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Introduction. The primary objective of this review is to
analyze and summarize the existing scientific information about
the structure features, formation conditions and properties of
proteinases and peptidases of lactic acid microorganisms, which
are widely used in the production of dairy products.

Material and methods. The proteolysis of milk proteins,
occured by lactic acid microorganisms, is an investigation object
of this review article. Scientific articles as well as theses and
monographs of microbiology, biochemistry and dairy science
have been analysed. Methodology of the investigation is based upon
the use of the methods of analysis, comparison and synthesis.

Results and discussion. Cleavage of proteins and amino acids
with enzymes of lactic acid and propionic acid bacteria promotes the
enrichment of dairy products with nitrogen-containing and nitrogen-
free compounds, and as a result, the product obtains necessary
consistency, taste and smell. In addition to providing organoleptic
properties, the formation of a large number of peptides with different
types of biological activity occurs also in the process of proteolysis of
milk proteins in the production of dairy products.

The proteolytic system of lactic acid bacteria consists of three
parts: proteinases, which that provide the initial cleavage of casein
to peptides with formation of a large number of oligopeptides;
peptidases, which cleavage peptides to amino acids; transport
system, which provides transfer of proteolysis products through
the cytoplasmic membrane. Proteinases function outside microbial
cells, produce them, and peptidases — in cells of lactic acid
bacteria.

By the specificity of the effect on the fractions of the casein
complex of milk proteinases of lactic acid microorganisms are
divided into 2 types — PI and PIII. Proteinases P/ are able to
cleavage B-caseins and don’t cleavage ag;- and k-caseins, but
proteinases PIII hydrolyse all three fractions: ags-, B- and x-
caseins.

None of the peptidases with carboxypeptidase activity were
revealed among large number of lactic acid bacteria peptidases.
PepN, PepC, PepA are referred to the aminopeptidases, found in
lactic acid microorganisms. In addition to aminopeptidase,
dipeptidases and tripeptidases were revealed in lactobacilli.

Conclusion. It is recommended to wuse systematized
characteristics of proteinases and peptidases of appropriate
microorganisms with the purpose of providing quality
organoleptic parameters of dairy products as well as the formation
of biologically active peptides in the process of selecting the
species composition of starter cultures.
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Introduction

At production and sale of food and dairy products, in particular, organoleptic
properties (taste, smell, consistency) of the finished product are the main factors, which
guarantee a high demand level among consumers. Special taste and smell, typical for each
product, are provided with various food substances (proteins, fats, carbohydrates) and their
cleavage products [1-4]. A significant amount of taste and flavoring substances in dairy
products are formed as a result of proteolysis of milk proteins [1,2,5,6]. In particular,
proteolysis actively occurs in the production of fermented milk products (kefir, koumiss,
cottage cheese, etc.). And very intensively — in the production of hard cheeses, in the aging
of which there are biochemical changes in milk proteins. Cleavage of proteins and amino
acids with enzymes of lactic acid and propionic acid bacteria promotes the enrichment of
dairy products with soluble in water nitrogen-containing and nitrogen-free compounds, and
as a result, the product obtains necessary consistency, taste and smell [7-14].

In addition to providing organoleptic properties, which are important for the consumer
and demand in the market, the formation of a large number of peptides with different types
of biological activity occurs also in the process of proteolysis of milk proteins in the
production of dairy products [15-17]. Among the casein proteolysis products, bioactive
peptides, having opioid affect, antihypertensive and immunomodulating properties, ability
to influence blood coagulation processes, transport of calcium ions in the intestine etc.,
were revealed [18-24]. Inhibitors of angiotensin converting enzyme, peptides with opioid
and bactericidal action, immunomodulating and hypocholesterolemic, as well as peptides,
affecting intestinal motility, were found among bioactive peptides from milk whey proteins
[25-27]. It was defined that - actoglobulin is the precursor of all these types of bioactive
peptides, except for immunomodulating peptides. Among bioactive peptides, formed from
a- lactalbumin, there are no peptides with hypocholesterolemic action and peptides
affecting intestinal motility, and only two types of biological activity are inherent in
peptides with lactoferrin (bactericidal and immunomodulating).

It is known that proteolysis of proteins occurs gradually under the influence of lactic acid
microorganisms [13]. The casein proteins are the most sensitive to proteolytic enzymes. First
the casephosphate complex decomposes into high molecular weight polypeptides, then
medium and low molecular weight peptides and amino acids dominate among the products of
proteolysis. The majority transformations during the initial stages of proteolysis occur under
the influence of extracellular and cell-wall-bound proteinases, and more profound
transformations of the peptides — under the influence of membrane and intracellular
peptidases of lactic acid bacteria. [28-33].

Lactic acid bacteria (lactococci and lactobacilli), which are a part of different types of
starter preparations for dairy products, are auxotrophs, that is, their ability to develop in a
dairy medium depends on the activity of the proteolytic system, which ensures the
liberation of essential amino acids during the cleavage of proteins of the casein complex,
used by microorganisms in the synthesis of proteins [32, 33]. The proteolytic system of
lactic acid bacteria consists of three parts:

—proteinases, which that provide the initial cleavage of casein to peptides with formation of

a large number of oligopeptides [32];

—peptidases, which cleavage peptides to amino acids [30];
—transport system, which provides transfer of proteolysis products through the cytoplasmic

membrane [12, 33].

It is known that proteinases function outside microbial cells, which produce them, and
peptidases — in cells of lactic acid bacteria.
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Proceeding from the aforesaid, the purpose of this work is to analyze and summarize
the existing scientific information about the structure features, formation conditions and
biochemical properties of proteinases and peptidases of lactic acid microorganisms, which
are widely used in the production of dairy products.

Material and methods

The proteolysis of milk proteins, occured by lactic acid microorganisms, is an
investigation object of this review article. Scientific articles as well as theses and
monographs of microbiology, biochemistry and dairy science have been analysed.
Methodology of the investigation is based upon the use of the methods of analysis,
comparison and synthesis. Literature referenced in this review article was obtained from
searches from bibliographic information in CAB abstracts, AGRICOLA, SciFinder, Google
Scholar, PubMed, ScienceDirect database and Web of Science.

Results and discussion

Proteinases

Localization of proteinases. Proteinases of lactic acid microorganisms are monomeric
serine proteinases with molecular weight 180 000-190 000 Da (Table 1), which are
connected with the bacterial cell wall and are called extracellular proteinases or in
abbreviated form PrtP.

Table 1
Characteristics of proteinases of lactic acid microorganisms
(adapted from Kunji (1996)) [12]
Types and strains of lactic acid Mo!ecular Substrate, Wl.liCh is pH
. . weight *, cleaved with .
microorganisms kDa proteinase optimum

L. lactis ssp. cremoris WG2 K-, B-caseins
L. lactis ssp. cremoris HP K-, B-caseins 6,4
L. lactis ssp. cremoris SKII 1871 os1-, K-, B-caseins
L. lactis ssp. cremoris AC1 os1-, K-, B-caseins
L. lactis ssp. cremoris AM1 os1-, K-, B-caseins
L. lactis ssp. cremoris H2 180€ K-, B-caseins 6,0
L. lactis ssp. cremoris NCD0763 os1-, K-, B-caseins
Lb. casei ssp. casei NH14 [-casein
Lb. casei ssp. casei NCD0151 6,5
Lb. delbrueckii ssp. bulgaricus CNRZ397 170¢€ os1-, P-caseins 5,5
Lb. helveticus CNRZ303 osi-, B-caseins 7,5
Lb. helveticus CP709 45¢ os1-, P-caseins 6,5
Lb. helveticus 1.89 180¢€ os1-, P-caseins 7,0

Notes: The molecular weight of the enzyme was defined with polyacrylamide gel electrophoresis
(mark — e) or calculated by the primary structure (mark— n).

—— Ukrainian Food Journal. 2017. Volume 6. Issue 3

419




Food Technology——

Primary PrtP structure and the structure of gene, which encodes their synthesis [12,
34], was defined for most types of lactic acid microorganisms. Thus, in lactococci and Lb.
paracasei cell-wall-bound proteinase includes 1902 amino acid residues in Lb. delbrueckii
— 1946, and in Lb. lactis — 1962. Primary PrtP structure in different lactococci is identical
for 98% and is identical for 95% with Lb. paracasei. The analysis of the primary structure
of proteinases shows their similarity with subtilisins, which are also serine proteinases with
similar catalytic domains [35]. Wherein, N-end part of the formed enzyme contains a
catalytic domain with several conserved amino acid residues, which participate in the
catalytic process and substrate binding. The next segment shows no similarity to proteins
with similar functions and, evidently, is responsible for placing the catalytic domain on the
surface of the cell wall [35]. C- terminal part of cell-wall-bound proteinases is similar to
that found in many Gram-positive bacteria and includes signal sequence and a- helix
section, connected with the membrane [36].

Extracellular localization of proteinases is possible in cases of microorganisms placing
in the solutions without calcium [37], or when microorganism cells are exposed to enzyme
lysozyme affect [38]. In the first case, the enzyme is formed with less molecular weight
(165000 Da) in comparison with lysozyme affect (180000 Da), which can happen due to
auto-proteolysis.

In the laboratory of biochemistry of dairy products of Ternopil Ivan Puluj National
Technical University, it has been obtained the evidence of the existence of cell-wall-bound
extracellular proteases in St. salivarius ssp thermophilus (strain 9;) during proteolysis of
purified casein fractions by microorganism cells [39].

Substrate specificity of proteinases. Some authors defined, that cell-wall-bound
proteinases are characterized with wide substrate specificity [37, 40, 41]. Those sectors, on
which proteolysis uniquely occurs, were not defined on the basis of analysis of many
products of proteolysis. Only those sectors were found, which were sensitive mainly to the
affect of different types of proteinases. It should be noted, that di- and tripeptides, as well as
free amino acids are formed in small quantities under affect of cell-wall-bound proteinases
of lactic acid bacteria on ag-, - and k-caseins. However, many slightly larger peptides are
formed (4-8 amino acid residues), which contain all essential amino acids, necessary for
normal growth of lactic acid bacteria. All products of proteolysis, formed due to the affect
of cell-wall-bound proteinases, are located in the medium, outside the bacterial cell.

By the specificity of the effect on the fractions of the casein complex of milk cell-wall-
bound proteinases of lactic acid microorganisms are divided into 2 types — Pl and PIII.
Proteinases PI are able to cleavage B-caseins and don’t cleavage aS1- and k-caseins, but
proteinases PIII hydrolyse all three fractions: as-, B- and k-caseins [12, 32, 44].

Cleavage of p-casein fraction with proteinases. Recently they conduct intensive
research for the purpose of detailed study of caseins proteolysis products with cell-wall-
bound proteinases of lactobacilli. It was established that f-caseins are the most sensitive to
the affect of these enzymes. Specificity of the proteinases activity at incubation the purified
casein fraction with intact bacterial cells was studied in the early works [42]. At the same
time it was proved, that only cell-wall-bound proteinase shows proteolytic action. Later in
the experiments in vitro they used purified enzymes obtained from various strains of lactic
acid bacteria, and the appropriate fraction of casein. In particular, they investigated the
influence of cell-wall-bound proteinase of lactic acid microorganisms L. lactis and Lb.
helveticus on B-casein [43]. They separated the products of B-casein proteolysis by liquid
chromatography method, purified and installed the primary structure by Edman. The first
results showed that only part of B-casein is cleavageted under affect of cell-wall-bound
proteinase. In this case, large fragments are mainly formed. Further research, using liquid
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chromatography method under high pressure and mass spectrometry, allowed to analyze
more than 95% peptides, formed at B-casein cleavageting with proteinase of P/ type [40].
More than 100 peptides, consisting of 4-30 amino acid residues were found. Most peptides
contained 4-10 residues.

It was established that half of the peptides is formed from C- terminal part of B-casein
molecule. Analysis of products of [B-casein proteolysis, formed under the affect of
proteinase of the type PIII, allowed to identify thirteen identical links, which are always
cleavageted with proteinases of the type PIII and PI, and six links, which are often
cleavageted with cell-wall-bound proteinases of bacteria of different strains. The aforesaid
peptides are formed mainly from C- terminal part of -casein molecule. In addition to the
proteinases, typical for Lb. helveticus and L. lactis in Lb. helveticus CP790, much smaller
cell-wall-bound proteinase (45000 Da), which belongs to the class of serine proteinases and
shows specificity in relation to B-casein [43], was also revealed.

Cleavage of ag;- i asy-casein fractions_occurs mainly due to the affect of Plil-type
proteinases or mixed-type proteinases. Proteinases P/ do not hydrolyze the fractions of o-
caseins [44]. 25 main oligopeptides, half of which is formed as a result of C-terminal part
cleavageting, were identified among the products of proteolysis, [41, 45]. Besides, the
number of small peptides, formed from sectors, adjoining to peptide connections, sensitive
to proteinase, were identified.

The analysis of specificity of proteinases Exterkate F.A., Albing A.C., Bruinenberg P.G.
[34] was conducted on the fragment of ag;-casein, including amino acid residues 1-28. In this
case, they used proteinases, extracted from sixteen different L. lactis strains. Based on the
results of these studies, they separated proteinase of lactococcus into 7 groups, which differed
in the specificity of cleavageting of the aforesaid fragment of og;-casein. Comparison of
amino acid sequences responsible for substrate binding, of proteases with different specificity
showed, that their specificity is caused by minor genetic variations of the structural proteinase
gene. The primary structure of the catalytic domain is conservative not only in lactococci, but
also in lactobacilli with cell-wall-bound proteinases. So, in Lb. paracasei two substitutions of
amino acid residues in this domain were found, and in Lb. delbrueckii — three substitutions
[46]. In proteinase Lb. helveticus (strain L89) the same specificity as in the proteinase
lactococci was revealed. Differences between them were due to different ratios of proteolysis
products [47].

Cleavage of x-casein fraction with proteinases. Products of proteolysis of k-casein
were studied under the influence of cell-wall-bound proteinase of different types in the
number of strains of lactococcus L. lactis [41, 48, 49]. Cleavage of k-casein causes the
formation of large number of small peptides predominantly from C- terminal part of
molecule. Most peptide connections are constantly subjected to hydrolysis with all types of
proteinases, however, the peptides were also found, which are formed under affect of
certain types of specific proteinases.

Peptidases

Peptidases — are the enzymes of hydrolase class, which cleavage one by one amino acid
from the carboxyl or amine end from peptide molecules. There are many works in the
scientific literature, devoted to structure, properties and specificity of peptidases, main
results of which are systematized in the Table 2.
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Table 2
Peptidases of lactic acid microorganisms (adapted from Kunji (1996)) [12]
~ -}
52 &
Name of the Strain of lactic acid 5= Quaternary Q
Substrate . . 3= s
enzyme microorganisms S 8 structure o=
=% g
&
Aminopeptidases | X|(X), L. lactis ssp. cremoris 95 monomer M
N Wg2
PepN L. lactis ssp. cremoris 95
MG1363
L. lactis ssp. cremoris 95
HP
Lb. casei ssp. casei 87 monomer M
LGG
Lb. casei ssp. casei 95 monomer M
IFPL731
Lb. delbrueckii ssp. 95 monomer M
lactis DSM7290
Lb. delbrueckii ssp. 95 monomer M
bulgaricus B14
Lb. helveticus ITGL1 97 monomer M
Lb. helveticus SBT2171 | 95 monomer M
Lb. sanfrancisco CB1 75 monomer M
S. salivarius ssp.
thermophilus CpNRZ302 7 monomer M
Aminopeptidases | X|(X), L. lactis ssp. cremoris 50 hexamer C
C AM2
PepC Lb. delbrueckii ssp. 51 C
lactis DSM7290
Lb. delbrueckii ssp. 54 tetramer C
bulgaricus B14
Lb. helveticus CNRZ32 | 50 C
S. salivarius ssp. 50 hexamer C
Thermophilus
Aminopeptidases | X|(X), L. lactis ssp. cremoris 40 hexamer M
A AM2
PepA L. lactis ssp. cremoris 38
MG1363
S. salivarius ssp. 45 octomer M
Thermophilus

422
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Continue of the Table 2
= [-°}
52 &
Name of the Strain of lactic acid 5= Quaternary 2
Substrate . . 3= s
enzyme microorganisms S 8 structure o=
=% g
&
Dipeptidases V XX L. lactis ssp. cremoris | 49 monomer
PepV Wg2
L. lactis ssp. cremoris | 51 M
Dipeptidases D, XX MG1363
PepD L. lactis biov. 50 M
Diacetilactis
Lb. delbrueckii ssp. 52 M
lactis DSM7290
Lb. delbrueckii ssp. 51 monomer M
bulgaricus B14
Lb. helveticus 50 monomer M
SBT2171
Lb. casei ssp. casei 46 monomer M
IFPL731
Lb. sace 50 monomer M
Lb. sanfrancisco CB1 65 monomer M
Lb. helveticus 53/7 54 octomer T
Tripeptidases X|X-X | L. lactis ssp. cremoris | 52 dimer M
PepT Wg2
L. lactis ssp. cremoris | 52 dimer M
Prolidases Q PepQ | X|Pro AM?2
L. lactis ssp. cremoris | 23 trimer C
IMN-C12
L. lactis ssp. cremoris | 42 monomer M
AM2
Lb. delbrueckii ssp. 41 M
X- rolyldipeptidyl- X- Pro| lactis DSM7290
aminopeptidase X Lb. delbrueckii ssp. 41 M
PepX Bulgaricus
Lb. delbrueckii ssp. .
bulgaricus CNRZp 4l dimer
Lb. casei ssp. casei 41 monomer M
IFPL731
L. lactis ssp. lactis H1 | 83 dimer S
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Continue of the Table 2
= -}
32 =
Name of the Strain of lactic acid 5 = Quaternary Q
Substrate . . o = ]
enzyme microorganisms S 8 structure o=
= 2 2
&
L. lactis ssp. cremoris | 90 S
Prolineimmuno- ProlX- P-8-2-47
peptidases X L. lactis ssp. cremoris | 59 dimer S
Pepl AM?2
L. lactis ssp. cremoris | 88 dimer S
nTR
Lb. casei ssp. casei 79 S
LLG
Lb. delbrueckii ssp. 88 S
lactis DSM7290
Lb. delbrueckii ssp. 95 dimer S
bulgaricus B14
Lb. helveticus 53/7 91 dimer S
Lb. helveticus LHE-51 | 87 S
Lb. helveticus 90 S
CNRZ32
S. salivarius ssp. .
thermophilus ApCA-DC4 80 dimer S
L. lactis ssp. cremoris | 50 M
HP
Lb. delbrueckii ssp. 33 S
Endopeptidases lactis DSM7290
Pep E Lb. delbrueckii ssp. 33 S
bulgaricus CNRZ
Lb. helveticus 53/7 34 dimer S
Lb. helveticus 52 C
CNRZ32
Pep G Lb. delbrueckii ssp. 50 C
lactis DSM7290
Lb. helveticus 71
Pep O CNRZ32
L. lactis 71
PepF1,PepF2 L. lactis 70

'Note. M — metalopeptidase; S — serine; C — cysteine peptidase.
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Peptidases localization. The question of the peptidases localization in the cells of
lactic acid bacteria has been changed since the time of its rising. In earlier works it was
written about their localization on cell membranes and even outside the cells [13]. At
present most researchers tend to think about intracellular localization of all peptidases of
lactic acid microorganisms [50-53]. The absence of signal sequences and anchor sections
for fixation on the membrane in all peptidases, for which the primary structure was
established, can be the evidence of this. Besides, transport system of oligopeptides of lactic
acid bacteria can provide entering of large peptides, formed with casein proteolysis, into the
cell. And there is no need to cleavage peptides outside the cell or on cell membranes.

Substrate specificity of peptidases. In accordance with the effect on substrates, we
can distinguish
— aminopeptidases, hydrolyzing the peptide connection, formed by the amino group of

the polypeptide chain and the carboxyl group of the terminal amino acid,

—  carboxypeptidases, acting on the peptide connection, formed by the carboxyl group of
the polypeptide chain and the amino group of the final amino acid,
— dipeptidases, which provide hydrolysis of dipeptides.

None of the peptidases with carboxypeptidase activity were revealed among large
number of lactic acid bacteria peptidases, different by specificity. PepN, PepC, PepA are
referred to the aminopeptidases, found in lactic acid microorganisms. In addition to
aminopeptidase, dipeptidases PepD and PepV [50, 52] were revealed in lactobacilli.

Aminopeptidase N (PepN)._Study of genes PepN in different bacteria showed a high
level of their identity [50], at the same time the primary structure PepN is homologous to
aminopeptidase N in mammals [54]. PepN can cleavage off N-end amino acids in di- and
tripeptides. However, dipeptides, which contain proline residue in the first or second
positions, are not cleavageted with PepN, whereas such connection in tripeptides undergoes
hydrolysis [55,56]. PepN dipeptides better the hydrolyses, in which N-end amino acid
residue is arginine. Dipeptides, containing lysine and leucine in the first position, are
hydrolyzed less [57]. The enzyme activity increases with increasing of hydrophobicity C-
end amino acid residue of dipeptide Arg-X. PepN with Lb. helveticus has similar properties
with respect to dipeptides Ala-X and Lei-X [55].

The affect of PepN on oligopeptides was studied in several works [56,57]. PepN ability to
cleavage oligopeptides, including from 4 to 14 amino acid residues, is shown on the example of
using products of trypsin hydrolyzate of B-casein as a substrate. It was found that hexapeptide is
the optimal substrate for PepN [57]. Aminopeptidase N with Lb. helveticus is capable of
hydrolyze the peptides, containing up to 10 amino acids, at that, the proline residue may be in
the first position. It is also known that the enzyme is capable to sptil the end tyrosine from the
fragment B-CN f'193-209, containing 16 amino acid residues [58].

Regulation of PepN expression in L. lactis depends on the bacterial strain, as well as from
the nutrient medium [50]. At lactococci growth in milk the PepN activity is higher than at
growth on artificial nutrient media. It is known that the dipeptide Pro-Lei reduces PepN
expression in L. lactis MG1363 [59]. They used the mutants of Lb. helveticus and L. lactis with
deletion of the gene pepN [58, 60] in order to clarify the physiological role of peptidase N.
Slight reduction of lactobacilli growth in the dairy medium was revealed, whereas difference in
their growth was not revealed on the artificial complex nutrient medium. Similarly, mutants and
wild strains L. lactis grow on the artificial nutrient medium, however they grow much more
slowly in milk media.

Aminopeptidase C (PepC)_was defined from many strains of lactic acid bacteria
[50,61]. They established high activity of PepC at cleavageting the peptide connections,
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created with basic (Arg, Gis, Liz), acidic (Glu, Asp), hydrophobic (Ala, Lei) and aromatic
(Fen) amino acids. At the same time the connections, formed with the proline of the type:
Pro-pNA, Pro-BNAP, X-Pro- pNA, X-Pro-BNAP, remained discontinuous. Structural
modeling of PepC with L.lactis showed that C-terminal residues, participating in the
interaction of a-carboxyl group PepC and a-amino group of the substrate [62], are the part
of the enzyme active center. This was also confirmed at studying of the mutants without C-
terminal residue PepC. The mutants L. lactis with deletion of the gene PepC did not lag
behind in growth in nutrient medium, but in milk they decreased by 10% [60].

Aminopeptidase A (PepA) is able to cleavage off acidic N-terminal amino acid
residues, to hydrolyse well Glu- and Asp-pNA and much less Glu- and Asp-BNAP [63,64].
PepA is able to cleavage off N-terminal Glu and Asp in peptides of different sizes (from 2
to 10 residues). The mutants L. /actis, in which there is no PepA, somewhat lag behind in
growth at lag- phase, but in the final version they reach the same concentration as in wild
strains.

X-prolyl-peptidyl-aminopeptidase (PepX). X-prolyl-dipeptidyl-aminopeptidase (PepX),
which cleavages off dipeptides of type X-O with N-terminal part of peptides was found in
strains of many kinds of lactic acid bacteria. Besides, PepX shows amidase and esterase
activity [65,66]. The highest activity of PepX is revealed at cleavageting of X-0-PNA
substrates, in which N-terminal amino acid is not charged (Ala, Gly) or is basic (Arg). It is
known that PepX does not hydrolyze dipeptides, but cleavages peptides, including from 3 to
7 amino acid residues [65—67]. Dipeptides, which are released under PepX affect, can
contain residues of basic amino acids (Arg, Gis, Liz), aromatic (Fen, Tir) and hydrophobic
(Ala, Ile, Val, Gli) amino acids in the first position. PepX specificity to substrates of the
type X-Ala-(X), was established and obtained at cleavageting of two dipeptides Liz-Ala
and Val-Pro [66,67], using the fragment of B-casein f 176-182 (Liz-Ala-Val-Pro-Tir-Pro-
Gln). Besides, PepX is able to hydrolyze the substrates of the type Pro-Pro-(X),, but almost
does not cleavage X-Pro-Pro [51].

The original aminopeptidase PepP, which releases N-terminal amino acids from the
peptides of the type X-Pro-Pro-(Y), [68,69], was found only in lactococci L. lactis. PepP
showed the highest activity for pentapeptides, including from 3 to 9 amino acid residues.
PepP specificity towards the next N-terminal amino acids (X): Arg, Met, Liz, Lei and Tir
was established. Difference in the growth rate in artificial and dairy medium of the mutants
with deletion gene PepP and wild strains L. lactis is small.

Dipeptidases. Dipeptidase PepD has a wide specificity, but does not hydrolyze AA-
pNA, dipeptides, containing proline residues, and dipeptides with N-terminal remains of
glycine. In contradistinction to PepD, peptidase PepV is more important for lactic acid
bacteria growth. It was shown on the example of L. lactis, that strains, which didn’t contain
PepV, lagged behind in growth in 22% [70].

Proline-iminopeptidase (Pepl), which cleavages off N-terminal proline residue in
peptides, is common among lactic acid bacteria. [70, 71]. Pepl shows hydrolytic activity to
peptides of type Pro-X, where X may be a hydrophobic residue (Ala, Ile, Lei, Val), acidic
(Glu) or aromatic residue (Fen, Tir). Use of peptides of different sizes as substrates showed,
that Pepl mainly cleavages off N- terminal proline in di- and tripeptide (rarely in
tetrapeptide, for example, Pro-Fen-Gli-Liz), but not in pentapeptides [72]. By its specificity
Pepl of lactococci and lactobacilli differ between themselves: Pepl of lactococci —
metalopeptidase, and Pepl of lactobacilli — serine. The absence of proline-iminopeptidase in
the mutants with deletion gene Pepl does not affect their growth in complex artificial
nutrient medium. Wherein The time of doubling of microorganisms in dairy medium is
increased by 9%.
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Peptidase, which cleavages off N- terminal amino acid, when the second position is the
proline residue — prolidase (PepQ) [53, 73]. Prolidase is enzyme, which hydrolyses
dipeptide X-Pro. However, not all of the prolidase are dipeptidases, and they are capable to
hydrolyze not all substrates of the type X-Pro. First of all PepQ hydrolyses dipeptides,
which in the first position contain residues of hydrophobic (Ala, Ile, Lei, Val), main (GIS),
aromatic (Fen, Tir) and sulfur-containing (Met) amino acids. Some prolidases show an
incomprehensible high ability to cleavage peptides without residues of proline, or contained
it in the first position (Pro-Ala, Pro-Pro, Pro-Val). In a dairy medium the strains Lb.
helveticus, with PepQ deficit, developed by 13% slower. Study of bacteria strains, in which
PepQ functions normally, and strains without this enzyme showed, that almost 100%
dipeptides Met- Pro, Lei-Pro and Fen-Pro are hydrolyzed with PepQ participation.

Tripeptidases. Tripeptidase PepT, separated from L. lactis, hydrolyses tripeptides,
except peptides of the type X-Pro-Y. They are not able to hydrolyze di-, tetra- or large
peptides [74]. Other tripeptidases are characterized by greater ability to cleavage tripeptides
with hydrophobic and aromatic amino acid residues [75, 76]. Physiological role of PepT
was studied little. It is only known that PepT absence in lactococci delays their growth in
milk [60].

Peptidase PepO cleavages oligopeptides, which include from 5 to 35 amino acid
residues [76-78]. Like thermolysin, PepO hydrolyses peptide connections, are formed with
leucine and phenylalanine. Though PepO cleavages a series of casein fragments, the native
proteins of the casein complex are not hydrolyzed. Growth of mutants with deletion gene
PepO and wild strains Lb. helveticus were examined in various nutrient medium [77]. They
observed a slight lag in growth of mutants L./actis, using milk as a nutrient medium [60].

One more peptidase (PepF), which cleavages the oligopeptides, was found only in
JaKTOKOKKHU [79]. PepF hydrolyzes the oligopeptides, which include from 5 to 17 amino
acid residues [79]. PepF shows the highest cleavageting ability for substrates, consisting of
8 or 9 residues. PepF hydrolyses three connections, releasing peptides from 3 to 5 residues
in the fragment AKTG (f 1-24). Lack of activity of PepF towards -chain of insulin (30
residues), glucagon (29 residues) and the fragment AKTG (f 1-24) allows you to determine
the limits of substrates size (less than 24 residues). PepF doesn’t cleavage native proteins of
the casein complex of proteinase. This enzyme plays an important role in the processes of
lactococci growth in a dairy medium. Generation time of the mutants with lack of PepF
increases by 16% [9].

Conclusion

Based on the analysis of scientific sources, it is established that microorganisms widely
used in technologies of dairy products, can produce a number of proteases (proteinases and
peptidases), which play important role in proteolytic processes of industrial production of
protein dairy products — primary cleavageting of the casein complex proteins and release of
amino acids from exogenous peptides. Proteinases function outside microbial cells, which
produce them, and peptidases — in the cells of lactic acid bacteria. In most cases, the mutants,
deficient in each of the peptidases, do not differ in their growth from wild strains of
lactobacilli in complex artificial nutrient media, and in a dairy medium they significantly
lagged behind in growth.

It is recommended to use systematized characteristics of proteinases and peptidases of
appropriate microorganisms with the purpose of providing quality organoleptic parameters
of dairy products as well as the formation of biologically active peptides in the process of
selecting the species composition of starter cultures.
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Introduction. The objective of this study was to characterize
essential oil extracts from laurel (Laurus nobilis L.) leaves and to
develop sensory profiles of salad dressings with these extracts.

Materials and methods. Laurel leaves (Laurus nobilis L.)
originating from the Athon peninsula, northern Greece were used and
they were picked in October 2016. The salad dressings, which are
belonged to oil-in-water emulsions, were produced with the addition
of essential oil extracts from dried and humid laurel leaves.

Results and discussion. There were identified 46 components in
the extracts which are represented approximately 97% of the total
content. The main components in dry leaves extract are: 1,8-cineole
(43.65%), a-terpinyl acetate (15.10%), calarene (8.48%), pS-
bisabolene (3.89%) and p-cymene (3.12%); in humid leaves extract —
1,8-cineole (45.94%), a-terpenyl acetate (15.89%), calarene (8.92%),
p-bisabolene (5.09%), p-cymene (3.28%) and terpinen-4-ol (3.03%).

The two extracts had difference by content of aromatic components
from those obtained with ethanol. There were differences in the
composition of the essential oils, and this was probably due to the
method of production.

In the extract obtained from dry leaves dominated monoterpene
oxygen-containing derivatives (68.47%), sesquiterpene hydrocarbons
(13.65%), aliphatic hydrocarbons (7.90%), aromatic compounds
(4.10%), monoterpene hydrocarbons (2.33%), triterpene (1.43%),
sesquiterpene oxygen-containing derivatives (1.23%), diterpene
(0.52%) and aliphatic oxygen-containing derivatives (0.37%). In the
extract obtained from humid leaves dominated monoterpene oxygen-
containing  derivatives  (72.19%),  sesquiterpenehydrocarbons
(15.41%), aromatic compounds (4.32%), aliphatic hydrocarbons
(3.64%), monoterpene hydrocarbons (2.45%), triterpene (0.66%),
sesquiterpene oxygen-containing derivatives (0.70%), aliphatic
oxygen-containing derivatives (0.39%) and diterpene (0.24%).

Dressings with an oil extract of humid leaf had most intensive
smell of laurel leaf. The same is true when this sample was also
perceived with the most intensive taste of laurel leaf. The sour and
salt taste was equally appreciated for all three samples.

The oil extract obtained from humid leaves was preferred and
between the oil extract obtained from dry leaves and the control
sample the evaluators didn’t not express a preference. A higher total
score was obtained by salad dressing with an oil extract obtained from
humid leaves.

Conclusion. Oil extract obtained from humid leaves was preferred
and between the oil extract obtained from dry leaves and the control
sample the evaluators didn’t express a preference. A higher total score
was obtained by salad dressing with an oil extract obtained from
humid leaves.
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Introduction

Laurel (Laurus nobilis L.) is a perennial plant of the family Lauraceae. It is believed
that it originates from Asia Minor from where it was transferred to the Balkan Peninsula
and the Mediterranean. Nowadays the laurel is distributed area of Europe, North Africa and
Asia. In Bulgaria, this tree or shrub is cultivated in gardens of the homes and in the most
southern regions — the cities Petrich and Sandanski as well as in the northeastern parts of
the country [3, 4, 5, 12].

Fresh or dried laurel leaves are used widely in the food industry as flavors and
preservatives for marinating meat and vegetables dishes, canned foods, fish dishes, sauces,
soups, food emulsions etc. [4, 9, 16]. Antimicrobial and antioxidant activities are other
factors for aromatic products from laurel leaves to be used in the food products as a food
preservative [4, 5, 12].

Emulsions take place in the structures of many natural and processed foods and
significant part of these foods are mayonnaise-type products. An oil-in-water emulsion can
be used in the production of sweet sauces and salad dressings. Today, their formulation
include not only glyceride oils rich in polyunsaturated fatty acids [6, 7, 8], but also essential
oil extracts containing different biologically active substances [2, 4].

No studies have been reported on the obtaining of essential oil extracts from laurel
(Laurus nobilis L.) leaves and their practice application in food products.

The objective of this study was to characterize essential oil extracts from laurel
(Laurus nobilis L.) leaves and to develop sensory profiles of salad dressings with these
extracts.

Materials and methods

Plant material

Laurel leaves (Laurus nobilis L.) originating from the Athon peninsula, northern
Greece were used and they were picked in October 2016.

Moisture content determination

The row materials moisture content was determined by drying up to constant weight, at
105 °C [11].

The wetness of the leaves — fresh (36.69%) and air-dry after shade drying (4.76%) was
determined by drying to constant mass at 105 °C [11]. The essential oil content of the
leaves was 2.34% [10].

Aromatic compounds extraction

Extraction was carried out as a batch static process by maceration in the solvent at a
ratio of raw material to solvent = 1:10 under the following conditions: solvent — sunflower
oil; temperature — 60 °C; size of material particles — 1.0x1.5 cm; duration of extraction 5, 7
and 9 h. As a criterion for effectiveness of the process the quantity of aromatic compounds
was determined.
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The oils were prepared by hydrodistilled for 3 h in laboratory glass apparatus of British
Pharmacopoeia, modified by Balinova and Diakov [1]. The oils were dried over anhydrous
sulfate and were stored in tightly closed dark vials at 4 °C until analysis.

The separation of the row material from the obtained extraction aromatic products was
made by filtration trough filter paper.

Aromatic compounds determination

The content of aromatic products in oil extracts was determined by water distillation in
laboratory glass apparatus of British Pharmacopoeia, modified by Balinova and Diakov
[15]. The distillation was continued for 3 h and was ended when two consecutive
measurements in 30 minutes didn’t show an increase in the amount of essential oil [11].

The amount of essential oil non-extracted from the raw material was determined by
water distillation in the apparatus described above under the same technological
parameters.

After distillation, the leaves could be used to fertilize or to produce other biologically
active substances.

GC/MS analysis of oil extracts

The physico-chemical properties of experimental extracts were measured [11]. 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 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.

Technology of Dressing’s production

The salad dressings, which belong to oil-in-water emulsions, were produced by
established technology [8] with the addition of essential oil extracts from dried and humid
laurel leaves.

The following ingredients for salad dressings were used: dry egg melange — 4%,
refined sunflower oil — 5% and oil extracts from laurel leaves — 5%.

Starch — 4% and gum (mix of gum guar and gum xanthan) — 0.1% were used as
structure stabilizers of products.

The starch, gum and water were heated to 80 °C and then the mixture was cooled to 20
°C. The sunflower oil and extract were added to the mixture and homogenized together
with citric acid — 0.1% and salt — 1%.

A control sample without essential oil extracts was developed.

Sensory analysis of salad dressings

Sensory evaluation was performed by a trained sensory panel consisting of 10 trained
assessors. The samples were at a temperature of 10 °C+1 °C and equal quantities (5 g)
placed on white plastic glass, labelled with a three-digit code and served to the panel in
random order.

Specific attributes and sensory descriptors of salad dressings were defined (Table 1).
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Table 1
Main parameters used for sensory evaluation of salad dressings
Ne Specific sensory Sensory descriptors
B attributes
1 | Appearance Color (intensity of yellow color (white to yellow), brightness,
emulsion stability
2 | Texture Consistency (fluid to firm), adhesion, oiliness, homogeneity
3 | Smell Laurel leaf, rancidity
4 | Taste Salty, laurel leaf, rancidity, sour
5 | Aftertaste Bitter, laurel leaf
6 | Overall acceptability | Bad to very good

Each attribute was quantified by intensity of perception (amplitude) with a numeric
value from 0 to 9, corresponding to "no stimulus" to "extremely strong stimulation". Each
attribute had individually scale and after the statistical evaluation, the results were
graphically presented. Sensory profiles of salad dressings were demonstrated.

All measurements were conducted in triplicate and the mean values were presented in

the tables and graphs.

Results and discussion

The amount of flavoring substances (relative to the extracts) was as follows: at 5 h —
0.02%, at 7 h — 0.03%, at 9 h — 0.03%. With increasing the duration of extraction from 5 to
7 hours, increase the content of flavoring substances by 50% and then remains unchanged
regardless of time.

The air-dry leaves were moistened with water to reach humidity of the fresh leaves and
after being kept in a closed vessel for 12 hours (for a more complete diffusion of water in
the dry leaves) were extracted. The quantity of flavoring substances in the oil extracts was
0.03% and it did not differentiate each other. In the processed raw material, the content of
flavoring substances ranged from 2.2 to 2.25%.

Sensory attributes and chemical content in the oil extracts were measured after 7 h
extraction and then the same extracts were added in salad dressing’s formulation.

The oil extracts were different regarding to their aroma and the sample with humid
leaves had more pronounced smell (Table 2).

Table 2
Attributes of essential oil extracts

Attributes | From dry leaves | From humid leaves
Appearance Oily fluid

Color Yellow

Smell Specific | Strong, Specific

Chemical composition of the extracts was determined and is listed in Table 3.
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Percentage composition of the extracts, %

Table 3

No Components RI From dry leaves | From humid leaves
1 |a-pinene 939 0.35 0.37
2 |Camphenan 954 0.31 0.31
3 |Sabinene 971 0.10 0.11
4  |f-pinene 979 0.28 0.30
5 |p-myrcene 991 0.11 0.12
6 |5-2-carene 1001 0.05 0.06
7 |&3-carene 1007 0.21 0.21
8 |p-cymene 1025 3.12 3.28
9 |1,8-cineole 1032 43.65 45.94
10 |f-ocimene 1040 0.15 0.16
11 |y-terpinene 1055 0.52 0.54
12 |Terpinene 1087 0.33 0.35
13 |B-linalool 1096 0.67 0.70
14 |n-nonanal 1128 0.18 0.19
15 |Verbenol 1131 0.20 0.21
16 |L-trans-pinocarveole 1137 0.23 0.25
17 |cis-p-terpineol 1143 0.55 0.58
18 |Pinocarvone 1152 0.26 0.28
19 |terpinen-4-ol 1179 2.88 3.03

20 |a-terpineol 1189 2.31 2.44

21 |Nerol 1229 0.10 0.10

22 |2-decanal 1230 0.18 0.19

23 |Bornyl acetate 1269 0.21 0.22

24 |o-terpenyl acetate 1333 15.10 15.89

25 |eugenol 1363 0.15 0.16

26 |f-elemene 1368 0.23 0.24

27 |methyleugenol 1371 0.52 0.55

28 |ilangene 1387 0.13 0.14

29 |calarene 1426 8.48 8.92
30 |B-caryophyllene 1426 0.22 0.23
31 |a-humulene 1453 0.09 0.09
32 |Germacrene D 1484 0.43 0.45
33 |fB-bisabolene 1502 3.89 5.09
34 |Caryophyllene oxide 1574 0.39 0.18
35 |(-)-spathulenol 1619 0.58 0.27
36 |n-heptadecane 1700 0.33 0.15
37 |n-heneicosane 2100 1.05 0.49
38 [Phytol 2105 0.50 0.23
39 [n-docosane 2200 1.00 0.46

40 |n-tricosane 2300 0.66 0.31

41 |n-tetracosane 2400 0.64 0.29

42 |n-pentacosane 2500 0.94 0.43

43 |n-hexacosane 2600 1.20 0.55

44 |n-heptacosane 2700 1.37 0.63

45 |octacosane 2800 0.48 0.22

46 |squalene 2817 1.39 0.64

* unidentified
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In extract from dry leaves as seen 46 components representing 97.06% of the total
content were identified. Twelve of them were in concentrations over 1% and the rest 34
constituents were in concentrations under 1%. The main components (above 3%) were: 1,8-
cineole (43.65%), a-terpinyl acetate (15.10%), calarene (8.48%), f-bisabolene (3.89%) and
p-cymene (3.12%).

In extract, from humid leaves as seen 46 components representing 96.91% of the total
content, were identified. Seven of them were in concentrations over 1% and the rest 39
constituents were in concentrations under 1%. The main components (above 3%) were: 1,8-
cineole (45.94%), o-terpenyl acetate (15.89%), calarene (8.92%), f-bisabolene (5.09%), p-
cymene (3.28%) and terpinen-4-ol (3.03%).

The two extracts had difference by content of aromatic components from those
obtained with ethanol (30, 50, 70 and 95%) [10], which might be explained by the
selectivity of the extractants. There were differences in the composition of the essential oils
[10], and this was probably due to the method of production.

The distribution of the major aromatic compounds in the two oil extracts is shown in
Figure 1.
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Figure 1. Group of components in essential oils from extracts, %
1 — monoterpene hydrocarbons; 2 — oxygenated monoterpenes; 3 — sesquiterpene hydrocarbons;
4 — oxygenated sesquiterpenes; 5 — phenyl propanoids; 6 — diterpenes; 7 — triterpenes;
8 —alyphatic hydrocarbons; 9 — oxygenated alyphatics.

The data showed that:

— In the extract obtained from dry leaves dominated monoterpene oxygen-containing
derivatives (68.47%), followed by sesquiterpene hydrocarbons (13.65%), aliphatic
hydrocarbons (7.90%), aromatic compounds (4.10%), monoterpene hydrocarbons
(2.33%), triterpene (1.43%), sesquiterpene oxygen-containing derivatives (1.23%),
diterpene (0.52%) and aliphatic oxygen-containing derivatives (0.37%).

— In the extract obtained from humid leaves dominated monoterpene oxygen-containing
derivatives (72.19%), followed by sesquiterpenchydrocarbons (15.41%), aromatic
compounds (4.32%), aliphatic hydrocarbons (3.64%), monoterpene hydrocarbons
(2.45%), triterpene (0.66%), sesquiterpene oxygen-containing derivatives (0.70%),
aliphatic oxygen-containing derivatives (0.39%) and diterpene (0.24%).
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Oil extracts had difference from essential oil and ethanol extracts [10] by content of the
essential monoterpenic oxygen-containing derivatives that were odor-determining
components, although they were derived from the same raw material (Figure 2). This can
be attributed the way of production for the other two products — oil distillation and
extraction and the use of different technological parameters — extractor, temperature, and
duration.

