition in local extremes, Figure 6.

For these conditions the amplitude of exceeding the nominal pressure
AP,,,=2780 Pais AP,,, =670 Pa, that indicates moving of the particle mass into space
above the bed. This mass is equivalent AM,=(AP,,,,;-A-B)/g and in this case is 2.01 kg.

Value of AP, is considered as parameter that determines mass of the bed. So in this
case the ratio of AP,,,./AP,,,>0.25 indicates that the number of cycles required to exchange
of all the mass of bed n.~=4 implemented by 1=2.4 s. It means, that the system works in
auto-oscillatory mode [15]. In this case, energy that enters with the fluidizing agent is
enough for implementation of the jet-pulsating mode of fluidization with intensive moving
of particulates out of bed and efficient transport of it into the zone / (Figure 5, 6). This It
confirms position of the physical model.

The minimum values of AP, (Figure 5, 6) are 0.8P,o, and appear as a result of moving
the material out of the bed (Figure 6) — points 4 and C. The height of bed in zone /
significantly increases with a simultaneous movement of granular material into the middle
of zone II and to the lower part of zone / (Figure 2).

788 ——Ukrainian Food Journal. 2016. Volume 5. Issue 4



Processes and Equipment of Food Productions

3600 ~ APy, Pa

aon NN i
3000 { \ \\

2800 l
2600 _/ 1 \_,\___7____ T -———--7/.__
N

QJ’
L~
>
—

Y Id Vv
1,8
2000 ‘ ‘
0,00 0,16 0,32 048 0,64 080 096 1,12 1,28 144 160 1,76 1,92
AP(experimental) — — — AP(nominal)

Figure 5. Experimentally determined dynamics of pressure drop changes in bed for
Hy=0.32 m, K,=1.37 and frequency of pulsations /=1.47 Hz

A: 1=0.52 s B: 7=0.80 s C:1=1.18s

Figure 6. Experimentally determined photofixation of bed at minimum and maximum values of
pressure drop for H;=0.32 m, K,,=1.37 and frequency of pulsations /~1.47 Hz
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The peak of pressure drop is observed when energy of the injected gas phase is
expended on formation of gas bubbles i.e.:

APmax - APnom:(l - EO)ngubbles (10)

where Dy,ps — Vertical size of voids formed in the bed, m.

The effect of oscillatory jet-pulsing mode is reinforced by presence of pulsations
expenditure of gas-blower (Figure 7) that occur in opposite phase against the bed
pulsations.
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V(actual) — — — V(nom.)

Figure 7. Experimental obtained values of volumetric flow changes when filing fluidizing agent
for K,,=1.37 and frequency of pulsations /=1.67 Hz

At the same time, the volumetric flow value of fluidizing agent is changing within the
limits 0.049 m*/s<V<0,0545 m*/s with a frequency f=1.67 Hz.

Analysis of the dynamic changes of the void fraction

For calculating the dynamics of changes of the total pressure drop according to
equation (9) a bed void fraction was defined. Dynamics of the void fraction change in
selected zones and the average values are shown on Figure 8.
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Figure 8. Dynamics of the void fraction change in selected zones (Z, IT and III) and the average
values in chamber of an apparatus for Hy=0.32 m, K,=1.37
and frequency of pulsations /~1.47 Hz

The selected time interval 0.24s<1<0.84s is a typical cycle that is repeated in further.
So in the ascending zone /I void fraction is changed with pulsations. So in the ascending
zone [1I the void fraction is changed pulsatingly within the limits of 0,63<¢;;,<0,77 with the
pronounced local extremes. The change of voids in zone /I 0.46<¢g;,<0.70 is also in
pulsating mode with coincidences of the maximum values at the time interval of depending
&,=f(r) for zone III. In zone I a practically constancy values of void fraction at the level
€~0.4 is observed, except certain cases (¢~0.58), when the void fraction reaches the
maximum values in adjacent areas. The calculated average values of the void fraction in the
bed varies within the limits 0.5<¢,,6:4.<0.65. It is logical that the frequency of changes
void fraction is equal to the frequency of pulsations f/=1.67 Hz.

Analysis of the dynamic changes in the height of bed

The experimentally determined height of bed in three zones taking into account a local
growth of bed due to changes of void fraction is shown in Figure 9.
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Figure 9. Dynamics of the bed height change in selected zones (/, II and II1) and the average
values in chamber of an apparatus for Hy=0.32 m, K,=1.37
and frequency of pulsations /~1.47 Hz

Dynamics of the bed height change confirms the pulsating movement of the material
mass in bed from zones /7 and /I into zone /. Thereby increasing the height of bed in zone
of downward movement (/) to magnitude / AHm,=280 mm with frequency f=1.67 Hz
causes an increase in weight of bed in a zone I and an appropriate increase of vertical and
horizontal components of material's pressure on the gas torch in p.p and pc lines, Figure 2.
This provides an increase of the horizontal jet range, xp.., and therefore reduces the
probability of formation of stagnant zones on the work surface of GDD.

Verification of mathematical model

Based on the results of experimental studies by defined values of void fraction of the
bed of granular material, Figure 8, and its height, Figure 9, by equation (9) the values of the
total pressure drop of bed are calculated AP,,,,. Comparison of the results of solving
mathematical model with experimental data (AP,eimenar) and with nominal value AP,y is
shown on Figure 10. The comparison shows the satisfactory convergence with the
correlation coefficient 6=5.2%.
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Figure 10. Comparison of the results of solving mathematical model with experimental data of
the total pressure drop of bed for Hy=0.32 m, K,,=1.37
and frequency of pulsations /~1.47 Hz

Result of the work is that theoretically substantiated and experimentally proved that
applying of the jet-pulsating mode of fluidization allowed to provide an intense circulation
of granular material in the apparatus at values AP,/Hy>8500 for an equivalent diameter
D.=3.97 mm with the minimum value of fluidization number K,=1.37.

Conclusion
Mathematical model of hydrodynamic regime of fluidization allows to calculate the

intensity of the circulating mixing in bed what is necessary to provide a stable kinetics of
the process of obtaining complex granular organic-mineral fertilizers.
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Marepianu i meromm. JlimigHi emynbeii miomiB  (OripkiB, rapOy3a, KaByHa)
orpumyBann B amapari Cokciera 3a KIACHYHOIO METOAMKOI 3 BUKOPUCTaHHAM
PO3YMHHHKA XJIOPO(GOPM-ETaHONI. [HTEHCHUBHICTH OKMCHHMX IIPOIIECIB OLIHIOBAM 3a
PO3pO0IIEHOI0 METOIMKOI0, 3aCHOBAHOIO Ha peakii kapOoHunbHuX crionyk (KC) y maposiii
¢aszi 3 2,4-nuniTpodeninrigpazuHom. Posmoain yacrok 3a posmipamu (PSD), (-morenmian
komoigHoi ¢pakuii OyB 3pobneHuit Ha anamizatop Malvern Zetasizer Nano ZS 3 xyroMm
BusiBiieHHs1 173°C. BinHOBJIEHHs CBIXKOTO CMaky i apomary, BTPaueHOro HpH TEIUIOBil
00poOI1Ii, OIIHIOBAIM HA XPOMATO-Mac-CIIEKTpOMeTpHuYHii cucteMi Agilent 6890N/5973.

PesynbraTn i o6roBopennsi. JlocmimkeHHs Oa3yeTbcs Ha TOMY, IO MOJICKYJIU
CHOJIYKH-TIONEPEHUKA MOXKYTh BUTPUMYBATH PEXHMHU IEpepoOKH, TOHi sIK (hepMeHTH i
apoOMaTHYHI CIIONYKH 4acTo PYHHYIOThCs. Bennka 4acTMHa apoMaTWYHUX KOMIOHEHTIB —
MPOMIXHI CIIOJYKH peakiii Mik cyOcTpatoM (TiIpONepeKUCHUMHM IOXi1THUMH JIiMiJiB,
HPO) i BimnoBignumu depmenramu (rigpornepokcun iiasu, HPL). HoBumu acriekramu B
YTBOPEHHI CBIXKHMX apOMaTiB MOXYTh CIY)XUTH yYMOBH IIONEPEIHBOI OOpPOOKH IUIOMIB i
YMOBH TepeOiry(hepMEeHTaTUBHUX PEeaKIliii.

3MiHM apOMaTHYHHX KOMIIOHEHTIB POCIMH y MpOLEeci TeIIoBoi abo KOMOiHOBaHOI
00poOKM TOB'Si3aHI 3 TEPETBOPCHHSIMM JIIMIJHAX KOMIIOHEHTIB. JlOCTymHICT X
KOMITOHEHTIB JJIsl 3ifiCHeHHs ()EpMEHTAaTUBHHUX peakLiil 3aJeXHUTh BiJl PO3IOALTY
JMIITHAX YaCTHMHOK 3a pPO3MIpOM, IX NOTEHWIHHOI pyxiuBocTi. B cBiXuX momax 3i
301IBIIEHHSIM TiJPOJUHAMIYHOTO PO3MIpPY YaCTOK 1 3MEHIICHHsIM (-ITOTeHIialy IOB's3aHi
(bepMEHTATUBHI MPOLIECH MPHU3BOASATH 10 YTBOpEHHs cBikoro 3amaxy (GLVs). ¥V mmogax,
0 TpOHIUIM KOMOIHOBaHY OOpOOKY, 30UIBIIYETHCS KOHLEHTPALis TiJpONepeKHCHUX
3'emHaHb (CyOCTpaTy) 1 3HWKYETBCA JOCTYIHICTh MEMOpPaHO3B’s3aHMX  (DEPMEHTIB
rizponepokcummiazu HPL.

[lin wyac wHarpiBaHHs y Bakyymi (pospimkenHst 6+1 klla, Temneparypa 32+2°C)
CYCTICH/IOBAHUX POCIMHHUX T'OMOreHarTiB cyOcTpar-pepMeHTHi B3aemoaii HaHOiLbII
IHTEHCHBHI 4epe3 yMOBH MeX(a3HOi akTHBallii, KOJH BiIOyBa€eThCsl 3MiHA TiApopoOHOT
B3aeMOIii, KOBaJIEeHTHUX 3B's3KiB, BaH-nep-BaanbcoBux cui. Taki edextu 3abe3nedyrorh
MOTIMOJICKYIIApHY ancopOIito i OiocuHTe3 3eieHoro 3amaxy GLVs B mwromax micis
TEIUIOBOI 00POOKH.

BucHoBku. Y nozpansuioMmy HeoOXiHE TPOBEACHHS €KCIIEPUMEHTIB JUIsl BiJIHOBJICHHS
CBIKOTO apoMary 3a JOIOMOroi (epMEHTIB, OTPUMAHUX 3 POCIHHHHMX MaTepiaib.
[Nocunenns mpodino apomaty Oyzae BigoOpa)kaTUCs Ha 3HMDKEHHI KiNbKOCTI coii abo
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IYKPYy, IO BHKOPHCTOBYIOTHCS B IPHUIOTYBaHHI 0araThbOX NPOAYKTIB i, OCOOJNUBO, Y
BUPOOHUIITBI 3HEKUPEHOI TPYITH.

KarouoBi caoBa: apomam, comozcenam, nonepednux, epmenmu, cyocmpam, (-
nomenyia.

BniuB 00po0xy OKHCHIMH BHOLTIOBATBHUMH PE4OBHHAMM Ha KOJIIpHi
napaMeTpH HIKApPaJdynu Bojocbkoro ropixa (JuglansRegia L.)

€prenis Boari
Texuiunuu ynieepcumem Monoosu, Kuwuney, Pecnybnika Monoosa

Beryn. Bonockki ropixu paHilie MpoaaBainucs B HEBUOIJICHOMY CTaHI, aje MOMUT Ha
TOPTIBJIIO TPU3BIB JI0 3arajibHOI MPAKTHKKA BHOLTIOBaHHA. 3aBIaHHS bOTO AOCIIIKEHHS —
BH3HAYUTU BIUIMB Di3HMX BHOLTIOIOYMX PEYOBHMH Ha sapa Bojochbkoro ropixa (Juglans
Regia L.).

Marepianu i Metomu. [[s KiJbKICHOrO BH3HAYEHHS KOJIBOPY 3aCTOCOBYBAacs
HAMITONYJISAPHIIIA CUCTEMa KOJIbOPOBOTO 300paKEHHs CLIIBCHKOIOCIIONAPCHKUX MPOIYKTIB
Mixxnapoanoi kowmicii 3 ociTiienns (CIE), B sikiit BukopucToBylOThCS iHAGKCH L*, a* i b*.
Takoxx Oyma po3paxoBaHa 3aranbHa pi3HuIs B kombopi (E), cepenne apudmernyne
3HAYEHHs, SIKE BPaXOBYeE BiAMiHHOCTI Mk L*, a* 1 b* 3pa3ka i cranmapry.

Pesyabratn i oOroBopennsi. Y pe3yibTaTi aHamizy OTPUMAaHUX 3HAYeHb JUIs
KOJIbOPOBHX MapaMeTpiB Uil KOXKHOTO 3 BHKOPHUCTAaHHMX BHOUTIOBAIILHHX areHTiB Oyso
BCTaHORBJICHO, III0 BOHHM BapilOIOThCS 3aJICKHO BiJ BUOUTIOBAIBHOTO areHTa, KOHIICHTpAIIT,
pH cepenoBuia, TemmepaTypu i 4acy YTPHUMYBaHHS BOJIOCBKMX TOpIiXiB Yy PO3YHHI.
KoHrneHnTpanist Mae Benuke 3HAYeHHs, 1 ii 30ULIBIIEHHS CKOPOYYE 4ac, HEOOXIMHWHA IUis
JIOCSITHEHHSI O4iKYBaHOTO pe3ysbTaTy. 3HaueHHs pH cepenoBuia Bigirpae BaxJiuBy poiib y
KaTaJIiITAYHOMY OKHCJIeHHI. BHOUTIOBaHHS 1 SICKpaBiCTh MIKaparynu Bollockkoro ropixa (L)
30inbLIyIoTHCS 31 301nbmeHHsM pH Bin 3 mo 10. JochimkeHi areHTH yTBOPIOIOTH TAKUH psijt
BHOLTIOBaNIbHOI akTUBHOCTI: Na,B,04(OH),>Okoron 12>H202> Ca(ClO),. BcranosneHo,
0 ONTHMAaJbHHUMU yMOBaMH BHOUTIOBaHHA 3a momomororo Na,B,0,(OH); e: C=5%,
pH=10; t=60 °C.

BucHoBok.Yci BuOiIOBaNbHI PEYOBHUHU BUSBIIMCS TNPHIATHUMU JUIS OCBITJICHHS
HIKapaJynyu BOJOChKOro ropixa. ITopiBHsHO i3 mmpoko BukoprctoByBanum H,O, mporec
CTapiHHS PO3BUBABCSA OMHOYACHO, alie CIOCTEpirajaucs BIAMIHHOCTI B 3arajbHidl 3MiHI
OCBiTIIEHHs1. 3pa3ku, 00polIIeHi epoopaToM HATPito, 3ATUINATUCS CBITIIIIUMU.

KurouoBi cjioBa: sosnocbkuti eopix, Koaip, uOiIO8anHs, nepokcud 600HIO, nepbopam
nampiro, Oxopon 12, cinoxaopum Kanibyiio.

KommnonenTHmii ckian egipHoi oJ1ii KopeHenm 104y peAbKu

T'anuna Cemrorina, Oxcana I"amoHieBa
Xapxiscokuil Oepoicasrull yHieepcumem xapuyeants ma mopeieni, Xapkis, Ykpaina

Beryn. Kopernenmonau pepKu MiCTATh Y CBOEMY cKJIai eipHi odii, sIKi 3HAXOIATHCS Y
(hopMi TIIIOKO3UIIB 1 3yMOBIIIOIOTH ii crierudiuHuil 3amax Ta cMak. BMICT JIETKUX pEUOBHH
€ BXJIMBIM TIOKa3HUKOM JJIsl BU3HAUEHHSI CIIOYKMBYHMX XapaKTEPUCTUK KOPEHEIIOAY.

796 ——Ukrainian Food Journal. 2016. Volume 5. Issue 4



—— Abstracts

Marepianu i Meromm. J{oCTiPKEHO KOpPEHEIUIONW peabKu copTiB HopHa 3uUMOBa
Ckeupchka, bina 3umoBa CkBupchka, Mapyiika, Jleoinka, Tposamgosa, Cepiie npakoHa,
Maprenancbka Ta naiikon bine ixio. Inentudikarito Ta KiIbKICHUI KOMIIOHEHTHUH CKJI1a]
edipHHX OJIiil peibKu BU3HAYAIIM METOJIOM XPOMATO-Mac-CIIEKTPOMETPIi.

PesyabraTu i odroBopenns. CkiaaHi JIETKI KOMIO3UIIIT, BHIIEHI 3 KOPEHEIUIOIIB
peNbKH PI3HUX TOCHOAAPCHKO-OOTaHIYHMX COPTIB, TOJOBHUM YHHOM IPEICTABIICHI
TaKUMU CIIOJTYKaMU: BYIJICBOJIHI, CIPKOBMICHI PEYOBHHH, OpPTaHiuHI KUCIIOTH, aJibICTiH,
edipH, KETOHH, TEPIICHHU, CIIUPTH Ta apeHH, 3arajbHa MacoBa YacTKa SKUX 3HaXOIUTHCS B
nmiamasoni Big 23,69 mr/kr (Jlebimka) mo 1605,94 wmr/kr (bima 3umoBa CKBHpPCHKA).
Bussieno Big 26 1o 40 XiMIYHHX CIIOJIYK, OUTBIIICTD SKHUX € CenUGiYHUMHU T KOXKHOTO
JIOCTIPKYBAHOT'O COPTY, ajiec 14 pEeuoBMH CHUIBHI JJIS BCIX COPTIB pEIbKH: HOHAHAJb,
NeHTaJcKaHamb, iokTwidranar, auizo0yrwidranar, CKBaJieH, JIHOJNEBA KHUCJIOTa,
JIHOJICHOBA KHUCJIOTa, OJIETHOBAa KHUCJIOTA, CTEApPUHOBA KHUCIIOTA, TPUKO3aH, TETPaKo3aH,
TIEHTaK03aH, TeKCAKO3aH 1 relTako3aH.

Pi3HOMaHITHHII KOMIIOHCHTHHI CKJIaa JIETKUX PEYOBHH pEAbKH O0O0YMOBIIIOE
cneuudiyHicTh Ta IHTCHCUBHICTH ii apoMmaTy, Ma€ CYTTEBHH BIUIMB Ha CMaKoBi
BJIACTHBOCTI, @ TAKOXX 3yMOBJIIOE€ aHTHOAKTEpialbHy aKTUBHICTh II0JI0 TPAMIIO3UTUBHHX 1
rpaMHEraTHBHUX MiIKpOOPTaHi3MiB.

BucnoBku. Brepiie npoBesieHO KOMIUIEKCHE JOCITIDKEHHS SIKICHOTO Ta KUIBKICHOTO
CKJIaJly JIETKUX PEYOBHH KOPEHEIIOAY PEIbKH B COPTOBOMY PO3pi3i.

KurouoBi ciioBa: peovka, egipni onii, iemxi peuosunu, apomam.

OuuIeHHS COKY 3 HYKPOBUX OyPSIKiB eJIEKTPOKOATYJISLIE€I0

Xabibex Asisi', Baxio Xaxivzadex', Xoccein Anisadex F'onecmani’
1 - Kagheopa xapuosoi nayxu i mexnonoeii, Kyuancoxa ¢inisa Icnamcwvrozo azadcvkozo
yuieepcumemy, Kyuan, Ipan
2 - Kageopa ximiunoi inaxcenepii, Kyuancoka @inis Ienamcokoeo azaocvkoco
yuieepcumemy, Kyuan, Ipan

Beryn. I[poBeseHo nOCIiIKeHHST 3 METOK BUBUEHHS MPOIIECY €IEKTPOKOATYIISIIIT SIK
HOBOT'O METOAY JJIsl BUAIIEHHS TOMIIIOK 1 CHONYK HE IYKPIB 3 IYKPYy-CHPIIO OypSKOBOTO
COKY.

Marepianu i meToau. J{ociimKeHHs] BAKOHAHO B MEPIOJMIHOMY XIMIYHOMY peakTopi,
o0amHaHOMY 0aKOM Ha 5 JI, IO MICTUTh 3 aJIOMIiHIEBUX aHOMHHUX 1 3 3aJli3HUX KATOTHUX
eNIeKTpoaH, 3'emMHaHi mapanensHo. Jocmimkeno BB Hampyrd 5, 10 i 15 BombT, yac
00poOku 3 15, 30 i 45-XBUITMHHUMU iHTepBasamu i 3HaueHHs MHu pH 6, 7 1 8 Ha uncrory,
KaJaMyTHICTb 1 KOJNip I[yKPOBOrO OYpSIKOBOI'O COKY 3 BHKOPHUCTAHHSM METOAY MOBEPXHI
Biaryky bokc-BeHkeHa i CTaTHCTHMYHOrO IMPOEKTYBaHHS HA OCHOBI MPOrPaMHOro Makera
Minitab 17.

