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Introduction. In order to determine the yield of intermediate
milled products, the process of crop formation during the milling
of wheat into varietal flour has been investigated.

Materials and methods. On the first three break systems,
intermediate milling products under the rollers were selected and
sifted to determine the mode of operation of the systems, and then
pass fractions were sieved on sieves to determine the yield of
individual product fractions. The results of the research were
presented as a dependence of "general product — yield fraction".

Results and discussion. The output of all milling products
on the first break system, depending on the milling mode, is
nonlinear. On the second break system, the only dependence on
the yield of small middlings and superfine flour is linear, and the
yield of large and medium middlings, as well as flour has a
nonlinear character. On the third break system, the large
dependence of the yield of products on their milling regimes, all
milling products except the yield of the small middlingshave a
nonlinear character. On the third break system, the small linear
dependencies of the yield of products from the milling regime are
only superfine flour and flour, the remaining products are
nonlinear in nature.

With an increase in the total product of intermediate
shredding products from 29,4% to 56,6%, on the 1st system there
was an extremum of the output of large grains at 40,0%. On the
second tread system, with an increase in the total product of
intermediate shredding products from 46,5% to 72,0%, an extreme
average yield of cereals at 60,0% was observed. At the third
trench system, an extreme release of superfine flour at 35,5% was
observed at a general level of 11,9% to 40,6% of intermediate
products. With an increase in the total product of intermediate
milling products on the third trench system from 22,6% to 47,9%,
an extremum of the output of small middlings was observed at
46,4%. Determined extremums are optimal values of intermediate
products yield of three break systems.

Conclusions. The given dependences of the output of
separate fractions of wheat grain milling products are
recommended for calculations of quantitative balances of varietal
mills.
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Introduction

Investigation of wheat grain milling is an actual scientific problem, in connection with
the fact that the grain milling function has not been invented due to its complexity [1-5, 8—
14, 16, 19].

The function of grain milling is important from the practical point of view, and also
necessary for calculating the quantitative balance of the technological process, on the basis
of which the calculation of technological equipment of the milling unit and pneumatic
transport [6]. Many researchers investigated milling of grain in rollers Campbell G.M.,
Fistes A., O.Vereschinskii and other researchers. Campbell G.M., Fang C., Muhamad 1.1,
Webb C., Bunn P.J., Hook S.C.W., Sadhukhan J., Mateos-Salvador F. [1-4, 8, 9, 16, 17]
suggested the function of milling wheat grain for the I drowning system, which relates the
size of the gap between rollers of the roller machine, the moisture content of the grain and
its strength. A. Fistes, G. Tanovic, J. Mastilovicc M. Bardar, A. Takaci,
D. Rakic [10-13] proposed a matrix method for calculating granulometric composition of
milling products. The function of milling wheat grain on each separate technological
system remains unknown [19].

In order to solve the problems of calculating the quantitative balance of grain milling in
wheat flour, it is proposed to use dependencies that connect the output of individual
fractions of intermediate products from their total product for the first three break systems.
These dependencies have a rectilinear form [15, 18]. In practice, grain milling in rollers is
known to reduce the distance between the rollers by shredding large products into small
ones.

Linear dependencies between the output of cereals and dunes and the general product
of these products are contrary to the phenomenon of grain milling [19].

Taking into account the above, it is relevant to carry out research into the establishment
of the output of individual fractions of intermediate products and their total product in the
first three break systems.

This will allow the calculation of the output of individual classes of intermediate
shredding products when compiling the quantitative balance of milling grain of wheat into
varietal flour.

The object of the study is a quantitative assessment of the process of crushing low-
viscid grain wheat in the wheat miller.

The output of individual fractions of intermediate shredding products from their
general product was investigated.

Materials and methods
Materials
During the research wheat grain was processed with the following quality indices:

grain weight — 791 g/l, grain moisture content on the I drought system — 16,2%,
vitreousness — 38%, garbage impurity — 0,4%, grain impurity — 2,3%.
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Methods

Milling of grain. The milling of wheat grain was carried out in the production
conditions in rollers, and the technical characteristics of the rollers are given in table. 1. The
technological process was carried out according to the scheme shown in Fig.1

I break II break III break III break
system system system large system small
3-1,614 S. S.
61114 + I b.s. 61,898 + I b.s.1 lan IVb.s.l 61412 + IV b.s.l
70,666 P> | 5:0,636 JLPES| 50527 IVOSS| 5 5p7 JJIVDSS
3-0,421
oan Lo | 60562 2 | 55462 8- 54/62
3-52/60 *SLrtL 5-0,421 -+ P4 3-54/62 *SLrt?L 3-52/62 *ML
. ’
l Control l Control Control
flour Sort2 Y flour Y flour

Figure 1. Scheme of tedious process

The formation of intermediate shredding products is carried out according to the
following scheme: the technological process of crop formation in wheat mills includes three
break systems, and the third break system is divided into large and small ones. The grain is
fed to the I system, is crushed and transmitted by pneumo transport to the raiser, which
sifted on the sieves.

The first east is sent to the roller mill of the second trample system. The second east in
the form of a large gravy goes to the sieve system Nel for enrichment. The third step in the
form of an average grits is directed to the sieve system Ne2 for enrichment. The third
approach in the form of a mixture of small grains and dunes is directed to sorting system
Nel for division into separate products. The first pass is high quality flour, which is sent to
the collecting conveyor.

The crushed product in the roller II of the tidal system is pneumatically transported to
the raiser. The first east is fed into a roller mill of the third large system. The second east is
fed into a roller mill of the third tiny system of small. The third step in the form of large
grains and shells is fed to the sieve system Ne3 for enrichment. The fourth east as a medium
miller is fed to the sieve system Ne4 for enrichment. A passage in the form of a mixture of
small grains, dunes and flour is fed into the raiser of the sorting system number 2 for
division into separate products.

The crushed product in the roller II of the tidal system is pneumatically transported to
the raiser. The first east is fed into a roller mill of the third large system. The second east is
fed into a roller mill of the third tiny system of small. The third step in the form of large
grains and shells is fed to the sieve system Ne3 for enrichment. The fourth east as a medium
miller is fed to the sieve system Ne4 for enrichment. A passage in the form of a mixture of
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small grains, dunes and flour is fed into the raiser of the sorting system number 2 for
division into separate products.

The crushed products in the roller system of the third trench of the small system are fed
pneumatic transport in the raiser for sorting. The first east is fed into the rolling machine IV
of the break system of the large, and the second east is fed into the roller system IV of the
break system of fine crushing. The third step in the form of a mixture of medium and small
grains, as well as dunts, is fed into the raiser of the sorting system number 3. The passage
gives off flour, which is fed to the control.

The selection of samples of milling products was carried out directly in the
technological process as soon as the products passed through the rollers of the rollers.

Table 1
Kinematical and geometrical parameters of roller work
— 2
&
; O\e.\ § j é) %) qs LE
Sg | > g™ o < g S
=5 2 s g = E g g o
= o | E 5= 25 22 | E 3
8 £ = o o £ I S 2 S o -
1Z] . 1<) = ] = o )
> =3 = g L'S 27 & = [She] =
N 3 = & S o w = s = 8 S
o 2 o S5 3 = [ [
273 g e 8 T2 g b
£ = 8 & g @ = kS
=] n Q wn = =
Z. g
<
I bs. 4 6 2,5 6 30°/65° | 1000x250
11 b.s. 5,4 6 2,5 6 dull to 30°/65° | 1000x250
I b.s. 6,5 6 2,5 6 dull 30°/65° | 1000x250
Il b.s.s 7,5 6 2,5 6 30°/65° | 1000x250

Sampling and determination of the general product of shredding products.
Changing the milling regimes and sampling were carried out as follows: during the work of
the milling unit on each tread system, the entire length of the roller was selected with the
help of a tray product in quantities up to 300 g. After the product was selected with a
helmet, which is equipped with rollers, they changed the distance between the rollers and
repeatedly carried out the selection of the product along the entire length of the roller.

After selecting the shredding products, all selected and weighed samples were sieved
on the control sieves to determine the total product of the intermediate products. The
selection of milling products was carried out from the third trunks system to the first to
avoid the effects of shredding regimes on the next system. For the 1st and 2nd trench
systems, sifting of the milling products was carried out on a control metal sheet with the
dimensions of the apertures of 1000 pum, for the third trench of large and small sieving
carried out on the control sieve 560 um.

The total product of intermediate products of crushing, which characterized the
operating mode of the roller was calculated by the formula:
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B, =(%—N)-100 (1)

4

where B, — total product of intermediate shredding products,%; m, — is the total mass of the
sample after the roller, g; m, — mass of the passage of the control sieve, g; N —
shortcomings, g.

The shortcomings were determined by taking the chopping products before they
arrived on the rolls of the roller. The product after sifting was screened on control sieves,
was converted into interest and taken into account when calculating the yield of individual
fractions of milling products. In the event that lack of attention was not observed during
calculations were not taken into account. The following sieves were used to determine the
underdevelopment: for I and II break systems — 1000 pwm, for the third break system — 560
um.

Quantitative evaluation and classification of milling products. The passage
fraction was weighed after sifting and then scattered on sieves with apertures of 560 pum,
390 pum, 250 um, 160 um, and 132 um. The 132 pm sieve was extracted with flour. The
yield of individual fractions of crushing products was characterized as the passage and the
east of the screen, the dimensions of which holes are shown in table 2

Table 2
Classification of wheat grain milling products in roller mills
Particle size range, pm
Ne Product name
Pass sieve | East sieve
1 Large middlings 1000 600
2 | Medium middlings 600 390
3 Small middlings 390 250
4 Superfine flour 250 160
5 Flour 132 -

After sifting, each passing fraction of the product was weighed and converted to a
percentage by the formula 2:

B =(%—N)-100 )

4

where, B; — yield of the i-th faction,%; m, — is the total mass of the sample after the roller,
g; m; —mass of the i-th product obtained after sieving, g; N — shortcomings.

Mathematical and statistical processing. On the basis of the obtained values, the
dependencies in coordinates were constructed "the total product of the intermediate
shredding products — the yield of the fraction of the product". On the basis of experimental
data, using the least squares method, the yield equation of each individual product was
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calculated (large middlings, medium middlings, small middlings, superfine flour, flour)
from general products.

Method of determination of quality indices of processed wheat grain. The moisture
content of the grain was determined by drying the weight of the crushed product weighing 5
g for 40 minutes in the drying cabinet of SESH-3M at 130 °C [7, 20].

Humidity of grain # was calculated by the formula:

w=""" 100 (3)

my,

where, m, — weight of weight loss before drying, g.; m; — weight of weight loss after drying,
g.

The grain weight was determined on a litter purity by weighing 1 liter of grain.

The total vitreousness was determined by means of a diaphragm, by means of a sight-
glass eyepiece of a diaphanoscope of 100 grains. To completely glassy grains were counted
such that they were completely luminous, and to the mealy — completely not enlightened
grains. Grains with partially translucent or partially non-translucent endosperm were
attributed to partially glassy grains. General vitality was determined by the formula:

P
V=C+— 4
5 4)

where C — number of fully glassy seeds, pcs.; P — the number of partially glassy seeds, pcs.

The common glasswidth was calculated with rounding to an integer.

Smear and grain impurities were determined by sieving weights of 50 g from the
average sample in laboratory sieves of 1,7x20 mm and 1,0. After sifting, all ladders were
individually dismantled on a collapsible board, separating whole grains, garbage impurities
and grain additives separately. Passage was attributed to garbage impurity [19].

Results and discussion
Yield of the intermediate product and the milling on the 1st drowning system

Investigations of the outflow of droplets, dunsters and flour on the I-droplet system
have shown that with an increase in the total product of intermediate products (1000 um
sieve) from 29,4% to 56,6%, the yield of these products has a curvilinear polynomial
character that is different from those data, which are presented by a number of researchers.

With an increase in total product of intermediate products from 29,4% to 56,6%, the
yield of large grains decreased by 2,6% from 12,9% to 10,3%. The research also found that
the dependence of the yield of large grains on the total product of intermediate products has
an extremum and achieves a maximum value within the limits of 37,0-45,0%, with the
yield of large grains respectively ranging from 15,5-15,6%.

The results of the research are shown in Figure 2. The yield of medium, small grains,
dunes and flour has a growing nonlinear character with an increase in the total.
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With an increase in the total production of milling products on the I drowning system
from 29,4% to 56,6%, the average grain yield increased by 10,1% from 7,9% to 18,0%; the
yield of small grains increased by 3,8% from 2,4% to 6,2%; the yield of dunstids increased
by 8,7% from 3,9% to 12,6%, and yield of flour increased by 7,3% from 2,2% to 9,5%.

X 20
5
3 -
o
« . e - /
o 15
3 1 — *® . ><(
e o
o
2 10 ™
— [
= 2 //‘-./ /( 5 A
°
/ L
x_/
&
0
25 30 35 40 45 50 55 60

Total yield of products, %

Figure 2. Yield middlings, superfine flour and flour depending on the mode of operation of the
first break system:
1 —large middlings; 2 — medium middlings; 3 — small middlings; 4 — superfine flour; 5 — flour.

The presence of the extremum of the curve of the exit of the large middlings has the
following explanation: an increase in the yield of the medium middlings, small middlings,
superfine flour and flour is due to the redistribution of large grains into smaller milling
products with an increase in the total product of the products on the 1st droplet system, as
evidenced by the declining nature of the curve of the exit of the large grains with the
general product of milling products more than 40% and the growing nature of the curves,
which describe the yield of all other grain milling products of wheat on the I-ration system.

The mathematical processing of the experimental data obtained from the yield of
intermediate shredding products on the I-droplet system made it possible to establish
equations that describe the yield of individual product fractions from their total product:

Yield of large middlings:

B, =-0,0196B" +1,6058 17,45 )
Yield medium middlings:

B, =0,008058>—0,305B +9,79 (6)
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Yield of small middlings:

B, =0,00348%-0,163B+4,3 7
Yield of superfine flour:
B, =0,0061B* —0,215B+5,05 (8)
Yield of flour:
B, =0,0016B" +0,113B 2,44 9

where, B, — yield of large middlings,%; B,,, — yield of the medium middlings,%; By, —
yield of small middlings,%; B, — yield of the superfine flour,%; B, — yield of flour,%; B —is
the total product on the system (1000 um sieve passage),%.

The same kind of dependence was obtained by Vereshchinsky O.P. [19] when milling
wheat grain in a laboratory roller mill with a roller diameter of 185 mm (Figure 3), which
confirms the objectivity of the research.

20
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12 -« e

10 ]
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3 g
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Yield of product fraction, %
-
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\]K |
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6 ———&— - 4—
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4 .3 _ﬁ_'__q_,f_—-
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0
25 35 45 55 65 75

Total yield of products, %

Figure 3. Yield of intermediate shredding products in a laboratory roller mill [19]:
1 —large middlings; 2 — medium middlings; 3 — small middlings; 4 — superfine flour; 5 — flour.

Figure 2 and 3 indicate the nonlinear nature of the dependence of the yield of
individual intermediate shredding products on their overall product when chopping in a
roller machine on the 1st droplet system.
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Yield of intermediate products and milling on the second tread system

Investigations of the operating regime of the II tram system have established that with
an increase in the total product of intermediate products from 46,5% to 72,0%, the yield of
large, medium grains and flour is nonlinearly increasing, while the yield of small middlings
and superfine flour is increased with increasing production of total products on II from
46,5% to 72,0%. The results of the research are shown in Figure 4.

N
a

Yield of product fraction, %
s
L

N
o

A\

2 __,.:>'<
S —

B e

45 50 55 60 65 70 75
Total yield of products, %

0

Figure 4. Yield middlings, superfine flour and flour depending on the milling mode of the
second break system:
1 —large middlings; 2 — medium middlings; 3 — small middlings; 4 — superfine flour; S — flour.

With the increase in the total product of shredding products from 46,5% to 72,0%
(1000 um sieve) on the second trench system, the yield of large middlings decreased by
3,0%, from 18,5% to 15,5%. From the given Figure 4, it can be seen that with the increase
in the total product of milling products on the second trench system, the yield of large
grains decreases steadily, and the yield of small middlings, superfine flour and flour is
constantly increasing.

The yield of the medium middlings with the increase in the total product of
intermediate milling products in the specified limits varied from 13,6% to 14,6%, while the
dependence of the yield of the average middlings has an extremum, which allows to
determine the milling mode, which achieves the largest yield of the average middlings. The
presence of an extremum within the overall value of 60% suggests that the increase in the
total product of milling products above 60% leads to the redistribution of not only large
grains into smaller products (small middlings, superfine middlings and flour) but also the
medium middlings.
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The yield of small middlings with an increase in the total product of intermediate
shredding products from 46,5% to 72,0% increased by 12,8% from 6,2% to 18,9%, and the
yield of superfine flour increased by 7,5%, namely from 2,7% to 10,2%.

With an increase in the total product of intermediate shredding products from 46,5% to
72,0%, the flour yield increased by 9,7% from 5,2% to 14,9%.

In studies of the mode of operation of the II system, the operating mode of the I system
was 37,9% on average.

On the basis of experimental data, dependences were obtained that describe the yield of
individual fractions of the milling products of the II tram system from their total product:

Yield of large middlings:

B, =0,0111B* —1,48 B +63,66 (10)
Yield medium middlings:
B, =-0,0228B" +2,75018 — 64,91 (11)
Yield of small middlings:
B, =0,5088-17,9 (12)
Yield of superfine flour:
B, =0,298B-11,6 (13)
Yield of flour:
B, =0,014B% 1,278 +34,09 (14)

where By, — yield of large middlings,%; B,., — yield of the medium middlings,%; B, —
yield of small middlings,%; B, — yield of the superfine flour,%; B, — yield of flour,%; B —is
the total product on the system (1000 um sieve passage),%.

Yield of intermediate products and milling on the third trench system

On the third break system, the first east of the second trench system, which contains a
significant amount of endosperm, is crushed. The crushed product consists of medium
middlings, small middlings, superfine flour and flour. Large middlings were not found in
shredding products. The research has established that with an increase in total product (560
um sieve passage) from 11,9% to 40,6%, the yield of the product, which was classified as
an average grains, increased by an average of 15,5% from 1,9% to 17,4% , the yield of
small middlings decreased by 3,1% from 2,6% to 5,7%, the yield of superfine flour
increased by an average of 2,4% from 1,7% to 4,1%, and the yield of flour increased by an
average of 7,4% from 5,4% to 12,8%.

From the given Figure 5 it can be seen that the yield of the medium middlings,
superfine flour and flour, depending on the general product of the milling products on the
third break system, is of a nonlinear nature, and the yield of small middlings is linear. From
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the given Figure 5 it can be seen that with an increase in total production from 11,9% to
40,6%, the yield of superfine flour has an extremum with a total product of crushing
products 35,5%.

During investigations of the operating modes of the III tidal system of large and small,
the average product of intermediate products of crushing II tram system was 64,3%.
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Figure 5. Yield middlings, superfine flour and flour depending on the milling mode of the third
break system of large:
1 — medium middlings; 2 — small middlings; 3 — superfine flour; 4 — flour

On the basis of experimental data the dependences of yield of separate fractions of
milling products of the third break system of large of their general product were obtained:
Yield medium middlings:

B, =0,0154B*-0,268+2,74 (15)
Yield of small middlings:
B, =0,1013+1,51 (16)
Yield of superfine flour:
B, =-0, 0045B% +0,32B 1,54 17)
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Yield of flour:
B, =-0,0104B" +0,81B 2,77 (18)

where B, — yield of the medium middlings,%; B, — yield of small middlings,%; By —
yield of the superfine flour,%; B;— yield of flour,%; B — is the total product on the system
(560 um sieve passage),%.

Investigations of the milling regimes of products on the third trench system of small
ones showed that with an increase in the total product of intermediate shredding products
from 22,6% to 47,9%, the yield of the average grits increased by 2,3% from 14,0% to
16,3%, and in the general product of 33,1% there is an extremum of the function with a
minimum value at which the yield of the average cream was 13,6%. The yield of small
middlings increased by 8,0% from 3,3% to 11,3%, the yield of superfine flour increased by
7,2% from 1,4% to 8,6%, while the yield of flour increased by 8,2% from 3,8% to 12,0%.
The results of the study of the yield of circular dendrobates and flour during the milling of
stair products on the 3rd drowning system are given in Figure 6.
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Figure 6. Yield middlings, superfine flour and flour depending on the milling mode of the third
break system of small:
1 — medium middlings; 2 — small middlings; 3 — superfine flour; 4 — flour.

With an increase in the total product of intermediate products and milling from 22,6%
to 47,9%, the yield of small middlings had an extreme of 46,4%.

From the given Figure 6 it can be seen that the dependence of the yield of medium and
small middlings, depending on the general product of the products on the third trench
system, is of a nonlinear nature, and the dependence of the yield of superfine flour and flour
is linear in nature.
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The processing of experimental data allowed us to obtain equations that describe the
yield of individual fractions of milling products on the third trench system of small ones
from their total product:

Yield medium middlings:
B, =0,0112B*-0,73B+25,31 (19)
Yield of small middlings:
B, =-0,0128B° +1,198-17,25 (20)
Yield of superfine flour:
B, =0,298-5,68 (21
Yield of flour:
B, =0,32B-3,91 (22)

where, B,,, — yield of the medium middlings,%; B, — yield of small middlings,%; By —
yield of the superfine flour,%; By — yield of flour,%; B — is the total product on the system
(560 um sieve passage),%.

Comparing the results of studies with similar data from other researchers [15, 18], it
can be seen that the yield of intermediate shredding products of the first three break systems
has a nonlinear character for most middlings products, which confirms the crushing of large
particles in the finer ones in the process of milling grain in flour.

Conclusions

The yield of intermediate milling products from their total product for many products
of the first three break systems has a nonlinear character. The mathematical dependences of
the yield of individual fractions of the milling products of the first three break systems from
their total product are obtained. It is recommended to use them for the development of
quantitative balances of milling of low-viscid grain wheat.

The scientific novelty consists in deepening the theory of milling of low-viscid grain of
wheat in the case of varieties of wheat mills, as well as substantiation of the change of the
yield of separate fractions of intermediate products of milling from the general product of
these products on the first three break systems according to the curvilinear law.
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Introduction. Agricultural wastes such as Rice Husk
Ash from rice (Oryza sativa) (RHA) and Sago Pith
(Metroxylon sago sp.) (SP) wasted in thousand ton every
harvest season. Both waste contain relatively high in silica
and cellulose accordingly that can be utilized as bio-
composites for degradable plastic.

Materials and methods. Nanosilica from RHA was
obtained through sol-gel method and SP was refined through
acid washing method. The experiment performed through
pressure test, water immersion and heat absorbtion through
microwave.

Results and discussion. The formulated sample has
crosslinking of the hybrid filler with the PLA (Polylactic
Acid) matrix which effectively improves hardness and
density properties in PLA (amount 61%). This is found in
combination of nanosilica, SPW fibre and PLA (60:20:20).
In the water absorbtion test, the modified samples indicates
insignificant water-resistant behaviour with effective
combination silica SPW fiber amount 20:10. This
combination has complex barrier that inhibiting water
molecule to infiltrate into the matrix compound. During heat
exposure test, all modified biocomposites sample shown
higher temperature than standart PLA yet the value is less
significant. However, this might have been caused by the
nanosilica composite exhibited an excellent thermal
insulation and slow thermal desorption during thermal
exposure that be accumulated in the polymer matrix and
distributes higher temperature in modified biocomposites
than pure PLA.

Conclusions. Although still need further research for
safety aspect, this found shows high potential possibility of
agricultural wastes generated as eco-friendly food and
beverages packaging. Furthermore, this hybrid composite is
able to reduce the usage of common plastics and styrofoam
as container due to similarity shared by this composite in
terms of common plastic physical and chemical
characteristics.
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Introduction

Substitutions for plastic composite have been the subject of rapid expansion in the
development and application of food packaging recently [1-3]. However, the primary
drawback of using fillers or composites as the reinforcement lies in the poor interfacial
adhesion between hydrophilic composite materials and hydrophobic plastics, which results
in poor mechanical properties of the final composites. Improvement of bonding interaction
between matrix and composites can be achieved by modifying the filler-plastics surface.

Globally, 480 million metric tons of milled rice is produced each year, which contain
96 million metric tons of husks (20%) [4, 5]. After completely burning these husks at 700
°C for 6 h Rice Husk Ash (RHA) contains more than 90% of silica [6, 7]. Silica exists as a
polymer in the form of SiO, then joining together to form the complex compound (SiOy).
Silica is widely used as a catalyst, filler, adsorbents, and gases separator. To increase the
mechanical properties such as strength, durability and thermal stability, silica is converted
to nano size that also make silica particle evenly distributed. Several techniques have been
founded to prepare nanosilica yet the most common method is through sol-gel method
[8,9].

The research of renewable resource has been developed and continues to emerge the
making of bio-plastic material especially for production organic-inorganic hybrids types
driven by petroleum resources depletion and global warming. Both sago pith and rice husk
ash are available in huge quantity and has almost no to very low commercial value in raw
condition [10, 11]. The hybrid component of organic-inorganic research is now gaining a
wide interest along with nanotechnology application since it poses significant improvement
of mechanical properties [12] such as improve strength, thermal stability , gases barrier
characteristic, resistance to solvent, adhesive force, and controlled gradient properties [13] .
Generally there are three methods to synthetize Nano-scale material with identical size i.e.:
sol-gel, layered organic—inorganic assembly and bio-mineralization method [14, 15].

Food packaging is aimed to avoid potential contaminations of food, maintain the food
quality, and extend food shelf life [16, 17] by preventing moisture access, oxidation or
microbial contamination [18]. In fact, synthetic plastics made from petroleum are still
extensively used as food packaging materials due to the endurance, stability, clearance, and
low weight as its attractive factors [19-21]. However, plastic packaging poses high potential
hazards to the human’s health [22], wildlife and environment regarding degradability which
took thousand years to be destroyed [23-26]. During recent years, many biomass and
agricultural derived materials have been developed to be composite of degradable
polymers, polylactic acid, and bio-thermoplastic due to its lower risk, low cost, abundant
sources, inherent biodegradability and eco friendly material [27, 28].

The development of sol-gel chemistry was started during nuclear industry era in the
19"century involved preparation of alkoxide compound from SiCl4 [29]. Solid oxide
material can be obtained in Nano-scale from sol-gel method by experiencing several
chemical alterations from liquid as a sol phase into gel formation [30, 31]. This method
gain popularity among scientists since it can be performed under relative low temperature
and generates solid pure oxide material with even uniform size [32-34]. The report on
hybrid packaging material for food packaging is still very limited. Hence, this study is
aimed to develop hybrid Nano filler biodegradable plastic that can be safely applied for
food packaging and as replacements for conventional plastics.
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Materials and methods
Materials

Sago waste pith used in this research was obtained locally from Pentojangan village,
South Sulawesi, Indonesia. Rice Husk Ash (RHA) was be supplied from local market in
Makassar Indonesia. Reagent grade glycerol, Poly Lactic Acid (PLA) was purchased from
NatureWorks LLC, (Minnetonka, Minnesota, United States ) and n-butanol was purchased
from Sigma-Aldrich Co (NSW Australia). HCI, NaOH, H,SO, purchased from Merck
Millipore (VIC, Australia).

Preparation of composites

Preparation of High Refined Cellulose (HRC) from Sago Pith waste (SPW). The
collection of the pith followed the method by Abral, Putra [11] by cleaning the fibers with
water several times to remove undesired materials and subsequently dehumidified for 48
hours to obtain the sago pith as a fiber for further processing of HRC .

The chemical pretreatment of sago pith waste was conducted as per the methods by
Supratno, Tawfiequrrahman, & Yunanto, (2013) [35]. The method initated by adding the
delignification agent of HNO;, NaOH and H,0, to remove undesired materials and obtain
Highly Refined Cellulose (HRC) product. The nitric acid concentration of 4,5%, sodium
hydroxide concentration of 2N, hydrogen peroxide concentration of 3,5% is the optimal
condition of the delignification process of Sago wood fiber [35]. The experiments carried
out in a 1000 mL (Brand® glass beaker with spout, low form, Sigma-Aldrich Pty Ltd
Australia, NSW, Castle Hill), stirring rods (Aldrich® stirring rods, Australia, NSW, Castle
Hill) and thermometer (Easy-Read® thermometer, Australia, NSW, Castle Hill). Three-
steps atmospheric processes was involved, first addition of nitric acid solution at 80 °C for
2 hours, then the second step using sodium hydroxide at 80 °C for 2 hours and finishing
using hydrogen peroxide at 80 °C for 30-300 min as the final step as shown in Figure 1
[36].

Sago pith «+HNO,
waste

Filtrate p+H:0

b Filtrate p+NaOH

ey

Filtrate e +H,0

_I:-_> Filtrate j»+H;0,

P
Filtrate fe+H,0

b Filtrate
dried

Figure 1. Preparation of high refined cellulose (HRC) from sago pith waste (SPW)
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Preparation of nanosilica. Silica nano particles were prepared as per Livage, Henry,
& Sanchez and as modified by Sindoro, Yanai, Jee, & Granick, [8]. Pretreatment of the
RHA (Steps 1-3) and preparation of silica nanoparticles synthesis (4-5) can be shown on
Figure 2.

1. Rise Husk Ash + 10% HCI and 30 wt.% sulphuric acid solution
at 100 °C for 2 hours

v

2. Filtration + rinsed with distilled water until pH7

v

3. Filtrate is calcinated in a muffle furnace under 600 °C for 4 hours

v

4. Filtrate + NaOH (3.5 mol/L) at 100 °C for 5 hours

v

5. Filtrate is rinsed with distilled water and filtred

Figure 2. Preparation of nanosilica

Pretreatment of the RHA. In order to remove assimilated hydrocarbons, RHA is
treated with 10% chloric acid and percolated with 30wt.% H,SO,4 at 100 °C for 2 hours. The
result is filtered and rinsed with distilled water until reaching neutral pH prior to calcination
in a muffle furnace under 600 °C for 4 hours [5].

Synthesis of silica nanoparticles

The synthesis followed the method by Liou and Yang [37] i.e. 100 gr silica/carbon
powder was added to a flask containing a 1.5 M sodium hydroxide (NaOH) solution (Merck
& Co.). The sample was then boiled at 100 °C for 1 h with constant stirring, thus converting
silica into a sodium silicate solution. The solution was centrifuged (Corning® LSE™
compact centrifuges, Australia, NSW, Castle Hill) to remove carbon solids and filtered
using a glass filter Grade GF/F circles, 25 mm (Whatman plc, England) to remove small
quantities of metal and carbon residues. The filtration process was repeated several times to
obtain a clear and colorless solution. Deionized water was used to dilute the solution to 1.0
M. The sodium silicate then neutralized with hydrochloric (HCI). The sodium silicate
solution was titrated slowly to the 1.0 M acid solution and, to avoid local changes in pH
during gel formation. The mixture was stirred at a constant rate inside the beaker. The
solution monitored with a pH meter to control pH at a constant value of 3—11. After
acidification, aquagels were transferred into closed plastic vessels and allowed to age at a
constant room temperature (24-26 °C) for 1-96 h. Deionized water was added to the gels.
The gel was then centrifuged to remove solute salts. The washing step was repeated, and
the solids were collected and dried at 80 °C for 48 h. Therefore, the following calculation
can be used for extracting silica yield from (RHA):
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Mass of produced silica '
Mass of carbonized husk -0.5015

(%)Silica extraction yield =

Making of hybrid bio-nanofiller degradable plastic

After preparation of high refined cellulose of Sago Pith Waste and nano silica, both
materials will be formulated into five samples combined with Polilactic Acid (PLA) and
Glycerine. Each sample combination of these natural based compound can be seen on table
1.

Table 1 Combination of nano-silica, sago pith and plasticizer

Sample | Composition | Volume (%)
A PLA 60
Nano silica 20
SPW 20
B PLA 70
Nano silica 20
SPW 10
C PLA 70
Nano silica 10
SPW 20
D PLA 65
Nano silica 15
SPW 15
E PLA (control) 100

The sample combinations will be mixed by using magnetic stirrer with stainless steel
heating plate (RH Basic 2, IKA, Germany) at 100 °C, within 1700-2,000 rpm for 10
minutes in the beaker 100 ml. The process was kept at a constant temperature under
continuous agitation by a magnetic stirrer. The best combination will be chosen after
undergoing further tests i.g. tensile testing, microwave testing and water absorption
properties. Furthermore, the thicknesses were measured in eight places using a digital
micrometer (Accu Remote, Model, Manufacturer, City and State, USA). In order to get
representative result, fourteen replicates were measured for each film and the average
values were reported based on Syima and Shahid [38] research.

Mechanical testing

The mechanical properties (hardness test) of the developed plastic sheet will be
determined according to Standard Test Method for Tensile Properties of Plastics ASTM
standard method D785-03 (ASTM, 2012). A Perten TVT 300-XPH (Perten, Hagersten,
Sweden) texture analyser equipped with a 5 kg load cell will be used to conduct textural
analyses [39]. The maximum force and distance at the break point were determined
automatically by a software texture analyzer. All samples were cut into rectangular strips
10mm wide and 60mm long, after conditioning at 50 £ 1% relative humidity (RH) for 24h.
The samples strips were set with grip separation (40 mm) and stretched at a crosshead
speed of 0.6 mm/s.
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Microwave testing

The microwave response of samples was studied by using household microwave oven
(MS2041F, LG, Yeongdeungpo-gu, Seoul, South Korea). The specimen was prepared and
then placed in the microwave oven at testing condition at 700 watt for 1 and 1.5 min. After
complete testing, the specimen was taken out from the oven and immediately measured the
temperature on the surface. The physical changing of specimen was also recorded. As a
comparison, same test was conducted with submerging treatment in the water. Four
duplicates of each sample were repeatedly tested and the mean temperature was reported
[40].

Water absorption properties

The water absorption of the film will be conducted according to ISO standards 62:
2008. The percentage of water absorption is calculated according to the following equation:

2-W1
WA%:M.lOO%
w1

where W1 is the weight of oven-dried composite sample before immersion and W2 is the
weight of the composite sample after immersion.

The period of immersion is at the 30+2 min, and then specimens were removed from
the boiling water and cooled in distilled water at room temperature. Subsequently, after 16
min, the specimens were removed from the water, and all surface water was detached with
a tissue paper. The water content was weighed within an interval of 30 + 2 min. After each
of these intervals, the test specimens were removed from the water, cooled in distilled
water, dried and measured. The results reported is the average of assessment [28].

Figure. 3 Image of the sample made of nanosilica, SPW fiber and
PLA combination A (60:20:20), B (70:20:10), C (70:10:20), D (65,15,15), Control (0:0:100).
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Results and discussion

Mechanical property analysis

According to Liou, Chang [41] method, and calculation, the silica content in
carbonized RHA is approximately 50.15 wt%. The effects of the SPW and Silica from
RHA on mechanical properties of PLA composite sheets are demonstrated for the hardness
strength, respectively, shown as shown in Figure 3. Four specimens of each formula were
repeatedly tested and the average value was reported. In the average, sample A poses the
highest strength ( X 140.50 N) compare to rest of the samples. Compared to the other
samples, sample B shows the weakest structure (X 62.37 N).

160
140
120
100 85,78 87,82
80 62,37
60 -
40 ||
20 ||
0

140,50

Strength, N

80,95 |

Control A B C D
Sample

Figure 4. Average hardness results of 5 samples:
Control (SD 9.13), A (SD 1.96), B (SD 19.32), C (SD 20.49), D (SD 12.36)

Each polymers naturally has specific mechanical response when mixed with
nanoparticles composite particularly their strength and elasticity of its component. The
results showed that nanosilica (nano-SiO) and fiber embedded in PLA matrix at the certain
comparison has shown improvement of mechanical properties, particularly in hardness
compared to PLA itself. According to Liou and Yang [37], the nanosilica was produced
from alkali-extracted rice husk ash and has a uniform size of 5-30 nm particle which
dispersed in PLA matrix . The benefit of nanosize material of the silica result in larger
surface area/ unit volume which strongly affect the chemical and physical interaction of the
polymer, hence the application in the packaging industry would benefit the reliability of the
combination materials [42—44]. The sample A (consists of 20% of nanosilica and SPW
fiber) demonstrates the effective of PLA combination tailored with the fillers and indicated
the strongest sample from the rests. The sample becomes more rigid and sturdy due to
crosslinking interphase in the composites in comparison with control and the rest of the
sample [45, 46].
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Microwavability of modified PLA

The microwave response of PLA samples in microwave oven at various conditions
treatment were showed in the Figure 5.