Other authors [4] had found similar dependencies on the differences in the composition
of different flavoring products obtained from the same raw material.

The results of sensory evaluation of the salad dressings are shown in Table 4. The color
perception of the samples was perceived as equal according to the data from the analysis of
appearance. According to the evaluators, dressings had a bright, almost white color, due to
the low content of the oil in the formulation. The addition of extracts from laurel leaves had
no effect on the color characteristics of the food products. Other authors also confirm the
bright color of low-fat food emulsions, which, in their opinion, is also due to the presence
of thickening agents (starch and gums) [14].
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Aromatic products
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2 N\ [l

1 ‘ N [l
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[1,8-cineole M Linalool Terpinen-4-ol
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Figure 2. Distribution of monoterpene oxygen-containing derivatives
1- oil extracts fron dry leaves; 2— oil extract from humid leves; 3— extract with 30% ethanol;
4— extract with 50% ethanol; 5— essential oil
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Table 4
Sensory evaluation of salad dressings with extracts from laurel leaves
Control Salad dressings Salad dressings with
Attributes sample with extract from | extract from humid
dry leaves leaves
Yellow color 3.0+1.4a 3.7+1.4a 3.0+0.9a
Brightness 3.0+0.9a 2.7+0.8a 2.5+1.0a
Stability 8.0+1.3a 7.5+1,8a 8.8+0.4b
Consistency (fluid to firm) 4.0+1.8a 3.8+1.5a 4.2+1.9a
Adhesion (adhesiviness) 1.8+1.0a 1.7+0.8a 1.7+0.8a
Oiliness 3.2+1.2a 3.5+1.4a 3.5+1.4a
Homogeneity 7.3+1.0a 7.7£0.5a 7.8+0.8a
Smell — laurel leaf 1,3+0,8a 4.8+1.0b 7.5+1.2¢
Rancidity smell 1.5+0.5a 1.5+0.5a 1.5+£0.5a
Salty taste 4.0+1.4a 4.2+1.0a 4.5+1.0a
Taste — laurel leaf 1.2+0.4a 5.8+0.8b 7.7+1.0c
Rancidity taste 1.3+0.5a 1.3+0.5a 1.3+0.5a
Sour taste 2.2+1.0a 2.8+1.2a 2.7+1.2a
Bitter aftertaste 1.2+0.4a 1.8+0.8a 1.8+0.8a
Bitter aftertaste 1.2+0.4a 1.8+0.8a 1.8+0.8a
Aftertaste — laurel leaf 1.8+1.0a 6.0+1.1b 7.2+0.8c
Overall acceptability 5.5+1.4a 5.2+1.3a 7.3+1.2b

Means + SD values followed by the same letter in each line are not significant different at
p<0.05 by ANOVA

In terms of stability, all products were accepted at equal sensory stability. There was no
separation of oil on the surface of the products. Regarding to the viscosity, the evaluators
defined dressings as products with a flowing consistency.

It was observed that dressings with an oil extract of humid leaf had most intensive
smell of laurel leaf. This is explained by the higher content of monoterpenic oxygen-
containing derivatives that are responsible for taste and aroma. The same is true when this
sample was also perceived with the most intensive taste of laurel leaf. It was also found out
that the sour and salt taste was equally appreciated for all three samples because of the
same amounts of salt and citric acid used in their composition.

The evaluators didn’t take into account the rancid flavor of the products, which is an
indicator of the vegetable oil quality.

After consumption of the emulsion products, the after taste of the laurel leaf,
determined with the highest intensity of perception, was more pronounced in products with
oil extract obtained from humid leaves. Bitter aftertaste was almost unrecognizable in all
three samples.

The results for the overall acceptability of the three products showed that the oil extract
obtained from humid leaves was preferred and between the oil extract obtained from dry
leaves and the control sample the evaluators didn’t not express a preference. A higher total
score was obtained by salad dressing with an oil extract obtained from humid leaves.

Experimental data from Figure 3 and Figure 4 shows the perceived attributes of the
investigated samples graphically presented.
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Figure 3. Appearance and texture sensory profiles of salad dressings with oil extracts from
laurel leaves
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Figure 4. Smell and taste sensory profiles of salad dressings with oil extracts from laurel leaves

—— Ukrainian Food Journal. 2017. Volume 6. Issue 3 441



Food Technology——

Conclusion

Extracts from laurel leaves are appropriate ingredients of salad dressings and they
improve sensory profiles of food products. Oil extract obtained from humid leaves was
preferred and between the oil extract obtained from dry leaves and the control sample the
evaluators didn’t express a preference. A higher total score was obtained by salad dressing
with an oil extract obtained from humid leaves.
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Introduction. The purpose of this publication is to evaluate
an alternative renewable raw materials obtained from the food
industry wastes (pyrolyzed wood wastes — PWW) as precursors
for production of active coal (AC) used in a process of water
purification in alcoholic beverages’ production.

Materials and methods. PWW of meat processing industry.
PWW will be used as a raw material for a production of AC.
Chemical activation of PWW by alkaline activation of KOH.
Method of adsorption—desorption of nitrogen to determine a
porous structure at 77 K; mesopores’ distribution by size and by
mesopores’ volume — BJH-method; micropores’ division by size —
OSDFT-method; volume of micropores — Dubinin-Radushkevich
method; subnanopores’ volume — QSDFT-method.

Results and discussion. The microporous structure has the
following characteristics: pores’ diameters are in the range of
D,,=0,61-2,5 nm, most represented pores’ diameters are 0, 61
1,19; 1,54 nm; Volume of micropores — V,,=0,11-0,30 cm /g,
pores’ surface area — S,,~407— 852 m%g; pores’ differential
volume — dV,,7dD=(0,023—-1,400) 10’ cm /g, pores’ differential
area — dS,,/dD=(0,18-45 60) m’/g. There are 7031%  of
micropores in a total pores’ volume. Dominant contribution of
micropores into specific surface of the pores shows a proportional
dependence between pores’ volume and surface area of pores. It
is also confirmed by the linear dependence between the pores’
differential volume and the differential area. The smallest pores —
subnanopores with D<I nm were defined at the micropores
structure. Subnapores’ diameters are in the range of Dy,,,=0,61—
1,00 nm. Subnanopores volume varies in the range of V,,,m =0,11-
0,25 cm /g Pores’ surface area is S;,,=407-783 m/g, pores’
differential ~ volume:  dV;,,/dD=(11,3-140,0) 10* cmz/g,
differential area is = dS},,/dD=(2,33-45,60) m /g The
subnanopores’ portion at the micropores’ volume is 84,12%. The
share of subnanopores’ at the total pores’ volume is 59,15%. It can
be argued that the alkaline activation of KOH leads to a
development of subnanopores in the porous structure of the
adsorbent. The cited data shows that the proposed method allows
to obtain AC with an output ratio of 70,4%. The obtained AC has
a developed specific surface of Sp=777 m */g and porosity. Total
pores’ volume is ¥:=0,421 cm’/g.

Conclusion..An energy—saving method is proposed for the
production of high porous AC from the secondary «renewable»
resources — PWW. It is advised to use it in alcoholic beverages
production.
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Introduction

A search for economically feasible ways of obtaining cheap sorbent materials in a purification
of contaminated environment remains an urgent problem for all the countries around the world.
Carbon adsorbents occupy a significant place among such materials. This kind of raw material has
a gigantic range of precursors (natural coal, peat, wood, carbonaceous wastes of various origins,
etc.) [1-12]. Therefore, there is an urgent need to obtain AC from an alternative material. The
search for these materials could involve existing technologies of food industry. Wastes from these
industries can be used to produce the adsorbents [4-8, 11-26].

There two ways of getting AC that are known today: chemical [1, 4-6, 10-13, 15, 16, 19, 21—
23, 26-28] and physical activation [1, 10, 15, 17, 21]. Benefits of chemical activation are one-step
process; low activation temperature; short activation time; large yield; high surface; well-
developed controlled microporosity [28]. Chemical activation involves usage of activating agent
(ZnCl, [4], H;PO, [9, 11, 12, 16, 23, 26], NaOH [28], KOH [27, 28], et al.), entered by
impregnation, followed by carbonization of raw materials in the atmosphere of inert gases and
activation [1].

There are many ways of receiving AC (Kumar, Jena, 2017; Yorgun, Yildiz, 2015;
Kucherenko et al, 2010; Lillo-Rodenas, 2003) [4, 11, 27, 28], (Pat. 61059 Ukraine): grinding
carbon-containing material with (1-2)-10° m, mixing it with KOH in solid form in a weight ratio
1:1, carbonizing and activating at heatstroke mode, cleaning with water and drying. This method
(Pat. 61059 Ukraine) has its disadvantages: raw materials grinding has a high energy
consumption; the small size of raw materials’ fractions — it became charcoaled after carbonization
and activation and evaporates with a gaseous components; high temperature carbonization and
activation of AC; activation in a heatstroke mode causes tearing of the structure and reduction of
AC shares; low rate of AC release.

The most promising raw material for AC is PWW. PWW is formed by pyrolysis of wood
chips (Kuzmin, Shendrik, 2016) [10]. In a proposed method grinding materials are not required
as AC wood chips’ size is Ixbxh=(6x12x3)-10° m; AC fractional increases up to
3,6:10°>d>1,0-10° m; temperature reduction of charcoal’s carbonization and activation within
T=773-973 K; absence of activation heat stroke due to carbonization at non-isothermal heating
and isothermal heating at activation; yield increases of AC ratio.

KOH is one of the promising activating agents (Kucherenko V.A. et al, 2010; M. A. Lillo-
Roédenas et al, 2007) [27, 28]. It is added to the brown coal. It can withstand up to full
impregnation, allowing alkali to interact with organic and mineral components, with the formation
of water-soluble substances washed with AC.

Thus, the use of KOH allows to receive AC with a formed pores’ space. Variation of mass
part (MP) of activating agent in relation to PWW can affect the surface pores’ factor, yield ratio of
AC and volume of wastewater [29-37].

A blend of raw material/agent during carbonization and activation undergoing non-
isothermal heating up to an activation temperature during the subsequent isothermal aging.
At the same time low molecular parts of thermal distraction of organic matter of PWW
and products of PWW’s chemical reactions with alkali are formatted in a PWW’s volume.
It’s outflow from the PWW’s volume creates a spatial framework within PWW. It leads to
a formation of micropores and subnanopor and, consequently, increases the pores’ specific
surface area and total volume. This improves adsorption characteristics of AC (Shendrik et
al, 2003; Kucherenko et al, 2010; Zubkova, 2011) [27, 29, 30]. AC’s fractional
composition is determined by MP’s residue on sieves with holes with a diameter of 3,6
mm, 1,0 mm and on the pallet itself.

It has been shown that PWW can be an alternative carbon-containing raw material for AC
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production (Kuzmin, Shendrik, 2016) [10]. The aim of this work is to evaluat an alternative
renewable raw materials from the food industry wastes (pyrolyzed wood wastes — PWW) as

precursors for production of active coal (AC) which can be used for water purification in
alcoholic beverages’ production.

Materials and methods

Conditions for AC production are presented at Table 1.

Table 1
Terms of AC
Sym Characteristic Experimental Rationed data
bol data
T, | Drying temperature in the open air, K 295 293-298
W; | Relative humidity,% 74 67-82
v; | Air traffic speed, m/s 1,5 1-2
7, | PWW’s outdoor drying time, s 336-60° (336-504)-60°
T, | Drying temperature in the drying cabinet, K 373 373-383
W, | MP of moisture of PWW,% 6,58 4-8
MP of KOH in aqueous solution,% 50 30-70
Mass ratio (MR) of PWW/alkali, kg/kg 1:1 1:0,5-1:1
7, | Time withstand of PWW with alkali, s 24-60° (18-24)-60°
T; | PWW alkali holding temperature, K 294 291-295
T, | Drying temperature, K 381 373-383
W; | MP of moisture of PWW,% 6,78 4-8
0O, | Volumetric flow of argon, m’/s 5,6:107 <5610
Non-isothermal heating, deg./s 0,07 <0,07
MP of sulfuric acid,% 96 96
Ts | Activation temperature, K 1073 873-1073
73 | Time of activation, s 1-60° 1-60°
Non-isothermal cooling, deg./s 0,1 <0,1
T; | Final temperature after cooling of AC, K 323 <323
7, | Time cleaning of AC from activating agent, s 600 300-600
T, | Drying temperature in the drying cabinet, K 378 373-383
W, | MP moisture AC,% 5,84 4-8
Y, | AC yield ratio,% 70,4 70-80
MP of remnant of AC (%) in the sieve with
holes, m:
d>3,6:10" 0,2 MP<2,5
3,6:10°>d>1,0-10" 87,6 MP>95,5
d<1,0-10 12,2 MP<2,0

Obtained PWW is dried in the open air (7;,=293-298 K; W=67-82%; v;/=1-2 m/s) during
7=(336-504)-60" s, followed by more drying at 7:=373-383 K up to air—dry state with humidity of
W=4-8%.

KOH (MP KOH in aqueous solution — 30-70%) used as an activating agent for impregnating
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of PWW/alkali in MR 1:0,5-1:1. The received mixture withstands for z,=(18-24)-60" s at T;=291—
295 K and PWW dried to receive a constant weight of MP moisture W;=4-8% at 7,=373-383 K.
Activation carried out in a stream of argon with a volumetric flow of 0;<5,6'10” m?/s with drying
bubbling after 96% in sulfuric acid under non-isothermal heating at 0,07 deg./s up to activation
temperature 75=873-1073 K and isothermal aging for 7;=1-60" s at the temperature activation and
non-isothermal cooling at 0,1 deg./s in a stream of argon upto a temperature 75 = 323K.

The received AC cleaned from activating agent with a usage of water for 7,=300—600 s and
dried at a temperature 75=373-383 K up to a level of humidity W,=4-8% with the yield of AC
Y=70-80%, followed by fractioning with the help of MP residue on sieves with holes: ¢>3,6:107
m — MP<2,5%; 3,6:10>d>1,0-10° m — MP>95,5%; d<1,0-10° m — MP<2,0% with the following
selection of working faction on a sieve with holes 3,6:10°>¢>1,0-10° [9].

Figure 1 shows the stages of AC production; Figure 2 — general scheme of AC obtaining as
per experimental data at Table 1.

4

Figure 1. Stages of receiving AC:

a — technological chips of oak large (6x12x3)-10™ m; b — PWW with MP moisture #=43,01%; ¢ —
PWW after drying of moisture MP #W=6,58%; d — AC to fractionation; e — AC after fractionation of
d>3,6:10° m; f— AC after fractionation of 3,6'10°>d>1,0-10° m; g— AC after fractionation of
d<1,0-10° m
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Pyrolysis: T'5=633 K: t'5=7.13:60° s: m =9.20-60" kg/s
¥
Wood chips: f.wrbxh=(6x12x3)'10'3 m; MP remnant: d =30-107 m — MP=0.8 %:
30-107>d 220-10° m— MP=14.0 %: 20-107>d >10-10~ m — MP=80.0 %: 10-10°
32d=5107 m— MP=4.9 %: d'<5-10° m— MP=0.3 %: W ,=9.42 %: W ,=49.08

%

¥ ¥
777777777 Liquid and gaseous PWW: ¥'=38.3 %: W'.=43.01 %
: o substances: ¥ ;=61.7 % ¥
v Drying PWW (Stage 1): T,=295 K;
Roasting smoke: T';=343 K; W =74 %; v;=1.5 nv's: 1,=336-60%
i ' =1:60%s 3
v ¥ Drying PWW (Stage 2): T=373 K:
Smoky smoking: 7°~323 K; W'=62 W=6.58 %
%: v, =1 m/s: t5=6.13-60" § I

Impregnation: MR PWW/alkali —

Activating agent: MP KOH — 50 % in 5 .
1:1: 7=24-60" s: T7=294 K

an aqueous solution

A 4

¥
Sulfuric acid: MP — 96% * Drying: T,.=381 K: W=6,78 %
¥ ¥
Drying of bubbling: non-isothermal ,| Activation: T5=1073 K: 7:=1-60" s
heating 0.07 deg./s ¥
) Cooling: cooling non-isothermal
The inert gas (argon): 0;=5.6:107 . 0.1 deg./s: T,=323 K
m’/s ¥
Laundering: 7,~600 s
Fractionation AC: d>3.6:10° m— ¥
MP=0.2 %: 3.6:10°>d=1.0-10" m— |, Drying: T/=378 K: W,=5.84 %:
MP=87.6 %: d<1,0-10° m— B ¥,=70.4 %
MP=12.2 %

Figure 2. The general scheme of AC production as per experimental data

PWW dried for 7,=336:60° s outdoors (T1=295 K; Wi=14%; vi=1,5 m/s), followed by
drying at the drying cabinet at 7,=373 K to air-dry state with MP moisture — ,=6,58%.
Potassium hydroxide with MP KOH — 50% in am aqueous solution, injected by impregnation of
PWW — KOH and kept for 7,=24-60" s at temperature 75=294 K, dried up to a moisture obtained
at MP PWW I;=6,78% at T,=381 K. The volume of solution has been chosen to create MR
PWW/alkali — 1:1 kg/kg. Activation was performed in a vertical cylindrical tubular reactor
made of steel, with thickness of 3 mm, diameter of cylinder — 0,15 m, height — 0,3 m.

The reactor was purged with argon volumetric flow of 0,=5,6:107 m®/s, drained
bubbling through concentrated sulfuric acid (96%). The heating of reactor’s furnace has
been switched on after 0,17-60° s after the start of argon input. The temperature mode of
process included a period of non-isothermal heating (0,07 deg./s) up to an activation
temperature, isothermal holding at this temperature for 7;=1-60° s and rapid cooling in a
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stream of argon cooled at non-isothermal 0,1 deg./s to 7,=323 K. Activation temperature
was T5=1073 K when activated via KOH.

Samples of AC activating agent washed with distilled water for 7,=600 s and dried at
T7=378 K to humidity W,=5,84% of the yield of AC Y;=70,4%. Fractionation AC remnant
of MP conducted on sieves with holes: d¢>3,6:10° — MP=0,2%; 3,6:10°>d>1,0-10" —
MP=87,6%; d<1,0-107 (pallet) — MP=12,2% with the following collection of working
fractions on sieves of 3,6 mm and 1,00 mm MP — 87,8%.

Results and discussions
Characteristics of porous structure was determined on a basis of isotherms of an

adsorption-desorption of nitrogen at 7=77 K in the range of relative pressure P/P;=0,00—
1,00 (device Quantachrome Autosorb 6B) (Figure 3).

280 j

240 ’D_D—D—Dﬁu
220 O 5=0—7
200 &D

180 -

160

140 -
00 01 02 03 04 05 06 07 08 09 1,0
Relative pressure P/Py
—O— Adsorption = Desorption

Figure 3. Isotherms of an adsorption-desorption of nitrogen at AC at T=77 K

The obtained isotherms of type II — according to Brunauer S. et al, 1938 [31]
classification, per multimolecular adsorption. Sorption hysteresis loop approaching the
point of relative pressure P/P,=0,4, indicating a predominance of micropores of meso- and
macropores.

Figures 47 shows the distribution of micropores (QSDFT—method), the size of the
sample and the corresponding volumes accumulated in these pores.

The microporous structure has the following characteristics (Figure 4-5): pore
diameters are in the range of D,,;=0,61-2,5 nm, mostly represented by pores with a diameter
of 0,61; 1,19; 1,54 nm; volume of micropores — ¥,,=0,11-0,30 cm’/g; pores’ surface area —
Sini=407-852 mz/g; pores’ differential volume dV,,7,-/dD=((),O23—l,400)'10'2 cm3/g; pores’
differential area dS,,/dD=(0,18-45,60) m*/g; micropores are about 70,31% of the total pore
volume.
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Figure 4. Distribution of micropores by size of AC sample — (dependence of pores’ volume and
pores’ differential volume on pores’ diameter) by OSDFT—method
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Figure 5. Distribution of micropores by size of AC sample — (dependence of surface area and
pores’ differential surface area on pores’ diameter) by OSDFT-method
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According to distribution of micropores by size, two areas of values can be
distinguished: a dynamic range (D,,=0,5-2,0 nm) of values with several maxima; a
stationary range of values (D,,;=2,0-2,5 nm). The main differences are fixed at the dynamic
range of values (D,,=0,5-2,0 nm). We can observe three maximum values: at ~ 0,6 nm,
weakly expressed at ~ 1,2 nm, maximum at ~ 1,5 nm. The differential pore volume is in the
range of dV,,/dD=(1,9-2,1)-10"* cm’/g at the static range of values D,,=2,0-2,5 nm. The
differential area is in the range of dS,,/dD=(0,18-0,20) m*/g.

The dominant contribution of micropores in the specific surface of the pores shows a
proportional relationship between the pores volume and the surface area of pores. This is
also confirmed by the linear dependence between the pores’ differential volume and the
pores’ differential area (Figure 6-7).

The subnanopores with D<l nm - the smallest pores were considered in the
micropores’ structure (Figure 4-5): pores’ diameters are in the range of D;,,,=0,61-1,00
nm; subnanopore’s volume varies in the range of V7;,,=0,11-0,25 cm3/g; pores’ surface
area: S;,,=407-783 mz/g; pores’differential volume: dV,,,/dD=(1 1,3—140,0)'104 cm3/g;
pores’ differential area: dS,,/dD=(2,33-45,60) m*/g. The subnanopore’s portion in the
micropores volume is 84,1%. The share of subnanpore’s in the total pores’ volume is
59,2%. It can be argued that the alkaline activation of KOH leads to the development of a
subnanopore’s in the porous structure of the adsorbent.

Figures 8—13 show the distribution of mesopores (BJH—method) by size in the sample
and the corresponding volumes accumulated in these pores.

In Figure 8, the curve of the pores’ size set with its size increasing smoothly, not
reaching the plateau, indicating the presence of mesopores with a wide distribution in size.
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Figure 8. Distribution of mesopores by size of AC sample — (dependence of pores’ volume and
pores’ differential volume on pores’ diameter) by BJH-method
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Figure 13. Distribution of mesopores by size of AC sample — (dependence of pores’ differential
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Mesoporous structure has the following characteristics: pores’ diameters are in the
range of D,,,=3,3-50,0 nm, most represented pores with a diameter of 3,73 nm; mesopore
volume varies in the range of 7,,,=0,010-0,091 cm3/g; pores’ surface area — S,,.=11,7-60,0
m?/g; pores’ differential volume dV,,./dD=(0,02—4,75)-10* cm?/g; pores’ differential area
dS,,./dD=(0,002-0,570) mz/g; fraction of mesopores in the total pores’ volume is 2,14—
21,6% (Figure 8—13).

Curves of pores’ differential volume and pores’ differential surface area at the interval
of D=15,8-50,0 nm are in the static arca. Maximum location of pores with a smallest
diameter is observed at the pores’ differential volume dV,,/dD=6,43-10"* cm’/g at the point
of 3,73 nm within D=2,5-15,8 nm. The biggest number of mesopores are located at the
range of D=2,5-15,8 nm.

The terms of AC and its characteristics are shown at the Table 2. The following
characteristics of AC were measured: ¥ — yield (%); Spgr — specific surface area; Vs —
pores’ total volume; V,, — macropores’ volume; V,., — mesopores’ volume; V,,; —
micropores’ volume; V;,,, — subnanopores’ volume; Apj..o; — sorption capacity toward
phenol; Ap, — sorption capacity toward Plumbum; A,p — sorption capacity toward
methylene blue.

Comparison of distribution of porous space according to (Pat. 61059 Ukraine) to the
experimental data is presented at the figure 14.

A method that allows the production of AC from PWW, generated after the process of
food products’ smoking has been proposed. Moreover, PWW is subsequently heated non-
isothermally and chemically activated in the presence of KOH. As a result, AC is produced
with a high yield of 70-80%, developed specific surface, porous space and a high sorption
capacity. The results of AC production can be adapted for the technology of alcoholic
beverages’ production at the expense of 1,0—3,6 mm particles’ fractional composition.
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Table 2
Terms of AC and its characteristics
Characteristic Method of AC production Method of AC
(Pat. 61059 Ukraine) experimental production
Type of raw material Lignite (brown coal) PWW
Activation 1073 1073
temperature, K
Activating agent KOH KOH
StaF N O.f the solid solution 50%
activating agent
MR raw/agent, kg/kg 1:0,5 1:1
Y, % 39,0 70,4
Sper, m'/g 890 777
Vs, cm’/g 0,580 100% 0,421 100%
Vi, €/ 0,010 1,73% 0,034 8,08%
Ve, S/ 0,250 43,10% 0,091 21,61%
Vi, CI/g 0,320 55,17% 0,296 70,31%
V ims C/g 0,230 39,66% 0,249 59,15%
APhenola mg/g 120 200
App, mmol/g - 0,7
Vma Vmi

Vmi
55,17%

Vma
8,08%

70,31%

Vme
21,62%

Figure 14. Distribution of pores in AC:
a — according to Pat. 61059 Ukraine; b — according to experimental data.

The attention is drawn to the volume of pores’ with D<1 nm. It accounts to 59,15% of
the total pores’ volume in AC. The obtained data allows us to hope that the studied raw
materials can be used for the purification of water-alcohol mixtures.
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Conclusions

The data show that the proposed method allows to obtain AC with a high yield of
70,4% compared to the method of obtaining AC from lignite (Pat. 61059 Ukraine) — 39,0%.
Experimentally received AC has a lower specific surface Szz=777 m?/ g with respect to AC
(Pat. 61059 Ukraine) Sgz7=890 m?/g and pores’ space: total pores’ volume V5=0,421 cm’/g
to 7:=0,580 m’/g. Nevertheless, the ratio of micropores in the experimental sample
(70,31%), increased in relation to the prototype (55,17%), and the ratio of subnanopores in
the experimental sample (59,15%), increased in relation to the prototype (39,66%). The
ratio of macropores in the experimental sample (8,08%), increased in relation to the
prototype (1,73%). At the same time the ratio of mesopores in the experimental sample
(21,61%) reduced relatively to the prototype (43,10%).

It can be concluded that the proposed method of AC production from PWW, produced
of smoked foods, with further carbonization at non-isothermal heating and activation at
temperature of 873—-1073 K in the presence of KOH, leads to sorbents with a high yield of
70-80% and fractional composition of particle size of 1,0-3,6 mm (~ 90%). An energy-
saving method is proposed for a production of cheap AC from secondary «renewable»
resources — PWW. These AC can be examined for water purification in alcoholic
beverages’ production.
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Introduction. The studies of new berry raw materials in
order to determine the balance of its chemical composition,
sensory and technological characteristics in the light of use in
dessert production. The technology of jelly production from
jostaberry was developed.

Materials and methods. Berries off. Grossulariaceae
(actinidia, jostaberry, feijoa) were chosen as subiect of these
studies. The analysis of technical literature and sources of
patent information related to utilization of new raw materials
and development of new recipes was carried out. Structural
strength of jelly was determined by penetration method.

Results and discussion. It was shown, that berry raw
materials of Black Sea Region, such as feijoa, actinidia and
jostaberry can be used for production of desserts with
improved nutrition value. The nutritional value of mentioned
berries is specified by presence of broad range of biologically
active components in forms, which are available for human
organism. In particular, iodine content in feijoa berries
reaches 0,07-0,1 mg/100 g. Actinidia and jostaberry contain
vitamin C in high concentrations, equal to 400-800 mg/100 g
and 450—600 mg, respectively. These berries are the natural
concentrates of vitamins A, B, C, P, PP, B-carotene and
mineral compounds, such as potassium and iron and can be
considered as products with high nutritional value. Due to
high pectin cotent makes actinidia, jostaberry. feiioa are the
perspective raw materials for structurized desserts, such as
jellies, mousses and sorbets. The results of studies of
technological characteristics of jellies with jostaberry were
presented. It was shown, that introduction of jostaberry in
jelly allows to eliminate gelatin from recipe without
significant changes of product’s rheological characteristics.
The values of density and shear stress value of jellies
containing 15% of jostaberrry are equal to 1,27 kg/m® and
5,53 kPa, respectively. Therefore the product meets all
requirements to this category of desserts. The jellification
time of jellies with jostaberry significantly decreases in
comparation with samples without it.

Conclusion. New ingredients from plants of Ukraine’s
Southern region, such as fejioa, actinidia and jostaberry are
prospective for broadening the range of desserts with
improved nutritional value. The optimal composition of
ingredients in recipes of jellies with jostaberry was
developed.
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Introduction

At present time the problem of diet inadequacy and deficiency is typical for modern
world in general as well as for most countries of Eastern Europe. It is connected with
consumption of refined product with high energy-value which are lean in terms of content
of biologically active components. Imbalance of nutrients in diet and ecological problems
lead to the decrease of organism resistance and causes the range of diseases. Health, ability
to work and longevity of human organism are based on supply of all needed nutrients.
These compounds are to be supplied regularly, in full quantity corresponding to
physiological needs.

According to this concept, the structure of typical modern people’s diet needs
significant correction. This goal can be reached by development of food products with
improved nutrition value and their introduction in people’s diet. These products may be
based on new and non-traditional raw materials as it seems to be the effective way of diet
enrichment with biologically active components. Being introduced into foodservice
industry, such products can become one of effective methods of diet structure improvement
and increasing of healthy food share in it.

Rationalization of nutrition should be reached by increase of fresh fruits and berries
share in ration as well as products of their processing as it can become an additional source
of natural biologically active components. Exotic fruits and berries which are rich on
biologically active components, so their introduction in people’s ration can be one of the
ways of nutrition structure correction. The introduction of corresponding plants in the
agriculture as well as development of processing technologies and corresponding food
products is needed to reach this goal. The usage of winter-hardy subtropical cultures in
agriculture of the Black Sea region becomes an important part of this strategy. Feijoa,
actinidia, jostaberry are among these cultures.

Last years demonstrated that climate the Black Sea region became warmer, with hot
and dry summer and mild winter. It enables gardeners to cultivate exotic cultures of fruit
and berry plants in this region and in the southern regions of Ukraine including Odessa.

Long-term experiments with subtropical plants enabled selectioners and agriculture
specialists to breed new winter-hardy breeds and cultivation technics for gooseberry,
actinidia, fig, feijoa, kiwi, jostaberry and date plum for cultivation in open ground with
excellent results. This practice is actual for the Black Sea region.

Subtropical berries, including feijoa, actinidia and jostaberry are considered to be
herbal sources of biologically active nutrients. The combination of properties, good for
human health lets to place these cultures among the most useful for human health.

Feijoa originates from Southern America. It is one of the most winter-hardy subtropical
plants and able to stand during short-term frosts (to -15°C) without harm. Due to this
specific feature it is successfully cultivated in the Black Sea region of Ukraine, such as
Odessa region.

Feijoa berries are green oblong fruits covered with waxy film [1]. They are harvested at
the end of November or early December. Feijoa is a new product for the Black Sea region,
but it already became popular among nutritionists, diet experts and endocrinologists. It is
recommended to people with disorders of thyroid gland and intellectual stresses. The main
feature of feijoa is high iodine content (Table 1), which is comparable to this in seafoods.
Feijoa berries contain organically bound iodine in concentration, equal to 0,07-0,1 mg/100
g, while the recommended daily consumption for grown-up is equal to 0,14-0,200 mg/100
g. The feijoa berries which are cultivated in maritime regions are especially rich to iodine.
Moreover, this iodine is water-soluble and can be effectively consumed by organism.
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Chemical composition of feijoa, actinidia and jostaberry [ 2, 3]

Table 1

Component Feijoa Actinidia | Jostaberry
Proteins, g 0,98 0,9 0,7
Fats, g 0,8 0,6 0,2
Carbohydrates, g 10,0 11,9 9,1
Pectin, g 1,5-2,5 0,9 1,1
Ash, g 0,74 0,6 0,9
Vitamins, mg/100g
Beta-carotene 0,002 0,26 0,2
Vitamin B, 0,1 0,02 0,01
VitaminB, 0,04 0,05 0,03
VitaminB; 0,46 0,4 0,3
Vitamin B; 0,23 - 0,18
VitaminBg 0,05 0,2 -
VitaminB, 0,04 0,02 0,004
VitaminC 32,4 600 450
Minerals, mg/100g
K 172,0 332 275
Ca 17,0 26 36
Mg 9,0 30 17
Na 3,0 4 21
P 19,0 31 33
Fe 0,8 0,8 1,2
I 0,07 0,035 0,012
B 0,03 - -
(50% daily intake)
Mn 0,09 0,21 0,26
Cu 0,06 0,14 0,9
Zn 0,04 0,3 0,27
Energy value, ccal 49,0 61,0 45,0

Materials and methods

The subject of studies of desserts with high nutritional value development was selected
new raw materials, namely: Feijoa, Actinidium and jostaberry, which are rich in chemical
composition. All three selected samples of the raw materials studied in the work are berries
of the gooseberry family, therefore, due to many similarities (texture, consistency, etc.) they
will give a good combination. While the new sweet dish technology development, in a jelly
was added jostaberry adding in the amount of 5-15% to the mass of the product, with a
complete gelatin replacement.
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For the whole quality control of the new product, a complex of its properties was
studied: organoleptic and physical properties of the jelly mass. There were also studied
some changes of its structural and mechanical properties provided to replace gelatin to
jostaberry.

To determine the density of samples, a picnometric method was used, which is based
on measuring the mass of a certain volume of the product at a temperature from the
following absolute and relative density.

Structural-and-mechanical properties of the dough quality were determined with the
help of the penetrometer of firms "Labor" of the OV-2GS5, modification by determining the
resistance of the food masses to the penetration of the body of immersion with strictly
defined dimensions, mass and material at a precisely defined temperature for a certain time

[4].

Results and discussion

Feijoa doesn’t only contain iodine compounds in high concentration, but is rich to
biologically active catehins and leicoanthocyanins, ascorbic acid, essential oils. These
biologically active compounds are present in fruit’s skin and act as powerful antioxidants
and immune modulators, which decrease the risk of oncology disease and slow down the
aging processes. Feijoa skin contains high concentration of pectin, which is able to bond
ions of heavy metals and radioactive elements and useful for people, who contact with
heavy metals or stay in polluted environment [5].

Feijoa a isusefulin treatment of anemia as it is considered to be natural source of iron.

The high content of vitamin C makes feijoa an excellent natural antioxidant. Even
seasonal consumption of this fruit can help human organism to resist stress and makes it
more resistant to infection [6, 8]. Feijoa is an autumn product whichis very actual in period
of increased risk of acute respiratory diseases and flue. Not only vitamins, but also the
essential oils of feijoa fruit are important for prevention of respiratory diseases caused by
viruses or bacteria [7].

There is information, that feijoa is recommended for patients with diabetes of type II,
as it can lower blood glucose level. This fruit contains minimal quantity of sugar with
fructose as main component, so it is considered to have low-calorie product.

In feijoa fruit not only flesh, but skin possess high biological activity. Fruit skin
contains catehins and leicoanthocyanins, which have high anti-oxidant activity.
Consumption of feijoa skin contributes in prevention of oncology diseases and premature
aging, as well is in lowering of cholesterol level. Strong anticarcinogenic effect of feijoa
fruits was also reported [9].

Studies of flavonoid composition of feijoa fruits showed presence of valuable
biologically active compounds, such as quercetin-3-a-arabofuranoside (avicularine),
quercetin-3-fB-D-galactoside (hyperine), quercetin-3-B-D-xyloside (reinoutrine), quercetin-
3-a-L-arabopiranoside (gaudjaverine) [10].

Studied the influence of impact of water extract, 30% and 50% tinctures of fresh feijoa
fruits to synthetic function of thyroid gland. Experiments were carried out with intact rats
using the model of «goiter reaction». As a result the strong thyreo-stimulating effect of
fresh feijoa fruit water extract was demonstrated. Thus, future studies of feijoa thyreo-
stimulating action and development of corresponding pharmaceuticals seem to be very
prospective [11].
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Feijoa extract demonstrated powerful antibacterial effect. It also possessed high anti-
oxidant activity [12].

In recent times time the growth of actinidia popularity was noted. This culture is also
called winter-hardy kiwi or mini-kiwi as some actinidia species, such as Actinidiapurpurea,
A. arguta, A. kolomikta can be cultivated in region with mild climate and are close to real
«Tropicana kiwi» (A. deliaosa), which grows only in tropical or sub-tropical climate. This
woody vine is a dioecious plant. It originates from Far East, where it is called Amur
gooseberry [13].

Today the international kiwi-fruit industry has more than 170,000 ha of orchard planted
and able to produce more than 1.8 million tonnes of fresh fruit. The constitution of actinidia
berries is similar to this of kiwi, but smaller in size. Weight of wild actinidia berries usually
differs from 2 to 15 g depending of variety. Berry has thin skin without indumentum, and
juicy delicate flesh with numerous small soft seeds. It has moderately sweet taste [14].

As opposed to kiwi, winter-hardy actinidia breeds have some important advantages.
First of all, they can stand short-term frost down to -30 °C, which are common for Black
Sea region. Secondly, this culture is resistant to pests and diseases and doesn’t need
pesticide treatment. Actinidia doesn’t stand high concentration of mineral fertilizers, so the
production of high quality «green» berries is possible. Such features of tasty and stable in
cultivation culture makes it very important for Black Sea region, where numerous health-
related complexes, sanatoriums and summer camps for children are located. Thirdly,
actinidia fruit contains nutritional and biologically active components in quantities, which
are comparable with real kiwi fruit. Taste of berries of some actinidia breeds, such as
Figurna, Veresneva and other is even better than this of kiwi fruit.

Actinidia is considered to be one of the most valuable plants as it bears numerous
useful features [15, 16, 17].

Actinidia berries are the natural concentrates of vitamins A, B, C, P, PP, 3-carotene and
mineral compounds (Table 1). Moreover, they contain biologically active compounds,
including enzyme actinidine with action close to papaine, which helps to digest food in
stomach.

Glucose and fructose are the main sugars of actinidia berry. Content and composition
of organic acids varies depending on cultivation conditions. Actinidia berry may contain
0,3-1,5% of organic acids, including 40—50% of citric acid, 40-50% of quinic acid and up
to 10% of malic acid.

Actinidia berry is a valuable source of vitamins with nutritional and medical
importance [17]. It has the highest vitamin C content among all fruit and berry cultures,
which can reach values from 400 to 800 mg/100 g depending on breed (Table 2). It is 10—
15 times higher, than in lemon fruit and 2—3 times higher, than in black currant berry which
is considered to be one of main sources of ascorbic acid. As grown-up person needs about
70 mg of ascorbic acid per day, 2-3 actinidia berries can supply the recommended daily
intake of this vitamin. This berries can be stored like black currant berries (in frozen state,
in form of pulp, mixed with sugar etc.).

Concentration of vitamin P in actinidia berries reaches 26 mg/100 g, which can be
considered to be a significant amount. Flavonoid compounds, which belong to vitamin P
group, are powerful antioxidants and are associated with normalization of blood vessel
permeability and elasticity. Biologically active compounds are known to interactwithother
essential compounds enhancing their activity. Vitamin P act in a similar way as it is
essentially important for normal functioning of vitamin C. Actinidia contains both these
vitamins in significant amounts and appears to be an ideal supply of these biologically
active compounds in diet.
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Table 2
Comparison of nutrition value of fruits and berries [2, 3]
Product Content, g/100 g Content, g/100 Energy
Carbo- | Cellulose | Vitamin - Ca | Mg | K | content,
hydrates C carotene ccal/100
g
Actinidia 14.9 1,10 600 0,26 26 | 30 | 332 ] 6l
Jostaberry 9,1 1,0 450 0,2 36 | 17 | 275 |45
Lemon 3,6 1,3 40 0,01 40 | 12 | 163 | 31
Black 8,0 3,0 200 0,1 36 |35 | 372 | 40
currant
Gooseberry | 9,9 2,0 30 0,2 40 | 22 | 224 | 41
Apple 14.8 0.54 4 0,03 4 5 115 | 57
Banana 23.4 0.50 9.1 0,12 6 29 | 346 | 92
Strawberry | 7.0 0.50 57 0,03 14 | 10 | 166 | 30
Grapefruit 8.4 0.20 333 0,02 12 |9 148 | 33
Orange 11.7 0.43 53.2 0,05 40 | 10 | 181 | 47
Peach 11.1 0.64 6.6 0,5 5 7 197 | 43
Grape 16 0.60 6.0 3aJl. 45 | 17 | 255 | 64

Actinidia berry contain -carotene in concentration close to 0,26 mg/100 g, which is 2
times higher, than in black currant or banana. It is known, that daily intake of vitamin P and
B-carotene should be equal to 25-50 mg and 15-25 mg, respectively. It means that 10—12
actinidia berries can supply organism with recommended daily dose of these biologically
active components.

Actinidia is the source of vitamin E, which acts as powerful antioxidant. These berries
contain vitamin E in concentration, which is 2 times higher, than in avocado while having
60% of its energy value.

Actinidida is used in traditional folk medicine as tonic and preventive cure, as well as
for stimulation of blood circulation and liquification, for fever treatment and enhancing of
lactation. Actinidia intake improves functioning of stomach, improves immune resistance
and promotes the excretion of antibiotics and radionuclides. Berries contain iodine, which
enables its usage for prevention of some diseases, including malfunction of thyroid gland
[18, 19, 20].

Medics recommend to use actinidia berries in complex treatment of acute and chronic
intestinal diseases, dental caries, tuberculosis, scorbutusand disbacteriosis as well as cure
for prevention and treatment of avitaminosis, for rchabilitation after serious diseases,
exhaustion or mental stress [13].

Actinidia berries are used in fresh state or after processing in jam, confiture, juice,
compote, liquor or wine. These berries ripen in late autumn and can be stored in a fresh
state for a long time. They stand well during the transportation in case of adequate packing
[18, 19, 20, 21].

Jostaberry is the hybrid of gooseberry and currant. High content of biologically active
compounds is its main advantage as jostaberry contain components of gooseberry and
currant at the same time. Comparation of chemical composition of gooseberry, currant and
jostaberry as shown in Table 2 allows to recommend its usage for dessert production. At
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present time jostaberry is widely spreaded in Western Europe while in Eastern Europe this
culture is used mainly for decoration [22].

Jostaberry has high technological and consumer characteristics and is considered to be
the rich source of natural biologically active compounds (Table 1,2). Together with black
currant jostaberry contains high concentrations of vitamins, in particular vitamin C.
Consumption of 30 g of jostaberry supplies human organism with daily dose of ascorbic
acid.

Jostaberry contains iron, which makes berries useful for those with anemia. Potassium
ion ofjostaberry positively influences on cardiovascular system and helps to reduce risk of
heart-attack and stroke. Jostaberries are recommended for prevention of gastrointestinal
diseases [22].

It is reported that jostaberry contain polyphenol compounds, such as catehins,
anthocyanins, flavonols and other. Total content of bioflavonoids in jostaberry is close to
320-380 mg/100 g.

Jostaberry berries contain significant amount of cellulose and pectin. In case of regular
intake they can perform detoxication function and stimulate the excretion of heavy metal
ions and radionuclides. Jostaberry has low calorific value (45 ccal/100 g) and can be
considered as diet product.

Therefore, the analysis of literature and patent sources enables to state, that feijoa,
actinidia and jostaberry can be economically grounded raw materials for production of
different food products. Although these cultures are new for Ukraine, all of them are
gaining popularity and are broadly cultivated at Southern region.

Introduction of new raw materials into recipes of sweet products for production in
food-service industry will promote not only the development of this branch, but the
development of agriculture and processing industry of Southern Ukraine. It will help in
complex development of region’s economy.

Monitoring of chemical composition of feijoa, actinidia and jostaberry showed that
these berries contain iodine in significant amounts and can be used for healthy and
therapeutical nutrition. They contain vitamin C in high concentrations and at the same time
are rich to vitamins of B-group, vitamins P, E and B-carotene, organic acids, mineral
elements, in particular iron and potassium. This data enables to classify feijoa, actinidia and
jostaberry as products with high nutrition value and shows the opportunity to use them as
biologically active food supplements.