Pesyabratn i o0roopenHsi. B Xxoxmi mpolecy eJIeKTpOKOaryisiii KalaMyTHICTh
3MEHIIYETHCS 3 MiJBHUIIEHHSM HANpYTrd. 3 MiJBUIIEHHSIM Halpyrd PO3YMHHICTH aHOAHHUX
CIICKTPO/IIB TAaKOK 30LIBINYETHCS, IO MHPU3BOAUTH IO BHIAICHHS OIIBIIOI KIJIBKOCTI
3a0pyIHIOBATBPHUX PEYOBHH. TaKMM YHWHOM, 3HIDKCHHS KaJaMyTHOCTI 1 30UIBIICHHS
HANpYrd MoOXKe OYTH MOB'sI3aHO 31 301NBIICHHSM BUPOOHUIITBA CTPY)XKH, B TOH 4Yac SK
3MiHM B 3Ha4eHHI pH He MaloTh iCTOTHOrO BIUIMBY Ha KaJaMyTHIiCTb. Xoua 301IbIICHHS
HAIPYTHU ICTOTHO HE BIUIMBAE Ha IMOCWJIEHHS KOJIbOPY, IIPOTE BOHO MOXeE OYyTH IIOB'sI3aHe 31
301IbIIEHHAM Oyab0aIIoOK 1 MOJANBIINM IiABUIIEHHAM (EpPMEHTATUBHOI aKTUBHOCTI B
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nporeci diorarfii. 301IBIICHHS (PEPMEHTATHBHOI aKTUBHOCTI IiJICHIIIOE KOJIp MENaHIHY
MPOTSTOM TIEBHOI'O Yacy 4epe3 BIOKPUTICTh peakTopa mia vac (ioramii i aepamii. OxHax
30inbIIeHHS 3HaueHHs pH He3HauHO mocwiioe Koiip. PesympTath mokasaimu, IO
MiJIBUIIEHHS HANPYrW TPU3BOAUTH 10 30UIBIIEHHS CTYNEHS YHCTOTH. PO3YMHHICTBH
AHOJHHUX CJICKTPOJIB 30UIBIIYETHCS 3 MIJABHMIICHHSAM HANPYrH, 3TOIOM OLTBII BEJIUKa
KUIBKICTh ~ JIOMIIIOK BHIAIAETHCA IIUIIXOM BHPOOHHIITBA TiIPOKCHAY AJIOMIHIIO.
[TigBuIIEHHST HANIPYTH TaKOX MPU3BOIUTH JO OTPUMAHHs OiIbIIOI KiBKOCTI Oyab0aIok,
SIKI TIOCHJTIOIOTh KOHTAKT MK TiIPOKCHIOM aIIOMIHIIO i3 3a0pyJqHIOBaYaMH 1 JOMIIIKaMH,
mo cnpusie GuoTamii OUIBIIOI KiJIbKOCTI OTPUMAHOTO OCaay 1, TAKUM YHWHOM, BUJIAIECHHIO
OUTBIIOT KIJTBKOCTI JMOMIMIOK. 3017bIICHHS TPUBAJIOCTI MPOIECY TaKOX MPHU3BOIUTH IO
MiJBUILICHHS CTYTCHS YUCTOTH, OCKUIBKU 30UTBIICHHS TPUBAJIOCTI PEaKilii MPU3BOIAMUTE IO
Oinbmoi ¢uotawii ocajy Ha TOBEpXHI piamHH. 30inblneHHs 3HadeHHs pH icroTtHO He
BIUIMBAE HA PIBEHb YUCTOTH.

BucnoBok. VY mijomy mporec eJeKTpOKOaryisiii MO3UTUBHO I103HAYA€ThCS Ha
3HW)KEHHI KaJaMyTHOCTI 1 MiJBHUIIEHHI YUCTOTH IIYKPY-CHPIIO OypSKOBOTO COKY B TpOIECi
OYHIIEHHSI, X0Ua Ha IHTEHCUBHICTh KOJIHOPY BIUIUB HE3HAYHHM.

KarouoBi caoBa: yykposuui 6ypsax, erekmpoxoazyniayisi, — KOAp,  YUCmMomad,
Kanamymuicme.

AHaJni3 BUOOpY cOpTiB BHHOIPaay 11l TEXHOJIOTII KPM:KAHUX BUH

Bikropist Ocranenko
Ooecvka HayionanbHa akademis xapuosux mexuonoait, Odeca, Ykpaina

Beryn. BuGip BiANoOBiZHMX COPTiB BHHOTpaay AJsl BUPOOHMITBA KPHIXKAHOTO BHHA
CYyTTEBO BIUIMBAE HAa PHUHKOBOMY IIPOMO3UII0, PO3MIUPIOIOYH  IPEMiyM-CETMEHT
CLITBCHKOTOCTIONAPCHKOTO CEKTOPY.

Marepianu i meromu. basu JgaHuMX 1 MIXKHApPOIHI 3aKOHH Yy BHHOPOOCTBI Oyiu
BUKOPHCTaHI Ul aHalli3y XapaKTePUCTUK BHHOTPaay, NMPHU3HAYEHOrO Ui BHUPOOHUITBA
KPIDKaHOT'O BUHA Y PI3HUX KpaiHax CBITY.

PesyabraTtu i odroBopennsi. JlaHuii aHaji3 LTIOCTpyE TMOBHHHA aCOPTUMEHT COPTIB
BUHOTPaJy, IIO BHUKOPHCTOBYETHCS BHHOPOOAMH, SIKI BUPIIIWIN 3aIHMINTA JI03Y TpPH
HU3BKIH TemrepaTypi y pisHuUX KpaiHax-BupoOHukax: y Himewunni, Yecpkiii PecrryOumini,
Agctpii, Cnosenii Ta Kanami. BupoOHMKM y 1HMX KpaiHaX BHKOPHUCTOBYIOTH Dpi3HI
BHHOTPAHI KJIacH JJIs BUPOOHMIITBA BUH. Y €BpOIi iCHYIOTh Pi3HI COPTH BHHOIPATY JJISA
3aMOPOXKYBaHHS TPHUPOIAHUM IUISIXOM, aje 3arajibHUH BHUIYCK KPIDKAHUX BUH HIDKYHNA
NOpiBHSHO 3 KpaiHamu [liBHiuHOT AMeprku, BKmovatoun Kanany i Cromydeni Hlratu.

Binburicts kpain BUOMparoth kiac V. Vinifera, 1o Mae TOBCTY HIKIPOYKY, SIKa 3aXHUIIAE
BiJl 3MMOBOI'O MOIIKOKEHHSI, MPOTE COPTH IOT0 KJIACy OUIBII YyTJIUBI A0 MOTOXHHUX
YMOB, HiX riOpuau a00 aBTOXTOHHI copTu. HaiiOinbr yacto /1t BUPOOHHUIITBA KPHIKAHOT O
BUHAa BUKOPUCTOBYETHCS BHHOTpal COpPTy PuHCIHIHT, SKUl XapaKTepH3YeTbCsS BHCOKOIO
CTIHKICTIO BUHOTPAIHOI JIO3U YIPOAOBXK 3UIMOBOIO IIEpPiozy.

KimMaTiuHi yMOBH € OCHOBHOIO YMOBOIO OTPUMAaHHS BPOXAiB JJIsI KPMXKAHOTO BUHA,
OCKIJIbKM MOXYTh 3HAYHO 3MEHIIUTH OYiKyBaHi OOCSTHM BpOXKalo, TOMY 3aXOIU IOJ0
3aXHCTY BUHOTPaly MepeadadaroThes 10 MOYaTKy HU3bKHX TEMIIEpaTyp.

BucnoBku. Pesynbrar, oTpuMaHWil 3a MiJCYMKaMH aHaji3y BHUKOPHCTaHHS Pi3HUX
COpPTIB BUHOTPaJy, IEMOHCTPYE PO3BHUTOK i PO3IIMPEHHS BUPOOHUITBA KPWIKAaHUX BHH Y
CBITOBHMX MacIuTabax.

Kunro4doBi citoBa: kpusicane euno, sunozpad, copm nisnb020 003pieanHs, KIimam.
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Ximiunuii ckian epipHoi oii mwasaii (Salvia officinalis 1.) 3 Boarapii

Cranka Jlamsnosa', Cineia Momtosa®, Anbena CrosiHosa®, Onexciii ['ybens”
1 — Pycencokuil ynieepcumem, @inis 6 m. Pasepao, Boneapis
2 - Incmumym mposinou, Kasannux, Boneapis
3 - Vnisepcumem xapuoeux mexnonoeait, Ilnosous, boneapis
4 - HayionanvHutl ynisepcumem xapuosux mexnonoeit, Kuis, Ykpaina

Beryn. IIpoBeneHi JociiKeHHs 3 METOI0 BU3HAUSHHS XIMIYHOTO cKiaay edipHoi omii
1aBJIii Jtikapewkoi (Salvia officinalis 1.), Bupomenoi B bonrapii.

Marepianu i MeToau. B 1ociipKeHHSIX BUKOPUCTAHO TpaB’siHY CHPOBHHY i3 IIaBIIi,
npuadaHy B MicleBii ToprosenbHil Mepexi. EdipHy onito oTpuMyBanM IUISIXOM
T1IPOIUCTHIIALIT MPOTATroM 3 TOA B CKISTHOMY JIaOOpaTOpHOMY amapati. XiMiuyHHH CKiian
oJ1i1 BU3HAYAIH XPOMATOrpadiyHUM IUITXOM.

Pesyabrar i odroBopenns. Bonoricts cupoBuHu craHoBuia 12,16%, a Buxia edipHoi
omi — 0,93%.

B edipniii oii Oyiao BuzHaueHO 28 xkommoHeHTIB. OCHOBHI 3'emHaHHA edipHOi oii
Taki: o-TyiioH (26,68%), (E)-B-xapiodinen (7,47%), 1,8-tmuueon (7,19%), a-rymyneH
(6,11%), B-minen (5,44%), B-tyiion (5,35%), xamdopa (4,84%), amro-apoMajcHApPEH
(4,55%), 6opreon (3,69%), i a-minen (3,58%). Tpu rpynu 3'eqHans Oysa0 3HaiieHO B
riIponvcTiboBaHii omii i3 masmii. CymapHi KHCHEBMICHI MOHOTEPIICHH CTaHOBWIIA
HaAMBHIIWI BiZICOTOK KOMIOHEHTIB edipHOI omii — 59,15%, ceckBiTepneHOBI BYIJIEBOIHI —
24,37% 1 MoHoTreprieHOBi ByrieBomHi — 14,66%. HaiiGinem nomupeHorw B ol
KHCHEBMIiCHa MOHOTEpIICHOBa (hpaKilis, sika ocoOnuBo Oarata Ha keroHH (70,96% Bix i€l
¢pakuii)

BucnoBok. MoxHa KoHCTaTyBaTd, 10 B edipHild omii i3 masiii jikapckkoi Oyio
BUSIBJICHO psiI  KHCHEBMICHMX MOHOTEPICHIB, CECKBITEPIICHOBUX BYIJIEBOAHIB 1
MOHOTEPIIEHOBUX BYTJIEBOJIHIB.

KurouoBi ciioBa: waenis, eipna onis, cknaod, boneapis.

Brniue napamMeTtpiB nepepo0Ku Ha CKJIaJ i CECHCOPHi XapaKTePUCTHKH XJ1iOHOT 0
JaepeBa enyoo

Tismi Akim Onymize', Bakape Xenpi Axeroke?,
Oxe Emmanyen Kexinne®, Oenei AiGoma Bamixone®
1 - Hayionanohe acenmemeo 3 6iomexnonozii possumxy, Osooe €sa, Hicepis

2 - Jlenapmamenm 2omenvroeo 6iznecy i mypusmy, @edepanvhuil yHigepcumem cilbCbko2o

eocnooapcmea, Abeoxkyma, Hicepis
3 - Jlenapmamenm xapuoeoi nayxu i mexuixu, @edepanivHuil yHigepcumem cilbCbko2o
eocnooapcmea, Abeokyma, Hicepis
4 - Biooin biomexnonoeii i xapuosux mexnono2ii, /Jypoancekuil mexHoaioeiuHui
yuigepcumem, [[ypban, Ilisoenno-Agpurancoka pecnyonixka

Beryn. XiiOHe nepeBo He BiTHOCHTBCS J0 XapUOBUX IPOAYKTIB 1 HOro 3aCTOCYBaHHS
B XapYOBUX TEXHOJIOTISAX 3aCHOBAHE HAa TEXHOJOTIYHIA 00pOOIl 3 MOAAIBIINM BHECCHHIM
IO PELEnTypu XJIi0OMEeKapchbKoro MPOAyKTy eny6o (elubo), TeXHONOris SKOro MIMPOKO
3aCTOCOBYETHCS B JaHUH yac.
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Martepianu i meTomu. XiiOHe 1epeBO MPOMUBAIOCS YUCTOIO BOIOKO ISl BUJAJICHHS
KaydykoHOCiB. Kopa 3HIMaeTbcs pydHy 1 po3pi3aeTbcs Ha IMaTtoukd. IlIMaTouku
BUTpUMYBaJHcs y Bofi 3a Temmepatypu 30, 50 i 60 °C mpotsrom 90, 120 i 150 xB. Jani
XJIIOHE JIepeBO BUTpUMYyBanocs y Bomi 6, 12 i 18 romun. Ilicna BumaneHHs HaIUTUAIIKY
BOJIOTH 3pa3KH BUCYIIYIOTHCS B CYIIWIBHINA Kamepi 3a Temiieparypu 60 °C npoTsrom 2 JHiB
i mompiOHIOIOTECS Ha OopomHo (ery0o0). 3pa3ku TicTa XiiOHOro nepesa (Amaina) Oymu
MiJIaHI OPraHOJICNTHIHOMY aHATI3Y.

PesyabraTu i odroBopennsi. Bmict Booru B xJy1iOHOMY iepeBi el1y00 BapiloeThCst MiXk
9,07 i 12,20%. Bwmict Bojorm y 3pa3kax BiJmoBizae BMICTy TBepaoi Mmarepii. 3HauHa
KUIBKICTh 30J1M y 3pa3kax xjiOHoro nepea enybo (XE) € iHgukaTtopom MiHepamiB y
OoporHi. BennunHu 030J7€HHSA BapitoioThes B Mexkax 2,00-2,90%. BwmicT xapuoBux
BOJIOKOH y XJiOHOMY maepeBi emydoo ckimamae 2,86 — 3,60%. Temepatypa i uac
BUTPUMYBaHHS Yy Boji icToTHO (p>0,05) He BIIMBAaIOTH HA BMICT BOJIOKOH Yy 3pa3kax. BMmict
OUIKIB y 3pa3kax XJIiOHOro gepeBa enyoo ckiamae 3,80 — 5,42%. Bmict OinkiB y 3pa3kax
3MIHIOETHCS HE3AJIEKHO BiJ| ITApaMeTPiB TEMIIEpaTypy 1 TPUBAJIOCTI BUTpPUMYyBaHHs. Bmict
BYTJICBOIIB Yy 3pa3kax CTaHOBHUTH 73,67—78,33%. Bucoka KUTbKICTh BYIJICBOIB BKa3ye Ha
BHCOKY KaJIOpiiHICTh TOTOBHX BHpOOiB. Ha BMICT ByriieBOIIB mapaMeTpu TeMIepaTypH i
TPHUBAIICTh BUTPUMYBAHHS BIUIMBAIOTH HecyTTeBO (p>0,05). OpraHoienTuyHi MOKa3HUKH
TiCTa, BUTOTOBJICHOTO 3 XJIIOHOTO AepeBa eny0o, icrotHo (p<0,05) Biapi3Hsutics Bif TicTa,
BHUT'OTOBJICHOTO 3 0aTaTy eny0o (t-mokasHuk — 2,523, crymiHb cBoOOIU — 14, p-BenuunHa —
0,01, omuH 3pi3).

BucnoBku. Pe3ynbraté qOCTIIKEHb MiATBEPUKYIOTH HASBHICTH 3HAYHOI KiJIBKOCTI
XapuoBHX BOJIOKOH 1 BYIVIEBOJIB Y XJIIOHOMY JiepeBi eny0o, 110 BKa3ye Ha MOXIIUBICTh
HOro BUKOPUCTAHHS SIK BACOKOEHEPT€THYHOT'O MPOJIYKTY.

KirouoBi ciioBa: xzuidne depeso, enybo, mexnonozis, 0opobka, opeanoienmuxa.

BuxopuctanHs ropixoBoi CHpOBMHY i HACIHHSA 4Yia 1Sl MOKPAIECHHSA
SKMPHOKHCJIOTHOT0 CKJIAY HAMOIB cMY3i

Anmxkena JI’skoHoBa, Biktopis CtenanoBa
Ooecvka nHayionanbHa akademis xapuosux mexuonoait, Odeca, Ykpaina

Beryn. Ha cboroHi HEOCTaTHRO JOCHTIHKCHUMH € IUITXH BUKOPUCTAHHS TOPIXOBOT,
HACiHHEBOI CHPOBMHM Ta 1X KOMOIHAIM $IK JDKepena eceHIialbHUX >KUPHHUX KHCIOT
Xap4OBHX MPOJYKTIB 030POBYOro ITPU3HAYECHHSI.

Marepianu i MeToau. JociKeHO KOMIIO3HUINIIO IHTPEIIEHTIB YHIBEPCAIHHOI OCHOBU
JUTsT BUPOOHUIITBA HAIOIB. BW3HA4YeHO BMICT OWUIKIB, JKHPIB, BYIJICBOZIB, 30JIM Ta
KaJIOpiHHICTh MPOAYKTY. MeTomoM ra3oBoi xpomarorpadii J0ociiHKEHO )KUPHO-KUCTOTHHN
CKJIaJ] pEelEenTypHUX KOMIIOHEHTIB Ta BHM3HAYEHO CHIBBIAHOMIEHHA ®-3 1 ®-6 >XUPHUX
KHCJIOT y TOTOBHX HarosiX. BUBUEHO aMiHOKHCIOTHHI CKJIaJ pO3pOOJIEHOI KOMITO3HIIT, 11
B’SA3KICTB 1 CTaOUIBHICTH ITiJ] Yac 30epiraHHs.

Pe3ynbTraTi i 00roBopeHHs. ABTOpaMH 3alpOIOHOBAHO 9 pelenTyp HamoiB cMy3i 3
PI3HUMHU OPraHOJENTHYHUMH MOKa3HUKaMH. 250 MJI TaKMX HAIOiB MOXKYTh 3a/I0BUILHUTH
JI00OBY MOTPEOY 30POBOI JIFOAUHY Y JIIHOJICHOBIH 1 JIiHONEBIH kucioTtax Ha 30 %, ToMy 110
iX BMICT y TOTOBHX Hamosx ckiagae He Menie 0,5 r ta 2 r BigmosigHo. Po3pobieHi Hamoi
PEKOMEHIOBAHO 10 BXKHMBaHHS BCIM TIpyIaM HACEJIEHHS, 30KpeMa JIIOsM, SIKi CTPaXkIaloTh
Ha 3aXBOPIOBaHHS CEPLEBO-CYJIMHHOI cHcTeMU abo OakaloTh MiATPUMYBATH ii pobOTY y
HOPMI.
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BukopucraHHs HaciHHA 4Yia Ta sfep BOJOCBKOTO Tropixa 3HAYHO IiJBHUILYE BMICT
010JIOTIYHO ILIHHUX PEYOBHMH Y HamosX. HaciHHS d9ia CyTT€BO BIUIMBAE Ha PEOJIOTIUHI
MOKa3HUKH CMY3i, MiJBHUIIYIOYM TYCTHHY Ta B’SI3KICTh HAllOiB 3a paxyHOK CIM30BUX
PEUYOBMH Ha TIOBEPXHI 3epHa HACIHHS, a TAKOXK IMIATPUMYE CTAOUIBHICTh KUPOBOI CUCTEMH
npu 30epiraHHi. 3AaTHICTH HACIHHA 4Yia JIO CIHM30YTBOPEHHS IIOSICHIOETHCS BMICTOM
BOJIOPO3YMHHHX TOJiCaXxapHiB — IMEHTO3aHIB, sIKi CKIanaloTh A0 8 % Bijg MacHu 3epHa.
OTtpuMaHi JaHi CBiI4aTh, O 3aBISIKM BUKOPHCTAHHIO HACIHHS 4ia yHiBepcajlbHa OCHOBa
30epirae 100 % cTaOLIBHICTS MPOTATOM 24 TOJ, IO IOBHICTIO 3aJ0BOJNBHSIE IOTPEOU
3aKJIaJliB TPOMajIChKOTO Xap4ayBaHH:L.

