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ACTIVE PACKAGING IN FOOD AND PHARMACEUTICAL INDUSTRY

V. G. Lasheva, S.A. Kotlarova

University of Chemical Technology and Metallurgy

Abstract: Packages with active materials are packages with intentionally embedded components that would
release or absorb substances into / or packaged products or their environment.
Packages with active materials are developed with the goal of extending shelf life for food and increasing the period

of time that the food is high quality.

Bulgarian producers to be competitive in the European market, one way of this is to bet on active packaging, which
can extend shelf life, maintain or improve the quality of packaging materials.

From essential in the production of active packaging is to design functional materials that contain the active
ingredient in its structure, which to act or to be released in a controlled manner.

Keywords: packaging, packages with active materials, food and pharmaceutical industry, nanotechnology

I.Introduction

Although traditional packaging covers the basic
needs of food containment, society is becoming
increasingly complex and innovative packaging is
the result of consumers' demand for packaging that
is more advanced and creative than what is
currently offered. Active packaging and intelligent
packaging are the result of innovating thinking in
packaging. Active packaging is an extension of the
protection function of a package and is common
loused to protect against oxygen and moisture.
Intelligent packaging can be defined as “packaging
that contains an external or internal indicator to
provide information about aspects of the history of
package and/or the quality of the food”. Intelligent
packaging is an extension of the communication
function of traditional packaging [1].

Bulgarian producers to be competitive in the
European market, one way of this is to bet on
active packaging, which can extend shelf life,
maintain or improve the quality of packaging
materials.

The packages with active materials are packages
with intentionally embedded components that
would release or absorb substances into / or
packaged products or their environment.

Active Packaging: Packaging

Gets Active

The definitions set out in the Ordinance
1935/2004/ EU and in the Ordinance450/2009/EU
had considered active materials and manufactures
such as "materials and products", which are
intended to extend the shelf life, but also for

maintaining or improving condition of packaged

food" [2].

Active packaging systems are developed with the
goal of extending shelf life for foods and increasing
the period of time that the food is high quality.
Active packaging technologies include some
physical, chemical, or biological action which
changes interactions between a package, product,
and/or headspace of the package in order to get a
desired outcome [3]. The most common active
systems scavenge Oxygen from the package or the
product and Mayeven be activated by an outside
source Such as UV light. Active packaging typically
is founding two types of systems; sachets and Pads
which are placed inside of packages, and active
ingredients that are incorporated directly into
packaging materials [4].

II. Application of active packaging in the
chemical and pharmaceutical
industry

Market expansion by pharmaceutical products is
forcing manufacturers to seek competitive and
innovative packaging materials, which are
compared and innovative materials, to more
informed consumers in nowadays.

Most important in this type of industry is a
characteristics of the pharmaceutical product. For
example, should take into account whether it is
sensitive to light or moisture [5].

Primary packaging (packaging that located close
to the pharmaceutical product) is a subject to strict
control. The productive process of the package
should be carried out in clean rooms and
controlled temperature and humidity. Furthermore,
there must be built and functioning system of
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quality control at every stage of the process. For
each packing material must be available
specification that contains the following elements:
description of the packaging material, indication
sampling, requirement for acceptance limit,
storage conditions, transport packaging and
labeling [6].

Actavis Bulgaria e part of the global Actavis

Inc. Actavis is the highest selling pharmaceutical
company in Bulgaria. In the factory they make
tests for the medicinal product Atsefein tablets in a
new kind of packaging material - Formpack foil
OPA /Aluminium/ PE + Desiccant, company
Amcor Flexible Sigen GmbH.
The film is a many layer, supply, resistant to
moisture, untransparent with metallic color on the
outside, blue colored polish with polyethylene and
desiccant inside.

Desiccant: CaO + H,0 — Ca(OH),

The foil exhibits resistance to heat and capacity is
independent of the level of humidity.

Polyethylene (PE) and the drying layer are joined by
a coextrusion.

CaO and PE are encased in full mineral desiccant —
PE (main batch). The main batch was coated in
aluminum foil by co-extrusion.

PE + CaO

Coextrusion Coated Al foil

Figurel. Coextrusion of the PE and desiccant

PA 25um
Adh.+Primer S5.1g
Al soft 45um
Primer lg
HDPE 3g
PE+CaO 50% 38g
HDPE 9g
PA 25um
Adh.+Primer S5.1g
Al soft 45um
Primer lg
HDPE 3g
PE+CaO 50% 38g
HDPE 9g

Figure 2. Structure of Formpack Dessiflex

Polyethylene sealing layer is multi-layer to:
improve the ability of forming, allow better
storage, avoid direct contact of the product with
the layer that contains the color of a pigments and
a drying part and to arrange a high-power
adhesion.

The advantage of the foil is the following:

v eliminates the need of separate bag for desiccant or
agent;

v reducing package size and simplifies the packaging
process;

v’ desiccant is located near the product, but desiccant
is not in direct contact to it;

v’ each separate unit is an individually protected;

v the shelf life of the product can be extended [7].

III. Application of nanotechnology in
packaging materials

Nano packaging have the greatest application in
the food products, the baked goods and the meat
products. Nano packaging dominates in sectors of
sodas and bottled water at liquid foods. Today,
commercial applications of the nano packaging is
apply at oxygen absorbers in packages with sliced
meat, ready-to-eat meats and beer.