Feijoa, actinidia and jostaberry will be used as raw materials for future studies as they
belong to Grossulariaceae family and have similar texture, consistency and other
technological characteristics resulting in good compatibility in dessert recipes.

Chosen cultures can be processed in a complex processing cycle, such as separate
processing of flesh and skin. The development of technology for seasonal production of
semi-finished products from stated berries for their future use in technology of finished
products is also planned.

Berries of feijoa, actinidia and jostaberry have sweet taste with piquant spicy shades,
so the development of desserts with improved nutrition valley on their basis seemed to be
logical. Berries of feijoa, actinidia and jostaberry are rich in pectin, so they can be good
base for structured desserts, such as jellies, mousses, sorbets etc. Such desserts correspond
to modern trends in foodservice industry, in particular, trend to consume “light” foods,
opportunity of shock-freezing, ice-mixing and other modern technologies.

The analysis of information concerning studies of the chemical composition,
properties, physico-chemical and organoleptic characteristics of jostaberry enabled us to
start the development of jelly production technology based on this raw material.
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Figure 1. The dependence of the jelly density p, kg/m3 on the jostaberry mass fraction a, %

In a jelly was added jostaberry adding in the amount of 5-15% to the mass of the
product, with a complete gelatin replacement.

When the new dishes are developing, some ingredients are replaced by other. That’s
why it definitely affect on the technological and consumer properties of the newly created
product, on its nutritional value. Therefore, the first step in the development of the new
jostaberry jelly technology are theoretical justification and planning the compositions of
ingredients, methods of processing raw materials, modes of cooking, taking into account
the processes that form the desired structure with a given composition of the final product,
physical, chemical and technological properties.

Structural and mechanical properties of the jelly mass are qualitatively outer expression
of the inner essence of objects that define the state of aggregation, dispersion, structure and
species interactions in the middle of the product. There were also studied some changes of
its structural and mechanical properties provided to replace gelatin to jostaberry.

It shown (Figure 1) that the density of the samples with the jostaberry addition slightly
decreases compared to the control sample. Since density is associated with structural jelly
strength, the jostaberry additives adding will affect the rheological properties jelly. The
particular importance for the development of gelatinous foods technology is studying the
effect of additives on the sliding properties of the finished dishes.

The dependence of limiting voltage of the jelly offset on the jostaberry mass fraction is
shown in Fig. 2. Since the structure-gelatin is completely excluded by the chemical
composition of jostaberry, the value of the limiting voltage of samples offset was slightly
decreased. The most important indicator near the limiting voltage offset to the control
sample indicator is a sample of jelly with 15% content of jostaberry and which is close to
the reference value. Thus, the growth rate of the dessert limiting voltage offset with
increasing mass fraction of jostaberry (15%), characterizes strengthening structure of jelly
as appropriate. The structure strength increase is a favorable factor in the stages of
solidification, forming, storage and implementation of the gelatinous foods.
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Figure 2. The dependence of limiting voltage of the jelly offset T, kPa on the jostaberry mass
fraction a, %
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Figure 3. The dependence of jelling time t, minutes on the jostaberry mass fraction a, %

The data regarding product density and structure strength correlate with results of

jellification time studies (Figure 3).
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In particular, jellification time of jelly containing no gelatin and 15 % of jostaberry
decreases if compared with control sample. Hydrocolloids of raw materials used are able to
ensure sufficient structure characteristics of jelly.

Evaluation of structural and mechanical properties of jelly with the addition of
jostaberry in the context of positioning the possibility of obtaining stable gelatinous system
showed that the proposed formula and technology gives a product with high technological
properties, attractive consumer properties and high nutritional value.

Conclusion

The usage of non-traditional fruits and berries from the Black Sea region, in particular
feijoa, actinidia and jostaberry, enables us to broaden the range of desserts with improved
nutrition valley and consumer properties and, as a result, improve the structure of nutrition
for population.
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Introduction. The aim of this study is to determine the effect
of genotype and crop year on the quantity of waste peels from six
Bulgarian tomato cultivars generated during their peeling and the
carotenoids content of the obtained peels.

Materials and methods. Six Bulgarian tomato cultivars,
were grown under open-field conditions at the Maritsa Vegetable
Crop Research Institute, Plovdiv, Bulgaria. The combined effect
of the investigated factors on the quantity of the waste generated
during tomato peeling was established by the two-factor
dispersion analysis and by the HPLC analysis the carotenoids
contained in tomato peels were determined.

Results and discussion. It was found that tomato genotype
has a major effect on the percentage of generated peels during
tomato peeling and on its carotenoids content. The average
persentage of peels from tomatoes harvested in 2013 year ranged
from 2.4520.13% to 5.3320.09%. The highest persentage of peels
was found for “Carobeta” cultivar and at least for “Topaz”. For
tomato cultivars cultivated in 2014 crop year the average
persentage of the obtained peels varied from 2.98+0.13% to
3.50+0.25% and the highest quantity of peels was generated from
the “Aquarius F1” cultivar and at least from “Carobeta” cultivar of
tomato. The obtained peels contained mainly lycopene, beta-
carotene and lutein. In the first crop year the highest contents of
lycopene (97.16+0.81 mg/100g) and lutein (21.22+0.10 mg/100g)
were found in the peels of the “Stella” cultivar of tomato and
those of “Carobeta” cultivar had the highest content of beta-
carotene (108.48+1.36 mg/100g), whereas in the second year of
survey most of the lycopene (241.14£1.24 mg/100g) was
contained in the “Aquarius F1” peels, and the beta-carotene
(293.36+£2.00 mg/100g) and lutein (13.58+0.15 mg/100g) in the
“Stella” tomato peels. Tomato peels of cultivars ,,Stella, ,,Topaz",
»Aquarius F“ and ,Jacqueline® are reached in lycopene and beta-
carotene, whereas the peels of cultivars ,Marigold® and
,,Carobeta® are suitable source of beta-carotene only. The results
indicated the greatest influence of the tomato genotype on lutein
content (69.43%), followed by beta-carotene (57.52%) and peels
persentage (46.55%). The environmental conditions were found to
had a strong influence on the content of peels (41.66%) and
lycopene (38.73%), while the effect on beta-carotene was lower
(14.92%) and on luteine was very low (1.63%).

Conclusions. The amount of lycopene in tomato peels is
dependent on genotype and crop year, whereas the beta-carotene
and lutein contents were affected mainly by the tomato genotype.
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Introduction

Tomatoes have an important economic significance in the countries with advanced
vegetable production. The good tomato taste and suitability for technological processing in
various types of products determine the great importance of this vegetable. The wide
distribution and use of tomatoes are mainly due to the established cultivars with different
vegetation period, high and stable productivity, resistance to economically important
diseases and excellent technological quality.

Production of fresh tomatoes in the word for 2012 amounted to 161.8 million tones and
in the EU-27 to 15.2 million tones. The production of tomatoes in Bulgaria for the same
year amounted to 94016 tones. According to FAO data, 65-85% of the fresh tomatoes
produced are processed into canned foods [S]. This industrial processing of tomatoes
released around 10-40% of waste products [1].

The tomato peeling operation applied in processing industry generates tomato skin and
outer pericarp tissue, named peels, usually creating big environmental problems. However,
the by-products of tomato processing contain important biological active substances
(vitamin C, polyphenols, lycopene, beta-carotene and etc.), which made this waste material
suitable for using in the food industry [10, 15].

The quantity of tomato wastes combined with the beneficial characteristics of
components of these wastes justifies the great interest of researchers and manufacturers in
extracting of carotenoids from this low cost material [16].

The amount of carotenoids in industrial tomato cultivars depends from different factors
such as genotype, agricultural practices, soil, climate factors, harvesting date, degree of
maturity and post-handling. The reported amount of lycopene in tomato peels ranging from
5to 100 mg/100g [8, 9, 12, 13, 14].

The valorisation of generated huge quantities of value-added waste tomato material is
among the most important global challenges. However, it is necessary to study the quantity
and composition of each tomato processing waste to know its potential use for food
purposes.

Bulgarian tomato cultivars ,,Stella®, ,,Topaz®, ,,Aquarius F;, ,,Jacqueline®, ,,Marigold*
and ,,Carobeta“ are of the great interest for the canning industry. There are not data in the
literature for the effect of tomato genotype and crop year on the quantity of the waste
during the tomato peeling and the content of carotenoids in the peels generated from these
Bulgarian tomato cultivars. Therefore, to establish this effect was the main aim of present
study.

Materials and methods

Materials

Bulgarian tomato cultivars ,,Stella”, ,,Topaz ,,Aquarius F;“, ,,Jacqueline®, ,,Marigold*
and ,,Carobeta”, were grown under open-field conditions at the Maritsa Vegetable Crop
Research Institute, Plovdiv, Bulgaria. HPLC grade acetone, methanol, tetrachloromethane,
acetonitrile and methyl tert-butyl ether (MTBE) of analytical grade were purchased from
Sigma, Germany. Carotenoid standards were supplied by Extrasynthese, France.

Sample preparations
The average laboratory sample (10 kg) of fresh red-ripe tomatoes was blanched at 95
°C for 2 min, cooled in tap water and hand peeled. The obtained tomato peels quantity after
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peeling of each sample of different tomato cultivars was weighed and expressed as average
percentage of peels. Than the samples were subsequently air-dried at 25+1 °C, ground in a
laboratory mill (Bosh MKM 6003, Germany) and sieved through a 1.0 mm sieve. The
resultant material was kept in glass jars closed with aluminium foil at -20 °C until the start
of the experiments. The moisture content of the dry ground tomato peels was determined by
gravimetric method at 105 °C.

Carotenoids extraction

To 0.1 g of dried and milled tomato peels sample was added 2 ml of methanol and 5 ml
of tetrachloromethane and methanol mixture (1:3) and 0.5% of butylhydroxytoulene. The
sample was placed for 15 min in an ultrasonic bath (35 kHz) and after carotenoid extraction
the 1 ml of 10% NacCl solution was added. The obtained extract was than centrifuged for 10
min at 5000 min™' and the clear fraction was placed in a 5 ml volumetric flask.

HPLC analysis of carotenoids

For the determination of carotenoids, the obtained extracts were analyzed using an
HPLC system (Waters, Milford, USA) composed of a UV-VIS detector (Waters 2487 Dual
), a Waters 1525 binary pump and thermostat (LCO 102). The HPLC system was equipped
with a C;g column, 25 cm x 4.6 mm, 5 1 particle (Suspelco Discovery HS). Mobile phases
of methanol:acetonitrile (A) in 8:2 ratio and MTBE (B) were used (Table 1). The flow rate
was maintained at 1 ml/min, the column temperature at 30 °C, and detection was carried
out at 270 nm and 290 nm. The results are expressed in mg/100 g dry matter.

Environmental conditions measurement

Data for average air temperature (°C) and rainfall amount (L/m”) of the tomato open-
field growing period in 2013 and 2014 crop years were obtained from the local research
station of the Maritsa Vegetable Crop Research Institute, Plovdiv, Bulgaria.

Statistical analysis

All experiments were run in triplicate. The data were analyzed and presented as mean
values with standard deviation. Statistical analysis was conducted using Statgraphics
Centurion XVI Version 16.2.04 (Statpoint Technologies Inc., USA) u Microsoft Excel
2003 software. Statistical techniques, incl. Two-factor dispersion analysis, ANOVA and
Duncan’s Multiple Range Test, were applied. The significant differences were determined
at 95% confidence (P< 0.05) level.

Table 1
Gradient profile of HPLC system for carotenoid analysis of tomato peels
Runs Time, min A, % B, %
1 3.0 95 5
2 3.0 95 5
3 4.5 80 20
4 5.0 65 35
5 10.0 65 35
6 10.1 95 5
7 15.0 95 5
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Results and discussion

Six tomato cultivars for industrial processing were studied in the first year (2013) of
survey. However, in the second crop year (2014), cultivars were reduced to four for the
following reasons. The “Aquarius F1” and “Jaqueline” cultivars have almost the same
chemical composition [6] and the average persentage of the peels was almost the same
(Figure 1). In addition, “Aquarius F1” is a new and hybrid cultivar with a higher
productivity and is preffered by the manufacturers in comparison to “Jaqueline” cultivar of
tomato. Furthermore, the cultivars of “Marigold” and “Carobeta” are the same sort and the
peels average persentage and beta-carotene content in the peels of “Marigold” is less than
these in “Carobeta” (Figure 1 and Table 2). That’s why the ‘Jaqueline” and “Marigold”
tomato cultivars were dropped out of the 2014 survey.

The results obtained for avarege persentage of peels generated during the peeling of
studied tomato cultivars are shown in Figure 1. The average persentage of peels from
tomatoes harvested in 2013 year ranged from 2.45+0.13 to 5.33+£0.09%. The highest
persentage of peels was found for “Carobeta” cultivar and at least for “Topaz”. For tomato
cultivars cultivated in 2014 crop year the average persentage of the obtained peels varied
from 2.98+0.13% to 3.50+0.25% and the highest quantity of peels was generated from the
“Aquarius F1” cultivar and at least from “Carobeta” cultivar of tomato. No significant
differences (P > 0.05) were observed between the average persentage of peels for both
“Aquarius F1” and “Stella” cultivars of tomato in 2013 crop year and for “Aquarius F1”,
“Stella” and “Topaz” for 2014 crop year.

W 2013 year

02014 year

|—P

Tomato peels, %

Figure 1. Average persentage of peels from different Bulgarian tomato cultivars
(The data are means * standard deviation of three independent replicates)
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Figure 2. Average air temperature and rainfall amount of the tomato open-field growing period
in 2013 and 2014 crop years

The results for average persentage of peels generated from different Bulgarian tomato
cultivars (Figure 1) indicated that in addition to the tomato genotype, the environmental
conditions of the investigated crop years probably had effect on peels quantity also. This
fact is confirmed by the data of average air temperature and the amount of rainfall during
tomato growing period in the two crop years which are presented in Figure 2. Data
indicated that the air temperatures in 2013 and 2014 crop years were very closed, but the
rainfall amount in the first year was much less than the second, which probably had
affected the quantity of peels from the investigated tomato cultivars.

A quantitative and qualitative determinations of the carotenoids contained in tomato
peels from different samples were performed by the HPLC analysis and the results obtained
are summarized in Table 2. The data from carotenoids determination showed that the peels
of studied tomato cultivars consisted mainly of lycopene, beta-carotene and lutein. In the
first crop year the highest contents of lycopene (97.16+0.81 mg/100g) and lutein
(21.22+0.10 mg/100g) were found in the peels of the “Stella” cultivar of tomato and those
of “Carobeta” cultivar had the highest content of beta-carotene (108.48+1.36 mg/100g),
whereas in the second year of survey most of the lycopene (241.14+1.24 mg/100g) was
contained in the “Aquarius F1” peels, and the beta-carotene (293.36+2.00 mg/100g) and
lutein (13.58+0.15 mg/100g) in the “Stella” tomato peels.
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Table 2
Carotenoid content in the peels of different Bulgarian tomato cultivars
Tomato Lycopene, Beta-carotene, Lutein,
cultivars mg/100g mg/100g mg/100g
2013 year | 2014 year | 2013 year | 2014 year | 2013 year | 2014 year
Stella 97.16% 167.86% 88.38+ 293.36% 21.22+ 13.58+
1.81% 2.15 2.65 2.00%° 0.10* 0.15
Topaz 54.26+ 167.40+ 55.66+ 46.03+ 15.54+ 11.48+
1.60°* 1.42°® 0.46™ 0.44°C 0.13°° 0.10°"
Aquarius 26.97+ 241.14+ 38.17¢ 45.88+ 11.65+ 11.21+
F, 1.09 1.24°® 0.91°¢ 0.26"° 0.09°* 0.10°
Jacqueline | 20.34+ * 32.52+ * 11.56+ *
0.25% 0.49%® 0.16°
Marigold 15.89+ * 83.52+ * 11.30+ *
0.15% 0.10°® 0.28°
Carobeta 14.91+ 14.51+ 108.48+ 155.47+ 227+ 9.28+
0.21% 0.57% 1.36™ 1.42°¢ 0.06'° 0.09%

* Not determined. The data are means + standard deviation of three independent replicates. The
values with different small letters (a-f) and different capital letters (A-F) indicate significant
differences between means values in the columns and rolls, respectively (P<0.05).

The results obtained for carotenoids content in the tomato peels (Table 2) were in
agreement with data reprted from other reserches [9, 10, 14, 15] and showed differences in
carotenoids content for different tomato cultivars which may be due to the genotype
features. Differences in carotenoids content among tomato cultivars has been previously
reported [7, 11]. However, differences in carotenoids content between two crop years of the
same cultivars were found also, probably due to different environmental conditions in 2013
and 2014 years, as indicated in Figure 2. Although tomatoes are irrigated crops, air
temperature and humidity is important for the sinthesis of the substances in them. It has
been reported that lycopene formation is favoured at temperatures ranging from 16 to 21 °C
and unfavoured at temperature values above 30 °C [3]. Other studies have higlighted that
the tomato nutrients, including lycopene, is affected by the soil water depletion even if it
seems to be cultivar dependent [3, 4]. Therefore, probably due to the less rainfall amount
during tomato growing in 2013 crop year differences in both the persentage of the peels and
their carotenoids content for the same tomato cultivars grown in 2013 and 2014 were
observed.

The effects of genotype and crop year on the percentage of peels in tomatoes (Figure 3)
and on the content of carotenoids in peels (Figures 4, 5 and 6) were established by
performing of a two-factor dispersion analysis. The results indicated the greatest influence
of the tomato genotype on lutein content (69.43%), followed by beta-carotene (57.52%) and
peels persentage (46.55%). The environmental conditions were found to had a strong
influence on the content of peels (41.66%) and lycopene (38.73%), while the effect on beta-
carotene was lower (14.92%) and on luteine was very low (1.63%).
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Factor B
41.66 %

Factor A
46.55 %

Random
factor
11.79 %

Figure 3. Influence of tomato genotype (Factor A) and crop year (Factor B) on the percentage
of peels from six Bulgarian tomato cultivars

The results of the two-factor dispersion analysis (Figures 3, 4, 5, and 6) showed the
major influence of the tomato genotype on the contents of tomato peels, beta-carotene and
lutein, while the combined effect of genotype and crop year was found for persentage and

lycopene content of the tomato peels. Data were in good acordance with other researches
carried out for different tomato cultivars [2, 11].

Factor B
38.73 %

Factor A
37.60 %

Random
factor
23.66 %

Figure 4. Influence of tomato genotype (Factor A) and crop year (Factor B) on the lycopene
content of peels from six Bulgarian tomato cultivars
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Factor B

Factor A 14.92 %

57.52 %

Random
factor
27.56 %

Figure 5. Influence of tomato genotype (Factor A) and crop year (Factor B) on the beta-
carotene content of peels from six Bulgarian tomato cultivars

Factor A
69.43 %
Factor B
1.62 %
Random
factor
28.95 %

Figure 6. Influence of tomato genotype (Factor A) and crop year (Factor B) on the lutein
content of peels from six Bulgarian tomato cultivars

Conclusion

The two-factor dispersion analysis was carried out to determined the combined effect
of the tomato genotype and crop year on the amount of the waste peels generated during
tomato peeling and by the HPLC analysis a characterization of the carotenoids contained in
the tomato peels was made. The results indicated that obtained tomato peels contained
mainly lycopene, beta-carotene and lutein. HPLC analysis showed that tomato peels of
cultivars ,,Stella”, ,,Topaz®, ,,Aquarius F;“ and ,,Jacqueline” are reached in lycopene and
beta-carotene, whereas the peels of cultivars ,,Marigold” and ,,Carobeta“ are suitable source
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of beta-carotene only. Tomato genotype was found to had a major effect on the percentage
of generated peels and on its carotenoids content. The amount of lycopene in tomato peels
was dependent on both genotype and crop year, whereas the beta-carotene and lutein
contents were affected mainly by the tomato genotype.

10.

11.
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Introduction. Nutritional value and consumer
properties are decisive for assessing the quality of
products which are attractive for the consumer. In this
paper a study of these characteristics in products for the
diabetic direction is presented.

Materials and methods. The dough was prepared in
an unoccupied way after the developed recipes. These
characteristics were determined by the organoleptic
parameters by the expert estimation method, the structural
and mechanical properties of the crumb on the automated
penetrometer, the degree of freshness conservation by the
indexes of lidding and moisture content, distribution and
forms of moisture communication by differential thermal
analysis on the derivatograph, the content of aromatic
substances by the amount of bisulfite binding compounds.

Results and discussion. Currently, diabetic bakery
products made after common recipes have a low
nutritional value and a short expiration date without loss
of freshness. An expert assessment of the diabetic
products developed by us «Bakery product 1» and
«Bakery product 2», enriched with the components of
casein, powder of artichoke, cellulose of buckwheat bran,
calcium citrate, magnesium, zinc and iron showed an
improvement of the organoleptic qualities of the products
when adding these components. The determination of the
deformation of the crumb and the hydrophilic properties
revealed that the developed products strung slowly due to
increasing of water absorption capacity. This correlates
with the better preservation of the associated moisture
during storage. These products, in comparison with the
control sample, contain more aromatic compounds both in
the crust and in the crumb. The calculation of the
nutritional value of products showed a significant increase
of the nutrient content in samples with additives.

Conclusion. The developed products have a higher
nutritional value and better quality characteristics, they are
slowly striking.
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Introduction

The nutritional value of bread depends on the type and variety of flour, recipe additives
and the moisture content of the product. Bread is well absorbed by the organism, because it
has a loose elastic crumb, in which proteins are optimally denatured, starch is pasteurized,
sugars are dissolved. This state of the constituents of bread makes them available for the
action of enzymes of the gastrointestinal tract [1-3]. The chemical composition of bread, its
taste, smell, state of proteins and carbohydrates, that form its structure, the presence of
biologically active substances - vitamins, minerals in it, give high physiological value to the
bread [4,5]. The influence of the constituents on various systems of vital activity of the
organism - immune, cardiovascular, digestive, etc. forms its physiological value. However,
according to the current requirements of the science of nutrition, bread products need
improving their composition. There isn’t the optimum ratio of proteins and carbohydrates,
calcium and phosphorus in bread, there is also insufficient content of such essential amino
acids as lysine, methionine, tryptophan [6]. Recently, diabetes has become widespread, but
on the world market, the range of bakery products for diabetic nutrition, especially enriched
with useful nutrients, is small [7-9].

At the present stage among bakery products diabetic products with a low nutritional
value and a relatively high glycemic index, deprived of physiologically useful components
such as complete proteins, fiber, vitamins and minerals dominate [10], [11-16]. As
substitutes for sugar, polyols such as sorbitol, xylitol, mannit, etc. are mainly used.
However, natural substances, in particular sugar - fructose should be preferred.

The deterioration of the quality of bakery products, and especially the products of
special diabetic nutrition, is connected with the number of factors: low quality of raw
materials, non-compliance with the technological process, etc. [17]. Consumer properties
are determined by the chemical composition, assimilation of nutrients, energy value,
biological and organoleptic characteristics of bread [18]. In the case of use of raw materials
of reduced quality, errors in the technological process or in the wrong mode of storage, the
consumer properties of bread are reduced [19].

The problem of drawing of bread, caused by changes in the structure of starch:
retrogradation, reorganization of polymers in the amorphous region, loss of moisture and
distribution of water between amorphous and crystalline zones [20].

The modern way of life prompts the necessity of making bread of long-lasting
freshness. In connection with this, near the use of packaging materials, it is relevant to
make supplements aimed at improving the quality of bread and slowing down its drawing.
The purpose of our research was to determine the influence of the components of the
recipes of developed bakery products «Bakery product 1» and «Bakery product 2» for
diabetic nutrition on their consumer properties and preservation of freshness in comparison
with the product without additives.

Materials and methods

Materials
The products were produced with such ratio of the recipe components, %.

Control sample:
Flour —91,3; Yeast —2,7; Salt — 1,5; Fructose — 4,5.
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Bakery product 1:
Flour — 79,6; Yeast — 2.4; Salt — 1,2; Fructose — 4,0; Corn oil — 1,6; Mixture of
calcium, zinc, magnesium and iron citrates — 0,8; Casein — 7,2; Artichoke powder — 3,2.

Bakery product 2:
Flour — 77,3; Yeast — 2,3; Salt — 1,2; Fructose — 3,9; Corn oil — 1,5; Mixture of
calcium, zinc, magnesium and iron citrates — 1,4; Casein — 6,2; Buckwheat fiber — 6,2.

Conducting an expert assessment of organoleptic parameters of finished products

Sampling: a medium sample was taken from a batch of products. The average sample
was selected from the batch of products, its external features characterize the entire party.
Organoleptic parameters were evaluated by the tasters using sensory organs.

Firstly, the color, shape, condition of the crust, and then - the smell, consistency, taste
were evaluated.

Determination of structural and mechanical parameters of the crumb by the
penetrometer AP-4/1

The bread is cut in a 40-mm thick slip, which is stacked on the stand of the appliance.
In the beginning, the upper stem position should correspond to zero on the scale. On the
immersion body the variable load is put and it is set to a position where it will touch the
surface of the sample. The start button is pressed. The height of the sample at the place of
deformation is recorded in units of penetration.

Determination of the cockiness of the crumb

Two pieces in the form of a parallelepiped of 5 g each are cut from the loaf of bread
and transferred to a conical flask of 250 cm®. The content of the flask is stirred for 5
minutes on a vibrating mixer. The crumb, formed as a result of friction of two pieces, is
collected and weighed on scales. The cockiness (X,% to the weight of the crumb), is
determined by the formula 1:

X= ix 100 (1)
G,

where G, - mass of crumb, g; G, - the weight of bulk of bread, g.

Determination of the amount of water absorbed by the crumb of bread

3 g of crumb are chopped and weighed. Bulk is transported to the sieve and add 17 ml
of distilled water during 5 minutes from the pipette. The soaked crumb is collected and
weighed. The amount of water absorbed by the crumb (V,% on dry matter), is calculated by
the formula 2:

(G,-G,)x100x100

G, —(100—W) @

where G; - mass of bread after wetting, g; G, - weight of bread bulk, g, W - mass fraction
of moisture in bread,%.
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Determination of the forms of bonding of moisture in bread by derivatograph
Q-1500

The essence of the method is that the sample and the standard are loaded into the
working volume and heated at a constant rate. In this case, the temperature of the sample
and the difference between the temperature of the sample and the standard reference
temperature difference, sample mass change, and the difference in masses of the reference
and working samples are measured. In two crucibles a standard sample and a test sample
weighing 1 g is loaded. They are heated and at a rate of 1.25 °C/min in the temperature
range of 20-250 °C. The recording device captures the graphs. On the curve of the
difference in sample masses, a clear endeavor is observed, which corresponds to the
additional absorption of heat by the sample. Tangents are held to it. From the point of
intersection of the tangents, the vectors are carried to the intersection with the curves of the
change in mass and temperature of the sample. On a scale of mass and temperature the
mass loss of the sample is determined.

Analysis of derivatograms was made according to the method of A. Litvinenko.

Determination of aromatic compounds

The methodology is to determine the bisulfite-binding compounds according to the
method of R. Tokareva and V. Kretovich and is based on the ability of binding of aldehydes
and some ketones by sodium bisulfite. The crumb or crust weighing 20 g is triturated in a
mortar with 0.15% solution of sodium bisulfite and transferred quantitatively to a 200 cm®
volumetric flask. Content is brought to the mark and shaken for 10 minutes. The suspension
is filtered, 20-25 cm® of filtrate is transferred to a conical flask of 250-300 cm® and 1 cm’® of
1% starch solution is added. The excess of bisulfite is oxidized firstly by 0.1 and then by
0.01 mol / dm® of iodine solution to a weakly violet color.

To destroy the bisulficarbonyl compounds and bring to pH of 8,3, 25 cm® of alkaline-
boron solution is added to the flask and titrated from the micro burette the isolated bisulfite
0.01 mol / dm® by iodine solution to a violet-blue color that does not disappear for 15s. The
volume spent on titration is fixed. To the titrated solution 90-95% of the volume of 0.01
mol / dm® of iodine solution spent on the previous titration is added, then 25 cm’ of
alkaline-boron solution is added and titrated by 0.01 mol/dm’ of iodine solution until a
violet blue color, which does not disappear for 15s. From the received titration results the
data from the control analysis is subtracted.

Work out the results. The content of bisulfite binding agents, X, mg-eq per 100 g of
dry matter, is calculated by the formula 3:

Yo V. x NxV,x100x100
V. x px(100-W)

(€)

where V; — volume of 0,01 mol / dm® of iodine solution spent on titration, cm®; V, — the
volume of a volumetric flask in which the weight of bread is placed, cm®, V; — the volume
of the water-bisulfite extract of bread taken on the titration, cm®; N — the concentration of
iodine solution equal to 0.01 mol / dm®; W - mass fraction of moisture in bread,%.

Calculation of the nutritional value of products

"Nutritional value" characterizes the ability of bread to provide the physiological needs
of the body in energy and basic nutrients. The integrated indicator of nutritional value is the
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"integral acceleration", which shows the percentage of compliance of the content in 100
grams of bread of each component to the daily need of the human body in it. Integral
acceleration (IA) is calculated by the formula 4:

G protein G perday
_ —100gofbread ofbread
IA - GPrutein % 100 x 100 (4)
perday

Statistical analysis

The results were processed using methods of mathematical statistics using the
programs Microsoft Excel 2010, Origin 8.0 and Fityc 0.9.8.

Results and discussion

The expert evaluation of the products has shown that in comparison with the control,
when the enrichment of raw materials is introduced, the condition of the surface, the color
of the crumb and crust, the taste and the flavor is improved, which is explained by the fact
that the addition of protein in combination with sugar contributes to the more intensive
reaction of melanoid formation and fermentation processes. The elasticity of the crumb is
also improved, in particular due to the incorporation of corn oil.

The results of the ball assessment are summarized in the table (Table 1) and the
profilograms are constructed (Figure 1).

Table 1
Average ball organoleptic score
Product name | Shape | Surface Color of Condition of Taste | Flavor
the crust the crumb

Fructosebread | 5 631 47504 | 49403 4,4+0,3 5,0£0,3 | 4,8+0,3
(Control)

«Bakery 48403 | 4,9+03 | 4,8+0,3 4,840,3 4,8+0,3 | 4,8+0,3
product 1»

«Bakery | 0103 | 4,803 | 49+03 4,7+0,3 5,0£0,3 | 5,0£0,3
product 2

The degree of preservation of freshness was determined by a penetrometer AP-4/1
(Table 2). Studies have shown that the general deformation of the crumb of «Bakery
product 1» and «Bakery product 2» was less than in the control sample, which can be
explained by the presence of food fibers in the structure of the crumb. These samples after
24 and 48 hours of storage had a better freshness by 3 and 9% and 2 and 8% respectively.
In the process of storage, the percentage change in general deformation of the developed
samples was less than in the control sample, which is the result of the introduction of raw
materials, improves the elasticity of the crumb, has increased hydration ability and slows
down the loss of moisture during storage.
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Flavor Surface

Color of the crust

Condition of the crumb

Fructose bread (Control)

= = = =Bakeryproduct1

Flavor Surface

Color of the crust

Condition of the
crumb

Fructose bread (Control)
- - - -Bakeryproduct?2

Figure 1. Profilograms of product quality indicators
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Table 2
Indicators of deformation of the product's crumb

Fnzcctg:irl:,;; ad Bakery product 1 | Bakery product 2
Deformation of the
crumb, unit of the
device
— after 4 hours:
general 66 59 57
— after 24 hours:
general 48 45 43
Degree of
preservation of 70 76 75
freshness,%
— after 48 hours
general 36 38 36
Degree of
preservation of 55 64 63
freshness,%

The detention of the drawing is confirmed by a decrease of cockiness by 30-67% after
24 hours and by 23-32% after 48 hours (Figure 2), and the increased water absorption
capacity of the crumb (Table 3).

12

10

_

Cockiness, % to the mass of the crumb
(<]

0 N\

Fructose bread Bakery product 1 Bakery product 2
(Control)

W after 4 hours
B after 24 hours
O after 48 hours

Figure 2. Cockiness of products during storage
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Table 3
Water-absorbing capacity of crumb of the products,% on dry matter
Duration of Fructose bread «Bakery product «Bakery product
storage, hours (Control) 1» 2»
4 462 492 478
24 416 434 427
48 320 390 378

With the help of differential-thermal analysis, a determination of the forms of moisture
binding in the bread crumb was made.

Derivatograms are shown on Figures 3, 4, 5.

The results of the analysis are in the Table 4.

Table 4
Loss of bound moisture by the samples

Mass fraction of
Samples Duration of moisture,% to the total Reduced connected
storage, hours volume moisture content
free connected
Fructose bread 4 72,0 28,0 3,9

(Control) 24 75,9 24,1
«Bakery 4 69,2 30,8 14

product 1» 24 70,6 29,4 ’
«Bakery 4 68,8 32,2 2,0

product 2 24 69,8 30,2

From the obtained derivatograms it is seen that during the evaporation of moisture for
all samples, the peaks of the endothermic effect at certain specific temperatures are
characteristic. All curves have similar nature, differing only by the size of temperature
intervals corresponding to the evaporation of moisture with different levels of
communication energy. The dependence of the higher content of the total amount of
adsorption connected moisture with high communication energy in the samples «Bakery
product 1» and «Bakery product 2» is seen compared with the control, which can be
explained by the presence in the recipe of a greater quantity of products enriched with
proteins and fibers with high hydrophilicity

As a result of the research, it was found that the storage of bread freshness correlates
with a high content of connected moisture in it, which helps to slow down the processes of
diffusion and bread crumbling.

An important component of the consumer value of products is taste and flavor. Their
formation is conditioned by the chemical composition of the recipe components and
observance of the technological process. It is believed that the main criterion that affects the
formation of taste and flavor is the presence of carbonyl compounds formed during the
baking process. Results of determining the content of bisulfite binding compounds are
given in the Table 5.
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Table 5
Content of bisulfite binding agents, mg-eq/100 g of bread
Content of bisulfite Fructose bread
binding agents, mg- (Control) «Bakery product 1» | «Bakery product 2»
eq/100 g of bread
After 4 hours
—in the crust 25,7 32,3 29,4
—in a crumb 5,3 6,4 6,1
After 24 hours
—in the crust 22,8 26,4 24,2
—in a crumb 5,6 6,6 6,3
After 48 hours
—in the crust 18,2 21,3 20,1
—in a crumb 4.9 5,9 5,6

Studies have shown that in the developed samples after 4 hours of storage the amount of
aromatics is greater than the control: in the crust of «Bakery product 1» by 25,6%, in the
crumb — by 20,7%, in «Bakery product 2» — in the crust by 14.4%, in the crumb — by 15%.
In the process of storage, the products had less loss of bisulfite-binding agents.

The calculation of the nutritional value of products (Table 6) showed a significant

increase of nutrient content in samples with additives.

Table 6
Nutritional value of products
0 Mineral substances, mg
ey é on
Nutrient content in 100 gof | .5 | 5 % o
products I 2 & ) Mg Ca Zn Fe
& _‘.: =
S
Fructose bread (Control) 6,4 | 448 | 0,7 0,7 0,01 | 0,014 | 0,006 | 0,01
«Bakery product 1» 7,7 1302 | 1,4 1,6 7,8 11,1 0,4 0,6
«Bakery product 2 7,8 31,8 | 1,5 1,8 8,0 11,7 0,4 0,6
Daily requirement for the 1%

group of work intensity 61 | 368 64 25 400 1200 17 15

at the age of 30-39 years

Integral accelerator when

consuming 100 g of bread,%

Fructose bread (Control) 10,7 10,2 10,8 { 2,8 | 0,3 1,2 0,5 0,6
«Bakery product 1» 12,9 6,8 | 1,8(6,5]|178 | 16,7 | 18,6 | 18,0
«Bakery product 2 13,1 72 119174 18,0 | 17,7 | 18,3 | 18,2
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Conclusion

It is established that the products enriched with the ingredients of casein, artichoke
powder, buckwheat fiber and calcium, zinc, magnesium and iron citrates, «Bakery product
1» and «Bakery product 2», have higher nutritional value than the control sample, which is
confirmed by the percentage of daily nutrient requirement. The products have better quality
characteristics and keep freshness longer during storage.
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Introduction. Curcumin present as a major constituent
amongst curcuminoids in turmeric has attracted significant
attention due to wide range of biological and pharmaceutical
activities. It reveals various therapeutic activities such as anti-
inflammatory, nematocidal, anti-parasitic, antispasmodic and
anticarcinogenic. Additionally, it is a powerful scavenger of
reactive oxygen species. On the other hand, the pro-oxidant
effect of curcumin has also been observed.

Materials and methods. The study has been carried out to
evaluate the activity of curcuminoids in crude and refined
sunflower oil containing synthetic antioxidant. The various
blends of oil were prepared. The oxidative stability of oil blends
was checked at 60 °C for 30 days at regular interval of 5 days
according to the AOCS Official Methods by peroxide value (in
meq/kg), p-anisidine value and total oxidation (Totox) value (in
meq/kg).

Results and discussion. The tendency of curcumin to exhibit
keto-enol tautomerism determines its physicochemical and
antioxidant properties. It has been observed that curcuminoids
showed noticeable dissimilar behavior in both oils. The hydrogen
atom donation in case of curcumin is from the active methylene
group, which exists only in keto form. The keto form
predominates in neutral and acidic solutions whereas the enol
form predominates in alkaline solution. In alkaline medium,
curcumin undergoes degradation. The same theory is also
applicable to other two curcuminoids, i.e., demethoxycurcumin
and bisdemethoxycurcumin. Hence, it becomes crucial to
maintain the curcuminoids in keto form to be used as antioxidant.

In crude sunflower oil, because of the presence of free fatty
acids, curcuminoids did not undergo degradation imparting
marginal antioxidant activity. Lecithin chelated metal ions
present in oil, which promote oxidation of oil thereby inhibiting
the autoxidation of oil. However, the synergistic activity of
curcuminoids and lecithin revealed remarkable antioxidant
activity.

In refined sunflower oil containing tertiary butylhydroquinone
(TBHQ), curcuminoids showed pro-oxidant activity due to lack
of acidic medium. Lecithin exhibited synergistic activity with
TBHQ in refined sunflower oil. Nevertheless, the pro-oxidant
effect of curcuminoids is not observed in presence of lecithin and
TBHQ. Thus, the lecithin and TBHQ stabilized refined sunflower
oil in presence of curcuminoids.

Conclusion. The structure-activity relationship plays an
important role in determining the activity (antioxidant or pro-
oxidant) of a particular compound. Thus, a constituent should
exist in a proper structural form to be used as an antioxidant.
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Introduction

Turmeric, the rhizome of plant Curcuma longa Linn has been widely used as a spice.
Besides, it is used to colour food beverages like cheese, butter to increase its nutritive value
[1] and in some medicinal preparations [2, 3]. The multiple traditional uses of turmeric in
folk medicine have fostered research on the same. The dry rhizome of turmeric contains
curcuminoids namely curcumin, demethoxycurcumin and bisdemethoxycurcumin [4].
Commercial preparations of curcuminoids usually contain approximately 77%, 17% and
3% of curcumin, demethoxycurcumin and bisdemethoxycurcumin respectively. Several
studies in recent years have shown that curcumin has antioxidant, anti-inflammatory, anti-
microbial, anti-bacterial, anti-parasitic, anti-mutagen and anticancer properties [5, 6]. It is
believed that curcumin is a potent agent against many diseases such as anorexia, coughs,
diabetes, hepatic disorders, rheumatism and Alzheimer disease [7-9]. Curcumin and
avocado-soya bean unsaponifiables based antioxidant supplements are beneficial to get
relief from knee osteoarthritis [10]. The other two curcuminoids namely
demethoxycurcumin and bisdemethoxycurcumin also possess antioxidant activity [11]. The
effectiveness of curcuminoids as an anti-depressive agent [12] and in wound healing [13]
has also been proved. The safety of the Curcuma longa has been studied in various animal
models [14, 15] and it is clear that turmeric is not toxic even at high doses in laboratory
animals.

Curcumin has a strong antioxidant activity in food systems and in biological systems as
well [16, 17]. Curcumin was proved to be considerably more effective than other spices in
its ability to prevent lipid peroxidation. Its antioxidant effect was eight times more powerful
than vitamin E [18] and it was significantly more effective in preventing lipid peroxide
formation than the synthetic antioxidant, butylated hydroxytoluene (BHT) [19]. On the
contrary, moderate pro-oxidant activity of curcumin has been observed in ghee [20].

Structurally, curcumin is 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione. It undergoes keto-enol tautomerism [21]. The tautomers are shown in Figure 1.
Hydroxyl groups of the benzene rings, double bonds in the alkene part and the central -
diketone moiety are suggested to be likely responsible for the high beneficial activities of
curcumin [22, 23]. The mode of action (i.e., either antioxidant or pro-oxidant) of curcumin
depends upon the form (viz. keto or enol) in which it exists [24].

Sunflower oil being rich source of essential fatty acids is susceptible to autoxidation
[25]. Hence, it cannot be stored without addition of antioxidant. In the view of the
importance of curcumin, the objective of the study was to evaluate the activity of
curcuminoids in crude and refined sunflower oil containing tertiary butylhydroquinone
(TBHQ). The synergistic activity of curcuminoids with other natural antioxidants is
illustrated [26, 27]. However, curcuminoids do not show remarkable synergistic effect in
the presence of lipophobic antioxidant like ascorbic acid in water-in-oil emulsion [28]. The
existence of other constituents in the substrate has a profound effect on the activity of the
antioxidant [29]. The effect of natural constituents present in crude oil on the behavior of
curcuminoids was investigated. Further, the mode of action of curcuminoids in presence of
TBHQ alone in refined oil was examined. To our knowledge, this is the first report to
investigate the effect of synthetic antioxidant on the activity of curcuminoids in refined
sunflower oil. The study is extended further to investigate the effect of lecithin on the
activity of curcuminoids in both oils. The outcome of the study was that the activity of
curcuminoids differs in crude and refined sunflower oil containing TBHQ. In addition, the
results led to the conclusion that the presence of other constituents had a remarkable effect
on the activity of curcuminoids.
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Materials and methods
Materials

Crude sunflower oil (CSFO) and refined sunflower oil (RSFO) without any synthetic
antioxidant were received as gift samples from M/s Cargill India Pvt. Ltd., New Delhi.
Curcuminoids powder was obtained from Kancor India Ltd., Angamaly South, India. The
purity of curcuminoids was 96% with three components namely curcumin (59.3%),
demethoxycurcumin (20.0%) and bisdemethoxycurcumin (16.7%) as analyzed by HPTLC
(Desaga Sarstedt Gruppe, Applicator AS 30 and Densitometer CD 60) as per the
previously mentioned method [30]. Soy lecithin was procured from M/s V.R. Chemicals,
Mumbai. All other chemical reagents and solvents were obtained from s.d. fiNE-CHEM
LiMiTEd, Mumbai.

Study of antioxidant activity

The various blends of oil containing curcuminoids (50 ppm), lecithin (1.5% w/v),
TBHQ (150 ppm, 200 ppm) and their combinations were prepared. The oxidative stability
of oil blends was checked according to the AOCS Official Methods [31] by Schaal Oven
Test (Method Cg 5-97) at 60 °C for 30 days at regular interval of 5 days by peroxide value
(in meqg/kg) (PV, Method Cd 8-53), p-anisidine value (p-A.V., Method Cd 18-90) and total
oxidation (Totox) value (in meq/kg) (Method Cg 3-91). All the experiments were carried
out in triplicate and the values were expressed as arithmetic mean of the experiments along
with standard deviation. The accelerated oxidative stability study of the oil blends is carried
out to increase the rate of oxidation. At 60 °C, though the rate of oxidation is increased, the
mechanism of oxidation is the same as that at ambient temperature.