Binku po3pobieHoi ropixoBO-HACIHHEBOT KOMITO3HIIIT € MOBHOI[IHHUMH 1 MICTATH yci
He3aMiHHI aMiHOKUCIIOTH. JIIMITyIOUMMH aMiHOKUCIIOTaMHU € JIi3UH, METIOHIH + ITMCTEIH,
TPCOHIH 1 BaJIiH.

BucnoBkn. Brepimie BHBYEHO MOXIMBICTH 3aCTOCYBaHHS HACiHHS dYia  SIK
CTPYKTYpOYTBOpIOBaYa HAIOIB CMy3i Ta 3aIpOIIOHOBAHO KOMIIO3MIIIIO IHTPEIIEHTIB It
BUPOOHMIITBA YHIBEPCAIFHOI OCHOBU HAIlOiB, sika Mae 30alaHCOBaHMU BMICT ®-3 1 ®-6
KUPHUX KUCIIOT.

KutiouoBi cinoBa: eopix, uia, sicupni kuciomu, Hanit, cmysi.

BruinB kosnareHoBoro dinka «binko3uH» Ha 0i0JIOTiYHy HiHHICTH BapeHUX KOBOAC

Amnaromniii Ykpaineus, Bacuins [aciunnii, Makcum [Tomym6pux, Maneda [TomymOpux
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. Ilposemeni mopiBHsUTBHI gocmimkeHHs amiHokucnotrHoro CKOPy 0Oinkis
BapeHHX KOBOAc, BUTOTOBIICHMX 3 JOJaBaHHAM KojareHoBoro Oinka «bigkozuny», i
IIBHKOCTI HAKOITMYEHHS TUPO3MHY B JWHAMIYHIH MOJIEI IUTYHKOBO-KHIIKOBOI'O TPaKTy
JIIO/IMHU 3 METOI0 BCTAHOBJICHHS CTYIICHSI 3aCBOEHHSI OLJIKIB IIMX KOBOAC.

Marepianu i meromu. [inponiz NpoBOIMBCS B CIELiaIbHOMY IPUCTPOI, SIKHA
CKJIaJiaBcsl 3 BHYTPILIHBOI 1 30BHILIHBOI €MHOCTI. BHYTPIIIHS €MHICTH MICTUTH CKIISIHY
MIlIaNKy, MpU3HAYEHHS KOl IOJISTae y IMOCTIHHOMY mepeMilryBaHHI (epMeHTaIliiHoro
CepeIOBHINa 1 Jiami3i MpoMyKTiB peakiiii. depMeHTaTHBHE PO3IICIUICHHS TPUBAJIO 3 TOI Ha
KOXKHi# craaii. [lis mencuHy mpoxomwia Ha HepuIiil cramii, a TPUIICHHY — Ha JPYTii.
AMIHOKHCIOTHHH CKJIaJ] KOBOACHHMX BHpPOOiB OyJ0 BH3HAYCHO 33 JOIOMOTOIO
10HOOOMiHHOT XpoMmaTorpadii.

Pesyabratn i o0roBopennsi. Hamu Oynu mpoBeleHi NOPIBHSUIBHI JIOCHIKEHHS
(hepMEHTATUBHOIO TiAPOJII3y BapeHHX KOBOACHUX BHPOOIB, BHUTOTOBJICHHX 3 KypsUOro
M’sica OpoiinepiB, oxonomkenoro npo 0-4 °C. Ilicns JIOAaBaHHS TPUIICUHY
CIIOCTEPITraiocsl MPUCKOPESHHS TiApPOJIi3y OUIKIB BapeHUX KOBOAC, SIKE JOCSTIIO MAKCHMYMY
Ha IHOCTiH roauHi (epmenranii. BkirouenHs Oinka «BiTKo3WH» 10 CKIAAy pelenTyp
BapeHHX KOBOAC CYTTEBO HE BIUIMBAE Ha aMIiHOKHMCIIOTHHH CKJaJ TOTOBHUX BHPOOIB. Y
Pe3yabTaTI MOPIBHAIBHUX JOCIIKEHb CIIOCO0Y BBEICHHS O1JTKOBOI KOMITO3HIT IO CKIAmy
KoBOacCHHUX BUPOOIB 3°sICOBaHO, 110 (PEPMEHTATUBHHUU TiJpONi3 IIBUIIIE BiIOYBAa€ThCS B
KoBOacax, BUTOTOBJECHHX 13 CYXHUM OUIKOBUM CTa0ili3aTopoM, OCOOJIMBO Ha craiii aii
TpuncuHy. 30inblIeHHS BMicTy Oinka B peuentypi HpPU3BOAWTH A0 3POCTAHHS
010I0CTYITHOCTI  OIJIKIB BapeHHWX KoBOAC, IO CBIJYUTH NP0 [O3UTHBHUN BIUIUB
KoJlareHoBoro Oinka «biko3nH» Ha mepeTpaBtoBaHICTh IUX BUPOOIB.

BucnoBku. 3pocranHs yactku rigpomizaty 3 6 1o 12 % y bBC migsumiye mBHAKiCTh
HAKONHWYEHHS THPO3WHY, IO YTBOPIOETHCS I Yac IOCHIJOBHOTO (pepMEHTaTHBHOIO
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TipoJTi3y B CHCTEMi NENCHH-TUPO3HH, SIKMH In Vitro MOJENIOE TPOIECH TPAaBJIEHHS, IO
BifOyBAIOTbCS B OpraHi3mi JIOJUHU. TakuM 4YHHOM, BHECEHHS KOJIAareHOBOI'O Oiika
«biKko3uH» CYTTEBO MiBHUINYE Ol0JOTIYHY IIHHICTH KOBOACHUX BHPOOIB, BUTOTOBJICHHX 3
HOro NoJaBaHHsIM, IIO MPOSBISIETHCS B 3POCTaHHI IEPETPABIIOBAHOCTI OIJIKIB BapeHUX
KoBOac npu 301IbIIEHHI B HUX YacTKH Oilika «bBinko3uny.

KurouoBi ciioBa: xosbaca, 6inox «bBinkosuny, Oionociuna yinHicms, 2i0pois, nencu,
MPUNCUH.

Penakcauiiina noBeginka BOIHUX JUCHEPCill KPoXMaaio

Banepiii Mank, Okcana ToukoBa, Oxcana Menbhuk, Onekcanap beccapa0
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn.  PeosoriuHi  BiIacTHBOCTI BOJHMX PO3YMHIB — MONiCaXapuaiB  IOKa3ajH
TUKCOTPOIIYHY TOBEIIHKY NpH PyWHYBaHHI IX YacCTKOBO BIIOPSIIKOBAHOI CTPYKTYpH, IIO
Mae Miclie npu (Pi3uuHUX a00 TEIIOBUX JisX.

Marepianu i meromm. T'oryBanmu 3-15% nucnepcii HaTHBHOTO KapTOIUISTHOTO 1
KYKYPYI3SHOTO KpPOXMaJliB Yy JHCTHJIbOBaHIH BOAi. 3pa3Kd TepMOCTaTyBaJlH MpHU
temrepatypi 20°C mporsrom 30 xBwinH. JloCHiyKeHHs HPOBOMWIM 33 METOAUKOIO
BH3HAYEHHS PEOJIOTIYHOI MTOBEIIHKY KPOXMaJIiB PU KIMHATHIN TeMIiepaTypi 4epe3 KoxHi 3
TOIUHH.

Pesyabratu i o6roBopennsi. HoBuii Meron penakcaiii B KpOXMaJbHHX CyMillax
MOJISITa€ B TOMY, IO CTPYKTYPHA peJaKcallisl MOJIMEPHUX JIAHOK IOJIicaXxapHIiB y Yaci
MIPOXOUTDH MOBUIBHO 1 JOBTO.

3rifHoO 3 JTEpaTypHUMH JDKEpEeNaMy, JIUIIE MoJIicaxapuay, MOJEKYIsIpHa Maca SKUX
nepepunrye 1 MiH  (Ha TPHUKIAAI KapTOIUITHOTO KPOXMANIO), XapaKTepU3YIOThCS
MTOBUILHOIO peNlaKCaIliero CTPYKTypu. PIi3HKO-XiMiYHA XapaKTEPUCTHUKA IOJIiCaXapUIiB —
penaxcariisi, 3yMOBIIIOETHCS YACTKOBO BIIOPSIKOBAHOI CTPYKTYpPOIO 13 B3a€MHUM
pO3TallyBaHHAM OKPEMUX JIAHIIOTIB y TIPOCTOPOBIH CITII.

[Tix giero 3cyBHUX HAINPYT PEOTECTy 3pyHHOBAaHA MCEBAOIIACTHYHA CTPYKTYpa BOJAHUX
JIUCIIEPCiii KPOXMAIIO MOCTYIIOBO BiJIHOBJIOETHCS JO PIBHOBAKHOTO IIPH JaHUX YMOBAx
cTany cucteMu. Yac BiTHOBJICHHS CTPYKTYpPH CTaHOBUTH 17 roauH.

[NoBinbHMIA TpoleC BiHOBJIEHHS a00 CTPYKTYPHOI penakcallii MpoCTOPOBUX CTPYKTYP
BOJIHHX JIMCHEPCiH Tolicaxapu/iB BiI0YBa€ThCS BHACITIIOK IEPE0YAOBH MPOCTOPOBOI CITKH
MoJIiMepy, IO YTBOPIOETHCS 3aBISAKUA ICHYBAaHHIO IIONMEPEYHUX XIMIUHUX 3B’S3KIB.
AmHanoriyHa noBeJliHKa 3 MEHIIIMM 4acoOM CTPYKTYPHOI peJakcallii XxapakTepHa i JuIst iHIIUX
TrocaxapuaiB, 30KpeMa KCaHTaHy, 4yac pejakcallii SKoro CTaHOBUTh OJM3BKO 3 TO/WH.

BucHoBkn. Mix JaHIforaMyd iCHYIOTb OCOOJHMBOCTI KOJOIZHOI CHUCTEMH, IO
BIUIMBAIOTh Ha il SIKICHI, CTPYKTYpHO-MEXaHi4Hi ¥ TexHomoriuni BuactuBocti. Lli
0COOJIMBOCTI HEOOXiTHO BPaxOBYBATH MPHU BHOOPI palliOHATBHUX PEXHUMIB ONTHMAaIbHUX
YMOB IIPOBEICHHSI MTPOIIECIB, a TAKOXX MPH NMPOESKTYBaHHI aBTOMATUYHUX CUCTEM KEPYBaHHS
BUPOOHHUIITBOM.

Karo4doBi citoBa: nonicaxapud, kpoxmanw, oucnepcis, cmpykmypad, peaaxcayis.
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Mpouecu i o61aaHaHHA XapuoBUX BUPO6GHULTB

3a0pyaHeHHs MOTIMEPHUX Ta OPraHO-HeOPraHiYHUX MeMOpaH NPU Po3aijIeHH]
MiCJSICIIMPTOBOI 3¢pHOBOI 0apan

FOpiit 3miescokuit', FOmis I3m36K0°, Banepiit Muporuyk',
Jlionmmna PosxaectBenceka’, Onexcannp Binerckuit’, JTrogmuna Koprierko'
1 — Hayionanvnuii ynieepcumem xapuosux mexvonociu, Kuis, Yxpaina
2 — Incmumym 3azaneHoi ma nHeopeaniunoi ximii im. B.1. Bepuaocvkoeo HAH Vkpainu,
Kuis, Yxpaina
3 — Incmumym kpucmanoepagii im. O.B. Illybuikoea PAH, Mockea, Pociiicoxa @edepayis

Beryn. Ilpomec OGapomeMOpaHHOrO pO3ZAUIEHHS JOIUIBHO BHKOPHUCTOBYBATH IS
nepepoOKH MicasciupToBoi 3epHOBOI Oapau. Jlnst Toro, mo0d 3amobirtu 3a0pyAHEHHIO
MeMOpaH OpraHiYHMMHU PEYOBHHAMH, MONIMEpHI MeMOpaHH MOAMU(IKYIOTh YaCTUHKAMHU
HEOpraHIYHUX 10HOOOMIHHHKIB. BCTaHOBJIEHO Ta IMOPIBHAHO MeXaHi3MH 3a0pyIHEHHS JUIs
MONMIMEPHUX 1 KOMIO3WUTHUX MeMOpaH, MOM(]IKOBaHMX YACTUHKaMH HEOpPTraHIYHHX
10HOOOMIHHHMKIB, ITiJT YacC PO3IICHHS MiCISICITUPTOBOI OapIu.

Marepianu i meromm. [lomierunenrtepedranaToBi TpekoBi MikpodinbTpamiiini
MeMOpanu Oymu Moau(iKOBaHI arperaTaMd HAaHOYACTOK TimpodocdaTy IUPKOHIIO,
Matepian JOCTIIKYBaBCS 3a JOIMIOMOTOK METOAY CKAaHYIOUOi eJIEKTPOHHOI MiKpOCKOIII.
Crioyatky MeMOpaHH  ONPECOBYBAINCH 33  JIOIIOMOTOI0  JAWCTHIBOBAHOI  BOJIM.
MicnsacnupToBa 3epHOBa Oapia po3aiIsIach npy THckax 1-4 Gapu i Temmepatypi 60 °C.

Pe3yabraTu Ta ix 06roBopeHHsi. MoJieii IIOBHOTO Ta MOCTYIMOBOTO 3aKyIIOPIOBaHHS
Top, a TAaKoX MoJieNb (OpMYBaHHS ocaay OyJM 3acTOCOBaHi npH (iIBTPYBaHHI BOAW Yepe3
KOMITO3UTHI ~MeMOpaHu. 3a JIOIOMOTOK MOJeNed IOBHOI'O Ta  IOCTYIOBOTO
3aKyIOPIOBAHHs MOp 3’sicoBaHo, 110 1pu 60 °C BiAOYBalOTLCS 3MiHH MTOPUCTOI CTPYKTYPH
mojgiMepy Ta (parMmeHraris Mojaudikatopa. BcTaHOBNEHO, IO TPU  PO3IIICHHI
MICJISICIUPTOBOI 3¢pHOBOI Oapad KOMITO3HIIIHHA MEMOpaHH NEMOHCTPYE BHIIY CTIHKICTh
JI0 3a0pyIHEHHS OpTraHIYHUMH PEYOBMHAMH, HiK HemonaugikoBaHa. Dimbrpauis yepes
KOMITO3MLIIiHY ~ MeMOpaHy  MiJIoOpsSAKOBYeTbcss — 3akoHy  Jlapci.  MakcumanbHa
MPOAYKTUBHICTh JocsraeTbest mpu 3 atMm. [loTik mepMeary Kpi3b HeMoauQikoBaHy
MeMOpaHy 3HIXKYEThCS 3 IJBHIICHHSIM THCKY, IIO IIOB’si3aHO i3 3a0pymaHeHHsM. [[ns
MOIM(DIKOBaHUX MeMOpaH XapakTepHHUM € JIiHIfHE 3pOCTaHHS IPOAYKTUBHOCTI 3a
aQHAJIOTIYHUX YMOB, IO BKa3ye Ha MEHIIWH TiApOAMHAMIYHHMH OHIp PEYOBHUH, SIKi
3a0pyAHIOIOTh MeMOpaHy. MexaHi3M MOBHOTO 3aKyIOPIOBAHHS IOP XapaKTepHHUH JUIs
000x JociimkyBaHux MemOpaH. [1iIBHIIEHHSI TUCKY NPU3BOJUTS JI0 BiKJIAJEHHS 0Caay Ha
cTiHKax mop (HemoaudikoBaHa mMeMOpaHa) Ta (OpMyBaHHSI Ocaly Ha MOBepXHi (0OMABi
MeMOpanw). [linBuIiieHa CTIHKICTh KOMIO3HIIIHHOI MEMOpaHu 0 3a0pyIHEHb Hependadae
MiHIMIi3aIlit0 00'eMy XiIMIYHHX PEareHTIB I PEereHepallii, CKOpOUCHHS Jacy pereHepaiii ta
3MEHILEHHS 00'eMY BOJH [UISl IPOMHUBAHHSL.

BucnoBkn. HeopraHiuHi i0OHOOOMIHHMKHM JalOTh 3MOTY IOKpAIUTH CTIiHKIiCTh
MeMOpaH 70 3a0pyJHEHHS KOMITOHEHTAaMH MiCIACHUPTOBOi Oapau. OpraHo-HeOpraHivHi
MeMOpaHH MOXYTh OYTH 3aCTOCOBaHI JJIS IHIIMX O0O0’€KTIB Xap4oBOi IPOMHUCIOBOCTI,
0COOJIMBO TIPH KIMHATHHUX 1 HIDKYHX TEMIIEpaTypax.

KurouoBi ciioBa: 6apoa, membpana, Hanouacmra, po30ineHHs, MOOUDIKYSAHHSL.
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Buxopucranns TBepaoi 0ioMacu y pakeJbHUX KOTJIAX I CHATIOBAHHS aHTPaLUTY

Haranis JlyHaeschka, Mukomna UepnsBcbkuii, Tapac Ilymio
Incmumym eyeinonux enepeomexnonociti HAH Yxpainu, Kuis, Ykpaina

Beryn. CrnanroBanHst TBepioi OioMacu y CyMmilli 3 BUKOITHMM BYTULISIM B iCHYFOUHMX
KOTJIaX MOXK€ HE TUIbKHM 3MEHIINTH LIKIJIMBI BUKHIX B aTMOc(epy, a i auBepcudikyBaTu
nanuBHy 0a3y reHepauiid. Take crmajgroBaHHS Jae€ 3MOry OinbId e(peKTUBHO
BHUKOPHUCTOBYBATH TBEPl BIAXOIM Xap4YOBOi IMPOMHUCIOBOCTI, SIKi 3IHCHIOIOTh IIKITUBUN
BIUIMB Ha HABKOJIUIITHE CEPEIOBHIIIE.

Marepianu i MeToau. CriiibHe (hakelbHe CIIalfOBaHHs AEPEBUHHI COCHU 3 aHTPAIIUTOM
JIOCITIJKYBAJIOCh Ha HU3XIMHOMY ekcrepuMeHTanbHoMy creHnai BITI-100B 3 Butparoro
nanuBa 30 kr/ron. Ha ycranoBui kumisyoro mapy PCK-1]] mocnmimkyBanach KiHEeTHKa
TEPMIYHOI AECTPYKLIi KOKCIB THPCH COCHH. METOIOM TepMorpaBiMeTpii JociikeHa
KiHEeTHKa TEpPMIiYHOI NECTPYKIii OepeBHOI COCHM 1 TEJeT COJOMH INIIEHUIl, pilnaky,
KYKYPYZA3H4 Ta COi.

Pesynbratn i o0roopennsi. CrinbHe (akenbHE CIATIOBAHHS —BITYU3HSIHOTO
aHTpAIUTY 3 JepeBUHOIO Y (daken Ha creHai BITI-100B moka3ano TexHiYHY MOKIIUBICTS 1
TIOTEHIIHY 3IaTHICTH 10 MOKpPAIIEHHS SKOCTI TOPIHHS HU3bKOpeaKIiiHOro anTpanuty. Ha
MiICTaBl aHaJi3y EKCIEPUMEHTAJIbHUX DPEXKUMIB 3°5COBAaHO, IO ONTUMAaJbHA TEIIOBa
yacTka Oiomacu ckiana omusbko 10 %. JlomaBaHHsS Takoi YacTKu OioMacH 3a0e3medyBayio
crabinmizaniro ¢akena 6e3 Ta30BOro MiJCBIYYBaHHs, a TAaKOX HAaWBHINY CTYIiHb KOHBepCil
BYTJICIIO BYTLILJISL.

Ha ycranoBui PCK-1/] BcTaHOBIIEHO BHYTPIIIHEOKIHETHYHUI PEXHUM TOPiHHS 3pa3KiB
KOKCiB cocHH posmipom 0,1-1,6 MM y niamasoni temmepatyp 390-560 C. Ha ocHosi
METOJly TepMorpaBiMeTpii OyiaM BH3HAYEHI CTazii TEPMIYHOrO pPO3KJIAAy (3HEBOIHEHHS,
BUXIJ] JIETKHX 1 TOPIHHS KOKCOBOTO 3aJIMIIKY) Ta IX KIHETUYHI XapaKTEPUCTHUKHU IS 3pa3KiB
opraHiuyHoi OiomacH.