40
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© 1:30 minutes immersed in water 2

Figure 5. The average surface-temperature of control, sample A, B, C, and D at various settings
in the microwave power 700 Watt

The surface temperature was measured to present the PLA response towards
microwave exposure. Comparing between two condition i.e dry and immersed in water, it
can be seen that all modified PLA samples have higher temperature than pure PLA sample.
In 2 minutes dry condition the control showed 31 °C on average, while on average, the rest
of the sample, A, B, C, and D showed higher temperature (33, 35, 36, and 34 °C
respectively). Similar trends also showed in 2 minutes immersed in water, 1.30 minutes in
dry condition and 1.30 minutes in water. The mean of sample C indicated the highest value
of all sample in four categories (x= 36, 32, 30, and 29 °C respectively). This might have
been caused by the nanosilica composite exhibited an excellent thermal insulation and slow
thermal desorption during thermal exposure be accumulated in the polymer matrix and
result to higher temperature among modified and pure PLA [47, 48].
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The graph also showed that, the pattern of the wave exposure showed that the higher
density of matrix especially nanosilica the lower temperature reached by the sample
surfaces . These trends were similar for both sample conditions, in dry and immersed in
water. The crosslinked structure of the filler with the matrix (PLA) in this case nanosilica
and SPW fiber as a hybrid filler, reduced space for polymer molecules to move during
microwave radiation. Furthermore, compared to dry condition, in immersed water condition
sample showed lower temperature. This response was caused by water in vapor form
absorb more energy than filler itself and has lower ability to release heat that in liquid the
form [22, 23, 49].

Water absorption behaviour

Besides mechanical and effect of microwave towards PLA properties, water absorption
is another critical consideration for plastic packaging. This factor is useful to measure
durability of the sample against various treatments especially when washing and submerged
in water. The results of water absorption of composites after boiling in distilled water with
different percentage of nanosilica and SPW fiber loading are shown in table 2.

Table 2
Water absorption of PLA formula

Sample | Mean weight before Standard Mean weight after Standard
treatment (g) deviation treatment (g) deviation
(SD)

Control 3.88 0.04 3.95 0.03

A 3.11 0.14 3.15 0.15

B 2.46 0.19 2.69 0.07

C 3.16 0.24 3.26 0.24

D 3.22 0.06 3.27 0.06

In daily application such as, as a food container high water absorption can be
significantly reduced by adding low molecular weight compounds such as triethyl citrate,
glycerol, sorbitol, and ethylene glycol [50, 51]. The water penetrability of modified PLA
can be a source of material degradation. The water remaining in the matrix can be utilized
by microorganism to grow, which could contaminate food items. Due to PLA price
relatively costly, combination with natural fiber exhibits advantages such as tensile strength
and tensile modulus increased yet with a slight decline in the elongation compared with
pure PLA [52, 53].

In this experiment, each sample shows vary percentage weight after measurement; the
mean of water absorbed for sample A, B, C, D, E are 1.55%; 0.96%; 1.89%; 2.85%; 3.12%
respectively. It can be observed ,as a control, sample A absorbed more water compare to all
samples whereas sample B shows the lowest percentage of all. Sample B indicated the
hydrophobicity of modified PLA. Sample B contains more silica than fiber (20:10) in the
matrix that increases the brittleness of the PLA sample blend. Combination of nanosilica
sample decreases the water uptake of modified composites compared to control/pure
compound. This occurred due to the convoluted barrier built by nanosilica inhibited water
molecule to penetrate into PLA sample composite [54, 55].
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The high possibility further development of this hybrid material is potentially used as
substitution of one time use food and beverages container such as processed instant food,
raw food from supermarkets (meat, vegetables, fruits, etc), ready to eat food and beverages
from shops or drive through food stalls (ice cream, juice, tea, coffee, etc). Globally,
reported from world packaging organisation, plastic packaging , derived from petroleum,
was the second largest waste under paper and cardboard for packaging [56]. Whereas
container made of polystyrene foam causes environmental and health issues. Several cities
in the USA for instance Seattle , New York's Glen Cove, Massachusetts' Brookline, Boston,
Ambherst and in Hawaii [57, 58].

After doing three experiments, this hybrid combination has been shown high potential
for replacing function of conventional plastic and Styrofoam as a food packaging. As a bio
filler, the material reduced the use of plasticizer agent that directly minimise the production
cost in the industrial scale. Furthermore, the use of SPW and RHA significantly contribute
to decrease this agricultural waste at the same time increase the economical value of the
materials. The results showed the proper combination of material generated high density
and strength more than control (PLA itself). While microwavability and water absorption
test show insignificant changes of behaviour compared to the control sample. Hence, the
formula combination SPW and RHA with PLA showed strong possibility to be applied as
eco friendly packaging for specially for one time use food container.

Conclusion

The plastic sheet test result indicated the potential usage of nanosilica and SPW fiber
from agricultural waste. We directly reduce the agricultural waste and turn it into eco-
friendly plastic sheet as the basic form of food container development. The main
characteristic of this sample is reach the sturdy level of oil based/conventional plastic, less
water absorbtion, and stable in the microwave and heat. In the experiment, slight changes
in the temperature of a modified hybrid-filler sample indicated that the sample was
remained stable for both condition. Hence, when the sample applied into food packaging,
whether in wet or high temperature condition, the packaging has no effect to the food or
beverages. Furthermore, this study examined the effect of nanosilica and SPW fiber as
hybrid agent on the physical and mechanical properties of PLA. The crosslinking of the
hybrid filler with the PLA matrix effectively improves hardness properties in PLA with
combination 60:40 (filler) an is also the key of stability during the tests. In this experiment
we found insignificant temperature changes of the modified sample with hybrid filler both
in wet and dry condition than the neat PLA samples as the majority of the sample is still
PLA itself. Additionally, the higher density of matrix especially nanosilica, the lower
temperature reached by the sample surfaces due to smaller space for molecule movement.
Combination of nanosilica sample (PLA: nano silica: SPW fiber; 70:20:10) optimally
decreases the water uptake compared to control/pure PLA. The complex barrier built by
nanosilica and SPW fibre inhibited water molecule to infiltrate into modified PLA sample.
The future development of this material is potentially substitute one time use food and
beverages container derived from petroleum and made of polystyrene foam that cause
environmental and health issues.
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Introduction. The expedient use of ferments with
amylolytic activity for carbohydrate composition modification
of rice flour aiming to improve the quality of gluten-free bread
is scientifically based.

Materials and methods. Rice flour starch has been
hydrolyzed with the help of mushroom o-amylase and
glucoamylase. General amount of saccharides has been
determined by iodometric method. Dextrin contents — by their
ability to be precipitated in conditions of different
concentrations of ethanol in the solution. The course of
microbiological processes in the dough has been examined by
its gasification ability using volumetric method and general
acidity using titration method.

Results and discussion. The use of a-amylase in amount
of 0,005% and glucoamulase in amount of 0,03% to mass of
rice flour causes sugar accumulation in amount of 5,5-6%,
which is necessary for the intensification of course of
microbiological processes in the dough. To hydrolyze the starch
more fully, it is expedient to prepare a semi-finished product
hydrolysate with 50% of rice flour from its recipe humidity of
65% with further kneading the dough on its basis. To
accumulate monosaccharides and disaccharides to the amount,
which is optimal for active yeast functionality and for
improvement of gasification in the dough, duration of rice flour
starch hydrolysis while preparing the semi-finished product,
hydrolysate is 2 hours.

The products of rice flour starch hydrolysis, which were
created as a result of fermentative modification by o-amylase
and  glucoamylase, particularly —monosaccharides and
disaccharides, intensify the process of dough fermentation,
which is affirmed by increase of CO, for 57,8% and increase of
acidity for 0,6 degr. in comparison to control example,
consequently to this the ready-made products are characterized
by structurally mechanical quality scores. Increase of dextrin
amount in the dough influences deceleration of starch
retrogradation while keeping ready-made products.

Conclusions. Hvdrolvzation of rice flour starch with the
help of amvlolytic ferments in preparation of a bread for
patients suffering from celiac disease helps to intensify
microbiological processes in the dough. to improve quality
scores of ready-made products and prolonging of their
expiration date.
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Introduction

Changes in the nature of nutrition, caused by peculiarities of modern way of life and
work are becoming the reason of more intensive spreading of chronical noninfectious
disturbance of an organism’s normal vital activity. The use of special products for nutrition,
among of which a special role is played by the products for the category of people with
diseases of intolerance to some food components (diabetes, celiac disease, phenylketonuria
etc.) is one of effective and efficient ways of correction and prophylaxis of different
diseases.

Celiac disease is a progressive autoimmune ailment, which is spread on 0,9-1,2% of
population in European regions, Northern and Southern America, Northern Africa and
Indian subcontinent [1, 2], caused as a result of gluten introduction to people’s genetically
inclined organisms. The group of toxic grain proteins for people suffering from celiac
disease is denoted by the term of “gluten”, which includes wheat prolamins (gliadin), rye
(secalin), and barley (hordein) [3], as they are characterized by high content of proline and
glutamine in the structure of protein molecule. Wheat glutenin, which consists of gliadin-
like subunits conjugated by disulfide bond, is toxic as well. Gluten consumption by patients
with celiac disease leads to villi atrophy and damage to the mucus membrane of small
intestine, which is accompanied by malabsorption of many important nutrients [4, 5]. It
may lead to diseases related to digestive disorders, such as osteoporosis, type I diabetes,
skin maladies [3, 6]. Despite considerable scientific progress in prevention of celiac
disease symptoms displays, strict adherence to the gluten-free diet during the whole
patient’s life is the only treatment method of this disease, that leads to the clinical recovery
and reduction of mucus membrane [7, 8].

Besides, in Ukraine the production of dietary foods for patients with celiac disease is
not set up. The most burning problem is to provide them with gluten-free baked goods,
which have wheat flour in their contents as a main component, that is forbidden to
consume. Gliadin and glutenin swell while the dough from wheat flour is being kneaded,
making gluten, which joins dampish starch grains with each other, creating a frame with
spatial structure, that provides with developed porosity of crumb and uniformity of ready
product [6, 9]. However, taking into the consideration the toxicity of these goods for the
patients with celiac disease, there’s a need of full exchange of the flour by raw stuff with
gluten-free cereals.

Rice flour is an alternative for gluten raw stuff (wheat, rye and barley) in the
production of gluten-free bread. Rice product of processing do not contain prolamin
fraction of “gluten”, that can be allergic, with digestive disorders (celiac disease), and
that’s why they’re used in dietary foods for people of all ages. Rice flour has soft taste,
white color, high digestibility and hypoallergic properties and is the source of plant
proteins, full in amino acid composition, contains natrium, potassium, magnesium, vitamins
B4,B, and PP [6,10]. Nevertheless, its use in bakery is limited by impossibility to form the
flour with structural mechanical properties and to provide with high quality of the goods
[23]. It means, that the problem of searching for new ways of improving the quality of
bread from rice flour for the patients with celiac disease is rather burning and actual.

Analysis of literary data and problem statement

Analysis of scientific research conducted with the aim of improving the quality of
bread from rice flour shows the possibility to use it in the technology of different nutritional
supplements: hydrocolloids (hydroxymethyl propyl cellulose, xanthan and guar gum,
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modified starches) and emulsifier (glycerin ester, diacetyl and fatty acids (DATEM),
sodium stearoyl actinate, distilled monoglycerides, lecithin), and some of the ferments
(transglutaminase, papain, bacillolysin, subtilisin) [6, 9, 11-13]. The use of methods, which
allow to modify the properties of the main chemical components of gluten-free flour with
the help of ferments is an actual field in production technology of bakery for patients with
celiac disease [9]. The use of the methods in production of gluten-free bread has been
limited for a long time, as wheat flour and starch were the carriers of these supplements.
However, appearance of ferments, which even do not contain microquantity of gluten, has
opened new perspectives for improving quality of bakery with the help of these
preparations. Scientists offered to use a ferment transglutaminase as a former of the
structure to prepare rice rough for bread. It is able to bond proteins of different origin:
casein and milk albumins, animal protein of eggs and milk, soy and wheat protein. Adding
transglutaminase leads to crosslinking of proteins, which allows to create gluten-like chain,
by reaction catalysis of forming of specific isopeptide bond between carboxyamide group
of glutamine and amino group of lysine [12].

Nowadays research in the field of improving bread quality with the help of ferments of
amylolytic action, that hydrolyze flour starch and as a result the content of fermented sugars
in dough gets higher, is actively developing [14]. Rice flour is perspective raw stuff for
modification of its carbohydrate composition by using these preparations, as it’s
characterized by high content of polysaccharide (79,1%), not big amount of saccharides (up
to 0,7%) and low activity of a- and B-amylase. That’s why, it is expedient to determine the
possibility of improving rice bread quality by use of ferment modification od starch with
the help of ferments with amylolytic activity.

The aim of research is to justify the possibility of the use of rice flour starch
fermentative modification aiming to accumulate mono- and disaccharides with the help of
ferments of amylolytic action in the technology of gluten-free bread and determination of
its influence on the course of microbiological processes in the dough and the quality of
ready made goods.

To solve the goal, the following tasks have been formulated:

—  to determine influence of amylolytic action on accumulation of products of rice flour
starch hydrolyzation, particularly saccharides and dextrines;

—  toresearch influence of ferments of amylolytic action on microbiological courses in the
rice dough, particularly intensity of its fermentation and acid accumulation;

—  to determine the effect of supplements on quality markers of readymade gluten-free
bread and keeping its freshness.

Materials and methods
Materials

Rice flour with “crossed wheat ear” marking was used as the main raw material of
making bread for patients with celiac disease, which affirms absence of contact of gluten-
free flour with gluten-containing raw materials in production, its domination, the use of
equipment designated for grinding “gluten-free” cereals only (CODEX STAN 118-1981,
amended 1983) [10]. Ferments of amylolytic action were used for rice flour starch
hydrolyzing, particularly a-amylase of mushroom origin “Alphamalt VC 5000 SN (5000
SKB/g, optimal pH 4,7-5,8, temperature is 40-50°C, Muhlenchemie, Germany) and
glucoamylase “Glucomil”, produced by Aspergillus niger (500 AMG/g, optimal pH 3,0-5,5,
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temperature is 40-64 °C, Germany). The following raw materials were used in the research:
bread yeast [21], food grade salt (CODEX STAN 150-1985), citric acid [CAC/MISC 6-
2015], drinking water (CODEX STAN 193-1995).

Making of semi-finished product hydrolysate from rice flour

The temperature of the environment was set as 40°C and pH 4,7 to provide with
optimal conditions of effect simultaneously of both a-amylase and glucoamylase. However,
temperature optimum for active yeast functioning while dough fermentation is 28-32 °C,
which is not effective for ferments activity. Basing on this, semi-finished product-
hydrolysate from rice flour has been prepared with the temperature of 40 °C with the next
dough kneading on its basis, that provides with deeper hydrolysis of the starch and allows
to enrich the environment with saccharides. Citric acid in the amount of 0,065% to the mass
of flour was used to keep appropriate pH conditions 4,7. Mass fraction of humidity of semi-
finished product-hydrolysate from rice flour has been set as 53%, 56%, 65%, 78%. The
mixture of rice flour, citric acid, ferments and water has been prepared, which was
hydrolyzed in thermostat with 40°C up to saccharides accumulation to 5,5-6%. Ferments
have been previously dissolved in water with temperature of 25-30°C at a ratio of 1:10.

Determination of carbohydrate content

General amount of saccharides (in terms of maltose) has been determined by Shrol’s
method [15], the peculiarity is that the amount of cuprum (II) which hasn’t reacted is
determined by it. Felling’s reagent I (solution of CuSO, with the concentration of 6,925%)
and Felling’s reagent II (346g of KNaC,4H,06-4H,0O and 100g of NaOH in 1 dm’ of
solution) have been added to hydrolysate. After that the solution has been boiled for 2
minutes and quickly cooled. 10 cm® of 30% solution of KI and 10 cm® of H,SO, with
concentration of 25% was added to determine the cuprum amount, which didn’t react.
Todine, which stood out, was titrated by 0.1 moles/dm® solution of Na,S,05 to light-yellow
color, 2 cm® of 1% starch solution was added, and continued to titrate up to blue color
disappearing. So, the amount of Na,S,0; used to titrate I, is equivalent to the amount of
CuO, that didn’t react. To determine cuprum amount, which reacted with saccharides,
control research was conducted, in which the appropriate amount of water instead of
hydrolysate for reactions with Fleming’s solutions was taken. The amount of cuprum (II)
that reacted and the appropriate amount of saccharides were determined by the difference
between the amount of Na,S,0; used for titration of I, in the control and work researches.
Saccharides content x, % to was counted by the formula:

(¥, =V,)-K -100-100
H100-w)

where V,V, - the amount of 0,1 moles/dm® of Na,S,0; solution, used for titration in the

control and work researches, cm’; K — conversion factor to maltose (5,4); H — mass of
product, which corresponds to the volume of the hydrolysate, mg; W — mass fraction of
humidity in the product, %.

The content of dextrines has been determined by their ability to precipitate with
different ethanol concentration in solution [15]. Firstly amylolytic ferments have been
inactivated by 96% of C,HsOH on heated bath to its full evaporation. The next step was to
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remove water-soluble carbohydrates from the batch. To do that, the batch was carried to
dimensional bulb for 100 cm?, infused for 1 hour, brought to the mark with water and
filtered. Saccharides, which were in the solution were removed by fermentation of bread
pressed yeast with the temperature of 25 °C. Glucose, saccharose, fructose, maltose were
fermented, and dextrines and pentoses remained. To determine the content of dextrines,
three portions of 30 cm® in which they were precipitated by ethanol were taken with the
concentrations of: 1 — 40% (amylodextines), 2 — 65% (amylo- and erythrodextrines), 3 —
without adding of ethanol (amylo-, erythro-, ahro- and maltodextrines). After thatdextrines
have been dissolved by water and hydrolyzed by 20% HCI to glucose for 3 hours on boiling
heated bath.

Mass fraction of glucose in dextrin hydrolysate has been determined be method of
Wilschtetter and Schudl [15]. 30 cm® 0,1 moles/dm® of NaOH solution and 25 cm® 0,1
moles/dm® of I, solution have been added to 10 cm® of hydrolysate. The bulb was closed by
clock glass and left for 15-20 minutes in the dark place. Then 4,5-5cm’ 1 moles/dm’ of
H,S0, solution was added and titrated 0,1 moles/dm’ solution of Na,S,0;. Mass fraction of
dextrines, X, % per dry matter, was calculated by the following formula:

o V' -7)-K-0,009-0,9-100-100
M 100 '

Bread production

Bread pressed yeast (3%) has been dissolved in water at the temperature of 26-32 °C.
Aqueous saline solution with the concentration of 1,2% at 30°C has been prepared and
filtered. Rice flour dough has been kneaded on the basis of previously prepared semi-
finished product-hydrolysate with humidity of 53% by adding yeast suspension, saline
solution and the other part of flour according to recipe. After that, dough batches weighing
350g have been formed and fermented in a cabinet for 45 minutes at a temperature of 32°C
with 85% relative humidity in air. Baking has been carried out at a temperature of 180°C
for 25 minutes. Readymade bread has been cooled for 25 minutes and kept at a temperature
of 23-27°C.

Research of the course of microbiological processes in the dough

Intensity of ethanol fermentation in the dough has been determined by volumetric
method with a device AG-1 with the indicator of gas-forming ability, i.e. the volume of
CO, produced, cm’/100g at 30°C, for the period of dough fermentation.

The change of total acidity of the dough has been determined during its fermentation
each 15 minutes by titration of 0,1 moles/dm’ solution of NaOH 5g of dough semi-finished
product, rubbed with 50 cm® of water, with 1% of ethanol solution of phenolphthalein to
pink coloring [15].

Evaluation of bread quality

Bread was analyzed not earlier than in 3 hours after baking by the main indicators.

Specific volume was determined as the ratio of volume they occupy to their mass.

Bread staleness has been determined by the following methods: measuring degree of
crumb deformation on atomized penetrometer by firm of “AP-4/1” and determination of
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fragility of bread by a whit content, which appeared as a result of shaking on the vibrating
mixer.

Porosity has been determined with the help of device [15]. In the piece of the crumb
three hollows have been made by a cylinder of the device at a distance not less than 1 cm
from crust, and weighed after. Porosity, %, was calculated by the formula:

y_m
p—__P
%
where V — being general volume of bread hollows, cm’; m — mass of the hollows, g p-

density of non-porous mass of the crumb, g/cm’.

Density of non-porous mass for gluten-free bread has been determined by the following
way. A hollow was made by device, squeezed thoroughly by wooden piston in a cylinder of
a device for removing of pores. Then the hollow in the form of compressed cylinder was
weighed and the height of it was measured.

Density of non-porous mass, g/cm’, was calculated by a formula:

_om
x-r’-h

where m — being the mass of the hollow, g; r — radius of the hollow, cm; h — height of the
hollow, cm.

Results and discussion
Choice justification of dozing the ferments for modification of rice flour starch

One of the main problems in rice bread production is its structural mechanical quality
indicators [10, 22]. It is explained by a low level of its own mono- and disaccharides in the
flour from rice grains (0,7%), which are assimilated by yeast on the initial stage of the
dough maturation. Besides, rice flour has a small activity of amylolytic ferments (a- and p-
amylase), that’s why it cannot provide with necessary intensity of ethanol fermentation in
gluten-free dough to loosen the dough preparations, as a result the bread made of such flour
has a small volume, low porosity and pale crust. Success of technological process course
and providing with high quality bakery depend much on the amount of saccharides in the
dough, which is the source of nutrition for yeast cells as well as for a process of starch
biotransformation under the effect of its own a- and B-amylase of the flour with maltose
formation. That’s why we offered to add ferments with amylolytic activity to the dough to
raise the amount of saccharides in the dough, which is necessary to provide with the
process of fermentation.

Fermentative effect on the starch allows to increase the amount of saccharides in the
dough, that leads to intensification of its fermentation process, improving of gas formation
during the process of maturation and early stages of baking. It leads to volume increase of
the goods, improvement of porosity and texture of crumb [14, 16]. The choice of ferments
is determined by the expected carbohydrate composition of ready product. On analyzing
ferment preparations with amylolytic activity we chose mushroom a-amylase “Alphamalt
VC 5000 SN” with the activity of 5000 SKB/g and glucoamylase “Glucomil” — 500
AMG/g. So, a-amylase hydrolyzes irregularly a-1,4 glycoside bonds in the amylose
molecule, as a result maltose and products of incomplete hydrolysis of starch — dextrines
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are formed. Unlike a-amylase, that can split only unbranched bonds of starch molecule,
glucoamylase is able to catalase hydrolytic decomposition of a-1,6-glucoside bonds of
branched bonds of starch amylopectin. It also transforms dextrines, which are formed under
the effect of amylase, to glucose [16-18].

Dosage of ferments depends on their amylolytic activity. As and enhancer for the
bread, it is recommended to use mushroom a-amylase “Alphamalt VC 5000 SN” in the
amount of 250-500 un. SKB per 1 kilo of wheat flour, i.e. 5-10g of the ferment for 5000
un. SKB/g per 100 kilos [19]. But there are no recommendations as for its dosage to rice, as
the speed of splitting of starch by amylase from different cultures is different, which
depends on the size and shape of starch grains, their structure peculiarities. So the size of
rice starch grains is 5-6 microns, at the same time the size of wheat starch grains — 25-35
microns. Evidently, similar dosage of a-amylase would effect on rice and wheat starch
differently, that would be showed up in formation of new products of hydrolysis. Taking
into consideration this fact, the effect of dosage of a-amylase “Alphamalt VC 5000 SN” in
the amount of 0,01% to flour mass was studied, which is optimal according to
manufacturer’s recommendations for accumulation of mono- and disaccharides (Figure 1).
Non-yeast dough was prepared of rice flour with the humidity of 53%. Non-yeast dough of
wheat flour with mass fraction of humidity 44,5% was used as a control example for
comparative analysis. The increase of estimated humidity of the rice dough is conditioned
by water absorption capacity of the rice grains flour, which is explained by smaller size of
starch granules and high content of amylopectin in it (82%), due to hydrophilic properties
the starch granules are very hygroscopic. Duration of fermentation was 3 hours at an
environment temperature 40 °C.

! PP

6 ===

4 /?’ /0/01

Amount of saccharides, % per dry
matter, in terms of maltose

0 30 60 90 120 150 180

Duration of starch flour hydrolysis, mins.
—O0—1-0,01% to mass of wheat flour
— 0O — 2-0,01% to mass of rice flour

Figure 1. Effect of a-amylase on accumulation of saccharides in rice and wheat flour
dough
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It is determined, that the amount of accumulated saccharides during 3 hours of
hydrolysis of rice flour starch was 32% higher than in the wheat one. It is explained by
reduction of dispersion of starch grains starch attacking increases, as their relative surface
of contact with ferments increases, as a result the amount of products of hydrolysis is
getting higher. That’s why the dosage of mushroom a-amylase “Alphamalt VC 5000 SN”
should be decreased on order to improve the quality of rice flour bread.

We know, that it’s needed 5,5-6% of saccharides from the mass of flour dry matter for
the whole cycle of bread preparation [20]. That’s why the recommended amount of ferment
was determined by accumulation of mono- and disaccharides to the amount mentioned
before with the addition of a-amylase in the amount of 0,002, 0,005 and 0,007% to the
mass of rice flour (Figure 2).

>
=)

3,5 /

3,0 /
2,5
<>/

2,0

Amount of saccharides, % per dry
matter, in terms of maltose

1,5
0 0,002 0,004 0,006 0,008

Dosage of mushroom a-amylase,
% to mass of rice flour

Figure 2. Effect of different dosages of o-amylase on saccharides accumulation in the rice dough

It was determined by the results of the research, that adding a-amylase of mushroom
origin in the amount of 0,005 and 0,007% to mass of rice flour leads to saccharides
accumulation accordingly 3,1 and 3,7%, which is 29—40% more, than in use of this ferment
in the amount of 0,002%. According to the data we got, the recommended dosage of a-
amylase “Alphamalt VC 5000 SN” is 0,007% to mass of rice flour, as in such conditions
the biggest amount of saccharides is accumulated. However, it is more economically
expedient to use a-amylase in the amount of 0,005% to mass of flour, as the amount of
saccharides which were formed is slightly different.

The use of a-amylase only to enrich dough semi-finished product with saccharides is
not efficient because of significant duration of hydrolysis. So, it takes 3 hours to
accumulate mono- and disaccharides in amount of 4,5%. That’s why to speed up starch
splitting and increasing of mono- and disaccharides, glucoamylase “Glucomil” has been
additionally used, recommended dosage of which is 0,7 g per 1 kilo of starch to hydrolyze
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wheat starch effectively, that in terms of the content of this polysaccharide in the rice flour
is 0,065% to its mass.

On the basis of previous research it is determined that decrease of dosage of a-amylase
is efficient. That’s why, taking into the consideration rice starch properties and its give to
effect of amylolytic ferments, in the further research the effect of glucoamylase on
saccharides accumulation at its adding in the amount of 0,03% and 0,05% to mass of flour
to non-yeast dough during fermentation for 3 hours at a temperature of 40°C, was
determined (Figure 3).

14
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10 ,,/ [
/

/
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Amount of saccharides, % per dry
matter, in terms of maltose
N A O ®

0,02 0,03 0,04 0,05 0,06

Dosage of mushroom glucoamylase,
% to mass of rice flour

Figure 3. Effect of different dosages of glucoamylase on saccharides accumulation in rice dough

The analysis of the results we got showed, that adding of glucoamylase to rice dough in
the study range of dosages helps to increase in it saccharides, which were formed in the
process of hydrolyzing of flour starch during 3 hours of fermentation. Herewith the part of
accumulated saccharides at adding glucoamylase of 0,04% and 0,05% is accordingly 9,6%
and 11,6% to dry matter. Such amount of saccharides in the dough semi-finished product is
ineligible, as the activity of yeast cells are suppressed by the increase of saccharides for
more than 6%, as a result of increase of osmotic pressure in the liquid phase of the dough.
As well, superabundance of mono- and disaccharides is the reason of activization of the
Maillard reaction, and as a result the crust of readymade bread gets brown, which is not
peculiar for it. Adding of glucoamylase in the amount of 0,03% to the flour mass leads to
formation of 4,5% to dry matter of saccharides. That’s why it can be assumed, that
simultaneous use of a-amylase in the amount of 0,005% and glucoamylase in the amount of
0,03% to the dough mass will provide with synergic effect, owing to this the fermentative
modification of the rice flour starch would be more effective, and the amount of products of
its hydrolysis, particularly saccharides and dextrines, would help to intensify dough
fermentation and prolong freshness of readymade goods.
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Effect of ferments of a-amylase and glucoamylase on carbohydrate content
hydrolyzed rice semi-finished product

Taking into consideration amylase and glucoamylase action interval, mentioned by a
manufacturer, the optimal temperature for both ferments action is 40°C and pH 4,7. As the
dough fermentation occurs at a temperature of 28-32°C, adding of the ferments on the stage
of dough kneading is not effective enough. That’s why, to accumulate the appropriate
amount of saccharides for the whole cycle of bread baking, preparation of semi-finished
product-hydrolysate from rice flour at 40°C with the following dough kneading on its basis
is reasonable. As the rice flour has its active acidity of 5,65 un. of the device, to order to
create optimal pH conditions 4.7 for ferments action, citric acid in the amount of 0,065% to
mass of flour has been used.

We know that hydrolyzing action of amylolytic ferments is seen only at its water
combination. Herewith, there is direct dependence between humidity of an environment and
the activities of the last ones. Because of that, the effectiveness of fermentative reaction by
starch hydrolyzing products accumulation, particularly mono-and disaccharides, has been
studied in the course of further researches, with the time of semi-finished product-
hydrolysate preparation with different humidity (Table 1). Mass fraction of humidity has
been determined from a calculation of the use of 100, 75, 50 and 25% of rice flour in
accordance to the recipe.

Table 1
Replacement of saccharides during the process of preparation of semi-finished product-
hydrolysate from rice flour

Saccharides content (in terms of maltose), % to DM

With adding of a-amylase and

With adding of a-amylase

. glucoamylase
dlgzgzzlyrsri:n Amount of flour, % from general mass
> 100 ] 75 ] 50 [ 25 [ 100 75 | 50 | 25

Humidity, %

53,0 | 56,0 | 650 | 78,0 | 53,0 ] 56,0 | 650 ]| 78,0
0 041 | 032 | 021 0,12 | 0,41 | 032 ] 021 | 0,12
30 0,90 | 0,95 | 0,98 | 0,96 | 1,12 | 1,88 | 2,64 | 2732
60 1,50 | 1,88 | 226 | 2,03 | 2,54 | 2,83 | 3,12 | 2,98
90 1,72 | 234 | 2,95 | 2,71 | 3,05 | 3,76 | 452 | 4,20

120 195 | 2,85 | 3,80 | 3,34 | 422 | 5,06 | 590 | 5,36

150 240 | 3,32 | 425 3,80 | 486 | 568 | 650 ]| 6,09

180 3,11 | 3,80 | 4,60 | 420 | 5,11 6,03 | 695 | 645

Data analysis showed, that the content of saccharides increased for 2,6% DM in non-
yeast semi-final product of rice flour with humidity mass fraction of 53% with a-amylase in
three hours of hydrolysis, at the same time the use of a-amylase and glucoamylase led to
their increase to 4,7% DM. So, simultaneous use of the ferments provides with their
synergic effect, which is explained by the hydrolytic action of glucoamylase, which cleaves
glucose from starch molecules and products of its incomplete decay, particularly dextrines,
formed under the effect of a-amylase. Besides, the use of 50% recipe amount of rice flour
for preparation of semi-final product-hydrolysate with 65% humidity, helped to accumulate
more saccharides, because the speed of ferments catalyzed reaction gets higher when
humidity mass fraction increases. Further humidity increasing to 78% is not feasible, as the

—— Ukrainian Food Journal. 2017. Volume 6. Issue 4 641




Food Technology

amount accumulated products of starch hydrolysis decreases, that is due to ferment-
substrate ratio violation.

The intensity of dough fermentation depends of saccharides concentration, which are
the source of nutrition of yeast. Improvement of their fermentation activity and gas
formation is observed at adding of mono- and disaccharides to 6% [20]. The presence of
their bigger amount increases osmotic pressure in the dough liquid phase and leads to
plasmolysis of yeast cells (body contraction of living cell with membrane scaling), as a
result alcohol fermentation is slowed down, gas formation decreases, dough looseness
worsens. Making the conclusion from this, using the data from the Table 1, we can
determine, that the optimal concentration of mono- and disaccharides is 5,9% to DM for
high activity of yeast and improvement of gas formation ability of rice flour. To accumulate
such amount of saccharides in the semi-finished product the hydrolysis duration is 2 hours
(120 minutes) at humidity of 65%, under the conditions of use for its preparation of 50% of
flour from general recipe amount.

a-amylase action is directed to starch depolymerization and formation of enough
amount of mono- and disaccharides, which will be fermented by the yeast at the dough
maturation. Still, the use of mushroom a-amylase for making semi-final product-
hydrolysate from rice flour helps to accumulate dextrines as well. Their redundant content
leads to dough clamminess, and as a result, the bread crumb is easily creased, and its elastic
properties worsen. That’s why, in the further research the accumulation of dextrines during
2 hours of starch hydrolysis for semi-finished product-hydrolysate form rice flour has been
determined (Figure 4).
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Achro- and maltodextrines W General content of dextrines

Figure 4. The effect of a-amylase on dextrin mass fraction
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The analysis of the results we got showed, that general amount of dextrines in
production of semi-finished product-hydrolysate increased for 94% in comparison to
control example. At the same time the content of low molecular dextrines, such as
achrodextrines and maltodextrines, has increased for 1,48% DM. It’s known, that dextrines
are hydrophilic compounds, which increase the amount of bonded moisture and provide
with conspicuous effect of the slowing down of starch retrogradation process, that leads to
staling of bread.

Effect of fermentative modified rice flour semi-finished product on
microbiological processes in yeast dough

Taking into consideration the fact, that biotechnological processes of living conditions
of microorganisms are the main things in the technology of bakery: bread yeast and acid
bacteria, it would be expedient to study the effect of additives on the course of
technological process and quality of rice bread.

During the research the dough was prepared by non-fermented method, on the basis of
semi-finished product-hydrolysate from 50% of rice flour from its general mass with
humidity of 65%. When kneading the dough the other part of flour, yeast in the amount of
3% and salt have been added. Its estimated humidity was 53%. The dough for the control
example has been prepared without adding of ferments of amylolytic action.

The main indicators, that characterize the course of technological process in goods
production from yeast dough is gas formation ability, the looseness of bread crumb depends
on which, and acid accumulation, which provides with the taste and flavor of readymade
products. The obtained results of research of the effect of used semi-finished products-
hydrolysate from the rice flour on gas formation in the dough (Figure 5) affirm about
increasing of carbon dioxide produced, for 57,8% in comparison to control example. It’s
explained by adding of extra amount of mono- and disaccharides, formed as a result of
hydrolytic starch formation, in consequence of its fermentative modification, which are
assimilated by yeast.

We can judge the intensity of fermentation process and dough readiness by increasing
of titrated acidity of dough semi-finished products. The analysis of obtained data showed
(Figure 6), that in case of use of starch fermentative modification with the help of a-
amylase and glucoamylase, more intensive increase of acidity is observed in maturation of
the dough in the experimental example, in comparison to the control one.

The increase of titrated acidity in the dough, prepared on the basis of semi-finished
product-hydrolysate from rice flour, during the whole period of maturation for 1,5 degr, in
comparison with control, is caused by adding of citric acid, aiming to provide with optimal
pH conditions for a-amylase and glucoamylase action. Besides, in the end of the
fermentation process of the dough, using starch fermentative modification, its acidity
increases for 0,6 degr, at the same time the control example — only for 0,3 degr. It is
probably related to more active vitality of lactic acid bacteria and yeast, that very much
depends of the content of nutrient environment, as well as the amount of mono- and
disaccharides.
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Effect of fermentative modification of rice flour starch on the quality of
readymade bread

As a result of increasing of readily available sugar, which is assimilated by yeast cells,
the process of alcohol fermentation intensifies, in consequence improvement of porosity
structure and volume of readymade bread is expected. In the course of further research, the
effect of fermentative modification of starch on the quality of readymade goods was
determined (Table 2).

Table 2
Rice bread quality score
Characteristics of bread quality score
Score Rice flour bread Bread v&"ith the use of semi-
(without additives) finished product-
hydrolysate from rice flour
Specific volume, cm’/g 1,27 1,44
Acidity, degr. 1,3 2,8
Porosity, % 36,7 41,4
Fragility, %
in 3 hrs 2,50 1,30
in 24 hrs 6,95 2,60
Bread crumb deformation,
un. of penetrometer
in 3 hrs 48 59
in 24 hrs 34 46

Analysis of readymade products shows positive effect of the use of starch fermentative
modification of rice flour on the change of structural mechanical properties of readymade
goods. Bread freshness is one or the main scores of its quality and storage suitability. It’s
determined by the results of research of crumb deformation level, that after cooling (after 3
hours of storage), the use of the offered technology of rice bread provides with increasing
of softness for 18%, and after 24 hours — for 24%. Herewith, decrease of bread penetration
degree with the use of starch fermentative modification is less intensive, than the control
one. It’s explained by accumulation of low molecular dextrines when preparing of semi-
finished product-hydrolysate from rice flour under the effect of mushroom o-amylase
(Figure 4), that provides with longer period of keeping the readymade products fresh.