The antioxidant activities of natural antioxidants were compared with the
corresponding control samples under the same conditions. The relative antioxidant
activities were compared using Oxidative Factor (OXF) for antioxidants based on mean
peroxide value of triplicate experiments using following formula [32],

OFX _ (PVfinal - PV;nitial )antiuxidant
(PVfinal - PI/initial)L‘untrul

where PVs indicate the mean values of all triplicate determinations of the peroxide value.

Results and discussion

Jovanovic et al. [24] concluded that the two phenolic hydroxyl groups in curcumin are
very weak hydrogen atom donors. The hydrogen atom donation in case of curcumin is from
the active methylene group unlike other antioxidants which donate hydrogen atom from
phenolic hydroxyl group to exhibit antioxidant activity. The active methylene group in
curcumin exists only in keto form (Figure 1). In neutral and acidic solutions (from pH 3 to
7), the keto form predominates. In keto form, since methylene group is in-between two
electron withdrawing carbonyl groups, the delocalization of the unpaired electrons on the
oxygens of carbonyl groups takes place. This results in weakening of C-H bond of
methylene group. The carbon radical so formed after donation of hydrogen atom gets
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stabilized by resonance with neighboring carbonyl groups. Thus, a stabilized radical is
formed, preventing the degradation of curcumin. Hence, curcumin exclusively acts as a
hydrogen atom donor.

O
R1 S | = R2
HO OH
Keto form
O OH
R1 S N R2
HO OH
Enol form

Figure 1. Tautomers of curcuminoids:
R1=R2 =-0OCHjs, Curcumin

R1 =-H, R2 = -OCH3; Demethoxycurcumin

R1 =R2 =-H; Bisdemethoxycurcumin

The enol form of curcumin predominates above pH 8 and the active methylene group
diminishes completely. In alkaline medium, curcumin is known to undergo degradation to
form ferulic acid, feruloylmethane that further hydrolyzed to vanillin and acetone [33]. The
formation of vanillin and ferulic acid takes place via peroxide formation [34]. Thus, the
degradation of curcumin leads to increase in the peroxide value of the substrate [26].

The same theory is also applicable to other two curcuminoids, i.e., demethoxycurcumin
and bisdemethoxycurcumin. Thus, it becomes necessary to maintain curcuminoids in keto
form by providing reserved acidity in hydrophobic medium to utilize the antioxidant
activity.

Effect of curcuminoids in synergism with lecithin on oxidative stability of CSFO

The crude vegetable oils extracted from oil bearing materials naturally contain free
fatty acids formed during pretreatment and extraction processes [35]. The synergism
between curcuminoids and lecithin was studied in crude oil (CSFO), i.e., in presence of
tocopherols as natural antioxidants and free fatty acids those were anticipated to stabilize
the curcuminoids by acting as an acidic buffer. The observations from Table 1 illustrate the
synergism of curcuminoids and lecithin in CSFO that showed good antioxidant activity
(Figure 2).

Table 1
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Effect of curcuminoids and lecithin on oxidative stability of CSFO at 60 °C

CSFO +

@ + + .59 ithi
z. CSFO CSFO CSFO + 1.5% lecithin
) CSFO 200 ppm 50 ppm 1.5% lecithin +
@ TBHQ curcuminoids e 50 ppm
E curcuminoids

Totox” | OXF | Totox” | OXF | Totox’ | OXF | Totox" | OXF | Totox'
5 41.2+1.4 042 | 249+1.0 | 0.63 41.7£1.5 0.42 18.9+0.9 0.69 | 25.1£0.4
10 57.4+1.2 0.28 | 27.1x1.3 | 0.74 51.2+1.7 0.45 32.0+£1.4 0.42 | 30.7£0.7
15 80.7+1.5 0.26 | 30.2t1.1 | 0.78 64.8+2.1 0.58 50.9+1.8 0.39 | 38.8+0.9
20 | 106.8£1.6 | 0.29 | 38.9+1.8 | 0.81 88.3+£1.9 0.66 74.1+1.5 0.42 | 51.9+1.1
25 124.2+1.9 | 0.28 | 44.7+1.5 | 0.83 104.0£2.2 | 0.71 89.6+2.1 0.46 | 60.6+£0.9
30 | 138.1£2.3 | 0.28 | 49.4+1.7 | 0.84 116.5£2.8 | 0.74 102.0+£2.5 | 0.49 | 67.6£1.3

" The Totox values (in meq/kg) given are means of three consecutive experiments = standard
deviations

70

) D\
P

) P
s

Peroxide Peroxide Value (meqg/kg)

20
10
0 T T 1
0 5 10 15 20 25 30
Time (days)

—O—CSFO

—@— CSFO + 200 ppm TBHQ

—&x— CSFO + 1.5% lecithin

—O— CSFO + 50 ppm curcuminoids

—&— CSFO + 1.5% lecithin + 50 ppm curcumininoids

Figure 2. Effect of curcuminoids and lecithin on oxidative stability (peroxide formation) of
CSFO at 60 °C
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Generally, oil contains polyvalent metals ions catched during processing, which further
promote autoxidation of oil on storage. Lecithin chelated these metal ions thereby inhibiting
the formation of radicals and peroxides. Hence, CSFO in presence of lecithin gave lower
peroxide value than CSFO. Lecithin being an emulsifier can additionally prevent the
autoxidation of oil by its action as an oxygen barrier at oil/air interface. These effects
inhibited the formation of radicals and peroxides due to metal ions, consequently reducing
the peroxide formation at initial stage. However, the same effects were incapable to control
autoxidation due to radicals formed at later stage.

Moreover, the free fatty acids present in CSFO (acid value, 3.4 mg KOH/g) stabilized
curcuminoids, eventually imparting antioxidant effect. Hence, curcuminoids gave marginal
antioxidant activity in CSFO. At the same time, the curcuminoids cannot terminate the
activity of metal ions and peroxide formation was more than that of CSFO containing
lecithin.

The synergistic activity of lecithin and curcuminoids gave good antioxidant activity, as
lecithin promoted metal ion chelation and curcuminoids act as antioxidant. As a result, the
autoxidation of oil was inhibited by two different ways. It was observed that this synergistic
effect is less than TBHQ.

Effect of curcuminoids in synergism with lecithin on oxidative stability of RSFO
in presence of TBHQ

The fatty acids from CSFO are removed in subsequent refining process. As discussed
in our previous study, curcuminoids showed pro-oxidant effect in refined sunflower oil [26]
due to absence of free fatty acids. The behaviour of curcuminoids in presence of lecithin in
RSFO was evaluated. The acid value of RSFO is very low, i.e., 0.29 mg KOH/g. It can be
seen from Table 2 that initially curcuminoids underwent degradation. However, lecithin
scavenged radicals formed due to curcuminoids along with that generated by RSFO and
continued to act as an antioxidant. As a result, the peroxide value was reduced below to the
control after 20 days. Lecithin chelated metal ions by its usual phenomenon but the amount
1.5% was inadequate to scavenge free radicals generated by the combined process of
autoxidation of oil as well as curcuminoids.

Table 2
Effect of curcuminoids and lecithin on oxidative stability of RSFO at 60 °C

Time (days) | RSFO RSFO + RSFO +
1.5% lecithin 1.5% lecithin +
50 ppm curcuminoids
Totox' | OXF | Totox' OXF Totox'
5 17.5£0.7 | 1.03 | 18.5£1.2 2.17 36.9+1.0
10 24.2+0.5 | 0.74 | 19.6£1.4 1.57 39.0+1.3
15 31.0£1.0 | 0.69 | 22.1£1.0 1.71 50.1+1.7
20 47.3£1.2 | 0.64 | 31.1£1.8 1.12 52.6£1.5
25 57.3£1.9 | 0.58 | 34.7+1.7 0.98 58.2+1.4
30 77.3£2.2 | 0.46 | 39.0+1.5 0.85 72.5£1.9

The Totox values (in meq/kg) given are means of three consecutive experiments=standard deviations
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The antioxidant effect of curcuminoids and lecithin was also studied in presence of
TBHQ. The control sample was RSFO containing 150 ppm TBHQ in this case. Figure 3
reveals the pronounce pro-oxidant effect of curcuminoids in presence of TBHQ that was
shown by higher totox values for curcuminoids as compared to control sample (Table 3). It
signifies that, 150 ppm TBHQ was potentially insufficient to stabilize curcuminoids in
RSFO. The combined activity of TBHQ and lecithin was found to be unaffected in presence
of curcuminoids. In other words, curcuminoids did not show the pro-oxidant effect in
presence of lecithin and TBHQ.

30

25

Wt

TZ 4
pal

10

Peroxide Value (meqg/kg)

0 5 10 15 20 25 30
Time (days)
—O—RSFO + 150 ppm TBHQ
—O—RSFO + 150 ppm TBHQ+ 1.5% lecithin
—24— RSFO + 150 ppm TBHQ + 50 ppm curcuminoids
—&—RSFO + 150 ppm TBHQ + 1.5% lecithin + 50 ppm curcuminoids

Figure 3. Effect of curcuminoids and lecithin with TBHQ on oxidative stability (peroxide
formation) of RSFO at 60 °C

Lecithin showed synergistic antioxidant activity with TBHQ as shown with other
phenolic antioxidants [36, 37]. It is quite possible that curcuminoids may undergo
degradation in this blend as well. But the pro-oxidant effect of curcuminoids was not
observed. This may be due to lecithin that chelated polyvalent metal ions and TBHQ that
scavenged free radicals, generated by oxidation of oil and curcuminoids. Hence, the
combined effect of lecithin and TBHQ stabilized RSFO even in presence of curcuminoids.

500 —— Ukrainian Food Journal. 2017. Volume 6. Issue 3



Food Technology ——

Table 3
Effect of curcuminoids and lecithin on oxidative stability of RSFO(T) at 60 °C
Time (days) | RSFO(T) RSFO(T) + RSFO(T) + RSFO(T) +
50 ppm 1.5% lecithin 1.5% lecithin +
curcuminoids 50 ppm

curcuminoids

Totox' | OXF Totox' OXF | Totox' | OXF Totox'

5 10.8+0.2 | 0.89 15.7+0.7 0.24 | 5.5+0.8 | 0.24 3.9+0.4
10 13.7+£0.4 | 2.05 21.1£1.2 0.52 | 7.5+£0.7 | 0.43 6.5+0.6
15 17.1£0.3 | 1.46 23.9+1.0 0.53 | 9.9+1.1 | 0.56 9.6+0.7
20 21.240.5 | 1.22 25.5+1.5 0.60 | 12.6+0.7 | 0.67 13314
25 34.1£0.9 | 1.30 41.842.2 0.56 | 18.2£1.4 | 0.60 19.342.2
30 50.2+1.1 | 1.17 56.9+1.7 0.45 | 22.1£2.4 | 0.46 | 22.7+2.7

" The Totox values (in meq/kg) given are means of three consecutive experiments=standard

deviations
RSFO(T) is the refined sunflower oil with added 150 ppm TBHQ

Conclusion

The antioxidant or pro-oxidant effect of a compound depends upon its structure. This is
particularly demonstrated in case of curcuminoids that showed contrast activity in keto and
enol forms. Curcuminoids exhibited antioxidant activity provided they should remain in
keto form. Curcuminoids showed antioxidant effect in crude oil due to the presence of free
fatty acids that contributed to the stabilization of curcuminoids by maintaining them in keto
form. In refined oil with TBHQ, curcuminoids were unable to maintain themselves in keto
form exhibiting pro-oxidant effect due to the absence of free fatty acids. Curcuminoids
showed synergistic antioxidant activity with lecithin in crude oil, which was not shown in
refined oil even in presence of synthetic antioxidants like TBHQ. It can be concluded that it
is crucial to maintain the proper form of a compound to utilize its antioxidant effect.
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Introduction. Due to the intensive development of
microbiological processes in the diffusion installation there
is an additional loss of sucrose as a result of decomposition,
as well as deteriorating qualitative parameters of diffusion
juice, which adversely affects all subsequent stages of sugar
production.

Materials and methods. The objects of research were:
diffusion juice; pure cultures of bacteria Leuconostoc
mesenteroides, Bacillus  subtilis, Psevdomonas spp.,
Escherihia coli, which cause significant loss of sucrose in
the production of sugar from sugar beet; a new generation of
disinfectants.

Results and discussion. The greatest losses of sucrose in
diffusion juice were caused by bacterias of the Psevdomonas
spp. genus, because within 24 hours of incubation these
samples of the diffusion juice, the content of sucrose
decreased in 2 times. In samples of juice from B. subtilis and
E. coli, a significant increase in nitrite was observed
throughout the term of the incubation. In fact, the final
content of nitrite in the samples after 24 h incubation
increased 10-15 times. In the sample of juice from
L. mesenterioides there was a significant increase in the level
of lactic acid, compared with the initial value. After
incubation at 37 °C for 2 h, the content of lactic acid was
10.63 mg/100 cm3, compared to the initial content of lactic
acid — 3.07 mg/100 cm3. In the case of the development of
slime-forming bacteria in diffusion juice, intensive
accumulation of dextran is observed, which correlates with
the increase of the number of cells of test culture L.
mesenteroides.

Disinfectants on the basis of polyhexamethylene-
biguanidine  hydrochloride;  quaternary =~ ammonium
compounds; dichloroisocyanuric acid sodium salt; peracetic
acid and hydrogen peroxide showed high efficacy in most
microorganisms that cause loss of sucrose in the process of
its extraction from beetroot shavings and lead to a
deterioration of the technological quality of intermediates
beet sugar production. In addition, these means are also
effective concerning slime-forming bacteria.

Conclusions. The investigated means are characterized by
high bactericidal action against the microorganisms present
in diffusion juice. These agents are also effective in
suppressing the development of slime-forming bacteria.
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Introduction

During extraction of sucrose from beetroot shavings, processes occur leading to the
decomposition of sucrose due to the action of beet cellular invertase, acid catalysis and
microorganism activity.

The activity of the enzyme invertase, which is part of the beet juice, may increase with
the prolonged storage of root crops. During extraction of sucrose from beetroot shavings at
a temperature of 70-75 °C, the enzyme is inhibited. Consequently, decomposition of
sucrose under the influence of cellular invertase of beets can occur only at the initial stage
of extraction. The issue of decomposition of sucrose as a result of inversion is devoted to a
series of studies A.R. Sapronov and S.E. Harina [1]. According to their conclusions,
decomposition of sucrose occurs as a result of auto-catalytic and consecutively reactions.
The intensity of the autocatalytic reaction is influenced by the temperature and pH,, of the
medium.

Research of the influence of microbiological processes on sucrose loss during
extraction is devoted to a large number of scientific works in Ukraine and abroad. It was
established that, subject to the optimum regimen of the extraction process, the loss of
sucrose from the abovementioned factors does not exceed 0.1% to the mass of beets. In the
event of a violation of the technological process and the processing of beet affected by rot
or mucous bacteriosis, the loss of sucrose from decomposition can reach 0.6-0.9% and
above [2]. The microflora of diffusion juice is represented by bacteria, yeast and micelial
fungi, the total amount of which in 1 centimeter of cubic juice ranges from tens of
thousands to tens of millions. This is due to the technological quality and microbiological
contamination of shavings and feed water entering the diffusion installing [3, 4].

Thus, microbiological processes cause the decomposition of sucrose with the formation
of various metabolites, which leads to deterioration of the quality of white sugar. In
particular, bacteria of the Clostridium genus are strong gas generators, which leads to
increased foam ability of juice. During the active development of butyric bacteria there is
formation of ammonia, acetone, acetic aldehyde, organic acids, which are the products of
the decomposition of protein substances of diffusion juice [5, 6]. Accumulation of ammonia
in juices inhibits the decomposition of amides on defecation, causing in juice of II
saturation the alkalinity in the form of NH,ON, which decreases during condensation at the
evaporation station. Ammonia is a catalyst for increasing the color of the syrup boiling and
subsequent crystallisation. When microbial decomposition of protein substances of sugar
beet, amides are also formed, the main part of which in products of sugar production is
glutamin and asparagine. Established [7], that the data of amino acids are involved in the
processes of formation of melanodynes and increased the molasses forming coefficient.

Under the influence of denitrification microorganisms, in particular bacteria of
Bacillus, Pseudomonas genus, sugar beet nitrates are transformed into nitrites [5], and then
potassium imidosulfonate is formed during sulfitation. As a result of this conversion, the
ash content of sugar increases [7].

Accumulation of organic acids (milk, oily, acetic) leads to acid hydrolysis of sucrose,
increasing the content of calcium salts. In the case of microbiological decomposition of
sucrose, lactic acid is up to 96% of the total content of organic acids. There is correlation
dependence between the amount of decomposed sucrose and the lactic acid formed. The
content of lactic acid in beet juice from conditioned raw materials is 1-3 mg per 100 g of
juice. As a result of the microbiological damage of sugar beet, the content of lactic acid in
beet juice can be increased to 10—12 mg per 100 g of juice and above. Accordingly, when
processing beets of high quality and adhering to the technological regime of the extraction
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process, the content of lactic acid in diffusion juice does not exceed 2-5 mg per 100 g of
juice. When processing microbiologically damaged raw materials or non-compliance with
the technological regime, the content of lactic acid is increased to 10-20 mg per 100 g of
juice and above [8]. Therefore, it is recommended when calculating sucrose losses because
of microbiological decomposition take into account the increase in the content of lactic acid
in diffusion juice compared to beet juice [9, 10].

Due to the activity of bacteria of the Leuconostoc genus (L. mesenteroides,
L. dextranicum) and spore-forming bacteria of the Bacillus genus (B betaeviscosum,
V. mesentericus, V. subtilis), in the diffusion juice are formed polysaccharides of glucose
and fructose — dextran and levan [11, 12]. These substances are well dissolved in water with
the formation of viscous solutions. The negative influence of life products of slime-forming
bacteria is manifested in: reducing the quality of intermediate products of sugar beet
production; increase in sucrose losses in production (due to increased content of sucrose in
molasses); deterioration of filtration properties of juices in the process of purification;
distortion of the indexes of sucrose content in beets at the polarimetric method of
determination and, accordingly, purity of cell and diffusion juices [11, 13—15].

The greatest effect of suppression of vital activity of microorganisms can be achieved
by maintaining a temperature of about 75 °C throughout the extraction process. However,
from a technological point of view, such a temperature regime leads to an increase in the
content of soluble pectin substances in diffusion juice, which negatively affects the
filtration process and leads to deterioration of the quality of the purified juice. Therefore, at
the sugar factories, in order to inhibit microbiological processes, disinfectants are
introduced at the extraction stage [8].

Accordingly, our research objectives was to study the microbiological and acid
decomposition of sucrose and investigate the effectiveness of a new generation of
disinfectants on inhibiting the activity of microorganisms which cause significant loss of
sucrose in the production of sugar from sugar beet.

Materials and methods

As for the objects of research, we selected pure cultures of bacteria Bacillus subtilis,
Psevdomonas spp., Escherihia coli and slime-forming bacteria Leuconostoc mesenteroides
[16], which cause significant loss of sucrose in the production of sugar from sugar beet [8,
15, 17].

The research applied the use of laboratory diffusion juice of average technological
quality and factory diffusion juice with additionally introduced culture L. mesenteroides.

In accordance with the current requirements [18], which put forward to for
disinfectants, chemical compounds used as active substances should be characterized by a
wide range of biocidal action, maintain their activity for a long time, should not have a
negative impact on the quality of products, according to the parameters of acute Toxicity
belongs to the 3rd—4th grade of moderately hazardous substances. Taking into account the
above-mentioned factors, the following disinfectants were selected for research: on the
basis of polyhexamethylenebiguanidine hydrochloride — "Antykam® CID-LEUCO 20";
quaternary ammonium compounds — "XSG des 3"; dichloroisocyanuric acid sodium salt —
"XSG des 4"; peracetic acid and hydrogen peroxide — "XSG des 5".
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Determination the influence of microbiological processes on the accumulation of
metabolism products in diffusion juice

In samples sterile diffusion juice made a certain number of vegetative cells of a certain
type of bacteria (Leuconostoc mesenteroides, Bacillus subtilis, Psevdomonas spp.,
Escherihia coli). Incubation was performed at 37 °C for 24 hours. After 2, 5 and 24 hours
indicator determined by the change in pH, purity, the content of lactic acid, nitrites, dextran,
microorganisms and compared with control values of the original diffusion juice.
Determination of lactic acid, nitrites and dextran was carried out by colorimetric method
[13, 19]. The pH value of the medium was monitored using a pH meter. The total number
of microorganisms was determined by sowing on the medium of MIA (meat infusion agar)
and MIA + 10% sucrose.

Determination of the effectiveness of disinfectants activity

For research, disinfectants were used with the following expenditures: "Antykam®
CID-LEUCO 20" — 0.002%; "XSG Des 3" — 0,0006%; "XSG Des 4" — 0.002%; "XSG Des
5" — 0.004%, which were added to the initial diffusion juice. The factory diffusion juice
with additionally introduced culture L. mesenteroides was used for research. The samples
were thermostated at 37 © C. for 24 hours. Thermostatic the sample of diffusion juice
without disinfectants was also performed. Microbiological examination of the output
diffusion juice and juices with the means was carried out after 30 minutes. Determination
was conducted by seeding the samples using the Koch method for dense nutrient media:
MIA - for determining the total content of microorganisms QMAFAnM — Quantity of
Mesophilic Aerobic and Facultative Anaerobic Microorganisms), MIA + 10% sucrose — for
the determination of slime-forming bacteria; indicator beetroot agar — for acid-forming
bacteria; wort agar — for micelial fungi and yeast.

After counting the colonies grown on the appropriate nutrient medium, the effect of
disinfection calculated according to the formula:

B -B
Ed=(1—2).100

1

where B, is the initial content of microorganisms in 1 g (cm’) of the product; B, — the
content of microorganisms in 1 g (cm®) of the product after appropriate treatment.

Determination of microbiological contamination of diffusion juice by spontaneous
fermentation. The laboratory diffusion juice of average technological quality was used for
research. Disinfectants were used with the following expenditures: "Antykam® CID-
LEUCO 20" — 0.002%; "XSG Des 3" — 0,0006%; "XSG Des 4" — 0.002%; "XSG Des 5" —
0.004%, which were added to the initial diffusion juice. The samples were thermostated at
37 ° C. for 24 hours. Thermostatic the sample of diffusion juice without disinfectants was
also performed. In the samples at the beginning of the experiment and at certain intervals,
the value of pH indicator of the juice was measured. On the basis of the obtained indicators,
the control of microbiological processes in diffusion juice was carried out and conclusions
were made about the intensity of microorganisms in it.
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Results and discussion

An important task for extraction of sucrose is to minimize losses due to decomposition.
We consider the microbiological and acid decomposition of sucrose. In addition,
comparative studies of the effectiveness of modern disinfectants at the sucrose extraction
stage have been carried out.

Determination the influence of microbiological processes on the accumulation of
metabolism products in diffusion juice

The purpose of this study was to determine the dependence of the growth of
metabolism products of microorganisms in diffusion juice on the temperature, duration of
the process and the nature of the contaminating microflora.

Table 1 shows the results of studies using pure cultures L. mesenteroides, B. subtilis,
Psevdomonas spp., E. coli.

Table 1
Incubation of diffusion juice with clean cultures of bacteria
8] > o
L o S e ° <] -
£35 . | 3% | z= v | EE ] &
55 2 g8 5y g So | EE
B > S £ E 9 = 5 S &
2 & e £ 2 2 2 g Sw | £ E
S5 & 2 » 2 o Qg o =
£ 2% | 3 S ER I
& = q
Output - juice | ¢ 10,3 8,25 80 307 | 238
(sterile)
2 hours later
L. mesenteroides 6,0 10,2 8,0 78,4 6,69 2,46
B. subtilis 6,02 10,3 8,2 79,6 3,13 3,6
Pseudomonas sp. 5,99 10,2 7,6 74,5 3,2 3,74
E. coli 6,06 10,3 8,1 78,6 3,45 3,48
5 hours later
L. mesenteroides 5,8 10,2 7,8 76,5 7,29 2,8
B. subtilis 6,14 10,3 7,9 76,7 3,18 8,06
Pseudomonas sp. 6,03 10,0 7,1 69,6 4,42 7,59
E. coli 5,9 10,3 7,4 71,8 3,6 20,3
24 hours later
L. mesenteroides 5,36 10,4 6,7 64 10,63 2,92
B. subtilis 6,22 10,0 7,0 70 3,21 27,08
Pseudomonas sp. 6,21 10,3 4.5 437 9,14 36,1
E. coli 5,48 10,4 6,9 66,3 6,08 43,76

On the basis of the analysis of the results of the conducted studies, there was a decrease
in the content of sucrose and the purity of the diffusion juice in all the analyzed samples. It
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has been established that the greatest losses of sucrose in diffusion juice are caused by
bacteria of the Psevdomonas spp. genus. So, after incubation these samples of diffusion
juice for 24 hours, the sucrose content decreased 2-fold. In samples of juice frome B.
subtilis and E. coli, a significant increase in nitrite was observed throughout the term of the
incubation. In the sample juice from L. mesenterioides after incubation at 37 °C for 2 h, the
content of lactic acid increased by 50%, after 18 h. — by 60%, and after one day — by
3.5 times and was 10.63 mg / 100 cm® compared with the initial content of lactic acid —
3.07 mg/ 100 cm’.

The most dangerous type of microbial damage to sugar beets is mucous bacteriosis. As
a result of affection of roots in beet juice, dextran is formed, which causes not only direct
loss of sucrose, but also creates significant problems in production. The most common
species among the slime-forming bacteria found in sugar factories is Leuconostoc
mesenteroides. The formation of dextran by the bacteria of the Leuconostoc mesenteroides
genus occurs as a result of the decomposition of sucrose, similar to the enzymatic inversion,
except that glucose is polymerized in dextran, and fructose is used to feed bacteria [11].

We have established the dependence (Figure 1) accumulation of dextran at incubation a
diffusion juice samples infected with L. mesenteroides culture.

< 900 600
£ 800 72Lo ?10 %E
E / d 500 3 5
5 700 T
c []
I €
£ 600 400 8
8 2 £
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>/ -300 B
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200
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Figure 1. Accumulation of dextran at incubation of diffusion juice samples infected
with L. mesenteroides:
1 — Viable count of L. mesenteroides cells; 2 — Dextran content.
* Note: the initial content of L. mesenteroides cells is 1x10° CFU/cm?
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It should be noted that at incubation samples of diffusion juice, the number of test
cultures cell increased by almost two orders of magnitude compared with the initial content
and amounted to 4.8x10’ CFU/cm’ after 24 hours of cultivation, and the content of dextran
in 24 hours increased 20 times compared with initial meaning.

According to the conducted studies, it can be concluded that with significant infection
of diffusion juice in the event of untimely response and failure to comply with appropriate
disinfection measures increases the amount of unaccounted loss of sucrose due to the
livelihoods of microorganisms. In addition, products of microbial metabolism accumulate,
which also cause sucrose loss in the subsequent stages of production.

Determination of the effectiveness of disinfectants activity

Consequently, in the process of extraction, undesired processes of decomposition of
sucrose are possible. In this case, the most effective way of preventing is the use of modern
disinfectants. Among the wide range of modern disinfectants we have chosen to study the
means on the basis of active substances that have found the most widely used in the sugar
industry of Ukraine.

Intensive development of microorganisms and, consequently, decomposition of sucrose
occurs in the processing of bad quality beet and in the event of significant infection of the
diffusion juice. Therefore, the factory diffusion juice with additionally introduced culture L.
mesenteroides was used for research.

The results of experimental studies of the microflora of diffusion juice during the use
of disinfectants are given in table 2, indicate that the selected means have a high
bactericidal effect on the microorganisms present in the diffusion juice.

Table 2
Microbiological parameters of diffusion juice when administering disinfectants
Control Investigated disinfectants
diffusion | Antykam| XSG XSG XSG
Indicators juice des 3 des 4 des 5
Expense of means, % by weight of juice
0,002 0,002 0,0006 0,004
QMAFAnM, 6,0 1,05 0,5 0,6 0,7
CFUx10* / cm’
The effect of disinfection, % - 82,6 91,6 90,0 88,3
The content of slime-forming 61,2 12 4,6 6,0 2,3
bacteria, CFUx10" / cm®
The effect of disinfection, % - 80,4 92,5 90,2 96,2
The content of acid-forming 98 21 12 3 4
bacteria, CFUx10" / cm®
The effect of disinfection, % - 78,6 87,7 96,9 95,9
Content of mold fungi and yeast, 8,6 1,5 1,0 0,8 4.8
CFUx10°/ cm’
The effect of disinfection, % - 82,5 88,4 90,6 41,2
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Determination of microbiological contamination of diffusion juice by spontaneous
fermentation

One of the indirect methods for determining the microbiological contamination of
diffusion juice is the method of spontaneous fermentation. It should also be noted that along
with microbial decomposition of sucrose there is a decomposition of sucrose due to acid
catalysis. Since disinfectants are different in terms of the chemical nature of the substance,
it is interesting to research their effect on the technological quality of diffusion juice. To
this end, has been carried out the determination of the change in the meaning of pHyy of
diffusion juice by introducing of different expenditure of disinfectants and thermostating of
diffusion juice at 37°C for 24 hours.

Changing the value of pH,, of diffusion juice at incubation treated with disinfectants is
given in Table 3.

Table 3
Dynamics of change of pH20 at incubation of diffusion juice treated with disinfectants
Control Investigated disinfectants
) diffusion Antykam XSG XSG XSG
Duration of ..
incubation. hour juice des 3 des 4 des 5
’ Expense of means,% by weight of juice
0,002 0,002 0,0006 0,004
Immediately after 6,40 6,28 6,31 6,30 6,02
entering, 0 hours
1 hour 5,89 6,00 6,01 6,25 6,01
2 hours 5,70 5,91 5,93 6,17 5,76
6 hours 5,30 5,60 5,32 6,08 5,40
24 hours 3,60 4,90 3,75 5,90 4,16

The results of the studies presented in tables 2-3 show an intensive course of
microbiological processes in the control sample of diffusion juice (QMAFAnM — 6.0x10°
CFU / cm®), resulting in a decrease in the pH of the juice for 24 hours incubation at 37 °C
from 6.4 to 3.6 units.

At the same time, in the case of the use of the tool "XSG Des 4" for the expenses of
0,0006% to the mass of the product, the development of microbiological processes is
significantly suppressed, as evidenced by the meanings of pH of the juice during its
incubation at 37 °C and a duration of 24 hours, as well the effect of disinfecting diffusion
juice on different groups of microorganisms.

It should be noted that the meanings of pH of the diffusion juice samples with the
means "XSG Des 5" has decreased immediately after its introduction. This is due to the
chemical nature of the active substance of the product (peroxyethane acid) and,
consequently, the low meaning of pH of the working solutions of the means.

Therefore, when choosing a disinfectant, the meaning of pH of the working solutions
should be taken into account, as well as the change of the pH of the diffusion juice after the
application of the disinfectant.
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Conclusions

As a result of experimental studies, it has been established that the development of
microbiological processes at the stage of extraction of sucrose from beetroot shavings
causes significant loss of sucrose.

Researches have shown that in the case of the development of slime-forming bacteria
in diffusion juice there is an intense accumulation of dextran, which correlates with an
increase in the number of cells of the test culture L. mesenteroides.

The results of the research show that the means of "XSG des 3", "XSG des 4", "XSG
des 5", "Antykam® CID-LEUCO 20" have high efficiency in relation to the majority
microorganisms that cause loss of sucrose in the process of its extraction from beetroot
shavings and lead to a deterioration of the technological quality of intermediate products of
sugar beet production.

It can be concluded that it is expedient to use the means of "XSG Des 4" and
"Antykam® CID-LEUCO 20" for processing of nourishing water and a juice-shavings
(juicer) mixture in order to disinfect them and prevent the development of microbiological
processes. At that, the range of concentrations of working solutions for root crop processing
is: for the means on the basis of active chlorine ("XSG des 4") 0,02—0,006%, based on
polyhexamethylenebiguanidine hydrochloride (Antykam® CID-LEUCO 20") — 0,1-0 , 2%.
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Introduction. Sandesh is a popular chhana based
sweetmeat of Bangladesh. The present study was carried out
to compare the quality of Sandesh made from Cow-milk
Chhana and along with addition of different level of Soy-
milk Chhana.

Materials and methods. Four different types of Sandesh,
namely S; (from 100% cow milk chhana), S, (75% cow milk
chhana +25% soy milk chhana), S; (25% cow milk chhana +
75% soy-milk chhana) and S4 (100% soy-milk chhana) were
processed in the Laboratory of the Department of Food
Processing and Engineering, Chittagong Veterinary and
Animal Sciences University. Prepared sandesh samples were
analyzed for moisture, protein, fat, ash, carbohydrate
content, % acidity and sensory properties. The acceptability
of Sandesh samples were studied by a taste panel consisting
of 15 panelists.

Results and discussions. Results indicated that the
moisture content were 22.53+0.12, 22.95+0.20, 23.54+0.22
and 25.44+0.17% respectively; protein content 21.87+0.32,
23.02+0.17, 25.9240.42 and 29.62+0.23%; fat content
20.44+0.05, 19.02+0.03, 17.00+0.05 and 16.42+0.10%; ash
content 0.88+0.04, 1.39+0.03, 1.53+0.04 and 1.95+0.02%;
acidity 0.05, 0.033, 0.023 and 0.22% and carbohydrate
content  34.28+0.22, 33.62+0.16, 32.01+0.59 and
27.15£0.31% respectively. On the basis of sensory
evaluation of colour, flavor, texture and overall
acceptability, Sandesh made from fresh cow milk chhana
ensure highest acceptability and liked very much. Sandesh
made with 75% Cow-milk Chhana and 25% Soy-milk
Chhana (S;) was also liked moderately and other types (S;
and S,) were not acceptable.

Conclusions. Soy-milk Chhana can be used as a
replacement of Cow-milk Chhana in preparation of Sandesh.
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Introduction

Soybean (Glycine max) is a new prospective oil crop in Bangladesh. It is regarded as
an ideal food for the people of Bangladesh as it contain high quantity of protein and
superior quantity of edible oil. Most of the people of our country can’t afford to get protein-
enriched food like fish, meet, egg, milk etc. due to their high cost. So, to supplement
protein at low cost, soybean should be cultivated in more areas in our country. Soybean
cultivation is highly concentrated geographically, with only four countries - USA, Brazil,
Argentina and China - accounting for almost 90 % of world output [1].

Soybean accounts for approximately 50% of the total production of oil seed crop in the
world [1]. Soybean are not consumed directly, but are processed into a large number of
variety of popular products. The most of popular soybean products are Temphe (fermented
soybeans), Tahu or Tofu (soybean curd), Taoge (soybean sprouts), Kecap (soy-sauce),
Tauco (fermented mixture) which are usually consumed as side dished with rice. Other
popular soybean products are yaba, soy-milk and sere.

Soybeans are an excellent and cheap source of calories and quality protein. They
content 35-40% protein and 18-20% fats [2] and can there for be useful combating protein
calories malnutrition in the poorer starter of population. Regarding this soy-milk (prepared
from soybean) can be used as replaced to milk to meet deficiency of whole milk.

Milk is one of the most important commodities entering trade and required in everyday
life as an article of food. The basic public health and economic considerations require that
consumers should be provided with pure milk, free from pathogenic bacteria. To maintain
quality standards, control operations have to be performed at all stages of the production of
milk which include maintenance of sanitary conditions of byres; cleanliness of utensils and
of the milking machines, if used; and care during storage and handling. Any kind of
adulteration at the producing of supplying centre, by carries or by middlemen, has to be
prevented. The need for having uniform methods for assessing the quality of milk at the
time of purchase or sale is, therefore, obvious. Milk is widely used in the preparation of
sweetmeats. The sweetmeats made from milk are delicious, wholesome nutritious and very
popular items in Bangladesh. Form births to death in each sphere of life milk sweetmeats
have occupied a significant place in our society. On occasions like birthdays marriages,
funeral ceremonies, religious festivals and guest entertainment, everywhere sweetmeats are
inevitable.

The importance of sweetmeat in this subcontinent has been recognized since five
thousand years ago [3]. It is reported that about 10% of the total milk production in
Bangladesh are used for the preparation of chhana and finally for sweetmeat milk. In India
40% of total milk is used for chhana which is mainly used for sandesh preparation [4]. In
Bangladesh there are some areas where sweetmeat and very much famous e.g.’monda’ of
Muktagacha (Mymensingh), ‘Chomachom’ of porabari (Tangail), ‘Resomalai’ of comilla,
Kachhagolla of Natore, ‘Dahi’ of Bogra etc. But there is no such specific area, which is
famous for sandesh. Sandesh, the highest priced sweetmeat is widely manufactured
throughout the country and in every area there are some sweetmeat shops which are
particularly famous for this grand item.

Sandesh, a chhana based sweetmeat is very popular in Bangladesh because of its high
palatability. It is also popular in West Bengal and some parts of Assam, Tripura, Orissa,
Myanmar, Bihar, and some parts of India. The demand for sandesh is steadily growing [5].

Sandesh is usually prepared from cow’s milk because it produces soft body with fine
and uniform grains size product which are considered defects in soft grade sandesh.
Although cow milk is considered highly suitable for chhana making [6], but a few reports
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indicates that modification of buffalo milk for chhana production yields acceptable quality
sandesh [7,8].

Sandesh is a kind sweetmeat, which is prepared by heating the mixture of freshly,
prepare chhana and ground sugar on a slow fire. Varieties of sandesh are available in the
market which may be grossly classified into three main groups such as-first soft grade,
second hard grade and third high moisture grade depending upon their physical qualities
and chemical composition. In India, about 4 percent of the total milk is used for chhana
preparation [4]. Mostly cow milk is used to obtain good quality chhana and its subsequent
based sweetmeats. This has limited the availability of cow for fluid consumption.

Sweetmeat, specially, sandesh is one of the most important pleasant and charming
foods to most of the people of the country. Sweetmeats are extensively used, chiefly along
with other foods due to their good flavour and high food value. They are also easily
digested. However , sandesh is a chhana based sweetmeat, it is very vital to health because
of its fairly high protein and fat content, minerals , specially, calcium and phosphorus and
also fat soluble vitamins particularly, vitamin A and D content. Not only in our country but
also in this subcontinent, the importance of sweetmeat has been recognized since five
thousand years ago [3]. Limited works in connection with quality of laboratory made
sandesh from cow’s milk was done in different areas of Mymensingh, Jessore, Khulna and
Satkhira districts and also different districts of Bangladesh. Under the above circumstances
the present investigation was planned with preparation of Sandesh from fresh cow’s milk
Chhana and along with addition of different level of Soy-milk Chhana, compare the quality
of prepared Sandesh on the basis of proximate and organoleptic properties.

Materials and methods

The experiment was conducted in the laboratory of the Department of Food Processing
and Engineering, Chittagong Veterinary and Animal Sciences University, Chittagong.

Preparation of sandesh

For making chhana, cow milk samples were collected from dairy farm located in
Chittagong city, Bangladesh.

Preparation of soy-milk

Fresh soybean seeds were collected from local markets. The method used by Kapoor,
et al (1977) was modified slightly for making soy-milk [9].

Socking of soybean seeds. For preparation of soy-milk, 2000 gm of fresh and clean
soybean seeds were soaked overnight in 0.5 percent sodium bicarbonate to make the husk
soft and also to remove bitterness.

Removal of husk. After socking overnight outer coating of the seeds (husk) were
removed physically by means of pressure applied by two hands. After removing all husks,
the collected seeds were washed in fresh and clean cold water.

Preparation of soy-milk. One litre (1000 ml) of clean water was added with the
washed soybean seeds and about 2—-3 gm of cardamom was also added to remove the
beany flavour present in soybean seeds. The mixture was grinded in a grinder for about
thirty to forty minutes. After satisfactory grinding the residue of soy-milk was removed by
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filtering with a fine muslin cloth and the soy-milk was collected in a beaker. At the first
time about 2 liter of soy-milk was obtained.

Chhana making

Chhana was prepared by boiling both cow milk and soy-milk separately into stainless
steel pan for about ten minutes and was cooled down slightly and as coagulant whey was
added at a temperature of 70° C. Lumps of casein were formed as soon as the whey was
added to the boiled milk, which is generally known as chhana. The content was then
allowed to stay for few minutes for complete coagulation of chhana. About 5 to 10 minutes
after coagulation, contents were gradually poured into a coarse muslin cloth with four
corners raised to allow free drainage of whey. When the transfer of whey was completed
the four corners of the cloth were tied together drainage of whey. The coagulum was then
carefully removed and weighed.

Four different types of sandesh were prepared by different combination of cow milk
and soy-milk their combinations are shown below.

Table 1
Ingredients of Sandesh
*Sample Type Cow m(;lr(n)chhana Soy-mél;;hhana Sugar (gm)
S 500 - 175
S, 375 125 175
Ss 125 375 175
Sy - 500 175

*Sample Type S; (Only cow milk chhana)
*Sample Type S, (Cow milk chhana: Soya milk chhana=3:1)
*Sample Type S; (Cow milk chhana: Soy milk chhana =1:3)
*Sample Type S; (Only cow milk chhana)

Freshly made chhana was broken into bits. Sugar (35% by wt of total chhana was
mixed into it and was kneaded. Then chhana was taken into an iron pan. The mixture is
baked by slow heating with continuous stirring and then scraping with the help of a
specially made flat type light wooden ladle, until pat formation stage appeared. After
sufficient cooling at room temperature, it was then worked into desired size and shape. No
flavour of colour was added so that making of the original clolour and flavour could be
avoided. Sandesh were kept in clean polythene bag and preserved in the refrigerator at 4
°C.
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Milk
2
Sieving
2

Heating in boiling temperature for 5 minutes

Cool to 70°C
2
Adding whey water
2

The lumps of case in formed were allowed to stay for few minutes for complete coagulation

of chhana
A

Filtration
A

Chhana
A

Grinding and kneadingito make smooth paste
Sugariadded

Slow heating with continuous stirring baked the mixture until pat formation stage appeared
(for 20 minutes)

Cool to room temperature

Cut and moulded into desired size ready for consumption.

Figure 1. Schematic diagram for sandesh preparation

Chemical Analysis

Proximate composition (Moisture, Protein, Fat, Ash and Carbohydrate).
Moisture, Protein, Fat and Ash of prepared sandesh samples were analyses in triplicate
following standard procedures [10]: Moisture content by drying in an oven at 105°C
for 24 h; Crude protein content (Nx6.25) by the Kjeldahl method using an Auto
Kjeldahl System, Lipid by ether extraction and Ash by incineration in a muffle furnace at
600°C for 6 h. Carbohydrate content were calculated by difference method i.e.,
%Carbohydrate = 100-(%Moisture + %Protein + %Fat +%Ash)

Acidity. 5 g sample was taken and blended, homogenized in a blender with distilled
water and carefully transfer to a 250ml beaker. The mixture was boiled for 1hr periodically
adding water to replace the loss by evaporation. Cooled and transferred to a 100ml
volumetric flask. Then volume was made to 100ml and filtered. 30ml filtered liquid was
titrated against 0.1N NaOH using phenolphthalein as an indicator. The titration was done in
triplicate and titratable acidity was calculated from the following relationship Ranganna
(1994) [11].
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Eq.wt of lactic acid x Normality of NaOH xVolumexT.V 8

1000 x wt of sample x ml of extract taken for estimation

100.

%Acidity =

Sensory evaluation. The consumer acceptability of developed products was evaluated
by a testing panel. The panelists were untrained and selected from the students, teachers
and employees of the Department of Food Processing and Engineering, Chittagong
Veterinary and Animal Sciences University, Chittagong. The panelists (15) were asked to
assign appropriate score to each product tested on a 1 to 9 point hedonic scale for
characteristic colour, flavour, sweetness and overall acceptability of various mixed samples.
The scale was arranged such that; 9 = Like extremely, 8 = Like very uch, 7 = Like
moderately, 6 = Like highly, 5 = Neither like nor dislike, 4 = Dislike slightly, 3 = Dislike
moderately, 2 = Dislike very much, and 1 = Dislike extremely. The results were evaluated
by Analysis of Variance and Duncan’s New Multiple Range Test procedure of the
statistically analysis system [12].