[opiBHSHHS KiHETMKHM BUXOXY JIETKMX JUISi 3pa3KiB THPCH COCHH Ta TIEJNET COJIOMH
IIIEHUI 3 JaHUMHU JOCTYITHUX JIITEPaTypHUX JKepesl BKa3dye Ha He3HayHY BIIMIHHICTD y
IIBUAKOCTI BUXOMIY JICTKUX, IO IMOSCHIOETHCS PO3OLKHICTIO Y IIBHIKOCTI HArpiBaHHS
3pasKiB IiJI Yyac eKCIEePUMEHTY, Pi3HUM CTYyIEHEM IMOJPIOHEHHs NOCIiKYBaHHUX 3pPa3KiB,
BIIMIHHICTIO OPTaHIYHOTO Ta MIHEPAJbHOTO CKIIAAy 3pa3KiB, PI3HUIICIO Y MiIXOAax I
PO3paxyHKy KOHCTAHT peakinii. HaToMicTh crocTepiraiach OJIM3bKICTh 3HAUCHD IBUIAKOCTI
BUXOJTY JIETKHX 3pa3KiB IeJET COJIOMH Pi3HHUX KYJIbTYp MiX COOOIO.

BucnoBku. IlpencraBieHi pe3ynbTaTd JOCHIIKEHb MOXYTh OYTH BHUKOPHUCTaHI Y
pO3paxyHKax OKpEMHUX MPOIIECIB CIILHOTO criantoBanus Ha TEC.

KurouoBi ciioBa: cninvre cnamoeanns, biomaca, 8yeiiis, aHmpayum.

IMoMuaKkHM NpsIMUX BUMIipIOBaHb TeMIlepaTypu TepMonapamu Ta Badinania CFX i
FLUENT mopeJieii cnajiloBaHHsi IPUPOTHOTO ra3zy

ITaBno 3acsaapro, Mukona [Ipsako
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. TexHonoriuni mpormec, TMOB'S3aHi 3 TOPIHHSIM, CTBOPIOIOTH CEpHO3HI
€KOJIOTiuHI MpoOyiieMHu, TOB'S3aHi 3 BUKUIOM IIKITMBUX PEUYOBUH TIEPEBAKHO B
ra3onoxiOHOMy cTaHi. 3TiJJHO 13 3araJbHONPHHHATOI0 TOYKOK 30pY, OKCHIHM a30Ty B
OCHOBHOMY BUHHKAIOTh B YCTAHOBKAX CIAJIOBAHHS B 00JIACTSX BUCOKHX TEMIIEPATYP.
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Marepianu i Meromm. BupinryroTbcs 3aBIaHHS, IOB'S3aHi 3 OIIIHKOK ITOMHJIOK
TepMONapyd Tpd BUMIpax TeMIepaTypu B TMOIYM’siX, IO MPOBOAATHCS TMiA Yac
€KCIIEPUMEHTAJILHOTO CHAJIOBaHHS TPHPOAHOIO Ta3y B EKCIIEPUMEHTAJbHIA YCTaHOBII
BI'TI-100B.

Pe3yabraTu i 06roBopenHsi. BusejeHa Moenb, 110 1a€ 3MOTy OTPUMATH TOIPABOYHI
Koe(illieHTH, sKi TOBMHHI 3aCTOCOBYBATUCS IS OOpPOOKHM [aHWX MpPSIMUX I10Ka3aHb
TepMonap. Mojenb BpaxoBye KOHBEKTHBHUH TEIIOOOMiH, ONPOMIHEHHS HA YacCTHHH
KYJIbKM TEpMOMNAapH, sIKa MaJa€ BiJ MPOJYKTIB 3TOPsiHHS. 3TiHO 3 MOJEIUIIO, YacTHUHA
KOpOJIbKa TepMONAapH BHIIPOMIHIOE B HAINpsSMKY OXOJIOJDKYBAaJbHOI'O cepenoBuina. B
pe3ynbTaTi OTPUMAHO 1 BHpINIEHO MaTeMaTW4He pIBHSHHS TPAHCIEHACHTHOTO THITY
yerBepToro nopsaky B MathCad. Orpumano Habip yTOUHIOBAIBHUX KOE(ILi€HTIB, sIKi pH
JI0AIaBaHHi JI0 IPSMUX TT0Ka3aHb TEpPMOIap MOoKa3aiu OJM3bKY BIAMOBIIHICTD pe3ylibTaTaMm,
OTPUMAaHUM y pe3yNlbTaTi TPUBUMIPHOTO MOJEITIOBAHHS CIIaJIOBaHHS HMPUPOIHOrO ra3y B
MWTIHAPUYHIA HU3XITHOMY PEaKkTopi.

BucnoBok. Po3po0ieHy MeTomoyoriro KOpekmii MO)KHa pEeKOMEHAYBaTH JUis
BUKOPHCTAaHHS TP EKCIIEPUMEHTAJIbHUX BUMIPIOBaHHSIX TEMIIEPaTypd 3a JIOMOMOTOI0
HE3aKpUTUX TepMollap, KOJM HE MOXXKHA BUKOPDUCTOBYBaTH TepMmomapy abo
BCMOKTYBJIHHUH MiPOMETP B OOOJIOHIII.

KunroueBble coBa: 2as, 32opanis, mepmonapa, UMIpIOGAHHSA, NOXUOKA.

Moge/iloBaHHSI NMYJAbCAiHHOTO PeKUMY NCEBI03PiAKEHHS Ml Yac oepPKaAHHSA
OpraHo-MiHepajJbLHHUX J00pUB

SApocnas Kopnienko, Cepriti ["atinai,
Awnnpiit JTrodeka, Cepriit Typko, Onexcanap MapTuHIOK
Hayionanvnuuii mexuiunuil ynigepcumem Yxpainu
"Kuiscoxuii norimexuiunui incmumym imeni leops Cikopcokozo", Kuis, Ykpaina

Beryn. MeToro  JOCHIDKEHHS € MaTeMaTHYHE MOICIIOBAHHS TiIpOIUHAMIYHOTO
PEKUMY HEOJHOPITHOTO TICEBIO3PIIKCHHS, 10 3a0€3MCUUTh IMiABUIICHHS ¢(pEeKTUBHOCTI
TEIJI0-MacOOOMIHHUX IIPOLIECIB MiJ Yac OfiepKaHHS OpraHO-MiHEpaJIbHHX JOOpUB, 10
CKJIaJly SIKUX BXOJUTbH COHSIITHUKOBA 30J1a, CTUMYJTIOBAJIbHI Ta TIO)KUBHI KOMITOHEHTH.

Marepianu i mMeromm. IIporec HEOTHOPIAHOTO ICEBIO3PIIKCHHSA, IO 3YMOBIIIOE
aKTUBHE 00’€MHE IMEepEeMIIIyBaHHS 3 IHTCHCUBHOIO MUPKYJIIIEI0 36pPHUCTOrO0 MaTepiany B
api, MPOBOMUBCA y KaMepi TPaHysIsTOpa, CHOPSDKEHIN CrelialbHUM T'a30p03MOoAiIIEHUM
MIPUCTPOEM Y HIDKHIN YacTHHI Ta HANpaBJsIFOYOI0 BCTABKOKIO — Y BepXHiil. BumiproBaHHs
mepenajy THUCKY B IIapi Ta Bijgeodikcaliss mpouecy 3MiHCHIOBAINCS 3a JOINOMOTOI0
CrelianizoBaHoro o0aHaHHS.

PesyabraTtu i o0roBopenHsi. PeanizoBaHO HEOTHOpIJHE IICEBIO3PIMKEHHS il 4ac
3aCTOCYBAaHHSl OpPUTIHAIFHOTO Ta30pO3MOALIBHOIO HPUCTPOI0 3 KOE]Ili€HTOM >KHUBOTO
nepepizy ¢=4,9% Ta yIOCKOHAJICHOI KaMepH TpaHy/sITopa. 3a0e3leueHO IHTCHCHUBHE
MaKpOIepeMIlllyBaHHs 36pHHCTOr0 MaTepiaay 3 €KBiBaJIeHTHUM miamerpoM D,=3,97 MM i
TYCTUHOO p,=1450 KI/M® 3 BiIHOLICHHAM HOMiHANLHOTO MEperay THCKY [0 BUCOTH IIapy
AP,/H>8500 TIla/m i3 wactororo f=1,67I'm. BimcyTHicTh 3acTiiHMX 30H 3a0e3medye
Koe(illieHT TpaHyaoyTBOpeHHS y>90% 1 mUTOMEe HaBaHTaXKEHHs TOBEpXHI LIapy 3a
Bonoroto a, =0,8+0,9 KFBOH./(MZ'FOZ[). OO0paHO MaTeMaTHYHY MOJEINb, sKa 3 ypaXyBaHHAM
HEO/IHOPITHOCTI HaJajla MOXKJIMBICTh BHU3HAYWTU YMOBH IIPOBEJEHHS IIPOLECy, IiJ 4ac
skoro 1o 25% wmacu mapy nepedyBae B akTHBHiH (a3l 1mo3a MeXaMH LIapy 3 4acTOTOIO
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f~1,67 T'nm. Marematnyna wmopens 3 TouHicTIO 94,8%

MATBEPIKYE PE3YIbTATH
JIOCIIIIDKEHHA.

BucnoBku. PeanmizoBana rijpomuHamika B KaMmepi TIpaHynsTropa 0e3 YTBOpPEHHs
3acTifHUX 30H. MoaudikoBaHa MareMaTHYHa MOJeNb Jaja 3MOrYy BH3HAYUTH
IHTCHCUBHICTh aKTUBHOI'O 00’€MHOTI0 IMPKYJAIIHOTO TMepeMilllyBaHHS, IO CYTTEBO
ABUIINTD CTIHKICTh KIHETUKU TPAHYIOYTBOPEHHS ITPY 3HEBOAHEHHI KOMITO3UTHUX P1JIKUX
CHCTEM.

KurouoBi ciioBa: ciopoounamika, nynvcayii, ncee0o3piodxcenis, 0obpusa, 30ia.
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NMuuieBble TEXHONOrMn

HUccaenoBanue nmpouecca 06pa30BaHl/Ifl apoMaTta U3 JUIHUIA0B IJI0A0BOI0 ChIPbi

Banepuii Cykmanos', Aunpeit Mapunns®, Tanuna Jly6osa’,
Anatonuii Besycos®’, Banentuna BockoGoHHHK'
1 — Ilonmaeckuti ynugepcumem aKoHoMuxu u mopeoenu, Illonmasa, Yxpauna
2 — Hayuonanvuwiii ynusepcumem nuwgedvlx mexuonoautl, Kues, Yxpauna
3 — Ooeccras Hayuonanvhas akademus nuujegvix mexrnonoeuu, Odecca, Ykpauna

Beenenue. lccnemoBano — oOpa3oBaHuMe — apomara  IUIOAOB € y4acTHEM
MPE/IIECTBEHHUKOB 1 (hepMeHTOB. [IpemiokeHHbI crocod ob0namaer onpeeieHHbIM
MPEUMYIIECTBOM CPaBHHUTENIBHO C JPYTUMH CIIOCOOaMHU TIONYYEHHUS apOMaTHYECKUX
KOMITOHEHTOB.

Matepuanbl U MeToAbl. JIUNMIHBIE SMYIBCHH IUIONOB (OTYpILIOB, THIKBBI, apOy3a)
nomydann B anmapare Cokciera IO KIaCCHYECKOH METOMUKE C HCIONb30BaHUEM
pactBopuTenst  XJIOpOOPM-ITAaHONI.  VIHTEHCHMBHOCTh  OKHCIHMTENBHBIX  IPOLIECCOB
OLIEHMBANIM TO pa3pabOTaHHOM METONMKE, OCHOBAaHHOM Ha pEaKIWd  KapOOHUIIBHBIX
coenmunenuii (KC) B mapoBoit ¢aze c¢ 2,4-gunurpodeHmnruapasuHoM. PacrpeneneHue
gactul] 1o pasmepam (PSD), (-moTeHIman KOUIOMIHOW (pakiuy WCCIeA0BaId Ha
ananusarope Malvern Zetasizer Nano ZS ¢ yriiom obHapyxenus 173°C. BoccTaHoBieHue
CBEKET0 apoMaTa, yTpaueHHOro TpH TEeIIOBOH 00paboTKe, OLIEHHBAIM Ha XpOMaTO-Macc-
cnekTpomeTpuueckoi cucreme Agilent 6890N/5973.

PesyabraTtel m o6cy:knenusi.VccnenoBanne 0asupyercs Ha TOM, 4YTO MOJIEKYJIBI
COE/IMHEHUS-TIPEAIECTBEHHIKA MOTYT BBIAEP)KHBATH PEXHMBI NepepabOTKH, TOrAa Kak
(epMEeHTHI W apoMaTHYeCKHe COCIMHEHMSl 3auYacTylo paspyuiaiorcs. bonplnas yacthk
apOMAaTHYECKUX KOMIIOHEHTOB — NMPOMEXKYTOYHBIE COCJMHEHUS! Peakiuu, 0Opa3oBaHHBIC
MEeXIy cyocTtpatoM (THAPONEPEKHCHBIMH  TPOW3BOAHBIMH  JunuaoB, HPO) wu
COOTBETCTBYIOMIMME (QepMeHTaMu (rupponepokcuy imasel, HPL). HoBeiMu acriexktamu B
00pa30BaHUM CBEKUX apOMAaTOB MOTYT CIYXHTh YCIIOBUSI NpeIBapUTEIbHONW 00paboTKH
TUTOJIOB U MTOCIIEAYIOIIHE YCIIOBHS POTEKAaHUs (PEpPMEHTaTUBHBIX PEaKIHH.

W3meHeHHs: apoMaTHUeCKUX KOMIIOHEHTOB DPACTEHHIl B Mpollecce TEIUIOBOH WIIH
KOMOMHHUPOBAaHHOH OOpaOOTKH CBs3aHBI C MPe0Opa30BaHUSIMHU JIUMUIHBIX KOMIIOHEHTOB.
JIOCTYITHOCTD 3THX KOMIIOHEHTOB ISl OCYIIECTBIICHUS! ()EPMEHTATHBHBIX PEaKIUil 3aBUCUT
OT pachpenerneHus JUMUAHBIX YacTHIl 10 pa3Mepy, WX MOTEHIUAIbHOW MOIBMKHOCTU. B
CBEXKUX IIOAAX C YBEIUYEHHEM THIPOANHAMUYECKOr0 pa3Mepa YacTHIl U YMEHbIIeHneM -
TIOTEHIMAaJa CBsI3aHbl ()epMEHTATUBHBIE TPOIIECCHI, MPUBOASIINE K 00pPa30BaHUIO CBEXKETO
3anaxa (GLVs). B mimogax, npomreamux KOMOMHUPOBaHHYIO OOpaOOTKY, YBEITHYMBACTCS
KOHLIEHTpALMsI THAPOIEPEKHCHBIX COeAMHEeHUI (cyOcTpara) M CHHIXKAETCs JOCTYITHOCTh
MeMOpaHHOCBS3aHHBIX (PepMEHTOB rHapoIepokcu aua3sl HPL.

Bo Bpemst HarpeBanus B Bakyyme (paspexenue 6+1 klla, temmepartypa 32+2°C)
CYCIEHIMPOBAHHBIX PACTHTEIBHBIX TOMOI'€HATOB CyOCTpaT-pepMeHTHbIE B3aUMOJICHCTBUS
HauOollee MHTEHCHUBHBI H3-32 YCJIOBUA MeX(a3HOH aKTHBAllMM, KOIZA HPOUCXOIUT
n3MeHeHHne TUAPO(pOOHOr0 B3aMMOICHCTBUS, KOBaJICHTHBIX CBs3el, Ban-nep-BaaabcoBbix
cun. Takuwe >¢QekTsl 00ecrneunBaloT HOMUMONEKYSIPHYIO ancopOlui0 U OHOCHHTE3
3eneHoro 3amaxa GLVs B miogax mocie TerioBoii 00padboTKu.
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BoiBoasl. B janbHeiimeM  HEOOXOAMMO IIPOBEICHHE  OKCIIEPUMEHTOB IS
BOCCTAHOBJIEHHSI CBEXKEro apomMara ¢ IOMOLIbI0 (EPMEHTOB, IONYYEHHBEIX U3
PACTHUTENLHBIX MAaTEPUANIOB. Y CHIIEHHE TPO(QUII apoMara OyAeT OTpaskaThCs Ha CHIKEHUN
KOJIMYECTBA COJIM MIIM caxapa, MCIONb3YEMBIX B IMPHTOTOBJICHHM MHOIHMX IPOAYKTOB M
0COOEHHO B MPOU3BOACTBE 00€3KUPEHHOM IPYIIIIBL.

KaiueBbie ¢10Ba: apomam, 20M0O2eHam, NPeOuecmsentuK, gepmenmol, cybcmpam,
{-nomenyuan.

Baunsinue 00padoTKH OKHCJINTEIHLHBIMH 0TOSTUBAIOIAME BelIECTBAMH Ha IBETOBbIE
napamMeTpbl cKOpJaynbl rpeinkoro opexa (JuglansRegia L.)

EBrenust boaru
Texnuueckuil ynueepcumem Monooswl, Kuwunes, Pecnyoiuxka Monoosa

Beenenue. I'perikue opexu pasblie MPOJABAIUCH B HEOTOENIEHHOM COCTOSHHHU, HO
CIpOC Ha TOPTOBIIIO MPUBEN K OOIIEH MpakTHKe OTOeTMBaHus. 3ajaqa STOro NCCIEeJOBAHUS
COCTOHT B TOM, YTOOBI ONPEAEIUTH BIUSHHUE PA3IMYHBIX OTOEIHMBAIOIINX BEIECTB Ha sIpa
rperkoro opexa (Juglans Regia L.).

Matepuanbl 1 MeTobl. J[JIs1 KONMYECTBEHHOTO ONpeAeNeHHs BETa BhIOpaHa camast
MONYJSIpHAsl [BETOBAasl CHCTEMAa CEJIbCKOXO3SMCTBEHHBIX MPOJAYKTOB MeXIyHapOaHOU
komuccuu 1o oceemiennto (CIE), B koropo#t ncnone3yrores uaaekcol L*, a* u b*. Taxxke
Obuta paccurraHa obmias pasHuia B usere (E), emuHnYHOE 3HaYEHUE, KOTOPOE YUUTHIBAET
pasmuuuns Mexay L*, a* u b* obpasna u cranmapra.

Pe3yabTaThl M 00cyxaeHue. B mpoiiecce aHanmuza TOJMYYEHHBIX 3HAYSHUH JUISI
LBETOBBIX MapaMETPOB JUIS KaXIOTO W3 UCIIONB30BAHHBIX OTOEIHMBAIONINX areHTOB OBLIO
YCTaHOBJIEHO, YTO OHM BapbHPYIOTCS B 3aBUCHMOCTH OT OTOEIMBAIOIIETO areHTa,
KOHIIeHTpalwn, pH cpeibl, TeMIepaTypbl U BpeMEHH YICPKHBaHHS TPEUKHX OPEXOB B
pactBope. KoHueHTpanust uMeer OONbIIOe 3HAUCHHE, €€ YBEIMUEHHE COKpAIlaeT Bpems,
HEoOX0oAUMOe /sl JTOCTHKEHUsI OXKUAAaeMOro pesynbrara. 3HaueHue pH cpenpl urpaer
BaXHYIO DOJIb B KaTaJUTHYECKOM OKucieHnd. OrOenuBaHHE M SPKOCTh CKOPIIYIIBI
rperkoro opexa (L) yBemmuuBarotcs ¢ yBemumueHueM pH ot 3 mo 10. MccnemoBanHbIe
areHTHl 00Pa3yIOT CICIYIONIUH psix orOenuBaromeii aktuBHOcTU: Na,B,04(OH), >Okoron
12>H,0, >Ca (ClO),. YcraHOBIEHO, YTO ONTHMAIBHBIMH YCJIOBHSIMH OTOEIHMBAHHS C
nomonisio Na,B,04(OH), sBisitorest: C = 5%, pH = 10; t =60 °C.

BruiBon. Bce or0OenuBaromye BeliecTBa OKAa3aJIMCh IMPUTOMHBIMH JUISi OCBETJICHUS
cKopiymnbl Tperkoro opexa. Ilo cpaBHeHMro ¢ mmpoko wucnonbyemMbiM H,O, mporecc
CTapeHHs pPa3BHBAJICS OJHOBPEMEHHO, HO HAOIIOAAIHMCh pa3inyusi B OOIIEM HW3MEHEHHH
ocgeTneHus. O0pasipl, 00paboTaHHbIE IEPOOPATOM HATPHSL, OCTABAINCH CBETIIEE.

KiroueBble ciioBa: cpeyxuili opex, yeem, omobelusanue, NePoKcud 000pood,
nepbopam nampusi, Oxopon 12, unoxnopum Kauvyus.