The part of the dehumidifier in fresh meat and fish
are made of nanomaterials. They are also used for
the capture of the molecules of the ethylene in the
packaging of fruit and vegetables [8].
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The silver nanoparticles are another type of this
technology. Silver has known with its antibacterial
properties.

In its modern form, silver nanoparticles have
become in a promising antimicrobial materials
with a variety of applications, because they can
disrupt the bacterial cells by destroying enzymes
of the food.

Researchers from the Institute of Nanotechnology
and Advanced Materials at the University of Bar-
Ilan in Israel have reported the development of a
new method for the infliction of silver
nanoparticles on paper by using a sonochemical
technology [9].

The new method wuses ultrasound or high
frequency sound waves, which secure the particles
to the paper. The sheet was immersed in a
solution. Solution contains colloidal silver, and
then the sheet is treated with ultrasound. As a
result, the paper prepared erasable layer of silver.
As a result, the paper has prepared erasable layer
of silver [10].

Antimicrobial films have the potential to extend
the shelf life of some foods and they can also
provide an additional advantage for food safety in
a certain circumstances [9].

IV. Conclusions

Active packaging systems are developed with th
e goal of extending shelf life for foods
and increasing the period of time that the food is hi
gh quality.

Active materials and products, which are in
contact with the product, are defined as materials
and products. They are intended to extend shelf
life, maintain or improve the quality of packaging
materials, and in some cases to improve the state
of the packaged product.

Active  materials  contains  intentionally
embedded components that could release or absorb

[\

4.

substances into / or from packaged products or
from the environment which they are placed.

The main advantage of active packaging consists
in the fact that additives in packaging or packaging
material does not lead to changes of food or
pharmaceutical products.

Nanotechnology offers enormous opportunities
for development that are associated with the
packaging of foods which can benefit the both
consumers and industry.

Silver nanoparticles can be used in the packing
material which can be a promising way to improve
the quality of the package.
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ADIABATIC DYNAMINA OF COOLING MASHING THROUGH
CREATION OF VACUUM IN THE FERMENTATION APPARATUS

0.0. Boiko, V.A. Piddubnyi, A. O. Chagayda

Department of Technical Mechanics and Packaging Machinery, National University of Food
Technologies, 68 Volodymyrska str., 01601, Kyiv, Ukraine, e-mail: boikooo@gmail.com

Abstract. The use of technology for reducing pressure in fermentation of carbonaceous material enables partially
remove ethanol from the material flow, simultaneously adiabatic cooling mashing in fermentation unit. The intensity of

these processes with respect to the mashing almost unexplored .

The content of water vapor and ethanol vapor in the gas-steam phase that is removed from the fermentation medium
depends on the pressure above the phase separation in the machine. Theoretical calculations show that the dependence of
this process on the pressure, are missed. In trials carried calculation of gas-steamed bubbles formed in the bulk material
flow, the total surface area of the bubbles and the intensity of heat and mass transfer on the surface mass transfer.
Determination of these parameters is important in the development of devices for removing alcohol from the mash by

adiabatic boiling.

Key Words: adiabatic cooling mashing, alcohol, carbon dioxide, fermentation

I. Introduction

Transformation of the material flow of sugar as
part of the solution corresponding to equation Gay-
Lussac, and they are the result of the transformation
of life of yeast. Thus one mole of glucose (180 g)
with fermentation produced 92 g of ethanol and 88 g
of CO,. The accumulation of carbon dioxide in
solution occurs to a certain limit , which corresponds
to the solubility of the gas in the wort at a certain
pressure. Formed during alcoholic fermentation gas
after reaching this limit stands wort.

The lifetime occurrence of gas bubbles to hit at
up-liquid space should be divided into two periods.
First period - an increase of bubbles on the surface
where it originated. It is characterized by a gradual
increase in its size at the site of formation. Second
period - the ascent, which is characterized by the
growth of the bubble by reducing the hydrostatic
pressure in the fluid surrounding the gas bubble.

After the occurrence of gas bubble grows in size
due to its diffusion of dissolved gases, and
evaporation of the liquid phase volume . After
reaching a critical size bubble breaks away from the
surface on which it arose, and expires and is
removed from the solution at up-liquid space.

When surfacing vapor- gas bubbles in the bulk
liquid in the bubble volume evaporates molecules of
ethanol, water and diffusion of molecules of carbon
dioxide. To determine amount of these substances
and the end of the size it is necessary to determine
the surface area and mass transfer while the process.

II. Materials and methods

10

During the study used mathematical modeling
techniques and general physical laws ( Mendeleev -
Clapeyron law, Gay-Lussac, Henry and others).
Among the generalizations and assumptions used are
as follows : all gas-steamed bubbles appear on the
surface of solid particles and the walls of the
container, the number of bubbles formed directly
proportional to the concentration of simple
hydrocarbons per unit volume, gas-steamed bubble
when surfacing is spherical.

Temperature indicators in fermentation processes
relating to both microbiological, physical and
chemical effects. They may be such that the optimal
approach to the processes best stabilize the
temperature by cooling the environment and in
accordance with the law of Van-Hoff influencing
osmotic pressure, reflected by:

n=cRT , (1)
where: ¢ - molyalnist solution; R - universal gas
constant; T - absolute temperature environment.