Results and discussions

Four different types of sandesh were prepared in the laboratory with different
combinations of cow milk chhana and soy-milk chhana. The prepared sandesh sample types
were designated as S; (100% cow milk chhana), S, (75% cow milk chhana+25 % soy-milk
chhana), S3 (25% cow milk chhana + 75% soy-milk chhana), S4 (100% cow milk chhana).

Chemical composition analysis of sandesh

Moisture content. The moisture content were 22.53+0.12, 22.95+0.20, 23.54+0.22
and 25.444+0.17% in S;, S,, S;, and Sy type sandesh respectively (Table 2). It is observed
that S1, type sandesh had the lowest moisture content and it was gradually increased in in
S1, Sa, Ss, Sy, type sandesh. The differences in moisture might be due to differences in level
of fat in these four-type sandesh on one hand and due to the presence of varied proportions
of soy-milk chhana solids in chhana on the other hand. This could be attributed due to
greater binding capacity of soy solids specially protein [13,14,15]. De and Ray (1954) also
reported that capacity of chhana to retain moisture is essentially is the function of milk
protein which did increase with greater levels of soy-milk in milk [6]. Sarker (1975)
reported that acceptable quality of sandesh contain 234.00 gm/kg moisture [16]. The
moisture content of the prepared sandesh was in same range as described by Poonia (2015)
[24].

Protein. The protein percentage of Sy, S, S; and Sy types of sandesh were 21.87+0.32,
23.02+0.17, 25.92+0.42 and 29.62+0.23% respectively. It was observed that increase of
soy-milk chhana enhanced the protein percentage of sandesh. This might be due to the
higher percentage of protein in soy-milk chhana than in cow milk chhana which cause
increase in protein percentage in sandesh. Jailkhani and Sukumar (1980) observed 170.03
gm/kg protein in a better quality sandesh [17] and protein content of prepared sandesh were
identical to Poonia (2015) [24].
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Fat content. The fat in S;, S,, S; and S, types of sandesh were 20.44+0.05,
19.02+£0.03, 17.00+0.05 and 16.42+0.10% respectively. It was obserbed that S; type
sandesh had highest percentage of fat and S, type of sandesh had the lowest percentage of
fat. Enhancing the proportion of soy-milk chhana in the mixture affected the fat content of
sandesh adversely. Generally soy-milk chhana contains low level of fat.

Ash content. The ash content of in Sy, S,, S; and Sy, types of sandesh were 0.88+0.04,
1.3940.03, 1.53+0.04 and 1.95+0.02% respectively. It was shown that the different types of
sandesh have the similar ash content and those were in same range described by Poonia
(2015) [24]. Katra and Bhargava, (1994) reported that soy-milk contains 0.73 percent ash
which is similar to average ash content of milk [18]. Jailkhani and sukumar (1980) reported
better quality sandesh contain 16.6g/ kg ash [19].

Carbohydrate content. The carbohydrate content of Sy, S,, S; and S, types of sandesh
were 34.28+0.22, 33.6240.16, 32.01+0.59 and 27.154+0.31% respectively. There was no
significant difference among the carbohydrate content of different sandesh sample. The
carbohydrate content of milk is usually 4.9 gm/100gm and for soy-milk, it is 3.2gm/100gm
[20]. So it was usual that sandesh containing higher percentage of soy chhana would have
lower percentage of total carbohydrate content because of lower carbohydrate content in
soy-milk. Acceptable quality sandesh contain 16.6 gm/kg of carbohydrate [21].

Acidity. The percentage of acidity of S, S,, S; and S, types of sandesh were 0.05,
0.033, 0.023 and 0.022 respectively. In respect of the acidity content types S; had lowest
percentage of acidity and S, the highest. Our result agreed with the result of Jeoun et al
(1995) [22]. So, increased acidity of Sy, S, S; and S, samples were due to addition of soy-
milk chhana with them.

Table 2
Chemical compositions of sandesh product
Sample Moisture Ash Protein Fat Acidity Carbohy-
Type content (%) (%) (%) (%) (%) drate(%)

S 22.53+0.12 0.88+0.04 | 21.8+0.32 | 20.44+0.05 | 0.05 34.28+0.22

S, 22.95+0.20 1.39+0.03 | 23.0+0.17 | 19.02+0.03 | 0.033 33.62+0.16

S3 23.54+0.22 1.53+0.04 | 25.9+0.42 | 17.00+0.05 | 0.023 32.01+0.59

Sy 25.44+0.17 1.95+£0.02 | 29.0+0.23 | 16.42+0.10 | 0.022 27.15+0.31

*Sample S, (only cow milk chhana)

*Sample S, (only cow milk chhana: Soy-milk chhana =3:1)
*Sample S; (cow milk chhana: Soy-milk chhana =1:3)
*Sample S, (only soy- milk chhana)

Sensory evaluation of the products
The mean score for colour, flavour, texture and overall acceptability of the sample are

evaluated and the mean score of their responses are presented in Table 3. A two-way
analysis of variance (ANOVA) was carried out and results revealed that there was
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significant (P<0.01) differences in colour acceptability among the prepared sandesh
samples, since the calculated F-value was greater than tabulated F-value so the colour of
control (Sample S;) sandesh was most preferred and also sample S; and sample S, had on
significant difference for colour. Sample S; and S, are not equally acceptable. The colour of
the samples S; and S, were significantly better than samples S; and S4. Highly preference of
colour sample—S; among the sample S,, S;and S,.

In case of flavour preference among the prepared sandesh sample, two-way ANOVA
shown that significantly (P<0.01) affected flavour acceptability since the calculated F-
value was greater than the tabulated F-value. The results (Table 3) showed that the flavour
of the control (Sample S;) was most preferred and significantly different than the other
samples. The flavor of the sample S; was highly preferred among the sample S,, S; and S,
In case of texture preference among the samples, a two-way ANOVA showed that
significantly (P<0.01) affected texture acceptability since the calculated F-Value was
greater than the tabulated F—value. The results (Table 3) showed that the texture of the
control (Sample S;) was most preferred and significantly different than other sample. As
shown in Table 3 the sample S, and S3 had on significant deference. Highly preference of
texture of sample S; than the sample S,, S; and S,. In case of texture preference among the
sample, a two-way ANOVA showed that significantly (P<0.01) affected texture
acceptability since the calculated F-Value was greater than the tabulated F-value. The
results (table-3) showed that the texture of the control (Sample S;) was most preferred and
significantly different than other sample. As shown in Table 3 the samples S, and S; had no
significant difference. S; was highly preferred than other sample types S,, S; and S, in terms
of texture quality. Interrelationship was found among textural parameters and composition
in all samples of sandesh as described by Khamrui and Solanki (2010) [23].

It is apparent from the results of ANOVA that there was significant (P<0.01) difference
in overall acceptability among 1 the prepared sandesh samples, since the calculated F—value
was greater than the tabulated F-value. The result (Table 3) showed that the overall
acceptability of the control (Sample S;) was most preferred. Sample S; and Sample S, had
no significant difference. Lastly highly preference overall acceptability Sample S; among
the samples-

Table 3
Mean sensory scores of Sandesh samples
Sandesh Sensory attributes
Types Colour Flavour Texture Overall
Acceptability
Sample S, 8.533" 8.067" 6.933a° 7.200°
Sample S, 7.867° 6.800° 5.867° 5.800°
Sample S; 7.000° 6.000° 5.333 5.600°
Sample Sy 6.200° 5.133¢ 4.267° 4.933°
L.S.D 0.6875 0.6896 0.8997 0.7955
Means with same superscripts with in a column are not significantly different at P<0.01.
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Conclusions

Different types of sandesh named S; (from 100% cow milk chhana), S, (75% cow milk
chhana +25% soy milk chhana), S; (25% cow milk chhana + 75% soy-milk chhana) and S,
(100% soy-milk chhana) were prepared to compare the quality. Results indicated that
moisture content in four types of sandesh were approximately 22.53+0.12, 22.95+0.20,
23.54+0.22 and 25.44+0.17% respectively; protein content 21.87+0.32, 23.02+0.17,
25.924+0.42 and 29.62+0.23%; fat content 20.44+0.05, 19.02+0.03, 17.00+0.05 and
16.42+0.10%; ash content 0.88+0.04, 1.394+0.03, 1.53+0.04 and 1.95+0.02%; acidity 0.05,
0.033, 0.023 and 0.022% and carbohydrate content 34.28+0.22, 33.62+0.16, 32.01+£0.59
and 27.15+0.31%. Statistical analysis on the response of taste panel on the sensory
properties of sandesh revealed that the colour, flavour, texture and overall acceptability of
different sandesh were significantly affected. The overall acceptability of sample type S;
was found to be more acceptable than those of sample S,, S; and S,4. Sandesh with 75% cow
milk chhana and 25% Soy-milk Chhana (S,) was also liked moderately and other types (S;
and S,;) were not acceptable in terms of organoleptic properties but have good nutritive
quality. Addition of flavor substitute will enhance the organoleptic properties of Soy-milk
Chhana and it can be used as a replacement of Cow-milk Chhana in preparation of Sandesh.
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Introduction. The aim of this work is to predict and
study the conditions for the stabilization of food and
cosmetic emulsions with the Pickering effect establishing
the possibility of mathematical modeling of conditions for
the most effective stabilization of emulsions.

Materials and methods. It was studied a model
emulsions with injected solid nanoparticles based on water
and triglycerides of carboxylic acids such as Glyceryl
tributyrate (C4), Glyceryl tricaprylate (C6), and Glyceryl
trioleate, linseed oil (a mixture of triglycerides of acids: 9-
11% of palmitic and stearic, 13-29% of oleic, 15-30% of
linoleic, 44—61% of linolenic acids) and their ethyl esters
with a similar composition, and perfume oil. Calculations
of surface tension and stability for the model systems of
food and cosmetic emulsions were carried out by means of
MathCAD-2000 software by Binks method.

Results and discussion. It was calculated free energy
values of a spherical nanoparticle (in kgT units, T =
298 K) which occupies position at the water / oil interface
(tributyrin, tricaprylin, triolein, linseed oil and their ethyl
esters, perfume oil). The stability of a particle is
characterized by the energy barrier, from the side of one of
the liquids. In connection with the fact that the energy
wells are parabolas, it was collected information on the
magnitude of the barriers and the position of the minimum
when the particle is moved from the minimum with the z,,
coordinate into water (z =-1) and into oil (z = 1). The best
energy well parameters of this solid emulsifier were about
2830 (in linseed oil and in their ethers), 4010 (perfume
oil), 400 (triolein) and 150 kgT (tributyrin). It was shown
that a nanoparticle consisting of 50% hydrophilic silica
possesses the best stabilizing properties.

Conclusions. The principal possibility of theoretical
prediction of the conditions for the stabilization of food
and cosmetic emulsions by the Pickering effect is shown.
Stabilizing particles, which corresponds to optimal
selection of the nanoparticle material, are consisting of
50% hydrophilic silica.
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Introduction

Stabilization of emulsions by means of solid particles has been known for almost a
century (so-called Pickering emulsion) [1], but the idea of improving the stability of
emulsions by developments in nanotechnology has arisen only recently [2]. Emulsions are
heterogeneous systems consisting of mutually insoluble, finely dispersed liquids. In the
food, pharmaceutical and cosmetic industries emulsions are intended for internal, external
or parenteral use.

Solid nanoparticles of insoluble substances are a special class of stabilizers for disperse
systems, primarily emulsions and foams. Solid stabilizers are clay, coal, silica, glass,
oxides, hydroxides and insoluble salts of many metals [3].

The problem of increasing the shelf life of emulsions requires the involvement of new
knowledge and approaches, including mathematical modeling of physicochemical
processes. Experimental confirmation of the Pickering stabilization’s processes of
emulsions is a rather complicated procedure, which also indicates to the necessity of
conducting of model calculations for the searching the optimal material of a solid
emulsifier.

Thus it was chosen food and cosmetic emulsions model with injected solid
nanoparticles of different substances as the object of the study, which are already used as
food additives (it has record in Codex Alimentarius). The subject of the study is the
conditions for the Pickering stabilization of emulsions by solid nanoparticles.

The aim of this work is to predict and study the conditions for the stabilization of food
and cosmetic emulsions with the Pickering effect establishing the possibility of
mathematical modeling of conditions for the most effective stabilization of emulsions.
Hence it was put such tasks in this work:

—  to investigate the literature data about promising disperse food and cosmetic objects,
nanodisperse solid materials for the Pickering stabilization effect;

—  to choose the necessary techniques for theoretical study of the Pickering effect and
mathematical modelling of the stabilization process;

—  to compile a model of surface energy calculations of the stabilizing nanoparticle by
means of MathCAD-2000 software and to make the necessary calculations;

—  to make conclusions regarding to the optimal choice of stabilizing food additive
depending of the emulsion’s type.

Materials and methods

Objects of our study were model food and cosmetic emulsions with injected solid
nanoparticles of various substances, which have the ability to Pickering stabilization and
are used as food additives, are emulsions based on water and triglycerides of carboxylic
acids such as Glyceryl tributyrate (C,), Glyceryl tricaprylate (Cs), and Glyceryl trioleate,
linseed oil (a mixture of triglycerides of acids: 9-11% of palmitic and stearic, 13-29% of
oleic, 15-30% of linoleic, 44—61% of linolenic acid [4]) and their ethyl esters with a similar
composition (trade name - Linaetholum), and perfume oil [5]. Subjects of our study were
investigation of stabilizing effects of nanoparticles in above mentioned emulsions and ways
for its theoretical prediction.

Perfume oil by chemical composition is a mixture of hydrocarbons, which are
produced by deep purification of spindle oil obtained during petroleum distillation. It is
colorless transparent liquid without odor and taste with a density of 0.875-0.880 g/cm’. It
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boils at a temperature of about 360 °C, insoluble in water and alcohol, but soluble in all
organic solvents, easily fuses with waxes and fats, immiscible and stable against air, alkalis
and acids. It is widely used in cosmetics for the manufacture of Vaseline [6].

Solid stabilizing nanoparticles are carbon (E153), paraffin (E905x) and silica (ES51)
with varying degrees of hydrophilicity.

Further in our work, “liquid 1” corresponds to triglycerides of carboxylic acids C,, Cg
or oleic acid, or triglycerides or ethyl esters of fatty acids of linseed oil or perfume oil;
“Liquid 2” is water; “Solid phase” (particle) — SiO,, paraffin or carbon. The spherical
particles with a radius of 12 nm, which corresponds to the average particle size in the
AEROSIL® 200 product (Evonik Industries AG) were considered.

The procedure of calculating of the energy of nanoparticles, which are located on the
surface between two liquids, are given in ref. [2]. The unknown values of the surface
tension values were calculated in accordance with the procedure shown in [7]. Calculations
of surface tension at the surface of two phases for the model systems of food and cosmetic
emulsions, which used in the work, were carried out by means of the software MathCAD-
2000 [6] according ref. [2].

Results and discussion

When someone perform free energy calculations of a system consisting of a particle
placed on the surface between two liquids which formed an emulsion, it is necessary to
distinguish between large and small particles. In the case of significant weight of the
particles, the stabilizing properties of the particle are reduced due to action of external
forces which move out particle from liquid-liquid interface where it was stabilized. For
small nanoparticles this effect can be neglected. All kinds of interactions between
stabilizing nanoparticles are also neglecting for simplicity. The double electric layer at the
solid nanoparticle-liquid interface in this model is also not taken into account.

The stable position of the solid spherical particle at the interface of two phases is
determined by the equilibrium edge angle 6,,, (Figure 1). To estimate the efficiency of the
binding energy, it is usually compared with the kinetic energy of the Brownian motion
(3kpT/2, where kp — the Boltzmann constant, the temperature 7 in Kelvin). Calculations of
free energy will be carried out in temperature units according to equations 1-2.

Vo

Figure 1. Schematic representation of a solid particle at the interface of emulsion phases [2].
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where R is the radius of the nanoparticle, z is the distance from the interface of the liquids
to the center of the particle, z, = z/R is the dimensionless distance, op;, opy and oy, are a
surface tension between solid particle-liquid 1, particle-liquid 2 and liquid 1-liquid 2,
respectively.

In order to calculate the free energy of solid particle shown in Figure 1, it is necessary
to know the interfacial tension between solid particle-water and solid particle—oil (op, and
opy, respectively). These values are unknown from the experiments, but they can be
calculated if the surface tension of water, oil and solid particles at the boundary with air is
known. In this case, this surface tension is represented as the sum of dispersed and polar
components (y* and y”, respectively). For water, the polar and dispersed parts are taken
from the literature [2]. The formulas 4-7, by which the surface tension values were
calculated, can be written as follow:

Yso —Ysw = Yow €080, “)
y=r'+y’ (5)

Yow = Vs + ¥y = 24757 —24rEvh (6)
Yso =Vs+V0 = 27576 —2\¥ivh @)

where indices denote S — “solid particle”, W — “water” and O — “oil”. The values of y* and
" for calculations were taken from reference data [2, 7, 9].

In a number of experiments, a correlation was observed between the value of the edge
angle 6,, of solid emulsifiers and the type, dispersion and stability of the emulsions.
Hydrophilic particles with a corner angle 6,,<90° (for example, metal oxides, silica) form
direct emulsions or foams, and hydrophobic particles with an angle 6,,>90° (for example,
coal, graphite) form inverse emulsions.

The calculated values of free energy of a spherical nanoparticle (in kgT units, T =
298 K) which is located at the interface between water and perfume oil are shown in
Figure 2, water and glyceryl trioleate are shown in Figure 3, and Table 1 demonstrates the
parameters that were used to calculate this system. Carbon and silica nanoparticles with
different degrees of hydrophilicity were chosen as stabilizing impurities. The horizontal
axis in Figure 2 is the dimensionless quantity z equal to the distance from the center of the
particle to the liquids interface divided by the radius of the particle (z, Eq. 1). If the center
of the spherical particle is at the interface, then z = 0, if the particle is completely immersed
in the water that is on the left, then z = -1, and vice versa, if the particle passes into the oil,
thenz=1.
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The values of the parameters of surface tension coefficients, which were calculated by
theoretical formulas, are shown in Table 1.
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Figure 2. Schematic representation of a quadratic energy well at the perfume oil -water
interface E(z) for spherical particles (R =12 nm) of hydrophilic silica (a), carbon (b);
50% hydrophilic (c), and hydrophobic (d) silica (W is water on the left side, O is perfume oil on
the right, and the interface boundary in the middle is z = 0); z is the ratio of the position of the
center of the particle to its radius. of the center of the particle to its radius.

31 W O
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Figure 3. Schematic representation of a quadratic energy well for spherical particles
(R =12 nm) of hydrophilic silica (a), carbon (b);
50% hydrophilic (c), and hydrophobic (d) silica at oil (O is glycerin trioleate) — water (W)
interface. Other notation is similar to Figure 2.
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Table 1
Surface tension values at the interface between liquid 1-liquid 2, liquid 1-solid,
and liquid 2-solid phases and parameters for the calculations

d 2 D Vs Vxy calculated,
Substance vomdm® gl 2| Reference md/m?
Water 21.5 50.4 71.9 [2] - -
Perfume oil % %
1) 29.9 0.3 30.2 [5] Yoi-w 43.8
Ethyl esters of
fatty acids of N .
linseed oil 30.0 0.5 30.5 (4] Yo2w 41.4
(02)
Glyceryl .
trioleate (O3) 28.1 0.0 28.1 (9] Yo3-w 50.8
Yw-C 63.3*
Yoi-c 23.7*
Carbon 375.0 56.0 | 431.0 [7] Yore 3.9%
Yos-c 22.0%*
. k
Hydrophilic Yw-sio2 (1) 259-01*
silica 42.0 340 | 76.0 2] Yo1-sioz (1) L
SiO; (1) Yoa-sioz 1y | 27.1
Yos-sio2 iy | 35.4*
50% Yw-siozy | 9.5*
hydrophlllc Yo1-Si02 (2) 13.4%*
silica 32.0 17.5 49.5 [2] Yo vem e | 12.0%
SiO, (2) Yos-sioz2) | 17.6%
. k
Hydrophobic Yw- s?oz 6 3(7)2
silica 22.0 0.9 22.9 2] Y01-5i02 (3) .
Si0, (3) Yor-sio23) | 0.7
Yoo-siozy | 1.3%*

*surface tension values that were calculated by formulas (4-7)

Calculated data of the quadratic energy well for emulsions based on linseed oil fatty
acid esters are demonstrated in Figure 4.

It was shown in Figure 4 that a nanoparticle consisting of 50% hydrophilic silica
possesses the best stabilizing properties. The minimum of energy is near the liquids
interface with a slight shift toward the water. The stability of a particle is characterized by
the energy barrier, from the side of one of the liquids. If the energy barrier is of the same
order as the energy of the Brownian motion, the particle will pass without difficulty from
the interphase boundary to the liquid volume and stabilization will not occur.

Parameters which were taken to calculate the system consisting of ethyl esters of
linseed oil acids with same particles that were selected for the previous calculations, are
shown in Table 2. The asterisk shows the theoretically calculated parameters. According to
Figure 4, the optimal choices for the material of nanoparticles corresponds to the
dependence (c), for which the stabilizing particles at the interface between the phases of the
esters of linseed acids — water are formed by 50% hydrophilic silica.
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Figure 4. Schematic representation of the quadratic energy well E (z) at the linseed acids esters
(O) - water (W) interface for spherical particles of hydrophilic silica (a), carbon particles (b);
50% hydrophilic (¢) and hydrophobic (d) silica.

Due to the fact that the parameters of the esters of acids of linseed oil and perfume oil
are quite similar, the absence of qualitative changes in the graphs have occurred.
Nanoparticles of 50% hydrophilic silica were stabilized near the phase interface with a
small displacement of the particle toward the water and had the same. best stabilizing
properties.

Let us analyze the obtained data for the paraffin. The surface tension of solid-air
(mJ/mz) for non-polar hydrophobic paraffin is yg = 7/;’ =23.9,yf =0 [10]. We will change
the system, choosing triglycerides of carboxylic acids C, and Cg¢ as the oil. The
experimental values of the parameters are given in [10]; calculated and reference data are
summarized in Table 2. Quadratic energy wells for triglycerides of carboxylic acids are
shown in Figure 5. In this case the oil, which the emulsion consists, was varied. Paraffin
particles best stabilize the Glyceryl tributyrate. As can be seen from Figure 5, the particles
stabilize water-in-oil emulsion, because they show a high hydrophobicity.

Table 2
Surface tension (mJ/mz) for triglycerides on the phases’ interface with air [10] and

the calculated values of surface tension at the oil-water ( y,,,, ), paraffin-water (7, )

and paraffin-oil (¥, ) systems

. . . d

Triglyceride (oiD)| ¥ 5| ¥, |V ow | Yow |Vsw |V s0
Tributyrate (C,) [27.7|2.8 | 30.5 [29.8%26.4*|2.9*
Tricaprylate (Cq)[25.9/3.3 1 29.2 [28.1%[26.4*|3.3*

*Values of surface tension calculated by formulas (4-7).
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Figure 5. Quadratic energy well for nonpolar hydrophobic paraffin nanoparticles, which
stabilizing emulsions of triglycerides of carboxylic acids: tributyrate (C4) and tricaprylate (C).
Water is the left edge, triglycerides is the right edge, the liquids interface is in the middle (z = 0).

Table 3
Energy barriers for the transfer of the selected emulsifier particle to the bulk phase of the oil

(AE, ) and to the water (AE,, ), in kgT units*

Triglyceride (oil) ‘ Zm ‘ AE,, ‘ AEg, ‘ AE yin
50% hydrophilic silica

Glycerol trioleate -0.2 | 750 | 400 | 400

Perfume oil -0.09 | 5690 | 4010 | 4010

Linseed acids esters | -0.08 | 3920 | 2830 | 2830
Carbon

Glycerol trioleate 0.80 | 200 | 1840 | 200

Perfume oil 0.90 | 40 1750 | 40

Linseed acids esters | 1.29 - - -
Paraffin

Tributyrate (Cy) 0.79 | 150 | 1040 | 150

Tricaprylate (Ce) 0.81 | 100 | 1020 | 100

*optimal compositions from the point of view of the Pickering stabilization are selected in bold

In connection with the fact that the energy wells are parabolas, information on the
magnitude of the barriers and the position of the minimum can be represented in the form
of Table 3. Energy barrier values AE,, and AE,, are presented in Table 3 in kgT units

when the particle is moved from the minimum with the z,, coordinate into water (z = -1) and
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into oil (z=1). Thus, a sufficiently strong stabilizing effect is generally observed for the
triglycerides which chosen by us for model calculations.

Stabilizing particles, which corresponds to optimal selection of the nanoparticle
material, are consisting of 50% hydrophilic silica. The best energy well parameters of this
solid emulsifier make about 2830 (in linseed oil and in their ethers), 4010 (perfume oil),
400 (triolein) and 150 kT (tributyrin). In our opinion, AE,;, can be general parameter of
nanoparticles ability to be stabilized at O / W interface of an emulsion (Table 3). The more
AE,;, value the higher is the stability. Therefore, the best nanomaterial is again 50%

hydrophilic silica and perfume oil / water interface with 50% hydrophilic silica represents
the most stable emulsion.

Conclusions

The principal possibility of theoretical prediction of the conditions for the stabilization
of food and cosmetic emulsions by the Pickering effect is shown. The parameters of the
system are calculated which indicate the most effective composition of the emulsions: the
position of the particle relative to the interface of the liquids, the energy barriers
corresponding to the transfer of the particle from the energy minimum position, if this
energy minimum is in the boundary layer between oil and water. One of the conditions for
the stabilization of emulsions by solid nanoparticles is the existence of an energy stabilizing
"well" due to the difference in the surface tension of the interacting phases.

The appearance of the Pickering effect is confirmed by calculations for a number of
model oil-water systems, consisting of linseed oil and its ethyl esters, perfume oil,
triglycerides of carboxylic C4, Cs and oleic acids, and water. In the case of solid
nanoparticles, paraffin, activated carbon, hydrophilic, hydrophobic silica and 50%
hydrophobized silica were chosen.

The parameters of the systems that indicate the type of stable emulsion are calculated
(the positions of the particle relative to the interface of the liquids, the value of the energy
barriers which corresponding to the transfer of the particle from the energy minimum
position [if this minimum lies in the boundary layer] into the bulk oil or water phase) and
their most effective compositions were chosen.

Stabilizing particles, which corresponds to optimal selection of the nanoparticle
material, are consisting of 50% hydrophilic silica. The best energy well parameters of this
solid emulsifier make about 2830 (in linseed oil and in their ethers), 4010 (perfume oil),
400 (triolein) and 150 kT (tributyrin). In our opinion, AFE,;, can be general parameter of

nanoparticles ability to be stabilized at O / W interface of an emulsion. The more AE,;,

value the higher is the stability. Therefore, the best nanomaterial is again 50% hydrophilic
silica and perfume oil / water interface with 50% hydrophilic silica represents the most
stable emulsion.

The chosen systems modelled for stabilization of emulsions by nanoparticles are close
to real food and cosmetic objects and were limited first of all experimental or theoretical
data available. For the best of our knowledge, 50% hydrophilic silica exhibits the optimal
parameters and the further work on experimental confirmation of effects considered is to be
planned. The prospective direction of the further researches could be the study of other
oxides with partially hydrophilic surface.
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Introduction. The interest is research by the moisture
bonding forms in the modified milk-protein concentrates,
especially, in protein-herbal clots (PHC) which are obtained by
thermo acid coagulation of milk proteins.

Materials and methods. Protein-herbal clot (control) and
protein-cereal mixture on its basis with rice extrudate.

Determination of moisture content was carried out by
thermogravimetric method. Research of the moisture content of
various forms of bonding in protein-herbal clots and mixtures
based on rice extrudate — protein-cereal mixture was carried out
on a derivative of the Paulik-Erdey Q-1000 system in the
temperature range of 20-250 °C at a heating rate of samples of
1000 mg — 2.5 °C per minute.

Results and discussion. The removal of the main part of the
moisture (free) from the specimen PHC without rice extrudate
occurs faster — for 6.0-6.5 mines, and with the addition of rice
extrudate — slower and this figure is within 7.5-8.0 min

Extrudate’s hydrophilic substances interact with PHC
moisture due to the formation of H-bound polyasociates with the
participation of water molecules and H-bound functional groups
of hydrophilic substances. Hydrophobic groups are aggregated at
the expense of dispersion forces.

The interaction of the rice extrudate with the milk proteins,
after coagulation, leads to the formation of conglomerates that do
not differ in the strength of the bonds, but are quite sufficient to
bind the free moisture contained in thePHC in the form of whey.

For examples of protein-herbal clots, protein-cereal mix and
the mixtures based on its and rice extrudate are characterized by
the presence of four critical temperatures (T;49-58 °C, Ty 91—
98 °C, Tyy 131 °C, Ty 179-186 °C), which removes moisture of
different types, differing in the strength of the bond. As a result
the temperature rises from T; 49-58 °C to Ty; 91-98 °C. All free
(mechanically bound) moisture, which appears as a result
compaction of protein-grain mixture’s structure, is removed and is
in layers between the protein-herbal base and rice extrudate.

Conclusions. The results are confirmed the expediency of
adding rice extrudate to the protein-herbal clots for the free
moisture binding which will provide steel quality indicators in
protein-herbal clots.
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Introduction

The quality of dairy raw materials, the conditions and the storage of finished products,
the prescription composition features and technological operations are factors affecting on
production volumes and product-line expansion.

The priority direction of research in the milk processing industry is extension of the
storage at low temperatures of milk-protein concentrates (MPC) obtained by different
methods with a limited storage. At a temperature from 4 to 8 °C in MPC slowly continues
to evolve the extraneous microflora resistant to acidic environment. There is a process of
syneresis conditioned by low water-retaining capacity of milk protein [1]. The most
common ways of extending storage life are: the use of stabilizers and preservatives;
thermisation of fermented products; creation of aseptic conditions for production; freezing,
drying; storage in an atmosphere of gases, etc. [2, 3]. Among them, a special place is taken
by the methods of refrigerated processing: cooling and freezing. In the case for
prolonged storage of dairy products the advantage is given to the latter one. [4, 5].

During the storage water in foods plays an important role in maintaining texture,
structure and storage stability. The total moisture indicates the quantity and characterizes its
relation to chemical, biochemical and microbiological changes in milk-protein products.
The ratio of free and bound moisture plays an important role in ensuring stability of MPC
during the storage. Chemically bound water in the form of hydroxyl ions or crystalline
hydrates is the strongest and can be removed from the MPC only due to chemical
interaction or high temperatures. Physical-chemically bound water is divided into
adsorption-bound and osmotically absorbed. Adsorption-bound water is contained by a
force field on the external and internal micelles surface of casein-calcium phosphate
complex (CCPC). Due the large internal surface, milk proteins have free superficial energy
thanks to which adsorption binding of water happens. Adsorption heat is allocated at
adsorption binding of the first monomolecular layer of water with proteins. Moreover, there
is volume compression; herewith volume of hydrated protein appears to be less than the
volumes sum of the protein itself and the absorbed water.

Mainly, osmotically absorbed water binds with milk proteins and keeps them firmly.
When gel is formed, part of the water is absorbed inside the CCPC and is contained as in a
semi-permeable capsule. The other part of the osmotically absorbed water penetrates inside
the gel of CCPC through the cell walls from the environment due to osmosis. Concentration
of dissolved fraction of substances is greater inside the CCPC gel than in the external.

The physically and mechanically bound water is contained in indefinite ratios and is
usually freely secreted from MPC by drying or pressing. Physically and mechanically
bound water can be divided into bounded by macro- and micro-capillaries with an average
radius greater than 10° cm and less than 10° cm accordingly. Capillary moisture can be
considered as free, because it moves in the capillaries of MPC in the form of milk whey.

The analysis of existing technologies of milk — protein concentrates has shown that the
properties’ stabilization is achieved through the use of technological ingredients most often.
The use of stabilizers, thickeners, emulsifiers, etc. ensures the formation of necessary
structure and stability in the technological flow. The lack of scientifically grounded storage
recommendations of modified MPC dictates the necessity conducting additional researches.
The introduction of cereal products processed in different ways, including extruding, for the
bonding of free moisture in dairy products is actual. Cereal extrudates contain in large
quantities easily digestible polysaccharides, proteins, food fibers (cellulose, hemicellulose,
lignin, fiber), vitamins, minerals and others.
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The interest is research by the moisture bonding forms in the modified MPC,
especially, in protein-herbal clots (PHC) which are obtained by thermo acid coagulation of
milk proteins. As coagulant is used sorrel (Rumex) which belongs to the genus of one-,
two- and perennial herbaceous plants of buckwheat family, the order of polygonales [6, 7].

In the received protein-herbal clot is a small amount of compounds with pronounced
colloidal properties — nondenaturing milk proteins which are capable of absorbing large
quantities of water during swelling. Adding extruded cereal products which include high
molecular weight carbohydrates — starch, pectin and other substances will contribute the
bonding of free water. Swelling speed and maximum absorption of water depend on the
nature of colloids, their individual hydrophilicity, concentration, the presence of various
substances. As you know, extruding of cereals provides a change in the properties of starch
macromolecules — decreasing of the crystalline phase by 52—62%, destruction of starch
polysaccharides and the formation of dextrin the number of which increases in 7—-18 times.
[8]. Changes of starch complex in the extrusion process are accompanied by gelatinization
with the formation of high concentration starch pastes; thermal and mechanical destruction
of polysaccharide chains, consequence of which is increase of water-soluble substances.

During the hydrothermal processing of grain raw materials the amount of water-soluble
proteins is decreases by 20-30%, but salt-, meadow-, and alcohol-soluble — increases.
Decrease solubility can be explained by non-covalent interactions between polypeptide
chains and other constituents, the formation of new amide and disulphide bonds due to
exchange reactions and the additional formation of cystine from cysteine.

Moisture-thermal processing and mechanical influence cause a partial structural
deployment of the protein with the break of some weak ties. The thermal motion of peptide
chains causes the discontinuity of hydrogen bonds between the chains, and the connections
between the hydrophobic groups begin to "melt". Simultaneously with the structural
deployment of proteins, their aggregation is also taking place.

The amount of proteins’ low-molecular fraction decreases and the amount of high-
molecular fraction increases as a result of extrusion processing. This is explained by the
fact that as a result of denaturation is formation of disulfide bonds from sulthydryl groups.
The intermolecular interaction of reactive protein groups contributes to the emergence of a
significant amount of covalent, hydrogen and other forms of communication electrostatic
origin and leads to the formation of sufficiently stable high-molecular protein substances.

Obviously, the changes caused by these processes will find a reflection in the formation
of physico-chemical indicators of protein-herbal clots (PHC) with the adding extrudate.

The reaction course and the integral group characteristics of the obtained protein-herbal
clots should be explored by the method of differential thermal analysis and
thermogravimetric method. The study of the swelling mechanism, the bonds’ identification
that arise in the interaction of carbohydrate extrudates with PHC moisture were conducted
by using the above method.

The aim of research is to determine the moisture bonding forms in protein-herbal clots
and mixtures based on them with rice extrudate.

Materials and methods
Materials

Objects of research — protein-herbal clot (control) and protein-cereal mixture on its
basis with rice extrudate (RE), with the following chemical composition (Figure 1) [9].
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Total protein content 7.0%, Total of the main components
including, % in rice extrudate, %
Albumin — 7.8 Carbohydrates — 63.1
Globulin — 8.4 Starch — 73.7
Prolamin — 5.7 Cellulose — 9.0
Glutelin — 54.8 Water — 14.0

Insolube residue — 20.8 Ash —4.6

Fig. 1. Composition of rice extrudate

Method of obtaining protein-herbal clot

For thermo acid coagulation, juice with dry solids weight ratio 3,8% is obtained from
the leaves of Rumex and introduce in the prepared milk under appropriate regimes. Aerial
part is sorted, inspected from contaminations and mechanical impurities, washed, dried and
crushed to a homogeneous state for 2—3 minutes on the DEX DHB-572 device with a power
of 750 W. Rumex juice is introduced into the milk heated to a temperature of 93-95 °C in
the amount of 7-8%, moderately mix up and kept for 3—5 min before clot formation. The
complex effect of high temperatures and acid coagulant on milk proteins leads to fullest
coagulation. Coagulation process is fixed visually for intense formation of a strong protein
clot and whey detachment.

The research is directed at determining the moisture bonding forms in the protein-
cereal mixture (PCM) on basis of protein-herbal clot obtained for the modes by thermo acid
coagulation of milk proteins with Rumex juice. The obtained PHC has the following quality
indicators: moisture mass fraction at the level (64+2)%, titrated acidity (80+1) °T, color —
light pistachio, non-uniform, consistency — soft, mastic, to a degree dense, taste — milk-
protein, cheesy, without foreign smells, with a slight herbal flavor. Introduction interest of
rice extrudate in the PHC is 3%.

Thermogravimetric method

Determination of moisture content in protein-herbal clots (PHC) and mixtures based on
rice extrudate — protein- cereal mixture (PCM) was carried out by thermogravimetric
method on the laboratory electronic moisture meters ADGS 50 (production of the company
"Axis"). This method is to determine the mass of the test sample before and after it is dried
by heating to a temperature not higher than 160 °C. Moisture scales are general purpose
laboratory weights of grade 3 of precision with a built-in drying device and have the
following characteristics: the largest / the smallest weighing limit is 50 / 0.02 g;
discreteness of reading of mass values — 0,5 mg; limit of permissible error of determination
of mass — 0,5 mg; RMS deviation of no more than 0.16 mg; the limit of the permissible
error of determination of moisture content — 0,3%.

The moisture meter is equipped with an RS-232C interface, which allows information
on the results of weighing and determining the moisture content to be printed on the printer
or on a computer.

The evaporation of the moisture from the sample during heating leads to a decrease in
its mass, which allows, based on the mass measurement data, to calculate the content in the
sample of moisture which was before the process of drying the sample.
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Determination of moisture content in the same specimen can be realized with the same
accuracy at significantly different values of the drying temperature of the sample (the
difference will be solely in the time of the procedure).

Moisture scales consist of laboratory weights and a device for drying the samples
(hereinafter — a dryer). The principle of determining the moisture content with a weight-
moisturizer is to automatically measure the mass before, during and after drying of the
prototype (BTS and BZS with rice eczema) with a drying agent. The results of weighing
determine the moisture content of the sample that was in it before the start of the drying
procedure. The moisture content calculation is carried out automatically by the moisture
meter according to the pre-selected formula (1), which is displayed on the moisture meter
indicator. The automatic termination of the drying procedure takes place provided that the
difference between several consecutive measurements of the sample mass is not more than
20 mg.

Wzmo-m

x100% (1)
my
The moisture content display on the humidity indicator allows you to monitor the
moisture evaporation process and, if necessary, correct the drying parameters.

Differential-thermal analysis

Research of the moisture content of various forms of bonding in protein-herbal clots
(PHC) and mixtures based on rice extrudate — protein-cereal mixture (PCM) was carried out
on a derivative of the Paulik-Erdey Q-1000 system in the temperature range of 20-250 °C
at a heating rate of samples of 1000 mg — 2.5°C per minute. The sensitivity of
thermogravimetric analysis (TG) was 2,5 mv/mg , and the differential-thermogravimetric
research (DTG) — 2,5 mv-s/mg, the sensitivity of differential-thermal analysis (DTA) — 200
mv-g/j.

This device is an automatic installation for complex thermal analysis: differential-
thermal and thermogravimetric. The temperature and differential weight loss curves can be
received actually in one format. The essence of method is experimental samples (PHC and
PCM with rice extrudate) samples weighing 1000 mg are placed in the working volume of
device and heated at a constant rate 2.5 °C / min in the temperature range 20-250 °C. At
this, the sample temperature (curve TA) is measured and the temperature difference (DTA
curve) is continuously recorded using a differential thermocouple. In parallel with the
temperature measurement, the PCM is weighed. During the heating, moisture is removed
and this leads to PCM weight decrease. The change in samples’ mass (TG curve) and the
mass difference of PCM (DTG curve) during the heating is recorded in parallel with the
curves TA and DTA. Four charts are recorded on thermogram: TA, DTA, TG, and DTG.

The change in samples’ mass of PHC and PCM (TG), differential rate of mass change
(DTG), heat conductivity (DTA), temperature (T) were fixed during the heating process.
The differential rate of mass change which characterizes the different rate of its loss
throughout the experiment, was calculated by the formula (2):

Am m —m,
DIG=—=—"1"—""m 2
Attt —t,
where, t, — initial heating time of the sample; t; — duration of sample heating at a certain
temperature; my — primary mass of the sample; m; — the sample mass at a certain time t;.
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Results and discussion

The thermoanalytical method was used in the study of the forms of bonding of
moisture in the protein-herbal clots and protein-cereals mixtures based on it using
laboratory electronic scales-moisture and derivative. This is traditional in the research of
chemical reactions and physical transformations under thermal activity in multicomponent
systems between individual compounds. Thermal processes are always accompanied by a
change in the internal heat content of the system.

According to the disperse systems classification, the protein-herbal clot has a
thixotropic structure of the coagulation type in which the particles particles are held by
intermolecular forces. The presence of liquid (whey) causes less structure strength which
gives it plasticity and elasticity. The thicker layers the less structure strength. Synaeresis
and thixotropy are characteristic for coagulation structures. Milk whey contains on average
95,8-92,6% moisture, which is a dispersion medium for swelling and partial dissolution of
rice extrudate. Moisture is bound in a protein-herbal clot by physical-mechanical and
physical-chemical bonds. Moisture affects the structural and mechanical properties of
mixture and the technological parameters during prolonged storage.

When a protein-herbal base with RE is combined, moisture bonding forms are
redistributed — increase in the amount of bound water that does not freeze at low
temperatures does not dissolve the electrolytes, has twice the density that a free water
density. This is due to bonds that arise when combined with carbohydrate and protein
complexes of RE with whey.

The dynamics of evaporation of moisture from the prototype were fixed on electronic
scales-moisture. The results are presented in Figure 2.
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Figure 2. Dynamics of evaporation of moisture from protein-grass clusters:
1 — without extrudate rice (control), 2 — with rice extrudate.

According to the results of the measurements, the removal of the main part of the
moisture (free) from the specimen PHC without rice extrudate occurs faster — for 6.0-6.5
mines, and with the addition of rice extrudate — slower and this figure is within 7.5-8.0
min. Extrudate’s hydrophilic substances interact with PHC moisture due to the formation of
H-bound polyasociates with the participation of water molecules and H-bound functional
groups of hydrophilic substances. The molecules of hydrophobic groups become more
orderly as evidenced by decreasing entropy. Hydrophobic groups are aggregated at the
expense of dispersion forces.
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In the case of milk proteins, when the acid & heat coagulation occurs, irreversible
deposition reactions with loss of primitive properties occur. This is accompanied by the
deployment of polypeptide chains of proteins that have been folded in the native protein
molecule. As a result of such transformations of chains (with the destruction of tertiary and
secondary structures), hydrophobic groups "emerge" on the surface of protein molecules. In
this casein and whey proteins lose solubility, aggregation and fall in the precipitate.

The interaction of the rice extrudate with the milk proteins, after coagulation, leads to
the formation of conglomerates that do not differ in the strength of the bonds, but are quite
sufficient to bind the free moisture contained in the PHC in the form of whey.

Research results of protein-cereal mixture with EP is presented in the form of
derivatograms in Figure 3.
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Figure 3. Derivatogram of PCM on the protein-herbal clot basis with rice extrudate:
where TA — temperature curve, DTA — differential-thermal analysis curve of enthalpy, DTG —
differential-thermal analysis curve of weight loss, TG — mass loss curve.

The curve fixes the changes in the temperature of research samples and the
thermogravimetric curves of TG show a change in mass as the temperature function. The
curves of the differential-thermogravimetric DTG research and the differential-thermal
DTA analysis characterize the rate of moisture mass evaporation and the heat content
change in protein-cereal mixture with RE.