Better keeping of the freshness of the experimental example of rice bread in
comparison to the control one, is confirmed by the results of determining of their fragility.
It’s determined, that the use of rice flour starch fermentative hydrolysis in bread production
leads to decreasing of this score for 1,9 times, in comparison to control for freshly baked
products.

Improvement of specific volume and porosity of readymade bread is stipulated by
intensification of gas formation process in the dough, with the use of a-amylase and
glucoamylase, because of increasing of carbon dioxide amount, produced in the process of
its fermentation. But the analysis of obtained results shows, that the specific volume and
porosity of gluten-free bread, prepared on the basis of semi-finished products-hydrolysate,
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increases only for 13,4% and 12,5% in comparison to control example, which won’t allow
to improve the quality of readymade products, at the same time gas formation increases for
57,8% (Figure 5). Determined dependence can be explained by the thing, that as a result of
absence of gluten carcass, that has elastic properties, it has a low gas retention capacity,
that’s why carbon dioxide accumulation is ineffective. Carbon dioxide, which is formed in
alcohol fermentation, causes the pressure in dough preparation, as a result cracks appear on
its surface, through which the main loses of CO, occur, as a result the dough is irreversibly
depleted.

Obtained data testify to the necessity of enhancer, that could improve dough
rheological properties. That’s why further researches will be associated with the
development of measures aiming to improve gas retaining capacity in the rice flour dough.
One of the ways to improve bread quality for patients with celiac disease might be the use
of surfactants.

Conclusions

As a result of research, the expediency of hydrolysis of rice flour starch by amylolytic
ferments in bread technology for patients with celiac disecase has been determined. The
dosage of mushroom a-amylase in the amount of 0,005% and glucoamylase — 0,03% to
mass of rice flour helps to accumulate saccharides in the amount of 5,5-6%, which are
necessary for intensification of the course of microbiological processes in the dough. For
more complete starch hydrolysis, the expediency of preparation of semi-finished product-
hydrolysate with the moisture content of 65% from 50% of rice flour from its recipe
amount with the further kneading of the dough on its basis. The use of rice flour starch
fermentative modification in bread technology intensifies gas formation and acid
accumulation in the process of dough maturation, as a result, readymade goods are
characterized by improved structural mechanical quality scores. Besides, the production of
bread using the ferment of a-amylase allows longer shelf life.

References

1. Laureati M., Giussani B., Pagliarini E. (2012), Sensory and hedonic perception of
gluten-free bread: Comparison between celiac and non-celiac subjects, Food Research
International, 46, pp. 326-333.

2. Elgeti D., Nordlohne S.D., Féste M., Besl M., Linden M.H., Heinz V. et al. (2014),
Volume and texture improvement of gluten-free bread using quinoa white flour,
Journal of Cereal Science, 59, pp. 41-47.

3. Pruska-Kedzior A., Kedzior Z.,Goracy M., Pietrowska K., Przybylska A., Spychalska
K. (2008), Comparison of rheological, fermentative and baking properties of gluten-
free dough formulations, Eur Food Res Technol, 227, pp. 1523—1536.

4. Lamireau T., Clouzeau H. (2013), Epidemiologie de la maladie ceeliaque, Pathologie
Biologie, 61(2), pp. 1-4

5. Remesy Ch., Zeenhardt F., Fordet A. (2015), Donner un nouvel avenir au pain dans le
cadre d'une alimentation durable et preventive, Cahiers de nutrition et de dietetique,
50, pp. 39-46.

646 —— Ukrainian Food Journal. 2017. Volume 6. Issue 4



10.

11.

12.

13.

14.

15.

16.
17.
18.
19.

20.
21.

22.

23.

Food Technology ——

Hatta E., Matsumoto K., Honda Y. (2015), Bacillolysin, papain, and subtilisin improve
the quality of gluten-free rice bread, Journal of Cereal Science, 61, pp. 41-47.
Demirkesen 1., Mert B., Sumnu G., Sahin S. (2010), Rheological properties of gluten-
free bread formulations, Journal of Food Engineering, 96, pp. 295-303.

Olives J.P. (2006), Maladie cceliaque: nouvelles perspectives, Mt. pédiatrie, 9(2), pp.
87-98.

Houben A., Hochstotter A., Becker T. (2012), Possibilities to increase the quality in
gluten-free bread production: an overview, Eur Food Res Technol, 235, pp. 195-208.
Nunes Maria.H.B., Moore M.M., Ryan Liam A.M., Arendt E.K. (2009), Impact of
emulsiWers on the quality and rheological properties of gluten-free breads and batters,
Eur Food Res Technol, 228, pp. 633—642.

Renzetti S., Bello F.D., Arendt E.K. (2008), Microstructure, fundamental rheology and
baking characteristics of batters and breads from different gluten-free flours treated
with a microbial transglutaminase, Journal of Cereal Science, 48, pp. 33—45.

Purhagen J.K., Sjoo M.E., Eliasson A.Ch. (2012), The anti-staling effect of pre-
gelatinized flour and emulsifier in gluten-free bread, Fur Food Res Technol, 235, pp.
265-276.

Hryshchenko A.M., Udvorheli L.I., Mykhonik L.A., Kovalevska Ye.l. (2010),
Doslidzhennia  strukturno-mekhanichnykh  vlastyvostei bezbilkovoho tista =z
kamediamy huaru i ksantanu, Kharchova nauka i tekhnolohiia, 1(10), pp. 63—65.
Kapreliants L.V. (2009), Ispolzovanie fermentov v khlebopechenii, Kharchova nauka i
tekhnologiia, 1(6), pp. 34-38.

Drobot V.I., Yurchak V.H., Bilyk O.A., Bondarenko Yu.V., Hryshchenko A.M.,
Zinchenko I.M., Kambulova Yu.V., Makhynko V.M., Mykhonik L.A., Falendysh
N.O., (2006), Tekhnokhimichnyi kontrol syrovyny ta khlibobulochnykh i makaronnykh
vyrobiv, Kondor, Kyiv.

Goesaert H., Slade L., Levine H., Delcour J.A. (2009), Amylases and bread
firming — an integrated view, Journal of Cereal Science, 50, pp. 345-352.
Konsula Z., Liakopoulou-Kyriakides M. (2004), Hydrolysis of starches by the action of
an a-amylase from Bacillus subtilis, Process Biochemistry, 39, pp. 1745—1749.
Kapreliants L.V. (2009), Fermenty v pishchevykh tekhnologiiakh, Odesa.

Popper L. (2009), Fermentnaia obrabotka muki, Khleboprodukty, 6, pp. 46—49.

Drobot V.1. (2002), Tekhnolohiia khlibopekarskoho vyrobnytstva, Lohos, Kyiv.
Kalmus S. (2017), What Is the Difference Between Brewer's Yeast & Baker's Yeast?,
available at:
https://www.livestrong.com/article/176197-what-is-the-difference-between-brewers-
yeast-nutritional-yeast/

Yano H., Fukui A., Kajiwara K., Kobayashi 1., Villeneuve M. (2017), Development of
gluten-free rice bread: Pickering stabilization as a possible batter-swelling mechanism,
Food Science and Technology, 79, pp. 632—639.

Hera E., Martinez M., Gomez M. (2013), Influence of flour particle size on quality of
gluten-free rice bread, Food Science and Technology, 54(1), pp. 199-206.

—— Ukrainian Food Journal. 2017. Volume 6. Issue 4

647



Food Technology

Modeling the efficiency of microfiltration process in
reducing the hardness, improvement the non-sugar
component rejection and purity of raw sugar beet juice

Shamim Shahriari', Vahid Hakimzadeh?, Mostafa Shahidi’

1 — Department of Food Science and technology, Quchan Branch, Islamic Azad University, Quchan,

Iran.

2 — Department of Food Chemistry, Research Institute of Food Science and Technology, Mashhad,

Iran

Keywords:

Sugar beet
Microfiltration
Neural network
Levenberg
Tangent

Abstract

Article history:

Received
16.10.2017
Received in
revised form
20.12.2017
Accepted
29.12.2017

Corresponding
author:

Vahid
Hakimzadeh
E-mail:
v.hakimzadeh@
yahoo.com

DOI:
10.24263/2304-
974X-2017-6-4-6

Introduction. The aim of this study is determining the best
configuration of artificial neural network, different networks with
neuron number varying from 2 to 20, were designed. Their mean square
errors, square normalized errors, absolute errors and correlation
coefficients were investigated for different learning rules and transfer
functions.

Material and Methods. In this study, the potential of microfiltration
process in reduction of hardness, improvement of purity and non-sugar
rejection of raw beet juice was modeled with different parameters as
temperature (30 and 60 °C) transmembrane pressure (1, 1.75 and 2.5
Bar) and time (regular time intervals from 1 to 60 min) by artificial
neural network (ANN). ANN modeling was carried out by
Neurosolution software v6 to determine the best type of transport
function, learning rule, and determination of applied percentages for
training, validation and testing stages.

Results and discussion. The best neural network was the one hidden
layer in Levenberg learning rules with tangent transfer function which
included 8 neurons and resulted in maximum correlation coefficient for
hardness according to temperature, pressure and time variation. The
neural network with one hidden layer including 4 neurons with sigmoid
transfer function under Levenberg learning rule had the least error and
highest r for purity variation. Finally, the neural network with one
hidden layer including 2 neurons, under Levenberg learning rule and
tangent transfer function had the lowest error and highest correlation for
non-sugar rejection percentage. Modeling was carried out with different
percentages of data for training that the best prediction correlation for all
parameters (turbidity, purity, non-sugar rejection) obtained when 60% of
the data were used for training, 35% of them were employed for
validation and 5% of the data were used for testing. The correlation of
experimental data with the predicted values of the model obtained, too.
According to the obtained models, ANN resulted in data with proper
correlation with experimental data of hardness, purity and non-sugar
rejection with respective correlation coefficients of 0.987, 0.980 and
0.981. This study also addressed the model sensitivity to input data. The
best model sensitivity of the model for prediction of turbidity, purity and
non-sugar rejection was related to time.

Conclusion. The best rule for network training for prediction of
hardness, purity and non-sugar rejection was Levenberg rule. The model
was able to predict the hardness, purity and non-sugar rejection
percentage under different operational models in a way that the modeled
data showed high correlation with experimental data.
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Introduction

In spite of passing through purification stages, purified sugar beet juice still contains
undesirable non-sugar compounds which can adversely affect the final quality of the sugar.
These undesirable compounds include a wide range of organic and inorganic materials such
as amino acids, amides, proteins, minerals and etc. Among them nitrogenized compounds
and single-valance cations cause molasses (Djuri, 2004). On the other hand, conventional
purification methods have high energy consumption and lack of accurate control on
addition of lime and carbon dioxide will result in defects in non-sugar rejection due to
destruction of surface adsorption of impurities from calcium carbonate crystals. In this
regard, membrane processes are now in the center of the focus due to advantages such as
reduction in energy consumption, increase of efficiency, no need for chemicals and
feasibility (Gyura, 2005; Ghosh, 2003; balakrishnan, 2000). Membrane processes based on
microfiltration pressure driving force has attracted the attention of numerous researchers in
the field of sugar production.

First, Lancernon et al analyzed application of a ceramic micro-filter (pore size of 0.1-
10 micron) for sugar cane syrup purification in 1993. Then, in 1994, Domir et al
investigated the optimal condition of sugar cane extract filtration and expressed that the
increase in pressure and slope transverse flow speed can improve flux. Vern et al. (1997)
reported the filtration of sugar cane syrup by a micro-filter with pore size of 01 micron, in a
way that the resultants could be directly used for crystallization. Farmani et al. (2007)
managed to increase the purity of sugar cane clarifier by 0.87 with the use of microfiltration
process.

On the other hand, process modeling can play an important role in process design as
they are capable of predicting the system performance. Neural network can model complex
nonlinear systems with numerous input and outputs (Delgerange, 1998). Artificial neural
network is inspired from human brain and neural network and like that, it includes
numerous neurons. Similar to human brain, this network can also learn. In cases with
numerous input and outputs, application of ANN can be helpful in modeling the system or
obtain a structure of data. So far, various topologies and applications have been presented
for ANNSs that cover a wide range of topics (Menhaj, 2000). Therefore, researchers pay a
specific attention to modeling the membrane processes in different industries. For example,
Mascula et al. introduced an empirical model to predict the created cake layer for
membrane blockage in ultrafiltration processes. Shahidi et al investigated the potential of
nanofiltration in treatment of sugar beet pressing wastewater and then modeled in by ANN.
The results showed that a network with one hidden layer including 16 neurons with
hyperbolic tangent linear transfer function under Levenberg learning rule can provide a
proper correlation between the modeled and experimental data.

In this regard, the present research addressed modeling of microfiltration process in
reduction of hardness, non-sugar rejection and improvement of raw sugar beet juice as
some of the indices of raw syrup purification by ANN method.

Materials and methods

Membrane process

Raw sugar beet juice microfiltration process was carried out by a pilot equipped with
ceramic membrane with tubular module (made by Bioken Russia and Milar Khorasan

649

—— Ukrainian Food Journal. 2017. Volume 6. Issue 4



Food Technology

Companies). The experiments were carried out at two temperatures of 30 and 60 °C at
three pressure levels (1, 1.75 and 2.5 Barr) and 8 equal time intervals from 1 to 60 min (48
experiments) on variation of hardness, non-sugar rejection and purity of permeated flow

[8]. The technical properties of the membrane system are listed in Table 1.

Table 1
Technical properties of microfiltration membrane system for purification of raw sugar beet
juice
Membrane Maximum
Membr‘ane module | MWCO | effective pH Temperature tolerable
material tolerance tolerance
area pressure
Ceramic | Tubular | 0.2 um 0.28 m’ 1-11 10-95 °C 3 Bar
Assays

Samples purity was calculated based on their polarimetry and brix values from equation

1:
Purity = (pol/Brix) x 100 (1)
Sample hardness was measured by syrup titration with EDTA solution, at concentration
of 0.025 moles/lit, according to ICUMSA method. The process was as follows: first, 50 ml
of syrup was mixed with 50 ml distilled water and then 10 ml Buffer solution was added to
that. Then it underwent titration at the presence of Eriochrome Black reagent and EDTA till
reaching to blue color. In this condition, if n ml of EDTA was consumed for each 100 ml of
syrup, the hardness based on CaO could be obtained from equation 2 (ICUMSA,2000):
Hardness = 1.002 x n 2)

To calculate percentage of non-sucrose component rejection the pol and Brix of permeat
and feed were measured by substitution in equation 3 (Ghosh, 2003; Balakrishnan, 2000):

(Brix—Pol )
Non — sugar rejection =| 1— Pt 1100 3)

(Brix - POZ)/M

Artificial neural network modeling

ANN modeling was conducted by Neurosolution V6. To investigate and evaluate
different networks, the data were randomly classified into three sections; in a way that a
percentage of data were used for training, some were used for validation and the other part
was employed for network testing. During training process, ANN learnt neuron
relationships in each cycle of training in order to reach to the predicted values closer to the
desirable output values. To find a network with proper architecture, mean square error
(MSE), mean absolute error (MAE) and correlation coefficient (R2) were used. Correlation
coefficient varies from -1 to 1. The farther from 0, the more serious the alignment or
opposition of the two investigated parameters will be (Razavi, 2003).
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First, all the test data (48) were randomized; then network structure with one hidden
layer and different number of neurons under Levenberg learning rules and momentum and
two functions of tangent and Sigmoid, were examined. Moreover, the best data percentage
for training, validation and testing of this network were determined and finally the
sensitivity of purity variation, hardness and non-sugar rejection to temperature, time and
pressure was assessed. For model validation, the correlation between the predicted and
experimental data was also calculated (Shahidi, 2012).

Results and discussion

To find the best configuration of artificial neural network, different networks with
neuron number varying from 2 to 20, were designed. Their mean square errors, mean
square normalized errors, mean absolute errors and correlation coefficients were
investigated for different learning rules and functions as shown in Tables 2 to 4. In continue
the best percentage for training, validation and test with minimum error and maximum
correlation coefficient were examined. As Table 2 suggests, the best neural network was the
one with one hidden layer in Levenberg learning rules with tangent transfer function which
included 8 neurons and resulted in maximum correlation coefficient for hardness according
to temperature, pressure and time variation.

Table 2
Different architectures of ANN with different neurons in the hidden layer and transfer
functions in the hidden and output layers used for permeate hardness in sugar beet juice

microfiltration
Hardness Levenberg
No of Sigmoid Tanh
neurons | MSE | NMSE | MAE R MSE | NMSE | MAE R
2 3.632 0.444 1.671 0.808 | 3.188 0.390 1.587 | 0.843
3 3.803 0.465 1.660 | 0.790 1.003 0.122 0.827 | 0.956
4 1.254 0.153 0.976 | 0.930 | 0.331 0.040 0.429 | 0.989
5 0.600 0.073 0.687 | 0.978 | 0.340 0.041 0.488 | 0.986
6 0.853 0.104 0.615 | 0.958 | 0.561 0.052 0.910 | 0.974
7 0.554 0.067 0.686 | 0.982 | 0.229 0.028 0.455 0.993
8 0.576 0.070 0.662 | 0979 | 0.158 0.019 0.334 | 0.993
9 0.527 0.064 0.601 0.978 | 0.399 0.048 0.564 | 0.985
10 0.619 0.075 0.616 | 0.970 | 0.529 0.064 0.621 0.990
11 0.473 0.023 0.543 0.990 | 0.357 0.043 0.493 0.984
12 0.571 0.069 0.584 | 0.968 | 0.215 0.026 0.399 | 0.988
13 0.565 0.069 0.599 | 0972 | 0.233 0.028 0.435 0.988
14 0.487 0.059 0.652 | 0.989 | 0.258 0.031 0.438 | 0.988
15 0.601 0.073 0.708 | 0.982 | 0.311 0.038 0.518 | 0.992
16 0.559 0.068 0.594 | 0.971 0.280 0.034 0.468 | 0.985
17 0.379 0.046 0.506 | 0.981 0.370 0.045 0.535 0.980
18 0.446 0.054 0.511 0.974 | 0.169 0.020 0.333 0.991
19 1.175 0.143 0.806 | 0.942 | 0.227 0.027 0.408 | 0.993
20 0.323 0.039 0.486 | 0988 | 0.194 0.023 0.383 0.992
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As Table 3 shows, the neural network with one hidden layer including 4 neurons with
sigmoid transfer function under Levenberg learning rule had the least error and highest r for
purity variation.

Table 3

Different architectures of ANN with different neurons in the hidden layer and transfer
functions in the hidden and output layers used for permeate purity in sugar beet juice

microfiltration
Purity Levenberg
No of Sigmoid Tanh
neurons | MSE | NMSE | MAE R MSE | NMSE | MAE R
2 0.018 0.134 0.115 0.955 | 0.169 0.126 0.091 0.956
3 0.036 0.269 0.137 | 0.893 | 0.016 0.123 0.100 0.978
4 0.004 0.031 0.057 | 0.990 | 0.009 0.746 0.083 | 0.0978
5 0.011 0.081 0.088 | 0.990 | 0.011 0.084 0.081 0.979
6 0.008 0.060 0.075 0.987 | 0.006 0.050 0.077 0.989
7 0.010 0.076 0.084 | 0.972 | 0.007 0.056 0.073 0.984
8 0.005 0.043 0.062 | 0.981 0.018 0.137 0.091 0.961
9 0.007 0.057 0.077 | 0.987 | 0.008 0.064 0.072 0.981
10 0.015 0.112 0.106 | 0.982 | 0.003 0.026 0.043 0.989
11 0.003 0.026 0.045 0.988 | 0.004 0.036 0.064 0.985
12 0.010 0.080 0.086 | 0.983 | 0.003 0.029 0.042 0.986
13 0.007 0.058 0.073 0.984 | 0.004 0.035 0.051 0.983
14 0.020 0.156 0.098 | 0.970 | 0.006 0.047 0.065 0.984
15 0.006 0.046 0.067 | 0.983 | 0.005 0.041 0.056 0.979
16 0.009 0.069 0.084 | 0.988 | 0.005 0.038 0.056 0.981
17 0.14 0.107 0.100 | 0.980 | 0.003 0.025 0.047 0.988
18 0.005 0.038 0.060 | 0.981 0.011 0.086 0.081 0.980
19 0.008 0.067 0.076 | 0.973 | 0.006 0.044 0.048 0.978
20 0.007 0.059 0.076 | 0.985 | 0.004 0.032 0.046 0.983

Finally, the neural network with one hidden layer (including 2 neurons), under
Levenberg learning rule and tangent transfer function had the lowest error and highest
correlation for non-sugar rejection percentage.

As it can be seen in Table 5, a comparison was made between momentum and
Levenberg learning rules in terms of presenting the best transfer function with minimum
error and maximum correlation for hardness, purity and non-sugar rejection.
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Table 4

Different architectures of ANN with different neurons in the hidden layer and transfer
functions in the hidden and output layers used for Non-sugar rejection in sugar beet juice

microfiltration
Non
sugar Levenberg
rejection
No of sigmoid Tanh
neurons | MSE NMSE | MAE r MSE NMSE | MAE R
2 1.205 0.059 0.860 0.981 0.419 0.20 0.514 0.993
3 1.270 0.063 0.974 0.984 1.132 0.056 0.929 0.978
4 0.476 0.024 0.600 0.990 1.382 0.068 0.939 0.965
5 1.677 0.083 1.020 0.959 0.826 0.041 0.718 0.979
6 0.34 0.036 0.670 0.982 1.059 0.052 0.910 0.974
7 1.183 0.058 1.001 0.972 0.367 0.018 0.484 0.992
8 1.096 0.054 0.893 0.974 0.704 0.035 0.566 0.983
9 0.784 0.039 0.668 0.980 0.620 0.030 0.620 0.984
10 0.661 0.032 0.679 0.984 0.720 0.035 0.591 0.987
11 0.468 0.023 0.543 0.990 0.499 0.024 0.562 0.988
12 0.824 0.041 0.780 0.979 0.356 0.017 0.376 0.991
13 0.963 0.047 0.806 0.975 0.342 0.017 0.430 0.977
14 0.732 0.036 0.584 0.983 0.501 0.024 0.532 0.989
15 0.645 0.032 0.643 0.984 0.580 0.028 0.606 0.989
16 0.679 0.033 0.689 0.983 0.404 0.020 0.439 0.992
17 0.792 0.039 0.739 0.980 0.458 0.022 0.528 0.989
18 0.982 0.048 0.826 0.980 0.633 0.031 0.610 0.985
19 0.639 0.031 0.608 0.984 0.438 0.021 0.450 0.991
20 0.774 0.038 0.742 0.980 0.422 0.021 0.489 0.992
Table 5
Comparison of two learning rules used for selected ANN architectures to permeate
Hardness, purity and non-sugar rejection in sugar beet juice microfiltration
Momentum Levenberg
c = |B c - |B g
QB | m | $£e |58 2| 2| w| €2 |58 &
S| 2|2 | 2|52 85| " | 5|2 | 8| 52|88 °©
z =& |5 = z =& |2 = £
Z 4
0.935[0.808]0.132|1.083 | Tangent| 20 |0.993]0.334/0.019|0.158 | Tangent| 8 | Hardness
0.985[0.09310.085[0.011 | Tangent| 18 ]0.990]0.057]0.031|0.004 | sigmoid| 4 purity
0.969[0.9980.066 | 1.324 | Tangent| 19 [0.993[0.514]0.020|0.419 | Tangent| 2 Il‘i"r.‘ sugat
ejection
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Proper percentages for training, validation and testing

Modeling was carried out with different percentages of data for training, validation and
testing. For this purpose, first the best percentage of data for training was selected
according to correlation coefficient. Based on that, the best data percentage for validation
and testing were selected as shown in Tables 6-8.

Table 6
Comparison of different percentages of data used for training of selected ANN architectures to
model the permeate hardness
Training | Validation | Testing
Data (%) | Data (%) | Data (%) MSE | NMSE | MAE R
5 47.5 47.5 20.496 | 1.279 | 3.493 | 0.560
10 45.0 45.0 22.165 | 1.451 | 3.698 | 0.619
15 42.5 42.5 17.391 | 0.980 | 3.384 | 0.503
20 40.0 40.0 8.058 | 0.577 | 2.416 | 0.802
25 37.5 37.5 2.163 | 0.212 | 0.999 | 0.919
30 35.0 35.0 0.733 | 0.040 | 0.715 ] 0.981
35 32.5 32.5 1.044 | 0.092 | 0.836 | 0.978
40 30.0 30.0 2.785 | 0.305 | 1.298 | 0.837
45 27.5 27.5 1.120 | 0.106 | 0.810 | 0.974
50 25.0 25.0 0.577 | 0.035 | 0.595 ] 0.991
55 22.5 22.5 0.158 | 0.016 | 0.365 | 0.992
60 20.0 20.0 0.158 | 0.019 | 0.334 | 0.993

Table 7

Comparison of different percentages of data used for training of selected ANN architectures to
model the permeate purity

Training Validation Testing
%Zt)a Data (%) Data (%) MSE NMSE MAE R
5 47.5 47.5 0.680 2.325 0.648 0.354
10 45.0 45.0 0.227 0.601 0.344 0.734
15 42.5 42.5 0.101 0.406 0.225 0.857
20 40.0 40.0 0.225 2.830 0.401 0.789
25 37.5 37.5 0.047 0.301 0.188 0.908
30 35.0 35.0 0.018 0.089 0.109 0.961
35 32.5 32.5 0.031 0.087 0.150 0.971
40 30.0 30.0 0.102 0.380 0.228 0.916
45 27.5 27.5 0.017 0.061 0.087 0.984
50 25.0 25.0 0.029 0.065 0.119 0.982
55 22.5 22.5 0.008 0.026 0.080 0.989
60 20.0 20.0 0.004 0.031 0.057 0.990
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Table 8

Comparison of different percentages of data used for training of selected ANN architectures
to model the non-sugar rejection

Training | Validation Testing

Data (%) | Data (%) Data (%) MSE NMSE MAE R
5 47.5 47.5 25.616 0.907 4.156 0.874
10 45.0 45.0 10.524 0.523 2.846 18.181
15 42.5 42.5 1.562 0.076 1.090 0.961
20 40.0 40.0 7.202 0.366 1.770 0.822
25 37.5 37.5 11.941 0.917 2.091 77.777
30 35.0 35.0 2.326 0.090 1.190 0.963
35 32.5 32.5 3.136 0.148 1.441 0.925
40 30.0 30.0 0.711 0.034 0.690 0.983
45 27.5 27.5 0.903 0.039 0.788 0.982
50 25.0 25.0 1.429 0.051 1.056 0.981
55 22.5 22.5 0.848 0.043 0.710 0.989
60 20.0 20.0 0.468 0.023 0.543 0.990

As mentioned before, after determination of the best data percentages for network

training, proper percentages were examined for

Tables 9—1

1.

validation and testing as presented in

Table9

Comparison of different percentages of data used for cross validation and testing of selected
ANN architectures to model the permeate hardness

Training | Validation | Testing
MSE NMSE MAE R
Data (%) | Data (%) | Data (%)
60 5 35 0.324 0.021 0.419 0.989
60 10 30 3.738 0.205 1.306 0.936
60 15 25 0.810 0.081 0.760 0.960
60 20 20 0.424 0.028 0.451 0.989
60 25 15 0.515 0.026 0.485 0.994
60 30 10 0.219 0.030 0.359 0.985
60 35 5 0.565 0.213 0.699 1
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Table10
Comparison of different percentages of data used for cross validation and testing of selected
ANN architectures to model the permeate purity

Training | Validation | Testing

Data (%) | Data (%) | Data (%) MSE NMSE MAE R
60 5 35 0.043 0.184 0.163 0.936
60 10 30 0.007 0.042 0.073 0.979
60 15 25 0.006 0.045 0.071 0.984
60 20 20 0.011 0.050 0.097 0.979
60 25 15 0.032 0.067 0.112 0.981
60 30 10 0.005 0.023 0.070 0.933
60 35 5 0.015 0.303 0.118 1

Tablell

Comparison of different percentages of data used for cross validation and testing of selected
ANN architectures to model the non-sugar rejection

Training | Validation | Testing
MSE NMSE MAE R
Data (%) | Data (%) | Data (%)
60 5 35 1.063 0.066 0.884 0.986
60 10 30 1.346 0.069 0.874 0.967
60 15 25 0.763 0.034 0.565 0.984
60 20 20 0.734 0.028 0.728 0.991
60 25 15 0.512 0.089 0.566 0.962
60 30 10 0.550 0.026 0.621 0.996
60 35 5 0.225 0.204 0.363 1

As seen in Tables 6-11, the best prediction correlation for all parameters (turbidity,
purity, non-sugar rejection) obtained when 60% of the data were used for training, 35% of
them were employed for validation and 5% of the data were used for testing.

Correlation between the tested vales and experimental data

Figure 1 shows the correlation of experimental data with the predicted values of the
model. According to the obtained models, ANN resulted in data with proper correlation
with experimental data of hardness, purity and non-sugar rejection with respective
correlation coefficients of 0.987, 0.980 and 0.981.
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Figure 1. Correlation of the experimental data with the predicted values

Sensitivity of the model to input data

This study also addressed the model sensitivity to input data. As Figure 2 demonstrated,
the best model sensitivity of the model for prediction of turbidity, purity and non-sugar

rejection was related to time.
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Figure 2. Models’ sensitivity to prediction of flux, color and turbidity

Conclusion

Results of modeling microfiltration process in raw beet juice purification showed that
the best rule for network training for prediction of hardness, purity and non-sugar rejection
was Levenberg rule. The best data percentages for training, validation and testing were
60%, 35% and 5%, respectively. the model was able to predict the hardness, purity and
non-sugar rejection percentage under different operational models in a way that the
modeled data showed high correlation with experimental data (Table 12).

Table 12

Summarized result of modeling of hardness, purity and non-sugar rejection changes in

purification of raw beet juice by microfiltration

Percentage Number
Correlation | of learning/ Learning | Transfer Hidden | Dependent
. Ca . . of .
coefficient validation/ rule function layer variable
test neuron
1 60/35/5 Levenberge | Tangent 8 1 Hardness
1 60/35/5 Levenberge | Sigmoid 4 1 Purity
1 60/35/5 Levenberge | Tangent 2 1 Nop sugar
rejection
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Introduction. The analytical and experimental researches
on the scientific substantiation of functional products and
preparations in the new systemic concept of health have been
carried out.

Materials and methods. Sunflower and linseed oil, oil
compositions and products, antioxidants, unsaturated fatty
acids, the role of cholesterol, the systemic concept of health.
were researched. The kinetics of oxidation of oils at
temperature processing characterized the average rate of
change in their indexes (peroxide and acid numbers).
Chromatographic method was used to evaluate volatile
compounds.

Results and discussion. According to research results of
the role of polyunsaturated fatty acids of omega-3 and omega-6
in vegetable oils and functional products and the problem of
cholesterol in the life and health of people of different age
groups it was suggestion the physiological-functional system
of CTIOL, which is an integrated choice of factors in
individual prevention, treatment and rehabilitation.

It was found that KTIOL-BF (1%) reduces the average
oxidation rate of sunflower oil at 150 °C (3 hours) in 12.2
times, at 200 °C (6 hours) in 13.6 times, the average acidity of
the oil decreases by 9 and 2.2 times respectively. It was
established that under similar conditions the average rate of
oxidation of linseed oil decreases by 1.4 and 1.5 times,
respectively. Acidity of oil practically does not decrease. It has
been found that KTIOL-LS2 oil with 1% KTIOL-BF at 20-25
°C is stored for 6 months. By component composition
mayonnaise without cholesterol and lactose belongs to the diet
group.

On the basis of the analysis of the gas chromatographic
profiles of the oilseed composition KTIOL-LS2, it was is
expressed a hypothesis concerning the possible reduction of
the amount of volatile compounds in it, both due to the
composition of the oil, and through the interaction of
individual volatile ingredients.

Conclusions. Special products which are based on
sunflower and linen compositions KTIOL-LS2 improve the
physiological state of people of different age groups for the
occurrence of disease-related and concomitant pathologies.
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Introduction

In today's ecological, economic and social conditions, as before, the problem of health
and healthy lifestyle is topical. After all, most people understand that products and
preparations (biologically active additives) should not only be tasty, but functional and safe.

The design and manufacture of safe and competitive functional products and
preparations (FPP) on the world market and, in East Europe, are in demand. In particular, in
Japan, the European Union and the United States, especially in the context of public health,
a healthy, creative and active lifestyle.

The etiology and pathogenetic links of the development of major age and concomitant
diseases, such as ophthalmologic (macular degeneration, glaucoma, cataract, etc.), are still
not fully studied, and hence the absence of highly effective therapeutic and prophylactic
products and preparations, methods and techniques [1].

As of 2005, in East European citizen the older people were diagnosed with a
deterioration in health (a deficit and imbalance in the diet of many biologically active
nutrients). The conclusion was reached on the urgency of developing scientific approaches
to the creation of functional products. Products with a pronounced biological effect on the
human body by type of substitution therapy [2].

According to a study conducted by the World Health Organization (WHO), around 600
million people in the world each year suffer from illnesses caused by poor quality food.

According to E.I. Chazova, depending on the age of a person, his way of life, nutrition
and the state of the environment, its organisms at one time or another, resists the infection.
That is, the process is gradually and in the first years asymptomatic. Some signs arise when
the infection transits the bar of counteraction to the human immune system and begins the
active destruction of body tissues. From classical prevention, he advises to lead a healthy
lifestyle [3].

In the complex environmental, economic and social conditions of today, scientific
substantiation of the technologies of functional products and preparations (FPP) of the
special and ophthalmologic direction and the improvement of the concept of health ecology
in relation to prevention, treatment and rehabilitation of a person is necessary.

By definition, WHO "Health is a state of complete physical, mental and social well-
being." According to the Ministry of Health of Ukraine, the health of the population
depends on the lifestyle, including nutrition (by 50-70%), the level of development of the
health care system (by 10-15%), heredity (by 10-15%), and from the environmental
situation (10-20%). Official statistics also indicate that there are serious problems in the
health of the population (about 80% have a pathology, 48 — 60% overweight, etc.).

Modern changes in the science of nutrition and food technology are associated with the
emergence of a new variety of food products, in particular physiologically functional, or
shortened FPP. FPP is a food product that, in addition to its nutritional properties, has the
ability to influence individual functions of the body, thereby reducing the risk of chronic
diseases for their regular use [4]. Production of FPP in the leading countries is due to the
general aging of the population. In addition, anthropogenic pressure on the environment is
increasing, which also negatively affects the health of all segments of the population,
regardless of age and social status.

In recent years, food for specific nutritional uses has become more and more confident
with Food for Specific Health Use. The difference of these products from their traditional
counterparts is that they not only have certain nutritional properties, but also have a
purposeful effect on the functional activity of individual organs, systems and the organism
as a whole, stimulating their capacity for work with a specific preventive and therapeutic
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and recreational purpose. In 1991, the concept of functional nutrition was developed in
Japan, which was reflected in the special government order "On foods for special nutrition"
(FOSHU).

Nicberg I.I. notes that even in scientific literature and in official documents, there is no
unity in the definition of concepts relating to FPP and their scope [5]. And although in some
cases they are positioned as food products (different from biological additives and
proprietary drugs), others, on the contrary, indicate that they are most useful bioadditives or
other therapeutic and prophylactic preparations. Although one of the significant distinctive
characteristics of foods related to functional nutrition, according to pioneers of the
definition of FPPs and their followers, is that they are not considered as medicinal
substances. But there are many supporters of a different point of view. They believe that
many products of functional nutrition are now in the area between preparations and food.
Therefore, they can be attributed to foodstuffs themselves, as well as to their dietary
varieties or even to medical preparations

The Australian National Center for Excellence in Functional Products (NCEFF) has
defined these products: "Functional products are products that support the health and well-
being of humans, providing health benefits against basic nutrition." The Australian market
has a large number of availableFPP. These are dairy products, probiotics, omega-3 fatty
acid products, cereal foods with supplementary food fibers, margarine with plant sterols,
low blood cholesterol, products with low glycemic index, etc. According to Nickberg II
more than 20% of the population have elevated cholesterol levels, which prompts them to
give preference to FPP in order to reduce the risk of cardiovascular disease. According to
Australian experts, reducing cholesterol by 10% may reduce the risk of heart disease by
25% or more [5].

In the system of complex modern technologies KTIOL® for solution of the problem
are used: integrated technologies, engineering, equipment, lines. It allows to carry out
projects ranging from ideas, innovations, know-how and to the organization of production
of high-quality and competitive products with functional properties [6, 7]. In the difficult
conditions of the present, the problem of the design and use of FPP, the relationship of the
endoecology of the individual with the environment, the way of life and human health in
Ukraine is relevant.