II1. Results and discussion

Features of steam bubbles at lower pressure in
the fermentation unit. The initial stage of the
formation of gas bubbles can be characterized by two
parameters: the number of embryos created and the
minimum radius.

The number of embryos bubbles N', which is
formed in a unit volume of fluid can be determined
from the equation, derived by Russian scientist
Zeldovich [1]:

1

N = bK, (870, %

=—"— ,
Rmin kT

2
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where b - coefficient of proportionality, taking
into account the properties of the liquid; Ky, - analog
diffusion coefficient; Rmin - minimum radius of the
gas bubble; oy, - surface tension at the interface
liquid-gas; k - Boltzmann constant; T - absolute
temperature.

Total number of embryos bubbles N, which is
formed in the volume of mashing, provided equal
distribution centers of blistering:

1
bVK, 870, < %
IQ:ﬁn A:]” ’

where: V - volume of mashing that is in the
fermentation unit.

Critical bubble radius R,,;, can be defined by the
equation formulated by Frenkel and Klassen [1]:

=y 4)

kAC

where: o), - surface tension at the interface liquid-

gas; k - constant of Henry; AC - supersaturation of
the solution gas.

In the fermentation of yeast sugar substitute
hydrocarbon saturation mash the gas phase is a result
of carbon dioxide as a byproduct of alcoholic
fermentation.  Supersaturation mashing carbon
dioxide, the infinitesimal time interval can be
considered equal to the amount of carbon dioxide
that the yeast will allocate for that period of time in a
single volume of liquid

o0,

— %)
Vor

where: 00, - the amount of carbon dioxide that

N=VN'= (3)

AC =

would release at the time 07 .

- +0,5D
Ieavr — Iqrnln 422 b4 no_

By reducing the pressure in the fermentation
apparatus solubility of carbon dioxide is directly
proportional to the decrease. From (4) it is evident
that it would reduce the average radius of the
bubble. At the same time, a reduction in pressure
by the formula (6) does not lead to a change in the
diameter of the bubble , which is separated from
the surface on which it originated. This suggests
that the pressure drop at up-liquid space will
increase the lifetime of the gas bubbles. This, in
turn, suggesting an increase in the concentration of
ethanol in the gas space bubbles by increasing the
time course of the evaporation process.

The change in the diameter of the bubbles
surfacing. When surfacing gas bubble begins to
increase its capacity by reducing the hydrostatic
pressure of the fluid that surrounds it. Under the
law Mendeleev - Clapeyron product of gas pressure

1
O,_ O A
£+0,0090] —=— | .
kAC p[ _pg

11

Analyzing formula (3) - (5) we can conclude that
the pressure drop at up-liquid space would reduce the
number of bubbles generated per unit volume of
fluid.

Changing the radius of the gas bubble is due to
saturation of its internal space with carbon dioxide,
water vapor and alcohol. Accordingly, while the
existence of bubbles on the surface will depend on
the intensity of the process of fermentation and its
density. After reaching a critical diameter of the
vapor bubble is its separation from the surface and
surfacing.

The diameter of the gas bubbles at the time of
separation from the surface on which it occurred can
be determined by the following relationship:

1
O,_ A
D, =0,0180| 2= |
Iol _Iog

where: 0 - angle boundary between the bubble and
the surface heating. For steel tanks and dense
environment, this setting will be between 35-40 °
(0,611-0,698 rad); p, - density solution (mashing ); p;
- density of the gas phase.

At the stage of the gas bubbles density gas phase
should take the density of carbon dioxide at the
appropriate pressure. In the future, when the density
of the gas phase will have a mean density of a
mixture of carbon dioxide vapors of ethanol and
water relevant concentrations.

In finding the average radius of the gas bubbles
R, will use the assumption that the intensity of

(6)

growth does not change over time. Under this
assumption R can be defined by the formula:

I-g

(7

on him in the middle of the bubble volume at
constant temperature is constant, and when the
volume of gas bubbles surfacing it will increase by
addiction
Vo Bouts =V, P, 5 (®

where: V, and P, - volume and excessive
pressure in the gas bubble at the time of separation
from the surface where it originated.

The pressure in the middle of the gas bubbles
can be determined by dependence:

20,7g
mel =P, + >

out
bubl

€

where: P

306H

After determining the amount of bubbles
through its radius formula (6), and the pressure in it
according to equation (9) we have:

- outside overpressure gas bubbles.
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20, 4

bubl

4 _ 3 20,
—zR | P+ £ |==x(0,5D h, + £,
3 bubl [ out J ( n ) {pg gi O, SDn j

out

where: h, - the depth at which gas bubbles

formed; p - density of the mashing.
From equation (11) we can determine the radius
of the bubble at the moment of achieving surface.

At this point P, =0, because we have:
40, ,
Dﬂ

Assuming a uniform distribution centers of
blistering by volume capacity mean radius of
bubbles during ascent, will be:

0,125D] [pghf +

(12)

Rbubl = 5
O-l—g

D

n

3 4o,
0,0625D;| 0,5pgH,, ., + g
R (13)

bubl
Gl—g

where: H

s - the mashing level in reservoir .
Rate of rise of gas bubbles in an infinite volume
of liquid. After tearing off the gas bubbles from the

surface, it begins to run . Time floating bubbles will
depend on the depth of its occurrence H, , and

rate of ascent v,. According to formula (5) the
number of gas bubbles formed is inversely
proportional to the solution supersaturation of
carbon dioxide. At first sight this great can be
considered equivalent to the intensity of
hydrocarbon fermentation yeast cells. If mixing

2 2 3 40',7g
P Rbub,+2a,_gRbub,=O,125Dn pgh_,+ D >

1 2
O',fg A
0,0180| ——— g(p = p,)
g

(10)

(In

mashing in the fermentation apparatus in
accordance with the intensity can be considered as
the last value uniformly distributed throughout the
volume of the container.