The analysis of obtained derivatograms allows to reveal some regularities for PHC and
PCM samples. Characteristic is presence four critical temperatures which the moisture
various types, differing in the bonding strength, is removed.

DTA and DTG curves go to the negative side. Moisture evaporation from the surface of
protein-cereal mixtures at a slight speed is in I and II ranges on all curves. The heat content
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increases more intensively in I range on the DTA curve (to a value TI 49-58 °C) than in II
range on the same curve. This is due not only to the increase in temperature (as in the entire
area 0Ty), but also due to an increase in the water heat capacity to the maximum value.
Areas I and II range are characterized by increasing speed of mass transfer (II range, DTG
curve) and heat content. As a result the temperature rises from T; 49-58 °C to Ty; 91-98 °C.
All free (mechanically bound) moisture, which appears as a result compaction of protein-
grain mixture’s structure, is removed and is in layers between the protein-herbal base and
rice extrudate.

The nature of the DTA and DTG curves makes it possible to assert that the process is
endothermic. The maxima of these curves coincide. This means at these temperatures there
are changes that are not related to chemical or physical transformations — the rupture of
physical-mechanical and physical-chemical moisture bonds.

After reaching the phase transformation temperature to 131 °C, the mass reduction
process (DTG curve, III range) is intensified, under which removal the capillary (free)
liquid and vapor phase from the bioscience occurs.

The heat content is predicted to fall due to the intense moisture mass evaporation as
evidenced by the DTA course curve in the III range. The rate reduction of moisture removal
due to the completion the molar removal residues vapor phase of capillary moisture from
the protein-cereal mixture is observed on the TG and DTG curves in the IV range.

In the same period evaporation of the physical-mechanical capillary-bound liquid phase
the temperature in cells of PCM with RE spatial structure, formed as a result of the
formation connecting bridges between the PHC protein globules and the RE carbohydrate
complex, rises from Ty from 131 °C to Ty 179-186 °C and pressure inside the structure
reaches strength limit. An increase in the evaporation rate of the internal liquid phase, by
the formed capillary-structural channels, occurs on this site. The DTA curve in the IV range
determines in this respect a rate decrease in enthalpy increase. There are thermal processes
characterizing the removal of moisture which are bound by PCM adsorption centers. They
can be hydrophilic groups that are on the PHC protein globules surface and in carbohydrate
RE macromolecules. When the samples reached a temperature to 179—186 °C, the removal
of all of the physical-mechanical bound intracellular moisture is complete and the rate of
weight reduction sharply falls.

As evidenced by the IV range of the DTG curve.

At temperatures above 189 °C (V range) begin the decomposition processes of organic
and mineral components — pyrolysis, i.e. chemically bound moisture is evaporated.

Designing the DTG curve minimum for the TG curve (mass loss curve), the amount of
free and bound moisture was determined. For PHC and PCM with RE the amount of
bonded and free moisture is respectively: 27,08% and 71,26%; 33,65% and 68,32%. Taking
into account the research results, we can conclude the addition of rice extrudate to PHC can
increase the amount of bound moisture by 36,07% compared to the control.

Conclusions

1. The moisture bonding forms in protein-cereal mixtures with rice extrudate on the basis
of protein-herbal clot has investigated by thermogravimetric method and differential-
thermal analysis.

2. The amount of bonded moisture PCM samples with EP is 33.65% which is 36.07%
higher than in PHC. The results are confirmed the expediency of adding rice extrudate
to the free moisture binding which will provide steel quality indicators in protein-
herbal clots.
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Introduction. The research is carried out to determine the
friction coefficients (FR) of granulated polymeric material on a
metal surface, in particular, to describe the principles of their
movement in the feeding zone of a screw extruder.

Materials and methods. To study the movement of polymer
granules in the channel of an extruder the four types of granules
are used: high density polyethylene (PE), ethylene-vinyl acetate
copolymer (EVA), polystyrene (PS) and polyvinylchloride (PVC).
The FR are defined using a plane-parallel model of the extrusion
process.

Results and discussion. Analysis of the results showed a
general decrease of FR with the increasing pressure, but upon
the reaching the maximum values at almost all curves is a
transition through a minimum, after which values of FR begin
to rise.

For the PE the FR decreases from 0.35 to 0.26 in a load 200
Pa and from 0.23 to 0.17 in 2000-2200 Pa, with the increasing
of a channel depth from 7 to 23 mm. For the EVA the FR
increases from 0.15 to 0.44 in 200 PA and from 0.15 to 0.17 in
19002100 Pa. For the PS the FR changes from 0.6 in 200 Pa
to 0.3 in 2100 Pa and doesn't depend on the changes a channel
depth. For the PVC the FR increases from 0.3 to 0.7 in 200 Pa
and from 0.22 to 0.43 in 1900-2100 Pa.

With the increasing of a temperature of a working surface to
90 °C the FR of the PE becomes independent on the changes a
channel depth and acquires medium values to 0.3 in 200 Pa
and to 0.2 in 2100 Pa. For the EVA in 80 °C the FR for each
depth increases and reaches values from 0.25 to 0.4 in 200 Pa
and from 0.19 to 0.23 in 1600-1700 Pa. For the PS in 100 °C
the FR decreases to 0.5 in 200 Pa and to 0.2 in 2100 Pa. For
the PVC the FR doesn't depend on the heating of the working
surface.

The difference between the described dependencies for four
researched types of polymer is explained by the different
mechanical properties of investigated polymers, including the
values of strength, FR and deformation at different
temperatures.

Conclusions. The obtained results allow to improve the
process of extrusion, increase its productivity and reduce its
energy consumption by increasing the accuracy of calculations.
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Introduction

Analysis of scientific papers

In most of the existing research papers, polymer materials are performed using the
continuous samples, ignoring the interaction between the individual particles. This is
especially true for studies of the friction coefficients (FR) of polymeric materials on the
metal surface, for example on the working bodies of the extruder.

For example, the authors of [1] suggests a general nature depending on the FR on the
normal load and the temperature for the most known polymeric materials. They write that
during the friction of polymers, the contact is partially elastic and partially plastic with the
predominance of an elastic component at low loads and the predominance of the plastic
component when increasing loads, and the dependence of the FR on the temperature varies
depending on the change in the hardness, the viscosity and the other physical and
mechanical properties of the polymers.

The paper [2] also shows the study of the dynamic FR for some polyethylene resins and
shows its dependence on the surface temperature, the pressure and the velocity.

The authors [3] carried out the investigations to determine the static and dynamic
coefficients friction of the polyethylene of low pressure for different temperatures. The
conducted research shows that the static FR reaches the values are similar to the values of
the dynamic FR.

The paper [4] describes the relationship between the temperature, the load and the
velocity dependence on the FR for various types of polymer materials and noted that the FR
of all polymers are very sensitive to the state of the metal surface that is in contact with the
polymers during experiments.

And although the works for granular polymers exist, for example, the authors [5] found
the effect of the pressure, the temperature and the velocity of polypropylene pellets on the
FR between them and the metal surface and the impact on friction the form of granules, but
the uniform regularities for the different types of granules are not revealed and in each case
it is necessary to conduct the separate researches.

Also, the studies using the granular polymer were carried out by authors [6], showed
the effect of the selected granulometric properties on the main parameters of extrusion and
found that the process is the most effective when using the granules which length is close to
the diameter of the granule, but the study was conducted only for the plasticized
polyvinylchloride.

Practical tasks

The production field of plastic products is one of the most important fields of the
industry. Polymer materials are widely used for the manufacture of such products as the
polymeric films of various designation, the bags for packaging and the other products,
constantly increases demand for finished products of polymeric materials from
construction, transport, agriculture, medicine and other branches of the economy.

The significant increasing of polymeric materials manufacturing, the range of which is
being constantly expanded, requires the creation of highly resource- and energy-efficient
equipment for their processing. The most efficient equipment for processing of polymeric
raw materials is the extrusion unit, among which the most commonly used is the screw
extruders [7-9]. The productivity of the extrusion process is primarily determined by the
productivity of the feeding zone of the screw extruder, where the polymeric materials often
come in the form of bulk granular materials and enter through a hopper 1 (Figure 1) in the
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extruder channel, where they are in the solid form and transported by a helical surface of a
screw 2 along the surface of the cylinder by the friction forces.

Figure 1. The movement of the material in the channel of a screw:
1 — hopper; 2 — helical surface of a screw

The friction between the recycled material, the cylinder and the screw plays a basic role
as a means for moving and heating of the material. The friction also considerably influences
the wear intensity of the working bodies, because material way and movement speed
depends on it [10—11].

The successful design and calculations of the new equipment is largely depends on the
accuracy of values and the correlation of friction forces that act on the contact borders of
the material with a cylinder and a screw, which in combination with other parameters
define the design of the screw, the pressure and the temperature mode of processing. The
most important parameters of the operational modes of friction include the impact of the
load and the temperature.

In the area of material feeding in the screw extruder the polymer is often in the form of
solid granules, which can slide, roll one by one and be deformed and so on, which affects
the movement of the material relatively to the working bodies of an extruder. Thus, the
study of the movement of the exactly granulated polymeric materials in the area of material
feeding of the screw extruder is the actual task.

The purposes of the research are the experimental determination of the FR of
granulated polymeric material on a metal surface, the definition of dependency of FR on the
load and the temperature, and the changes of the defined dependencies on the changes of
geometrical dimensions of the working bodies of the extruder and the analysis of polymer
granules movement in a feeding zone of the screw extruder.

Materials and methods
Materials

Figure 2 shows the photos of the using granules of polymers as follows:
a — high density polyethylene (PE) Marlex HHM 5502BN [12];

b — ethylene-vinyl acetate copolymer (EVA) 11104-030 [13];

¢ — polystyrene (PS) Denka Styrol MW-1-301 [14];

d — polyvinylchloride (PVC) SorVyl G 2171/9005 11/01 [15].
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Figure 2. The photographs polymeric granules that were used during the experiments
(explanation in the text)

Methods

The article presents the experimental dependences obtained from the research of
polymeric granules in the extruder channel using a plane-parallel model of the extrusion
process. Thus helical channel of the extruder, which is formed by the screw threading and
cylinder, conditionally deployed in the plane (Figure 3) and we assume the following: the
channel curvature is ignored, the screw surface is considered to be immobile and the
deployed surface of the cylinder is deemed to be moving at a speed that is equal to the
circular speed of the screw [16—17].
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Figure 3. The scheme of the plane-parallel sweep of helical channel of the extruder

Experiment

The process is described in the Cartesian coordinate system where the x-axis is directed
perpendicular to the spiral ridge, the y-axis directed by height of the channel and the z-axis
directed along the deployed channel (Figure 3). The scheme of the experiment is shown in
Figure 4.

In the steel box 1 that simulates a sweep of the screw surface are poured the polymeric
granules until the box is completely filled. Further the filled box 1 flips in a way that
granules found on the flat metal surface 2, which simulates the internal surface of the
cylinder case. Number of granules in the box was sufficient that between her and immobile
surface the certain gap in the form of the granules layer has remained.
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Figure 4. The scheme of the experiment: box (1); immobile metallic surface (2); dynamometer

3

After that, the box 1 loaded the force F. Next given the movement to the box 1 to
surface 2 into the z-axis direction, while the dynamometer 3 fixed the value of the applied
force N. Dynamometer is connected with box using a flexible rope. The research was
carried out using three boxes of height H = 7, 15 and 23 mm, which correspond to the
screw extruder channel depth. Ratio of the box length to the width is no less than five to
reduce the impact on friction for the end surfaces.
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The coefficient of the polymeric granules friction on the metal surface Krr calculated
by the formula (1) for the different load values F. To display the dependencies between the
load and FR, the pressure P (Pa) is additionally calculated by the formula (2).

K= (1)

P:E, 2

where S is the area on where the force F acts, that the area of the box bottom, m>.

Results and discussions
General analysis

In Figure 5-8 shows the approximating curves which show the relationship between
the calculated FR of polymer material on a metal surface Kgg and pressure P, by heating
working surface to the temperature f. Heating temperature of the working surface is
determined experimentally and for the every polymer separately as the maximum possible
value for the feeding zone.

The curves built by using the linear or polynomial approximation while the average
value of the approximation reliability is not lower than 0.9 for the all curves.
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Figure 5. The dependence of the FR of PE on load at different values of channel depths H by
heating the work surface:
1 -H=7mm,t=20 °C;
2—-H=15mm, t=20 °C;
3-H=23 mm, t=20 °C;
4-H=7,15,23 mm,t=90°C
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Figure 6. The dependence of the FR of EVA on load at different values of channel depths H by

heating the work surface:
1- H=7mm,t=20°C;
2—-H=15mm, t=20°C;
3-H=23 mm, t=20 °C;
4—-H=7mm,t=80 °C,
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Figure 7. The dependence of the FR of PS on load at different values of channel depths H by
heating the work surface:
1-H=7,15,23 mm, t=20 °C;
2-H=7,15,23 mm, t=100 °C
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Figure 8. The dependence of the FR of PVC on load at different values of channel depths H by
heating the work surface:
1 -H=7mm, t=20, 90 °C;
2—-H=15mm, t =20, 90 °C;
3-H=23 mm, t=20,90 °C

The listed graphs showed a general decrease of FR dependence on the pressure with the
reducing of the channel depth. In the case of approaching the researched loads to the
maximum values at almost all curves is a transition through a minimum, that is, the FR
begin to rise with the increasing of the load after the certain pressure values. Obviously, this
is due to the fact that the granules layer behaves like a solid body after the certain pressure
values, for which the dependence of FR on the load generally has the form of the curve
with a minimum [1].

High density polyethylene (PE)

The PE granules (Figure 2, a) have a rounded shape and is the little-deformed therefore
during the movement they can slide with the rotation relative to each other. Thus, in the
case of increasing the granules layer thickness H the sliding friction is partly changed to the
rolling friction and the FR decreases from 0.35 to 0.26 in a load 200 Pa and from 0.23 to
0.17 in 2000-2200 Pa, with the increasing of a channel depth from 7 to 23 mm (Figure 5).

With the increasing of a temperature of a working surface to 90 °C the value of FR for
PE becomes independent on the changes a channel depth and acquires medium values to
0.3 in 200 Pa and to 0.2 in 2100 Pa with saving the character of dependence.

Ethylene-vinyl acetate copolymer (EVA)

For the EVA, the FR increases from 0.15 to 0.44 in 200 PA and from 0.15 to 0.17 in
19002100 Pa with the increasing of a channel depth (Figure 6), because though its
granules have a rounded form (Figure 2, b), like as the PE granules, and have the ability to
slide with the rotation relative to each other, but there are deformed and as a result have the
interaction with each other, so when the granule layer thickness A is small they are partially
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rotated and while increasing the granule layer thickness they are compressed and move as
one.

When heating surface of a working surface to 80 °C the value of FR for EVA increases
for each depth increases and reaches values from 0.25 to 0.4 in 200 Pa and from 0.19 to
0.23 in 1600-1700 Pa, at the same time when reaching of maximum load values the
minimum of the curves for the 80 °C is less expressed than for the 20 °C.

Polystyrene (PS)

The FR of PS (Figure 7) changes from 0.6 in 200 Pa to 0.3 in 2100 Pa and doesn't
depend on the changes a channel depth, the graph shows the one approximating curve from
measurements for three depth values H. This can be explained by the fact that its granules
are not spherical form, but flattened cylinders form with sharp edges (Figure 2, ¢), and they
hardly deformed, therefore the rotation and compression almost doesn't happen and the
granules layer behaves like a solid (as a single unit) during the movement even for the
small loads.

When the PS granules are being moved on the surface heated to a temperature of 100
°C, the values of FR is decreases to 0.5 in 200 Pa and to 0.2 in 2100 Pa and the character of
dependence is the similar to the non-heated surface.

Polyvinylchloride (PVC)

The dependence of the FR of PVC granules (Figure 8) is similar to the graph for the
EVA, increases from 0.3 to 0.7 in 200 Pa and from 0.22 to 0.43 in 1900-2100 Pa, however,
thanks to another form of granules, the flattened cylinders form (Figure 2, d), and less
deformity PVC granules are rotated at a larger the granule layer thickness H and even at the
maximum (of the investigated) granule layer thickness are compressed and move as one.

The FR for PVC doesn't depend on the heating of the working surface, on the Figure 8
shows the common points for the temperatures ¢ =20 and 90 °C.

Explanation

The difference between the described dependencies is explained by the different
mechanical properties, including the values of strength, FR and deformation at different
temperatures, which confirmed by many existing research.

Conclusions

As a result of the research, the FR of granulated polymeric material on the metal
surface for the four types of polymer: high density polyethylene, ethylene-vinyl acetate
copolymer, polystyrene and polyvinylchloride were determined. Dependences of FR on the
load and the temperature and the changes of the defined dependencies on the changes of
geometrical dimensions of the working bodies of the extruder are obtained. The values
obtained using a scheme of the plane-parallel sweep of helical channel of the extruder.

The obtained results allow to improve the process of extrusion, increase its productivity
and reduce its energy consumption by increasing the accuracy of calculations.
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Introduction. The article deals with the use of peculiarities
of processes of micro-biological and thermodynamic
transformations in digestible media, which are combined by the
principles of minimizing of energy potentials and targeting to
the most probable states.

Materials and methods. The research methods are based on
the study of the peculiarities of material and energy
transformations in the wadding cycles due to entropy
transformations in biological systems.

Results and discussion. The course of technologies of
anaerobic and aerobic fermentation is a local component of the
general carbon cycle, in which there are entropy transformations
and losses in the form of thermal energy. The self-sufficiency
and irreversibility of the processes of preparation of sugar-
containing environments and the fermentation process itself is a
reflection of the laws of thermodynamics, on the basis of which
the system of utilization of fermentation heat is proposed.

The technologies of anaerobic and aerobic fermentation are
those that have the potential of non-traditional energy sources,
the use of which is possible on the theoretical basis of heat
pumps. According to R. Clausius, the course of natural
processes is self-destructive and it concerns chemical and
biochemical reactions. This provision relates to technical
systems that supply natural self-sustaining phenomena and
processes, in which, among others, the natural properties of
yeast- sugar mites are realized. The thermodynamic evaluation
of biological systems in the form of the characteristics of the
seams of the parts of the entropy change and the energy
transformations of the nutritional components with the
participation of ATP and ADP and the free energy of Gibbs,
shows that saturation of the culture medium with carbon dioxide
creates obstacles in the path of endogenous processes of the
synthesis of ethyl alcohol and carbon dioxide. The scheme of
utilization of secondary energy resources of fermentation
processes is proposed, taking into account that the potential of
fermentation heat is almost twice the heat of distillation.

Conclusions. The amount of heat of fermentation is
sufficient for the distillation process with parallel connection of
these processes, and the magnitude and speed of generation of
free Gibbs energy in culture media is related to the dynamics of
growth of its entropy.
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Introduction

Solving the problems of energy supply of modern technologies is carried out on the
ways of searching for non-traditional energy sources with the creation of new systems and
simultaneously at the expense of secondary energy resources. In the latter case, the
technical possibilities of recovery and regeneration of energy-material flows, including
those on the basis of closed energy circuits, are created. Understanding that the entire
biological world of the Earth exists in the ocean of energy always pushes humanity to seek
opportunities for its redistribution. So in 1852, William Thomson Lord Kelvin proposed to
use a heat sink for heating facilities on the basis of refrigerating cycles. Since then,
extensive use of heat pumps in various forms began, including air conditioners of various
applications [1, 2, 7]. The theoretical basis of the converters of low potential energy sources
on a high potential relates to the Carnot inverse cycle and the Rankine's cycle for wet pairs
in accordance with the laws of thermodynamics. Particularly useful heat pumps are in cases
of their dual purpose, when using cooling and simultaneously heating different
environments. One of the possible cases of such use may be the temperature stabilization of
the sorted ethanol environments and the heat supply of the masonry or distillation columns.
It is known that the production of one moth of sugar in anaerobic conditions is
accompanied by the allocation of 169 kJ of thermal energy, which, in the first place, is lost
in modern technologies, and, secondly, requires additional material and energy costs. In
connection with this, the necessity for in-depth study of the thermodynamics of thermal
processes in the collections of fermentation and distillation technologies and the creation of
closed circuits is inevitable.

Materials and methods

The research methods are based on the study of the peculiarities of material and energy
transformations in the wadding cycles due to entropy transformations in biological systems.
The basis of the research was the well-known laws of technologies, approximating to the
provisions of thermodynamics and phenomenological considerations.

Result and discussion

According to Rudolf Clausius, natural processes in their movements are self-inflating.
Sometimes they are called "non-compensated” [3, 4, 15]. It is known that in steady-state
equilibrium in mechanical systems, the equilibrium is equivalent to the minimum of the
potential energy. It is natural to assume that the chemical processes under the self-flow flow
are directed towards the reduction of the internal energy of the system. At the same time,
the principle of orientation of processes to the most reliable state takes place, which
corresponds to the most unordered form of particle distribution. The combination of these
two principles is accompanied by heat conduction, re-creation of work into heat, diffusion
processes. However, in the opposite direction, their course "by itself" without compensation
is impossible. Irreversible processes are possible, but they do not have the course "by
themselves". In every direct circular carrier-free process, the transformation of heat into
work is offset by the simultaneous self-governing process of transferring part of the
summed heat from the heat transfer to the heat-receiving device.
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Any unscrupulous process occurs only after its accompaniment by the self-governing
process. The second Clausius integral has the form:

4)5Q/T§O (1)

where the sign "equals" refers to the reverse processes, and the sign "less" - to non-inverse.
Entropy is a state function, therefore, the change in entropy for both inverse and
irreversible processes will be the same. For every process ds>0Q/T , where 0Q is the

amount of perceived heat, s =I§Q/ T +s,, where the integration state s, can not be

determined within the framework of the first and second laws of thermodynamics. Of
course, values s, are chosen arbitrarily, focusing on practical needs. All smooth processes,

which proceed from the states less likely to be more probable, are irreversible and
associated with an increase of entropy. The general laws of the course of processes in
inanimate and biological systems are based on the first and second laws of
thermodynamics, but in the first case the first section of the classical (equilibrium)
thermodynamics is used, and in the second, the thermodynamics of irreversible processes
(non-equilibrium) is used. Biological systems are open-ended, irreversible and non-
equilibrium, and their transition from one state to another is impossible without the
additional inflow of energy from the outside and the basic notion about them is the
stationary state of the system. In stationary states, gradients of parameters are supported.

In accordance with the second law of thermodynamics, the change in entropy ds is
greater than or equal to the absorbed system of elementary reduced heat:

ds > 5TQ 2)

For an isolated system (8Q = 0) we have ds>0. In the inverse (equilibrium)
processes, the entropy is unchanged (the sign is "equal"), in irreversible it increases to
maximum (sign "more"). This corresponds to the Clausius criterion and the isolated system
is directed toward achieving a finite equilibrium with maximum entropy.

Thus, the second law of thermodynamics indicates the direction of the processes in the
system. Even in the case of unexpected fluctuations, which led to a decrease in entropy, the
subsequent flow of processes will lead the system to maximum entropy [3].

For the functioning of the biological system there are three possible cases:

—  the level of organization of the system decreases;
—  remains unchanged;
- grows.

At first sight it seems that the last two cases are related to the violations of the second
law of thermodynamics. However, there is the development of living systems that are open,
and the exchange of matter and energy with the environment takes place. In this case, the
general change in the entropy ds in them occurs as a result of the development of
irreversible processes with the release of heat 6Q,, as well as due to the external influx

6Q, from the outside:

50, 50

ds = —L=ds+ds (3)
T T
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For reverse processes d,s =0, and for irreversible ones d.s > 0.
In an isolated system we also have d,s =0, then:

ds>0 4)

i

By the differentiation of expression (3) we obtain:

ds dys ds
=—+

dt dt  dr

(35)

Thus, the rate of change of the entropy of an open system is equal to the sum of the
rates of entropy change due to interactions with the external environment and due to the
change of entropy in the irreversible process of the system. Component d,s/dt >0 because
of its correspondence to an irreversible process, but the component d,s/dt may be less
than zero. The overall result for the system is possible in three combinations:

B0 i %S o0 andit %5 <0 and |95 < 45 (6)
dt dt dt dt
20 B0 i %S 0 ana |25 45 (7)
dt dt dt
3 ﬁzo,ifﬁ<0 and a8 =£; (¥
dt dt dt dt

In the first case (ds/dt >0), the degree of ordering of the system decreases. The

second case corresponds to an increase in the order of order, and in the third case the
stationary state of the system is achieved.

The above three cases are present in colloquia of carbon, water, oxygen and resorted to
biotic and abiotic components. A special role is played by the process with decreasing
entropy. Total energy metabolism of living organisms is associated with plant organisms
that synthesize hydrocarbons from H,O and CO,. The oxidation of the latter in the
processes of breathing of living organisms and microorganisms in the conditions of
anaerobic and aerobic fermentation is accompanied by the release of energy, which ensures
their livelihoods. Synthesis of hydrocarbons takes place in an environment of the
atmosphere with the presence of elements of the lithosphere, the energy field of sunlight
and the natural catalyst - grains of chlorophyll. At the same time, in the synthesized
hydrocarbons, the energy potential is fixed in the form of chemical energy, and the Earth
with its plant and biological world is a part of the system on a planetary scale. Thus, the
implementation of systems with stabilized entropy or decreasing entropy requires an
external or internal energy source.

Taking into account the "equality" of different types of energy sources, we turn to the
estimation of culture environments of fermentation technologies. Their formation is
grounded on the use of aqueous solutions of nutritional components (mainly - sugars) and
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yeast cultures. At the same time, the dissolution of sugars and yeast can be carried out at the
level of self-destructive irreversible processes. In accordance with the meaning of the
second law of thermodynamics, all real natural processes are irreversible, and the reciprocal
processes are only their finite idealized cases [4]. Thus, the realization of any real process
requires energy compensation for irreversible changes that arise in the system and in the
culture environment.

The processes of fermentation with the aggregate of mass and energy exchange with
the formation of CO, and C,HsOH are also self-destructive and irreversible in the system
"environment + microorganisms". The carrier of concentrated chemical energy is glucose,
the oxidation of which liberates energy. The intermediate points of conservation of energy
are chemical compounds in which electrons move to higher levels with energy
consumption. When they return to previous energy levels, energy is released. The only
natural compound - adenosinetriphosphate (ATP) stores a unit of energy and this unit of
chemical energy can be converted into other forms of energy. It contains ATP of purine
base (adenine), sugar with 5 carbon atoms (ribose) and three phosphoric acid residues. The
connection between the external and the middle atom of phosphorus is particularly
advantageous in energy terms. At its discontinuity there occurs to the emergence of
adenosetidophosphate (ADP), phosphate, and there is an energy release of 30.5 kJ per mole
of ATP:

ATP — ADP + P +30.5 kJ / mol. 9)

Approximately the same amount of energy is required for the transition from ADP to
ATP, and ATP plays the role of an "energy storage" and a direct carrier of energy for all
processes in cells that occur with energy expenditure or its release. At the same time, the
transfer of energy is constantly and the accumulation of "energy bomb" becomes
impossible. If the intake of glucose or other substances ceases, then there is no energy and
the cell dies.

In yeast cells, the cytoplasm pyruvate synthesized in the mitochondria (cell power
stations), where it is transformed into oxygen and water with a release of 38 ATP / mole of
glucose in the presence of oxygen, occurs. Therefore, in the presence of oxygen, yeast
immediately pass to more energetically more desirable breathing.

The transformation of glucose into alcohol in the mode of anaerobic fermentation is
accompanied by the difference in the free energy of Gibbs:

AG =2870-2640 = 230 kJ / mole. (10)

For alcohol fermentation, chemical energy is stored in the form of two molecules of
ATP and the cells consume only

2 ¢ 30.5=061 kJ / mole of glucose, (11)

And the balance of 169 kJ / mol of glucose is transformed into heat. Under the

conditions of isobaric-isothermal process, the change in Gibbs energy is determined by
dependence:

AG = AH - TAS, (12)

where AH — the change of the enthalpy of the medium.
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Thus, in the processes of anaerobic and aerobic fermentation, the Clausius theory is
fully reflected with the direction of biochemical reactions and thermodynamic
transformations in accordance with the principles of minimizing the energy potential of the
system and the most probable state. The magnitude and velocity of Gibbs free energy
directly determine the dynamics of the entropy change, as indicated by condition (12) and
in the absence of forced stabilization the temperature of the culture medium would increase
and eventually the fermentation process would stop with the subsequent lethal effect. So for
the fermentation in each m® of the environment 160 kg of glucose for the entire cycle of
anaerobic process, the amount of heat energy that should stand out should be:

~160-169

0 =150222,2KJ (13)

with an equivalent increase in temperature by

=&=M=35,85°C. (14)
em  4,19-1000

Under the condition that the nominal temperature of the medium is maintained at about
30 ... 32 ° C, compulsory cooling becomes obligatory. Aerobic fermentation is close to 1
million kJ per approximate to the above initial conditions.

If the consequent increase in entropy is due to the increase in temperature is simply
enough neutralized by cooling the culture medium, the result of biochemical reactions in
the form of synthesis of C,NsON and CO, in modern anaerobic technologies with
significant increase in the osmotic pressure is not subject to neutralization. Due to the
absence of ethyl alcohol in the atmosphere, aerobic technology does not have such a
disadvantage, and the increasing biological mass of microorganisms does not participate in
the creation of osmotic pressure.

Returning to the effects of the processes of anaerobic fermentation, we emphasize that
the saturation of the liquid phase with carbon dioxide in its quantitative characteristics is
limited in accordance with Henry's law. However, although this limitation also applies to
the osmotic pressure of dissolved CO,, there is another barrier to mass exchange on the
surface of the phase separation "medium - microorganisms". The state of saturation of the
liquid phase on CO, complicates the release of cells from the synthesized gas in them,
whereas the solubility of alcohol has no limitations. Reduction and stabilization of the
concentrations of alcohol in environments is possible, for example, by the partial pressure
reduction at reduced pressures, which uses the biological warming of the casting. In this
case, the synthesized in 1 m® of heat energy for the heat-vaporization of alcohol kJ / kg
should be sufficient to obtain C,NsON in the theoretical count in the amount:

m =2 164 9ke, (15)

“ ”‘L‘l'l
which is almost twice the yield of alcohol.
The named energy-material relations lead to the conclusion about the possibility of a
complete distillation process due to the transformed heat of fermentation using thermal
transformers.
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The system of fermentation and distillation of wort in the production of ethanol (Figure
1) is provided to the use, it is shown in the scheme consisting of a crusher 1 grain, a mixer 2
grinding and water, a thermo-enzymatic treatment unit 3, a solvent-refilling unit 4, a pump
5, a fermenter 6 with a cooling shirt 7, which are connected to each other, the bragging
column 8, the cooling circuit 9 of the fermentation apparatus, the heat pump 10 in the
composition of the evaporator 11, the compressor 12, the condenser 13, the regulating valve
14 and the pumps 15, the heating circuit 16 of the bragging column.

10—+

Figure 1. The scheme of the system of processing and distillation of the wort in the production
of ethanol

The proposed system works in the following way. Recycled grain-weight mass is fed to
a crusher, from which the milling enters the mixer, where the batch is prepared with water
and enzymes. The latter is transmitted to the syrup, from which, after sacrifice, it enters the
wart apparatus. The heat of digestion is diverted from the environment at the expense of the
cooling shirt, stabilizing the temperature at the nominal value. The technical support of this
process involves cooling the operating agent of the circuit 9 in the evaporator 11 of the heat
pump.

The closed circuit 9 allows to create a cyclic process in which, in accordance with the
Ist and 2nd laws of thermodynamics, there are processes of heating and cooling with the
temperature-thermal circulation amplified by the pump 15. Under these conditions, a closed
contour eliminates the loss of the working agent, which role can be performed by water. In
addition, the thermodynamic deficiency of the covered heat exchange systems is reduced,
which is associated with an increase in internal energy losses due to the final difference in
the temperature of the heat carrier, and the possibility of adjusting the temperature
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fluctuations in the evaporator is achieved as a driving factor of transferring the heat. The
evaporator formed in the vapor phase of the energy carrier of the heat pump is compressed
by the compressor 12 with an increase in its temperature to 105 ... 110 °C and transmitted
to a condenser 13, where it condenses with the transfer of thermal current to the heating
circuit of the turbine distillation column 16. Condensed heat-soak of the heat pump in the
control valve is transformed with lowering the pressure and temperature and returns to the
evaporator with subsequent transformations in the cycle. The heating circuit 16 of the
medium of the refractory column ensures the formation of a steam in the alcohol mixture
and the operation of the column in distillation. The result of such a transformation of the
low-potential flow of heat of fermentation, which in modern schemes is accompanied by
additional energy-consuming costs, is the complete recovery of secondary energy resources
by utilizing the dual possibilities of heat pumps to obtain the source streams for the thermal
stabilization of the cooling of fermented environments and for the heat-and-power supply
of distillation processes. These advantages reveal the perspectives of the use of heat pumps
in such systems, although the thermodynamic deficiencies include the presence of four heat
transfer surfaces in the proposed system and the process of expanding the refrigerant in the
throttle. At the same time there is a loss of pressure due to mechanical friction. Although
there is no work in the process of expanding the working agent, and the throttle does not
affect the amount of heat generated in the condenser, however, the amount of heat that is
perceived in the evaporator at a constant temperature decreases. As a result, the interaction
of the flow of the refrigerant with the throttle makes the process non-reversible and this
feature is not excluded.

Conclusions

1. A quantitative indicator of the biological heat of fermentation is sufficient to ensure
distillation of the parallel combination and execution of these processes.

2. The allocation of thermal energy in digestible media is the result of entropy losses of
chemical energy in the form of free Gibbs energy.

3. The magnitude and rate of generating free energy of Gibbs in culture media is
directly related to the dynamics of change in its entropy.

4. Technical support for the use of biological heat of fermentation for distillation
processes is possible due to the use of thermal transformer grids in the form of closed
energy circuits.
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Introduction. The objective of this work is mathematical
modeling of non-uniform fluidization in an auto-oscillating
hydrodynamic mode, which will improve the efficiency of
heat and mass transfer along processes of dehydration and
granulation by creating an intensive directed mixing of
granular material.

Materials and methods. The granular material contained
in the granulator chamber, equipped with a special gas
distributing device in the lower part and a guiding insert in
the upper. Determinations of porosity and pressure drop in a
fluidized bed with video recording of the process were
carried out using specialized equipment.

Results and discussion. Is implemented the non-uniform
fluidization in an auto-oscillating mode with the application
of an original gas distributing device with a coefficient of a
cross-section coefficient ©=4.9%, and an improved
granulator chamber. Is provided an intensive macro mixing
of granular material with an equivalent diameter of
D, =3.97 mm and a density p,=1450 kg/m® with relation of
the nominal pressure drop to height of a fluidized bed
AP/ H>8500 Pa/m with a pulsating frequency f=1.67 Hz.
Non-uniform fluidization in an auto-oscillating mode
provides a granulation coefficient y>90%, and the average
specific load of the bed surface of granular material by
moisture ¢~=0.8-0.9 kgmo,-st,/(mzh). Mathematical model was
chosen and on the basis of experimental researches was
modified. The developed mathematical model with taking
into account heterogeneity made possible to determine the
conditions of realization a process in which up to 25% of the
mass of a fluidized bed is in the active phase outside the bed
with a frequency f=1.67 Hz. The mathematical model with
an accuracy of 94.1% confirms the results of experimental
study.

Conclusions. The hydrodynamics in granulator chamber
without formation of stagnant zones was realized. The
modified mathematical model made possible to determine
the intensity of an active pulsating and a volume circulating
mixing, that will significantly increase the stability of
kinetics of granule formation in dehydration of composite
liquid systems.
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Introduction

By previous studies [1-6] vas found that stability of a difficult dehidratation and
granulation process in a fluidized bed with in the presence of phase transitions is
determined by the method of interaction of the coolant (gas fluidizing agent) with solid
particles [5, 7]. This is especially true for obtaining granular organic-mineral fertilizers with
given properties [1-6].

The purpose of the article is modeling of an auto-oscillating mode of fluidization in
chamber of a fluidized-bed apparatus.

Analysis of a literature

In order to intensify the transfer processes in apparatuses with a fluidized bed in works
[8-11] proposed applying the pulsating feed of coolant during working with heat-resistant
materials. In particular, [8] the pulsating mode of coolant feeding to a fluidized bed is
performed by using a mechanical pulsator. Realization of this method depends on reliability
of mechanical pulsator in medium of high-temperature coolant, and this system does not
work in auto-oscillating mode.

The method of creating non-uniform fluidization is proposed by authors [6, 7] by
applying of an original gas distributing device (GDD) [2]. Such construction of GDP with
the constructive changes of chamber of an apparatus [2] provides realization of a jet-
pulsating non-uniform mode of fluidization, which under certain conditions transfers into
auto-oscillatory mode.

Experimentally [6-7] found that non-uniform auto-oscillating mode of fluidization
when obtaining humic-mineral fertilizers allows increasing in 1.63 times values of the
average specific load of the bed surface of granular material by moisture (a,) in comparison
with the traditional bubbling mode of fluidization.

The total surface of granular material determines the minimum height of fixed bed H,
in apparatus in carrying out processes of dehydration and granulation of liquid
heterogeneous systems in fluidized bed. The ratio of gas torch height y, to Hy — y/H;<0.5
causes an implementation of the usual bubble mode of fluidization [12].

Small gas bubbles chaotically pass through a fluidized bed of granular material,
bypassing the stagnant zones formed on working surfaces of the gas distributing device
(GDD). This leads to melting of material when using a high-temperature coolant. At that, in
the heat-mass transfer is involved not the whole surface of granular material particles and
therefore this leads to appearing of areas with an over moistened material.

To eliminate these phenomenons and to increase the efficiency of heat and mass
transfer processes an intensive local injection of fluidizing agent into a bed of granular
material is proposed.

Materials and methods
Experimental installation
Investigation of the hydrodynamic mode of fluidization were carried out using the

experimental installation of granulator with the chamber sizes AxBxH = 0.3x0.11x0.8 m
[13]. To create a jet-pulsing fluidization in an auto-oscillating mode, the chamber of
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granulator in a bottom part is equipped with the gas distribution device (GDD) of a slit-type
[2] 8 (Figure 1) and with the guiding insert at the top [2] 9 (Figure 1). The cross-section
coefficient of GDD — ¢=4.9%, distance (step) between slits — =0.114 m.

For video and photo analysis, the front wall of the chamber is transparent.

Materials

Granular polydisperse product obtained by dehydration of composite liquid systems
that contain ammonium sulfate, sunflower ash and humic components was used as a
granular material in the apparatus with a fluidized bed [2]. Equivalent diameter of particles
was D,=3.97 mm, density — p,=1450 kg/m’. Mass of loaded in the apparatus granular
material was M,=7.8 kg, that determined the height of bed with porosity £=0.4 —
Hy=0.32 m and the nominal hydrostatic pressure AP,,,=2780 Pa, Injection height of a
primary jet — A=40 mm.

Measuring complex

Pressure drop in a fluidized bed was continuously measured by the computerized
system with applying of MPXV7007DP — low pressure sensors with an accuracy of 0.1 Pa
with frequency of 63 measurements per second (63 Hz) using computer and the Arduino
Pro Mini controller. Scheme of devices and sensors placement is shown on Figurel.

Changes of a fluidized bed porosity in time was determined with the use of photo
analysis with the step At =0.04 s.
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Figure 1. 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.
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Results and discussion

Physical modeling of the non-uniform jet-pulsating fluidization in an auto-
oscillating mode

Essence of the method is that the granulator chamber with a given height bed Hj is
divided into three equal parts (Figure 2 a). At the conditional limit of the /7 and /I/ zones, at
an altitude A relative to the horizontal axis x in vertical direction through the slit of GDD is
injected a gas carrier — m;. This leads to the formation of a vertical flat torch with a
height y,.

A secondary gas jet is injected through the GDD slit in a horizontal direction at a
distance ¢ from the first slit, that is equal to length of horizontal jet breakthrough
(Figure 2 b). At that, mass flow from the second jet m,>m,, (Figure 2 b).

As a result of combining of two gas mass flows from two jets, a gas bubble with
cylindrical (barrel-similar) form with a horizontal axis of symmetry parallel to axis z begins
to form on the top of primary vertical torch from the first jet y. Thus, as the inject velocity
of a fluidizing agent to this zone significantly exceeds the gas filtration velocity in a
fluidized bed of granular material, then size of the gas cylinder (bubble) begin to increase in
diameter, and it's width is limited by width of the apparatus chamber — B (Figure 2).

The formed gas cylinder (bubble) tightly adjoins to the vertical walls along axis z and
has a minimal clearance with the right vertical wall of the apparatus, (Figure 2 c).

That is, an elastic gas cavity forms in // and /I] zones and it begin to move the granular
material in the frontal part of the gas bubble.

When the gas bubble reaches a critical size it begin to move with acceleration to the
surface of the fluidized bed (Figure 2 d), and after exit causes the inertial ejection of the
granular material into the over-bed space. The granular material that is ejected from the
fluidized bed moves to zone [ at the expense of contact with the special guiding device in
the the apparatus. In this way the height of a fluidized bed increases (Figure 2). The
movement of material from zones /I and I/ occurs until the instant height of granular
material in zone /// will not be equal to Hesigua=y/TA.

Then the whole inertially ejected material from a fluidized bed moves to the left part of
the apparatus with width 4~=A4/3 and causes the achievement of the maximum value of Ak,
(Figure 2 e). After this begins an intensive sliding down of material from the point j into
zones /I and III (Figure 2 e) until achievement of the initial equilibrium state (Figure 2 f).
At the moment of an intensive movement of granular material the energy of gas jet is
spending on slowing the velocity of particles movement that significantly intensifies the
processes of mass transfer. Returning of granular material to the state of equilibrium (initial
state) completes a cycle that is subsequently repeated and leads to the auto-oscillating mode
of fluidization.

So, unlike the uniform fluidization, the energy supplied with a fluidizing agent is spent
on the local injection of energy with the gas phase into a given zone of a fluidized bed,
which leads to increasing of the potential energy of bed in 1.5-2 times, and dispersed
system is deduced from the state of equilibrium.

Thus, applying of the jet-pulsating mode of fluidization allows to intensify renewing of
the surface of phases contact and to increase coefficients of mass transfer between phases.
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Figure 2. A gas and solid phases interaction model
in a granulator chamber with a local injection of a fluidizing agent

According to the given physical model, one cycle consists of such stages:

1. Formation of a gas bubble with the partial expansion of bed in zones // and
I -t

2. Moving of granular material from zones /I and /I] up to the over-bed space (inertial
ejection) and then — into zone / with the subsequent increase of the fluidized bed height
in this zone — T,;

3. Moving of the granular material in the opposite direction (sliding down) from zone / to
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zones /I and /11, returning the fluidized bed to the initial state (equilibrium state) — 3.
Then the total cycle time is:

TL‘ =Ts1 +Ts2+Ts3 (l)
Justification of the mathematical model
It is quite obvious that the dependence of a fluidized bed height on porosity has a

nonlinear character.
To describe this process is advisable to use the approach proposed in work [8].

dH(z,) AP(z,) g @)
dTiz P (1 ™ &laverage) (Ti )) H(Ti)

where AP(t;) — current value of hydraulic resistance of granular material present in volume
of initial bed (p. j) with height Hyt+AH,;
AH, — increase in height of a fluidized bed due to formation of gas torch
(Figure 2 b).
Calculation of the total hydraulic resistance in fluidized bed was made out according to
the equation with structure proposed by the author [14]:

dpP dpP dpP dpP
= == ] s ()
dy total dy momentum dy friction dy hydrostatic

or in an integral form:

AR, (Ti) = AP, enim (Ti ) + APfriL'tiun (Ti ) + APhydrustutiz' (Ti ) “4)

To solve this equation it is necessary to determine experimentally the dynamics of
change of a fluidized bed porosity values (average and in local zones).