KoMmnioHeHTHBIH cocTaB 3(pUPHOro Macjia KOPHEII04a pelbKH

TI'anmuna Cemrornna, Oxcana ["anoniieBa
Xapvrosckuil 20cy0apcmeenHblil yHusepcumenm NUmanus U mopeosiu, Xapvkos, Ykpauna
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Brenenue. KopHernons! pebky coziepkar B CBOeM cocTaBe d(UpHbIE Maciia, KOTOPbIE
HaxoJsiTcs B (opMe TIIMKO3HMJOB M OOYCIIOBIHMBAIOT €€ CIelU(UIECKHd 3amax u BKYC.
CopepkaHue JIeTy4MX BELIECTB SBIIAETCS BaXKHbIM IIOKa3aTeleM MJsl OIpeleeHHs
MOTPEOUTETHCKUX XaPaKTEPUCTUK KOPHEILIO0/Aa

Martepuanbsl 1 MeToAbl. VccnenoBaHbl KOPHEIUIOAB! peAbKH copToB UepHas 3UMHSAA
CkBupckasi, benas sumusist CkBupckas, Mapymika, Jleobunka, Po3oBas, Cepmie apakoHa,
Maprenanckass u nmaiikoH benblii  kibIK. VaeHTHHUKanWio W KOJIMYECTBEHHBIN
KOMITOHEHTHBIH cocTaB 3(UPHBIX Macen PeIbKH OIPEAEsIA METOJO0M XpPOMaTo-Macc-
CHEKTPOMETPHUU.

Pesynbtatel m oOcysxnenne. ClOXKHBIE JIeTydue KOMIIO3MLUH, BBIIEIEHHBIE U3
KOPHEIUIOIOB PEIbKH PAa3JIMUHBIX X035HCTBEHHO-00TAHMYECKUX COPTOB, TJIAaBHBIM 00pa3oM
MIPEJCTABIIEHBI CIETYIONMMH COETUHEHUAMU: YIIIEBOJOPOIbI, CEPOCOIEpIKAIIIE BEIIECTRA,
OpraHUYeCKUe KHUCIOTHI, allbICTUbl, A(PUPBI, KETOHBI, TEPIIEHBI, COIUPTHL U apeHsbl, o0lIee
coJiep)KaHHe KOTOPBIX HAXOJUTCs B Auanaszone ot 23,69 mr/kr (Jlebuaxa) no 1605,94mr/kr
(Benas 3sumHuss CkBupckas). BeisisiaeHo oT 26 10 40 XUMHYECKHX COCITUHCHUH, KOTOPBIC
SIBIITFOTCSL CIICIM(DUISCKUMHE JJIs KOKJ0r0 MCCISIyeMOoro copTa, Ho 14 BeriecTB — oOIue
JUISL BCEX COPTOB PEIbKH: HOHAHAIIb, IEHTa/IeKaHalb, JUOKTHI(TANAT, TMH300yTHI(TANAT,
CKBaJICH, JIMHOJIEBasl KHUCIOTA, JMHOJIEHOBAs KUCIIOTA, OJIEMHOBas KHUCIOTA, CTeapHHOBAas
KHCIOTa, TPUKO3aH, TeTPaKo3aH, NeHTaK03aH, FeKCaK03aH U I'elTaK03aH.

Pa3zHoOOpa3HbIii KOMIIOHEHTHBI COCTAaB JIETYYUX BEIIECTB PEObKH OOYCIOBIHMBAET
crneuuUYHOCTh U MHTEHCHBHOCTh €€ apoMara, OKa3bIBaeT CYIECTBEHHOE BIIMSHHE HA
BKYCOBbIE CBOIHCTBA M aHTHOAKTEPHAIBbHYIO aKTUBHOCTHIO IO OTHOUICHUIO K
IPaMIIOJIOKUTEIBHBIM U TPAaMOTPHUIIATEIEHBIM MUKPOOPTaHU3MaM.

BeiBoabl. BrmepBrle mpoBeieH KOMIUIEKC MCCIIEOBAaHUM KayeCTBEHHOTO U
KOJINYECTBEHHOI'O COCTaBa JIETYYHX BEIIECTB KOPHEIUIOAA PEIbKU B COPTOBOM pa3pese.

KaroueBsie cioBa: pedvka, sghupnvie macia, remyque eeujecmed, apoman.

OuncTKa COKa U3 CaXapHOii CBEKJIBI JJIEKTPOKOATY IsIH el

Xa6ubex Asusnu', Baxun Xaxnmsazex', Xoccenn Anmmsanex Ionecrann’
1 - Kagheopa nuwesoui nayxu u mexnonozuu, Kyuanckuii gpunuan Hcramckozo azadckoeo
yuugepcumema, Kyuan, Upan
2 - Kageopa xumuuecxo unacenepuu, Kyuanckuii punuan Hcramckoeo azaockoeo
yuugepcumema, Kyuan, Upan

Beenenne.  IIpoBeneHo — mccienoBaHMEe € LEIbI0  H3y4deHUs — IIpolecca
JNEKTPOKOATYSAIMM KaK HOBOTO MeTojAa sl yJaJeHHs IpUMeced M COeAMHEHHH He
caxapoB U3 caxapa-ChIpIa CBEKOJIBHOIO COKA.

Martepuanbsl 1 MeToAbl. VccrienoBaHue BHIIOJIHEHO B MEPUOINYECKOM XUMHUUECKOM
peaktope, 000pyI0BaHHOM 0aKOM Ha 5 JI, KOTOPBIA CONEPIKUT 3 aTFOMHHHEBBIX aHOJHBIX U
3 JKene3HbIX KaTOAHBIX 3JIEKTPOJa, COSAUHEHHBbIE NMapaienbHo. MccnenoBaHo BiusHUE
Hanpsokenus 5, 10 u 15 BonbT, BpeMst 00padotku ¢ 15, 30 u 45-MUHYTHBIMU HHTEpPBAJIAMH
u 3HaueHussMU pH 6, 7 u 8 Ha YUCTOTY, MYTHOCTh U I[BET CaXapHOI'O CBEKOJBHOI'O COKa C
HCIONB30BaHUEM METO/a IIOBEPXHOCTH OTKIMKa bokc-BeHkeHa W cTaTHCTHYECKOro
MIPOEKTUPOBaHKS Ha OCHOBAHHMH MPOrpaMMHOro nakera Minitab 17.

PesynbtaTtel m oOcyxneHme. B xone mporiecca 3JI€KTPOKOATYSIUM MYTHOCTh
YMEHBIIAETCS C TOBBIIIEHHEM HarnpsbkeHus. C MMOBBILIEHNEM HAIPSHKEHUST pAaCTBOPUMOCTh
aHOJIHBIX DJIEKTPOJIOB TAKXKE YBEIMYUBAETCS, YTO MNPUBOJAUT K YIAJCHUIO OOJBIIETO

——Ukrainian Food Journal. 2016. Volume 5. Issue 4 — 809



—— Abstracts

KOJIMYECTBA 3arPSI3HSIONINX BEIIECTB. TakuM 00pa3oM, CHI)KEHUE MYTHOCTH U YBEJTHUEHHE
HANpPSOKEHUS MOXKET OBITh CBS3aHO C YBEJIHMUYEHHUEM MIPOU3BOJICTBA CTPYKKH, B TO BPEMSI Kak
HU3MEHEHHsT B 3HaYeHuMd pH He HMEIOT CYIIECTBEHHOI'O BJIHMSHHS HAa MYTHOCTb. XOTS
yBEIMYEHHE HATIPSDKEHUS CYIIECTBEHHO HE BIIUSET HA YCUIIEHHUE I[BETA, OHAKO OHO MOYKET
ObITb  CBA3aHO C  YBEJIMYCHHEM MY3BIPHKOB W TMOCIEAYIOIIUM  yBEIHYEHHEM
(epMEHTATUBHOM aKTUBHOCTH B Tmporecce (UioTaluu. YBeIuYeHHe (pepMeHTATHBHOM
AKTHBHOCTH YCHJIMBAeT IIBET MeEJIAaHMHA B TEYEHHE OIMpPEIEIeHHOr0 BpEeMEHH Yepes
OTKPBITOCTh peakTopa mnpu ¢uotanuu u aspaiuu. OQHAKO yBenuueHwe 3HaueHuss pH
HE3HAYMTEIBHO YCHIMBAET IBET. Pe3yiabTaThl MMOKA3ajH, YTO IOBBINICHUE HANPSDKEHUS
NPUBOAUT K YBEIUYEHHIO CTENEHHW YHUCTOTHL. PacTBOPUMOCTb AHOMHBIX 3JIEKTPOJOB
YBEIMYUBAETCS C MTOBBIMIEHUEM HAMPSDKEHUsI, @ BIIOCIEACTBHU 00jiee OOJIBIIOE KOJTHIECTBO
NpUMeceil  ymansercs IyTeM MPOM3BOACTBA THUAPOKCHIA adioMHHHSA. [loBbIIIEHME
HANpPSDKEHUS TaKKe TPUBOAUT K MOIYYEHUIO OOJIBIIET0 KOJMYECTBA My3bIPHKOB, KOTOPBIE
YBEIMYUBAIOT KOHTAKT MEXY THAPOKCHIOM aJIOMUHHS C 3arPSI3HUTEISIMU U IPUMECIMH,
U CrmocoOCTBYyeT (IOTHIMK OOJNBIIEr0 KOJUYECTBA IOJNYUYEHHOrO OCajka, W, TaKuM
00pa3oM, ymajeHH0 OOJIBIIEr0 KOJMYECTBA MPUMeceil. YBeIMYEHHE TPOJOIDKUTEILHOCTH
MPOIIECCa TAaKXKe MPUBOIMWT K TOBBINICHUIO CTEIMEHH YHMCTOTHI, MOCKOJBKY YBEIHYEHHE
MPOIODKUTENLHOCTH PEAKIUK MPUBOAUT K Ooblireidl (oTanuy ocaaka Ha MOBEPXHOCTH
KHUIKOCTH. Y BeIndyeHue 3HaueHuss pH He oKa3bIBaeT CyIIECTBEHHOIO BIMSHUSA HA YPOBEHB
YUCTOTBI.

BoiBoa. B 1ieoM mporiecc 3IIEKTPOKOArYIISIUM  TTOJ0KHUTEIBHO CKa3bIBACTCS Ha
CHIDKEHUHM MYTHOCTH Y MOBBIIIIEHUH YHCTOTHI caXapa-ChIpiia CBEKOILHOIO COKa B MPOLIECCE
OUMCTKH, XOTS HA MHTEHCUBHOCTD LIBETA OH BIIMAET HE3HAUYNUTENBHO.

KawueBble ClI0Ba: caxapHas C6eKAd, JJIeKMpoKOA2YIAyus, yeem, YUCmomd,
MYmMHOCHb.

AHanu3 Bblﬁopa COPTOB BUHOIpajaa AJisi TCXHOJOIHHA JIEAAHBIX BUH

Bukropus Ocranenko
Oo0ecckas HayuoHanbHas akademust nuuesvix mexroiaozui, Qdecca, Yrpauna

Brenenue. BriOop COOTBETCTBYIOMIMX COPTOB, NpeIHA3HAYEHHBIX Uil POU3BOJCTBA
JIENTHOTO BHMHA, OKa3bIBaeT Bce Ooliee TITyOOKOE BIHMSHHE Ha PHIHOYHOE MPEIOKEHUE,
pacimupss IpeMUyM-CEIMEHT CElIbCKOX03IHCTBEHHOTO CEKTOpa.

Martepuanbsl 1 MeTOABI. J[J1s1 aHanKU3a XapaKTepUCTHK BUHOTPaa, UCIOIb3yeMOro s
JIENTHOrO BMHA B Pa3HBIX CTPaHaX, UCIOJBb30BaHbI 0a3bl JAHHBIX M MEXIyHApOIHBIE
3aKOHBI B BUHOJIEJIMU.

PesynbtaTsl M o0cyxnenune. J[aHHBIN aHAIN3 WUIIOCTPUPYET MONHBIM aCCOPTUMEHT
COPTOB BHMHOTpPajJa, HCIOIb3YEeMBIX BHHOJENAMHU, KOTOpPbIE PEIIMIM OCTaBUTH JIO3y NPHU
HU3KHUX TeMIlepaTypax B pa3jU4YHBIX CTpaHaXx-Ipou3BoauTenax: B I'epmanus, Yemickoit
Pecrryonuku, ABctpun, CnoBennn u Kanazie. BuHOIENB! U3 9THX CTpaH BKIIOYAIOT CaMble
pa3HooOpa3Hble KiIacchl BHHOTpaia Iuisl Mpou3BoicTBa BWH. B EBpome ucnonb3yrorcs
pa3iuYHBIE COPTa BHHOTPaJAa IJIsl €CTBECTBEHHOI'O 3aMOPa)KMBAaHHS, HO OOIIWHA BBITYCK
JIEITHOTO BUHA HIXKE [0 CPAaBHEHHUIO CO CTpaHaMH, pacnonoxeHHsle B CeBepHON AMepuKke,
Brmrouast Kanany u Coenunennsie [ITatol.

BonbmMHCTBO CTpaH, TJaBHBIM 00pa3oM, BBIOMparoT kiacc V. Vinifera, xoTopwii
oblafaer TOJCTOW KOXHUIIEH, YTO NpeAronaraeT JIy4dIlyld 3aluTy OT 3HMHEro
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MIOBPEXK/ICHNUS, OJJHAKO COpTa ATOr0 Kijacca 0ojiee YyBCTBUTENBHBI K ITOTOHBIM YCIOBUSIM,
yeM THOpHABI WJIM AaBTOXTOHHBIE COpTa BUHOrpaga. Pucimar — Hambomee dYacro
HCMONb3yeMBI COPT Ul IPOM3BOJCTBA JIEASHOIO BHMHA, IIOCKONBKY HMMEET BBICOKYIO
CTOMKOCTh BUHOTPAJAHOM JI03bI HAa NPOTSHKEHUU 3UMHET0 IIEPUOAA.

KnumaTtudeckre ycioBUs SBJISIOTCS OCHOBHBIM MCTOYHHMKOM IIOJYYEHUS ypokas IUis
JIENTHOTO BHMHA, ONHAKO MOTYT 3HAYMTEIBHO YMEHBIIUTH OXHJaeMble 00BEMBI YporKas,
[I09TOMY MeEphl IO 3allUTe BHHOTpaga IMpeaycCMaTpUBAIOTCS Iepel  HHU3KUMU
TeMIepaTypaMu.

BeiBoabl. Pe3ynbpTar, modydeHHBIH IO MTOraM aHajJW3a UCIOJIB30BAHUS PAa3JIMYHBIX
COPTOB BHHOI'Paja, IEMOHCTPUPYET pa3BUTHE U pacIIUpeHHe MPOU3BOJCTBA JIEISIHBIX BUH
B paMKaxX MHPOBOTO BUHHOT'O OOIIECTBA.

KaroueBble c1oBa: edsHoe 6UHO, 8UHOZPAO, COPM NO30HE20 CO3PEBANUS], KIUMAMI.

Xumuueckuii coctas 3¢upHoro maciaa mwandes (Salvia officinalis 1.) 3 Boarapum

Cranxa JlamsroBa', Cuieua Momosa®, AnGena CrosiHoBa®, Oekciit 1"y6eH$14
1 - Pycenckuil ynusepcumem, ¢unuan 6 2. Pasepao, Boneapus
2 - Huemumym po3svl, Kasannvix, boreapus
3 - Vhusepcumem nuweswvix mexnonozuti, [lnosous, Boneapus
4 - Hayuonanvhwiti ynugepcumem nuwjegvlx mexuonoautl, Kues, Yxpauna

Brenenue. [IpoBeieHbI MccneaoBaHus € LEIbIO ONPENEIeHHs XMMUYECKOr0 COCTaBa
a¢upHoro Macia imaides nexkapctBeHHoro (Salvia officinalis 1.), BbIpalneHHOro B
Bbonrapumn.

Matepuanbl u MeToAbl. B HcCleqOBaHMSX HCIONB30BAHO TPaBSHOE CHIPhE U3
masndesi, MPHOOPETEHHOE B MECTHOM TOProBOH ceTd. DPHUPHOE MAacio MONy4alad MyTeM
THIPOAMCTWISIIMKM B TEYeHHE 3 4YacoB B CTEKIITHHOM J1abOpaTOpHOM ammapare.
XUMHUYECKUH COCTAaB Macja ONpeIesuId XpOMaTOrpapuIecKuM ITyTeM.

Pesyabrat u 06cyxknenue. BiaxnocTs chipbs cocraBmia 12,16%, a BEIXoa 3(HpPHOTo
macna — 0,93%.

B »¢pupHoMm Mmacie Obuto ompeneneHo 28 KOMIOHEHTOB. OCHOBHBIC COCTUHCHUS
a¢upHOro Macia cieayromme: o-Tyiion (26,68%), (E)-p-kapuodwmmien (7,47%), 1,8-
nuHeon (7,19%), o-rymynen (6,11%), B-munen (5,44%), B-tyiion (5,35%), kamdopa
(4,84%), anmo-apomaneHapes (4,55%), dopreon (3,69%) u a-muneH (3,58%). Tpu rpymiisl
COeIMHEHUH OBUIM HaleHbl B THUAPOAWUCTHIMPOBAHHOM Maciie u3 manges. Bbicokuii
MPOLIEHT KOMIIOHEHTOB 3()MPHOr0 Macia COCTaBIISIM CyMMapHbIE KHCIIOPOAOCO/IepKAIIHe
MOHoOTepIeHbl — 59,15%, ceckBuTeprieHOBBIE YrieBoaopoasl — 24,37%, MOHOTEpPIEHOBbIE
YTIIEBOIOPOIBI — 14,66%. Camoifi pacnpocTpaHeHHOH B  Macie Obula
KHCIIOPOAOCOIepIKaIliass MOHOTEPIIEHOBasI (PpaKIHs, KOTopasi 0COOEHHO OoraTta Ha KETOHBI
(70,96% or a10it hpakimn)

BbiBon. MoXHO KOHCTAaTHpPOBaTh, YTO B 3(pupHOM Macie mandes JIeKapCTBEHHOTO
ObUT  BBISABICH Psl  KUCIOPOACOJCPKAIIMX  MOHOTEPIIEHOB,  CECKBHTEPIIEHOBBIX
YIIIEBOJ0OPOIOB U MOHOTEPIIEHOBBIX YIJIEBOIOPOIOB.

KuroueBble ciioBa: wanget, s¢pupnoe macno, cocmas, boneapus.
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Bimmsinne napamMeTpoB nepepadoTKN HA COCTAB U CEHCOPHbIE XapPaKTePUCTHKHA
XJ1e0HOT 0 IepeBa I1y00
Tustan Axum Onymuze', Bakape Xenpu Aeroke”
Oxe Immany>71 Kexunne®, Otieneiin Aiin6ona bamuxone
I - Hayuonanvroe acenmemso no buomexnonozuu pazsumus, Osoo Hesa, Hucepus
2 - [lenapmamenm cocmunuuno2o 6usneca u mypusma, QedepanvHblil yHUSEPCUmMen cenbcKoeo
xossicmsa, Abeoxyma, Hueepus

3 - [enapmamenm nuwjegoii nayxu u mexnuxu, DedepanbHbiil YHUBEPCUMEM CETbCKO20 X03SAUCMEd,
Ab6eoxyma, Hueepus

4 - Omoen buomexnono2uu u nUWeGbIX mexHono2uil, JJypOancKull mexHon02u4ecKutl yHusepcumen,

Jlypban, FOdxcrno-Agpurkanckas pecnyonuka

Beenenue. XieOHOe 1epeBO HE OTHOCHUTCS K MUIIEBBIM MIPOAYKTAM H €ro IpUMEeHEHHE
B IIMIIEBBIX TEXHOJOTUSAX OCHOBAHO Ha TEXHOJOTMYECKOW O00pabOoTKe C MOCIIEAYIOLINM
BHECCHUEM B PEIENITYPY XJICOOMEKapCKOTro MpoaykTa 31yoo (elubo), TEXHONIOrHus KOTOPOro
LIMPOKO MPUMEHSIETCSI B HACTOSIIIEE BPEMSI.

Matepuanbl 1 MeToAbI. XJIeOHOE JIEPEBO IPOMBIBAIIOCH YUCTOW BOJIOH JUIsl yIAJICHUS
KaydykoHOocoB. Kopa cHUMaeTcss Bpy4YHYI0 M pa3pe3aercs Ha Kycoukd. Kycoukn
BBIIEPKUBANUCEH B Bozie nipu temmepatype 30, 50 u 60 °C na npotsxenuu 90, 120 u 150
MuH. [Jlanee x1e0HOe IepeBO BBIACPKUBAIOCH B Boae 6, 12 u 18 vacos. ITocne ynmaneHus
n30BITKA BJIard 00pa3Ilbl OBLIM BBICYIICHBI B CYNIMIBLHOU KaMepe mpu Temmeparype 60 °C
Ha MPOTSDKEHUM 2 JHEW W U3MENbYCHbI B MYKY (371y00). O0pa3sibl Tecta XJIeOHOro AepeBa
(Amauna) ObUTH ITOJIBEPKEHBI OPTaHOJIENITUIECKOMY aHaJIH3Y.