Speed floating bubbles will grow indefinitely,
but only to a certain limit - the maximum speed of
bubbles floating separate v,,. From the literature it
is known that to achieve this speed will occur
immediately, so we can assume that the rate of
ascent v ,, does not depend on time, but only on the
geometrical parameters of the bubbles and physics-
chemical parameters of the environment. The
dependence of v,, on the physical and mechanical
properties of the liquid has been experimentally
confirmed by another American physicist Peebles
and German chemist Haber. Thus, it can be quite
accurately described by the equation derived Stokes
virgin soil. This equation can be written as
following:

v zing(pg_pl)
18 iy
where: D, - the diameter of the gas bubbles at

the time of separation from the surface where it
originated; i - viscosity of the wort.

Due to the formula (6) we see that the value of a
single bubble velocity v,, has the form:

n

; (14)

p—p (15)
— i : =1.8-107° %;é'g .
18 iy Uy
Taking an average depth of occurrence of 2 45 JA
bubbles - half of the mashing in the office, while N, = bV Kok AC (”"fg} , (18)
surfacing will be: ' H,.40_, 8kT

— O’ 5[{mash _ 0’ 9- 105 Hmashluf

T 16
7 Uoo ezal—gg ( )
The number of bubbles that float:
1
bVK, [87r61g JA
; e
N. = NVap _ Rmin kT (17)
g z-ﬂ Hmash
2v,
Substituting the expression (17) R and

simplifying the resulting value of the expression,
we have
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The value ¥, can be found using the following
expression

3
Vl ) :ﬂﬂ'(Rﬂ‘)B :iﬂ'(o’SDnz_'_ Rbub[} . (19)

The total area of the outer surface of phase
separation for bubbles that float is determined by
the following formula:

avr __ ¢l .
Sbuhl - Saer/l ’

(20)
21

avr avr

S., =4z(R") =27(0,5D, +R,,,) -
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Energy and mass flow of the mashing to the gas
bubbles. Diffusion of the gas phase and water-
alcohol vapor in the bubbles causes their growth.

Evaporation of ethyl alcohol and water may be
limited by two factors - energy potential and the
partial pressure of the substance in the bulk gas
bubbles by Henry's law.

Since the rate of evaporation of matter in a clo-
sed space defined by the equation of American che-
mist and physicist Danish Langmuir-Knudsen [2]

M
1 _ sat curr vap
Kvap _a(ppart _pparr) 27TRT ’
where: o - coefficient of evaporation that takes
into account the purity of the solution and

- partial pressure of

(22)

sat
part

evaporation conditions; p

the saturation vapor pressure of the substance at

Py, and temperature T; po"

L - the current value of

the partial pressure in the bulk gas bubbles; M,,, —
molecular weight of a substance that evaporates.

0
_ p solv MWP
o= 0 _—,
p vap M solv

. 0 0
where: p_, Ta Dyap

(23)

- vapor pressure of pure

solvent and a substance that evaporates at a
temperature T; M_, - molecular weight of the

solv
solvent.

In determining the intensity of evaporation of
ethanol in the amount of gas bubbles under water
solvent is taken, and in finding the intensity of
evaporation of ethyl alcohol.

When using formulas (22) and (23) it is
necessary to know the partial pressure of vapor
bubbles in the bulk. This value is variable. On the
one hand the constant evaporation of substances
will increase the partial vapor pressure of zero at
the time of the bubble to a certain value. On the
other hand the constant diffusion of carbon dioxide
in the gas space of the bubbles and the
corresponding increase in the size of the bubbles
will reduce the partial vapor pressure of ethanol
and water. It is therefore advisable to talk about the

size K, as a variable in time.

The mass of each component vapor that
evaporates can be determined by the following
formula:

oK,

vap  qall
S bubl *
T

mvap =

24)

The total heat flow from the mash to the gas
space bubbles follows the relationship:

rp, R,
0, =N,q, = <N+Nﬂ)gf—”’.

0

(25)
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On the other hand the density of heat flow
which corresponds to the heat capacity at time T is
transferred through the boundary phase separation
(liquid / gas bubble) with molecules of substances
that evaporate. Hence we can write:

_ vap vap
sz =Tu,0Mu,0 T Te,n.06Me,H.00 - (26)
where: r,  Ta ., - latent heat of vaporization

of water and ethanol at a temperature T.

Using equations (24) and (26) we can determine
the mass of ethanol and water that evaporates
during fermentation of carbohydrates in the
fermentation unit. After separation of carbon
dioxide from the vapors of ethanol and water ratio

Mgy o | My, 1t will determine feasibility of

feeding water-alcohol solution into the distillation
separation.