According to the physical model porosity in zone / is constant and accepted as g,=0.4.

Moving of granular material comes from zones I/ and /Il and is associated with
formation of gas bubble. Therefore, the equation for determining loss of pressure on
displacement of mass from zones /7 and /I is expressed by the values of porosity in these
Zones — Eqyr.un:

1

APmumentum (Ti) = E|:pb ' gs(”;”l) (Ti ) ' Ws (Ti )2 + pg ' gg(ll;lll) (Ti ) ! Wg (Ti )2:| (5)

where ey, €qurur — porosity of solid and gas phases in I/ and /] zones of the granulator
chamber; w;, w, — instantaneous values of particle and gas velocities, m/s.

The instantaneous value of the relate gas velocity was determined from a known
dependence [15] taking into account the porosity of a fluidized bed in zone /II (ascending)
of granulator chamber:
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Ar- & o(m) (Ti )4’75
R 6)
18-0.61 Ar-eg(,”) (‘L’i)

w, (Ti)z Re(;,»)"/ @

e

Re(r,)=

An average instantaneous velocity of solid particles in first two stages of the
cycle, m/s:
W (T) _ Agg(ll;lll) _ gg(ll;lll) (Ti—t)_gg(ll;lll) (Ti) (8)
Y At T, -7,
Calculation of the hydraulic resistance in a fluidized bed caused by overcoming the
friction forces between solid particles and the friction due to motion of gas was carried out

according to the proposed author [14, 16-22] by the expression:

z A Pfriz‘tiun (Ti ) = APgus friction (Ti ) + APsulid friction (Ti ) (9)
1
APgas‘friL‘tiun (T) =2- f;' ’ gg(ll;lll) (Ti ) ’ pg ’ Wg2 ’ HO F (10)
5 1
APsulidfriL‘tiun (T)=5’710 ? 'D_.gg(ll;lll) (Ti).pg .Wg(w') HHO ’ gDu (11)
E (. P W
9(‘() _ s(1r0) (T) Py "W, (T) (12)

gg(”;”l) (Ti)' Py W (T)

Hydraulic resistance of a fluidized bed was determined by the expression proposed by
authors [14, 16-22]:

H;

APhydrustatiL‘ (Ti) = gJ. (ps ’ gs(avemge) (T) + 'Dg ’ gg(avemge) (T)) dZ (1 3)

0

where H; — value of a fluidized bed height at a certain time t;, m.
Unlike to [14, 16-22], hydrostatic pressure is determined by taking into account the
physical model:

APmux =AP +APbubble = ps .(1_80 ’).g.(HO +AH0 +dbubble(mux)) (14)

nom

where gy’ — porosity of a fluidized bed, taking into account formed and permanently
existing gas torches; dyuppiemaxy — the maximum possible size of gas bubble at moment of
breaking a bound from the gas torches.

In addition, the growth velocity of gas bubble is also determined taking into account
the change in the porosity of a fluidized bed in I/ and /I zones of the granulator chamber:
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Wy (7)) = AggA(Z;m) _ & (i) (T;-rz; & (a1 (z.) (15)
i it

Taking into account the model of displacement of mass of material from fixed volume
of a fluidized bed (AxBxH), the amount of mass of granular material ejected beyond the
boundary bed (with the starting height Hy+AH) is determined as:

(APmcLX - APnum ) ' F;
AM, = K (16)
(max) g a
where K, — coefficient that take into account the narrowing of the granulator chamber in
zone of the fractional pressure (for the design of GDD K,=0,85);

AP,,,, —nominal value of the pressure difference of stationary bed, Pa:
APnumzps.(l_gO).g.HO (17)

F, —the cross-sectional area of the granulator chamber, with sizes AXBxH,, m?:

F =A4-B (18)

Then residual mass of a fluidized bed in apparatus is, kg:

=M, —AM (19)

ejected!| ( max)

M

residual(min)

or
Mresiduul (Ti) = MO - AM (Ti) = Vbed(O) ' (l - gg(uverage) (T)) ! ps (20)

Therefore, the current value of residual hydrostatic pressure is determined as, Pa:

M., . (7)
APhydrustatiL‘ (Ti) = %}({;)g (21)

Experimentally found that height of injection the vertical gas jet A in relation to the
horizontal axis x is A=0.5y,.

To solve the equation (4) it was necessary to determine experimentally the dynamics of
change in the average porosity of a fluidized bed €gaveragey=f(T) and in zones of the
granulator chamber — £;=f(1), ;,,=(1).

According to the physical model, in the first stage, when bubble is forming, the height
of a fluidized bed is:

N Ahy, + Ahy,

Hy=ty+ =" 22)
H,- (l - gg(uveruge) (Ti )) =H, (1 —& ) (23)
H, = _Hy(l-g) o0

(1 ™ &g (average) (= ))
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We accept that in zone / (the downstream) porosity of a fluidized bed is €/~=const and
&= €.

Maximum values of porosity in zone I/ — g;~1,5¢y, and in zone III — g;~2¢, and are
calculated from the minimum residual height H,g,a-

Residual height of a fluidized bed in zone /I after reaching the maximum value of
porosity of a bed in /I zone is defined as, m:

H, .(l—gg(,”)m) 25)

Hresidual m = W

If the minimum permissible residual height of a fluidized bed in zone III is
H,esiauar 1n=0+yy, then:

(A+y,)(1-¢,)
Eo(mymar = 1- ‘H (26)
0
For the case when Hy=0.32 m and A+y=0.12 m: €17 max=0.76.
Assuming that the chamber of an apparatus is in form of parallelepiped, then the

increase in height of a fluidized bed over the zone / can be written as follows:
Ah[ :Ah” "I‘Ah”] (27)

That is, Ak, is defined as the sum of decreases in the fluidized bed heights in zones /7 —
Ah” and 111 - Ah]]].
Values of these parameters are calculated by expressions:

H, -(gg(”)(rl.)—eo) 08) o H, -(sg(m)(fi)—‘?o) (29)

Ahy, =
! I-¢, 1-¢,

Then, substituting (32) and (33) into equation (31), the increase in height in zone /
acquires the following form, m:

Ah, = H, '(‘%(m) (%, )1+—ig(”) (z)-2- ‘90) (30)
0

Proposed to determine the sliding down velocity of a material using the Bernoulli law,
m/s:

Wsl.z\lz.g'Hsl. (31)

where Hy= Ay, — the maximum excess of height (sliding down) of a fluidized bed
increase over zone /, m.

Empirically determined that time of sliding down of a granular material t; is 1/4 from
the total cycle time t. and is defined as, s:
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T, = (32)

Experimental verification of simulating the non-uniform jet-pulsating fluidization
in an auto-oscillating mode

For the steady hydrodynamic auto-oscillating mode of fluidization at the optimum
value of the fluidization number — K,, = 1.43 the dynamics of change in porosity of a
fluidized bed in zones by method of video fixation is determined. For this mode gas
velocity in slits of GDD (wy;,;=27.33 m/s) significantly exceeds the velocity of blowing out
the particles with an equivalent diameter D,=3.97 mm, Wy =3.5"Wpiow our» and the energy
injected by gas coolant, W:

_(ml+m2)~w 2

E slits =211

kin.

here my; m,— mass flow of gas coolant in slits of GDD (m,=0.04 kg/s; m,=0.017 kg/s).

As a result of an experimental study, the height of the gas torch is »,=0.08 m and was
obtained an experimental dependence for determination dynamics of change in porosity of
a fluidized bed in a fixed volume of the apparatus chamber:

gg (Ti ) = gg(min) + A + A ’ Sin(z.Tﬂ.(Ti _TL‘ .(n_l))_Kshlfftj (33)

where &gy — minimum value of a fluidized bed porosity (at 1=0), obtained experimentally
(Sg(average)(min):0'45 )s

A=( Eg(max)— Eg(min))/2 — amplitude of oscillations;

€omavy — maximum value of a fluidized bed porosity (at 1=0.75-1.), obtained
experimentally (€g(average)max=0.63);

T — period of oscillations, s: 7=1.5-t. — for the first two stages of the cycle
(t;=0 — 0.75'1.); T=0.5'71. — for the third stage of the cycle (1;,=0.751. — 1.);

n — ordinal of an oscillation, unit;

Kini=5-1/10 — magnitude of the phase shift of an oscillation.

Frequency of pulsations: f/~1/t.=1/0.6=1.67 Hz.

The obtained dependence with correlation coefficient ©6=0.989 describes the
experimental data.

Values of function &(yaregey=f(t) can be determined by the equation:

€a0) (Ti)'Vl & Vi + () (Ti ) Vi

(34)
VitVy+Vy

gg(average) (Ti) =

where &4, €,un and &gy — values of porosity of a fluidized bed respectively to a current
zone of granulator chamber (Z, I/ and /I]), determined by experimental way;

Vi, Vi, Vi — volumes of zones respectively to a current zone (/, I/ and /I]) in a fixed
volume of the apparatus.
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Dynamics of change in porosity of a fluidized bed in a fixed volume of the apparatus
chamber (average and in current zone (/, II and II]) of chamber) obtained as a result of
experimental study is shown on Figure 3.
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Figure 3. Dynamics of change in porosity of a fluidized bed obtained as a result
of experimental study — £,~f(t)

As follows, velocity of change in porosity of a fluidized bed in a fixed volume of the
bed is de/d1=0.4 for time 0<t,<0.45 s and de/dt=0.9 for time 0.45<t,<0.6 s, that is more than
2 times higher.

A similar character of change is for the dynamics of change in porosity of a fluidized
bed in zone /I and /II, which differ from the average only by values of an extreme points.
Accordingly, the minimum and maximum values of porosity in zone /I — &g min=0.46 and
sg(”)(max)=0.7; in zone /11 — Sg(lll)(min):O~49 and Sg(lll)(max):O-78-

An average porosity of a fluidized bed in zone /I and /I

o) (Ti)'Vn *E€g(m) (Ti)'Vl”
Vi + Vi

gg(”;”/) (Ti)z (35)

Dynamics of change in porosity of a fluidized bed (average and in zones 1[I, III)
obtained as a result of calculations, is shown on Figure 4.
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Figure 4. Dynamics of change in porosity of a fluidized bed obtained as a result
of calculations — &,=f{1)

Based on the obtained values of the average porosity of a fluidized bed by the equation
(20), the dynamics of mass change of the granular material bed in a fixed volume of the
granulator chamber is determined as the ratio of mass of transferred material to initial —
AM/M, (Figure 5).
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Figure 5. Dynamics of the change in mass of a bed in the over-bed space relative to the
initial mass of bed — AM/My=f(7)
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Consequently, an application of the non-uniform jet-pulsating fluidization in an auto-
oscillating mode with a frequency of 1.67 Hz allows ejecting into an outer-bed space up to
37% of the initial mass of bed, which in counteraction to a gas phase flow returns to the
working volume of the granulator chamber. The estimated time of complete exchange of
the surface in a fluidized bed is 31,=3-0.6=1.8 s, which is a very important factor in the
intensive processes of dehydration and granulation.

Verification of the mathematical model was made in form of the dynamics of change in
the hydraulic resistance of a fluidized bed (Figure 6), and shows that calculated dependence
AP=f(tr) by using the developed mathematical model with 6=0.905 describes the
experimental data.
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Figure 6. Dynamics of change in the hydraulic resistance of a fluidized bed — AP=f{(1): 6=0.912

The injection of kinetic energy with the gas phase Ej;,=21.1 W leads to an increase in
the total hydraulic pressure of a fluidized bed by 18.5%. Taking into account the
organization of motion of granular material in granulator chamber, this leads to an
impulsive increase in the height of a fluidized bed (Figure 7) that is in accordance with
increase of the potential energy of a fluidized bed and causes returning of the system into
an equilibrium state. Estimated dependence Hj.,~f(t) by using the developed mathematical
model with 6=0.941 describes the experimental data.
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Figure 7. Dynamics of change in the height of a fluidized bed relative to the
initial — Al/H,=f(1): 6=0.941

Conclusions

The developed mathematical model of non-uniform jet-pulsating fluidization in an
auto-oscillatory mode adequately describes a new way of interaction of gas and solid
phases. All statements of the physical model of the process, in which the non-uniform
disperse system turns into the auto-oscillatory mode, are experimentally tested and
confirmed.
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AHoTaiil

XapuoBi TexHonorii

IIporeoniTU4YHI cCTeMH MOJTOYHOKHMCINX MiKPOOpraHi3mMiB

Bosnogumup IOxano, Onsra Kpyna
Tepunoninvcokuil mexuiynul ynigepcumem imeni leana Ilymos.

Beryn. Metoto ormsiny € aHawi3 i y3arajgbHEHHs! ICHYIOYOi HayKoBOi iH(opmarii npo
0coONMMBOCTI OyHOBH, YMOBHM YTBOPDEHHs Ta BJIACTUBOCTI MpOTeiHa3 1 menTuaas
MOJIOYHOKHCIIUX MIKPOOPTaHi3MiB, sIKi IIUPOKO BUKOPHCTOBYIOTHCSI IIPU BHPOOHHUITBI
MOJIOUHHX MPOAYKTIB.

Marepianu i ™eromm. [locmiKeHO MPOTEONi3 OIKIB  MOJIOKA I €0
MOJIOYHOKHCIIUX MiKpoopraHi3MiB. [IpoBeneHO aHami3 HAyKOBHMX CTaTeH, aucepTaiii i
MoHorpadii BYeHMX AaHOI rany3i Hayku. MeTomoIorist AOCHi/KEHHS IPYHTYEThCS Ha
BUKOPHCTaHHI METO/IIB aHaJI3y, MOPIBHSHHS Ta y3araJbHEHHS.

Pesyabratn i oGropopennsi. PozmieruieHHss OIKIB 1 aMIHOKUCIOT —(hepMeHTaMU
MOJIOYHOKHCITMX 1 TIPOIMIOHOBOKUCIMX OakTepiil cripuse 30aradyeHHIO MOJIOYHHX IMPOAYKTIB
a30TOBMICHUMH Ta 0€3a30THUMH CIIOJYKaMH, y PE3yNIbTaTi 4oro MpoayKT HabyBae HEOOXiTHOL
KOHCHUCTEHIIIl, cMaKy W 3amaxy. OKpiM 3a0e3ledyeHHs] OpraHONENTHYHHX BIIACTHBOCTEH, Y
TpoIIeci MPOTeoTizy OUTKIB MOJIOKa ITiJ1 Yac BUPOOHMIITBA MOJIOYHUX MPOMYKTIB BiOYBAETHCS
TAKOX 1 YTBOPEHHS BEJTUKOI KITbKOCTI MENTHIIB 3 PI3HUMU BUIAMH 010JI0TIYHOI aKTHBHOCTI.

[poTeoniTnuna crucreMa MOJOYHOKHUCIUX OakTepiil CKIANAE€ThCS 3 TPHOX CKIIAIOBUX:
npoTeiHas, ki 3a0e3MeYyroTh OYaTKOBE PO3ILCIUICHHs Ka3eiHy J0 MENTHIIB 3 yTBOPEHHSIM
BEJIUKOI KUJIBKOCTI OJIIFONENTHIIB; MENTHAA3, SKi PO3IICIUIIOITh MENTUIU 0 aMiHOKHCIIOT;
TPAHCIIOPTHOI CHUCTEMH, sKa 3a0e3leyye TIepeHeCeHHs MpOAYKTIB TMPOTEONi3y yepes
LMTOIUIa3MaTHIHy MeMOpany. [IporteiHazu (yHKIIOHYIOTh 11032 KIIITHHAMU MIKpOOPTaHi3MiB,
sIKi TX TIPOZIYKYFOTb, a MENTH/Ia3H — B KIIITHHAX MOJIOYHOKHUCITNX OaKTepii.

3a cnenudivnicTio mii Ha (¢pakmii Ka3eiHOBOrO KOMILIEKCY MOJIOKA IPOTEIHA3U
MOJIOYHOKHCITUX MIKpOOpraH3MiB po3auisitorh Ha 2 aBa tumu — P/ i PIII. Tlporeinazu Pl
3/IaTHI PO3INEIUTIOBATH [-Ka3eiHU 1 He PO3MICILIIOIOTh Ogi- 1 K-Ka3einu, a mpoteinazu PlI]
T1IpONi3yI0Th yci TpH (pakmii: og-, B- 1 K-Ka3eiHH.

Cepel BEIHMKOI KUTBKOCTI Pi3HUX 3a Crielu(iuHICTIO MENTHAA3 MOJIOYHOKUCIINX OaKTepiit
HE BUSIBIICHO YKOJHOI 3 KapOOKCHIENTHIA3HOI aKTHBHICTIO. [0 aMiHONenTH a3, ki BUSBIICH] Y
MOJIOYHOKHCITX MIKpOOpraHiamiB, BimHocats PepN , PepC, PepA. Kpim aminonentunasu, y
MOJIOYHOKHCITMX OaKTepiii BUSBIICH] UIENTHIA3H i TPUTIENTHAA3H.

BucHoBku. Pe3ynbTaTti, BUCBITIIEHI B OIS, PEKOMEHOBAHO BUKOPUCTOBYBATH IIiJI
Yyac mig0oOpy BHIOBOrO CKJIaly 3aKBAacOK, a TAaKOX 3aCTOCOBYBATH CHCTEMAaTH30BaHi
XapaKTEepPUCTUKH NMPOTETHA3 1 MeNTHAa3 THX UM IHIINX MIKPOOPTaHi3MiB [Uisl 3a0e3Me4eHHs
SIKICHUX OPTaHOJIENTUYHHUX TOKa3HUKIB MOJIOYHHX IIPOAYKTIB Ta yTBOPEHHs OlOJOTiYHO
aKTHBHUX TENTHU/IIB.

KarouoBi caoBa:  npomeoniz, npomeinaza, nenmuodasda, — MOJOYHOKUCIUL,
MIKDOOP2AHI3M.
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BruiuB nonaBaHHsi JJaBpoBUX e(ipHOOMIHHUX eKCTPAKTIB HA BJIACTUBOCTI CAJIATHUX
3anpaBoK

. 1 . 1 .

Kpemena Hixoscka', ['anina Ctedanosa', JTioGomip Credarnos’,
1 [

Cranxa JlamsiHoBa®, Ao6ena CrosiHoBa', Oekciii 1"y6eH$14

1 — Vuisepcumem xapuosux mexwnonoeit, [lnosoie, boreapis
2 — Lotos Expert Ltd, [Tnoseois, boneapis
3 — Pycencokuil ynisepcumem «Aneen Kanueey, ghinis 6 m. Pazepao, boneapis
4 — Hayionanvnui ynigepcumem xapuosux mexnonoeziu, Kuie, Yxpaina

Beryn. Metoto nmocnipkeHHs1 Oyia XapaKTepuUCTHKa eipHUX OJIIHHUX EKCTPAKTiB 3
naBpoBoro ynucta (Laurus nobilis L.) i po3poOka ceHCOpHUX TPO(diTIiB caJaTHUX 3alPaBOK
13 MU €KCTPaKTaMU.

Marepianu i metogu. Y nociipkeHHsIX OyB BHKOpucTaHui jnaBpoBuit muct (Laurus
nobilis L.), mo nmoxomurs 3 A¢OHCHKOrO MmiBOCTpOBa MiBHI4HOI ['perwii, 1 BiniOpaHuii B
xoBTHI 2016 poky. CanatHi 3ampaBKH, sIKi HalleXaTh IO OJI€-BONSHHUX €MYIbCii,
OIICP)KYBAJIH TOJABAaHHAM EKCTPAKTIB e(pipHUX OJIiH i3 CyXOro i BOJIOrOro JaBpOBOIO JIMCTA.

PesyabraTt i o6roBopeHHsi. Y ekcrpakrtax Oyao BHsABICHO 46 KOMIIOHEHTIB, SIKi
MPEACTABIAIOTh TpUOIU3HO 97% Bix 3aranbHOro BMicTy. OCHOBHHMH KOMITOHCHTaAMHU
eKCTpakTy cyxoro Jjuctsa €: 1,8-xineon (43,65%), a-repmininanerar (15,10%), kapapen
(8,48%), B-0icabonen (3,89%) ta p-uumen (3,12%); y BOIOroMy JIUCTI eKCTpakTy — 1,8-
kineon (45,94%), a-repneninanerar (15,89%), kapapen (8,92%), B-6icadornen (5,09%), p-
umMeH (3,28%) 1 TepmiineH-4-o0i1 (3.03%).

OO0ugBa EKCTpakTH MalOTh BiIMIHHICTH 3a BMICTOM apOMATHYHHX KOMIIOHCHTIB
MOPIiBHSHO 3 THUMH, IO OTPHUMYBAJIHCh 3 €TaHOJOM. BHSBIEHO BiIMIHHOCTI Yy CKJaji
e(ipHUX OJIiH, 1 I1e, MOXKJIMBO, OYIIO MOB'I3aHO 3 METOIOM BHPOOHHUIITRA.

VY eKCTpakTi, OTPUMAHOMY 3 CYXOr'0 JIUCTA, IEPEBa)Kat0OTh MOHOTEPIICHOBI KMCHEBMICHI
noxigHi  (68,47%), cekysitepneneBi ByrmeBoaHi (13,65%), amidaTuuHi ByriIeBoaHI
(7,90%), apomaruuni crionyku (4,10%), MoHoTepnieHoBi ByrieBoaHi (2,33%), Tpureprex
(1,43% ), ceckButepnieHoBi kucHeBMicHI moxiaHi (1,23%), murepnen (0,52%) i anidaTnuni
kucHeBMicHi oxingHi (0,37%). Y ekcTpakTi, OTpUMaHOMY 3 BOJIOI'Or'O JIKCTA, TTEPEeBaXKaIOTh
MOHOTEpIEHOBI KHCHeBMicHI moxigi (72,19%), mniBkBatepminerneBoani (15,41%),
apomatmuHi cronyku (4,32%), amidatmyni BymieBomHi  (3,64%), MOHOTEpPIIEHOBI
ByTJIeBOAHI (2,45%), TputeprieH (0,66%), ceckBUTepIeHOBI KHuCcHeBMIcHI moximHi (0,70%),
amidaTryni kucHeBmicHi noxiaHi (0,39%) i nurepnen (0,24%).

3ampaBkd 3 EKCTPAKTOM BOJIOIOIO JIMCTa Majd HAHOUIBII IHTCHCUBHHUHN 3amax
JIAaBpOBOro JjiMcra. Te caMme crocrepirajioch, KONMHM IIeH 3pa3oK TaKOXK CHpUiiMaBcs 3
HAHOIIBII IHTCHCHBHAM CMaKOM JIaBPOBOT'O JUCTa. KHUCIOTHUI Ta COJOHMI CMaK OIliHEHI
OJTHAKOBO JIJIS BCIX TPHOX 3Pa3KiB.

Excrpakr oii, orpumanmii 3 Bosororo Jjmcra, OyB KpammMm. Mik ONiHHHM
€KCTPaKTOM, OTPUMaHHUM 13 CyXOro JIUCTa, i KOHTPOJIbHUM 3Pa3KOM €KCIEPTH HE BHUSBUIN
nepeBary. [TinBuiieHa 3aranpHa omiHka Oyjaa OTpUMaHa JJIsl CalaTHOI 3alpaBKH 3 ONMIHHUM
€KCTPaKTOM, OTPHMaHHUM 3 BOJIOT'O JIUCTA.

BucnoBok. Kpamry oninky 3700yB ONiiHUIT €KCTPaKT, OTPUMAaHHUHA 3 BOJIOIOTO JIMCTA.
Mix ONiiHEM €KCTPaKTOM, OTPHUMaHMM 3 CYXOrO JIMCTS, i KOHTPOJBHUM 3pa3koM
BigMiHHOCTell He BusiBieHO. [liBuIeHa 3arajnbHa OIiHKAa Oynaa oTpHMaHa JJisl CajlaTHOI
3aIpaBKy 3 OJIIHHUM €KCTPAKTOM, OTPUMAHOTO 3 BOJIOTHX JIMCTIB.

Keywords: asp, aucm, excmpaxmu, ckiad, KOMRO3Uyis, caiam, 3anpasKa.
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OneprxaHHs aKTUBHOIO BYTiJLJIsl i3 miposizoBanux aepeBHux Biaxoais (IIJIB) meTonom
ayskHoi akruBanii KOH

Oner Kysbmin', FOrist Tamapkina®, Terssa espiic,
Bastentnna 3y6kosa’, Onbra Kosais', TersHa Poman’
1 — Hayionanvnuii ynieepcumem xapuosux mexwonociu, Kuis, Yxpaina
2 — Incmumym ¢hizuxo-opeaniunoi ximii ma eyeneximii imeni JI. M. Jlumsunenra
HAH Yxpainu, Kuis, Yxpaina
3 — Vuieepcumem imeni Ana Koxanoscvroeco 6 Kenvyax, Kemvye, I[onvwa

Beryn. Meroro myOikamii € OIiHKa allbTEPHATHBHOI BiJHOBJIIOBAHOI CHPOBUHU —
TEXHOJIOTIYHUX BIJXO/IB XapuoBOi HPOMHCIOBOCTI (MipOJIi30BaHMX JEPEBHUX BIAXO/IB
(ITAB) — sk mnpekypcopiB uisi BHpPOOHHITBA IOPYBAaTUX BYIJIENEBUX MarepialiB —
MOTCHINIMHAX COPOCHTIB /Il BUKOPHUCTAHHS NPH OYUINEHHI BOAM y JIKEPO-TOPLUTIAHOMY
BUPOOHHIITBI.

Marepianun i meronu. II/IB M’sicomepepoOHOI NMPOMHCIOBOCTI SIK CHPOBUHA JUIS
BUPOOHMIITBA aKTUBHOrO BYriuisa. XiMiuHa JiykHa akTtuBaunis [1/IB 3 BukopucTaHHIM
KOH. Meron ancop6buii-gecopOuii a30oTy A BH3HAYEHHS MOPHCTOI CTPYKTYpH IpH
temnepatypi 77 K; posmomin me3omop 3a po3MmipamMu i 00'em me3omop — meron BJH,
po3moain Mikporop 3a po3mipamu — MetooM OSDFT; 06'em mikpomnop — meron J{yOiHina-
PanymikeBnua; 00'em cyoHanomop — meton OSDFT.

PesyabraTtu i odroBopennsi. Mikpornopucra CTpykTypa oxaepxkanoro AB Mae Taki
XapaKTepPUCTUKH: JiaMeTpu Top 3HaxoasThcs y mianmasoni D,,=0,61-2,5 Hm, sxi
HAHOIIBIIMM YMHOM MpejacTaBiieHi mopamu 3 miamerpom 0,61; 1,19; 1,54 HM; 00’em
mikporiop — V,,=0,11-0,30 cM’/r; mioma moBepxmi mop — S,~407-852 M/
nudepenmianpamii 06°eM 1op dV,,/dD=(0,023—1,400)-102 cm’/r; mudepeHuianbHa mioma
nop dS,./dD=(0,18-45,60) M>/r; dacTKa MIKpOIOp y 3araibHOMY 00’€Mi TOp CKIamae
70,31%. J[lomiHyrounii BKJIa] MIKpONOp Y IIMTOMY IIOBEPXHIO IIOp JIEMOHCTpPYE
MPOIIOPIIHA 3aJISKHICTh MK O00'€MOM 1 IUIOHICI0 TOBEPXHI TIOp, IO TaKOX
MiATBEPKYETHCS  JIHIMHOIO 3QJIEKHICTIO MK JAU(epeHllialbHuM 00’€MOM Top 1
JdepeHIiaabHOI0 IUIOIIEI0 op. Y CTPYKTYpl Mikporop Oyiiu BU3Ha4€HI HaliMEHIIIi ITOpH
— cybna”onopu 3 D<1 HM, pO3MipH SKHX 3HaXOAAThCSA y miamasoHi D;,,=0,61-1,00 HM;
00’em cyonanomop V;,,=0,11-0,25 eM’/r; miomma moBepxHi mop — S;,,—407—783 M/
nudepenmianbauit 06°eM 1op dV,,/dD=(11,3-140,0)-10* cm’/r; mudbepenuiansna mioma
110p dS,/dD=(2,33—45,60) M*/r. YacTka cyGHAHOIIOP B 006’ €Mi Mikporop ckiagae 84,12%;
YyacTKa CyOHAHOIOp y 3arajibHOMY 00’ €eMi mop cknanae 59,15%. MoxHa cTBepAKyBaTH, 110
nmyxHa aktuBauist KOH npu3BOIUTH 10 NMEPEBaKHOTO PO3BUTKY CyOHAHOIIOP y MOPHCTIH
CTPYKTYpi amcopOenTy. HaBeneHi maHi CBim4aTh, IO 3alpOIOHOBAHUI CIOCIO Jae 3MOTY
orpumatu AB 3 Bucokum koedinierrom Buxony 70,4% i mopoBum npocropom Vs=0,421
CM3/1", PO3BHHYTOO MUTOMOIO MOBEPXHEIO Sppr=777 Mm/ri MTOPHCTICTIO.

BucnoBku. Bropunni «moHosmoBaHi» pecypcu (II[IB) matote 3mory orpumyBaTu
BUCOKOTIOpPHCTI AB 13 HH3BKUMH €HEproBHTpaTaMHu, IO poOOTh MOXKIHMBHM iX
3aCTOCYBaHHS Y JIIKEpO-TOPLIYaHOMY BUPOOHHUIITBI.

KurouoBi cioBa: niponiz, Odepeso, 8i0X00u, 1yscHa axmuéayis, aKmueHe 6y,
Haunonopa.
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XapuoBa HiHHICTb JecepTiB i3 J0AaBaHHSAM ATIHOI CHUPOBUHM ciMeiicTBa
arpycoBux i3 IliBaiunoro Ilpuyopnomop's

Ipuna Kanyrina, JIrobos Tenexxenxo, FOmis Kanyrina, Cepriit Kucenbos
Ooecvka HayioHanbha akademis xapuosux mexuonoeiu, Odeca, Ykpaina

Beryn. MoHiTopyHr HOBOi ATiHOI CHPOBMHM Ha mpeaMerT 30allaHCOBAHOCTI i
XIMIYHOTO CKJIaly, OPraHOJENTHUYHHUX, TEXHOJOTIYHHX XapaKTEPHCTUK 1 MOXKIMBOCTI ii
BUKOPHCTaHHS y JiecepTax. Po3poOka TexHOIOrT jKee i3 HOITorO.

Marepianu i merogu. B nmocnipkeHHsSX Oyl BUKOPHCTaHI Taki Marepiayiu: sroAu
ciMelicTBa arpycoBux, a came: ¢eiixoa, akTuHiis Ta Homra. [IpoBoauBes aHami3 mxepen
JTepaTypHO-NIaTeHTHOI iHopMallii, SIKi MICTUTH BiZJOMOCTi IPO OCTaHHI HAYKOBO-TEXHIYHI
JIOCSITHEHHSI, TOB'sI3aHi 3 BAKOPUCTaHHSIM HOBOI CHPOBUHH 1 PO3POOKOIO TEXHOJIOTIH CTpaB.
CTpyKTypHY MILIHICTh KeJle BU3HAYaId METOIOM MEHETpPaLlii.

PesyabraTtu i o6roBopenns. IlokazaHo, 1m0 B SIKOCTI CHPOBUHH JUIsi BUPOOHHMIITBA
JIECEPTIB 3 IiJBUIICHOI0 XapPUYOBOKO IIIHHICTIO NOIUJILHO BHKOPHUCTOBYBATH HOBY STIAHY
crupoBUHY YOpHOMOpCHKOrO perioHy, a came: (eiixoa, akTuHifgito i Homry. XapuoBa
HiHHICTE (efixoa, aKTHHIAIT 1 WOIITH BH3HAYAETHCA BMICTOM B HHUX IIMPOKOTO CIEKTpa
010JIOTIYHO aKTUBHUX PEYOBHMH Y NOCTYIHIHM Uil opraHizMy jioauHu ¢opmi. Tak, BMicT
rony B sromax ¢eiixoa craHoButh 0,07-0,1 mr/100 r. Srogu axTuHimii Ta HoOmTH
BiJIPI3HSIOTHCS BUCOKUM BMicToM Bitaminy C — 400-800 mr/100 r i 450-600 mr/100 r,
BignoBinHo. Lli sroqu Garari Bitaminamu rpynu B, P, E i Gera-kapaTHHOM, OpraHidYHUMHA
KHCJIOTAMH, MiHEPATbHUMHU CJIEMCHTAMH, 30KpeMa 3alli30M 1 KaJlieM, IO A€ 3MOry
BiTHECTH 1X JIO MPOAYKTIB 3 BHCOKOI) XapyOBOKO IIHHICTIO. 3aBJASKH BHCOKOMY BMICTY
NneKTuHy sromu  (efixoa, axkTUHIAII 1 HOIITH € TEPCHEKTUBHOI CHUPOBHHOIO IS
BUTOTOBJICHHS CTPYKTYPOBAHHX JIECEPTIB — JKeJe, MYCiB i COpOETiB.

HaBeneni pe3ynbTaTH IOCHIIKEHHS TEXHOJOTIYHHMX ITOKA3HHKIB JKejie 3 HOIIOK.
[NokazaHo, o npu AofaBaHHI HOIITH B jKeJle MOMJIMBO TOBHICTIO BUKITIOUUTH 3 PELENTYPU
KeJaTUH 0e3 CYTTEBHX 3MiH CTPYKTYPHO-MEXaHIYHMX BJIACTHBOCTEH NpoIykTy. Tak,
3HAYEHHs MOKA3HHKIB IUIBHOCTI Ta TPAHUYHOI HANIPYT'W 3CYBY 3pa3KiB JKeJie 3 10JaBaHHIM
15% HomTH 10 MacH TpOAyKTy craHoBuTh — 1,27 kr/™M° Ta 5,53 klla BimmoigHo Ta
BIJIMOBiJTa€ BUMOTaM. 3 HABEACHUMHM JaHUMH OO IMIIBHOCTI Ta CTPYKTYPHOI MIITHOCTI
MPOAYKTY KOPENIOIOTh pe3yJIbTaTH JOCHI/PKEHb TPUBAJIOCTI 3aCTUTAHHSA Kele — 13
JI0IaBaHHAM WOILITH 4Yac JparjieyTBOPEHHSl JIeCepTy CYTTEBO CKOPOUYYETHCS, IO €
CHPHUATINBUM (DAaKTOPOM Il BAPOOHUIITBA.

BucHoBkn. BukopucTtaHHs HOBOI SATiIHOI CHPOBUHH — (eiixoa, aKTHHIIII 1 HOMITH €
JIOLUTEHAM ISl PO3IIMPEHHS aCOPTUMEHTY JIECEPTIB 13 Mi/IBUILIEHHOIO Xap4YOBOIO IIHHICTIO.

KurouoBi ciioBa: geiixoa, akmuniois, iowma,decepm, Xapio6a YiHHICMb.

Brniue reHoTuny i poxky BposkaifHOCTI Ha BMiCT KAPpOTHHOIAIB y IIKipni 0oarapcskux
KYJbTYPHHX COPTiB NOMiIOpiB

Minena Hikonosa, [lonka TaneBa,
LBetko [Ipoxonos, Mima XanikiHoBa
Vuisepcumem xapuosux mexnonoeii, Iloeous, Boreapis

Beryn. IlpoBeneHo mociiypkeHHS 3 METOK BH3HAYEHHS BIUIMBY TEHOTUITY 1 POKY
BpPOXKaHHOCTI Ha KiJTBbKICTh BIAXIJHUX MIKIPOK BiJl MIECTH OOJrapChKUX KYJIbTYPHHUX COpPTIB
TIOM1IOpiB, 1 BMICTY KapOTHHOI/IIB y OTPUMaHHX IIKipKaX.
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Marepianun i meronu. Ilicte OodrapchbKux COPTIB TOMIJOpPIB BUPOIIYBAJIHC Y
BIIKPUTHX IIOJBOBHX YMOBaX y HAayKOBO-AOCIIJHOMY IHCTUTYTI OBOYEBUX KYJIBTYP
Mapurs, ITnosaie, Bomrapis. JlocmimkeHHs CHiIBHOI Iil MOCTiMKyBaHHUX (HaKTOpIiB Ha
KUIBKICTh BIZXOIB, IO YTBOPIOKOTHCS B IMPOIIEC OYUIICHHS, IMPOBEICHO NBOX()AKTOPHUM
JIUCHEpCIHHUM  aHaji3oM. BMIiCT KapOTHHOINIB Yy BigXoJax BH3HAYEHO pPiJAWHHOIO
xpomarorpadiero.

PesyabraTu i 0o06roBopennsi. BcraHOBiI€HO, 1110 I'€HOTUI TIOMIIOPIB Ma€ CYTTEBHA
BIUIMB Ha BiJICOTOK OTPUMAaHHUX i3 HHMX IIKIPOK 1 Ha BMICT KapoTWHOI#iB B HuX. CepenHs
MacoBa YacTKa IIKIpKH MOMiIopiB, 1o 3i0pani y 2013 porri, konusanacs Bix 2.45+0.13%
10 5.3310.09%. Haii0inpma yacTka mkipok orpuMano 3 copTiB “Kapobera” i "Toma3z". [Ins
cOpTiB momizopa, BUpoIleHuX y Bpoxkai 2014 poky, cepeiHsi 4acTKa OTPHUMaHHX IIKiPOK
sMiHroBanacs Bix 2.98+0.13% mo 3.50+0.25%, a HaliBuINA KUTBKICTh IIKiPOK OTPHMYBAJIOCS
3 coptiB “Bonomiit ®1” i Kapobera”. OTpuMaHi MIKIipKH B OCHOBHOMY MICTSITh JIIKOTICH,
OeTa-KapoTHH 1 JIIOTETH. Y mepimii pik Bpokaro HaWBUIIUi BMicT nikoreHy (97.16+0.81
mr/100r) i aroreiny (21.22+0.10 mr/100r) 3Haiineni B mkipii copTy nmominopis "Cremna', a
copt “Kapobera” mae Bucokuii BmicT Oera-kapotuny (108.48+1.36 mr/100r), B TO# 4yac sk
Ha JPYrOMY POIll JOCTiKeHHs OUTBIIICTh ikoneHy (241.14+1.24 mr/100 1) micTunocs B
mikipkax “Bomomiss @17, a Oera-kaporuny (293.36+2.00 mr/100r) i sgroteiny (13.58+0,15
mr/100r) — B mxipkax ToMmaty “Cremna”. 3i mkipku coptiB momigopis “Cremna”, “Tomas”,
“Bogomniii @17 1 “YKakiniH” oTprMay JIiKOINeH i 6eTa-KapoTHH, B TOM Yac SIK IIKiPKH COPTIiB
“Mepirong” i “Kapobera” Oynu mkepenoMm nuire OeTa-KapoTHHY. Pe3ynmbTat mokaszanu
HAHOIIBINNI BIUIMB TEHOTUITY ITOMIIOPIB Ha BMICT JitoTeiHy (69.43%), mani HayTh BMiCT
Oera-kapotuny (57.52%) 1 wuwactka 1mKipok (46.55%). BcTaHOBIIEHO, IO YMOBH
HaBKOJIMIIHBOTO CEPEOBUINA CHJIBHO BIUIMBAIOTh HA 4acTKy MIKipok (41.66%) i BMicT
nikoneny (38.73%), y Toii 4ac iX BIUIMB Ha BMiCT OeTa-kapoTuHy € HmkuuM (14.92%) i me
HIDKYUM Ha BMICT JroTeiny (1.63%).

BucnoBku. KinpkicTs JikolleHy y HIKipKax HOMIJOPIB 3al€XKUTh BiJl T€HOTHIY 1
BpPOXKalo, y TOW 4Yac sK BMICT OeTa-KapoTHHY 1 JIIOTEIHY 3aJIe)KUTh B OCHOBHOMY Bil
TEHOTHITY [TOMiZIOpiB.

KurouoBi ciioBa: momam, wkipku, Kapomuroiou, 2eHOmun, Pix, YpOoICauHicmo.

XapuoBa HiHHICTb i COKMBYI BJACTUBOCTI 0yJ104HUX BUPOOIB i3 GpyKTO3010 1151
Aia0eTHYHOr0 XapuyBaHHA

Bipa Jlpobor, Anacracis IlleBuenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Xapdoma MiHHICTB 1 CIIOKHBYI BJIACTUBOCTI € BHU3HAYAIBHUMHU JUISI OLIHKA
SIKOCTI BHPOOIB, NPHUBAaOIMBHUX JIsl CIIOKMBaya. Y TPONOHOBAaHINW CTATTI MpEACTaBICHO
JIOCITIJPKEHHS! IMX XapaKTEPUCTUK Y BUP0OaX J1a0eTHYHOro CIpsIMYBaHHSI.

Marepianu i meromn. Ticto roryBamu Oe30mapHHM CIIOCOOOM 3a PO3POOICHUMU
peuentypaMu. XapaKTepUCTHKH BU3HAYAIH 332 OPraHOJENTHYHUMH TTOKa3HUKAaMH METOIOM
eKCIIEpPTHOI ~ OMLIHKH,  CTPYKTYpHO-MEXaHI4HI  BJIAaCTHBOCTI  M’AKYyIIKH —  Ha
aBTOMAaTU30BaHOMY IIEHETPOMETpi, CTYIiHb 30€pEeKEHHs CBIKOCTI — 3a ITOKa3HUKaAMH
KPHIIKYBATOCTI Ta BOJOTOYTPUMaHHs, PO3NOALT 1 hopMHu 3B 3Ky BOJIOTH — 32 JOIMOMOTOI0
JdepeHIiHHO-TepMIYHOI0 aHaIi3y Ha AepuBatorpadi, BMICT apoOMaTHYHHX PEYOBHH — 3a
KUJIBKICTIO OiCYNb(iT3B SI3YIOUUX CITOTYK.
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PesyabraTu i odroBopenns. /{iabernuni x1i600ynouHi BUPOOH, 1110 BUTOTOBIISIOTHCS
3a TOMHMPEHUMH pelenTypaMH, MalOTh HEBHUCOKY Xap4yoBYy LIHHICTh 1 Majuii TepMiH
30epiranHs 0e3 BTpaTH cBiXocTi. ExcriepTHa omiHKa po3poO0JIeHUX HaMHU iaOeTHYHUX
BUpOoOiB «byrnounuii Bupid 1» Ta «bymounuii Bupib 2», 30aradeHux CKJIaJOBUMH Ka3eiHy,
MTOPOIIKOM TOIIHAMOYPY, KIITKOBMHHM BHUCIBOK TPCUKH, IIMTPATAMHU KaJbIliF0, MAarHIlo,
LUMHKY Ta 3ajli3a MiATBEpJWiIa TOKpAIIEHHS OpPraHOJENTHYHUX SKOCTed BHPOOIB MpH
BHECEHHI 1Ili€i cuUpoBUHH. BusHaueHHsM nedopmanii M SIKYIIKM Ta TiapodiabHUX
BJIACTHBOCTEH BCTAHOBJIEHO, IO pPO3pOOJIEHI BWAM BHPOOIB IOBIUIBHINIE YEPCTBIIOTH
YHACIIIOK MiJBUIIEHHS BOJONOIIIMHAIBHOI 3maTtHocTi. lle kopemoe 3 Kpamum
30epe)KeHHsIM HUMH 3B’s3aHOI BoJord mij 4ac 30epiranHs. JlocmipkyBaHi BUpoOU
TIOPIiBHSHO 3 KOHTPOJIEM MICTSTh OUIbIE apOMaTHYHUX CHOJYK SK y CKOPHHIN, Tak 1 B
M’sIKymi. Po3paxyHok XapuoBoi I[IHHOCTI BHpOOIB TOKa3aB 3HAYHE IiJIBUIIEHHS BMICTY
MO)KMBHHUX PEYOBUH Y 3pa3Kkax 3 J100aBKaMu.

BucnoBok. Po3pobneni BupoOM MalOTh BHUILY XapyoBy I[HHICTE 1 Kpaii
XapaKTEPUCTUKHU SKOCTI, IOBUIBHIIIIE YEPCTBIIOTh.