Pesyabratel u o6cy:knenme. ConepxaHue BiIarn B XJIeOHOM JepeBe 3iy0o
Bapbupyercs Mexay 9,07 u 12,20%. CopepxkaHue Biarn B 00pas3lax COOTBETCTBYET
COJIEp)KaHMIO TBEPJOH MaTepud. 3HAYUTENbHOE KOJWYECTBO 30JIbI B 00pasuax XJjaeOHOro
nepeBa 2my0o (XD) sBIAETCS MHIUKATOPOM XOPOIIEro HMCTOYHHKA MHHEPAJIOB B MYKE.
Benuuunbl o3omeHust Bapbupytorcss B mpegenax 2,00-2,90%. ConepkaHue MHUINEBBIX
BOJIOKOH B XxJIeOHOM JnepeBe anybo cocraBiser 2,86-3,60%. Temeparypa u Bpems
BBIIIEp)KUBaHUsl B Boje cymiecTBeHHO (p>0,05) He BIMSIOT Ha colep)kaHHe BOJIOKOH B
obpasuax. Conepkanue O€NKOB B 00pa3lax XJEOHOro JepeBa dIy0O BapbHPYETCs B
npenenax Mexay 3,80 u 5,42%. Coneprxanue O€ITKOB B 00pa3iiax U3MEHSICTCS HE3aBUCHMO
OT MapaMeTpoB TEMIIEPATyphl U MPOAODKUTEIHHOCTH BhIIEpKKU. ConepikaHue YIIIeBOJI0B
B oOpasnax cocraBiser 73,67-78,33%. Bbicokoe KOIMYECTBO YIJIEBOJOB YKa3bIBaeT Ha
BBICOKYIO KaJIOpUWHOCTh TOTOBBIX u3Jenuidl. Ha comepikaHue yriieBOJOB MapaMeTphbl
TEMIIEpaTypbl U TPOJOJKUTENFHOCTU BBIACPKUBAHUS BIUSIOT He3HauutenbHO (p>0,05).
OpraHojenTHYeckue IOKa3aTelu TecTa, HM3TOTOBJIEHHOrO M3 XJIeOHOro nepeBa 3iydo
cymectBeHHO (p<0,05) orimuanuch OT Tecra, M3TOTOBJIEHHOro W3 Oarata 3mybo (t-
mokasateib — 2,523, crenens cBoooab! — 14, p-semuunna — 0,01, oquH cpes).

BoiBonbl. PesynbraThl MccleqOBaHMN MOATBEPXKIAIOT HAJMYHE 3HAYUTEIBHOTO
KOJIMYECTBA MUIIEBHIX BOJIOKOH M YIJIEBOAOB B XJIEOHOM JiepeBe 31y00, UTO yKa3bIBaeT Ha
BO3MOXKHOCTB €T'0 UCITOJIb30BAHMS B KAUECTBE BHICOKOIHEPT€THUECKOTO MPOIYKTa.

KiaroueBnle caoBa:  xiaebnoe  Oepeso, anybo,  mexwonaoeus, obpabomka,
Op2anoONenmuKa.

HUcnonb3oBanue OpPEXOBOro ChIPb U CEMAH YUA JIA YIYIHICHUSA )KUPHOKUCIOTHOIO
CoCTaBa HAIUTKOB CMY3H

Anmxkena JIpsikoHoBa, Bukropus CtenanoBa
Oo0ecckas HayuoHanbHas akademust nuuesvix mexronaoeui, Qdecca, Yrpauna

BBeHeHI/Ie. Ha CEFOZ[HHIJ_IHI/Iﬁ JEHb HEAOCTATOYHO MCCICIOBAHHBIMU ABJIAIOTCA ITYyTH
HCIOJB30BaHUA OPEXOBOIo, CECMCHHOI'O ChbIpbA U HUX KOMGI/IHaHI/Iﬁ B Ka4€CTBC HCTOYHHUKA
9CCCHIHAJIBHBIX Y XUPHBIX KUCJIOT IMMUIIEBBIX NPOAYKTOB 03 JOPOBUTCIIbHOI'O HA3HAYCHUA.
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Martepnanbsl m Meroabl. B pabore wuccnenoBaHO KOMITO3HMIMIO HHIPEIMEHTOB
YHUBEPCAJILHOW OCHOBBI ISl TIPOM3BOJICTBA HAIMUTKOB. OnpesieNnieHo coiepkanne OeTKoB,
YKHPOB, YIJIEBOJOB, 30Jbl M KaJOPUHHOCTh NMPOAYKTAa. METOIOM ra30Bod Xpomarorpaduu
WCCIIEJIOBAH IKMPHO-KUCIIOTHBIM COCTaB pEUENTYPHBIX KOMIIOHEHTOB H OIPEAEIECHO
COOTHONIEHHE ®-3 W ®-0 OKUPHBIX KHCIOT B TOTOBBIX HamuTKax. M3ydeHo
aMUHOKHCIIOTHBIN COCTaB pa3paboTaHHON KOMIIO3UIIMH, €€ BSI3KOCTh M CTa0MIBHOCTH MPH
XpaHEHHH.

Pe3yabTaThl U 00Cy:KIeHUe. ABTOpaMH NPEIUIOKEHO 9 pelenTyp HalHUTKOB CMY3H C
Pa3IMYHBIMH OPTaHOJIENITUYECKMMHU TIOKa3aTensMu. 250 MJI Takux HAIUTKOB MOTYT
YIOBJETBOPUTh CYTOYHYIO IIOTPEOHOCTh 370pOBOTO 4YeJOBeKa B JIMHOJIEHOBOH W
JMHOJEeBOH KUCIOT Ha 30 %, Tak KaK UX coJep)KaHue B FOTOBBIX HAITUTKAX COCTABJISET HeE
Mernee 0,5 T w 2 T, COOTBETCTBEHHO. Pa3paOoTaHHBIE HAIUTKA PEKOMEHIYeTCS K
YIOTPEOJICHNI0 BCEM TpYINIIaM HAcelieHWsl, B YACTHOCTU JIIOJSIM, CTPaJarolliM
3a00JIEBaHUSIMH  CEP/ICYHO-COCYJMCTON CHUCTEMBI WM JKENAIONIUM IOJAEPKHUBATh €€
paboTy B HOpMe.

Hcnonp3oBanne ceMsH 4YWa W sApa TPELUKOro opexa 3HAYMUTEIBHO ITOBBIIIAIOT
coJiep)kaHre OWOJIOTMYECKH IEHHBIX BEIleCTB B HamuTkax. CeMeHa 4Ha CyIIeCTBEHHO
BIIMSIOT Ha PEOJIOTHYECKUE TIOKA3aTeNH CMY3H, TOBBIIIAs INIOTHOCTD M BSI3KOCTh HAIIUTKOB
32 CYET CIM3UCTBIX BEIIECTB Ha ITOBEPXHOCTH 3€pHA CEMSH, a TaKXkKe IOIIACPKUBAIOT
CTa0WJIBHOCTh IKHPOBOW CUCTeMBI mpu XpaHeHWH. CHOCOOHOCTh CeMsiH 4YHha K
CIIM3e00pa3oBaHUI0 OOBSICHSETCS COJEp)KaHHEM BOJIOPACTBOPUMBIX IIOJIUCAXAPUIIOB —
MIEHTO3aHOB, KOTOpPBIE COCTaBISIIOT 10 8 % OT Maccel 3epHa ceMsH. biaromaps
HCIIONIb30BAHUIO CEeMSIH YMa B COCTaBe YHHBEPCAIbHOM OCHOBBI, oHa umeeT 100 %
CTa0WJIBHOCTh B Te4YeHHWEe 24 4YacoB, YTO IIOJHOCTHIO YOBJETBOPSIET MOTPEOHOCTH
MPEANPUSITHA  OOIIECTBCHHOTO MHUTAaHUA. benku pa3paboTaHHONH OpEeXOBO-CEMEHHOM
KOMITO3HIIMH SIBJISIIOTCS TTOJHOLIEHHBIMU M COJIEp)KaT BCE HE3aMEHHMBbIE aMUHOKHCIIOTEHI.
JIMMUTHPYIOIMMY aMHHOKUCIIOTAMH SIBJISIIOTCS JIM3WH, METHOHUH + I[UCTEHH, TPEOHUH U
BaJIMH.

BoiBonbl. BriepBele H3ydeHa BO3MOXKHOCTb INPHUMEHEHHUsS CEMSH 4YHa Kak
CTPYKTYpOOOpa30BaTeysi HAMMTKOB CMY3H M IPEJIOKEHa KOMITO3UIIUIO HHIPEIUSHTOB IS
MIPOU3BOJICTBA YHHBEPCAIBLHONH OCHOBBI ISl HAIIUTKOB, KOTOpasi IMeeT cOaJaHCHPOBaHHOE
coJiep)KaHue -3 U ®-6 KUPHBIX KHUCIIOT.

KaroueBsie cioBa: opex, uua, sicupHvle KUCIOMbL, HANUMOK, CMY3U.

Bausinue KoJJ1areHoBoro oejika «bejJKko3un» Ha OUOJIOrNYeCKYI0 IEHHOCTh
BapeHbIX Kos16ac

Awnaronuii Ykpaunen, Bacunmii [Tacuunsrii, Makcum [lonymOpuk, Maneda ITomymOpuk
Hayuonanonwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenune. IlpoBeneHsl cpaBHUTENbHBIE HccienoBaHud aMHokuciaoTrHoro CKOPa
OENKOB BapeHbIX KOJNOACHBIX W3AENNUH, H3TOTOBJICHHBIX C KOJUIAT€HOBBIM OEIKOM
«benko3uH» M CKOPOCTH HAKOIUICHWS THPO3MHA B JUHAMHYECKOW MOJEIH JKEeNyJO0YHO-
KUIIEYHOTO TPaKTa YeloBeKa C IEJbI0 YCTAHOBIIEHUS CTEIIEHW YCBOGHHSI OEJIKOB 3THX
Kozbac.

Matepuanbl 1 MeToabI. [ MIPOTU3 IPOBOJWICS B CHENUAIEHOM YCTPOMCTBE, KOTOPOE
COCTOSUIO W3 BHYTPEHHEH M BHEUIHEH eMKOCTH. BHYTpEHHsSI €MKOCTh COAEPIKHUT
CTEKIISIHHYIO MeIIaliKy, Ha3HAa4eHHE KOTOPOH COCTOMT B TIOCTOSHHOM II€peMENIMBaHUU
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(epMEHTALMOHHOW  Ccpefbl M JHalu3e NPOAYKTOB peakuun. DepMeHTaTHBHOE
pacuierieHne JUIWIOCh TPU Yaca Ha KaxaoW cramuu. [lelicTBHe MercuHa MpPOXOAWIO Ha
MIepBOM CTaJMM, a TPUIICHHA — HA BTOPOH. AMHUHOKHCIIOTHBI COCTaB KOJOACHBIX W3/
OBbLT OMpe/esieH ¢ MTOMOIIbI0 HOHOOOMEHHOH XpoMaTorpadu.

PesyabraThl u 00cy:kaenne. HamMu ObuM MpOBeIeHbI CPaBHUTEIBHBIE UCCIIEOBAHUS
(bepMEHTaTUBHOTO THJPOJHM3a KOJ0AC, M3TOTOBJIEHHBIX M3 KYpHHOrO Msica Opoiiiepos,
oxnaxaenHoro ao 0-4 °C. Ilocne poGaBieHWs TpUICHHA HaONIOAANOCh YCKOpEHHE
ruaponu3a OeNKOB BapeHbIX Kojbac, KOTOpOe IOCTHrajlo MakCHMyMmMa Ha IIECTOH 4ac
¢depmenTanuu. BximoueHue koiutareHoBoro Oenka «benkosuH» B cocTaB penentyp
BapeHbIX KOJI0AC CYIIECTBEHHO HE BIHMSET HA aMHUHOKHCIIOTHBIA COCTAB TOTOBBIX M3JIENHUI.
B pesynbrare cpaBHUTENBHBIX HCCIENOBAaHUN CIIOCO0A BBeIEHHs OETKOBOM KOMIO3UIINU B
COCTaB KOJOACHBIX W3JCNUI ONpEAeNeHo, 4YTO (EepMEHTATUBHBIA THApOIU3 ObICTpee
MIPOUCXOJUT B KOJIOACaX, U3TOTOBJICHHBIX C CYXUM OEIKOBBIM CTaOMIIM3aTOPOM, OCOOCHHO
Ha CTa/IuM JIEHCTBUS TPUIICHHA. Y BElIMUeHUe cojiepkanus Oenka «benko3un» B pernentype
MIPUBOAUT K POCTY OMOIOCTYITHOCTH OEIIKOB KOJIOACHBIX M3JENUHA, YTO CBUIETENbCTBYET O
TIOJIO’KUTEIHFHOM BIIMSIHUU KOJUTareHOBOro Oenka «belko3uH» Ha repeBapruBaeMOCTh 3THUX
MIPOJYKTOB.

BeiBoasl. Poct nonu runponuzara ¢ 6 1o 12% B BC noBsimaer ckopocTh HAKOIUIEHUS
TUPO3HMHA, KOTOPHIA 00pa3zyercst IpH IOCIEA0BATEIFHOM (pepMEHTATHBHOM THIPOJIHM3E B
cUcTeMe TIeTICHH-TUPO3UH, KOTOPBIA in Vifro MOJEIHPYEeT MpOLECCHl MHUIeBapEHUs,
MIPOUCXOJISIIME B OPraHU3Me uesioBeka. Takum o0pa3oM, BHECEHHE KOJUIareHOBOro Oeika
«benko3un» CylIeCTBEHHO MOBBIIIAET OHOJIIOTHYECKYIO IIEHHOCTh KOJOACHBIX H3JIEIH,
W3TOTOBIICHHBIX C €r0 J00aBJIEHHEM, YTO IMPOSBISIETCS B POCTE€ NEPEBAPHMOCTH OEIKOB
BapeHbIX KoJ0ac MpY YBEJIMYSHUH B HUX JIOJIHM KOJUIAareHOBOro Oeika «bermko3nny.

KnawueBbie caoBa: xkonbaca, Oenok «benko3uH», Owonornueckas IEHHOCTS,
THJPOJN3, TIETICUH, TPUTICHH.

PesnakcanmoHHoe noBeJeHUE BOTHBIX nncnepcm‘i KpaxMaJjioB

Banepuit Mank, Oxcana ToukoBa, Okcana MenbHuk, Anekcanap beccapab
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenue. Peonmornyeckue CBOWCTBA BOJHBIX PACTBOPOB IMOJMCAXAPHUIOB IMOKA3aIN
THUKCOTPOITUYECKOE MTOBEACHHE MPH Pa3pyLICHUH UX YACTHYHO YHOPSIOYEHHOH CTPYKTYPBI,
YTO UMEET MECTO NPH (PU3NUECKUX MM TETUIOBBIX BO3JICHCTBHSIX.

Matepuanbl u Metoabl. ['otoBuin 3—15% aucnepcuu HATHUBHOTO KapTO(EIbHOrO U
KYKYPY3HOTO KpaxMmaJloB B JIUCTHJUTMPOBAHHOW BOAbl. OOpa3ipl TEpMOCTATHPOBAIH MPHU
temnepatype 20°C B Teuenue 30 muHyT. MccinemoBaHus NPOBOAMIM IO METOIUKE
OTIpeIeNIEHUs PEOJIOrMYecKOoro MoBeCHUS P KOMHATHOM TemnepaType Kax/sle 3 Jaca.

Pesyabratel m o6cyxknenue. HoBbIi MeTon penakcalyyd B KpaxXMalbHBIX CMECSIX
3aKJIIOYaeTCs B TOM, YTO CTPYKTYpHas pellakcalys MOJMMEPHBIX 3BEHbEB IMOJHCAaXapUaI0B
BO BPEMEHH NPOXOIUT MEAJICHHO U JOJTO.

CornacHo JTUTEpaTypHBIM HUCTOUYHUKAM, TOJIBKO MOJMCAXapUIsl, MOIEKYIsApHas Macca
KOTOphIX Ooybiie 1 MJIH (Ha NpUMepe KapTOQeabHOro Kpaxmala), XapaKTepH3YIOTCS
ME/UIGHHOW pejakcaiuedl CTpyKTypbl. Takas (u3nMKo-XUMHYecKas XapaKTepHCTHKa
TIOJIMCaxXapyu/IoB, KaK penakcanus o0yCIOBIMBAETCS YACTUYHO YIIOPSI0YEHHON CTPYKTYpOi
C B3aMMHBIM PacIONIOKEHUEM OT/IEIBHBIX IeTIeil B POCTPAHCTBEHHON CETKeE.
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Ion JefcTBueM CIBUTOBBIX HanpsHKeHUH peotecra paspylueHHas
IICeBJIOIIACTUYECKAasT ~ CTPYKTypa  BOAHBIX  JHUCIEpCUN  Kpaxmajga  IOCTEHNEHHO
BOCCTaHABJIMBAETCS J0 PAaBHOBECHOI'O NPH JAHHBIX YCIOBHUSIX COCTOSHMSA CHUCTEMBL. Bpems
BOCCTAHOBJIEHUSI CTPYKTYpPHI cOCTaBisieT 17 4acoB.

MenieHHplii  TpoliecC  BOCCTAHOBIIEHMS ~ WM  CTPYKTYpPHOW — penakcauuu
MIPOCTPAHCTBEHHBIX ~ CTPYKTYp BOOHBIX JUCHEPCHH  MONHCAXapHIOB  INPOUCXOIUT
BCJIE/ICTBHE MEPECTPOMKH IMPOCTPAHCTBEHHOW CETKH IOJMMEpa, KOTOPBI o00pasyercs
Onarogapst CyIlIeCTBOBAHUIO TTOMEPEYHBIX XUMUUECKHUX CBSI3EH.

AHaJIOTUYHOE TIOBEAECHHWE C MEHBIIUM BpEMEHEM CTPYKTYPHOM pemakcauuu
XapaKTepHO U U JPYTUX MOIHCAaXapHIOB, B YaCTHOCTH KCAHTaHA, BpeMs pellaKCalluu
KOTOPOT'O COCTaBJISIET OKOJIO 3 YacoB.

BoiBoapl. Mexay ULemsMH CyHIECTBYIOT OCOOCHHOCTH KOJUIOUJHOW CHCTEMBI,
BIMSIOIIME HAa €€ KayeCTBEHHbIE, CTPYKTypHO-MEXaHUYECKHEe U TEXHOJOTHYECKHe
CBOMCTBa, KOTOpbIE HEOOXOJUMO YUYUTHIBATH TPH BHIOOpE PpAIMOHAIBHBIX PEXHMOB
ONTUMANIBHBIX YCIOBUI MPOBEAEHUS MPOIECCOB IIPU MPOSKTUPOBAHUM ABTOMATHYECKUX
CHCTEM YIIPaBJI€HUS MPOU3BOJICTBOM.

KunroudeBsble cioBa: nonucaxapuosl, kpaxman, OUCHEPCUs, CIMPYKIMYpa, Pelakcayusl.

Mpoueccbl 1 060pyaOBaHME NULLEBbIX NPOM3BOACTB

3arpsi3HeHMe MOJTUMEPHBIX U OPraHO-HEOPraHUYeCKUX MeMOpaH NpH pa3jeeHun
TOCJIeCIIUPTOBOI 3ePHOBOIi OapabI

FOpwit 3muenckuit', FOmus [3s36K0°, Banepuit Muporuyk',
Jlionmuna Poxnectenckas’, Anexcanap Bunenckuit’, Jionmuta Kopauerko'
I — Hayuonanvnuiii ynueepcumem nuwjesvlx mexronozuti, Kues, Yxpauna
2 — Uncmumym obwell u neopeanuyeckou xumuu um. B.H. Bepnaockoeo Hayuonanvhoii akademuu
nayk Ykpaunel, Kues, Yxkpauna
3 — Uncmumym xpucmannoepagpuu um. A.B. [lly6nuxosa PAH, Mockea, Poccuiickas @edepayus

Beenenue. Ilporecc GapoMemOpaHHOro pasjeneHHsi enecoo0pa3HO HCIOJIb30BaTh
JUTsL TIepepabOTKH  TOCIICCIMPTOBOM 3epHOBOM Oapapl. UToO wu30ekaTh 3arps3HCHUS
MeMOpaHbl OpPraHMYeCKUMH BEIIECTBAMH, IIOJMMEPHBIE MeMOpaHbl MOAUDHIUPYIOT
YacTHLIAMH HEOPraHW4YeCKUX HOHOOOMEHHUKOB. YCTaHOBJIEHO M CIENaHO CpaBHEHHE
MEXaHU3MOB  3arps3HEHUs]  JUIs  IOJMMEPHBIX W KOMIIOBMTHBIX  MeMOpaH,
MOJIU(UIIMPOBAHHBIX ~ YAaCTHIAMH HEOPTaHMYECKHX HOHOOOMEHHHMKOB, BO BpeMs
paszeneHus MoCIeCTUPTOBON Oap/Ibl.