The most important problem in a market economy, in particular, in the WOT and the
EU, is the introduction of innovative technologies and the organization of production. This
will ensure the production of export and import of substitute products in accordance with
modern requirements of safety, quality, competitiveness, functional and nutritional value
[6-8].

Common oils (sunflower, soya, rapeseed, palm, etc.) do not have the optimum fatty
acid and ingredient composition and do not suit many consumers in their characteristics [6,
9].

In order to obtain complete natural oils of functional and well-being purposes with a
balanced biochemical composition, it is necessary that they have not been modified yet.
Such oils and oleaginous products are not only products with a good price-quality ratio (the
main criterion for market success), but also products that meet the specific needs of
consumers for the prevention and treatment of chronic diseases.

Natural and composite oils are the suppliers of functional ingredients that have the
potential to cause (due to their systematic consumption) a beneficial effect on the
physiological functions and metabolism of the human body. The group of physiologically
functional ingredients in oils and fats include polyunsaturated fatty acids (PUFAs), medium
chain fatty acids, fat-soluble vitamins and biologically active substances (BAS). The main
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group of functional ingredients is a linear structure PUFA with a paired number of carbon
atoms (from C18 to C24) cis configuration. Linoleum, linolenic and arachidonic acids are
essential acids, the lack or lack of which in food negatively affects the human body.
Vegetables, including linseed, hemp, corn, sunflower, rapeseed, and soya, serve as the main
food source of linoleic and linolenic acid.

In the human body, omega-3 PUFAs are included in the lipid double layer of cell
membranes, regulating their properties in the composition of phospholipids of membranes.
They also contribute to the metabolism of cholesterol in the liver and its elimination from
the body. Due to the lack of omega-3 PUFAs, their place is occupied by omega-6 PUFAs
delivered from food.

The reduction in cholesterol content is also facilitated by the presence of lipids in the
fatty diet, which include acyl carboxylic acids with an average chain length of 6 to 10
carbon atoms. The effectiveness of the physiological action of PUFA depends on the
number and ratio of various acids coming from the food.

According to modern ideas in the diet of a healthy person, the ratio of omega-6 and
omega-3 PUFA should be 10: 1. For different pathological states, the ratio of these acids in
the diet changes in the direction of increasing the proportion of linolenic acid and may
reach 5: 1 and even 2: 1. The second group of functional ingredients in oils and oleaginous
products is fat-soluble vitamins (A, D, E, K) and provitamin A (B-carotene), whose
consumption deficit is 40-60% and 20-30% respectively. An adequate level of
consumption of fat-soluble vitamins can be guaranteed by the technological adoption of
vitamins, which does not require significant changes in the hardware pattern of production.
Oils and oilseeds, unlike traditional counterparts, should contain PUFA and fat-soluble
vitamins that relate to an adequate level of their intake and meet the physiological needs of
the body in these ingredients.

It should be noted that one of the directions of designing the functional properties of
oils, oil products and preparations is the use of composite oils for food production:
emulsion, milk, diet, special, baby food products, etc. — with the necessary content and
ratio of acids omega-6 and omega- 3 [10—13].

PUFAs of the family of omega-3 as part of cell membranes determine their functions
and participate in the transformation of signals from the environment. This leads to a
change in cellular metabolism. Membrane enzymes, interacting with acids omega-3, exhibit
biochemical activity. This is of particular importance in tissues with high electro-
physiological activity, for example, in brain tissues or retina of the eye [14].

The oils obtained from mixtures of flaxseed, sesame and thistle seeds have a balanced
fatty acid composition according to the ratio of omega-6/omega-3 fatty acids; contain in a
favorable ratio gamma — and alpha-tocopherols; have high antiradical activity and are
resistant to oxidative changes during storage. On the basis of the comparative analysis, it
was concluded that the oils obtained by pressing the mixture of seeds (flax, sesame and
thistle) have advantages over the compositions made by mixing the corresponding oils.
First, this technology allows one to get the oil in one step, while for the oil mixture, the
desired oils are first obtained, and then the composition is prepared, which can lead to an
increase in the peroxide number. Secondly, the natural composition of the minor
components contributes to increasing the resistance to oxidative changes during storage at
room temperature [15]. There is also an opportunity for the recovery of oils (fats) after
technological, temperature and/or adsorption processing [15—17].

Cholesterol (CS) plays an important role in the life processes of the body, as it
participates in various biochemical processes. In healthy people, the level of cholesterol is
usually maintained at a certain constant level. But under the influence of harmful factors, in
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particular, long-term disorders of eating behavior, chronic diseases, age-related hormonal
changes, etc., the body undergoes a violation of lipid metabolism with an increase in the
level of cholesterol in the blood. Elevated levels of CS and other lipid metabolism disorders
are a risk factor and one of the causes of cardiovascular and other diseases. It should be
noted that in the diet of Ukrainians mainly sunflower oil is used. Other oils are rape, soya
beans, mustard, hemp, coriander, olive, and the like.

Diseases caused by acid deficiency of omega-3s include obesity, arrhythmia,
hypertension, atherosclerosis, diabetes, and the like. That is why during the last two
decades, the acids of omega-3 are the subject of close attention of researchers [6, 18].

Indicator of information content of general cholesterol is a blood test. Results of the
complex study presented in the review [17]. They indicate a lack of information on the
level of general X-ray in the blood as an indicator of the atherosclerotic process, its
progression, and the need for a more in-depth analysis of atherogenesis factors to assess the
risk of developing coronary heart disease and the effectiveness of the therapy being
performed.

An eclevated blood cholesterol level is considered a key risk factor for developing
cardiovascular disease and stroke, two of the world's leading killers in the United States.
Saturated fat, mainly in meat, poultry, raw and other products of animal origin, is the main
driving force of raising the level of cholesterol in the blood.

Studies in recent years have confirmed the decrease in blood cholesterol by up to 35%
(from the original) for the use of a plant diet. In many cases, such a decrease corresponds to
the result with the use of medication, but without negative side effects. People who need
drugs to lower the level of cholesterol to prevent cardiovascular disease can only achieve
this with the use of a plant diet. In general, a herbal diet lowers blood cholesterol levels due
to the fact that this diet contains unsaturated fats and zero cholesterol. Moreover, the plant
diet is rich in fiber, which in turn also reduces the level of cholesterol. Soy also reduces the
level of X-rays from those who include it in their diet.

It should be noted that deserving attention of scientists, physicists, chemists,
nutritionists and technologists discussing the importance of and influence of CS on the
body of people of different age groups. Thus, the article [20] emphasizes the need to
consider the inadequate functioning of the thyroid gland and eliminate the use of "dense"
carbohydrates (sweet, rich starch, refined food).

Today, emphasis in gerontology is aimed at prolonging the very active lifestyle and
long-term capacity of a person. In principle, you can immerse any conscious person in the
state of active longevity and the health of the environment. Taking into account the data of
the analytical review of scientific sources [2, 4, 5, 13, 18, 21] and the results of own
research of FPP it is expedient to determine the system and innovative concept of
prevention, treatment and rehabilitation of patients with ophthalmologic and concomitant
diseases.

Materials and methods

It were researched: scientific and practical substantiation of the concept of ecology of
health in the system of KTIOL for ophthalmological and gerontological practice,
antioxidant resistance of oils to preparations and the creation of FPP KTIOL (without
cholesterol and lactose).

The research was carried out using sunflower oil and linseed oil. Experimental samples
of oil compositions were prepared by mixing the original oils at a given ratio at room
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temperature. The obtained KTIOL oil compositions were stored in the refrigerator at a
temperature of 4 to 6 °C. Highly temperature treatment of samples in time is made using
KTIOL preparations. The kinetics of oxidation of each sample of oil characterized the
average rate of change in their indexes (peroxide and acid numbers) during the experiment.

Chromatographic method was used for qualitative evaluation of volatile compounds of
the original oils and functional oil composition of KTIOL [6].

Results and discussion
Systemic concept of ecology of health

Knowing the key health factors, it is possible to identify the problem at an early stage
of its occurrence. For example, it is important for everyone to know and control such
indicators as body mass index, blood pressure, level and types of cholesterol in the blood,
state of the visual system, etc. Unfortunately, a significant part of people do not know what
indicators can be considered normal and how to normalize and maintain them rationally. In
the conception of the ecology of health, the keys are the systems of KTIOL.

They include:

—  scientific and practical substantiation of safe functional, special and gerontological
products and preparations on micro and nano-level (system KTIOL-I);

— a complex of scientific and practical measures aimed at the improvement of the
personality and endoecology of health (system KTIOL-II) for maintenance of safe
human life.

The ecological and technological system of KTIOL-I (Complex Technologies of
Engineering, Equipment, Lines) was first aimed at the synthesis of special products with a
nanostructure for high pressures. Key provisions of the system KTIOL-I:

1. Maintenance of the structure of the product (preparation) on the micro and nano-
level,

2. Ecological and economic efficiency;

3. System approach to the techno methodology concerning the self-realization of the
personality in the technologies of production and therapy of safe food,
pharmaceutical, cosmetic products and preparations.

The health-therapeutic (physiological-functional) system of KTIOL-II (Integrated
Therapy of Individual Health Improvement of People) is based on the analysis of the
quality and safety of water, food products and drugs (dietary, biologically active additives),
environmental and endoecological aspects of personal health. The KTIOL-II system as a
basic component (key words) includes: hygiene of thoughts (positive thinking); prevention
(individual, periodic, instrumental); safe water, healing; breathing health, curative; nutrition
health and medical (products and preparations); load physical, individual, selective
(walking, swimming, yoga, etc.); massage (general, local, biologically active points);
meditation (healing mood); sleep health-therapeutic and so on.

It should be noted that now in the concept of wellness nutrition it is observed a priority
tendency to increase in the diet of oils with high content of PUFAs omega-3 and the
development of oils compositions with the optimal ratio of acids omega-3/omega-6 for
consumers of different age groups [6, 7, 19].

Accelerated methods for determining the stability and shelf life of edible vegetable oils
assume oxidation at elevated temperatures. It is known that due to different oxidation
routes, the proportion between the rates of accumulation of primary and secondary
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oxidation products in vegetable oils is different and stored up to 80 °C. Oxidation of oils at
higher temperatures is accompanied by a violation of proportionality. Therefore, it is
necessary to confirm the compliance of the indicators at the temperature used and under
standard stage conditions.

Oxidation of sunflower and flaxseed oil with KTIOL preparations

Since the oxidation of vegetable oils is a complicated multistage process in which
simultaneously many reactions occur, differing in speed, direction and sequence [6, 15, 22],
the establishment of temperature dependence was carried out empirically on the basis of
long experiments.

Experimentally, the effect of three KTIOL preparations at a dose of 0.5% on the
resistance to oxidation of sunflower oil was determined by heating at a temperature of 200
°C and a duration of 3 hours (Table 1). For antioxidant action, KTIOL-BF was taken for
further investigation.

Indicators of the preparation KTIOL-BF: mass fraction of moisture and volatile
substances — 2.5%, water-retaining ability — 40.2%, oil-retaining ability — 22.5%,
granulometric composition: fraction up to 0.25 mm — 45%, 0.25-1 mm — 34%. 1-2 mm —
21%. It should be noted that the index of oil retention capacity of the preparations KTIOL-
BF is smaller than the imported preparations Tonsil — 312 (34%).

Table 1
Influence of KTIOL preparations on the resistance of sunflower oil to oxidation during heating

Preparations
Indicator KTIOL- Control

INL KTIOL-CF | KTIOL-BF (oil)
Peroxide number,
mmol ¥ O/kg:
before heating up 4,2 3,4 3,9 1,5
after heating 7,3 4,4 4,1 8,9
Acid  number, mg
KOH/g
before heating up 1,8 0,7 0,5 2,7
after heating/ 2,7 3,0 2,2 3,2

The kinetics of oxidation of oils was characterized by an average rate of change in the
parameters for the duration of the experiment.

Increased temperature treatment of sunflower and linseed oil and the dosage of KTIOL
was studied to determine the average oxidation velocity (VO) and acidity (VA) of the
oil.The initial peroxide number of sunflower oil is 4.25 mmol %2 O/kg, the initial amount of
acid oil is 0.47 mg KOH/g. The data is presented in Tables 2 and 3, respectively.

It was found (Table 2 and 3) that the use of the KTIOL-BF preparation at a dose of 1%
reduces the average oxidation rate of sunflower oil at 150 °C (3 hours) by 12.2 times at 200
°C (6 hours at 13.6 times. The average rate of acidity of sunflower oil decreases at 150 °C
(3 hours) 9 times, at 200 °C (6 hours) 2.2 times.

Average velocity of oxidation (VO) and acidity (VA) of linseed oil is determined by
the preparation of KTIOL — BF at high temperature in time. The initial peroxide value of
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the oil is 4.4 mmoles 420/kg, the initial acid number is 1.49 mg KOH/g. The data is
presented in slabs 4 and 5, respectively.

Table 2

Effect of the dose of the preparation of KTIOL-BF, temperature and duration of processing
sunflower oil on the average rate of its oxidation (VO)

N Preparation Temperature, °C
dose, % 150 | 200
Processing time, h
3 | 6 | 3 | 6
Average rate of oxidation, VO
1 0 0,98 1,31 1,92 1,64
2 0.25 0,34 0,25 0,40 0,75
3 0,5 0,40 0,33 0,47 0,22
4 1,0 0,08 0,12 0,15 0,12
5 1,5 0,13 0,17 0,20 0,33
6 2,0 0,34 0,25 0,41 0,75
Table 3

Effect of the dose of the preparation of KTIOL-BF, temperature and duration of sunflower oil
processing on the average rate of its acidity (VA)

N Preparation Temperature, °C
dose, % 150 | 200
Processing time, h
3 | 6 | 3 | 6
Average rate of increase in acidity, VA
1 0 0,09 0,16 0,07 0,11
2 0,25 0,06 0,09 0,05 0,10
3 0,5 0,04 0,07 0,03 0,09
4 1,0 0,01 0,03 0,01 0,05
5 1,5 0,01 0,05 0,00 0,06
6 2,0 0,06 0,09 0,05 0,11
Table 4

Effect of the dose of the preparation of KTIOL-BF, temperature and duration of treatment of
linseed oil on the average rate of its oxidation (VO)

N Preparation Temperature, °C
dose, % 150 | 200
Processing time, h
3 | 6 | 3 | 6
Average rate of oxidation, VO
1 0 1,95 2,43 2,57 1,80
2 0,5 1,45 2,11 2,45 1,50
3 1,0 1,35 1,93 2,18 1,18
4 2,0 1,38 1,95 2,34 1,30
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Table 5
Effect of the dose of the preparation of KTIOL-BF, temperature and length of processing of
linseed oil on the average rate of its acidity (VK)

N Preparation Temperature, °C
dose, % 150 | 200
Processing time, h
3 | 6 | 3 | 6
Average rate of increase in acidity, VA

1 0 1,17 0,86 1,83 1,28
2 0,5 1,09 0,79 1,73 1.04
3 1,0 1,04 0,72 1,50 0,96
4 2,0 1,05 0,78 1,65 1,01

It was found (Table 4 and 5) that the use of KTIOL-BF in a dose of 1% reduces the
average rate of oxidation of flaxseed oil at 150 °C (3 hours) 1.4 times, at 200 °C (6 hours)
1.5 times. The average rate of acidity of flaxseed oil decreases at 150 °C (3 hours) by 1.1
times, at 200 °C (6 hours) by 1.3 times.

The data obtained are used by us when the FPD is conserved on the basis of vegetable
oils, fats and their compositions. Further study requires the direction of selective treatment
of lipid-containing plant material, FPP prophylactic, therapeutic and rehabilitation
purposes.

Justification the sensory properties of oil composition

On the basis of the data obtained for the production of the oil composition, sunflower
oil and linseed oil was taken [6, 20, 21]. Sunflower-refined oil was used as the basis for the
oil-based composition of KTIOL. Oils with omega-3 fatty acids — linen for the first cold
spin. According to sensory properties parameters, the content of vitamin E and fatty acids
of omega-3 (m-3) is better recognized as the composition of KTIOL-LS2. Characteristic of
KITOL-LS2 composite oil: color — bright yellow; smell — inherent to this composition
without the construction, almost not noticeable; taste — inherent composition without a
posteriori, not expressed; the content of omega-3 fatty acids (®-3),% -11.1; the content of
omega-6 fatty acids (®-6),% — 22.9; ratio of omega-3 fatty acids to omega-6 (-3 : ®-6) —
1:2; The content of vitamin E is 72.4 mg%.

Gas chromatographic researches results

Gas chromatographic method was used to evaluate the volatile compounds of the
original oils and the functional composition oil KTIOL-LS2 [6]. Chromatograms are shown
in Figure 1-3. From the data analysis of Figure 1-3 found the following:

1. Volatile compounds of sunflower oil are distributed in the time interval of 10-35
minutes. at maximum signal altitude 90;

2. Volatile compounds of linseed oil are distributed in the time interval of 20—-35 minutes.
at maximum signal altitude 50;

3. Volatile compounds of composite oil KTIOL-LS2 are distributed in the time interval of
10-35 minutes at maximum signal strength 40. The hypothesis concerning the possible
reduction of the volatile compounds of KTIOL-LS2 composite oil, both due to the
composition of the oil, and through the interaction of individual volatile ingredients, is
expressed.
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Figure 3. Chromatographic profile of volatile compounds of composite oil KTIOL-LS2

The developed composition oil KTIOL-LS2 it is expedient to use as a functional
product or as a preparation of sanitary-and-therapeutic action and as a part of oily-fat
emulsion systems. The presence of volatile compounds in the oil-and-oil system (oils,
compositions, etc.) is associated with oxidation processes and the content of primary and
secondary oxidation products of unsaturated acylglycerols and fatty acids.

Reducing the content of oxidation products in the oil-and-fat system indicates the
neutralization and/or inhibition of oxidation processes.

It is noted that KTIOL-LS2 composite oil with 1% of the preparation KTIOL-BF
according to the complex index of oxidation resistance (acid number < 1.5, peroxide
number <10) is stored at 20-25 °C for 6 months.

Practical using of research resutls

Based on the compositional oil of KTIOL-LS2, low-calorie mayonnaise with flavoring
additives KTIOL-BIO was developed. In the formulation used the original component
composition. The size of the particles of the system is brought to micro- and nanosize by
repeated processing in a mixer.

The new technical solution is protected by a patent UA 086341U. By component
composition, mayonnaise refers to a dietary assortment group whose emulsion products are
manufactured using standard technology. The use of the new composition of mayonnaise
KTIOL-BIO makes it possible to produce a stable, high-quality, safe low-calorie product
with flavorless additives without cholesterol and lactose, with improved organoleptic and
physico-chemical parameters.
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Conclusions

Creation of functional and special products and preparations that improve the
physiological state of people of different age groups for the occurrence of disease and
related pathologies, is an important area of the problem of ensuring active and creative life
of the population.

The innovative concept includes the use of the KTIOL-II system for complex
prevention and curing of ophthalmologic and concomitant diseases.

New data on the average oxidation rate and increase in the acidity of sunflower and
linseed oils during their high temperature treatment up to 200 °C in time are obtained. It
was established that the use of the preparation KTIOL-BF in a rational dose of 1% provides
an increase in the antioxidant stability of the oils under study. The composition of the oil-
based composition of KTIOI-SL2 for functional products of KTIOL of preventive and
health-treatment action was substantiated.

On the basis of theoretical and experimental researches, a new functional product of
KTIOL-BIO has been developed for use in cholesterol, lactoid and healing and therapeutic
diets.
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Introduction. Unconventional starch sources are
interesting industrial alternatives, each presenting different
properties. Thermal, morphological, structural and pasting
characteristics from ginger starch were investigated in this
study.

Materials and methods. Ginger starch was extracted
by aqueous process and its characteristics were analysed
by  thermogravimetry/derivative  thermogravimetry,
differential scanning calorimetry, rapid viscoamylographic
analysis, scanning electron microscopy and X-ray powder
diffractometry.

Results and discussion. Similar thermal stability and
three mass losses were found for the starch samples.
Higher transition temperatures and enthalpy of
gelatinisation were found for commercial sample, which
was related to the longer amylopectin chains due to B-type
crystallinity. Starch obtained from “doce” ginger showed
the highest peak and final viscosities associated with the
lowest pasting temperature, which is a interesant result for
food applications, in addition to the low energy required
for gelatinisation. An ellipsoidal shape and no fissures on
the surface of the granules were visuallised by
microscopy, and the diameter and the commercial sample
had the smallest granules. A-type diffraction was obtained
for doce and “forte” ginger starches, while commercial
starch presented B-type pattern. The highest relative
crystallinity was exhibited by the “forte” ginger starch.

Conclusions. Commercial samples presented
differences compared to known varieties. Interesting
properties were found, highlighting the “doce” ginger
variety.
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Introduction

After cellulose, the main carbohydrate storage material in higher plants is starch. It is
synthesized as granules in the amyloplasts and stored in seeds, leaves, roots, etc., from
which it can be extracted. This carbohydrate consists of a large number of glucose units
linked by glycosidic bonds. These molecules can be linear or branched, called amylose and
amylopectin, respectively. The starch granules may have a size between 1-110 um with
rounded, oval, lenticular or polygonal shape according to their biological origin [1-4].

The starch has application in various industrial processes, acting as gelling agents,
thickeners, stabilizers, as well as base material for the formation of edible coatings and
biodegradable packaging films in the food industry, or as a binder, excipient, diluent,
disintegrant and stabilizer, in the pharmaceutical industry [5-7].

In recent years, developments in the food industry have increased and the unique
properties of starches as natural polymer have attracted the attention of researchers mainly
to obtain new starches with specific characteristics [8-9].

Ginger (Zingiber officinalle) is a thizome belonging to the Zingiberaceae family. It is
originates in South Asia and is a spice with odor and flavour characteristics due to the
presence of essential oils. It is widely used in foods and beverages or applied in medicine
for gastrointestinal disorders, pain and inflammation [10-11].

The untreated starches present variable characteristics that depend mainly on the origin
and the method that were extracted. Therefore, physico-chemical characterisation and
instrumental analyses are necessary to understand the behaviour and properties exhibited by
these polysaccharides in their native form, allowing for subsequent modifications according
to the technological interests. As instrumental analysis, the thermal methods:
thermogravimetry (TG) and differential scanning calorimetry (DSC), as well as the fast
viscosity analysis (RVA) and scanning electron microscopy (SEM) have been promising.
The Am (mass variation) can be measured when a substance is heated or cooled according
to AT or At (temperature or time variation) by thermogravimetry (TG). The differential
scanning calorimetry (DSC) measures the heat flow between a sample and a reference
material when both are subjected to a controlled temperature change. Through these and
some others techniques such as morphological, structural and viscosity analysis changes in
starch behaviour can be identified [12-13].

In this investigation we present the extraction of ginger starch, an unconventional
source (Zingiber officinalle). The extraction was performed in aqueous medium [14] and
the main properties were studied by thermogravimetry/derivative thermogravimetry —
TG/DTG, differential scanning calorimetry — DSC, rapid viscoamylographic analysis —
RVA, scanning electron microscopy — SEM and X-ray powder diffractometry — XRD.

Materials and methods
Materials

Three samples of Brazilian ginger were collected in Ponta Grossa-PR-Brazil, two of
which were known as (a) “doce”, (b) “forte”, and the third was acquired in local commerce,
identified as commercial (c). Each sample was extracted in aqueous medium according to
previously described methodology [14]. After the extraction process, each sample was kept
in desiccator with calcium chloride until constant mass.
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Methods
Thermogravimetry/Derivative Thermogravimetry (TG/DTG)

The mass loss of each sample and the temperatures of each thermal event were
obtained using the TGA-50 thermal analysis system (Shimadzu, Japan) with the aid of TA-
60WS software, for which it was also possible to obtain DTG values, which are a
mathematical resource for a more precise identification of the temperatures involved in the
mass loss of the samples.

The sample mass was about 7-9 mg in open alumina crucible. The analysis conditions
were: heating from 30 °C to 650 °C at a heating rate of 10 °C min™, under air flow of 100
mL min™. Derivative thermogravimetric (DTG) curves (first derivative of TG curves) were
calculated.

Before analysis, the instrument was preliminarily calibrated with standard weight and
tested with standard calcium oxalate monohydrate [9, 13].

Differential Scanning Calorimetry (DSC)

The DSC curves were obtained using a DSC-Q200 (TA-Instr., USA) thermal analysis
system, with the following parameters: heating rate of 10°C min™' under air flow of 50 mL
min™', and samples weighing about 2.5 mg. A suspension was prepared at a 4:1 ratio (water:
starch, w/w) and held for 60 minutes to equilibrate the moisture content. The aluminium
crucibles were sealed and after one hour the curves were performed. The instrument was
previously calibrated with indium (99.99% purity, T, = 156.6°C, AH = 28.56 ] g [5, 13].

Pasting Properties (RVA)

For the analysis of pasting properties of each ginger starch sample, the Rapid Visco
Analyser instrument (Newport Sci., Australia) was used. A sample containing 8% starch
was suspended in distilled water to a final volume of 28 g in an aluminum canister. Samples
were submitted to a controlled heating process followed by cooling under constant stirring
(160 rpm). Initially, the samples were heated from 50 °C to 90 °C at a rate of 6°C min™.
Then, the sample was maintained at 95 °C for 5 min, cooled to 50 °C and maintained at this
temperature for 2 min. The whole process lasted 23 minutes [13, 14].

Scanning Electron Microscopy (SEM)

The morphology and measurements of the starch granules were performed in a Vega 3
(Tescan, Chech Rep.) scanning electron microscope (SEM), under acceleration voltage of
25 kV and 1.500 x magnification. Before analysis the samples were metallised with gold.
The area of granules was calculated using Image J 1.47 for Windows software [5].

X-ray Diffractometry (XRD)

The X-ray Diffraction (XRD) analysis was adapted from the methodology proposed in
the literature [12, 15], using an Ultima 4 (Rigaku, Japan) X-ray diffractometer. CuKa
radiation (A = 1.5418 A) and settings of 40 kV and 30 mA were used. The scattered
radiation was detected in the angular range of 5-50° (20), with a scanning speed of 2 min™
and a step of 0.02°. The degree of relative crystallinity was calculated [4, 12] from the ratio
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between peak area and the total diffraction area: Xc = Ap / (Ap + Ab) . 100; where: Xc =
relative crystallinity; Ap = peak area; Ab = basis area.

Statistical Analysis

The analysis were performed in triplicate. All the averages of the samples were
analysed by variance analysis (ANOVA) and Tukey’s test with a 95% confidence interval
(p<0.05), using STATISTICA 7.0 software (StatSoft, Inc., Tulsa, OK, USA).

Results and discussion
Extraction of Ginger Starch

The fresh ginger rhizomes (Zingiber officinale Roscoe) were carefully washed and
ground in a food processor. The starch extraction was conducted according to the
methodology of Bet et al. [3]. Initially an aqueous milling was performed with each ginger
sample in industrial blender, followed by sieving (150 and 270 mesh) and decanting in
refrigerator (4-7 °C). The samples were centrifuged at 10000 rpm (Rotina 420R, Hettich
Zentrifugen/UK) and the starch was dried in an oven at 40 °C for 24 h. The samples were
kept in a desiccator with anhydrous calcium chloride.

Thermogravimetry/Derivative Thermogravimetry (TG/DTG)

The TG/DTG curves showed similar behaviour with mass losses distributed in three
steps. The first mass loss was due to dehydration followed of a stability period. Starch
extracted from yellow ginger tuber showed loss of water up to 100 °C and a stability
plateau up to 277 °C [15]. According to the literature [16, 17], after the thermal stability
and around 300 °C under oxidising atmosphere, occurs the depolymerisation of the starch.
So, the second and third mass losses occurred in consecutive steps, which were attributed to
the decomposition and oxidation of organic matter once the TG curves were performed in
air atmosphere. Similar results can be observed with other starches [5, 13].

The ash content of each sample was (a) 4.18, (b) 3.59 and (c) 4.54 %, respectively. The
obtained results are depicted in Table 1.

Table 1
TG/DTG curves of starches (a) “doce”; (b) “forte” and (¢) commercial

1° step 2" ste 3" step
Sample AT/°C A/ % AT/°C A/ % AT/°C Am/%
a 42,.8—-169,9 | 12,30 | 276,7—434,4 | 64,85 | 434,4—593,7 | 18,67
b 31,0-181,3 | 17,25 | 286,0 —430,4 | 63,10 | 430,4—605,8 | 16,06
c 33,7-1854 | 14,24 | 269,4—429,8 | 64,64 | 429,8 —593,8 | 16,58
AT, temperature range of mass loss; Am, % of mass loss

DTG (1* derivative of the TG curve) was used to aid in the calculation of the mass
loss, as well as in determining the temperature range that each event occurred.
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Differential Scanning Calorimetry (DSC)

The results of the DSC curves are shown in Figure 1, where the endothermic
phenomenon that occurs during heating of the starch in excess of water, called
gelatinisation, can be studied.

Heat Flow/mW

exo up

A L B B B B BN B B
50 55 60 65 70 75 80 85 90 95
Temperature/°C

Figure 1. DSC curves of starches (a) “doce”; (b) “forte” and (c) commercial

Starches are practically insoluble in cold water. However, during the heat treatment of
starch in the presence of sufficient amount of water, gelatinisation occurs. Amylose is
leached into the external solution, when water penetrates the granules, leading to swelling.
Thus, destabilisation of the crystalline structure occurs resulting in granular fragmentation
and loss of birefringence. Among the factors that may affect this kinetic (the ratio between
crystalline and amorphous regions, tend to absorb water more easily), are important in DSC
conditions: hermetic crucibles, heating rate, starch:water ratio, as described in Materials
and methods.

Each starch analysed showed specific values of onset (T,), peak (T,) and conclusion
(To) temperatures as well as the calculated gelatinisation enthalpy (AHg), which values are
in Table 2. Higher values of temperature and AH,, were obtained for the commercial
sample.

Within the same species, differences in starch properties can be found as a result of the
variety of size and shape of the granules, composition, amylose ratio: amylopectin, among
other factors [18].
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Table 2
DSC Gelatinisation, XRD and SEM results
DSC results XRD SEM
Relative Average
Sample | T,/°C T,/°C T./°C AH,/J g | Cristallinity/% | diameter/pm
1

a 70,8 + 75,8 + 80,0 + 9,6 + 27,3+0,72° 39,7 £ 6,60°
0,08° 0,20° 0,22° 0,50

b 77,5+ 83,2+ 88,0 + 8,8+ 36,2+ 1,52° 242 +4,01°
0,19° 0,05° 0,11¢ 0,70°

¢ 78,9 + 85,1 90,1 + 10,82 + 24,9 +0,87° 17,7 + 2,49
0,16° 0,13° 0,01° 0,43°

(*) To “onset” or initial temperature, Tp peak temperature, Tc “endset” or conclusion temperature,
AHgel gelatinisation enthalpy. Values presented as mean values + standard deviation after analysing
in triplicate

Values followed by the same letter in the same column do not differ statistically by Tukey’s test
(p<0.05)

Starch isolated from mango ginger starch (Curcuma amada Roxb.), a thizome with
similar morphology to ginger starch, showed lower transition temperatures, which were
attributed to the presence of abundant short amylopectin chains [19]. Regarding
gelatinisation enthalpy, turmeric and ginger starches presented higher values than the
ginger varieties studied in the present study [20]. Studies attributed higher enthalpy values
to the presence of longer chains of amylopectin, requiring higher temperatures for their
destructuring [21], according to the crystallinity pattern obtained by X-ray diffraction
analysis.

Pasting Properties (RVA)
The viscosity profiles for the isolated starch of the three ginger varieties are shown in

Fig. 2. This analysis results in the pasting properties of a starch, which is of great
importance for defining aspects such as cooking and quality of the gel produced [22].
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Figure 2. Pasting properties: RVA curves of starches (a) “doce”; (b) “forte” and (¢) commercial

During gelatinisation, intragranular forces weaken due to the presence of sufficient
water and shear, favouring the absorption of water by the granules, swelling them and
resulting in an increase in viscosity. Following this, a critical point of perturbation of the
system is reached, with collapse of the structure and reorganisation of the amylose and
amylopectin chains. Thus, the viscosity decrease and water expulsion occurs, a process
known as breakdown followed by starch retrogradation [23].

Differences can be visualised between the samples, with higher retrogradation and
viscosity for sample (a), which belongs to the ginger "doce" variety. Table 3 presents the
results extracted from the RVA curves.

Table 3
RVA Results of starches: (a) “doce”; (b) “forte” and (c) commercial
S | Tp/ VP/ Trough/ Breakdown/ VF/ Setback/ tP/
ample | oc mPa-s mPa-s mPa-s mPa-s mPa-s min
80.8 | 1979.8 1646.2 333.7 2991.0 1345.3 9.5
b 89.7 | 1295.5 1261.9 33.6 2053.5 791.6 10.7
c 91.9 | 1230.2 1254.7 24.0 2003.8 749.1 11.1

Tp — pasting temperature; VP — peak viscosity; tP — peak time; VF — final viscosity.
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Higher pasting temperature was found for commercial variety, which also had lower
peak viscosity. Thus, this sample gave lower values of breakdown, tendency to
retrogradation and final viscosity. Unlike the “doce” variety, in which there was the
formation of a paste more viscous, the lower temperature. These data corroborate with the
results obtained by DSC.

High temperatures have also been reported for ginger spent starch (88 °C), which was
isolated after the extraction of oleoresin [23]. Braga et al. [20] reported higher peak
viscosity (2650 mPa.s), setback (1673 mPa.s) and final viscosity (4060 mPa.s) for starch
extracted from Zingiber officinale R.

Scanning Electron Microscopy (SEM)

The morphologies of the granules were examined by Scanning Electron Microscopy
(SEM) and the images are shown in Figure 3. With this technique it was possible to observe
that the starch granules have an oval ellipsoidal shape with little round shape. In addition,
no cracks were observed on the surface of the granules, as was reported for mango ginger
starch [19] and untreated yellow ginger starch [15].

The average diameter was calculated (width and length, in um) and values are depicted
in Table 2. Starches isolated from Curcuma longa, is also part of the ginger family, and
Zingiber officinale [20, 7] exhibited diameters close to those found in this study. Marama
root starch presented a diameter ranged from 5-38 pum [24].

X-ray Diffractometry (XRD)

The semicrystalline structure of the granules is formed by the organisation of the
growth ring, comprising alternating layers of amorphous and crystalline regions. The
double helices of the amylopectin side branches are responsible for the semi-crystallinity of
the starch. Thus, three diffraction patterns (A, B and C) can be observed [25]. This was
observed in this investigation (Figure 4) and the relative crystallinity of each starch sample
was also calculated, results depicted in Table 2.

The samples (a) and (b) showed a strong peak at 17° at 20 and small peaks at 15 and
23°, which classifies them with A-type diffraction pattern, as found for native yellow ginger
starch [15].

Unlike these samples, the starch obtained from commercial variety showed a small
peak at 5.6°, strong peak at 17 ° and a doublet at 22° and 24° (20), as reported for mango
ginger starch [19]. According to the literature [26], most tuber and root starches exhibit B-
type patterns, which main peaks are centered at 20 around 5.5°, 15° 17°, 19.7°, 22.2° and
24°.

A-type crystallinity encompasses short amylopectin chains and closed branching
points, resulting in double helices chains packaged, while B-type has a greater amount of
water, present in the central cavity, with longer amylopectin chains, and more open
structure [25]. Thus, it is possible to relate these results to those obtained by DSC, where
the samples classified with A-type diffraction pattern presented lower values of
gelatinisation enthalpy.
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Figure 3. SEM microimages of starches (a) “doce”; (b) “forte” and (c) commercial
(magnification 1500 X).
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Figure 4. XRD of starches (a) “doce”; (b) “forte” and (c) commercial

The degree of relative crystallinity was higher for the “forte” variety sample, followed
by “doce” and commercial varieties, respectively. Sukhija, Singh and Riar (2016) [7] found
the degree relative crystallinity of 32.61% +054 to native ginger starch although the
extraction process was diferent.

Conclusion

Ginger starch was isolated by aqueous process from different varieties of this rizhom.
The commercial sample was compared to the known varieties (“doce” and “forte”), but the
results obtained showed that this sample does not belong to these varieties. Similar thermal
stability was obtained for the three samples. From DSC, it was visualised that the
commercial variety sample required higher temperatures and enthalpy for the gelatinisation
of the granules. It can be related to the B-type diffraction pattern, probably due to the
longer chains of amylopectin. “Doce” and “forte” varieties showed A-type cristallinity.
Lower pasting temperature and higher peak and final viscosities were obtained for starch
extracted from “doce” ginger. All samples showed an oval ellipsoidal shape and no surface
cracks.
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Introduction. The aim of the publication is to study the
mechanisms of transformation of ethanol protons (ethyl rectified
spirit — ERS) and water (drinking water) in the process of creating
aqueous-alcoholic mixtures (AAM) by 'H NMR spectroscopy.