IV. Conclusions

The analysis of the intensity of the gas phase
removal of mashing during fermentation and
influence in the process of reducing the pressure in
the fermentation unit. Displaying capabilities that
allow us to estimate the geometrical parameters of
gas bubbles, the time of their existence, the volume
of gas phase, which is removed during the time T;
total surface area of mass and energy exchange.
Also bred dependence for determining the mass of
ethanol and water are removed from the mashing
while reducing pressure in fermentation unit.
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ANALYSIS AND SYNTHESIS OF AN ELECTROHYDRAULIC
CLOSED LOOP CONTROL SYSTEM FOR DRIVE
OF AN ELECTROGENERATOR DEVICE

I. Angelov, N. Stanchev

Abstract . The article presents research and development of electro-hydraulic closed loop control system to power
generators for production of electric current trough a renewable source of energy - energy recovery wave. Discussed are
the syntheses of the structure of the hydraulic system. Basic design parameters are calculated and made the choice of the
hydraulic machines and components and control electronic devices.

Keywords: hydraulic motor, hydraulic cylinder, generator, wave, energy, valve.

Introduction

Utilization of wave energy is determined
constructively by sponsor of this project "Vogel"
Ltd., as a T-shaped pendulum, culminating with a
special weight form that is partially submerged in the
sea (Fig.1). To the T-shaped part are attached,
respectively, two hydraulic cylinders, for operating
in the pumping mode, in combination with specially
constructed for this purpose, hydraulic valves.

o] (@] (@
& g
- 4\7 >
——
w\+/v F,N

Fig. 1

The whole system consists of nine pendulums
located on free-floating platform that are working
part of the system - the T-shaped pendulums with
applied hydraulic cylinders, control part - a set of
hydraulic control elements, and power part -
hydraulic motors, that convert hydraulic energy
generated by the kinetic energy of sea waves into
mechanical energy to power generating devices [1].

The main objective of this work is to do an
energy analysis of the developed hydraulic drive
system for generating installation developed in three
different design variations.

The principle of operation of the operating part of
the system can be described based on Figure 1,
wherein the wave energy is absorbed by a mass of m
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and a specific shape, and then is converted into
hydraulic energy, such as a reciprocating movement
of the hydraulic cylinders.

1. Hydraulic draft of the system — different
variants

The main hydraulic system parameters are set
based on the terms of reference of the manager of the
project as follows:

- Drive three or four electric generator groups
with output power P =25 kW;

- Possibility for electric generator groups to work
in parallel or separately;

- Maintaining a constant rotational speed,
respectively, for n = 500 rpm and n = 1000 rpm;

- Required drive torque executive, M500 = 240
Nm, M1000 =475 Nm;

After analysis of the results [1] by the authors and
by the manager of the project are defined as basic
operating parameters of the system:

- Maximum available flow in the system for the
movement of a pendulum and thus a pair of
hydraulic cylinders, qm.x = 75 1/ min;

- Maximum working pressure in the system, ppax
=17,5 MPa;

On this basis, defines the basic design parameters
of the components that construct the different
variants of the hydraulic system. The corresponding
hydraulic components and their operating and design
parameters are presented in Table 1.

In order to optimally efficient technical solution
are developed three variations to power generator
sets. On Fig. 2 is shown a hydraulic diagram of
Variant 1 for drive through volume displacement
control of the speed of the hydraulic actuator with
speed n = 1000 rpm. The system consists of three
main independent of one another circulation circuits,
and for the supply of hydraulic power to each circuit
are separated three pendulums in one group with two
hydraulic cylinders of each pendulum. The hydraulic
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cylinders are designed constructively with built
respectively suction and high pressure check valve,
which aims at simplifying the design and reducing
the dimensions of the cylinder.

b1 b2
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Fig.2 Hydraulic system circuit — Variant 1

Three circulation circuits are identical. Each
circulation circuit is fed by a total of six hydraulic
cylinders, a hydraulic working fluid feeding into a
common high pressure line, in which is mounted a
pilot operated pressure relief valve in parallel. The
system also included a pressure filter and
accumulator block located in parallel to the high
pressure line. The operating parameters of the system
- the flow rate q and pressure Ap are measured by a
flow meter, in which is also mounted a pressure
sensor.

Variable hydraulic motor with electro-
proportional control and mounted directly to it Speed
sensor converts hydraulic energy derived from the
movement of hydraulic cylinders into mechanical
energy to drive an electric generator with output
power P = 25 kW. Management of the three-motor
system is performed by a specialized electronic
device - multi-controller.

On Fig. 2 are shown some additional hydraulic
components involved in the hydraulic drive — pilot
operated directional valves and check valves.
Developed and separate electronic control device for
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controlling the operating modes of the system
depending on the intensity of the sea motion.
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Fig.3 Hydraulic system circuit — Variant 2

Fig. 3 presents the hydraulic diagram of Variant
2 for hydraulic drive with throttle control of the
speed of the hydraulic rotary actuator with speed n =
500 rpm. In this proposed solution differences appear
only in the fact that the hydraulic actuators are non-
variable orbital hydraulic motors with built-in speed
sensors and as regulating device are added additional
hydraulic pilot operated valves with electro-
proportional control. To regulate the speed of the
motors are designed three separate closed loop
control circuits by electronic controls. The principle
of operation of the system is similar to that of the
first variant, except for autonomous speed control of
hydraulic motor through three separated closed loop
control systems, while there is scope for gradual and
steeples acceleration of electro-generator groups due
to the selected schematic distribution of proportional
directional valves.
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Fig. 4 Hydraulic system circuit— Variant 3

Fig. 4 presents the hydraulic circuit of Variant 3
of the drive system, again with volume displacement
control of the speed of the hydraulic actuator with
speed n = 1000 rpm. By this solution is added one
additional generator group with power P =25 kW, so
the total power output of the facility becomes P, =
100 kW.