Matepuanbl u MeToAbl HcciaenoBaHus. [lomudTHneHTepedranaToBble TPEKOBHIE
MUKpPO(UIBTpAIlIMOHHbIE MeMOpaHbl ObLIM MOAM(MUIMPOBAHBI arperaraMi HaHOYACTHIL
rugpodochaTa nuUpkoHUs. MaTepuan HCCIeIOBaH C MOMOMIBI0 METO/A CKaHWUPYIOLIEeH
QJIEKTPOHHOM MUKpOCKONHMW. BHayanme MeMOpaHbl ONPECOBBIBAIKMCH IPH OMOIIX
JMUCTULTUPOBAHHOM Bozbl. IlocecnupToBas 6apaa pasnensiach MpH IaBieHUusIX 1—4 Oap u
temnepatype 60 °C.

PesyabraThl m ux odcy:kaenne. Mojenu MOJHOTO W MOCTENEHHOTO 3aKyIOPUBAHUS
1op, a Takke Mofenb o0pa3oBaHUs Oocajka ObUIM HCHOJNB30BaHbl U MPH (QUIBTPOBAHHU
BOJIBI Yepe3 KOMIO3UIIMOHHBIE MeMOpaHbl. C IOMOIIBIO MOJIEIIEH MOTHOTO ¥ MOCTENEHHOT 0
3aKyIOpPUBAaHUSA TNOp IMoKa3aHo, uyTto Hpu 60 °C mNpouCXomaT H3MEHEHUs IOPUCTOM
CTPYKTYpbl TIONUMEpa W (parMeHranus MoAu(HKaTOopa. YCTaHOBIEHO, 4TO MpHU
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pa3leieHUH  TOCIIECITUPTOBOM  3€pHOBOM  Oapibl  KOMIIO3MIIMOHHAs ~ MeMOpaHa
JIEMOHCTPUPYET OOJBIYI0 YCTOWYMBOCTh K 3arps3HEHUI0 OPraHMYECKUMH BEIIECTBAMU,
yeM HeMoaupuimpoBaHHas. OunbTpanus yepe3 KOMIIO3UT MOAYHMHAETCS 3akoHy Jlapcu.
MakcumainpHas IPOM3BOAUTEIBHOCTh JocTUraercs mpu 3 atM. [loTok mepmeara udepes
MOJIU(UIIMPOBAHHYI0O MEMOpaHy CHIDKAETCS C TOBBIINICHUEM JaBIICHUs, YTO CBSI3aHO C
3arpsizHeHueM. [l Moau(UIMpOBaHHONH MeMOpaHbI XapaKTepHO JIMHEWHOE BO3pacTaHHe
MIPOU3BOJIUTENBEHOCTH, YTO YKa3blBaeT Ha MEHBILEE THUAPOJAMHAMUYECKOE COMPOTHUBIICHHE
3arpsi3HuTeneid. [lomHOe 3akyrmopuBaHWE TIOp CHOpaBeAMBO s o0eux MeMOpaH.
[loBbilieHWe  faBiieHWs TPUBOAWT K OTIOKEHHIO OCajJka Ha CTEHKax II0p
(memommduuupoBaHHas MeMOpaHa) W ()OPMHPOBAHMIO OCaJKka Ha IOBEPXHOCTH (00e
MeMmOpanbl). [loBbIIEHHAsT YCTOHYMBOCTh KOMITIO3MLIIMOHHONW MeMOpaHbl K 3arpsi3HEHHIO
MpeArnojaraeT MHHUMH3ALUI0 O0beMa XHMHUYECKHX pEareHTOB Ui pereHepaiu,
COKpallleHHue BPEMEH! pereHepali U yMeHbIlIeHne 00beMa BOIBI JJISl IPOMBIBKH.

BuiBonbl. Heopranuueckne HOHOOOMEHHUKH TO3BOJISIIOT —YIYYIIUTh CTOWKOCTH
MeMOpaH K 3arps3HEHUSIM KOMIIOHEHTaMH IociecnuproBoii  Oapapl.  OpraHo-
HEOpraHUYeCKHe MeMOpaHbl MOTYT OBITh HCIIONIB30BAaHBI ISl APYTUX OOBEKTOB IHUIIEBOU
MIPOMBIIIEHHOCTH, OCOOEHHO IPHU KOMHATHBIX WU OoJiee HU3KHX TeMIlepaTrypax.

KiroueBbie cJIoBa: bapoa, Membpana, Hanouacmuya, pazodenenue,
Mooupuyuposanue.

HUcnonb3oBanue TBepHOﬁ O0momMacchl B (l)aKeJ'[l)Hl/IX KOTJIax JUIA CKUTAHUSA aHTpanuTa

Haranbs JlynaeBckas, Huxomnait Uepnsasckuii, Tapac lyano
Hucmumym yeonvnwix snepeomexuonozuti Hayuonanvhotl axademuu nayx Ykpaunwi, Kues,
Yipauna

Brenenue. Crxuranue TBep/0ii 6MOMAcChl B CYIIECTBYIOMINX KOTIaX MOXKET HE TOJIBKO
YMEHBUIUTH BPEJHbIE BEIOPOCH! B aTMOc(hepy, HO M TUBEPCH(UIIMPOBATh TOILIMBHYIO 0a3y
reHepannii. C>KUraHue Takke I03BOJISIeT BHEAPUTD A((PEKTHBHOE HCIIONB30BaHNE TBEPBIX
OTXOJIOB ITUILEBOM MPOMBIIIIEHHOCTH, KOTOPhIE OCYLIECTBIISIIOT BPEIHOE BO3JICHCTBUE Ha
OKPYXAaIOIIYIO Cpey.

Martepuansl u Metoabl. Ha Hucxomsamem skcnepumentansHoM crenae BITI-100B c
pacxomoM ToruuBa 30 Kr/4 MCCIen0Balloch COBMECTHOE (haKkeIbHOE CKUTaHHWE JPEBECHOM
cocHbl ¢ anTpanutoM. Ha ycranoBke kumsiero cios PCK-1]] uccrnenoBanach KUHETHKA
TEPMUUYECKOH JECTPYKIMM KOKCOB OIIWJIOK COCHBL. METoIoM TepMOrpaBUMETPUH
UCCIIeIOBaHa KWHETHKAa TEPMHUYECKOW JECTPYKIMH OOpa3loB COCHBI M IEJUIET COJOMBI
IIICHUIIBI, parica, KyKypy3bl U COH.

Pesyabratel m o6cy:xnenue. CoBMecTHOE (pakenbHOE CHKUTAaHHE OTEYECTBEHHOTO
aHTpanra ¢ JapeBecuHodl B ¢akene Ha creHme BITI-100B moka3ano TeXHUYECKYIO
BO3MOXXKHOCTb M IIOTEHIIMAIBHYIO CHOCOOHOCTh K YIYYIIEHHIO KauecTBA TOPEHHs
HHU3KOPEAKI[MOHHOr0 aHTpanura. Ha ocHOBaHMM aHaiIM3a SKCHEPHUMEHTAIBHBIX PEXUMOB
OIIpeJIeIeHO, YTO ONTHMallbHas TEIUIoBas AoJisi OroMacchl cocraBuiia okono 10%. Taxas
nobaBka bromMacchl obecrieunBalia crabuiIu3anumio gaxena 6e3 ra3oBoi ITOJCBETKH, a TAKKE
CaMyro BBICOKYIO CTEeTIeHb KOHBEPCUH YTIIepo/ia YIJis.

Ha ycranoBke PCK-1/] ObuT ycTaHOBIEO BHYTPEHHHH KWHETUUECKHH PEXHUM TOPEHUS
06pasIoB Kokca cocHbl pasmepom 0,1—1,6 MM B auamasome temmeparyp 390—-560 “C.
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C uCronp30BaHUEM METOIa TEPMOIPABUMETPUH OBUTH OIPECIICHBI OTICIbHBIC CTa K
TEPMHUYECKOTO Pa3JIOKeHHS (BBIXOJ] BJIard, BBIXO JIETYYHX U TOPEHHE KOKCOBOI'O OCTAaTKa)
U UX KHHETUYECKUE XapPaKTEPUCTHKH JIsl 00pa3I[0B OPraHNUECKONH OMOMACCHI.

CpaBHEHHE KHHETHUKU BBIXOJIA JIETYYHX JJIs 00PA3IIOB OIMIOK COCHBI U TIEJUIET COJIOMBI
MIIEHUIIBI C JAHHBIMHU JTOCTYITHBIX JIUTEPATYPHBIX UCTOYHUKOB YKa3bIBA€T Ha HEKOTOPOE
pa3Iuure B CKOPOCTH BBIXOMA JIETYYHMX, UTO OOBSICHSICTCS PACXOKICHHEM B CKOPOCTHU
HarpeBa oOpaslOB B XOZ€ SKCIIEPUMEHTA, Pa3HON CTENEHBIO W3MENbUYEHHSI UCCIENyEeMbIX
00pasloB, OTIMYMEM OpPraHMYECKOro W MHHEPaJBHOTO COCTaBa 0Opas3loB, pa3HUIICH B
MOAXO0AaX K pacyeTy KOHCTaHT peakuuu. OnHako HaOmoAaizach ONHM30CTh 3HAYCHHH
CKOPOCTH BBIXOJIa JIETYYHX 00pa3loB MeJUIET COIOMBI Pa3IMuHbIX KYJIBTYp MEXIY COOOH.

BoiBoawl. [IpencraBicHHbBIC Pe3yNbTAaThl UCCICAOBAHUA MOTYT OBITH HCIIONB30BaHBI B
pacderax OTAENbHBIX MPOIIECCOB COBMECTHOro Crkuranus Ha TOC.

KaroueBsbieciioBa: cosmecmuoe coicucanue, buomacca, y2oib, AHmpayum.

IHorpemHOCTH NPSIMBIX U3MepeHMil TemnepaTypsl Tepmonapamu 1 Baauaanus CFX i
FLUENT mopeJieii c;kuranusi NpMpoaHoOro raza

ITaBen 3acanpko, Huxomnait Ipsiako
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenne. TexHOIOTHUECKUE MPOIIECCHI, CBA3AHHBIC C TOPEHHEM, CO3/IAI0T CePhE3HBIC
9KOJIOTHYECKHE TPOOIIEMbI, CBA3aHHBIE C BRIOPOCOM BPEIHBIX BEIIECTB MPEUMYIIIECTBEHHO
B razoobpasHoM cocTtosHud. COracHO OOIIENPUHATON TOYKE 3pECHHS, OKCHIBI a30Ta B
OCHOBHOM BO3HHKAIOT B YCTAHOBKAX CKUTAHHUSI B 00JTACTSAX BBICOKHX TEMIIEPATyp.

Martepuainbl W MeTOABI.  Periarorcsi 3ajadd, CBsI3aHHBIE C  OLEHKOW OIIHOOK
TepMoOmapsl MPU H3MEPEHHSAX TEMIEPaTypbl B  IUIaMEHAX, MPOBOMMMBIX TIPH
9KCIICPUMEHTATIBHOM CXKHUTaHHUH TIPUPOJHOTO Ta3a B SKCIEPUMEHTAIbHOH yctanoBke BI'TI-
100B.

PesyabTarl M oO0cy:kaenue. BrpiBeneHa MoJenb, MO3BOJSIONMIAS —IONTYYUTH
MOMpPaBOYHbIE KOA()DHUIMEHTBI, KOTOPbIC TOJDKHBI MPUMEHSTHCS TPH 00pabOTKe TaHHBIX
OpSAMBIX  TOKa3aHWil TepMmomap. Mojenb yYHUTHIBACT KOHBEKTHUBHBIM TEIUIOOOMEH,
o0nyueHHe Ha YaCTH IIApUKa TepMOMaphl, KOTOpasl MajaeT OT MPOAYKTOB CrOpaHUsL.
Mogenb Takke yUHUTHIBAET, YTO YaCTh KOPOJIbKA TEPMOMAPhl H3Iy4aeT B HAMpPABICHUH
OXJIAXKIAEMOTr0 OKpY)XKEHHs. B pesyabraTe MONYy4eHO U PEUICHO MAaTeMaTHYeCcKOe
ypaBHEHHE TpPaHCUEHIEHTHOro THila 4erBeproro nopsiaka B MathCad. IMomyuen naGop
MOMPABOYHBIX KOI(P(UIMEHTOB, KOTOpbIE MNPH JO00ABICHHH K TMPSIMBIM TOKA3aHUSIM
TepMomnap IMoKa3ajiu OJHU3KOe COOTBETCTBUE PE3YJbTaTaM, MOJYUECHHBIM MPU TPEXMEPHOM
MOJICTTUPOBAHUY CYKUTAHKS TIPUPOTHOTO Ta3a B IIMIHHAPUICCKOM HUCXOMSAIIEM DPEaKTope.

BoiBoa. Pa3paGoTaHHYI0 METOMOJIOTUIO KOPPEKIHH MOXXHO PEKOMEHIOBAThH IS
HCTIONB30BaHUS TPU DKCIIEPHUMEHTAIBHBIX HM3MEPEHHAX TeMIepaTyp, KOTOpbIE MOTYT
BBITIONTHATHCS € TOMOIIBIO HE3aKPBITHIX TEPMOIIAp, KOrIa HEellb3s UCIONIb30BaATh TEPMOIAPY
WITH BCACBIBAIOMIHI TUPOMETP B 00OJTIOUKE.

KaroueBsle cnoBa: cas, coicueanue, mepmonapa, usmepenue, NOZpeuHoCb.
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MopnesmpoBaHue MyJIbCAIMTOHHOTO PeKUMA NCEBI00KIKESHHS NP MOJTyYeHUH
OpraHo-MUHepPaTbHBIX YA00peHHit

Spocnas Kopuuenko, Cepreii ["aiinait,
Amngpeii JIrooska, Cepreii Typko, Anekcanap MapThIHIOK
Hayuonanonviti mexnuuecxuii ynugepcumem Yxpaunwvt" Kuesckuii nonumexuuseckuti
uncmumym umenu Heopsa Cuxopcxoeo”, Kues, Ykpauna

Beenenue. llenpto  paboThl  sBisiETCS  MaTeMaTHYEeCKOE  MOJEIUPOBAHHE
THJIPOAMHAMHYECKOr0 PEXHUMa HEOJHOPOAHOTO ICEBIOOKIKEHHs, KOTOPBIH 0Oecrneyur
noBbIlIeHNe YPPEKTUBHOCTH TEIIO-MAaCCOOOMEHHBIX IPOLECCOB MPH MOJTYYEHHH OpraHo-
MUHEpaJbHBIX YOOOpEHHWH, B COCTaB KOTOPHIX BXOJWT TMOJACOJHEYHAs  307a,
CTUMYJIUPYIOIUE U MUTATEbHbIE KOMITOHEHTBI.

Matepuanbsl u Metoabl. lIporecc HEOJHOPOJHOTO MCEBIOOXKIKEHUS, YTO
00yCllaBIMBaeT aKTHBHOE OOBEMHOE NEepeMEIIMBAaHWE C WHTEHCUBHOW IMPKYISIUEH
3EpHUCTOI0 MaTepuaja B CJOe, NPOBOJWICA B Kamepe TI'paHylsTopa, CHapsHKEHHOW
CHeLUaIbHBIM Ta30pacIpe/IeINTEIbHBIM YCTPOHCTBOM B HUYKHEH YacTH M HAIPaBIISIONIEH
BCTaBKOH B BepxHell. M3mMepeHus mnepemnana JaBieHus B cl10e U BUAeoduKcanus nporecca
OCYIIECTBIISUIUCH C TIOMOIIBIO CHEUATU3UPOBAHHOI'O 000y IOBAHHSI.

PesyabraTtel W 06cyskneHue. Peann3oBaHO HEOJHOPOAHOE IICEBIOOKIDKEHHUE MPU
MPUMEHEHUH OPHUIMHAJIBHOTO Tra3opaclpeesuTeNbHOr0 yCTpoicTBa ¢ KoddduimeHTom
JKUBOTO ceueHUs (¢=4,9% ¥ yCOBEpIICHCTBOBAHHOM KaMepbl TpaHyisTopa. ObecrnedeHo
WHTEHCUBHOE MaKpOIepeMEIIMBaHUEe 3EPHUCTOTO0 Marepualla C  IKBHBAJCHTHBIM
quamerpom D,=3,97 MM K IIIOTHOCTBIO p, =1450 KI/M’ TIPH OTHOMIEHHH HOMHHAIBHOTO
mepernana JaBlieHWs 10 BBICOTHI cios AP,/Hy>8500 Ila/m ¢ wyacrotoit f=1,67 I
OTcyTcTBHE 3aCTOMHBIX 30H OOecrneunBaeT Ko GHUIMEeHT rpanyinoodpasoBanus y>90% u
yAeNnbHas Harpyska TOBEpPXHOCTH cios mo Bruare a=0,8+0,9 Kl /(M*4). BbiOpana
MaTeMaTu4eckas MOJENb, KOTOpas C Y4eTOM HEOJHOPOJHOCTH MO3BOJIMIIA ONPENETUTh
YCIIOBUS TIPOBEJIEHUS TIpoliecca, IPU KOTOPOM 10 25% Macchl ClI0si HAXOJAUTCS B aKTUBHOM
¢da3ze BHe cnos ¢ vactotod f=1,67 I'l. MaremaTuueckas MOIENb C TOYHOCTBIO 94,8%
MOATBEPKAAET PE3YAbTATHI HCCIIEIOBAHMSI.

BoiBonbl. PeanmuzoBaHa runpoguHamMuKa B KaMmepe TpaHyisTopa 0e3 oOpa3oBaHHs
3aCTOMHBIX 30H. MoaupuuupoBaHHass MaTeMaTHUecKas MOJENb I[T03BOJNMIA ONPENeTUTh
WHTEHCUBHOCTh ~ AKTHBHOTO OOBEMHOTrO IHPKYISIIMOHHOI'O IEepEeMEIINBAHMS, YTO
CYIIECTBEHHO  IOBBICUT  yCTOHYMBOCTb  KHHETHKH  T'PaHylIo00pa3oBaHHs  IpH
00€3BOKMBAHUHM KOMIIO3UTHBIX KUIKHX CUCTEM.

KiroueBble clI0Ba: 2u0poouHamura, nyaiscayuul, ncegiooxcudcerue, yoobpenus, 301d.
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Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.
Bci monst cropinku — 1o 2 cm.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu craTtti (iM’s Ta mpi3BHIIE NOBHICTIO, pukna;: Jleauc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anorarist. O00B’I3K0Ba CTPYKTYpa aHOTAIIIi:

«  Beryn (2-3 psaaxn).

«  Marepianu Ta Mmetoau (10 5 psAAKiB)

«  PesynbraTi Ta 00roBOpeHHs (IiB CTOPIHKM).

«  BucnoBku (2-3 psaaxn).
6. Kirtouosi ciioBa (3—5 ciiB, ajne He CIIOBOCIIONTYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIIiHCHKOI0, YKPATHCBKOIO Ta POCiiicbK0I0 MOBaMU.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchHoBku
. Jlireparypa.
3a HeoOXiHOCTI MOXKHA JIOAABATH iHIII PO3/iIM Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopchka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUI CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, IO AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENaKIlis KYpHAITY.

PucyHkn BHKOHYIOTbCS sikicHO. CKaHOBaHI PUCYHKM He NpUHMarOThCs. Po3Mip Tekcry Ha
pucyHkax moBuHeH Oyru cmiBpo3mipuum (!) Texcry crarri. @otorpadii 0OaxkaHo He
BHKOPHUCTOBYBATH.