Materials and methods. 'H NMR analysis was conducted
with the usage of the following: FTNMR Bruker Avance II
spectrometer with operating frequency at 'H — 400 MHz; specially
shaped capillary with acetone—d; (atomic fractlon of deuterium —
99,88 %; chemical shift of the residual proton 'H — §=2,75 ppm);
hlgh accuracy ampoules Ne 507-HP for high resolutlon NMR’s
spectroscopy (400 MHz); volumetric pipette; dispenser; ERS;
drinking water; AAM from ERS and drinking water.

Work methodology: 0,3 ml of a AAM prepared with a
volumetric pipette with a predetermined strength (40,0 = 0,2) %
vol.; external standard separated from the testing substance which
is required for LOCK’s system operation (acetone-ds) of NMR‘s
deuterium stabilization spectrometer) is added in a special form of
a capillary into an ampoule. The obvious advantage of using the
external standard is the fact that standard substance’s molecules
and test’s solution do not interact with each other; 'H NMR spectra
records and data processing were performed according to the
instruction of FT-NMR Bruker Avance II spectrometer (400
MHz).

Results and discussion. In this paper, we have established
fundamentally new features in the process of creating AAM that
are directly dependent on the time of contact with water and ERS.
As a results we have evidence of a complex dynamic of
achievement processes of solution equilibrium for AAM prepared
in drinking water with pH=7,01 and ERS. At the same time pH of
obtained AAM is pH=8,32. Hydroxyl proton of ethanol (EtOH)
exchange rate is in intermediate area. It happens during the first 48
hours when the concentration of alcohol is constant (strength
AAM - 39,94 % vol.) and the system is thermostatic (t=23,5 °C).
Signals are separately located. Protons’ exchange is accelerated
due to the rearrangement of system’s structure, during the interval
of =48 h to 120 h. Since =120 h, there is only one common
signal of mobile protons of asymmetrical shape. The size of
chemical shift of the summed signal dgop-m20=4,74 ppm (=120 h)
is starting to grow and shifts to the «weak fields» with the value of
Oron+mo=4,81 ppm (=312 h).

Conclusion. In this paper, we have established fundamentally
new features in the process of creating AAM that are directly
dependent on the time of contact with drinking water and ERS.
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Introduction

NMR spectroscopy is widely used in physics research, industry, agriculture and other
industries. NMR plays a particularly important role in food chemistry where it used in the
study of both simple organic molecules and complex macromolecular structures and their
complexes (Singh, Bliimich, 2016; Hore, 2017) [1, 2]. A large number of articles discuss the
use of NMR for research of food products; meat, fish, dairy products, vegetables, fruits, juices,
pastry, cheese and alcohol products (Youssouf et al, 2017; Campo et al, 2016; Zhu, 2017;
Yuan et al, 2017; Diop et al 2012; Tian et al, 2017, Sucupira et al, 2017, Li et al, 2017,
Shumilina et al, 2016; Okaru et al, 2017) [3-12]. This method provides comprehensive
information with relatively simple obtaining spectra, thus greatly facilitating and accelerating
chemical research (Nose et al, 2005; Richards, Hollerton, 2011; Roberts, 2002; Hu et al,
2010) [13-16].

NMR spectroscopy is most commonly applied to the nuclei of lightest isotope of
hydrogen ’H (protium, ’H isotope) proton. The spectra measured using such nuclei are called
proton magnetic resonance (PMR) spectra. PMR accounts for about 90 % of all research on
NMR spectra. Most of them operate in the Fourier transform mode (Richards, Hollerton,
2011; Roberts, 2002) [14-15]. The principle of NMR spectroscopy is based on the magnetic
properties of certain atomic nuclei that resonate in the radio frequency range of the
electromagnetic spectrum when placed in a strong magnetic field at a certain magnetic field.
This allows for the identification of nuclei in different chemical environments (Richards,
Hollerton, 2011; Roberts, 2002) [14-15]. This property is explained by the existence of
nuclei with non-zero spin (intrinsic mechanical torque), that is determined by the sum of the
spins of its constituent protons and neutrons (Richards, Hollerton, 2011) [14].The spin of the
isotopes’ nuclei with an even number of protons and an even number of neutrons is always
equal to zero (zero moment). NMR is not observed in these nuclei (Roberts, 2002) [15].

The first 'H NMR spectra of ethanol (C,H;OH) were developed in 1951 (Arnold et al.
1951) [17]. The first 'H NMR spectra of water (H,0) were obtained in 1946 (Bloch et al.
1946) [18]. At the first glance, it may seem that these are fairly simple organic molecules,
at the same time NMR spectroscopy exhibits grate variety (Nose et al, 2005; Richards,
Hollerton, 2011; Roberts, 2002; Hu et al, 2010) [13-16] in such characteristics as chemical
shift, spin-spin interactions and the effect of chemical exchange (Roberts, 2002; Matsugami
et al, 2016; Jora et al, 2017) [15, 19, 20].

An ethanol molecule consists of 6 protons located in a 3 proton-containing groups:
methyl (CH;), methylene (CH,) and hydroxyl (OH) with a relative intensity characteristic
CHj;:CH,:OH — 3:2:1. Nuclear spin-spin interaction is observed between the three proton-
containing groups of ethanol, all of which have different resonant frequencies (Roberts,
2002) [15]. “N” number of equivalent protons of one group split the signal of the nearest
group into (n+1) lines with the intensity of a Pascal triangle (Richards, Hollerton, 2011)
[14]. The ability to observe spin-spin interactions depends on the rate of the intermolecular
proton exchange (Jora et al, 2017) [20]. Wherein the hydroxyl proton (OH) of ethanol can
interchange with free hydrogen ions (Matsugami et al, 2016) [19]. The hydrogen ions are
generated due to self-dissociation of water or traces of acids, alkalis or dissociated ethanol
(Jora et al, 2017) [20]. The concentration of free ions is characterized by pH level.

Vodka — is an alcoholic drink with strength from 37,5% to 56%, obtained by mixing
ERS with water and treated with activated carbon, with addition of non-volatile ingredients
or without them.

In the opinion Hu et al. (2010) [16] vodka is a fairly simple physicochemical system: a
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mixture of alcohol and water. However, each brand has its own distinctive taste and
features on the molecular level. Research conducted by Hu et al. (2010) [16] confirm that
these differences are significant both during the stage of creating AAM, and in the final
product — the commercial vodka. The major differences are associated with hydrogen
bonds, in particular their strength, as confirmed by various research methods such as 'H
NMR spectroscopy, FTIR spectroscopy, Raman spectroscopy. 'H NMR and FTIR
spectroscopy demonstrates the presence of water in the hydrate structure
EtOH-(5,3+£0,1)H,0. Water can also be observed in AAM as well as in vodka. The authors
(Hu et al, 2010) [16] attribute this value with the perception of organoleptic characteristics
of vodka.

In their paper, the authors (Hu et al, 2010) [16] introduced the concept of
«structurability» — defined as the ability to maintain structure — a parameter that determines
the ability of vodka (alcohol) to streamline its structure.

The effect of impurities (such as salts, acids, phenols) strengthening the hydrogen
bonds in AAM as well as in the finished product such as sake, has been studied by Nose et
al (2005) [13]. Hu et al [16] have identified that the impurity of compounds has an effect on
the molecular dynamics in ethanol’s hydration process.

Previously, we have conducted primary research of 'H NMR AAM, which were
described in the work of Kuzmin et al, 2013-2017 [21-24]. The obtained results give
grounds to assert a fundamental difference in the behavior of the AAM prepared from the
alcohol and water passing through various processes. This may indicate the presence of
such features as separate signals of hydroxyl protons of H,O and EtOH. Also abnormal
waveforms of CH; and CH, characterize a product with a lower tasting properties. The
presence of the combined signal of EtOH+H,0 and rational form of CH; and CH, signals
(triplet — for CHj;, quartet — for CH,) — characterizes the AAM with the best tasting
properties.

Thus, in the work of Kuzmin O., Sujkov S. et al, 2013 [21] established experimental
evidence of instalment nature / (non- instalment) of thermodynamic balance, taking into
account the organoleptic characteristics of AAM in dependence on water treatment method
and time of system’s functioning. However, the questions related to internal mechanism’s
specification and the rate of establishment of thermodynamic balance depending on type of
water used in the process of creating the AAM are remain unsolved.

Therefore, the additional research is required for a detailed study of internal mechanism
of thermodynamic balance and insurance in obtaining high quality vodka products — for
each type of water separately.

Therefore, the aim of this work is to study the mechanisms of transformation of ethanol
protons (ERS) and water (drinking water) in the process of creating AAM by 'H NMR
spectroscopy.

Materials and methods

The following characteristics of drinking water were determined: solid residual — 867
mg/dm?; electrical conductivity — 1150 uS/cm; pH — 7,01; redox (ORP) — «+» 271 mV;
total hardness — 7,93 mM/dm’; permanganate ox1dat10n - 427 mg Oz/dm mass
concentration (MC) of sodlum 90 75 mg/dm®; MC of potassmm 4,87 mg/dm MC of
ammonium — <2,0 mg/dm’; MC of calcmm 106,03 mg/dm*; MC of magnesium — 23,91
mg/dm’; total alkahnlty 5,38 mM/dm’.

Characteristics of ERS: volume part of ethanol — 96,37 %, volume part of water —
3,63%; content of aldehydes in anhydrous alcohol (a.a.), based on acetaldehyde — 1,3
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mg/dm3 content of fusel oils in a.a.: propyl, isopropyl, butyl, 1sobuty1 and isoamyl — 1,5
mg/dm?; content of esters in a.a., based on of ethyl acetate 1,3 mg/dm®; methanol content in
the a.a. — 0,0022 vol. %.

AAM sample of ERS and drinking water has the following physicochemical and
organoleptic characteristics: alcoholic strength — 39,94 % vol.; electrical conductivity — 183
uS/cm; ORP — «+» 37 mV; pH — 8,32; aldehyde content in a.a., based on acetaldehyde —
1,5 mg/dm content of fusel oils in a.a.: propyl, isopropyl, butyl, 1s0buty1 and isoamyl — 1, 1
mg/dm the content of esters in a.a., based on acetic ac1d ethyl ester — 1,2 mg/dm
methanol content in a.a, — 0,0022 vol. %, alkalinity — 2,5 cm® of 0,1 M hydrochlorlc acid
for titration of 100 cm® of AAM; oxidation test — 13, 5 min; tasting score — 9,43 points
(appearance — colorless liquid Wlth residue; smell — sharp alcohol flavor — heavy).

"H NMR analysis of AAM was conducted with the usage of the following: FT-NMR
Bruker Avance II spectrometer Wlth operating frequency at 'H — 400 MHz (measurement
error of the chemical shifts for ‘H + 0,0005 ppm; 5-mm broadband inverse probe with Z-
gradient; thermostatic system (+25°C ... +100°C)); specially shaped capillary with acetone-
d6 (CD3)2CO (atomic fraction of deuterlum 99,88 %; chemical shift of the residual proton

— 0=2,75 ppm); high accuracy ampoules Ne 507-HP for high resolution NMR’s
spectroscopy (400 MHz); volumetric pipette; dispenser; ERS; drinking water; AAM from
ERS and drinking water.

Experimental studies of 'H NMR were carried out in the following order:

— preparation of AAM;

_ recording of the AAM 'H NMR spectrum;

— conclusion and interpretation of work results.

Work methodology (Kuzmin et al, 2013-2017) [21-24]:

— 0,3 ml of a AAM prepared with a volumetric pipette with a predetermined strength
(40,0 £ 0,2) % vol.;

— external standard separated from the testing substance which is required for LOCK’s
system operation (acetone-ds) of NMR‘s deuterium stabilization spectrometer) is added in a
special form of a capillary into an ampoule. The obvious advantage of using the external
standard is the fact that standard substance’s molecules and test’s solution do not interact
with each other;

"H NMR spectra records and data processing were performed according to the
instructlon of FT-NMR Bruker Avance II spectrometer (400 MHz).

Results and discussions

Will examine spectrum of water (Figure 1), ERS (Figure 2), AAM (Figures 3-4), made
of drinking water and ERS at a different instants of system’s operation (life after mixing)
(h).

We will examine spectra of drinking water, which is characterized by a unitary signal
of hydroxyl group of H,O (Figure 1). The component of protons of H,O — singlet (s),
located in a «weak field» with a chemical shift d5,0=4,60 ppm. Waveform of H,O protons
— is distorted Gaussian curve, with a broadened base and a slight asymmetry of apex, which
is offset from the centerline.

We will analyze the spectra of ERS (Figure 2). Hydroxyl group of protons of ERS are
represented by two separate peaks. A component of ethanol is represented as a single broad
singlet, located in a «low field» with the chemical shift dgpp=5,65 ppm. A component of
water proton is represented as singlet with a chemical shift of d;,0=4,85 ppm. The form of
H,0 protons’ signal is a distorted Gaussian curve, with a broadened base and a certain
asymmetry. The difference between the OH-proton of ethanol (EtOH) and the proton of
water (H,0) in the chemical shifts — 45,= 0,80 ppm (4f;=320 Hz).
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Figure 2. 'H NMR spectra of proton groups ERS: CH;; CH, H,O,; EtOH
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The analysis of the 'H NMR-spectra of protons methyl group of ethanol (CH;) allows
us to state the following. The protons’ methyl group is represented as a septet (sp) with a
relative intensity (1:6:15:20:15:6:1). This is abnormity as according to Pascal's triangle and
on the assumption of protons’ methyl group spin-spin interactions, methylene group’s
(CH;) signal has to be split by an adjacent protons’ group (CH,) as a triplet (f) with
intensity ratio (1:2:1). Besides the methylene group (CH>), no other group of protons can
have an effect on the active spectrum of the methyl group (CHj).

The analysis of methylene group’s (CH,) 'H NMR’s protons shows the following. The
methylene group’s protons (CH,) are represented as quintet (gi) with the intensity
(1:4:6:4:1). This is an abnormity. Protons of methyl (CHj;) groups must split the signal of
methylene group (CH,) into four components and form a quartet (¢) with an intensity ratio
of 1:3:3:1, as based on the spin-spin interaction. In turn, protons of hydroxyl (OH) groups
should split each quartet’s component of methylene (CH,) group into two components to
form a double quartet. The signal of methylene (CH,) groups should remain as quartet. This
happens due to the absence of spin-spin interaction between the hydroxyl (OH) and
methylene (CH;) groups by the chemical exchange.

The Figures 3-4 shows the proton group’s ‘H NMR spectra’s of freshly prepared AAM
sample (0 h) and a sample taken after few days, with an interval of 48...72 h with
indication of chemical shift.

Hydroxyl group of protons are represented by two separate peaks (Figure 3) at the time
of the initial formation of the AAM and at the time of the functioning of the system (t=0 h).
Multiplet component of hydroxyl (OH) proton of ethanol (C,H;OH) is presented in a form
of bulge. The bulge is based in a weak field with a chemical shift of dz0r=5,32 ppm. Signal
of water (H,O) protons is presented as an elongated singlet of symmetrical shape with a
broad base which is located at dy0=4,71 ppm. The difference in chemical shifts of OH
proton (C,HsOH) and H,O proton at this stage (=0 h) is 49,=0,61 ppm (4f;=244 Hz).

At the initial instant of AAM formation — =48 h the presents of two separate signals
hydroxyl protons of ethanol and water. Multiplet component of hydroxyl proton of ethanol
(EtOH) is presented in a form of bulge with a chemical shift of dz,0,=5,37 ppm. Signal of
water (H,0) protons is presented as an elongated singlet of symmetrical shape with a broad
base which is located at d,,0=4,76 ppm. The difference in chemical shifts of OH proton
(EtOH) and water (H,0) proton — 40,=0,61 ppm (4f;=244 Hz).

The spectra from third to sixth (t=120-312 h) is characterized by one summarized peak
of hydroxyl protons of ethanol and water. The component of EtOH proton and H,O proton
is represented by a singlet with the chemical shift of dgop+n20=4,74-4,81 ppm. The
summarized EtOH~+H,0 protons signal has a nonesymmetric shape with a widened base
and a top of regular form.

The analysis of 'H NMR spectra of AAM methyl group’s protons (CH;) states the
following 7=0. The protons’ methyl group is represented as a quartet (¢) with a relative
intensity (1:3:3:1) in the initial part of system’s operation. This is abnormity as according to
Pascal's triangle and on the assumption of protons’ methyl group spin-spin interactions,
methylene group’s (CHj;) signal has to be split by an adjacent protons’ group (CH,) as a
triplet (¢) with intensity ratio (1:2:1). Besides the methylene group (CH,), no other group of
protons can have an effect on the active spectrum of the methyl group (CHj;). Thus, the
methyl group of protons (CH;) is located in a strong field with an average value of the
chemical shift as d¢y3=1,08 ppm.
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=48 h. Methyl group of protons (CH;) has shifted by a distance of 0,01 ppm towards
the strong field from its original position (t=0 h) with an average value of the chemical shift
Oocys=1,07 ppm. It has the following individual characteristics of signals’ chemical shift’s
peaks dcy5=(1,10; 1,08; 1,06; 1,04) ppm; distance between the peaks is 8 Hz relative to
each other. Signal’s form is quartet (¢), which is also an abnormity for the interaction of the
above spectrum with methylene group (CH>).

=120 h. Methyl spectrum has shifted by a distance of 0,02 ppm from its original
position (t=0 h) with a average value of the chemical shift dcy3=1,06 ppm. Signal’s form is
triplet (f), which indicates it’s stability. This is based on spin-spin interaction with
methylene (CH,) group’s protons. Chemical shift of triplet’s individual peaks is d¢x3=(1,08;
1,06; 1,04) ppm.

1=192-312 h. Methyl spectrum has shifted by a distance of 0,01 ppm from its original
position (t=0 h) with a average value of the chemical shift dcy3=1,07 ppm. Signal’s form is
triplet (f), which indicates it’s stability. This is based on spin-spin interaction with
methylene (CH,) group’s protons. Chemical shift of triplet’s individual peaks is dcx3=(1,09;
1,07; 1,05) ppm.

The analysis of methylene group’s (CH,) 'H NMR’s protons shows the following. The
methylene group’s protons (CH,) are represented as quintet (gi) with the intensity
(1:4:6:4:1) at the beginning of AAM’s formation process (1=0 h). This is an abnormity.
Protons of methyl (CH;) groups must split the signal of methylene group (CH,) into four
components and form a quartet (¢) with an intensity ratio of 1:3:3:1, as based on the spin-
spin interaction. In turn, protons of hydroxyl (OH) groups should split each quartet’s
component of methylene (CH,) group into two components to form a double quartet. The
signal of methylene (CH;) groups should remain as quartet. This happens due to the
absence of spin-spin interaction between the hydroxyl (OH) and methylene (CH,) groups
by the chemical exchange.

The methylene group of protons (CH>) is in a weak field, with the average value of the
chemical shift of d¢4,=3,54 ppm, each peak of quartet is located at a distance of 8 Hz from
each other.

The methylene group of protons (CH,) has shifted from its original position towards
the strong field by 0,01 ppm after the 48 hours. The average value of its chemical shift is
O0cy2=3,53 ppm. Signal’s form is quintet (gi). This is an abnormity for the above proton’s
spectrum.

The first two spectra, in our view, belong to a group with unsteady balance, since the
signals’ form is abnormal.

Methylene spectrum with an average value of the chemical shift as d¢;,=3,52 ppm has
shifted into the strong field with respect to the initial position (=0 h) by 0,02 ppm after 120
hours expiration. Signal’s form is quartet (g), typical for the above proton group, based on
the spin-spin interaction with the protons of the methyl (CHj) group and chemical exchange
between hydroxyl (OH) and methylene (CH,) groups. This is the form’s stabilization.

Complete structuring of methylene group’s (CH;) signal takes place approximately
after 8 days (1=192 h): signal’s form is quartet (g); location — chemical shift with an
average value of dcy= 3,53 ppm, which remains unchanged. The distance between the
peaks also remains unchanged — 8 Hz.
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Conclusions

As a results we have evidence of a complex dynamic of achievement processes of
solution equilibrium for AAM prepared in drinking water with pH=7,01 and ERS. At the
same time pH of obtained AAM is pH = 8,32 i.e. alkalescent medium. This value is
characterized by a reduced content of free H' ions relative to the OH, i.e. general alkaline
reaction of the system. Hydroxyl proton (OH) of ethanol exchange rate is in intermediate
area. It happens during the first 48 hours when the concentration of alcohol is constant
(strength AAM — 39,94 % vol.) and the system is thermostatic (1=23,5 °C). Signals are
separately located. Protons’ exchange is accelerated due to the rearrangement of system’s
structure, during the interval of ©=48 h to 120 h. Since =120 h, there is only one common
signal of mobile protons of asymmetrical shape. The size of chemical shift of the summed
signal dgon+20=4,74 ppm (t=120 h) is starting to grow and shifts to the «weak fields»
with the value of dgop+120=4,81 ppm (=312 h).
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Introduction. Tomato waste can be used as secondary
raw materials for obtaining liposoluble extracts. Lycopene,
being a lipophilic compound with antioxidant properties
found in tomatoes, it may be extracted using supercritical
carbon dioxide from the waste obtained in the industrial
processing of tomatoes.

Materials and methods. The tomato waste obtained
from the manufacture of tomato juice was collected from
"Orhei-Vit" JSC, Orhei, Republic of Moldova. Using the full
factorial orthogonal experimental design method, was
created the planning matrix in real variables, obtaining 15
extraction regimes by varying the parameters: temperature
(36-73 °C), pressure (18—42 MPa) and time (24-96 min).
The content of lycopene was determined by the
spectrophotometric method at 502 nm wavelength.

Results and discussion. Initially, tomato waste was
dried from an initial humidity of 80.0% to a final moisture
content of 6.5%. In order to increase the contact surface with
carbon dioxide, the tomato waste was milled. Under
laboratory conditions, samples of CO, extracts from tomato
waste were obtained at different extraction parameters. The
lycopene concentration was taken as the output factor, and it
was established the final form of the second order regression
equation characterizing the CO, extraction process of
lycopene in the fat-soluble fraction from the tomato waste.
The regression equation allowed the optimization of the
response using the gradient ascension method, thus
establishing the optimal extraction parameters of the
bioactive compound — lycopene. The response surface plot
described by the second degree polynomial which
characterizes the CO, extraction process of lycopene from
tomato waste at constant time, pressure or temperature were
graphically represented.

Conclusions. The CO, extracts from tomato waste are
rich in lycopene, the concentration ranging from 10.8 to 47.1
mg/100 g. The optimal parameters for lycopene extraction
from tomato waste are the temperature 60-75 °C, the
pressure 33—42 MPa and the extraction time 62—68 min.
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Introduction

With the increase in world trade of tomato products, the tomato processing industry is
also expanding. As a consequence (result), the amount of by-products: tomato seeds and
skin grows. At present, only a small amount of tomato by-products are sold at low prices
and used as feed or fertilizer, but the remaining seeds are thrown away, thus wasting
resources and polluting the environment. Tomato seeds are an excellent source of
macronutrients: 28% fat and 29% protein, and micronutrients: linoleic acid and other
unsaturated fatty acids, high levels of essential amino acids such as lysine; without toxic
ingredients or nutritional inhibitors. Therefore, the way of extracting nutrients from
tomato by-products in order to obtain new products and greater economic value is a
challenge. [1]

Secondary products from tomato processing can be used as a raw material for the
production of tomato oil, so that the turning effect by transforming waste into a resource is
achieved and environmental pollution can be reduced. In addition to the conventional
pressing method, it is possible to implement the modern supercritical CO, extraction
technology for the production of tomato seed oil so that the yield of tomato oil can be
greatly improved and the quality of the tomato oil could be high. The plant is reliable, the
resulting product is safe, and the extraction rate of tomato seed oil is over 95%. Compared
to the conventional hot pressing method, the advantage of CO, extraction is that it avoids
the deterioration of bioactive substances and fat-soluble nutritional components that can
be stored in essential quantities in tomato seed oil. [1]

Tomato seed oil has a high nutritional value, contains large amounts of unsaturated
fatty acids and is a powerful antioxidant that can effectively reduce stress, improve sleep
quality, restore skin's natural glow, improve immunity, has anti-aging effects and protects
against UV radiation, prevents osteoporosis and can prevent calcium loss. [1]

Tomatoes and tomato waste, respectively, are highlighted by an increased content of
lycopene, a powerful antioxidant.

Lycopene is a tetraterpen from the carotenoid family, namely that of carotenes. This is
a red, fat-soluble pigment (vegetable colorant) found mainly in tomatoes and various
products derived from thermally processed tomatoes. It is named after the Latin name of
tomatoes (Solanum lycopersicum), which has the highest natural concentration.

It has a structure consisting of a long chain of conjugated double bonds, with two
open rings at the ends.

Figure 1. The molecular structure of lycopene

The lycopene molecule is the longest of all carotenoids, which like the B-carotene, the
human body does not synthesize.

Although it has a structure similar to that of the well-known antioxidant B-carotene,
its antioxidant activity is at least 5 times higher. Lycopene protects cells against DNA
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damage and lipid peroxidation, and intervenes in reducing the risk of certain cancers
(prostate, digestive, bladder, lung, skin). [2]

The antioxidant activity of lycopene is due to the capture of singlet oxygen from
biological systems.

Lycopene is widely used in the alimentary industry as an antioxidant and natural
colorant. As antioxidant it is active in non-polar environments, in oils, fats, foods with a
lipid content. It has the ability to protect lipids from oxidative degradation by inactivating
the reactive forms of oxygen. Namely, the double bonds of the molecules ensure the
addition of reactive oxygen. [3]

Thermal treatment or tomato processing does not affect the antioxidant properties of
lycopene, on the contrary it increases its availability and is more efficiently assimilated by
the human body. [4, 5]

In laboratory conditions lycopene shows antitoxic properties against various toxic
substances such as aflatoxin, cyclosporine or cadmium. [5]

According to the European Food Safety Authority (EFSA Journal 2011; 9 (4): 2031
Scientific opinion on the substantiation of health claims related to lycopene according to
Article 13, paragraph 1 of Regulation (EC) No 1924/2006) the Dietary Reference Intake
(DRI) of lycopene to have antioxidant effect or a normal cardiac function(in case of
cardiovascular disease) is 5-15 mg / day [6]. According to the recommendations of the
Guidebook MP 2.3.1. 19150-04 of 2004, (Recommended levels of biologically active
substances), the DRI of lycopene is 5-10 mg (the maximum daily dose is 15 mg) [7].

This paper presents the content of lycopene in CO, extracts from tomato waste,
obtained at different extraction regimes. Based on the obtained data, it is determined the
influence of the extraction parameters: temperature, pressure and time on lycopene
concentration in the fat-soluble CO, extracts from tomato waste.

Materials and methods
Materials

Tomato waste was collected from the industrial scale production of tomato juice at
"Orhei-Vit" JSC, Orhei, Republic of Moldova.

With the purpose of being used as raw material, tomato waste with an initial moisture
content of 80.09 % was dried by the conductive method in Biosec Domus B5 dryer to a
final moisture content of 6.50 %. One of the basic criteria for carrying out the supercritical
CO, extraction is that the raw material subjected to the extraction of the lipid fraction has a
humidity of maximum 10...12%. [8]

In order to increase the contact area with the carbon dioxide, to achieve a more
efficient extraction, both quantitatively and qualitatively, the tomato waste was milled.

The lipid content in dried tomato waste is 10.5%. [8]

Carbon dioxide is intended for use in the food industry.

The reagents used in analyzes: hexane, ethanol and acetone, meet the quality
requirements.
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Methods

Supercritical CO, extraction. The supercritical extraction with carbon dioxide from
tomato waste was carried out under laboratory conditions at the HA 120-50-01C pilot
plant within the Practical Scientific Institute of Horticulture and Food Technology.

The technical parameters of the installation are: P,,,=50 MPa (500 atm), T ,.x = 75°C,
volume of the extractor vessel — 1,0 1 and maximum extract volume — 0,61 [8].

From the storage tank, the carbon dioxide is pumped through the heat exchanger into
the extractor vessel with raw material — tomato waste. Using the pressure and temperature
control system the required extraction pressure and temperature are created in the extractor
vessel. Once the supercritical CO, and the feed reach equilibrium in the extraction vessel,
through the manipulation of pressure and temperature to achieve the operating conditions,
the extraction process proceeds. The mobile phase, consisting of the superctitical CO, fluid
and the solubilized components, is transferred to the separators I and II where the fluid is
reduced by decreasing the pressure of the system. The extract precipitates in the I or II
separator while thesuperctitical CO, fluid is either released to the atmosphere or recycled
back to the extractor [8, 9].

Determination of Lycopene content. The lycopene from tomato byproducts is
extracted using hexane: ethanol: acetone mixture (2:1:1) (v/v) following the Sharma and Le
Magquer method, exposed by Alda [10].

One gram of the homogenized samples, and 25 ml of hexane: ethanol: acetone mixture,
which was placed into the rotatory mixer for 30 min, adding 10 ml of distilled water and the
stirring was continued for another 2 minutes.

The solution was then left to separate into two distinct layers, polar and non-polar. The
absorbance was measured at 502 nm, using hexane as a reference sample. The lycopene
concentration was calculated using its specific extinction coefficient (E 1%, 1 cm) of 3150
in hexane at A=502 nm. The concentration of lycopene is expressed in mg/100 g product.

E 20
C=—-— 1
315 m O
C —lycopene content, mg/100g
m —mass of product sample, g

E — extinction coefficient.
Statistical analysis. The mathematical processing of the obtained data on the

supercritical CO, extraction of lycopene from tomato waste was performed using Microsoft
Excel 2007 software.

Results and discussion
Central factorial experiment composed in the orthogonal plane
In order to determine practical values of the process parameters, it is necessary to

establish interdependencies capable of describing both the nature and the extent of the
influences of the input factors, so it is foreseen to determine a mathematical model.
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For the planned experiments, to the influence factors were assigned two levels of
variation: a upper level x, and a lower level x;,. These two levels are chosen at equal
distance from the central level x, of the influence factor, also called base level or zero level.

The zero level indicates the value of the influence factors around which experimental
modeling was desired. The interval limited by the lower and upper values of the influence
factors defines the experimental field. All influence factors can take values within this
range of variation. [11, 12, 13]

During the supercritical-CO, extraction from tomato waste was examined the
oscillation of three process parameters, namely temperature, pressure and time.
Respectively, it was obtained the matrix in which the variable parameters of the process
were encoded by X, X, and X; and were noted the minimum, center and maximum values
that will be used in supercritical carbon dioxide extraction of liposoluble substances,
including lycopene.

Table 1
The classical matrix of assigning the values of influence factors

Factor Coding | Min. (-) | Center | Max. (+)
Temperature, °C X 40 55 70
Pressure, MPa X, 20 30 40
Time, min. X3 30 60 90

Each input factor was assigned a coded variable.

The variation range, from minimum (-) to maximum (+), was chosen in accordance
with the characteristics of the CO,-extraction plant, so that all experiments were achievable.

To obtain a second-order mathematical model, factorial design of the experiments is
used, the most important programs being the composite central programs. When composing
the mathematical model in the form of a polynomial of second degree, the number of
factors can not be limited to two. Therefore, it should be used 3* programs in which factors
are changed to 3 levels. However, these programs become uneconomic or even unrealistic
with a number of factors k>4, due to the very large number of determinations. In this sense
it has been shown that a program with fewer determinations compared to program 3* can be
obtained by supplementing a 2 program with certain points of factorial space. [13, 14]

Results:

N=N,+ N, + N, 2

where: N — total number of determinations;
N, — the number of "sphere" determinations;
N, — the number of "star" points;
Ny — the number of points in the center.
The programming method of the composite central experiment involves completing the
2" base factorial matrix with a number of experiences (N,, = 2k), while the other factors are
at the base level, and with N, experiments at the center of the experiment.
Under these circumstances, the total number of experiences is:

N=2+2k+N,(3)
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It has been agreed to take as model the orthogonal central matrix.
Initially, the program's center coordinates (zero level x! ) and intervals of variation Ax;
were calculated using relations 4 and 5:

0 X +x
x, =— 4
=" @
x —x
Ax, =—— 5
=" )
Factors coding was performed according to formula 6:
0
X, — X,
X =——1 6
A (6)
X —x°
Ax =25 (7)
o
_40-55
s ’
_20-30 _
2 10 s
_30-60
P30

To complement the matrix with the experiences from no. 9 to 15, it is necessary to
calculate the star points (+ o and -o), multiplied by the coefficients +1,215 and -1,215
according to formula 7.

Temperature: +a:; X, X,, =73°Ci-ac; X X , =36°C;
Pressure:ta:; X, X,, =42MPas-a:; X X , =18 MPa;
Time:+a: ; X, , X,, =96min;-a:; X X , =24 min.

Table 2
Variation ranges and factor levels

Factor name Temperature, °(| Pressure, MPa | Time, min
Factor coding X; X, X;
Upper level x; 70 40 90
Lower level x| 40 20 30
Zero level x! 55 30 60
Intervals of variation Ax; 15 10 30
Level +ta X, 73 42 96
Level -a X _, 36 18 24
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According to the values of the calculated parameters for the orthogonal model, it is
observed that the determined star points are included in the technical characteristics of the
installation and allow extraction to be performed under supercritical conditions.

Experiences no 9-14 are performed according to star point values for each factor of
influence and their combination with the zero level values of the other factors.

The natural values of input factors in points +1 and -1 are determined from the
relation x| + Ax; .

The values thus obtained are used to perform the experiments. For each experience a
measured value of the resultant variable Y is obtained. These data are used to calculate the
regression coefficients of the mathematical model.

The performance of the experiments led to the obtaining of information about the
dependent variable Y, in different situations, resulting from the combination of the different
coded levels of the independent variables.

Table 3
Matrix of planning in real variables

No [Temperature| Presure, | Time,
°C MPa | min | Y, | Ys | ¥

1 40 20 30 10.80 | 12.88 | 11.84
2 70 20 30 25.24 | 25.40 | 25.32
3 40 40 30 25.84 | 22.72 | 24.28
4 70 40 30 47.12 | 35.28 | 41.20
5 40 20 90 13.16 | 15.20 | 14.18
6 70 20 90 28.80 | 29.96 | 29.38
7 40 40 90 25.40 | 26.44 | 25.92
8 70 40 90 40.48 | 44.49 | 42.49
9 37 30 60 19.68 | 16.74 | 18.21
10 73 30 60 36.00 | 32.88 | 34.44
11 55 18 60 16.64 | 16.72 | 16.68
12 55 42 60 29.56 | 29.72 | 29.64
13 55 30 24 22.84 | 22.96 | 22.90
14 55 30 96 26.44 | 28.64 | 27.54
15 55 30 60 26.08 | 26.20 | 26.14

In order to have relevant results on the CO, extraction process of lycopene from tomato
waste, two parallel experiments of the 15 regimes of extractions were performed, at
temperature, pressure and time parameters to maximum, minimum and center values and
combinations thereof.

When selecting the extraction parameters, were taken into account the characteristics
of the pilot plant type HA 120-50-01C, (Ppax = 50 MPa, Trax = 75 ° C, Vg = 1,0 1) [8], the
parameters required to ensure the supercritical state of carbon dioxide (P, = 7.377 MPa, T,
=30.978 ° C, pe = 467.6 kg / m®) [15], but also that these parameters do not affect the
quality of the extraction products.

The lycopene concentration in the CO, extract of tomato waste, obtained with
supercritical carbon dioxide, was taken as the output variable. The mean of the response Y
was the mean of the concentrations of the two parallel experiments Y, and Y. The data
obtained are entered in Table 3.
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Thus, the following experiment plannning matrix (Table 4) is obtained:

Table 4

Experiment planning matrix in encoded variables of composed central programming in
orthogonal plane

NolXy| X; | X: | X; |XiXo[X/X;|X,X;| X2-0,73| X2-0,73| X2-0,73| Y
1|+ - - - + + + 0.27 0.27 0.27 11.84
2 |+ + - - - - + 0.27 0.27 0.27 [25.32
3+ - + - - + - 0.27 0.27 0.27 [24.28
4 |+ + + - + — - 0.27 0.27 0.27 [41.20
51+ - - + + — - 0.27 0.27 0.27 14.18
6 |+ + - + - + - 0.27 0.27 0.27 ]29.38
7+ - + + - — + 0.27 0.27 0.27 [25.92
8 |+ + + + + + + 0.27 0.27 0.27 4249
9|+ |-1.21| 0 0 0 0 0 0.746 -0.73 -0.73 |18.21
10|+ |+1.21] O 0 0 0 0 0.746 -0.73 -0.73 |34.44
11|+ 0 |-1.21] O 0 0 0 -0.73 0.746 -0.73 |16.68
12|+ 0 |+1.21] O 0 0 0 -0.73 0.746 -0.73 129.64
13|+ 0 0 |-1.21] O 0 0 -0.73 -0.73 0.746 |22.90
14|+ 0 0 |+1.21] O 0 0 -0.73 -0.73 0.746 |27.54
15|+ 0 0 0 0 0 0 -0.73 -0.73 -0.73 |26.14

Factors X, X3, Xp3 and X3 represent the interaction factors, variables that show their

mixed influence.