The main difference between the system in
question and the previous two, the system is
structured by a single circulation loop, i.e. the
hydraulic actuators work in parallel simultaneously .

The hydraulic actuators are again variable
hydraulic motors with integrated speed sensors and
electro-proportional ~ control. =~ The  operating
parameters of the system - the flow rate and pressure
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are measured by a flow meter disposed in the
pressure line, which is also mounted a pressure
sensor.

Such decision may be highlighted as a priority
work of the hydro motors in parallel in a single
circulation loop. Due to the operation of all hydraulic
cylinders simultaneously in a circulation loop, flow
supplied to the actuators is with minimal unevenness.
This contributes to the achievement of optimum
frequency control of the rotational speed of the
variable hydro motors.

In Table 1 are shown the main hydraulic
components with their basic parameters and
quantities for each of the tree variants of the system.
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Table 1
Hydraulic component, parameters B I I
_ Qty - Qty
Hydraulic cylinder, D xd x H =70 x 45 x 65, mm 18 18 18
Pressure reslief valve, p,. = 31,5 MPa 3 3 1
Accumulator group, Vy =501 3 3 2
Flowmeter, g, = 300 I/min, p,,.. = 40 MPa 3 3 -
Flowmeter, g0 = 1000 U/min, p,,.. = 40 MPa - - 1
Directional valve 4/2, NG25 2 2 4
Proportional directional valve 4/2, NG16, ¢ =220 l/min - 3 -
Hydraulic non variable motor, Vg = 315 cnt’, ppax = 25 MPa - 3 -
Hydraulic variable motor, Vg = 140 cm’, p = 35 MPa 3 - -
Hydraulic variable motor, Vg = 160 cm’, Pumax =35 MPa - - 4
2. . Energy analysis of the proposed Ap,. = R,.q>, MPa 3)
solutions ]
Where:
Energy analysis of the proposed three solutions is o Pas’
presented as loss of nominal power of the input of R, = iz—sz,—'é “4)
the system, trough by presents the effectiveness of Cocffici tm flocal resist )
each of the systems as the Structure efficiency. F’: I%G. 1cient ol focal Tesistance;
In established flow stream pressure losses (linear 5= 16 . . .
losses) in pipes due to the resistance of the pipe wall p — Density O;f the working fluid;
p =900 kg/m’;

friction is calculated by the formula:

Ap;; = R;;.q, MPa @)
Where:

128.p.v] Pas
BT .
p — Density of the working fluid;
p =900 kg/m’;

v — Kinematic viscosity;

v=141,4.10° m?/s;

d — Diameter of the cross-sectional area of the
pipeline, m;

1 — Length of the pipeline, m;

Hydraulic losses due the local resistances. In
established flow stream at the locations of the
pipeline connections, bends, branches, and other
there is a pressure loss of local resistances. The local
resistance is derived from both the tangential stresses
which are exerted on the walls of the fluid motion,
and the vortex generating, wherein the kinetic energy
of the fluid passes into the inner one of the heat
resulting from friction. Pressure losses in local
resistances of hydraulic systems are perceived to be
calculated by the formula:
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S — Cross-sectional area of the local resistance;

Pressure losses in the flow of fluid through the
individual hydraulic elements are defined by the
graphical analysis of the real static characteristics,
which are presented in the technical documentation
from the manufacturer for the device.

Pressure losses in the system can be represented
as a power loss, using the following mathematical
relationship:

A
PLoss = q p ’kW
60

Where:
q — Flow rate, I/min;
Ap — Pressure drop, MPa;

)

Table 2 shows the calculation of the hydraulic
losses in the first version of the system with throttle
speed control of the hydraulic actuators at maximum
flow, in which realizes the set rotational speed of the
adjustable hydraulic motor to drive the electric
generator. Analogously losses are calculated at the
maximum and minimum flow rate in all three cases.
With maximum power losses in the Variant 1 are
Pross = 5,4 kW, in Variant 2 - Py, = 1,6 kW and in
Variant 3 - Py, = 6,7 kKW.
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Table 2
Section L q q Ry; Ry,
m I/min m’/s Pa.s/m’ Pa.s?/m°

1-7 2 0,019 37,5 10,000625|23297995 | 8856983326 | 18021,01 | 0,018021
2-7 2 0,019 37,5 10,000625 |23297995 | 8856983326 | 18021,01 | 0,018021
3-7 2 0,019 37,5 10,000625 |23297995 | 8856983326 | 18021,01 | 0,018021
4-7 2 0,019 37,5 10,000625 |23297995 | 8856983326 | 18021,01 | 0,018021
5-7 2 0,019 37,5 10,000625 |23297995 | 8856983326 | 18021,01 | 0,018021
6-7 2 0,019 37,5 10,000625 | 23297995 | 8856983326 | 18021,01 | 0,018021
7-8 11 0,04 225 0,00375 | 6523124 | 450879267 | 30802,21|0,0308022
8-9 Filter 0,1
9-10 2 0,04 225 0,00375 | 1186023 | 450879267 | 10788,07 | 0,0107881
10-11 Flow m. 0,06
11-12 1,5 0,04 225 0,00375 | 889517 | 450879267 | 9676,178|0,0096762
12-13 Valve 0,04
13-14 1,5 0,04 225 0,00375 | 889517 | 450879267 | 9676,178|0,0096762
14-15 | P. Valve 1
15-16 1,5 0,04 225 0,00375 | 889517 | 450879267 | 9676,178|0,0096762
17-18 5 0,06 675 0,01125 | 585690,2 | 89062571,3 | 17861 | 0,017861
18-19 Filter 0,05