KurouoBi ciioBa: x1i6, ppykmosa, xapuyeanns, ceidxcicmo, oiabem, KOPUCHICTMb.

IIpo- i aHTHOKCHIAHTHA AKTHBHICTH KYPKYMIHOIAIB 3 JICWMTHHOM y COHALITHUKOBIH

oJI11

Cameepa A. Pere, [llamim A. MoMiH
Kageopa oniti ma nosepxnego-axmuenux peuosun, Incmumym Ximivnux mexuonoeit,
Mywmbaii, Inois.

Beryn. KypkymuH, 1110 € OCHOBHUM KOMIIOHEHTOM KYPKYMIiHIB Yy KYpKyMi, IPUBEPHYB
3HAYHY yBary 3aBJISIKM IIMPOKOMY CHEKTPY OioJoriyHuX i (hapMaleBTHYHUX 3aXoiB. BiH
YHHUTH Pi3HI TEpaneBTUYHI [ii, Taki SK MpOTU3aNajbHi, HEMATOLM/IHI, aHTHIIApa3UTapPHI,
CHa3MOJIITHYHI Ta aHTUKaHIEeporeHHi. KpiM Toro, Iie MOTYXHHWI MOIIMHAY PEaKTHBHUX
BUAIB KHCHIO. TakoX crocTepiraeThbesi MPOOKUCIIOBANBHIN epeKT KypKyMiHa.

Marepianu i meromu. Byno mpoBemaeHO MOCTIKCHHS M/ OI[IHKH aKTHBHOCTI
KYPKYMIHIIIB B CHpifl Ta OYMINEHIN COHSAIIHUKOBIM ONii, IO MICTUTh CHHTCTHYHHUI
aHTHOKCHUJIAHT. Byio miaroroBieHo pi3Hi cymimii oiii. OKCHIATUBHY CTaOIIbHICTD ONMIHHUX
cymiieii nepesipsiiu 3a temieparypu 60 °C mporsirom 30 IHIB 3 perylIsipHUM iHTEpBAJIOM
5 mHIB BiAmoBiaHO 10 odimiiiHux MetoaiB AOCS 3a nmepoKCHIHUM 3HAYCHHSAM, BETMYUHOIO
p-aHI3uAMHY 1 3araJbHUM OKHCIICHHSIM.

Pe3yabraTu i 0droBopenns. TeHaeHIisi BHHUKHEHHS] KypKyMiHa 3 TABTOMEPI€I0 KETO-
CHOJY BH3HAUYa€ Horo (hi3MKO-XiMiyHI Ta aHTHOKCHUIAHTHI BJIACTUBOCTI. Byno Bia3HaueHO,
0 KypKYMiHI/IM J@MOHCTPYIOTh TIOMITHY pi3HY ITOBEAIHKY B 000X omnisix. [logaHHs aToma
BOJHIO Yy BHIIQJIKy KypKyMiHa BiJOyBa€ThCsl 3 aKTHBHOI METHJICHOBOI I'PYIH, SIKa iCHYe
nume B kero-gpopmi. dopMa KeTo mepeBaxkae B HEUTPAJIBHUX 1 KHCINX PO3YUHAX, TOII SIK
(opMa eHOIy IepeBakae B JI)KHOMY PO34rHi. Y JTY)KHOMY CEpPEJOBUILI KYPKYMiH 3a3Ha€
nerpaaye. Lls Teopist TakoXK 3aCTOCOBYETHCS IO IHIIMX IBOX KYPKYMiHIZIB, HamlpHKIam,
JIEMETOKCIKYpKYMIHY ~Ta  OiceMeTOKcHKypkyMiHy. Omke, crae  BUPIIIaJIbHOIO
MiATPUMYBaHHS KYPKYMiHiZiB B KeTo-(opMi, sIKi OyAyTh BHKOPHUCTOBYBATHCS SIK
QHTHOKCHUJIAHTH.

VY cupoi COHSIIHUKOBOI OJ1i1, Yepe3 HasIBHICTh BITBHUX JKUPHHUX KUCIIOT, KYpPKyMiHIiIn
HEe 3a3HaJ¥ Jerpajamii, 10 NPUHOCHTh MapriHaJlbHy AHTUOKCHJIAHTHY aKTUBHICTb.
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JleuuTrH XenmaTye 10HM MeTalliB, MPUCYTHI y OJIii, IO CHpHSE ii OKHUCICHHIO, THM CaMHUM
raupMyroun ii okucieHHs. [Ipore cuHepreTHYHa aKTHBHICTh KYPKYMIHOIJIB 1 JISHUTHHY
BUSIBIJIA HAI3BUYAliHY aHTHOKCUIAHTHY aKTHBHICTb.

Y  COHSIIHMKOBIM oii, mo wMictuth Tpernunuii OytwirigpoxiHon (TBHQ),
KYPKyMiHIIM TIOKa3aJld aKTUBHICTh MPOOKCHJAHTIB uepe3 BIJACYTHICTH KHUCIIOTO
cepenoBuina. JlequTUH AEMOHCTPYE CHHepriuHy aktuBHicTh 3 TBHQ B padinoBaniii
COHSINHMKOBIM omii. TuM He MeHme, NIPOOKCUAAHTHUH e(peKT KypKyMIHIIIB He
crniocrepiraetbesi B npucytHocTi semutuHy i TBHQ. Takum umuom, snermtua i TBHQ
cTallLIi3yI0Th paiHOBaHY COHSIITHUKOBY OJIit0 32 HASBHOCTI KYPKYMIHIJIiB.

BucnoBok. CTpyKTypHO-aKTHBHI BIIHOCHHH BiJlIIPalOTh Ba)XKJIMBY POJIb Y BU3HAUCHHI
AKTUBHOCTI (AHTHOKCHIAHT a00 MPOOKHUCIIOBAY) KOHKPETHOI crionyku. CKIIaJoBa MOBHHHA
ICHYBaTH Yy BIINOBIAHIN CTPYKTYpHiH (hopMi AJst il BUKOPUCTAHHS SIK aHTHOKCHIAHTA.

KirouoBi cioBa: xypxyminiou, cunepeizm, maymomepis, CmMpyKmypHa aKmusHiCMb,
COHAWHUK, OJUIS.

InridyBanns Mikpo0ioJIOriYHUX MPoIeciB MPU eKCTParyBaHHi caxapo3u

Haramnis I'ycatunceka, Tersina Heaunop
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. YHacnigok iHTEHCUBHOTO PO3BUTKY MIiKpOOIONIOTiYHHX NpoLeciB y audy3iiHini
YCTaHOBII BUHUKAIOTH JIOJATKOBI BTpPAaTH caxapo3d dYepe3 pO3KIaJaHHSI, a TaKoX
TOTIPIIYIOThCS SIKICHI TOKa3HUKHM JU(]y3iHHOr0 COKy, IO HEraTHMBHO BIUIMBAa€E Ha BCI
MOAAJIBII CTa il BAPOOHUIITBA LIYKPY.

Martepianu i merogm. OOG’exkrtamu JocCHi/pkeHb Oyau: AUQY3idHUN CiK; YUCTI
KynbTypH Oaktepiii Leuconostoc mesenteroides, Bacillus subtilis, Psevdomonas spp.,
Escherihia coli, sxi cUpWYMHSIOTH 3HAa4YHI BTPAaTH I[YKPO3HM y BHUPOOHWUTBI IYKPY 3
LYKPOBUX OYypsiKiB; Ne3iH]ikyroui 3ac00M HOBOI'O TTOKOJIIHHSI.

Pesyabratu i obroBopennsi. HaiiOinbini BTpaTu caxapo3u B AuUQY3iHHOMY COKY
CIpUYMHEHI OakTepisMu pony Psevdomonas spp., OCKUIbKY Ticis 24 To TEpMOCTATyBaHHS
npo6 augy31HHOrO COKYy BMICT Caxapo3uW B HUX 3MEHIIHMBCSA B 2 pasu. Y mpobax COKy 3
B. subtilis 1 E. coli cioctepiraBcst 3HauHUH NPUPICT HITPUTIB MPOTATOM YCHOTO TEPMIHY
TepMocTaTyBaHHs. Tak, KiHIIEBUI BMICT HITPHUTIB y mpobax yepe3 24 roj TepMOCTaTyBaHHS
30impmmBes B 10-15 pasiB. Y mpobi coky 3 L. mesenterioides BimOyBaloch 3HauHE
MiJIBUIIEHHST PiBHA MOJIOYHOI KHUCJIOTH IOPIBHSAHO 3 ITOYaTKOBMM 3HaueHHsM. [licis
TepPMOCTaTyBaHHA mpoTaroM 2 roj npu 37 °C BMICT MOJOYHOI KHCIOTH CTaHOBUB
10,63 mr/100 cM® HOPIiBHSHO 3 MOYATKOBUM BMICTOM MOJOYHOI KHCIOTH — 3,07 Mr/100 e’
VY pa3i po3BUTKY CIIM30YTBOPIOBAIRHHUX OakTepidl y qudy3iiiHOMY COKYy CIIOCTepiraeThcs
IHTEHCHBHE HaKOITMYEHHS JIEKCTPaHYy, 110 KOPEIIOE 31 301JIbIICHHSM KiJIBKOCTI KITITHH TECT-
KyJbTYpu L. mesenteroides.

3aco0u Ha OCHOBI MOJIireKcaMeTHWIeHOITyaHIIUH TiAPOXJIOPHUIY, YETBEPTHHHHUX
CIIOJIYK aMOHIl0, HATpieBOi CONl JUXJIOPH30iNiaHypOBOI KHCIOTH, HAJOUTOBOI
KHCJIOTH Ta NEPEKHCY BOJHIO MarTh BHCOKY €(EKTHBHICTb CTOCOBHO OiJBIIOCTI
MIKpPOOpPIaHi3MiB, SIKi COPHYHHSIOTH BTPATH Caxapo3W B Tpoleci 1i eKkcTparyBaHHS 3
OypsSIKOBOi CTPYXXKHM Ta TPH3BOIATH /O TIOTIPHICHHS TEXHOJIOTIYHOI SKOCTI
HAITIBIIPOIYKTiB OYPSKOIyKPOBOro BUpoOHUITBA. KpiM Toro, 3a3HadeHi 3aco0u € TaKoxK
e(pEeKTUBHUMH L1010 CIU30YTBOPIOBAILHUX OaKTepiil.
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BucnoBku. JlociimkyBaHi 3aco0M XapaKTEepU3YIOThCSI BUCOKOK OaKTEPHIIUITHOIO
JIi€l0 100 MIKpOOpraHi3MiB, HasBHUX y audysiiiHomy coky. JlaHi 3acodm Takox
eQeKTUBHI JUIsl IPUTHIYEHHS PO3BUTKY CIIM30YTBOPIOBAIBHUX OaKTepiil.

KnrouoBi ciioBa: caxaposa, excmpazyeanus, Oesingikayia, —Cau30ymeopenHs,
baxmepisi.

IlopiBHAJIBHI AOCTiNKEeHHS IKOCTI cyAenly i3 YXaHH HA OCHOBI KOPOB’S140ro MOJIOKA 3
J0AABAHHSAM COEBO-MOJIOYHOI YXaHH*

Ilien Axtep', Illa Man Illaxan Ilaxpiap’,
M. Kayszep-VJI Anam', AGxyn Matun', Hasmyn Capsap'

1 - @axynvmem xapuo8oi npoMUcI080Ccmi ma MawunoOydyeanis, Yuisepcumem
BEMEPUHAPHUX A MEAPUHHUYLKUX Hayk Qummaeonzy, Yummaeone, banenadew
2 - Kageopa npuxnaonoi ximii ma ximiunoi mexuonoeii, Yuisepcumem Paoowcwaxi,
Paoowcwaxi, Banenaoew

Beryn. Cynemr — nonynsipauii aecept banrmanenry, BurorosieHuii i3 uxanu. JlaHe
JOCTIKEHHST OyJI0 MPOBEIACHO 3 METOIO MOPIBHSAHHA SIKOCTI CYHEIIy i3 YXaHW Ha OCHOBI
KOPOB'STMOr0 MOJIOKA Ta 3 JI0AABAHHS Pi3HOI KIJIBKOCTI COEBOMOJIOYHOT YXaHH.

Marepianu Ta metonu. Yotupu pizHux Buy cyzemy, a came S1 (i3 100%-ro uxanu
13 KopoB'stuoro Mosnoka), S2 (75%-Ba uxaHa i3 KOpoB'ssuoro monoka + 25% coeBomonoyHa
yxaHa), S3 (25%-Ba uxaHa i3 KOpoB's4oro mMonoka + 75% coeBoMoiouHa uxaHa) i S4
(100%-Ba Mono4HOCOEBa uYxaHa) o0OpoOJsIM B JlabopaTopii BiAAlTy —Xap4oBoi
MIPOMUCIIOBOCTI Ta iH)KeHepii, YHiBepcUTeTI BeTepHHapii Ta TBapHMHHMITBA UWTTaroHry.
[TiaroroBneHi 3paszku cyzaeury Oyinu MpoaHali3oBaHi Ha BOJIOTICTh, O1JIOK, KUP, 3011y, BMICT
BYIJICBOJIIB, KHCIIOTHICTh Ta CEHCOPHI BJAaCTHBOCTI. [IpHHHATHICTH 3pa3KiB cCyneury
BHBYAJIACS CKCIIEPTHOI KOMICI€l0, IO CKIIaaanacs i3 15 yJacHUKIB.

Pe3yabraTu i odroBopennsi. Pe3ysipraTu mokasaiu, 10 BOJOTICTh 3pa3KiB CTAHOBUIIA
22,53+0,12, 22,95+0,20, 23,54+0,22 Ta 25,44+0,17% BignosigHo; Bmict Oinka 21,87+0,32,
23,02+0,17, 25,92+0,42 i 29,62+0,23%; BmicT xupy 20.44+0.05, 19.02+0.03, 17.00+0.05 i
16.42+0.10%; Bmict 30mu 0,88+0,04, 1,39+0,03, 1,53+0,04 i 1,95+0,02%; KHCIOTHICTEL
0,05, 0,033, 0,023 i 0,22%, Bmict BymieBomiB — 34,28+0,22, 33,62+0,16, 32,01+£0,59 i
27,15+0,31% BiamoBimHo. Ha OCHOBI CEHCOPHOI OINIHKH KOJNBOPY, CMaKy, TEKCTypH Ta
3arajJbHOi MPUHHATHOCTI CyAEll, BUTOTOBJIEHHH 31 CBIXKOI YXaHM Ha OCHOBI KOPOB'SHOTO
MoJIoKa 3ale3rneuye HaWBUIY NPUAHATHICTH 1 OyB oOuiHeHWH ayxke Bucoko. Cyger,
BHUT'OTOBJICHUH Ha 75% 13 UXaHH 13 KOPOB'sIUOr0 MOJOKa i 25% COEBOMOIOUHOI uXaHu (S2)
OyB oLiHeHNUH 3aJI0BIJIbHO, a iHmi Buay (S3 1 S4) He Oynu NPUHHATHUMH.

BucnoBku. CoeBOMOIOYHA uXaHa MOKE€ BUKOPHUCTOBYBATHUCS SIK 3aMiHHHK YXaHH i3
KOPOB'STYOT0 MOJIOKA Il BATOTOBJICHHS CY/EILY.

KarouoBi ciioBa: wosoko, cyoeut, uxaua, cosi, sikicme.

* Ilpumirka penakuii. Cynmem — ne HONJIApHUM MiBJICHHOA31aTCHKUK JlecepT HA OCHOBI
KHCJIOMOJIOUHOTO cHpy. UxaHa — CHPHUH HPOIYKT, y SKUH 3aMiCTh CHYYrY JIOAAIOTBCS XapyoBi
KHUCJIOTH; 3a3BUYaii BUKOPHCTOBYEThCA Y MiBICHHIN A3i{ SIK CHpOBHHA U1l BAPOOHULITBA COJIOAOLLIB.

584 —— Ukrainian Food Journal. 2017. Volume 6. Issue 3



—— Abstracts

MartemMaTH4YHe MOJeTIOBaHHA cTadinizanii emyJnbciii [likepinra TBepaumu
HAHOYACTHHKAMH

SApocnasHa Kammpina, Osekciit Mypatos, I'eopriii Cokonbebkuii, Osier MipOInHHKOB
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Mera gochmijpkeHHs monsrae |y Iiepef0adeHHI W BUBUEHHI YMOB IS
cTalimi3amii Xap4yoBHUX 1 KOCMETHYHHX eMyibcii edekrom Ilikepinra, mo 3abe3mneuye
MOXIIUBICTh MaTEMAaTHYHOTO MOJIENIOBAaHHS yMOB Uil HalieeKTUBHIIIOl crabimizamii
EMYIbCIH.

Marepianu i meromu. BuBueHi MonmenpHI eMmynbeii 3 BBEICHHUMHU TBEPIUMHU
HAaHOYACTMHKAMH HAa OCHOBI BOJM 1 TPHIJILEPHIIB KapOOHOBUX KHUCIOT, TaKHX SIK
tpudytupar (C4), tpukanpumar (C6) i Tpuonear TIIilepUHY, JbHAHOI oii (cyMmimn
TpUDTILEPUIIB KUCIOT: 9—11% maneMiTHHOBOI 1 cTeapuHoBOi, 13—29% oneinooi, 15-30%
JiHOIeBOI, 44—61% JHONEHOBOI KHUCIIOT) Ta IX CTHJIOBI €CTEpPH 3 MOJIOHHUM CKIAaoM, a
TakoXk mappymepHa oiis. OOYHCIEHHS IIOBEPXHEBOrO HATATY 1 CTAaOUIBHOCTI JUIs
MOJICTIBHUX XapUOBUX 1 KOCMETHYHUX EMYIIbCiii BHKOHAHI 3a JOMOMOIOI0 HPOrPaMHOTO
3abe3nedeHHs MathCAD-2000 3a meroznom binkca.

Pesyabratn i o0roBopenHsi. Po3paxoBaHi 3HaueHHs BUIBHOI eHeprii cepryHOi
Hanouactuku (B omuHuisx kgT, T = 298 K) na moBepxHi moainy ¢a3 Bopa/omis
(TpuOyTHpHH, TPHKAIpOIH, TPHOJEiH, JBHSIHA ONig Ta X €TWIOBI ecrepu, HmappymepHa
onis). CTaOinbHICT YaCTHHKY XapaKTePH3YEThCSI EHEPreTHYHUM 0ap’epoM 3 OOKY OJIHIET 3
piauH. Y 3B’S3Ky 3 THM, IO eHepreTudHi npodini € mapadoiaamu, oTpuMaHa iH(OpMaris
Npo BEJIMYHMHY Oap’epiB 1 TOJOKEHHS MIiHIMYMY, KOJHM YacTHHKa IEPEMIIYeThCS Bil
MIHIMYMY 3 KOOPJUHATOIO Z,, Y BoAy (z = -1) i B omito (z = 1). Haiikpanii 3Ha4eHHs miei
€Heprii Ui TBEpPIOro eMysbraropa CKianarTh npuoausHo 2830 (y mpHAHIN ofii Ta B iX
ecrepax), 4010 (mapdymepna omis), 400 (tpuonein) u 150 kgT (Tpudyrupun). BuznaueHo,
II0 HAHOYACTHUHKAa KpeMmHe3zeMy, sika Mae 50% rimpodinbHOi MOBepXHI, Mae Kparii
BJIACTUBOCTI cTabimi3amii.

BucnoBku. J[loBeneHO MOXIMBICTH TEOPETHYHOTO MEpeAdadeHHs yMOB IS
cTabinmizanii Xap4oBHX 1 KOCMETHUHHX eMyJbCiil edexrom [likepinra. OnTumansHuii BUOIp
MaTepialy HaHOYACTHHKHM Ui craliiizalii BianoBigae kpemHe3emy 3 50-BiJCOTKOBOBOIO
riIpodiIbHICTIO TOBEPXHIi.

Kunrouesi cinoBa: nikepine, nanouacmunxu, Kpemnesem, gyeneyb, MOOEII0BAHMHS.

Buznauenns ¢popm 3B’A3KY BOJIOTH 0i1KOBO-TPAaB’IHUX 3IYCTKIB

Onena I'pek, Onena Onompinuyk, Amta Tumuyk, Jlapuca UybeHko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Inrepec BukiMKae AociikaeHHS (OpM 3B’SI3KIB BOJOTH B MOAM(IKOBAHUX
MOJIOUHO-O1IKOBHX KOHIIEHTpaTaX, a caMe B OIJIKOBO-TPAB'SHUX 3TYCTKaX, SKi OTPUMYIOTh
TEPMOKHUCIIOTHUM OCa/PKEHHSIM O1JIKIB MOJIOKa.

Marepianu i meromu. JlocmimKyBaBcs OLIKOBO-TpaB’sIHUH 3TYCTOK (KOHTPOJB) Ta
01JIKOBO-3€pHOBA CYMIIIl HA HOr0 OCHOBI 3 €KCTyJIaToM pucy. Bu3HaueHHs BMICTy BOJOTH
MIPOBOJIMIIA TEPMOTPABIMETPUYHUM METONOM. JIOCHI/DKEHHS KIJIBKOCTI BOJIOTH Pi3HOT
¢dopMu 3B’A3KYy 3JIMCHIOBAIM METOAOM JAU(EPEHIATLHO-TEPMIYHOTO aHajily Ha B
niamazoni Temneparyp 20-250 °C 3a mBuaKocTi HarpiBaHHs 3pas3kiB macoro 1000 mr —
2,5 °C 3a XBWIUHY.
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Pesyabratu i o0roBopennsi. BuirydeHHsST OCHOBHOI YacTHMHM BOJOTH (BUIBHOI) i3
6inkoBo-TpaB’siHux 3rycTkiB (BT3) 6e3 excrpynary pucy BinOyBaerbes mBuame — 3a 6,0—
6,5 XB, a 3 JIOMaBaHHAM EKCTPYIATy PUCY — IOBUIBHIIIE 1 el MOKa3HUK 3HAXOIUTHCS B
Mexax 7,5-8,0 xB. ['iapodinabpHi peyOBUHU EKTCTpyAATy B3aeMOJilOTh 3 Boyororo bT3 3a
paxyHOK yTBOpeHHs1 H-3B’s13aHMX moJiacomiaTiB i3 y4acTio MOJIeKyNn Boau Ta H-3B’s13aHuX
(YHKI[IOHATBHUX TPYH TLAPOQIIEHUX pedyoBUH. MoONEKyau TiApoQOOHUX TPYH CTaroTh
OB YIOPSAKOBaHI, MPO IIO CBLAYMTH 3MEHIIECHHS EHTPOMii. 3a paXxyHOK IUCIIEPCIHHUX
CHUII T11podhoOHI TPYIH arperyroThes. B3aeMois ekcTpynaTy prucy 3 OiTKaMH MOJIOKA TTiCs
KOaryIsiiii MpU3BOAUTH 10 YTBOPEHHSI KOHIVIOMEPATIB, IO HE BiJPI3HSIIOTHCS MILlHICTIO
3B'I3KiB, aJi¢ IUJIKOM JOCTaTHI JJIs 3B’sS3yBaHHs BUTBHOI BOJIOTH, sika MIiCTHThCS y BT3 y
BUTJSIII  cuUpoBaTku. /[l 3paskiB  OiIKOBO-TpaB’SHUX 3TYCTKIB 1 OIJIKOBO-3€pHOBHX
cyMillleif Ha X OCHOBI 3 €KCTY/IaTOM PUCY XapaKTepHUM € HasSBHICTh YOTUPHOX KPUTUUIHUX
temnepatyp (T;49-58°C, Ty91-98°C, Ty 131°C, T 179-186°C), 3a sxux
BHIAJIAETHCS BOJIOTAa Pi3HMX THIIB, IO PO3PI3HAETHCS MIIHICTIO 3B’s13Ky. JlomaBaHHS
exctpynaty pucy no bT3 mo3Bonse migBUIMTH KiIbKICTh 3B’s3aHoi Bosoru Ha 36,07%
TIOPiBHSTHO 3 KOHTPOJIEM.

BucnoBok. JlomaBaHHs eKCTpyaaTy pHCY A0 OUIKOBO-TpaB’SHUX 3TYCTKIB JUIs
3B’sI3yBaHHs BUIBHOI BOJIOTM € JOOIUIbHHM. lle 3a0e3meuye crajgi IHMOKa3HUKHA SKOCTI
O1JIKOBO-TpaB’sSIHUX 3TYCTKIB IiJ] Yyac 30epiraHHsi.

Karwuosi ciioBa: monoko, wasenw, koazynayis, 6i10K, ekcmpyoam, 36 130K G0JI02U.

Mpouecu i o6nagHaHHA XapyoBMX BUPOGHULTB

Brniue THCKY | TemMniepaTypu Ha Koe(ili€eHT TepTs rpaHyJIbOBAHUX MOJIiMepiB MO
MeTaJieBiil moBepxHi

Bixrop Butsuupbkuii', Irop Mikysorok', Onexcanap Cokonbebkuii', Onexcanp ['assa’
1 — Hayionanvnuii mexuiunuil ynigepcumem Yxpainu « Kuiecokutl nonimexuiunuti
incmumym imeni leops Cikopcvkoeon, Kuie, Ykpaina
2 — HayionanvHuil ynisepcumem xapuosux mexnonoeit, Kuie, Ykpaina

Beryn. [Ilpoenmeni JoCHi[DKEHHS 3 METOK0 BU3HAYEHHS KOEQIIEHTIB TepTs
MOMIMEPHUX TPaHYJIbOBAHMX MaTepialiB 10 METaJeBid MOBEpPXHI, 30KpeMa ISl OIHUCY
3aKOHIB iX PyXy Yy 30HI KUBIICHHS YepPB’SIYHOTO EKCTPYAEPa.

Marepianmu i meromm. g OoCHiKeHb pyXy MONIMEPHUX TpaHyl y KaHall
eKCTpyZlepa BUKOPUCTAHO YOTHUPU TUIM TpaHyd: mojierwseH Bucokoi rycrunu (I1BI),
CHiBIIONIIMEp eTwieHy 3 BiHinaneratoMm (ceBiieH), nomictupoin (IIC) ta momiBiHUIXIOpUI
(ITIBX). KoeoimienTn TepTs BHU3HAYEHO 3 BUKOPUCTAHHSM IUIOCKONAPAJeIbHOI MOJENi
MIPOIIECY eKCTPY3ii.

Pesyabratn i oOroBopenHsi. AHani3 pe3yJabTaTiB IIOKa3aB 3arajbHE 3MEHIICHHS
3anexxHocti koedinieHnta Teprss (KT) mpu 30iibLIEHHI THCKY, OJHAK TP JOCATHEHHI
MaKCHMaJIbHUX 3HaYeHb Maike Ha BCIX KPUBUX BiJOyBaBCs Mepexia yepe3 MiHIMyM, Hicis
sixkoro 3HaueHHs1 KT mounHamy 3pocrati.

Jua TIBIC KT 3menmyersest Big 0,35 mo 0,26 npu naBantaxeni 200 Ila Ta Bix 0,23 mo
0,17 pu 2000-2200 ITa, 3i 30iabIICHHAM TITHOMHA KaHAy Bif 7 10 23 MM. )i ceBijieHY
KT 36inpmyerses Big 0,15 no 0,44 mpu 200 Ila Ta Bix 0,15 mo 0,17 mpu 1900-2100 Ila.
Jmst TIC KT 3mintoetbes Bim 0,6 mpu 200 Ila mo 0,3 npu 2100 Ila i He 3aJeKUTh Bix
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30inpieHHs ruouHu kanany. s [IBX KT 36inemyetses Big 0,3 mo 0,7 mpu 200 Ila ta
Bix 0,22 mo 0,43 pu 1900-2100 ITa.

[Tpu nHarpiBanni pobouoi moBepxHi qo Temmeparypu 90 °C KT mns IIBIT nepecrae
3aJIe)KaTH BiJl TIIMOMHU KaHaly i HaOyBae cepeanix 3HadeHb — 0,3 mpu 200 I1a ta 0,2 npu
2100 ITa. dns cepineny mpu 80 °C KT 3pocrae i KOKHOT TTTHOMHM 1 TOCATAa€ 3HAYCHB Bif
0,25 1o 0,4 mpu 200 ITa ta Big 0,19 mo 0,23 mpu 1600—1700 ITa. dns I1C mpu 100 °C KT
sMmenmyerses 1o 0,5 npu 200 ITa ta 0,2 mpu 2100 IMa. g [IBX KT He 3ai1ekuth Bifg
HarpiBaHHs poOOYOI MTOBEPXHI.

BigMiHHOCTI B OTpUMaHHMX 3aJCKHOCTIX MOXKHA IMOSCHHUTH PI3HAMH MEXaHIYHHUMH
BJIACTHBOCTSIMH JIOCIII/PKYBAaHHX TONIMEpIiB, 30KpeMa 3HaYeHHSIMU MIITHOCTI, Koe(ilieHTa
TepTsl, Ae()OPMOBAHICTIO 32 PI3HUX TEMIEPATYP.

BucHoBkn. OTpuMaHi pe3yabTaTd JalOTh 3MOTY YIOCKOHAJIHMTH IPOLEC EKCTPY3ii,
301JIBIIUTH MPOAYKTUBHICTD 1 3HU3UTH CHEPrOEMHICTH 3a PaxyHOK IiJBUIICHHSI TOYHOCTI
PO3paxyHKiB.

Koarwuosi cnoBa: nonivep, epanyna, excmpyoep, mepmsi.

TepmoanHamMiyHNi aHATI3 cUcTeM aHaepoOHOr 0 OPOdiHHA

Onexkcanap IlleBuenko, Anaroriti CokoneHko,
Koctsutun BacunbkiBesknii, Oser CrenaHeis
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. YV crarTi JOCHIIKEHO MOXIMBICTH BUKOPHUCTAHHS OCOOJIMBOCTEH IPOIIECIB
MIKpOOIOJIOTIYHMX 1 TEPMOAMHAMIYHUX TpaHchopMalliii y 30pO/KyBaHUX CEpEeNOBHINAX,
SIKI IOETHYIOTBCSI TPUHIIMIIAMH MiHIMi3alii eHepreTHYHNX MOTEHIaNIB 1 CIPSIMyBaHHS J10
HaKOUIBII IMOBIPHUX CTaHiB.

Martepianu i Mmetonu. Mertonu nociipkeHb 0a3yrOThCS Ha TEOPETUUHHX ITONIYKaX,
BUBYEHHI OCOOJIMBOCTEH MaTepiallbHUX 1 €HEepreTHYHHX TpaHchopMaliii y OpoaminbHUX
LUKJIaX y 3B'13KY 3 EHTPOIIHHUMU MIEPETBOPEHHSIMH y O10JIOTIYHUX CUCTEMAX.

Pe3yabraTu i odrosopennsi. [lepedir TexHonoriii anaepoOHOro 1 aepoOHOro OpoIiHHS
€ JIOKaJIbHOIO CKJIAJIOBOIO 3arajlbHOrO KOJIOOOIry BYIVIEII0, B SIKOMY CIOCTEpIraroThCs
SHTpOMNiHHI TepeTBOpeHHs 1 BTpatd y ¢(opmi TtemioBoi eneprii. CaMOIUIMHHICTD 1
HE3BOPOTHICTh TMPOILECIB MiArOTOBKH IIYKPOBMICHHX CEPENOBHI] 1 CaMmoro Iporecy
OpoziHHS € BiZOOpPa)KEHHSM 3aKOHIB TEPMOAMHAMIKHM, Ha OCHOBI aHaJi3y SKUX
3aIpOIOHOBAHO CHCTEMY YTHITI3allil TeIIOTH OpO/IiHHSL.

TexHomnorii aHaepoOHOro il aepoOHOro OpoAiHHS MalOTh IOTEHINAN HEeTPaAUIiHHNX
SHEPreTUYHHUX JDKEPET, BHKOPHCTaHHS SKHX MOXIIMBE Ha OCHOBI TEOpETHYHOI 0asu
TerioBux HacociB. 3a P. Kiaysiycom, nepedir mpupoaHuX HpOIECiB € CAMOIUIMHHKM 1 11e
CTOCYETBCSI XIMIYHUX 1 OioximMiuHMX peakuiid. lle MomokeHHS MOXXHa 3aCTOCYBaTH 1 10
TEXHIYHHX CHCTEM, IO JOMOBHIOIOTH MPUPOIHI CAMOIUIMHHI SIBUILA 1 MPOLIECH, B SIKHX, Y
TOMY YHCIli, pEaji3yloThCsl MPUPOIHI BIACTUBOCTI ApiKIKIB-IyKpomineTiB. HaBeneHa
TEepMOAMHAMIYHA OIIHKA O10JIOTYHHUX CHCTEM Y (OpMi XapaKTEpUCTUK HMIBHAKOCTEH 3MiHU
EHTPOIIH Ta EHEePreTHYHHUX TPaHCPOpPMAIliil KUBHIBHUX KOMITOHEHTIB 3a y4dacTio AT® i
AJI® Ta BinmbHOI eHeprii ['i00ca. [Toka3aHo, 1[0 HACHYCHHS KYJIbTYPaJbHOTO CEpPEeIOBHIIA
JIOKCUIOM BYTJICHIO CTBOPIOE IEPENOHM HA IUIAXY EHJOTEeHHUX IPOIECiB CHUHTE3Y
€TUIIOBOTO CIUPTY ¥ JIOKCHIY BYTJIEI0. 3alpolOHOBAaHO CXEMY YTHIIi3alii BTOPUHHHUX
SHEePreTHYHUX PECYPCiB MPOIECiB OPOMIHHA 3 YpaxXyBaHHIM TOTO, IO MOTEHINAT TEIUIOTH
OpoiHHS MaibKe BIIBiYi IEPEBUIIYE TEIJIOTY IIEPETOHKH.
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BucHoBkn. KinbKicTh TEIUIOTH OpOIIHHA IOCTaTHSA VIS TPOIECY MEPEroHKH IpHU
mapajelbHOMY TOENHAHHI IMX IMPOIECIB, a BEJIMYUHA 1 MBUIKICTH TCHEPYBaHHS BIIBHOI
eneprii ['i60ca B KynbTypajJbHUX CepeJOBHINAX MOB'S3aHa 3 AWHAMIKOIO 3POCTaHHS HOro
€HTPOITii.

KarouoBi cioBa: macoodmin, enepeoobMmin, MIiKpoopeanizm, anaepobne OpoOiHws,
eHmpONis, MepMOOUHAMIKA.

Heonnopinne nceBao3pizkeHHsA B ABTOKOJMBAJBLHOMY PeKUMI

Spocnas Kopnienko, Cepriii ['atimaii
Hayionanvnuuii mexuiunuil ynigepcumem Yxpainu
"Kuiscoxuii nonimexuiunui incmumym imeni leops Cikopcvkozo"

Beryn. Mertoro crarti € MaTeMaTHYHE MOJENIOBAHHS TiIPOIMHAMIKA HEOJHOPIIHOTO
TICEBJIO3P1UKEHHSI B aBTOKOJIMBAILHOMY PEXUMI, SKUH 3a0€31eYUTh CYTTEBE IiIBUILECHHS
€(pEeKTUBHOCTI TEIIo- 1 MacOOOMIHHHMX IPOIECIB IUIIXOM CTBOPEHHS IHTEHCHBHOI'O
HAIPaBJICHOTO TIEPEMIlIYBaHHs 3EPHUCTOrO MaTepialy TpH IPOBEJCHHI IPOIECiB
3HEBOJHEHHS Ta TPaHYJISLI.

Marepianu i meromm. ['paHynboBaHWH Matepiayl, [0 3HAaXOOUThCI B Kamepi
TpaHyJsTOpa, CHOPS/DKEHIN CHemialbHUM Ta30pO3MOAUIEHEM IIPUCTPOEM Y  HIDKHIN
YaCTHHI Ta HANPaBIISIOYOI0 BCTABKOI y BEpxHild. Bu3HaueHHs MOpPO3HOCTI Ta Iepenany
TUCKy B INapi, a TakoX Bimeodikcalisi Iporecy 3/ifiCHIOBaIUCS 3a JOIMOMOTO0
CrelianizoBaHoro o0aHaHHS.

Pesyabratn i o6roBopennsi. PeaymizoBaHO HEOMHOpiJHE TICEBIO3PIIKEHHS Y
aBTOKOJIMBAJIBHOMY pEXHMI TpPU 3aCTOCYBaHHI OPHTIHAJIBHOI'O Ta30pO3MOALTIBHOIO
MIPUCTPOIO 3 KOe(illieHTOM JKHUBOro Iiepepisy ¢=4,9% Ta yIOCKOHAJCHOI KaMmepu
rpaHyisTopa. 3a0e3ledyeHo iHTEHCHBHE MaKpOIEepeMIllyBaHHs 3€pHUCTOrO Marepiany 3
eKBiBasIeHTHUM niamerpoM D,=3,97 MM i ryctmHow p,=1450 kr/mM’ mnpu BigHOMmICHHI
HOMIHAJILHOI'O Tepenany TUCKY no Bucotd wmapy AP,/Hy>8500 Ila/m i3 wacroToro
nynbcauidi  f~1,67I'n. HeomHopimHe ICeBIO3PIIKEHHS B aBTOKOJIMBAJIBHOMY PEXHMI
3a0e3meuye Koe(dillieHT TpaHyIoyTBOpeHHS y>90%, Ta MUTOME HAaBaHTAKCHHS TOBEPXHI
mapy 3a Bonorotw a,=0,8-0,9 Klyon./(M>-TOI). OBGPAaHO Ta HA OCHOBi EKCIIEPUMEHTAIBHUX
JIOCII/PKEHh MOJM(IKOBAHO MaTeMaTHYHY MOJENb, SKa 3 YpaXyBaHHSIM HEOJHOPIIHOCTI
Jla€ 3MOT'Yy BH3HAUMTH YMOBH IIPOBEIEHHS IIpolecy, Npu sikoMy a0 25% macu mapy
nepeOyBae B akTUBHIN (ha3i mo3a Mexamu mapy 3 yacrororo f=1,67 I'n. MaremaruuHa
MOJIEITb 3 TOYHICTIO 94,1% miATBEpKYE Pe3yIbTAaTH JOCTIIXKSHHS.

BucnoBku. PeanmizoBana rijpomuHaMika B Kamepi TIpaHynsTropa 0e3 YTBOPEHHs
3acTifHUX 30H. MoaudikoBaHa MareMaTHYHa MOJeNb Jaja 3MOrYy BH3HAYUTH
IHTEHCHBHICTh aKTUBHOTO MYJbCAIHHOrO 00’€MHOT0 IHMPKYISIIHHOIO IepeMilIyBaHHs,
IO CYTTEBO IMiJABHIIUTH CTIMKICTh KIHETUKH TpPaHYJIOYTBOPEHHS IIpH 3HEBOAHEHHI
KOMITO3UTHHX PIIKUX CHCTEM.

KurouoBi ciioBa: ciopoounamika, nyrscayis, ncee0o3piodicenis, 006puso, 30ia.
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Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIHChKA, YKpaiHChKa, pOCifiChKa

PexomenmoBanuii obcsr cratri — 8—15 cropimok ¢opmary A4 (6e3 BpaxyBaHHS
AHOTAIIIH 1 CIUCKY JIITepaTypH).
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3. ABrtopu craTtti (iM’s Ta mpi3BHIIE NOBHICTIO, puknaj;: Jlenuc O3epsiHKO).
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5. Anoraris. O00B’A3KOBa CTPYKTypa aHOTAIIIl:

«  Beryn (2-3 psaaxn).
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«  PesynbraTi Ta 00roBOpeHHs (IiB CTOPIHKH).

«  BucnoBku (2-3 psaaxn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.
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9. KoHTakTHi aHi aBTOpa, IO AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOTbCS siKicHO. CKaHOBaHI PUCYHKM He INpPUHMAarOThCs. Po3Mip Tekcry Ha
PHUCYHKax MOBHHEH Oyt cniBpo3mipHuM (!) Tekcry crarti. @oTorpadii MojkHa BUKOPHCTOBYBATH
JIMIIIE 32 iX 3HAYHOI HAYKOBOI HiHHOCTI.

®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 IMO3HAYAIOTHCA JATHHCHKUMU
niTepamu BianoBinHo 1o cuctemu 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. Bcei eneMeHTH TOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa crarrti, HazBa xypnauay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS 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 IOCHIIAHHSI PO3IIJISIFOTHCS 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
JIAaHUX Tpo MyOIiKamito NMUIIyThes cinoBa Available at: Ta Bka3yeThes €JI€KTPOHHA ajpeca.
[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
YKpPaiHCHKOI0 Ta POCIHCHKOK MOBOIO MOTPiOHO TpaHcmitepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBU BHKOPHCTOBYETHCS MACIIOPTHUI CTaHIAPT, a 3 POCIHCHKOI — 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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YK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTarTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis [poriecu Ta o0OMaTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOAYKTIB YnakoBKa JUIs Xap4OBUX IPOIYKTIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynpraT JOCHiKEHb, TPENCTABICHI B JKypHalli, NOBHHHI OYTH HOBHUMH, MaTH
YITKAH 3B'A30K 3 XapyoBOIO HAYKOK 1 TMPEACTaBISATH IHTEPEC sl MIKHAPOIHOTO
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)
Chemical Abstracts Service Source Index (CASSI) (2016)

Penensin pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxomsits «IlonsiiiHe ciine perieH3yBaHHS» BOMa BUYCHUMH,
MPU3HAYEHUMH PENAKI[IfHOI0 KOJIETIi€I0: OJIMH € YJICHOM PENKOJIerii 1 OAWH He3aJeKHUN
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHSIM OY/Ib-
SKMX aBTOPCBKMX IIpaB, Ta BIJIIKOJOBYIOTh BHJIABIO ITOPYIIEHHS MJaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBlg «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermku. Penakuis «Ukrainian Food Journal» xopucryerbcs
MpaBWJIaMHM aKaJIeMiuHOi ©THKH, 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 i1 peleH3eHTaM IPsAMO CIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH IOMHJIOK y HaYKOBIH JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIisl pO3MIllleH] Ha CalTi

http://ufj.ho.ua
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T'onoBHUIT pexakTop:

Basnepiiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YuieHn MikHApOIHOI pefaKuiifHOl KoJserii:
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HAH benapyci
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Bogogumup Ko6aca, n-p. TexH. Hayk, npod., Hayionanvnutl ynieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, n-p., npod., Jepocasuuil ynisepcumem losu, CILIA
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Mukosna CaueBChbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu
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Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHONninbCoKULl HAYIOHATbHUL MEXHIYHULL
yuiepecumem imei leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, ®@panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan uen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrieepcumem xapuosux mexnonoeii, boreapis
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Tersana [Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., leyuncokuil ynisepcumem, [onrvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvroeo HAH Yxpainu

KOpiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ounexciit I'yoenst (BiamoBinadbHUN ceKpeTap), KaHA. TeXH. HAYK, JOIl., Hayionaibruil
YHIgepcumem xap4oeux mexuonoziu, Ykpaina.

594 —— Ukrainian Food Journal. 2017. Volume 6. Issue 3



——Ukrainian Food Journal. 2017. Volume 6. Issue 3 — 595



HaYKOBC BUAAHHA

Ukrainian Food Journal

Volume 6, Issue 3 Tom 6, Ne 3
2017 2017

[Miam. mo apyky 29.09.2017 p. @opmat 70x100/16.
O06m.-Bux. apk. 14.15. Ywm. npyk. apk. 14.01.
IapuiTypa Times New Roman. JIpyk odceTHumi.
Haxman 100 mpum. Bug. Ne 10u/17.

HVYXT. 01601 Kuis—33, Byn. Bonogumupceka, 68

CBiJIOITBO PO JEPKaBHY PEECTPALIi0
JPYKOBAHOTO 3ac00y MacoBol iH(popmMarii
KB 18964-7754P
BuaaHe 26 oepesns 2012 poky.