Y is the system response, i.e. the average lycopene concentration, mg / 100 g of CO,-
extract from tomato waste.

Regression coefficients

According to formulas 8-12 the regression coefficients of the equation were calculated.
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by=by'—¢ b, (8)
,_L ZXiuYu

b=y ZHL O b =5 (10)
b, = &l (1)

XX

_ XX -9y,
) 12
b, S &g (12)
Table 5

The regression coefficients of the equation

b'() b() bl b2 b3 b12 bl3 b23 bll b22 b33

26.01 | 2450 | 748 | 6.29 | 137 | 0.60 | 0.17 | -0.43 | 1.66 | -0.49 | 0.91

Since factor encoding has been performed, the regression equation will take the form:
Y=b'+ D bX +D b XX +>b (X —¢) (13)

Thus, the following regression equation of the CO, extraction of lycopene from the
tomato waste is obtained:

Y =24,50+7,48X, +6,29X, +1,37X, +0,60X,, +0,17X,, —
—0,43X,, +1,66X] —0,49X; +0,91X;Y =
=24,50+7,48X, +6,29X, +1,37X, +0,60.X,, +
+0,17X,, -0,43X,, +1,66.X] —0,49X; +0,91.X;

Then, according to formulas 14-18, the dispersion of the regression coefficients was
calculated.

Sn =Sy, + 2,75, (14)
S?
Sp, === (15)
0 N
S2
S, = (16)
’ ZXIU
S? = 17
bij Z (XmX/u ) ( )
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S
Sb’.,. - Z(Xli _¢)2 (18)

Table 6
Dispersion of regression coefficients of the equation

2 2 2 2 2 2_ @2
Sb'o Sb'o Sbi Sbi Sbi/' Sbi/' Sbii Sbii Sbo Sy B SO
0.44 0.66 0.61 0.78 0.83 0.91 1.54 1.24 ] 2.90 2.58

The mean dispersion on the matrix (dispersion of the experiment) was determined
according to formula 19:

So2 = ZU.Z

1 m
— 2.0 (19)
m i<

Significance evaluation of calculated coefficients was done according to Student’s t-
test. Calculated values oft .. were determined by the formulas 20-22.

! LI ‘ =M(21); ‘, ] 9,
S, ', S,
Table 7
teae coefficient values
t t t3 tn ti3 ty3 t ty t33
9.57 8.06 1.75 0.66 0.19 0.48 1.33 0.39 0.73

Student’s t-table ¢, coefficient is determined from the Student distribution table,

where is indicated the number of degrees of freedom f, the probability P, or the
confidence ¢ .

It is known that: b, is significant if
bb, is insignificant if |t| <1,
By comparing the calculated values of the Student’s t-test and the Student’s t-table ¢

St >
it was determined that the insignificant coefficients b are b;, b;; b,; b, and bs;, and
respectively X, X3, X3, X202, X33 are insignificant factors.

Considering only significant regression coefficiants, the model corresponding to the
system is represented by the followingregression equation in the final form:

Y =24,80+7,48X, +6,29X, +1,37.X, +1,66. XY =
=24,80+7,48X, +6,29X, +1,37.X, +1,66.X"
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This is the regression equation without the five insignificant regression coefficients.

After removing the insignificant terms it is assumed that the Y answer is recalculated (table
8).

Table 8
Reference data for testing the suitability of the regression equation

No | o2 [t | | Yo | Yo | 7| & | 5 |7 (-5f
1 | 40 20 30 11080 | 12.88 | 11.84 | 2.16 | 9.23 | 2.61 | 6.83
2 170 20 30 | 2524 | 25.40 | 25.32| 0.01 | 24.18 | 1.14 | 1.29
3 140 40 30 | 2584 | 22.72 | 24.28 | 4.87 | 21.81 | 2.47 | 6.08
4 | 70 40 30 | 47.12 | 35.28 | 41.20 | 70.09 | 36.77 | 4.43 | 19.64
5 1 40 20 90 | 13.16 | 1520 | 14.18 | 2.08 | 11.96 | 2.22 | 4.94
6 | 70 20 90 | 28.80 | 29.96 | 29.38 | 0.67 | 26.91 | 2.47 | 6.08
7 | 40 40 90 | 2540 | 26.44 | 25.92| 0.54 |24.54 | 1.38 | 1.89
8 | 70 40 90 | 40.48 | 44.49 | 42.49 | 8.04 | 39.50 | 2.99 | 891
9 | 37 30 60 | 19.68 | 16.74 | 18.21 | 432 | 15.80 | 2.41 | 5.79
10 | 73 30 60 | 36.00 | 32.88 | 34.44 | 4.87 | 33.90| 0.54 | 0.29
11 | 55 18 60 | 16.64 | 16.72 | 16.68 | 0.00 | 16.52| 0.16 | 0.03
12155 42 60 | 2956 | 29.72 | 29.64 | 0.01 | 31.75 | -2.11 | 4.45
13 | 55 30 24 | 22.84 | 22.96 | 22.90 | 0.01 |23.20|-0.30 | 0.09
14 | 55 30 96 | 26.44 | 28.64 | 27.54 | 2.42 | 26.50 | 1.04 | 1.07
15 | 55 30 60 | 26.08 | 26.20 | 26.14 | 0.01 | 24.85| 1.29 | 1.66

According to the regression equation, was determined the ¥ value for each row from
the planar matrix. Was calculated the difference between the mean value Y obtained
experimentally and the Y value calculated from the regression equation. These differences

— A — ~A\2
(Yl. - Yl.) were raised to the square (Yl. - Yl.) and it was calculated their sum.

— ~A\2
For the analyzed case the sum of the square differences is Z(Z - Yl.) =69,05

The assessment of the suitability dispersion of the model is determined by formula:

2 m v v\
S =N (Yi_Yi) (23)
Wherem — the number of parallel experiments
(N-1) — the number of degrees of freedom of the remaining dispersion
N — number of experiments
[ — the number of significant regression coefficients, including b,
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—L69,05 =13,81

According to the formula 23, residual dispersion is equal to S7, 53
Verification of the reliability of the experimental data was performed based on the

Fisher criterion.

g2
F=tu (24)
s;
Thus,
13,81
F‘L‘(JZL‘ = 3’8 =2”07
6,67

To verify the veracity of the hypothesis on the suitability of the model, the number of

degrees of freedom f; (for residual dispersion S’,) and f; (for remaining dispersion Sﬁ)

was determined and the table value of Fisher test F,, . . was found depending on

degrees of freedom and chosen confidence level P or uncertainty g.

q=0,05
fi=N-1=15-7=8

f=N(m-1)= 15(2-1)=15
=2,64

F;ub(O,OS;&lS)

Since 2.07 <2.64, ie Feauc<F,,.05s.5 it shows that the equation of regression is true,

the orthogonal model is also true.

Gradient optimization [16]
The regression equation allows the optimization of the output parameters (the response)

using the gradient method.
Gradient elevation value was calculated for each input factor.

P(Xi)z AX, 'bi ={Xi(+)_Xi(_)}'bi (25)
The theoretical step to optimize the response for the CO, extraction process of

lycopene from tomato waste:

P(X,)=1X,(+) = X,(=)}-b, = (70-40)-b, =30-7,48 = 224,40
P(X,)=1{X,(+) = X,(-)}-b, = (40-20)-b, =20-6,29 =125,80
P(X,)={X,(+)— X,(=)}-b, = (90-30)-b, =60-137 =82,20

Since it is unrealistic to vary the input factors with such values of the theoretical steps,
to predict the gradient step of ascension, an intuitive coefficient of K, =44.88 was used so

that the values of the steps were achievable.
Thus, the recalculated step will be:
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_P(X)

in.

)=2,80

(26)

P*(X,)=1.80

It has been established that there are required the following experiments with the
recalculated step, presented in Table 9.

Planned experiences with the recalculated step

Knowing the

Variable parameters | Center | 1 | 2 | 3 | 4
X, — temperature,®C 55 60| 65|70 | 75
X, — pressure, MPa 30 33 1361|3942
X;— time, min 60 62 | 64 | 66 | 68
factors that influence the CO, extraction process

tomato waste, according to the table it can be chosen an optimum.

50

45

40

35

Lycopene content, mg/100 g

30

25

20

Time, min

Pressure, MPa

Temperature,°C

Table 9

of lycopene from

P 45,64

e

/ 39,88

/ 34,48

/ 29,46

y = 5,2094x + 19,222

e R? = 0,9982
24,80
60 62 64 66 68
30 33 36 39 42
55 60 65 70 75

Figure 2. The calculated lycopene content according to the obtained equation at envisaged
parameters with the recalculated step
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Analyzing the data from Figure 2, it is noted that increasing the temperature by 5.0 °C,
the pressure by 3.0 MPa and the extraction time by 2.0 minutes, the lycopene content
increases with 4.66 to 5.76 mg/100 g of extract.

Graphs of the response surfaces

In order to obtain the graphs of response surfaces in the final form of regression
equation : Y = 24,80+7,48X, +6,29X, +1,37X, +1,66X12 the parameters X, X,, X3 are
replaced with the expressions:

X =(T-Ty)/AT; or : X;=(T-55)/15
X,=(P-Py)/AP; or : X,=(P-30)/10
X;5=(t-to)/At; or : X5=(t-60)/30

Therefore, the final form of the second degree equation describing the lycopene CO,
extraction from tomato waste is:

Y =24,80+7,48(T —55)/15+6,29(P—30) /10 +1,37(¢ —60) / 30 + 1, 66((T — 55) /15)*

The plot of response surface of lycopene concentration in the CO, extracts from
tomato waste, at 1 constant input factor (for minimum and maximum values) and 2 variable
inputs were modeled.

At constant temperature T = 35 °C (Figure 3a), the minimum and maximum lycopene
content calculated by the obtained formula is:

Y uin =8.63 mg/100 g, at P=18 MPa, t=25 min.
Y 1ar=28.81 mg/100 g, at P=45 MPa, t=95 min.

According to the mathematical model, at 75 °C a maximum lycopene content of 48.76
mg/100 g is obtained at P = 45 MPa and t = 95 min, and the minimum lycopene content of
28.58 mg/100 g at P =18 MPa, t =25 min (Figure 3b).

If the pressure is constant, namely for Py, = 15 MPa (Figure 4a), the minimum
lycopene concentration is equal to 6.74 mg/100 g (35 °C and 25 min) and the maximum
concentration is up to 29.89 mg/100 g (75 °C and 95 min).

In the case when pressure is constant, for P, = 45 MPa (Figure 4b), the minimum
lycopene concentration is 25.61 mg/100 g (35 °C and 25 min) and the maximum
concentration reaches 48.76 mg/100 g (75 °C and 95 min).

At a constant time of 25 minutes, the lycopene concentration would be at least 5.43
mg/100 g at 35 °C and 18 MPa, and at most 42.36 mg/100 g at 75 °C and 45 MPa (Figure
Sa).

For the duration of the 120 minute constant extraction, according to the response area
obtained according to the final equation, the minimum concentration of lycopene is 18.45
mg/100 g at 35 °C and 18 MPa and the maximum concentration is 55.38 mg/100 g at 75 °C
and 45 MPa (Figure 5b).
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Figure 3. The response surface plot of tomato waste CO, extraction : lycopene content vs.
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extraction pressure and time at constant temperature
a-35°C;b-75°C
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Figure 4. The response surface plot of tomato waste CO, extraction : lycopene content vs.

extraction temperature and time at constant pressure
a — 15 Mpa; b — 45 MPa
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Figure 5. The response surface plot of tomato waste CO, extraction : lycopene content vs.
extraction pressure and temperature at constant time
a —25 min; b — 95 min
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The content of lycopene in the CO, extract from tomato waste varies between 10,80—
47,12 mg/100 g, ie on average 28,96 mg/100 g of CO,-extract, about 2—9 times higher than
Recommended Daily Amount (RDA), 5-15 mg/day [6, 7].

In order to provide the human body with 15% of the RDA [17] of lycopene, a portion
of the consumed product must contain at least 0.75 mg of lycopene.

Conclusion

Tomato waste can be used as a secondary raw material for the extraction of lycopene in
liposoluble CO, extract.

For supercritical CO, extraction parameters: T=36—73 °C; P=18-42 MPa and t=24-96
min, the lycopene content in CO, fatty soluble extracts from tomato waste varies in the
range from 10.80 to 47.12 mg/100 g.

The greatest influence on the extracting process of lycopene in CO, extracts from
tomato waste has the temperature, followed by pressure, and the duration of the process has
the least influence.

The final form of the second degree equation describing the CO, extraction of lycopene
from tomato waste has been established:

Y =24,80+7,48(T —55)/15+6,29(P—30) /10 +1,37(¢ — 60) / 30 + 1, 66((T — 55) /15)*

The optimal parameters of supercritical CO, extraction of lycopene from tomato waste
are temperature 60—75 °C, pressure 33—42 MPa and time 62—68 min.
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Introduction. The purpose of this scientific work is to
study the impact of the application of hydrodynamic
oscillations for activation of the hydrated lime slurry in the
production of sugar from sugar beets.

Materials and methods. General scientific methods,
special methods, volume parametric imitation and
visualization modelling methods, math modelling methods,
optical microscopy, and ionometry were used for the
researches.

Results and discussion. It is established that application
of hydrodynamic oscillations for activation of the hydrated
lime slurry in the production of sugar from sugar beets is
very perspective.

It was established that the value of the linear speeds of a
stream should be within 22 m/s for the first rotor and 24 m/s
for the second rotor for intensification mass exchange
processes between lime and water throughout the activating
hydrated lime slurry.

The research studies demonstrated the increasing of the
potential of hydrogen of the water prepared for the
technology of the activating hydrated lime slurry for the
processes of juice purification within 15%.

In general case was established that the decreasing of
reduction-oxidation reaction which obtained throughout
processing on an extent 210s, after that there is not large
decreasing of the reduction-oxidation reaction.

The obtained data verify, that the lowest rank of reduction-
oxidation reaction was observed in water which has been
treating with application of the hydrodynamic oscillations.
The common stage of decrease of reduction-oxidation
reaction in evaluation with the initial makes 65%.

Conclusions. Application of hydrodynamic oscillations
for activation of the hydrated lime slurry in the technological
processes of purifying juice can greatly increase the capacity
and replace the batch process for the continuous, can greatly
reduce the duration of the process of activating mode, reduce
power consumption
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Introduction

Agriculture and food engineering are measured as one of the largest sectors worldwide
with significant contribution to the economic development of the country.

The process for refining sugar beets consists of the dependable operations: washing,
crushing, extraction, liming, carbonation, filtering, and addition of sulphur dioxide,
concentrating, crystallizing and drying.

The most critical of these varieties of stages are:

—  liming;
—  carbonation;
— addition of sulphur dioxide.

Every of these stages have need of continuous control of potential of hydrogen,
because it is important value which limits the velocity of the technological process of sugar
production.

In recent years researches and technologists have turned their interest to employment
of the innovative non-traditional technologies and methods in processing of the liquid
mediums which consists of the water or water solutions.

Very actual to explain this setback is to use inexpensive methods that require
commercial venture and allowing the use of existing reserves to reduce specific energy
consumption of existing equipment due to the intensification of technological processes.

Analysis of scientific works

Sugar beet raw juice is polyconponent system that contains almost 99% of the original
sugar and must be purified to eliminate the many other organics and minerals impurities
that accompany it, so-called non-sugar particles [1].

Carbonation is the process in which remove impurities from the sugar solution of the
sugar beet raw juice. The juice is purified using lime and carbonic acid.

Optimal purification is achieved through two stages of carbonation to avoid an
uncontrollable form of rapid that can increase in single stage carbonation, but sometimes
ccarbonation occurs in several stages. Secure pH control is necessary at each stage of the
technological process to assure greatest removal of both impurities and calcium [2].

Strict process control, particularly of pH, must be maintained to avoid loss of sucrose
in processing through its chemical hydrolysis to the unwanted sugars glucose and fructose
[3].

.An adjunction of hydrated lime slurry into sugar beet raw juice coagulates colloid
substances and precipitates non-soluble or hardly soluble substances [4].

The precipitate, called carbonation mud, contains fine crystals of CaCO; and
aggregated or adsorbed non-sugars [5].

The chemical reaction is so high-speed. The process of carbonation has next form. For
that reason, the sugar plants operate lime kilns where lime stone (calcium carbonate) is
heated to create burnt lime (calcium oxide) and carbon dioxide.

CaCOj; + heat = CaO + CO, @)
The lime is added to the sugar beet raw juice as lime milk or hydrated lime slurry. In

the process, free calcium hydroxide precipitates are formed which connect the non-sugar
particles.
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Ca0 + H,0 = Ca(OH), @)

Currently, the carbon dioxide is led into this mixture. The lime including the non-sugar
particles stably precipitates and can be separated by filtration.

Ca(OH), + CO, = CaCO3 + H,0 3)

This is the essence of carbonation. It is repeated in a second stage. Measurement of the
electrical resistance of the solution indicates the residual lime content [6,7].

The calcium carbonate precipitate, including the impurities, is now removed in a
pressure filtration stage using polypropylene filter cloth as supporting media and utilizing
the calcium carbonate as a filter aid [8].

For coagulation to occur, the medium must be alkaline and produced by the medium or
by the presence of alkalinizing agents such as calcium oxide (quick lime), calcium
hydroxide sodium hydroxide, or sodium carbonate [9, 10].

These reagents and components are modifying the potential of hydrogen of the sugar
beet raw juice.

There are many methods and processes of water treatment to obtain water and water
solutions with necessary physical and chemical parameters and properties which require for
the manufacturing.

They are including: acoustic treatment, the electromagnetic pulse effect of the low-
frequency field, cavitations processing, emitting treatment (ultraviolet, ionizing, infrared),
hydrodynamic effects.

The method of discrete-pulsed input of energy can power structural transformations in
difficult liquid systems on micro- and nanolevel and gives possibility to initiate physical
and chemical transformations in these complex systems.

The main effects of the discrete-pulsed input of energy are effects which connected
with increase of velocity of association of a continuous phase, power of pressure of shift,
cavitations, the effect of explosive boiling, collective effects in assembly of vials, crossness
of an interphase surface in gas-liquid bubbly medium, action of hydrodynamic oscillations,
alternating impulses of pressure.

A great number of mass industrial processes such as: crushing, dispersion, mixing,
emulsification, homogenization, activating, etc. are exhausted in rotary pulse apparatus of
cylindrical type.

In these types of apparatus the main effects of the discrete-pulsed input of energy are
realise.

The purpose of this scientific work is to research the impact of the application of
hydrodynamic oscillations for activation of the hydrated lime slurry using reagent-free
method of treatment in the production of sugar from sugar beets.

Materials and methods
Materials
Water, water systems, carbon dioxide and hydrated lime slurry were used for

experiments. The proportion of the hydrated lime slurry was wide-ranging by the
technological regulations of the productions sugar from the sugar beets.
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Experimental installation

The most important element of the pilot unit is a rotary pulsed apparatus in which
liquids treat by hydrodynamic oscillations [11].

Sample preparation

Water and water solutions and hydrated lime slurry were prepared using the standard
methods which described in [12]. Water, carbon dioxide and lime milk was used for
activating of the hydrated lime slurry.

Water and lime milk gave in to processing by hydrodynamic oscillations previous to
the industrial procedure of receiving of the hydrated lime slurry. Water treatment and
activating of the hydrated lime slurry was spent in rotary pulse apparatus [13].

Liquid water solutions and hydrated lime slurry were passed throughout turning
coaxial cylinders with cuts on a surface and small clearances between them, which reach
(500-100)-10°m instantaneously that permitted to spend this process by continuous
approach.

Methods

General scientific methods and special methods were used for the analyzing of the
results of research work.

The volume parametric imitation and visualization, modelling methods, math
modelling methods were used for the prognosis of the physical and chemical parameters of
the hydrated lime slurry and water solutions.

The ionometry and optical microscopy method were used for the researches.

Experimental investigations of liquid samples were carried out with using standard
laboratory measurement procedure.

For the description of physical and chemical parameters of liquid samples of water and
hydrated lime slurry which obtained throughout the experimental investigations, standard
methods described in singular literature are used [14].

The scrutiny of change of potential of hydrogen and the potential of reduction-
oxidation reaction of liquid samples of the hydrated lime slurry is carried out with use
analogue pH-meter-millivoltmeter pH-150 M with special electrodes.

For the reception related data, liquid samples of water and hydrated lime slurry were
analyzed not less than three times with the following statistical processing.

Results and discussion

The power of introductory processing of water with appliance of the hydrodynamic
oscillations for activating hydrated lime slurry in the technology of production sugar from
sugar beets was studied.

Throughout water treatment by hydrodynamic oscillations the potential of hydrogen
and reactionary ability of water, calcium oxide and carbon dioxide varies.

All through the processing of water and activating hydrated lime slurry in the
conditions of hydrodynamic oscillations characterized AP = 350 kPa near an outside
surface of an interior spinning rotor; AP = 250 kPa near an outside stator surface; AP = 150
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kPa near an interior stator surface; AP = 200 kPa near an interior surface of an outside
spinning rotor.

By the volume three-dimensional parametric imitation visualization modelling
processes, mathematical and numerical modelling was found that the value of the linear
speeds of a stream should be within 22 m/s for the first rotor and 24 m/s, for the second
rotor, Figure 1.
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Figure 1. Profile of changes linear speeds of a stream from the clearances
between coaxial cylinders

It was established that speeds of shift of a stream should be equal to 2,0-10°s for the
first rotor and 2,5-10%s™ for the second rotor Figure 2. Such values of the speeds of shift of
a stream provide intensive particle movement of the carbon dioxide in continuous phase —
water.

The value of pressure of shift of a stream must be 220Pa for the first rotor and 230Pa,
for the second rotor Figure 3.
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Figure 2. The profile of changes of speeds of shift of a stream from the clearances
between coaxial cylinders

250

200

150 \

100 \

Pressure of shift of a stream, Pa

50

0 100 200 300 400 500 600
Clearances, 10°m

—e=—1st rotor —e—2ndrotor

Figure 3. The profile of changes pressure of shift of a stream from the clearances
between coaxial cylinders
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These demanding hydrodynamic conditions give the possibility to treat water and
water solutions with the initialization of the formation of structure and intermolecular
interacting such as forming three-dimensional framework from the hydrogen bonds.

The nature and velocity of many physical and chemical processes which take place in
such water systems transforms.

Besides, the activity of the water depends from the transformations and hydrogen
bonds which can form between molecules. It is important for activation of the hydrated
lime slurry

For shipping out of process of activation of water for the carbonating process
hydrated lime slurry gave in to action during special time from 1s to 300s. The change of
pH value during the processing by hydrodynamic oscillations is shown on the Figure 4.

8,5

8,0 &

" —
7,0 ﬂ/a/

6,5
dﬂzf

60 COP—o—6—6 o O o o—o0—0

Potential of hydrogen, pH
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Duration of the treatment, s
—6— Water without processing —B— Water after processing

Figure 4. Change of potential of hydrogen during water processing by the hydrodynamic
oscillations

The potential of hydrogen is shows concentration of free ions of hydrogen in water and
water solutions and it is one of the major operational indicators of quality of water, in many
compliments describes nature of chemical and another process which take place in water
and in hydrated lime slurry.

The research studies demonstrated the increasing of the pH of the water prepared for
the technology of the activating hydrated lime slurry for the processes of juice purification
within 15%.
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The significance of the potential of reduction-oxidation reaction is depending of the
potential of hydrogen. It is the interrelated quantities of the water and hydrated lime slurry.

The potential of reduction-oxidation reaction depends from activity of oxidized form of
material.

In this research employment the results of the investigation of the change of the
potential of reduction-oxidation reaction is presented.

The decreasing of the potential of reduction-oxidation reaction of water in
technological process of liming throughout experimental treatment in rotary pulse apparatus
is shown on Figure 5.

300
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I
o

Potential of reduction-oxidation

100 =N =] g8
50
0
0 50 100 150 200 250 300 350

. . Duration of the processing, s
—o— Water without processing —B— Water after processing

Figure 5. Investigation of the potential of reduction-oxidation reaction during the experimental
water processing

A significance of reduction-oxidation reaction in the itinerary of processing with the
appliance of the hydrodynamic oscillations depends from the duration of the processing and
decreases on 25-65%.

During the activating hydrated lime slurry in the technology of production sugar from
sugar beets the great value has change of a potential of hydrogen significance to initial
value to processing.

The potential of hydrogen can greatly verify the velocity of itinerary of chemical
reactions.

Appliance of the hydrodynamic oscillations in the technology of the production of
sugar from sugar beets allow receiving the activated water and hydrated lime slurry with
the definite substantial properties and parameters, assured value of a pH.
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The alteration of physical and chemical properties and parameters of pure water and
water solutions has been established during the processing with appliance of hydrodynamic
oscillation.

It gives the possibilities to explain change of reactionary capability, outstanding to
beginning of carrying over of a ' in associated liquids such as water and water solutions
and configuration of a three-dimensional grating which formed by hydrogen bonds which
in turn influences to the structural framework and a formation.

The experimental researches of the liquid examples of water solutions and hydrated
lime slurry were carried out by research microscope system Zeiss Axio Imager Vario.

The samples were analyzed in automatic mode in straight light which passes through
the examples of water solutions of the different types of water and hydrated lime slurry.
Some of the examples were received by traditional technology and another was activated by
the hydrodynamic oscillation in which water was exposed to processing and was not
exposed to processing.

A significance of the reduction-oxidation reaction in the route of treatment in the
conditions of hydrodynamic oscillations depends on dispensation duration.

In general case was established that the decreasing of reduction-oxidation reaction
which obtained throughout processing on an extent 210s has been noted Figure 5, after that
there is not large decreasing of the reduction-oxidation reaction.

The obtained data verify, that the lowest rank of reduction-oxidation reaction was
observed in water which has been treating with application of the hydrodynamic
oscillations. The common stage of decrease of reduction-oxidation reaction in evaluation
with the initial makes 65%.

Conclusions

As a result of research, it was found that the application of hydrodynamic oscillations
for activation of the hydrated lime slurry in the technological processes of purifying juice
can greatly increase the capacity and replace the batch process for the continuous, can
greatly reduce the duration of the process of activating mode, reduce power consumption.

The experimental and analytical studies have shown that activation of the hydrated
lime slurry in rotary pulsed apparatus may be suitable for processing in food engineering
especially for production sugar from sugar beets, where hydrodynamic oscillations are
found to be a substitute to traditional tanks activating.

A complete study of experimental data showed that the use of hydrodynamic
oscillations in the treatment of water and preparation hydrated lime slurry allows obtaining
solutions with improved physical and chemical parameters.
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Introduction. The purpose of the work was to study the
mechanical composition and physical and chemical properties of
grape varieties in the Northern Black Sea Coast to determine their
feasibility in icewine production.

Materials and methods. Riesling, Rkatsiteli and Telti Kuruk,
Marselan and Moldova grape varieties for 2015-2018 in vineyards
of Shabo, Tairov and Kherson were studied on the average mass of
grape clusters, the number of berries in the cluster, the weight of
grape berries, the weight of the grape peel, the mass of pulp with
juice according to the technique prof. Prostoserdov.

Results and discussion. On average, the highest average
weight of clusters in varieties of Moldova and Marselan was
observed, the smallest — in Telti Kuruk and Riesling. After the
advent of technological maturity, the mass of clusters in all
varieties decreased from the end of October to the month of
December: an average of 0.95 times in the Shabo region, 0.92
times in the Tairov region and 0.90 times in Kherson. The greatest
differentiation in the number of berries during the warm months
+4p. and +6p. had Rkatsiteli and Telti Kuruk, respectively, the
smallest — +1p. Moldova and Marselan in Shabo. On grape
plantations in the village of Tairov and the city of Kherson, a
significant difference in the number of berries by grade was not
noted and was £1++3 pcs.

Rkatsiteli accumulated the largest amount of sugar among
other varieties, whose mass concentrations reached in December,
on average by regions, from 243-245.13 g/dm’, and the smallest
ones were in Telti Kuruk, which amounted to 179.5-182.7 g/dm’.
In the Riesling variety after heavy rainfall, the mass concentration
of sugars decreased to an average of 30 g/dm® — in the Shabo
region, to 25 g/dm’ — in the v. Tairov, and to 22 g/dm’ — in the
Kherson reglon The mass fractions of sugars of Teltl Kuruk were
smaller and in November were 180-182.7 g/dm’, than Riesling,
which had mass concentrations in the end of October in the ranges
of 199.5-201.6 g/dm’ during seasons of each year on vineyards of
Shabo. The sugar accumulation of varieties during long-term
maturing on the vine of the 3 regions during August-December of
2015-2018 were as follows: Rkatsiteli, Marselan, Moldova, Telti
Kuruk, Riesling.

Conclusions. Riesling is not able to withstand a hard time on
the vine after technological maturity, and the most suitable
varieties were Marselan, Rkatsiteli and Moldova, which meet to
the requirements that are needed for characteristic varieties for use
in technology of icewines.
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Introduction

Icewine is one of the most unique among another types of wines. Unlike all others, it is
made from frozen grapes, the berries are cooled directly on the vine. Water freezes, and
sugar and other dissolved substances remain. Due to this particular grape must is
concentrated and then it is very sweet. To make one liter, you need about 30 kg of berries.
Icewine is a special dessert wine which has the certain requirements, among which the
prominent place belongs to the agricultural climatic conditions: late maturing grape variety,
the harvest of that occurs mainly in the winter months at air temperature -7 °C.

Labor-intensive technology directly affects the release of wines, causing a high cost of
goods and serves as the main reason for a limited comprehensive analysis of icewines.
Today, Canada is the largest producer of icewine, but not the only one. It is also produced
in Germany, Austria, Croatia, Luxembourg, Slovenia, Czech Republic, Hungary and the
popularity of these unique wines is increasing every year [1].

Firstly, icewine was made from frozen Riesling. However, subsequent experiments
allowed the selection of several more varieties of grapes. Austrians prefer Gruner Veltliner,
Welschriesling and Gewlirztraminer. Canadians use Vidal Blanc [2, 3, 12]. In the New
World, icewine is produced from Merlot and Cabernet Sauvignon [2—11].

The availability of varieties to withstand adverse climatic conditions and the dynamics
of their chemical composition for further use in technology of icewines in the scientific
literature is almost absent. Only research on Canadian icewines is known from Riesling and
Vidal Blanc, where the cool climate contributes to the larger size of the production of such
wines [9-12].

The purpose of the work is to study the mechanical composition and physical and
chemical properties of grape varieties in the Northern Black Sea Coast to determine their
feasibility in the production of icewines.

Materials and methods
Materials

Experiments were carried out on white (Riesling, Rkatsiteli and Talti Kukur) and red
(Marselan and Moldova) grape varieties. The research was conducted during 2015-2018 in
vineyards of Shabo, Tairov and Kherson, part of the Northern Black Sea Coast. Conditions
of experiment on the load of formation of bushes and age were regulated in the same range.

Methods

The mechanical composition, including the average mass of grape clusters (g), the
number of berries in the cluster (pieces), the weight of grape berries (g), the weight of the
grape peel (g), the weight of pulp with juice (g) were determined according to the complex
method for evaluating grapes that expresses the ratio of mechanical and plastic elements of
bunches and berries [4], [5]. The pH was determined using the pH meter S220 (Mettler-
Toledo International Inc., Switzerland), the concentration of titrated acids (TA) according
to general method [6].
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Results and discussion
1. Mechanical composition of grape varieties

The monitoring of the mechanical composition of grapes, which has undergone
changes under the influence of meteorological factors and soil conditions in the area where
the vine grows, makes it possible to state the techno-chemical quality of the grapes before
the onset of low temperatures for the production of icewines. Parameters such as the
average weight of grape bunch (g) (AWGB), the number of berries in the cluster (pcs)
(NB), the weight of grape berries (g) (WB), the weight of the grape peel (g) (WP), the
weight of pulp with juice (g) (WPJ), are mostly significant in the study of variety suitability
in the production of sweet wines that can predict the following criteria: the output of must
from frozen grapes (%), the protection of berries by the skin from adverse conditions, the
choice of the regime of pressing and processing, the direction of grape processing in
general. The average and standard deviation of the mechanical composition of the grape
cluster for 3 years of research during August-December 2015-2018 on the studied regions
are given in Tables 1, 2.

Table 1
Indicators of mechanical composition of technical varieties of grapes in Shabo

Parameters § Grape variety
§ Riesling | Rkatsiteli | Marselan | Moldova | Telti kuruk
1.AWGB (g)| 08 | 84,7+2,08 | 166,7+£1,53 | 194,7+0,58 | 255,3+1,53 | 109,3+0,58
09 [111,7+1,53] 169,7+1,15 | 205,7+1,15 | 267,7+1,15 | 125,7+1,53
10 | 97,3x4,16 | 1653+4,73 | 212+£2,65 |265,3+4,04 | 120,7+3,06
11 162,7£4,04 | 209+436 | 264+4,0 | 1153+4,73
12 158,3+5,51 | 203,3+4,04 | 254,3+4,04 | 104,7+3,51
2.NB (pcs) | 08 | 5842 902 102+4 1461 95+1
09 7042 9242 109,0+2 1581 101£3
10 4242 88+4 115+£2 154+1 99+6
11 86+4 109+£8 152+4 9+5
12 83+4 104£12 1466 84+4

3. WB (g) 08 | 79,422 | 159,5t1,6 | 187,0£1,0 | 246,9+1,4 | 103,1+0,7
09 | 1062+1,6 | 162,5+1,1 | 197,6+0,8 | 258,9+1,1 | 119,4+13
10 | 62,0042 | 1584+47 | 204,0£3,0 | 256,7+3,8 | 114,8+3,0

11 155,844,0 | 201,144,5 | 255,6£3,9 | 109,4+4,7
12 151,8454 | 195,944,0 | 246,144,1 | 98,8434

4. WP (g) 08 | 68405 6,8+0,5 93403 9,2+0,2 72403
09 | 7,3+03 6,8+0,4 9,4+03 9,5+0,1 7,7+0,2
10 | 63407 6,9+0,5 3,8+0,2 9,0+0,2 6,9+0,3
11 6,6+0,3 8,340,2 8,7+0,1 6,4+0,2
12 6,103 7,7+03 8,140,6 6,3+03

5.WPJ(g) | 08 | 71,742,9 | 149,188 | 169,4+7,5 | 233,7+4,1 | 94,6+0,2
09 | 97,5:1,9 | 151,743,2 | 182,1=11,1 | 243,446,6 | 110,4+0,7
10 | 83,943,5 | 149.8+49 | 193,9+3.6 | 2457+48 | 106,6+3,4
11 146,944,7 | 190,845,3 | 244,645 | 101,654
12 142,7+7,2 | 184,843,1 | 236,443,7 | 87,8+7.2
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According to its biological characteristics, the highest average mass of clusters among
the varieties was observed in the varieties Moldova 265.3-277.7 g and Marselan 212-214
g, the smallest — in Telti Kuruk 104.7-109.3g and Riesling 80.0-84.7g, the Rkatsiteli
variety was distinguished by the average masses of clusters compared to other 158.3—
184.3g, regardless of region and month. After the advent of technological maturity, the
mass of clusters in all varieties decreased from the end of October to December, on average
0.95 times in the Shabo region, 0.92 times — according to Tairov, 0.90 times — in Kherson.