Total pressure losses:

1,44661

Total energy losses In kW:

3. Comparative analysis and effectiveness of
the proposed solutions

Figures 5, 6 and 7 are shown graphically in scale
hydraulic losses at a minimum and maximum flow,
corresponding to variants 1, 2 and 3. Graphs
illustrate visually how much the available inlet
pressure of the system is lost to overcome the

hydraulic resistance of the examined specific
hydraulic systems.
A
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Fig.5. Hydraulic losses, Variant 1
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Fig.6. Hydraulic losses, Variant 2

The calculations were applied to the same work
regimes and the same design parameters for the three
circuit solutions. This gives grounds for comparison
to the performance of each system. The so-called
efficiency is determined based on the nominal power
of the used hydraulic machines and components in
the relevant circuit solutions, taking into account
losses and calculated by the formula:
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P

__ ~ Nom. )

P
N = Lo . 100%  (6)

Nom.

Where:

ner — Effectiveness;

Prom. — Nominal output power;
PpLoss — Loosed power;
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Analysis of the results shows that the three
proposed options the efficiency is different. The
highest efficiency is in variant 1 with volume
adjustment, and the lowest is in variant 3.
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Fig.7 Hydraulic losses, Variant 3

4. Conclusion

1. Regardless of the comparison of the different
options, if so specified energy efficiency refers to the
maximum output power obtained at the suitable
option from this perspective proves the performance
of the system as Variant 1 or Variant 3.

2. Energy efficiency results shown in Fig. 8 show
that the difference between Variant 2 and Variant 3
is minimal (within 1%), which imposes additional
economic analysis, and here it should be noted that
variant 3 rated power output is P, = 100 kW, while
variant 1 is P, =75 kW.

3. Final choice of Variant of the hydraulic system
can be made only after a thorough technical-
economy analysis of the three variants mainly
depends on the effectiveness which is shown on
Fig.8
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Absreact: A4 poultry market monitoring and chemical analysis of meat turkeys major operators in Ukraine.
Comparative characteristics of turkey meat from broiler chicken meat, dairy beef and lamb and development on the meat
based special products. A comparative analysis of the fatty acid composition of different types of poultry meat to develop

new products and expand their range.
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Characteristic of modern society sedentary
lifestyle, poor nutrition with increasing amounts
of refined foods, constant psychological stress
lead to increased atherosclerotic changes in the
vessel walls of the heart and brain, early heart
attacks and strokes, obesity [1].

Hence the obvious need to develop an
integrated model of prevention of chronic
fatigue, as the adoption of a number of drugs for
the treatment usually contraindicated production
so special direction is relevant. In the future, we
are going to food by prescription: what to eat,
when, how much, in what combination with
maximum health benefits [1].

Scientists of the department "Technology of
meat and meat products" NUFT collaboration
with the laboratory of the Institute of
Gerontology gerodietetiki im. D.F.Chebotarova
NAMS of Ukraine" is addressing the issue of
healthy balanced diet of people in older age
groups. In this direction, some progress in the
area of health foods and in the field of special
diets, using an integrated approach in the
development of "health technology" required for
the cultivation, processing, storage and
subsequent sale of products.

Principles of healthy eating is:

- Compliance with dietary energy supply energy
costs human;

- The adequacy of the chemical composition of
the diet of the physiological needs of the body
for nutrients and their balance each other ;

- Compliance with the chemical structures of the
food enzyme systems of the body ;

- Regulated diet ;

- Increase in the production of meat products
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with reduced fat content , as well as products of
organic production. [1]

The aim is to monitor the market meat
poultry and turkey meat chemical analysis of the
main operators in Ukraine. Comparative
characteristics of turkey meat from broiler
chicken meat, dairy beef and lamb and
development based on specific meat products.

At present, the products containing poultry
have become the most popular subject of
innovation around the world, because the market
needs innovation. In order to satisfy the
consumer need to expand the range and create
original form products with different fillings
expand distribution and promote events,
exhibitions, tasting [3].

By products include poultry products and
meat products, recipes are included poultry,
even if it is not a major component. Among the
producers of poultry in Ukraine broad demand
only products from chicken. Primarily this is
due to their cost, which is lower compared with
products from other species of birds, despite the
fact that turkey meat is a dietary, simpler and
cheaper, and it is growing chickens in industrial
environments. Poultry is one of the most
mechanized and automated sub-sectors of
agriculture, production of which is most suitable
for better nutrition [4].