®oH rpadikis, miarpam — nuie 6inuit. Komip enemenTiB pucyHky (niHii, ciTka, TeKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCS B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHMHCHKUMU
niTepamu BianoBinHo 1o cucremu CL

B crnucky sitepaTypu NOBHHHI IepeBakaTH CTaTTi Ta MoHOrpagii iHO3eMHHX aBTOpIB, SKi
omybnikosasi micis 2000 poky.
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IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JIiTepaTypu 3rigHo craHmapty Garvard. Bei eneMeHTH HOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIaHHSI PO3IIISIFOTHCS KOMaMH.
1. Tlpuxnan:
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. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
[HiIiany mUITYThCS TICIS MPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
[puxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuiiaHHs Ha eJIeKTPOHHMIA pecypc:

BukoHyeTbCsl aHAJOTiYHO TMOCWIIAHHIO Ha KHUTY abo crartio. Ilicns odopmiteHHs
JAHUX TPO MyOJTiKaIlito MUIITYTHCS clI0Ba available at: Ta Bka3yeThCs CIEKTPOHHA aapeca.
[puxnaau:
1. (2013), Svitovi naukovometrychni bazy, available at:
http://www]1.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

Crmcok  niteparypu  OpOPMIIIOETBCS  JIMIE JIATHHHUILEK. EJEMEeHTH CHUCKy
YKpPaiHChKOIO Ta POCIHCHKOK MOBOIO MOTPiOHO TpaHcmiTepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBU BHKOPUCTOBYETHCS MACIIOPTHUI CTaHIAPT, a 3 POCIMCHKOI — CTaHAApT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMILE aHTITIHChKOro andasity, 6e3
XBOCTHKIB, ariocTpodiB Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH — http://translit.kh.ua/#lat/passport

3 pociticbkoi MoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJeHHs CTATTI — HA CAMTI

http://ufj.ho.ua

CTaTTs HAJACUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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VK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTarTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOIYKTIB YnakoBKa Juisi Xap4OBHX MPOIYKTIB
SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB 310poB's

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynpraT JOCHiKEHb, TPENCTABICHI B JKypHalli, NOBHHHI OYTH HOBHUMH, MaTH
YITKUH 3B'A30K 3 XapyoBOIO HAYKOK 1 TMPEACTaBISATH IHTEPEC IS MIXKHAPOIHOTO
HAyKOBOTO CITIBTOBAPHCTBA.

Ukrainian Food Journal iHmekcyeTbcs HAyKOMETPHYHHUMHU Oa3aMH:
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 (DRIJI) (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)

Penensisn pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxoasits «IlonsiiiHe ciine perieH3yBaHHS» BOMa BUYCHUMH,
MPU3HAYCHUMH PEAAKI[IHHOI0 KOJETi€l0: OJWH € YICHOM PEIKOJNETil i OMUH He3aJeKHHH
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHSM OY/Ib-
SKHX aBTOPCHKMX IIpaB, Ta BiJIIKOJOBYIOTh BHIABIIO MOPYIIEHHS JaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBng «Ukrainian Food Journaly,
SIKIIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermkn. Penakuis «Ukrainian Food Journal» xopucryerbcs
MpaBWJIaMHM aKaJIeMiuHOi eTHKH, BHKIaZeHuUX B pobori Miguel Roig (2003, 2006)
"Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A guide to
ethical writing”. Penaxiiiss nporoHye aBTOpaM cTaTed i peleH3eHTaM IPsAMO CIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH IOMHJIOK y HaYKOBI# JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIis pO3MillleH] Ha CaiTi

http://ufj.ho.ua
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PenakuiiHa koneris
T'onoBHUIT pexakTop:

Basnepiiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YiieHn pegakuiiHoi KoJierii:

AdekcaHap MamueB, I-p. TeXH. HayK, 0pod., @inizs Mockoecbkozo Oepacashoco
VHIgepcumemy mexnonozii ma ynpasninus 6 M. Meneys, Pecnybnixa bawxopmocman, Pocis
Amnarodiii CaiiranoB, I-p. eKOH. HayK, pod., lucmumym cucmemrnux docnioxcenv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhutl yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, KaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Birauniii Tapan, n-p. TexH. Hayk, npod., Hayionanvhuil yHieepcumem xapuosux
mexHonoeil, Yxpaina

Bogogumup Ko6aca, n-p. TexH. Hayk, npod., Hayionanvhutl yrnieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, 1-p., npod., Jepocasuuil ynisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHuti
mexHiuHUll yHigepcumem

I'anuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil ynigepcumem xapuoux
mexuonozil, Ykpaina

Ipuna ®enyaoBa, a1-p. eKoH.HayK, npod., Hayionanvhuil ynieepcumem xapuosux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcxi”, Boneapis
Kpicrtina Ilomosuw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Mukosna CaueBCbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvkuil OepoicasHuil
mexuono2iunul incmumym, Pocis

Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Yrpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanvhuil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Ouabra IleryxoBa, A-p. €KOH. HAaYK, J0I., Hayionanvuuii ynisepcumem xapuosux
mexuonozil, Ykpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOninbCoKull HAYIOHATbHUL MEXHIYHULL
yuiepecumem imeni leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo bBepuapo Jlion 1, @panyis
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Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersina MocTeHcbKa, JI-p. €KOH. HayK, pod., Hayionanvnuil yHisepcumem xapyosux
mexuonozil, Ykpaina

Tersana [Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [onrvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocwexozo HAH Ykpainu

Opiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ouekciii I'ybens (BianoBiganbHuil cekpeTap), KaH. TEXH. HAayK, 0., HayionanvHuil
VHigepcumem xap1oeux mexnonozii, Yxpaina.
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BruiuB 00poOKH OKHCHUMHU
BUOITIOBAIbHIMY PEYOBHHAMHM Ha KOJipHI
rapameTpy IMIKapaTynd BOJIOCHKOT0O ropixa
(JuglansRegia L.)
Tanuna Cemomina, Oxcana I anonyesa
KomrmonentHuii cknan edipoi omii
KOPEHEIUTOy PeAbKU
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Habibeh Azizi, Vahid Hakimzadeh,
Hossein Alizadeh Golestani
Purification of Raw Sugar Beet Juice by
Electrocoagulation

Viktoria Ostapenko

Analysis on application of different grape
varieties in the production of icewine.

A review

Stanka Damyanova, Silvia Mollova,
Albena Stoyanova, Oleksii Gubenia
Chemical composition of Salvia
officinalis . essential oil from Bulgaria
Tijani Akeem Olumide, Bakare Henry
Adegoke, Oke Emmanuel Kehinde,
Oyedeji Ajibola Bamikole

Effect of processing parameters on the
proximate composition and sensory
characteristics of breadfruit “Elubo”
Andgela Dyakonova, Victoria Stepanova
Usage of the nut raw materials and chia
seeds to improve fatty acid composition
of the smoothies

Anatolii Ukrainets, Vasyl Pasichniy,

Maksym Polumbryk, Maniefa Polumbryk

Effect of collagen based protein isolate

«Belkozine» on biological value

of boiled sausages

Valerii Mank, Oksana Tochkova,

Oksana Melnyk, Oleksandr Bessarab

Relaxation behavior of aqueous

dispersion polysaccharides.
Biotechnology, microbiology

Issue 1

Nilgiin Onciil, Seniz Karabiyikli

Persistence and survival of some food borne

pathogens in neutralized unripe grape

products

Olusegun A. Olaoye, Abiodun A. Onilude,
Stella C. Ubbor, Anna N. Agiriga
Microbiological quality during storage of pork
balangu inoculated with nisin producing
Lactococcus lactis subsp. lactis

Anatoliy Ukrainets, Vasyl Pasichniy,
Yulia Zheludenko, Svitlana Zadkova
Oleoresins effect on cooked poultry
sausages microbiological stability
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Xabibex Aszizi, Baxio Xaximzaoex, Xoccein
Anizadex I'onecmani

OuuILeHHS COKY 3 I[YKPOBHX OYpSIKiB
€JIEKTPOKOAT YISO

Bixmopis Ocmanenxo

AHaJti3 BHOOPY COpPTIB BUHOTPAAY LIS
TEXHOJIOTIT KPMYKaHUX BHH

Cmanxka Hamsanosa, Cingia Monnosa,
Anbena Cmosinosa, Onexciil I'ybens
Ximiunuii cknax edipHoi omii manbBii
(Salvia officinalis 1.) 3 Bonrapii

Tisini Axim Onymioe, baxape Xenpi
Aoecoxe, Oxe Emmanyen Kexinoe, Ouiedeili
Aibona bamikone

Bruue mapamerpiB nepepoOku Ha cKiaj i
CEHCOPHI XapaKTePUCTHUKHU XJIIOHOTO AepeBa
«Emnyoo»

Anooicena /I sxonosa, Bikmopis
Cmenanosa

BukopucTaHHS TOpiXOBOI CUPOBUHH 1
HACIHHSA Yia JUIs IOKPaIICHHS
YKUPHOKHCIIOTHOTO CKJIQAy HAITOTB CMY31
Anamoniti Ykpaineys, Bacunw [laciunuti,
Maxkcum [onymopux, Manega Ionymbpux
BB konareHoBoro 6iyika «binko3us» Ha
0i0JIOTIYHY HIHHICTh BAPEHUX KOBOAC

Banepiu Manx, Oxcana Touxoea, Oxcana
Menvnuk, Onexcandp beccapab
Penakcaniiina noBeaiHKa BOTHHUX
JUCTIEPCii KPOXMAITIO

BioTexHonoris, Mikpo6ionoris

N1

Nilgun Onciil, Seniz Karabiyikli
Hienym Onxyn, llleniz Kapabivixni
CraOUIbHICTh 1 BUIDKUBAHHA JEIKUX
XapYOBUX MATOTCHIB B HEUTPAIi30BaHUX
HE3PUINX BUHOTPAIHUX MIPOAYKTaX
Onyceeyn A. Onaotie, A6iodyn A. Ouinyoe,
Cmenna C. Yobop, Anna H. Azipica
MikpobGionorivyHa sIKiCTh IiJ] yac 30epiranHi
CTpaBH OaJlaHTy 31 CBUHWUHH, ILETIIEHOT
Lactococcus lactis subsp. lactis
Anamoniti Yxpaineys, Bacunw [laciunuti,
FOnisn XKenyoenro, Ceimnana 3aokosa
BrutuB oneope3uHiB Ha MiKpOOiOIOTIUHY
CTaOlIBHICTh BAPEHUX COCHCOK 3 M’sica
TULI




Issue 2
Demet Kocatepe, Gékay Taskaya, Hiilya
Turan, Yalcin Kaya
Microbiological investigation of wild,
cultivated mussels (Mytilus
galloprovincialis L. 1819) and stuffed
mussels in Sinop—Turkey.
Izzet Turker, Gokhan Domurcuk, Mehmet
Tokatli, Hilal Isleroglul, Banu Koc
Enhancement of microbial
transglutaminase production from
Streptomyces sp.
Lubov Musiy, Orysia Tsisaryk, Iryna
Slyvka, Oleg Galenko
The influence of technological
parameters of creams fermentation on
formation of functional peculiarities of
cultured butter

Processes and equipment
of food productions

Issue 1
Mariia Shynkaryk, Oleh Kravets
Mathematical modelling of the separation of
suspension process on the filter with selt-
purifier filter element
Yaroslav Kornienko, Serhiy Hayday,
Andrii Liubeka, Oleksandr Martynyuk
Kinetic laws of the process of obtaining
complex humic-organic-mineral fertilizers in
the fluidized bed granulator

Natalia Tkachuk, Oleksandr Shevchenko
Effects of osmotic pressure environments
lethal effects on the level of microorganisms
in the conditions of evacuation
Valentyn Petrenko, Mykola Pryadko,
Yaroslav Zasyadko, Mariya Miroshnyk
Modeling of heat transfer in free down
flowing laminar liquid films with
development wavy structure at the regime of
evaporation from the interface

Issue 2
Taras Pogorilyy
Non-stationary sucrose diffusion mass flow
calculation for sucrose solution cells from the
«larger sugar crystal-larger sugar crystal sucrose
solution—less sugar crystal sucrose solution—smaller

sugar crystal-massecuite» system cells depending
on the boiling sugar massecuite time.
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N2
Jlemem Kocamene, ['voxau Tawkas, Xyis
Typan, Anuun Kas
Mikpo0ionoriyHe JOCTiIKSHHS TUKUX,
KYJIBTHBOBaHUX
(Mytilus galloprovincialis L. 1819) i
(apumpoBaHUX Mifii
Iz33em Typrep, 'oxkan JJomypoorcyk,
Mexmem Toxamni, Xinan Icnepoeny,
bany Koc
Onrtumisariist BApOOHUIITBA MIKPOOHOT
TpaHCIIIOTaMIHa3M i3 Streptomyces sp.
JIrvbos Myciti, Opucs Licapux, Ipuna
Cnuska, Onee I anenko
BruuB TeXHOJIOTIYHUX HTapaMeTpiB
(epMeHTalii BepIIKiB Ha ()OPMYBaHHS
(YHKIIOHAJIBHUX BIACTUBOCTEH
KHCJIOBEPIIKOBOT'O Macia

Mpouecu Ta o6s1agHaHHA
Xap4yoBux BMPOGHMI.ITB

N1
Mapia lunxapux, Onez Kpaseyw
MaremaTuuHe MOJIEITIOBaHHSI IIPOLIECY
po3aineHHs cycnensii Ha QinbTpi i3
CaMOOYUCHUM (QUIBTPYBAJILHUM €JIEMEHTOM
Apocnae Kopnienxo, Cepeiu Iatioatl,
Anopin Jliobexa, Onexcanop Mapmumiox
KineTnuHi 3aKOHOMIPHOCTI HPOIIECY
IpaHyJIOyTBOPEHHS KOMILIEKCHUX
T'YMIHOBO-OpTraHO-MiHEpaIbHUX TOOPHUB Y
TPaHyJISITOPI 3 TICEBI03PIIKEHUM IIIAPOM
Hamanis Trauyx, Onexcanop Illesuenxo
BruimBy 0CMOTHYHHX THUCKIB CEpEIOBHII Ha
PiBEHB JIeTaJbHUX e(EeKTIB B yMOBaX
BaKyyMYBaHHS
Baneumun Ilempenxo, Muxona Ilpsoko,
Apocnae 3acsovrko, Mapiss Mupownux
MopentoBaHHs TEIIO0OMIHY Y BUIEHO
CTIKAaIOYMX JIAMiHAPHHX IDTIBKAX 3
PO3BHHEHOIO XBHIIBOBOIO CTPYKTYPOIO B
PEeKXHMi BUITAPOBYBaHHS 3 BUILHOT MOBEPXHI

N2
Tapac Tozopinuii
Po3paxyHOK HecTanioHapHUX AU(Y3iHHUX MACOBUX
ITOTOKIB caxapo3u I KOMIPOK MUKKPUCTAJIbHUX
PO3UYHHIB Caxapo3H CHCTEMH: «OiJIbIIHIA KprCTal
LYKPY—PO34HH CaXapo3H OLIBIIOr0 KPHCTAIy—MEHIIHI
KPHUCTAJl LIYKPY—PO3YHH caXxapo3u MEHILIOr0 KpHCTaay—

yTdenb» B 3aJIeKHOCTI Bill yacy yBaploBaHHS
LYKPOBOT'0 yT(eIto
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Oleksandr Bessarab, Oleksandr
Obodovich, Vitalii Sydorenko
Intensification of mass transfer processes
in gas-liquid media by discrete — pulse
energy input method

Djamalutdin Chalaev, Nina Silnyagina,
Oleksii Shmatok, Oleksandr Nedbailo
Heat transfer enhancement in a
corrugated tube heat exchanger

Issue 3
Eduard Biletskyi, Olena Petrenko,
Dmytro Semeniuk
Three-dimensional model of non-
Newtonian fluid flow in the rectangular
channel
Igor Litovchenko
Modeling work furnace recirculating
heating gases for tunnel baking ovens

Issue 4
Yurii Zmievskii, Yuliia Dziazko, Valerii
Myronchuk, Ludmyla Rozhdestvenska,
Alexander Vilenskii, Ludmyla Kornienko
Fouling of polymer and organic-inorganic
membranes during filtration of corn
distillery
Nataliia Dunaievska, Mykola
Chernyavskiy, Taras Shchudlo
Co-combustion of solid biomass in
pulverized anthracite-coal firing boilers

Pavlo Zasiadko, Mykola Priadko
Thermocouple errors in temperature
measurements and validation of CFX and
FLUENT models of natural gas
combustion
Yaroslav Korniyenko, Serhii Haidai,
Andrii Liubek, Serhii Turko, Oleksandr
Martynyuk
Modelling of pulsating mode of
fluidization when obtaining organic-
mineral fertilizers

Economics and Management

Issue 1

Alexandr Asmalovskij, Tomas Sadilek
Food quality perception in the Czech
Republic: trial study results
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Onexcandp Beccapa6b, Onexcanop
060006uu, Bimaniii Cioopenko
IuTencudikariist mporecis
MacCOIEPEHECEHHS B Ta30BO-PiIKUX
CepeIOBUINAX TUCKPETHUM — IMITYJILCHUM
METOJIOM BBEICHHS €Hepril.
Iicamanymoin Yanaes, Hina Cunvhsicina,
Onexciu HImamox, Onexcanop Heobatino
[igBuieHHsT epeKTUBHOCTI TEIUIONEpeaayi
B TpyO4YacToMy TEIUIOOOMIHHHUKY 3
ropoBaHUMHU TpyOaMH

N3
Eoyapo bineyvkuii, Onena Ilempenko,
JImumpo Cemeniok
TpuBuMipHa MOAEH TeUii HEHBIOTOHIBCKOT
piAMHM B IPSIMOKYTHOMY KaHaui

leop Jlumoguenko
MopentoBaHHsS poOOTH TOIIKH 3
PELMPKYJIAIIEI0 TPIFOYUX Ta3iB IS
TYHENFHOI X1i00neKapchKol mevi

N4
IOpiti 3miescovruii, FOnis /{3sa3vKx0, Banepiti
Muponuyx, Jhoomura Poscoecmeencoka,
Anexcandp Binenckiu, Jlroomuna Kopuicnko
3a0pyaHeHHs NOJIIMEPHHUX Ta OpraHo-
HEOpraHiYHUX MeMOpaH NpH PO3IiJIeHH]
TICISICITUPTOBOT 3€pHOBOI Oapau
Hamanis /[ynacscovra, Muxona
Yepusescokuil, Tapac [1[yono
Bukopucranns tBepaoi Giomacu B
(hakeNnbHUX KOTJIaX IO CIIATIOOTh
aHTpanuT
Iasno 3acsovko, Muxonallpsoko
[Tomuky MpsIMUX BUMIPIOBaHb
TEMIIEpaTypy TepMOIIapaMy Ta BaJliJamis
CFX i FLUENT wmopeneii criaintoBaHHst
MIPUPOTHOTO Ta3y
Apocnae Kopnienxo, Cepeiu Iavioatl,
Anopin Jliobexa, Cepeiti Typxo,
Onexcandp Mapmuniox
MopentoBaHHs MYJIbCALIHHOTO PEXUMY
TICEBJI03P1KEHHS 1]l Yac OJIep KaHHs
opraHo-MiHepaJbHUX J00pUB

ExoHoMika i ynpaBniHHA

N1
Anexcandp Acmanosckit, Tomaw Cadinex
CHpuHHATTS KOCTI XapYOBHX IPOAYKTIB B
Yecnkiii PecryOoiti




Issue 2
Oleksandr Yatsenko
Methodical bases of rating of investment
appeal of Ukraine rural areas .

Issue 3
Jakia Sultana Jothi, M. Burhan Uddin
Are public perceptions precise towards
the status of quality and safety of
commercial brands of noodles?

Tomas Sadilek
System of quality labels in the European
Union
Food chemistry

Issue 2
Iliana Nikolova, Marin Marinov,
Petja Marinova, Atanas Dimitrov,
Neyko Stoyanov
Cu(IT) complexes of 4- and 5- nitro-
substituted heteroaryl cinnamoyl
derivatives and determining their
anticoagulant activity

Life safety

Issue 1
Olga Evtushenko, Alina Siryk, Petro Porodko
Development of the occupational safety in the
food industry with regard for the risk-based
approach

——Ukrainian Food Journal. 2016. Volume 5. Issue 4 —

387

568

579

326

174

N2
Onexcanop Hyenro
MeroauyHi 3acaiy peUTHHTOBOI OIIIHKA
IHBECTHLIHHOT MPUBAOIMBOCTI CIIIbCHKUX
perioHiB Ykpainu
N3
JKoaxis Cynmana [[icymxi,
M. Bypxan Yooin
CycrisibHe CHPUAHSATTS PiBHS SKOCTI 1
0e31eyHOCTi KOMEepIiHUX OpeH/IiB
JIOKIINHU
Tomaw Caoinex
Cucrema SKOCTI MapKyBaHb XapuOBUX
MPOAyKTiB y €Bporneiicbkkomy Coro3i
XapuoBa xiMmis
N2
Iniana Hixonosa, Mapin Mapinos,
Ilems Mapinosa, Amanac Jfimimpos,
Heiixo Cmosanos
Komrnexcu 4- i 5-HiTpo3aMimieHnx
reTepOoapIbHIX [UHAMOIIIIOXIIHUX 3
Cu(Il) i Bu3HaUEHHS IXHBOT
aHTUKOATYJISTHTHOI aKTHBHOCTI
be3neka XUTTERIANbHOCTI
N1
Onvea €smywenxo, Anuna Cipux, Ilempo
Ilopoovko
[TinBumieHHs piBHS Oe3Meky mpari B
XapyoBiii IPOMHCIIOBOCTI 3 ypaxyBaHHIM
PHU3UKO-OPIEHTOBAHOI'O IMiIXOMY
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