Table 2
Indicators of mechanical composition of technical varieties of grapes in Tairov and Kherson

Parameters | = Grape variety
H Riesling Rkatsiteli Moldova
= Tairov Kherson Tairov | Kherson | Tairov | Kherson
ILAWGB (g) | 08 | 81,740,6 | 80,043,6 | 175,3%1,5 | 181,0£1,0 | 268+1,0 | 267,7+4,5
09 |1103+1,5| 112,0£2,6 | 171%2,6 | 184,3+0,6 | 276,3%1,5 | 277,7£1,5
10 | 94,706 | 101,7+ 11,8 | 169+3,0 | 176,3£1,5 | 271,742,1 | 272,0£2.,6
11 165342 | 1693+1,2 | 268+2,6 | 267,7+2,5
12 157,7£3,8 | 159,3+£1,2 | 259,745,5 | 259,3+4,5
2.NB (pcs) | 08 60+2 59+5 96+ 3 108+ 3 149+1 156+3
09 67+2 62+3 92+ 2 111£2 166+3 166+1
10 4142 48+3 88+3 103+1 162+3 161+1
11 86+2 96+2 1572 15642
12 80+2 87+2 148+1 14742

3. WB (g) 08 | 76,4+0,5 | 74,8434 | 168,2+1,5 | 173,9+1,0 | 259,5+1,1 | 259,2+4,5

09 | 104,9+1,5 | 106,5£2,6 | 163,8+2,6 | 177,2+0,7 | 267,6£1,7 | 268,9%1,7

10 | 59,440,6 | 66,4118 | 162,0£3,0 | 169,4+1,6 | 263,0+2,3 | 263,3£2,9

11 158,542 | 162,512 | 259,642,8 | 259,3+2,6

12 151,143,8 | 152,8+3,7 | 251,545,6 | 251,1+4,6

4. WP (g) 08 | 7,10,1 6,9+0,1 74x0,1 | 7,2%0,1 | 9,6£02 | 9,302

09 7,4+0,3 7,2+0,1 7,4+0,1 7,3+0,1 9,8+0,2 9,5+0,1

10 6,8+0,4 7,1£0,1 7,0£0,3 7,1£0,1 9,6+0,1 9,6+0,1

11 6,6+0,1 6,8+0,1 9,1+0,1 9,3+0,1

12 6,1+0,1 6,4+0,3 8,7+0,2 8,8+0,1

5.WPJ(g) | 08 | 69,3£0,5 | 67,9533 | 160,814 | 166,620, | 249,9+1,0 | 249,9+4,4

09 97,5+1,6 99,3+2,6 | 156,4+2,6 | 169,8+0,8 | 257,8+1,8 | 259,4+1,6

10 | 82,6£0,4 | 893+11,8 | 155,042,7 | 162,3£1,6 | 253,4+2,3 | 253,7+2,8

11 151,944,2 | 155,7+1,3 | 250,6+2,8 | 250,0+2,5

12 145,0+3,8 | 146,4+3,9 | 242,8+5,6 | 242,4+4,6

The general reflection of the influence of precipitation on the mechanical structure of
the cluster is found in the mass of grape berries, which depended directly on the number of
berries. Thus, the greatest differentiation in the number of berries during the warm months
of the autumn +4 and+6ps had varieties of Rkatsiteli and Telti Kuruk respectively, the
smallest —+1p Moldova and Marselan in vineyards of Shabo. On grape plantations in the
village of Tairov and the city of Kherson, a significant difference in the number of berries
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by cultivars was not noted and was £1 ~+3pcs. However, in November and December all
varieties of these regions were characterized by a sharp decrease in the number of berries in
the cluster, which was reflected directly in the lower mass of the cluster, which is due to
overgrowing and the possible effect of the precipitation. Thus, the Rkatsiteli variety at the
technological maturity of the berries in the cluster was 92 pcs in the Shabo and Tairov
region and 103 g in Kherson, the weight of which was 162.5, 163.8 and 177.2 g, after the
cold months — 83, 80 and 87 pcs with the corresponding weight of 151.8, 151.1 g and 152.8
g. The weight of berries in Moldova variety decreased from 258.9 — 263.3 g to 246.1 —
251.1 g with the number of berries 166 — 146 pcs to 147 — 148 pcs, respectively, on average
over the years. Marselan and Telti Kuruk were characterized by the amount of berries in the
cluster of 115 and 101 pcs with a weight of 204 and 119.4 g, and after prolonged stay on
the vine, the number of berries was 104 and 84 pcs with a weight of 195.9 and 98.8 g.
However, from September to October, the Riesling variety lost 28, 26 and 24 berries, the
weight of which decreased by 44.2, 45.5 and 40 g, according to the regions of growing
Shabo, Tairov and Kherson.

Also, it should be noted that the direct dependence of the influence of precipitation on
the mechanical composition of the cluster reflects the stability of a certain variety of grapes
to diseases and the effects of pests.

The largest weight of the skin was noted in red grape varieties — 9.0+0.7 g and 8.8+0.5
g in Moldova in all regions and Marselan respectively. The white varieties were
characterized by the average weight of the skin, which varied from 6.0 to 7.3g in Riesling,
from 6.1 to 7.4 g in Rkatsiteli, from 6.3 to 7.7 g in Telti Kuruk. With the continuation of the
harvest period, the weight of the skin of the studied grape varieties became thinner, which
made their weight lighter, on average, 0.3, 0.96, 1.25, 1.7 and 1.4g respectively, according
to Riesling, Rkatsiteli, Moldova, Marselan and Telti Kuruk, and therefore more vulnerable
to adverse climatic factors.

Despite the fact that the rainy season recorded for September-October of all three
years, the parameters of the mechanical composition of grape varieties, Moldova and
Marselan, did not change critically at the location of the first frosts compared with other
varieties, indicating the probable first feasibility of using these varieties in icewine
technology.

The conditionality of the studied varieties according to the statistic results of the
cluster's mechanical composition during August-January 2015-2018 in the three regions is
shown in this order Moldova, Marselan, Rkatsiteli, Telti Kuruk, Riesling (from the highest
to the smallest).

2. Chemical indicators of grape quality

One of the most important factors of the suitability of a variety for the icewine
production is the rapid accumulation of the sugar content of frozen berries and their initial
concentration to freezing to determine the stages of maturation and oversaturation of this
indicator.

The dynamics of the physicochemical properties of the grapes studied by the varieties
shows that varieties accumulate sugar differently depending on the time and region of
cultivation (Table 3.1-3.3)
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Table 3.1
Dynamics of physical and chemical properties of grapes from Shabo

Parameters Month| Riesling | Rkatsiteli |Marselan| Moldova [Telti Kuruk

08 [143,53+9,5| 180,67+5,5 |195,37+4,7(187,77+0,9| 137,63+1,8

Mass concentration 09 1199,5047,1| 185,73+9,2 |197,53+1,6|195,27+0,6| 140,20+1,06
3 10 | 171,513 |192,10+10,25|223,8043,1]220,97+1,7| 160,30+£1,2

of sugars, g/dm

11 223,00+4,9 |217,83+5,6(219,57+0,9| 170,1342,7

12 243,07+4,27 |237,77+1,1(236,60+1,1| 181,00£1,7

08 | 8,47+0,25 7,70+0,1 8,20+0,06 | 8,07+0,1 | 9,00+0,17

. 09 |7,83+0,21 6,90+0,1 7,13£0,12 | 7,57+0,2 | 8,57+0,12

Mass concentration

of titrated acids, g/dm3 10 [6,70+0,17 | 6,50+0,26 | 6,27+0,12 | 6,77+0,15 | 7,00+0,10
11 6,10+£0,26 | 5,80+0,15 | 6,23+0,15 | 6,53+0,15

12 5,80+0,3 5,53+0,06 | 5,63+£0,03 | 6,03+0,06

08 ]2,69+0,02 | 2,88+0,01 |2,91+0,01 | 2,94+0,02 | 2,82+0,01

09 ]2,71+0,03 | 2,96+0,02 | 2,97+0,02 | 3,12+0,01 | 2,89+0,02

pH 10 |3,04+0,02 | 2,99+0,02 | 3,02+0,01 | 3,21+0,01 | 3,01+0,03

11 3,07£0,02 | 3,10+0,02 | 3,2440,02 | 3,12+0,01

12 3,14+0,01 | 3,14+0,02 | 3,27+0,01 | 3,14+0,01

Table 3.2

Dynamics of physical and chemical properties of grapes from Tairov

Parameters Month | Riesling | Rkatsiteli | Moldova
08 | 144,63£9,6 | 180,7+5,7 | 188,8+1,4
Mass concentration —22 200,6+7,4 | 186,3£9.4 | 196.2+1,6
3 10 172,66+13 | 193,2+10,3 | 221,9+1,7
of sugars, g/dm
11 2240451 | 220,30,5
12 244,0+4,1 | 237,5+1,5
Mass concentration 08 8,36+0,32 7,63+0,1 7,9+0,14
of 09 7,73+0,3 6,8+0,2 | 7,4+0,13
fitrated acids, 10 6,6£0,18 | 6,43+024 | 6,6+0,15
o/dm’ 11 6,03+0,23 | 6,1+0,12
12 57402 | 5,5+0,13
08 2,7240,1 | 2,85+0,01 | 2,87+0,01
09 2,74+0,01 2,94+0,02 | 3,05+0,02
pH 10 | 3,07+0,02 | 2,95+0,01 | 3,14+0,02
11 3,0840,02 | 3,17+0,01
12 3,15+0,01 | 3,2+0,02

732
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Table 3.3
Dynamics of physical and chemical properties of grapes from Kherson

Parameters Month| Riesling | Rkatsiteli | Moldova
08 | 145,749,78 | 181,7+6,4 | 189,5%1,9
09 | 201,683 | 187,7+10,2 | 197,3+1,6
10 173,314 | 19424108 | 222,9£1,5

Mass concentration
of sugars, g/dm’

11 2254457 | 211,3+1,02
12 2453+4,05 | 2384+1,9
08 8,5+0,4 7,8+0,15 8,2+0,1
Mass concentration 09 7,9£0,2 7,03+0,11 7,7+0,17
of titrated acids, 10 6,8+0,1 6,6+£0,25 6,9£0,1
3
g/dm 11 6,3:021 | 6,3+0,15
12 57¢021 | 5,7+0,13

08 2,73+£0,02 | 2,86+0,02 | 2,92+0,02
09 2,75+0,03 | 2,94+0,01 3,13+0,02

pH 10 3,05+0,02 | 2,96+0,01 3,2+0,02
11 3,140,02 | 3,24+0,01
12 3,1740,01 | 3,25+0,01

The highest concentration of sugars was observed in all studied varieties at the end of
November: in Riesling 199.5, 200.6, 201.6 g/dm®; Rkatsiteli 243.7, 244, 245.3 g/dm®; in
Moldova 236.6, 237.5, 238.4 g/dm’; Marselan 237.7 g/dm’ and Telti Kuruk 181 g/dm’ in
accordance with the regions of Shabo, Tairov and Kherson. In the red varieties of grapes,
the rate of accumulation of sugar was slower, an average of 3—5 marks less during the
months of October-November compared with white, but the mass concentration of sugar
content was significantly higher, which is due to the late degree of berry maturation (Table
3.1-3.3).

Order of the grape varieties studied according to the accumulation of sugar during long
maturation on the vine of the three regions during August-December 2015-2018 are
Rkatsiteli, Marselan, Moldova, Telti Kuruk, Riesling.

Detailed monitoring of temperatures in December—January 2015-2018 in all regions
made it possible to determine the grape harvesting time, which was frozen on the vine,
which occurred in the early hours of the morning and made the complexity of the
technological process to maintain the desired concentration of sugars — above 280 g/dm’. It
is precisely the achievement of the grapes of the specified condition that makes it possible
to direct it to the production of icewines. Riesling has not shown tendency to long-term
preservation of technological parameters on the vine during three seasons in three regions.
The dynamics of the concentration of sugars in the studied varieties was not the same
(Figures 1-3).
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Figure 1. Dynamics of sugar concentration of varieties of Rkatsiteli and Moldova depending on
the date and minus temperature in Tairov (2015-2018)
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Figure 2. Dynamics of sugar concentration of varieties of Rkatsiteli and Moldova depending on
the date and minus temperature in Kherson (2015-2018)
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Figure 3. Dynamics of concentration of sugar of grape varieties, depending on the date and
minus temperature in v. Shabo (2015-2018)

In December 2016, in the Tairov region, Rkatsiteli and Moldova had a mass
concentration of sugar 287.5 and 286.4 g/dm’, which is 4.1 and 9.3 g/dm” less than in 2015
in Shabo, although the grape harvest was carried out at the same temperature -8.5 °C. At -
7.6 °C in 2016 and -7.2 °C in 2018, the Rkatsiteli variety, frozen in the vineyards of
Kherson, showed a higher sugar content compared with the crop collected from the v.
Shabo a week later of the same years by 13.5 and 11.6% and with a temperature difference
of 0.6 and 0.5 °C respectively. The lower the temperature, the higher the accumulation of
sugar was observed in the Moldova variety, however, in Kherson was the highest mass
concentration of 322.6 g/dm’ in 2016 when the thermometer was marked -7.6 °C, when -
10°C, in 2015, and sugar content was lower —319.9 g/dm”.

Another red variety, Marselan, contained higher sugar in berries frozen on a vine
compared to Moldova, but no significant difference was noted: 1 and 2.6 g/dm® more than
2016-2017 years of harvest. The native grape variety Telti Kuruk showed the lowest
accumulation of mass concentrations of sugar among the studied varieties, which, on
average, amounted to 284.3 g/dm’ by years.

The concentration of titrated acids and pH values show a tendency with lower
temperatures, higher pH values (p<0.01, p<0.001), and the mass concentrations of titrated
acids did not differ significantly among all grape varieties (p<0.05, n/s). This fact is
explained by the distribution of constituent substances in the grape during prolonged
maturation, where sugar concentrates more and the acid content decreases, therefore, even
at low temperatures, slight increases in the parameters of this parameter are observed. Thus,
the mass concentration of titrated acids of the Rkatsiteli variety was the same and amounted
to 8.9 g/dm3 at temperatures of -7.1, -7.3, -8.9, -10.7°C in different regions, and the pH
values increased with decreasing temperatures. According to the mathematical treatment, a
similar situation was also observed in the Marselan variety, where the content of titrated
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acidity was found in the amount of 9.1-9.2 g/dm’®, and the active acidity had a growing
direction, varying in the range of 3,58-3,78. In Shabo region, the varieties of Moldova and
Telti Kuruk did not differ in terms of the values of the analyzed chemical parameters from
the collection dates of 9.2 g/dm® and pH 3.67 and 8.6 g/dm’ at pH 3,58, respectively, in
each year (Table 4).

Statistic analysis has made it possible to conclude that it is precisely the stability of
grapes to diseases and pests and biological peculiarities of grapes that significantly affect
the chemical properties of grape varieties under consideration in traditional freezing.

Table 4
Mass concentration of titrated acids and pH of grapes, 2015-2018
Harvest T. oC Rkatsiteli Moldova Marselan Telti Kuruk
’ TA | pH | TA | pH | TA | pH | TA | pH
Tairov
30.12.2015 -7,3 8,9° [ 3,62° | 8,7° | 3,48
17.12.2016 8,5 | 87 [ 357" | 9 [352°
15.01.2018 -8,9 8,9° | 3,76° | 9.2° | 3,74°
p-value n/s - " -
Kherson
31.12.2015 -10,7 8,9 | 3,73° | 9,2° | 3,67°
07.12.2016 -7,6 9 13,66 | 9,3 [ 3,54
14.01.2018 -7,2 9,1° | 3,62° | 9,3° | 3,45°
p-value * - n/s -
Shabo
20.12.2015 -8,5 8,9° | 3,62° | 9,2* [ 3,66° | 9,1* | 3,78° | 8,5° | 3,56"
15.12.2016 -7,1 8,8 | 3,57 | 9,2* | 3,67° | 9,2" | 3,58 | 8,6" | 3,58
23.01.2018 -7,7 8,8 | 3,61° [ 93° | 3,67° | 9,1° | 3,63° | 86" | 3,58"
p-value n/s * n/s n/s n/s - n/s n/s

Note:"; ™™ _ significance at p<0.05, 0.01 and 0.001 respectively; n/s value is not significant.
Values for columns with the same letter do not differ significantly.

Conclusions

The peculiarities of the change in the quality of the mechanical composition of grapes,
revealed during long maturation, made it possible to highlight the suitability of a particular
variety to withstand adverse climatic conditions in a particular area, which is one of the key
details for the production of icewines. The mass concentrations of titrated acids of all
grapes after the onset of technological maturity had a direction to decrease, and the pH
increased.

On the basis of the data presented, it can be stated that Riesling, in accordance with the
climatic conditions of the Northern Black Sea Region, is not able to withstand a hard time
on the vine after technological maturity, and therefore is not a perspective cultivar for the
production of icewines in Ukraine. The most suitable varicties were Marselan, Rkatsiteli
and Moldova, which according to their physicochemical parameters and mechanical
composition meet the requirements that are needed for the characteristic varieties for use in
technology of icewines.
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AHoTaiil
Xapuosi TexHonorii

Buxig npoMixkKHUX NPOAYKTIB Y APAHOMY MPOLECi COPTOBOIr0 MoMeJTy MieHHIi

1 o 1 2 2
€Bren Xapuenko , Auapiit [llapan’, Onena €pemeena’, Jlapuca HoBak
1 — Hayionanvnuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

2 — Vmancoruil hayionanvHuti yHigepcumem cadisnuymea, Ymanv, Ykpaina

Beryn. 3 Merooo BH3HAUY€HHsS BHXOAY IIPOMDKHUX MPOAYKTIB MOAPIOHEHHs
JIOCITIJPKEHO MPOILIEC KPYIMOYTBOPEHHS ITPU TIOMEJI MIIEHHI B COPTOBE OOPOIIHO.

Marepianu i Metonu. Ha nepmmx TppoX ApaHUX CHCTeMax BiJIOMpaHCs MPOMiXHI
MPOAYKTH TMOJPIOHEHHS IiJ| BaJbLSIMH 1 IPOCIIOBAIMCS 3 METOI0 BH3HAYCHHS DPEXUMY
poboTH, TMOTIM MPOXO0Bi (Pppaxiii MPOCiFOBaIKCS HA CUTAX 3 METOK BU3HAUCHHS BUXOIY
OKpeMHUX (pakiiii NpOAyKTiB. Pe3ympTaTH IOCTIIKCHb MOMABAIUCI SK 3aJICKHICTh
«3arajbHUI TOOYTOK — BUXIJ (ppaKIiii».

Pe3yabraTu i odroopennsi. Buxin ycix npoAykTiB moapiOHEHHs Ha TepIIii JapaHii
CHCTEMI 3aJIeKHO BiJl peXUMY IOJpIOHEHHST Ma€e HelNiHiiHUIA Xapakrep. Ha apyriit npawniii
CHCTEeMI JIIHIHHUI XapaKkTep Mae JIUIIe 3aJeKHOCTI BUXOAY NPiIOHOI KPYIKH Ta AYHCTIB, a
BUXiJl KPYIHOI Ta cepenHbOl KPYIIKU, a TaKoXX OOpoIlHa Mae HemiHiiHMKA Xxapakrtep. Ha
TpeTiii mpaHiii cucreMi (KpyIHii) BHXiJ IPOAYKTIB 3aJISKHUTh BiJl PEKUMY NOAPIOHEHHS.
Bci mpoaykTtu mozapiOHeHHs, KpiM JApiOHOI KpymKu, MaloTh HeliHiiHMN Xapakrep. Ha
TpeTiii mpaHiii cucremi (OpiOHIN) JNiHIMHI 3aJ€KHOCTI BHXOIY NPOAYKTIB MArOTh JIMIIE
JIyHCTH Ta OOPOIIHO, pelTa NPOAYKTiB MAIOTh HEJIIHIHHUNA XapakKTep.

[Tpu 30inbIIeHH] 3arabHOTO JOOYTKY MPOMDKHHX MPOAYKTIB NoApiOHeHHs Bix 29,4%
10 56,6% Ha mepuiiii ApaHiil CHCTEMI CIIOCTEPIraBcsl EKCTPEMYM BHXOIY KPYITHOI KPYIIKH
npu 40,0%. Ha apyriit npaniii cucteMi npu 301IbIIEHHI 3arajJbHOTO JOOYTKY MPOMiIKHUX
MIPOAYKTIB HoApiOHEeHHS Bix 46,5% mo 72,0% crocTepiraBes eKCTPEMYM BHXOAY CepeIHbOT
kpynku npu 60,0%. Ha Ttperiii npaniii cucremi (KpymHiH) NMpH 3arajJbHOMY OOOYTKY
MPOMDKHUX TPOAYKTiB moxapiOHenHst Big 11,9% no 40,6% crocrepiraBesi eKCTpeMyM
BUXOIy IyHCTIB ipH 35,5%. [Ipu 30inbLIeHHI 3araibHOro J00yTKY HPOMIKHUX MPOMYKTIB
noApiOHeHHsT Ha TpeTiil npaHiili cucremi (mpibHik )Bix 22,6% no 47,9% cnocrepiraBes
EKCTpEMYM BUXOMY ApiOHOT Kpymku mpHu 46,4%. OTpuUMaHi €KCTPEMYMH € ONTUMAIbHUMHU
3HAYEHHSMU BHXOJIIB IPOAYKTIB TPHOX JPAHHUX CHCTEM.

BucHoBku. 3aiexHOCTI BUXOQY OKpeMHUX (paxilii IPOAYKTIB MOAPIOHEHHS 3epHa
TIIEHUI TAI0Th 3MOTY PO3paxyBaTH KUIbKICHI OaJJaHCH COPTOBUX TIOMEIIB.

KurouoBi ciioBa: 6opoutro, noopionenns, nuenuyst, 6aivyi, MIuH, GUXIO.

3acTocyBaHHS BiIX0IiB caroBoi NaJbMH i HAHOKpeMHe3eMy i3 3014 pHCOBOI0
JIYIINUHHS SIK TIOPUIHOr0 KOMIIO3UTHOT 0 0i0OHAHOHANIOBHIOBAYA /IS Xap40BOi
IJIACTUKOBOI YIIAKOBKH

Acpiazi Macuap', Panin Koypeit®
1 — Vuisepcumem Xacanaooin, Maxaccap, Inoonesis
2 — Texnonoeiunuii ynieepcumem Kypmina, Ilepm, Aécmpanis
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Beryn. YV pesynbraTi  ce30HHOrO 300py BpPOXKAIO YTBOPIOIOTHCSA THCSYl TOHH
CLIBCHKOTOCITOAPCHKUX BiJIXOJIB, TaKUX SIK HOPOLIOK i3 pucoBoro JsymmuuHs (Oryza
sativa) (RHA) i Bimxomu caro (Metroxylon sago sp.) (SP. Lli Biaxomu MarTh BiIHOCHO
BHCOKHUI BMICT KPEMHIO W [ETIOJIO3U T4 MOXKYTh OyTH BUKOPUCTaHI SIK O10KOMIIO3UTH ISl
PO3KIIaIaHHs TUIACTHUKY.

Marepianu timeronu. Hanokpemuesem i3 RHA OyB oTprMaHUii METOIOM 30J1b-TElb,
a SP — MeToIoM KHCITOTHOTO IPOMUBaHHS. EKCriepruMeHT IpOBOJUBCS 3 IOTTOMOI'OI0 TECTY
Ha THCK IIPH 3aHYPEHi Y BOY Ta MOIVIMHAHHS TEIUIOTH 3 BUKOPUCTAHHSIM MiKPOXBHIBOBOI
neyi.

PesyabraTu i odrosopennsi. ChopMoBaHUIA 3pa30K MICTHThH 3IIUBAHHS TiOpUAHOrO
HaroBHIOBaYa 3 Matpuueio PLA (moxiMono4Hoi KHCIOTH), sKa €(PEeKTUBHO ITOKpAIlye
TBepAicTh 1 minbHICTh Y PLA (61%). Lle BusiBI€HO y MoeaHaHHI HaHOKpeMHe3eMy 3 SPW-
BookHoM 1 PLA (60:20:20). Ilpum BunpoOyBaHHI BinOyBajocs TOIJIMHAHHS BOJAX
MOM(IKOBAaHUMH 3pa3KaMH, IO CBiAYaTh PO HE3HAYHY BOJOCTIHKICTH 3 €()eKTHBHUM
CIOJIYYCHHSAM KpEeMHE3eMY: KiIbKICTh BOJIOKOH SPW 20:10. Ils xoMOiHatist Mae CKIaaHuN
Oap'ep, KM NEpenIKo/Kae MPOHUKHEHHIO MOJIEKYJIM BOJIM B MAaTpUUHY crionyky. I1in yac
BUIPOOOBYBAHHS TEIUIONPOBITHOCTI BCi MOAM(iKOBaHI O10KOMIO3UTH MaJId OUIBII BUCOKY
TemIepaTypy, Hix crangaptHa PLA, anme HecyrTreBo. MOKHa CTBEpDKYBaTH, IO e
CIPUYMHEHO KOMITO3HUIII€I0 HAHOKPEMHE3EMY, sIKa JIEMOHCTPYE YYIOBY TEILIOI30IISIIIO Ta
TIOBIJIBHY TEPMOJIECOPOIIiIO ITiJ Yac TEIUIOBOTO BILUIMBY, IO HAKOIIMYYETHCS B TMOJIIMEpHIH
MaTpHIli Ta PO3IOALISE TiABUIIEHY TEMIIEpaTypy B MO (iKOBAaHUX O10KOMITO3HUTAX, SIKILO
MOPiBHATH 3 uncToro PLA.

BucnoBku. HesBakaroum Ha Te, 0 TOTPIOHI MOJATKOBI JOCIIJXKEHHS acleKTiB
0e3IeYyHOCTi, MOXKHA BHCOKO OIIIHUTH MOXKJIMBICTH BHUKOPHCTaHHS BiJXOJIB CLIBCHKOTO
rocronapcTsa Ayt (GOPMyBaHHS €KOJOTIYHO YUCTOI YIAKOBKH JUIS TIPOAYKTIB Xap4yBaHHS
ta HanoiB. OkpiM TOro, OorpuMaHWii TiOpPUAHWHA KOMIIO3UT AAaCTh 3MOTY 3MEHIIUTH
BUKOPHCTaHHS 3BUYAHUX IIACTMAC 1 IMIHOIUIACTY SIK KOHTEWHEpa 3 TOUKH 30pY 3arajbHUX
TUTACTUYHUX (Pi3UKO-XIMIYHHX XapaKTEPUCTHK.

Knro4oBi cnoBa: nanonanosniosau, xapuosa ynaxoska, Oioniacmuk, 8ioxoou caeo,
8i0xo0u.

Bnuius ¢pepmenTaTnBHOI Moanpikanii KpoxMaJIro prcoBoro 60pouIHa HA AKICTH XJi06a
JJIS1 XBOPHUX HA HeJTiaKiio

Ipuna Menginp, Onena Illumiockka, Bikrop Jlomenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. HaykoBo  oOrpyHTOBaHO — JONUIBHICTH  3aCTOCYBaHHS — ()EpMEHTIB 3
aMIJIONITHYHOI aKTHBHICTIO [Tl MoauQikallii BYTIIeBOAHOrO CKIaAy pPUCOBOTO OOPOIITHA 3
METOIO TIOKpAIIEHHS AKOCTi OS3TITIOTCHOBOTO XJIi0a.

Marepianu i meTomu. Kpoxmaip pucoBoro OopoliHa TiIpoii3yBain 3a JIOMOMOIO0
JIBOX aMmina3, a caMme: TpUOHOI O-aMilia3u Ta TIIOKOaMija3u. 3aralibHy KiJIbKICTh IIYKpiB
BU3HAYAIH HOTOMETPUYHHUM METOJOM. BMICT MEKCTpUHIB BU3HAYAIM 3a iX 3IATHICTIO
0Ca/KYBATUCS TPHU PI3HUX KOHLEHTPALisiX ETWIOBOrO CHHUPTY B po3umHi. llepedir
MIKpOOIOJIOTIYHMX TPOIECIB Yy TICTI MAOCTIKYBaJM 3a HOro Ta30yTBOPIOBAJIHHOIO
3JIATHICTIO BOJIOMOMETPUYHHUM METOZIOM 1 3arajbHOI0 KUCIOTHICTIO METOJJOM TUTPYBaHHSI.

Pesyabratu i o0roBopennsi. Buxopucrtanus o-aminasum B kinbkocti 0,005% Ta
rimokoaminasu — 0,03% no macu pricoBoro 6OpoOIIHA MPU3BOAUTH J0 HAKOIMYEHHS IIYKpiB

—— Ukrainian Food Journal. 2017. Volume 6. Issue 4

739



——Abstracts —

B KimbKoCTi 5,5-6%, siki HeoOXimHi ans iHTeHcudikamii mepebiry MikpoOiomoriyHux
MPOLIECIiB Y TicTi. 3 METOI0 IMPOBEAEHHS OLTBII TMOBHOTO TiAPOINI3Yy KPOXMAIO JOLLIEHO
roryBatu HamiBaOpukar-rigpomizat 3 50% pucoBoro OoporiHa BiJ HOro peunentypHoi
KUIBKOCTI BOJIOTIiCTIO 65% 3 TOMANbIIMM 3aMilllyBaHHSIM TicTa Ha Horo ocHoBi. Jlus
HAKOIHMYEHHS MOHO- Ta AWIYKPHIIB Yy KIJIBKOCTI, SKa € ONTHMAJbHOI ISl aKTHBHOI
KHUTTEMISIBHOCTI IPIXIDKIB 1 MOKpAIeHHsI Ta30yTBOPEHHS B TICTi, TPUBAJICTh TiIpOJi3y
KPOXMAJTIO PUCOBOT0 OOpPOIIHA IIPY IPUTOTYBaHHI HariB(haOpHUKaTy-TiIpoii3aTy CTAHOBHUTh
2 rox.

[MponykTu rifponizy KpOXMajio pHCOBOTO OOpOIIHA, YTBOPEHI BHACIIJOK HOro
(depMenTaTUBHOI Moau(dikaIlii 0-aMila300 Ta TIJIIOKOAMIA30f0, a caMe. MOHO- Ta
TUIYKPUIY, IHTCHCU(IKYIOTh MpOIleC OpOIIHHA TiCTa, MPO IO CBIAYUTH 3OLIBIICHHS
kimekocti BuaiieHoro CO, Ha 57,8% Ta kucnotHocti Ha 0,6 Tpam MOpIBHAHO i3
KOHTPOJIbHUM 3pa3KOM, BHACJI/IOK YOI'0 FOTOBI BUPOOU XapaKTEPHU3YIOTHCS MOKPAICHUMHU
CTPYKTYPHO-MEXaHIYHUMH TMOKa3HUKaMH SKOCTi. ITiABHINEHHS KIIBKOCTI JEKCTPUHIB Y
TICTI BIUIMBAaE Ha YIIOBUIBHEHHS IIPOIECY peTporpajaiii KpoxMair Ipu 30epiraHHi
TOTOBHX BHPOOIB.

BucnoBku. IlpoBeneHHs TiIpoiizy KpOXMali0 PHCOBOrO OOpOIIHA 3a JOIMOMOTOI0
aMUTOMITHYHUX (PEepMEHTIB NMpH NPUrOTYBaHHI XJIi0a IUIS XBOPHX Ha LEJiakilo CHpuse
inTeHcHu(ikamii MiKpoOiOJIOTIYHUX IPOILECIB Yy TiCTi, MOKPAIIEHHIO IMOKAa3HHKIB SIKOCTI
TOTOBHMX BHPOOIB TIIIOJIOBXKEHHIO TEPMiHY 30epiraHHs HUIMHU CBIXKOCT!I.

KurouoBi cioBa: yeniaxis, xi6, 2iopoiis, KpoXmans, a-amiiasa, 2uioKoamiiasd.

MopnesroBanHA e(peKTUBHOCTI Npouecy MikpodiasTpanii mix yac noM’ siKIIEHHS,
NoJIiNIIeHHs BUJAJTEHHS] HEYKPIB i YMCTOTH YKPOBOT0 OYPSIKOBOI0 COKY

Ilamim Iaxpiapi', Baxix Xaximsaze', Mocrada Illaxizi*
1 — Ichamcewruti aziamcoxuti ynisepcumem, Kyuan, Ipan.
2 — Hayrxoo-0ocnionuil incmumym xapuoeoi Hayku i mexwixu, Meuixeo, Ipan

Beryn. Meroto JocmijpkeHHs € BU3HA4YeHHs Halkpamol KoHgirypauii IITyqHOi
HeiiponHoi Mepesxi. PozpoGrneno pisHi Mepexi 3 Homepamu HeifpomiB Bim 2 mo 20. Ix
cepeqHl KBaApaTWYHI TOMWIKHM, KBaJpaTHYHI HOPMAJi30BaHi IOXHOKH, aOCONIOTHI
MOXUOKHM Ta KOe]ili€HTH KOpEeJAIii JOCTIDKYBAJIUCh IS PI3HUX NpaBHJI HaBYaHHS Ta
¢byHKIIH nepenayi.

Marepianu i MeTonu. MojenoBaiy MOTEHINAT MIKpO(UIbTpaIiiiHOro mpomecy 3i
3MEHILEHHSIM TBEPIOCTI, NOJIMIIEHHSIM YHCTOTH Ta BiJIMOBOIO BiJI I[yKPOBOTO OYPSIKOBOTO
COKY IITYYHOIO HelipoHHOI0 Mepexeto (ANN), 3 Takum napamerpamu: Temreparypa (30 Ta
60 °C) tpancmemOpannuii tuck (1, 1,75 1 2,5 6ap) 1 yac (3BUUaiiHI 4acoBi iHTEpBaNIU BiX
1 o 60 xBunuH). MonemoBanHss ANN npoBoIuiIocs: 3a TOIOMOTOI0 IIPOPaMHOTO MakKeTa
Neurosolution software v6 s BH3Ha4YeHHS HaWKpalloro THIY TPAaHCIIOPTHOI (YHKII,
MPaBWJI TEPEBIPKM Ta MPHUKIATHUX BIJCOTKIB Ui CTaluidi HaBUaHHSA, Bamimamii u
TECTyBaHHSL.

Pesyabratn i ofroBopennsi. Haiikpamoro Oyna HeWpoHHa Mepexa 3 OJHHUM
MPUXOBaHUM IIapoM 3a MeTonoM JleBenOepra 3 (yHKII€IO JOTUYHOI Tepenadyi, sika
BKIItouana 8 HeiponiB. lle mano 3Mory JOCsIrTH MakCHMaJIbHOTO KoedillieHTa KOpessii
JUIS TBEPJIOCTI BIATIOBITHO 10 TEMIIEpaTypH, TUCKY Ta dacy. HelipoHHa Mepexka 3 OfHHM
MPUXOBaHUM IIAPOM, y TOMY 4Yucii 4 HeHpoHaMH 13 CHI'MOIIHOIO IepelaBaIbHOI0
¢yHK1ieto 3a MerogoM JleBeHOepra, Majia HalMEHITY MOMUJIKY 1 HAaHOUIBITY T ISt 3MiHK
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yucToTH. HelipoHHa Mepeka 3 OJJHMM NPHXOBAaHHM IIApOM, SKa BKJIIOYAa 2 HEHPOHH 3a
MeToaoM JleBeHOepra Ta GyHKILIO Tiepenadi JOTUYHOI TOMIIIKY, MaJia HAMHIKYY TTOXHOKY
Ta HAMBHIILY KOPEJALIIO JUIsl BiZICOTKA BiIMOBH BiJl IIyKpy. MozearoBaHHs POBOIMIOCH 13
PI3HUMH BiJICOTKaAMHM JaHUX IJIs HaB4YaHHs. Halikpaia KopeJsilisi IpOrHO3yBaHHS 3a BCiMa
napamerpamu (MyTHICTb, YACTOTA, HENPUEJHAHHS IYKPY) OTpHMaHa 3a yMoBH, koiu 60%
JIAHUX BHKOPHCTOBYBAJMCH ISl HaBYaHHS, 35% 3 HHUX — il mepeBipku Ta 5% — mis
TecTyBaHHS. TakoXX OTpUMaHO KOPEJSIiI0 eKCIIEPUMEHTAIbHUX JaHUX 3 MPOrHO30BAaHUMHU
3HAYEHHSMHU MOJeNi. 3TiJHO 3 oTpuMaHuMu MojesiMu, ANN ojepkaB AaHi 3 HAJIEKHOIO
KOPEJIALIEI0 3 eKCIIEPUMEHTAIFHIMH JJaHUMHU TBEPJOCTI, YUCTOTH Ta HENPUETHAHHS IYKPY
3 BimnoBigHUMHU KoeditieHTamu kopessmii 0,987, 0,980 ta 0,981. Po3risHyno 4yTIUBiCTh
MOJETl N0 BXITHMX JaHuX. Halikpamoro MOJEUTI0 YYTJIMBOCTI € MOAeNb JUIs
MIPOTHO3yBaHHS MYTHOCTI, YUCTOTH Ta BiIMOBH BiJ| IlyKpY, HE IIOB's3aHa 3 YaCOM.

BucnoBok. HaiikpamnyM npaBuiioM Mepexi Ui MPOTHO3YBaHHS TBEPOCTi, YACTOTH
Ta BiIMOBH Bij IyKpy € npaBuiio JleBenOepra. Mozesb ciporHo3yBaa TBEPIICTh, YUCTOTY
Ta BiZICOTOK BiIMOBH BiJI IlyKPY 32 Pi3HUMHU ONEpaliiiHUIMH MOJIENISIMH, OCKIJIBKH MOJIEIIbHI
JlaHi IEMOHCTPYBAJIM BUCOKY KOPEJISIIIO 3 EKCIIEPUMEHTAIbHUMH JaHUMU.

KurouoBi cinoBa: yyxop, Oypsx, mikpoginempayis, Hetiponna mepedica, Jlesenbepe,
manzemc.

@yHKIiOHATBbHI NPOAYKTH i penapaTi B CUCTEMHIill KOHLIenuii 310poB’s

Lo 2 1
Muxkona Ocetiko ', Bacuns [llepunk”, TerssHa PomaHoBchka
1 — Hayionanvnuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina
2 — Yepniciecvra obnacna Kiiniuna nikapms, Yepnicie, Yrpaina

Beryn. IlpoBeseHi aHamiTW4HI W eKCHEpHUMEHTANbHI JOCHIIKEHHS 3 HayKOBOTO
oOrpyHTYBaHHSI (DYHKIIOHAJILHUX TPOJYKTIB 1 MpenapariB y HOBI CHCTEMHIH KOHLEIT
3JI0pOB'A.

Marepiann i meromu. JlocmipkyBaauch HEHAacHY€HI IKHPHI KHCIIOTH, pOJIb
XOJIGCTCpUHY, CHUCTEMHA KOHIICMIliS 370pOB’s, COHAIIHMKOBA 1 JUIAHA OJii, OJNIKHI
KOMITO3HIIT 1 MPOJYKTH, aHTHOKUCIIOBaJIbHI TpenapaTd. KiHeTHKYy OKMCHEHHS OJiii mpu
TeMIepaTypHiii 00poOIli XapaKTepU3yBadl CEPEIHBOIO IIBUAKICTIO 3MIiHH iX MOKAa3HHKIB
(MepoKCUAHUX 1 KUCIOTHHX uwucen). [l OWIHKM JIETKMX CIIONyK BHUKOPHCTaHO
xpomatorpadidHuii MeToI.

Pe3ynbraTi i 00roBopeHHs. 3a pe3yabTaTaMu JOCIIDKESHHS POJIi MOJiHEHACHUCHUX
KHPHUX KHCJIOT OMera-3 Ta oMera-6 y poCIMHHHX OJisiX i (PYyHKIIOHAIBHUX MPOAYKTaX, a
TAaKOX MpPOOJIEMH XOJNECTepUHY B aKTUBHIH KHUTTEMISIIBHOCTI Ta 310pOB'T Jrozei pi3HUX
BIKOBHX TpyIl 3allpollOHOBaHAa CHCTEMa KOMIUTOGKCHOI Teparii iHIWBiJyaIbHOT'O
o3noposienHs Jonei (KTIOL), ska monsirae B iHTErpoBaHOMY BHOOpI YMHHHUKIB B
IHAWBIAYaIbHIA NPOQITAKTHIN, JTIKyBaHHI Ta peabimiTamii.

IIpenapar KTIOL-BF (1%) 3HIKYye cepemHiO MIBHIKICTh OKUCHEHHS COHSIITHHUKOBOI
omii mpu 150 °C (3 ron) y12,2 pa3sa, npu 200 °C (6 ron) y 13,6 pa3a, cepenHs KHCIOTHICTh
omii 3HMWKyeThcs B 9 1 2,2 pa3a BIANOBiAHO. 3a aHAJIOTIYHUX YMOB CepelmHs LIBHIKICTh
OKHCHEHHSI JIbHSIHOI omii 3MeHInyetbes B 1,4 ta 1,5 pasa BimnoBigHo. KucnorHicts omii
MIPAKTHYHO HE 3HIKYEThC. COHSIIIHUKOBO-TbHIHA ofifiHa kommo3uilis KTIOL-LS2 3 1%
KTIOL-BF npu 20-25 °C 306epiraerbcs 6 micsiB. 3a KOMIIOHEHTHUM CKJIaJIOM MaioHe3
0e3 XOJIECTEpHUHY 1 JIAKTO3W Ha OCHOBI Li€T OJIiT BIIHOCUTHCS A0 JIETUYHOI TPYIIH.
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Ha ocHoBi ananizy razoxpomarorpadiyaux mpodineir omiitnoi kommnosuuii KTIOJI-
JIC2 BHCNOBIIEHO TiNOTE3Y 100 MOKJIMBOTO 3MEHIIEHHS KIJIKOCTI JIETKHX CHOJIYK Y Hif
SIK 32 PaXyHOK CKJIaJly OJIii, TaK 1 32 paXyHOK B3a€MOJIii OKpEMUX JIETKHX 1HIPEIIEHTIB.

BucnoBku. CriemianbHi NPOXYKTH HAa OCHOBI COHSIIHUKOBO-JIBHSHOT KOMIT3HIIT
KTIOL-LS2 mnokpamiyroTe (i3i0oNOriYHUi CTaH JIoed pIi3HUX BIKOBHX TPyl MpH
BUHHUKHEHHI BIKO3aJISKHHX 1 CYITYTHIX MaTOJOTIH.

KarouoBi ciioBa: npodykmu, npenapamu, cucmema, KoHyenyisi, 300pog's.

TepmiuHi, CTPYKTYPHi i 3B’3yBaJIbHI BJIaCTHBOCTI Opa3MiIbCbKOro iMOMpHOro
(Zingiber officinale Roscoe) kpoxmaJiio

Pomxep Canrana Kyk, JIykac Enpike Baiira,
Kpicrina Contoscki ne Omiseiipa, Kamina [emincki ber,
Jlyic I'ycraso Jlazepaa, Eron HiTIep
Hepoicasnuti ynisepcumem Ilonma I’ pocca, Ilonma I'pocca, bpazunis

Beryn. Herpamumiiini jpkepena KpoXMajiio — MiKaBi IIPOMHUCIIOBI ajbTEpHATHUBH,
KOXKHa 3 SIKHX Ma€ IeBHi BiaacTHBOCTI. JlocmimkeHo TepMiuHi, MOPQOIOTiuHi, CTPYKTYpHI
Ta 3B’ S3YBaJIbHI XapaKTEPHUCTHKH KPOXMAIIIO IMOUpYy.

Martepianu i meToan. IMOupHUIA KpoxMaslb OYB €KCTparoBaHUi BOJHUM IPOLECOM, a
HOro XapakTepUCTHKH BHM3HAYAJHCS TEPMOTPaBIMETPIEIO/TIOXITHOI0 TEpMOIpaBIMETpIETO,
IudepeHIiaJbHOI0  CKaHYBaJIbHOIO KAJIOPHMETPilo, MIBUAKUM BicKoaMijorpadiyHum
aHATI30M, CKaHYBAJILHOI CJICKTPOHHOI MIKPOCKOIMIEI 1 PEHTTEHIBCHKOIO IOPOIIKOBOIO
TU(pPaKTOMETPIENO.

PesyabraTtu i odroBopenHsi. J[Jsi 3pa3kiB KpOXMaJr0 OyJIO BHSBIEHO aHAJIOTIUHY
TEPMOCTIHKICTh 1 TPH BTPaTH Macu. BUSABJICHO OLIBII BHUCOKI TEMIIEPATypH IMEPEXOAy Ta
SHTAJIBIII0 JKENaTHHI3aIil Ui KOMEpLIHHOro 3paska, sSKuii OyB MNOB'A3aHUHA 3 OUIBII
JIOBT'MMH aMUIONEKTHHOBUMH JIAHIIOTAMHU 3aBJSKU KpHcTaimiyHocTi B-tumy. Kpoxmais,
orpuMmanuii i3 "comoxkoro" iMOHMpY, TOKa3aB HaWBHUILY IIKOBY 1 KIHIEBY B'SI3KiCTb,
NOB's13aHy 3 HAMEHIIOK TEMIIEPaTypOIO JKeJaTHHi3alii, M0 € IIKaBUM pe3yIbTaToM JJIs
Xap4oBHX TEXHOJIOTiH, Ha A0/Aa4y IO HU3BKOI eHeprii, HeoOXiqHOi IS >KeNaTHHi3alil.
EnincoinansHa ¢opma i TPIIMHU Ha MOBEPXHI I'paHysl HiBEJIIOBAIUCS MIKPOCKOIIEIO, a
JiaMeTp TpaHyil KOMEpUiiHKUX 3pa3kiB OyB HaiiMeHmNM. J(udpakiist THITY A OTpUMaHa JuIs
kpoxmaiiB "Comonxuii" 1 "®opre", Toxi K KOMEpUiiHUN KpoXMmallb OyB IpeICTaBICHHN
noBepxHero Turmy B. Haii0Oinplory BiTHOCHY KPHCTaNIYHICTh BHSBJICHO B 1MOHPHOTO
kpoxmaito "dopte".

BucnoBku. KomepiiiHi 3pa3ku KpOXMali0 TMOPIBHSAHO 3 BiJIOMUMH pPi3HOBUIAMH
MalOTh IHII XapaKTepUCTUKH. BusiBIeHI IliKkaBli BIACTHBOCTI, IO MiAKPECITIOIOThH
PI3HOMAaHITHICTD «COJIOJIKOTOY» IMOHPY.

KirouoBi ciioBa: kpoxmans, imbup, namoymeopenHs, HeelamuHizayis.

Mexanizm TpaHcdopManii NpPoToHIB y npoueci CTBOPEHHsSI BOAHO-CIIUPTOBUX cyMimeii

Oner Ky3bpMiH
Hayionanvnuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Meroro ny6iikallii € BUBUEHHsS MeXaHi3MiB TpaHC(opMallii MPOTOHIB €TaHOIY
(ctiupty etmnoBoro pekrugikoBanoro — CEP) i Bomu (Boau MHUTHOI) B MpOIIECi CTBOPEHHS
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BOHO-CIIUPTOBHX cywmirreit (BCC) 3a momomororo 'H SIMP criektpockorii.

Marepianu i meroan. 'H JMP auanis npoBoauscs 3 Bukopuctanuam: Dyp’e-JMP-
cnekrpomerpa Bruker Avance II — 400 MI'n; cnemianbHOro Kamiispa 3 aneToHOM-dg
(aromHa yactka neirepito — 99,88%; XimiunHmit 3cyB 0=2,75 ppm); ammyn Ne507-HP
BHCOKOro po3aiieHHs; nozaropa; CEP; Bonu nutHoi; BCC i3 CEP i mutHOi Bou.

Mertonrka BHKOHAHHS: 3a JOMOMOrOK MipHOI mimerku roryeBamud 0,3 mu BCC i3
3amanoro MimHicTio (40,0 £ 0,2) %00. HeoOximuuii mms pobotu cucremu LOCK'a —
nerrepieBii cradimizanii IMP cnekrpomerpa aeiiTepopo3urMHHUK (a1ieToH-dg) — 30BHINIHIH
CTaHAapT, KU BIAOKpEMIICHHH BiJ AOCIIIKYBAaHOI PEYOBHUHU, BHOCHIHM A0 aMIIyJd B
Kaminspi creriansHoi (popmu; 3amuc crektpis 'H SMP i 00po6Ky IaHHX HPOBOIMIH
BIJIMOBITHO J0O IHCTPYKIIiI, 0 momaeThes 1o Dyp’e-SIMP-cniektpomerpa Bruker Avance 11
(400 MI'm).

PesyabraTtu i 00roBopeHHs. BcTaHOBIIEGHI NMPHHIMIIOBO HOBI KOHIIEMINI B mporeci
crBopenHst BCC, ski OesmocepenHpo 3anexarb Bin yacy kontakty CEP 3 Bomoro. Sk
pe3ynbTar, MiATBEP/XKEHO HAsBHICTh CKJIAJHOTO JIMHAMIYHOI'O MPOLECY JOCSATHEHHS
piBHOBaru AAM i3 3acrocyBaHHsM nuTHOI Boau 3 pH=7,01 ta CEP. V Toii e wac pH
orpumanoro AAM — 8,32. V nepiui 48 roj npu NOCTiHHIA KOHIEHTpaIil CliupTy (MIlHICTh
BCC - 39,94 %o00) i tepmocraryBanni cucremu (t=23,5 °C), MWBHUIKICTb OOMiHY
T1IPOKCHIIBHOTO TIPOTOHY eraHony (FEtOH) 3HaxoauTbcs B IPOMDKHIA obOnacti, 3
MOXITUBICTIO PO3/IIILHOTO CIIOCTEpeKeHHs1 CHrHamiB. B inTepBani Big =48 mo 120 rox 3a
PaxyHOK TiepeOyIOBU CTPYKTYPH CHUCTEMH IIPOTOHHUH OOMIH TNPHCKOPIOETHCS 1,
nounHatroud 3 120 rop, crmocCTepiraeTbCsi TIIBKM OIWH 3arallbHUH CUTHAN DPYXJIUBHX
MPOTOHIB HecuMeTpu4Hoi (opmu. BenmuumHa XiMIYHOTO 3CYBY CYMapHOTO CHUTHAIly
Orion+t20=4,74 ppm (=120 rom.) MOYUHAE MOCTYIIOBO 3POCTATH 1 MEPEXOIUTH B «CIa0KIIIT
TIOJISD» 10 BETTMYUHU O op+120—=4,81 ppm (=312 ropn).

BucHoBkH. 3aBAsKu JOCTIKEHHIO BH3HAa4eHO (pyHIaMEHTaIbHO HOBI OCOOJIHMBOCTI
nporecy cteoperHs BCC, ski 3ayiexath BiJ yacy KOHTakTy mutHoi Boau i CEP.

K:mio4oBi coBa: emanon, 60da, cymiw, ' H AMP, cmabinizayis.

OnTumizanis po6o4yux napaMeTpiB HAAKPUTUYHOI BYIJIEKHCJIOTHOI eKCTPaKIil
JiKONeHy 3 BiAX0AiB MPOMMCIOBOr0 TOMATY
Onbra Maranaries
Hayxoso-npaxmuunuil incmumym cadieHuymea ma xapyosux mexuonoeii, Monoosa

Beryn. TomatHi Bigxoam MOXYTh OyTH BHKOpPHCTaHI SIK BTOPHMHHA CHPOBUHHU JUIS
ofiep)KaHHs JIIMOPO3YMHHUX eKCTpakTiB. JlikomeH, Oyaydu NinopinbHUM 3'€JHAaHHAM 3
QHTHOKCUJIAHTHUMH BIIACTHBOCTSIMH, III0 BUSIBJIIEHE B TOMAaTax, MOXKe OyTH eKCTparoBaHHU
13 3aCTOCYBaHHIM HaJKPUKPUTHYHOTO JIOKCHYy BYIJIENIO 3 BiAXOIB, OTPUMAaHUX ITijl 4ac
MIPOMHCIIOBOI MEPEPOOKH TOMATIB.

Marepianu i meTonu. ToMaTHI BiIXOIH, OTPUMAHI IIiJ] YaC BUPOOHHIITBA TOMATHOTO
coky, Oymu 3i0pani Ha ¢abpumi AO «Opxei-Bit», m. Opxeii, Pecniyomika Mommosa.
BukopucroBytour TNOBHHMH (aKTOPHHH OpPTOrOHAJIBHUI METON EKCIIEPUMEHTAIbHOTO
MPOEKTYBaHHS, CTBOPEHO MATPHII0 IUIAHYBAaHHS B peajbHUX 3MIHHUX. Y pe3ynbTari
OTPUMAHO 15 pekMMIB €KCTPAKINi IIIIXOM 3MiHM MapaMeTpiB: Temmeparypa (36—73 °C),
tuck (18-42 MIla) i yac (24-96 xB). BmicT JlikoreHy BU3HA4aBCsl CIEKTPOPOTOMETPUIHIM
METOJIOM 32 JIOBXHMHH XBHJI1 502 HM.

Pesyabratn i o0roBopuennsi. [lepBUHHO TOMaTHI BiJXOAM BUCYIIYBAJIHCh (BiX
noyatkoBoro Bmicty Bojorocti 80,0% mo kiHueBoro 6,5%). 11100 3011bIINTH KOHTAKTHY
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MMOBEPXHIO 3 MIOKCHIOM BYIJICIFO, TOMaTHI Bimxomu Oymu mozapioneni. 3pasku CO,-
€KCTPaKTiB 13 TOMAaTHUX BIJXOIIB OTPUMAHO 3a pI3HUX MapaMeTpiB eKCTpakiii B
nabopatopHux ymoBax. KoHIeHTpalito JiikoneHy npuiiManu 3a Buxiguuii ¢akrtop. Bymo
BCTaHOBJIEHO OCTAaTOYHY ()OPMY PIBHSHHS perpecii Apyroro mopsiaky, IO XapakTepusye
nporiec CO’-ekcTpakiii JHKONEHy B KHPOPO3UHHHIN (pakiii 3 TOMATHHX BiIXOJIB.
PiBusiHHST perpecii maino 3MOr'y ONTHUMI3yBaTH pe3ylbTaT, BUKOPHUCTOBYIOUHM METOJ
TPaJIiEHTHOTO TOTJMHAHHA. TakuM 4YHHOM OYyJIO BH3HAY€HO ONTHUMAJbHI IapaMeTpH
eKCTpaklii OloakTMBHOrO 3'€HaHHA — JiKomeHy. ['padiyHo mnpencraBieHa misHKA
MTOBEPXHI PEaKIlii OMUCYEThCS MOJIHOMOM JPYrOro CTYIEHS, IO XapaKTEpU3Ye IMPOIEC
CO,-ekcTpakuii JKONEHYy 3 BIJXONIB TOMAaTiB 3a IIOCTIHHUX MapaMeTpiB: THUCKY,
TEMIIEpaTypH 1 4acy.

BucnoBku. CO,-eKCTpaKTH 3 TOMAaTHUX BiAXOAIB OaraTi Ha JIIKOMEH 3 KOHLEHTPAL€I0
Bix 10,8 10 47,1 mr/100 r. OnTUMaJbHUME HTapaMeTpaMK SKCTPAKIIiT JTIKOMEHY 3 BiIXOJiB
ToMmaTiB € remneparypa 60—75 °C, Tuck 33—42 MIla i yac ekcrparyBaHHs 62—68 xB.

Koaroudogi ciioBa: Tomar, Binxoau, cynepkputadauii, CO,-eKCTpakilis, JITOKeH.

3acTocyBaHHA TiApOAMHAMIYHMX OCHWIALIN 115 poLecy aKTUBALII BANIHIHOT O
MOJIOKA

Ipuna JlyooBkiHa
Tuemumym mexniunoi mennoghizuxu Hayionanvroi akaoemii nayx Yrpainu,
Kuis, Yxpaina

Beryn. [IlpencraBieHo MOCHIKEHHS BIUIMBY 3aCTOCYBAaHHS —TiJIpOAWHAMIYHHX
OCUWIALINA JUIS TIpolLleCy aKTHBalii BalHSHOTO MOJIOKa IPpU BHPOOHUITBI IIYKpY 3
LYKPOBUX OYPSIKiB.

Martepianu i metoan. Ilin yac mociiKeHb BHKOPHUCTOBYBAIIUCH 3aralbHOHAYKOBI
METOIM, CHeliaJbHi METOOH, TpPUBHMIpHE 00’€MHE IapamMeTpuuHe iMiTamiiiHe
MOJICTIOBaHHS Ta Bi3yai3allisi, MaTeMaTu4yHe MOJEIIOBAHHS, YHCEIbHUH EKCIIEPUMEHT,
OIITHYHA MIKPOCKOIIisl, METOI TIOTEHI[IOMETPUYHUX BUMIPIOBAaHb, & CaMe: I0HOMETPIsl.

PesyabraTu i odroBopennsi. B pe3ynpTaTi KOMIUIEKCHUX aHAJITUYHHUX JOCIHIKEHb
BH3HAYEHO NUIIXM YJOCKOHAJIEHHS IIPOLECy BamHyBaHHS JIU(DY31HHOrO COKY mijJ dYac
BHPOOHUIITBA IYKPY.

3acTocyBaHHS TiIPOAMHAMIYHMX OCHWISIIN JJIsi TpOLecy aKTHBalil BaITHSIHOTO
MOJIOKA [P BUPOOHUIITBI IYKPY 3 IIYKPOBUX OYPSIKIB € HA3BUUYAHHO TEPCIIEKTHBHIM.

Bcranosieno, mo st 3abe3nedeHHs iHTeHCU]iKanii MacOOOMIHHMX HPOLECIB, sIKi
BiOYBAIOTHCS MK BaITHOM 1 BOJIOIO TiJl Yac aKTHBAl[i BalHSHOTO MOJIOKA, a TaKOX
00poOJieHHS BOJHHMX pO3YHMHIB 3 METOI 3MiHM (i3MKO-XIMIYHUX MapaMeTpiB Ta
IHII[IIOBaHHS CTPYKTYPHUX NEPETBOPEHb B HHX, BENWYMHA JIHIKHOI IIBUIKOCTI MOTOKY
MMOBHHHA CTAHOBHUTHU OJU3BKO 22M/C I TEPIIOro poTopa 1 OJM3bKO 24M/C IS JPyroro
potopa.

[Tix yac excriepUMEHTaIBHUX AOCIIIXKEHb BCTAHOBJIEHO 3MiHY BOJHEBOTO ITOKa3HHUKA
BOJIM IIrOTOBJIEHOI 32 TEXHOJNOTIEI0 ISl TIPOIecy aKTUBamlii, 3 BHKOPHCTAHHIM
TiIPOIMHAMIYHUX OCHWJISIIH, TPH MPOBEACHHI aKTHBAIil BAalTHSIHOI'O MOJOKA, B HpoOIEci
OYUINECHHs TU(Y31HHOTO COKY, IO CTAHOBUTH 15%.

3HIWKCHHS BEJIUYMHU OKHMCHO-BIIHOBHOI'O MOTEHIIANY ITiJ] Yac oOpOoOJieHHS BOIU Ta
BOJHHMX pO3YMHIB JIOCSATa€ MAaKCUMaJbHOTO 3HA4YEeHHS IIpU TPUBAIOCTI IPOIECY
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00pobnenns — 210c¢, mpu MOJANBIIOMY OOpOOJICHHI 3HAYHUX 3MiH OKHCHO-BiJIHOBHOTO
MIOTEHIiaTy He BiOyBaEThCSL.

Haii0ipiioro 3HMWKCHHS BEIHYHMHA OKHCHO-BIIHOBHOI'O ITOTCHINANY CATa€ IIiJ Jac
00pOOJICHHS 13 3aCTOCYBaHHAM T'iIPOAMHAMIYHUAX OCHUJIALIN 1 CTAHOBUTH 65% TOPIBHIHO
3 MOYATKOBUM 3HAYCHHSIM.

BucHoBKkH. 3acTOCyBaHHS TiAPOJUHAMIUHUX OCIWIAIIN I aKTHBAIi BaIHSIHOT'O
MOJIOKa B TE€XHOJIOTIYHOMY IIPOLIECI OYMIICHHS AU(PY3IHHOTO COKY MOXKE 3HAYHOI MipOHO
MiBUIIUTA  TNPOAYKTUBHICTh, 3aMIHUTH TEPIOAWYHHMIA Tpolec OOpOOJCHHA Ha
Oe3nepepBHUM, CKOPOTHTH TPUBAJIICTh NPOIIECY aKTHBAIIi{, 3MECHIITUTA BUTPATH BAITHIHOT'O
MOJIOKA, 3HU3UTU CHEPTOBUTPATH.

KurouoBi ciioBa: 600a, ciopamosanuil, 6anHsK, muck, OCYUIAYISL.

IIpupatHicTs TexHiunux copris BuHorpany Ilisniunoro Ilpuyopuomop’s niis
BHPOOHUITBA TPAAMUIHHNM IIIsIX0M BHH «Icewine»

Bikropist Ocranenko, Haranist Kamenesa
Ooecvka HayionanbHa akademis xapuosux mexnonoait, Odeca, Ykpaina

Beryn. Meroto cTarTi € AOCHIKEHHS MEXaHIYHOTO CKiamy Ta (i3MKO-XiMidyHHX
BJIACTHBOCTEH coOpTiB BuHOrpaay IliBHiuHoro IlpudyopHOMOp’S Uit BHU3HAYEHHS
JIOLTBHOCTI iX BUKOPUCTAaHHS y BUPOOHUIITBI KPI)KAaHUX BUH .

Marepianu i metonu. Pucninr, Pxamuteni i Teaptn kypyk, Mapcenan i Monnosa
nporsrom 2015-2018 pokiB Ha BuHOrpamuukax c. Illado, TaipoBa i XepcoHny Oyau
JIOCITI/KEHI 32 OCHOBHHUMHM ITOKa3HMKAaMH MEXaHIYHOTO CKJIaJy BUHOTPAIy, BKIIOYAIOYH
CepeHI0 Macy I'pOHAa BHUHOTPany, KUIBKICT SATiA Y TPOHI, Macy siriJ BUHOTPaay, Macy
IIKIpOYKH BHMHOTpaxy, Macy M'SKOTi i3 cokoM 3a Metonmukoro mpod. IIpocrocepmona.
Takox Bu3Haumm pH, MacoBy KOHIIEHTpAIIif0 THTPOBAHHUX KHCIIOT 1 IyKPiB BIAMIOBIIHO 11O
MPUHHATHX METO/UK.

Pesyabratn i oOroBopennsi. Haiibinbima cepemHst Maca TpoHa cepell COpTIB
criocrepiraiuck y coptiB MonaoBa i Mapcenan, HalimeHmi — y Tenbtn Kypyk 1 Pucminr,
copt PxanuTeni Bii3HAUYMBCS CEPEHIMU MacaMy TPOH MOPIBHSHO 3 1HITMMU HE3AJIEKHO Bij
periony 1 wicsng. Ilicns HacTaHHs TEXHOJOTIYHOI 3pLIOCTI Maca TPOH y BCIX COpTIB
3MEHIITyBaIAacs, MOYMHAIOYN 3 KiHIS JKOBTHS 1 10 TpyIHs Micsus: y cepenqabomy B 0,95
pa3a mo periony Illado, y 0,92 pasa — no pationy Taiposa ta y 0,90 paza — no Xepcony.
Haii0inpmi qudepenmialiii y YuceabHOCTI SATi/ i Yac TeIUTHX MICSINB OCeHi +41T 1 +61mT
Manmu coptu Pkammreni i TembTn Kypyk BianoBigHo, HaiimeHmi — =lmr Monmgosa i
Mapcenan Ha BuHOrpajguukax c. [lla6o. Ha BuHorpamHux rutanTamisx y cenunii Taiposa i
MicTi XepcoHi 3Ha4Ha Pi3HUIS Y KUTBKOCTI SITiJI 32 COPTaMH HE criocTepiraiacs i ckiajgana
+1-+=+3mT.

Copr Pxanmreni HakomuuyBaB HaWOUIbIE IYKPY Cepeja IHIIMX COpPTIB, MacoBi
KOHIIGHTpAIIi SKOTO CArany y TPy/IHi, B CepPeIHbOMY MO perioHax, Bix 243-245.13 r/mv’,
HadiMenmi — y TensTn Kypyk, mo ctanoswid 179,5-182,7 r/am’. V copry Pucninr micis
3HAYHUX OMAziB MAacOBA KOHI[CHTPAIIIS IIYKPiB 3MEHIIIIIACE Y CepeaHbOMY 10 30 r/aM° — y
perioni I1aGo, 1o 25 r/mm’ — y c. TaipoBa, i 10 22 T/aM° — Ha BHHOrpPaZHMKAaX XepCOHY.
Macosi yactku 1ykpiB TenbTu Kypyky Oynu MeHIIi i B jucronaii micsimi cknaganmu 180-
182,7 v/, Hix y Pucrinry, 1o MaB MacoBi KOHLEHTpALLi y KiHIli KOBTHS y Jialia3oHax
199,5-201,6 T/aM° HpOTATOM CE30HIB KOKHOrO POKY Ha BHHOrpamHukax c. II1a6o.
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——Abstracts —

Buiesragani copTd 3a HaKONMUYEHHSM LYKPY MPOTSATOM TPUBAJIOTO JO3PIBaHHS Ha JIO3i
TPBHOX pErioHiB mix yac cepnHs-rpyans 2015-2018 pp. posrauryBasucs TaKUM YHHOM:
Pxanureni, Mapcesnan, Mongosa, Tenbtu Kypyk, PUciinr.

BucHoBku. Puciminr He 31aTHUl BUTpUMAaTH TPUBAJIUA TEPMIH Ha JIO31 micis
TEXHOJIOTIYHOI 3pijocTi, a HaHOLIBII NPHIATHUMHU COpTaMU BUSBHIMCS MapcenaHs,
PxanuTeni i MonmoBa, ski 3a CBOIMH (Pi3UKO-XIMIYHUMH TOKa3HUKAMU 1 MEXaHIYHUM
CKJIaJIOM BIJIOBIIAaIOTH BHMOTaM [0 XapaKTEPHUX COPTIB, IO BUKOPUCTOBYIOTHCS Yy
TEXHOJOTIT KpM)KaHUX BHH.

KarouoBi ciioBa: xpuoicane euno, surnoepao, eporo, ckaao, Ilisniune Ipuuopromop's.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
«Ukrainian Food Journal»
invites you to publication of your scientific research.

Requirements for article:

Language — English.

Size of the article — 10—15 pages in Microsoft Word 2003 and earlier versions with
filename extension *.doc (!)

All article elements should be in Times New Roman, font size 14, 1 line intervals,
margins on both sides 2 cm.

The structure of the article:
The title of the article
Authors (full name and surname)
Institution, where the work performed.
Abstract (2/3 of page). The structure of the abstract should correspond to the structure
f the article (Introduction, Materials and methods, Results and discussion, Conclusion).
Key words.
oints from 1 to 5 should be in English, Ukrainian and Russian.
The main body of the article should contain the following obligatory parts:
Introduction
Materials and methods
Results and discussing
Conclusion
e References
If you need you can add another parts and divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place of work,
email and contact phone number).

NTLQ AW~

All figures should be made in graphic editor, the font size 14.
The background of the graphs and charts should be only in white color. The color of

the figure elements (lines, grid, text) — in black color.

Figures and EXCEL format files with graphs additionally should submit in separate
files.

Photos are not appropriate to use.

Website of Ukrainian Food Journal: http://ufj.ho.ua

Extended articles should be sent by email to: ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xoseris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs cTaTei

MoBa crareii — aHTJTIHiChKA.

Minimaneuuii 00csar cratti — 8 cropinok gopmary A4 (0e3 BpaxyBaHHS aHOTAIIH i
CIHMCKY JIITEpaTypH).

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B hopmari *.doc.

Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.

Bci monst cropinku — 1o 2 cm.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu cratti (iM’s Ta mpi3BHIIE NOBHICTIO, puknaj;: Jlenuc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anoraris. O00B’A3KOBa CTPYKTypa aHOTAIIIl:

«  Beryn (2-3 psaaxn).

«  Marepianu Ta Mmetoau (10 5 psAAKiB)

«  PesynbraTi Ta 00roBOpeHHs (IiB CTOPIHKH).

«  BucnoBku (2-3 psaakn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchoBku
. Jlirepatypa.
3a HeoOXiqHOCTI MOXKHA JIOAABaTH iHIII PO3/iIK Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopcbka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIle
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi JaHi aBTOpa, JI0 AKOTO 32 HEOOXITHOCTI Oy/e 3BEPTATUCH PENAKIIis )KYPHAITY.

PucyHkn BHKOHYIOTbCS siKicHO. CKaHOBaHI PUCYHKM He INpPUHMAarOThCs. Po3Mip Tekcry Ha
PHCYHKax 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 INO3HAYAIOTHCA JATHHCHKUMU
niTepamu BianoBinHo 1o cucremu CL

B crncky niteparypy OBHHHI I€peBaXKaTu aHITIOMOBHI CTaTTi Ta MOHOrpadii, siKi omyoiikoBaHi
mticyst 2000 poky.
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IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHSI CITUCKY JIiTepaTypu 3rigHo craHmapty Garvard. Bei eneMeHTH HOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTHCS KOMaMH.
1. Tlpuxnan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
[HiIiany mUITYThCS TICIS MPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
[puxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuiiaHHs Ha eJIeKTPOHHMIA pecypc:

BukoHyeTbCsl aHAJOTiYHO TMOCWIIAHHIO Ha KHUTY abo crartio. Ilicns odopmiteHHs
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
YKpPaiHChKOIO Ta POCIHCHKOK MOBOIO MOTPiOHO TpaHcmiTepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBU BHKOPUCTOBYETHCS MACIIOPTHUI CTaHIAPT, a 3 POCIMCHKOI — CTaHAApT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMILE aHTITIHChKOro andasity, 6e3
XBOCTHKIB, ariocTpodiB Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH — http://translit.kh.ua/#lat/passport

3 pociticbkoi MoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJeHHs CTATTI — HA CAMTI

http://ufj.ho.ua

CTaTTs HAJACUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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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 Iporiecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOAYKTIB YnakoBKa s Xap4OBUX MPOTYKTIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynpraT JOCHiKEHb, TPENCTABICHI B JKypHalli, NOBHHHI OYTH HOBHUMH, MaTH
YITKUH 3B'A30K 3 XapyoBOIO HAYKOK 1 TMPEACTaBISATH IHTEPEC IS MIXKHAPOIHOTO
HAyKOBOTO CITIBTOBAPHCTBA.

Ukrainian Food Journal iHmekcyeTbcs HAyKOMETPHYHHUMH 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 (DRJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)

Penensin pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxomsits «IlonsiiiHe ciine perieH3yBaHHS» BOMa BUYCHUMH,
MPU3HAYEHUMH PENAKI[IIfHOI0 KOJIETI€I0: O/IMH € YJICHOM PEINKOJIerii 1 OAWH He3aJe)KHUU
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHSIM OY/Ib-
SKHX aBTOPCHKMX IIpaB, Ta BiJIIKOJOBYIOTh BHIABIIO MOPYIIEHHS JaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBig «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermku. Penakuis «Ukrainian Food Journal» xopucryerbcs
MpaBWJIaMHM aKaJIeMIiuHOi ©THKH, BHKIaZeHUX 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 HayYKOBI#i JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIa KOpHCHA iH(pOpMAIisl pO3MIllleH] Ha CalTi

http://ufj.ho.ua
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PenakuiiHa koneris
T'onoBHUIT pexakTop:

Basnepiiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YuieHn MikHApOIHOI pefaKuiifHOl KoJserii:

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yrHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bosogumup IBanoB, 1-p., npod., Jepocasuuil yrnisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHuti
mexHiuHUll yHigepcumem

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomosuw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvkuil OepoicasHuil
mexuono2iunul incmumym, Pocis

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepaanou
Mackane Qwonwo, 1-p, Yuisepcumem Knoo bBepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersana [upor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvxozo HAH Vkpainu

Opiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

YiieHn pegakuiiHoi KoJierii:

Amnarodiii CaiiranoB, I-p. eKOH. HayK, pod., lucmumym cucmemnux docnioxcenv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaHJ. TeXH. HayK, JI01l., Hayionanvuuil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bogogumup Kobaca, n-p. TexH. Hayk, npod., Hayionanvhutl yrnieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, n-p., npod., Jepocasuuil ynisepcumem losu, CILIA
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Baagimip I'pynanoB, 1-p. TeXH. HayK, Ipod., herapycokuti 0epicashull azpaphutl
mexHiuHUll yHigepcumem

Ianuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil yrigepcumem xapuoux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti yuisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrina Ilomosuw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Jlama llepinsH, 1-p. eKoH. HayK, podecop., Hayionanvhuil ynisepcumem xapuoux
mexuonozil, Ykpaina

Mapk HlamusiH, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvruil OepoicasHuil
mexuono2iunul incmumym, Pocis

Mukosna CaueBChbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Muxaiisio MiHeHKO, 1-p. €KOH. HayK, npod., Hayionanvrutl yHieepcumem xapuosux
mexuonozit, Ykpaina

Jeniseawa Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepaanou
Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Ykpaina

Ounena I'padoBchKa, 1-p. TEXH. HAyK, Ipod., Hayionanvhuil yrigepcumem xapuoux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanvhuil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHONninbCoKULl HAYIOHATbHUL MEXHIYHULL
yuiepecumem imeni 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., Vrisepcumem xapuosux mexnonoeii, boreapis
Tamapa Bepe3siHko, 1-p. €KOH. HayK, npod., HayionareHuil yHisepcumem xapiosux
mexuonozil, Ykpaina

Tersana [Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

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

Ounexciii I'yoenst (BiamoBinanpbHUN ceKpeTap), KaHA. TeXH. HAYK, AOIl., Hayionaibruil
YHIgepcumem xap4oeux mexuonoziu, Ykpaina.
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Ukrainian Food Journal in 2017. Statistics.

1. Number of the articles

Original research

Total number .
articles

Review articles

55 53 2

2. Topics of the articles

Biotechnology Proce.s ses and .
Food Equipment Economics and
and
Technology Microbiology of F00fi Management
Production
44 1 5 3
3. Geography of authors

State of authors Number of the articles %
Ukraine 35 63,6

Bulgaria 2 3,6

Moldova 3 5,5

Brazil 2 3,6

Nigeria 2 3,6

Pakistan 1 1,8

India 2 3,6

Bangladesh 1 1,8

Turkey 1 1,8

Iran 2 3,6

States of the author team

Australia, Indonesia 1 1,8
Bulgaria, Ukraine 1 1,8

Ukraine, Poland 2 3,6
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Contents of Volume 6
(Year 2017)

3MicT ToMy 6
(2017 pik)

Food Technology

XapuoBi TexHosorii

Issue 1

N1
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