According to the FAO global meat
production in 2013 increased by 2 % and was
251,22 million tons by poultry 88,982 million
tons of the total number of poultry produced up
to 86 % - chickens. The structure of gross
agricultural output Ukraine poultry generates 15
% of total production, and over 42% of animal
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products. Industrial breeding turkeys as a branch
of poultry meat is an important source of the
increase in meat production and diversification.
Share turkey meat production is 7,9 % of poultry
production. [3]

Turkey meat consumption per capita per year
is in Israel — 12,0 kg in the United States — 8,0
kg in Europe — 4,0 kg , including in Poland — 4,5
kg, of about 1 kg in Ukraine - 0,2 kg [3].

Nature and Climate of Ukraine, its well-
developed grain farming creates all conditions
for growing turkeys. In the U.S., Holland, France,
Hungary, the Czech Republic for the
manufacture of semi-finished products use 30 to
50% of the poultry of the total number of all
meat [3].

Today on the shelves of major chains in
Ukraine represent products from turkey meat
packed chilled products in a modified gas

The main market operators in turkey meat
production in Ukraine are: "Ukrainian food
group "Invest"(Chernivtsi); Ltd.
"Plemptahoradhosp" Brovarskyi"(Kiev region.)
PP "Shark" (Kyiv region). LLC "Lord" - is part
of the agricultural holding "Gals-Agro" (Kiev
region.) Open AP "Sumy bacon" (Sumy region.)
OJSC "Agricultural firm" Welfare Carpathians";
Firm «Shakhtar» (Donetsk region.) OJSC
"Agricultural firm" Hrelye Broshukova
"(Ukrainian-French company (Rivne region).
OJSC "Zolotonoshamya'so" (Cherkasy region).

Return turkey meat production in Ukraine, as
a rule, commercial secrets, but given that the
cost of feed per 1 kg increase in body weight in
turkeys in 1.3-1.5 times higher than in broilers,
and the same proportion higher selling price of
meat  turkeys, turkey meat production
profitability is not inferior to the production of

atmosphere , vacuum packed products. broiler meat [3].
Table 1 Physico-chemical characteristics of meat
Type of raw material Mass fraction, % pH Aw VZZ,%of | VUZ,%to | Energy value,
protein moisture, fat ash meat total kcal / kJ
W moisture
File turkey 21,5 72,74 3,41 1,91 5,95 0,992 70,95 93,25 116,5/488
Thigh turkey 21,0 72,09 4,93 1,52 6,2 0,991 70,6 92,4 128/538
Fillet of broiler chickens 20,75 75,84 1,85 1,55 6,2 0,993 65,82 90,76 89/370
Thigh of broiler chickens 20,36 74,97 3,55 1,12 6,4 0,992 63,58 92,81 92/383
Muscle tissue turkey "PP 20,66 73,27 4,59 1,44 6,61 0,995 70,5 92,2
Shark"
Muscle tissue turkey "Ltd 18,37 74,17 5,89 1,53 6,35 0,993 72,8 94,5
Brovarskyi"
Muscle tissue turkey "OOO 22,57 70,39 5,16 1,94 6,4 0,994 70,1 98,7
Dobrobut Prikarpatya"
Muscle tissue turkey " OJSC 21,4 73,79 3,52 1,25 6,03 0,993 72,5 94,65
Zolotonosha of meat"
Milk veal 21,82 75,4 1,46 | 1,3 6,0 0,993 71,3 92,7 96,4/401
Young lamb 17,2 67,9 14,1 1,18 6,22 0,992 70,9 92,8 4678

From the table it is clear that the physical-
chemical parameters turkey meat is not very
different from dietary and environmentally
friendly veal meat and protein content (22,0 %)
higher than all other types of raw meat.

Water-holding capacity of turkey meat is also
quite high ( 70,1-72,5 % meat ), indicating good
functional and technological properties and the
feasibility of its use for industrial processing.

From a technological point of view, the more
water is bound, the more it is to be processed.
So, the best way to heat treatment is considered
the meat of an adult bird, as characterized by a
greater ability to bind water in comparison with
the young.
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In muscle tissue water is present both in the
cells and in the extracellular space. Parts of it are
able to move from the cell into the extracellular
space, and the ability to transition is the criterion
for the separation and connectedness to the free
water.

Part of the muscle tissue in the carcass 1 and
category 2 is within 44-47 %, and the skin with
subcutaneous fat is 13-22 %. In turkey meat
protein and fat ratio close to optimal . On the
content of nutrients in practice little different
from beef , but there's relatively little connective
tissue due to the less defective proteins (
collagen and elastin) than beef and pork , which
significantly affects the juiciness, texture and
nutritional value of the finished product.
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Connective tissue of poultry meat has less
strength than beef and pork , so much faster
hydrolyzed by heat treatment.
Meat absorbed by the human body by 93%. It
contains proteins ( 15-22 % ), fat ( 5-39 %) ,
mineral salts, extractives, vitamins, A, D, PP .
Poultry muscle tissue is denser and close-
grained . Less connective tissue , it is tender and
fluffy. Poultry fat melts easily , since it contains
a lot of oleic acid. The melting point of the fat
chick 23 - 380s , turkeys 31 - 32°C . . When
cooked fat melts and infiltrates the muscle tissue
, meat is juicy, improving its taste.Turkey meat -
a unique diet product that combines the
properties of chicken, veal and lamb, rich in
vitamins and also low in calories, it low
cholesterol. Meat turkeys in great demand in the
U.S., where it is used as a delicious product , but
in this country still as popular meat chickens and
broilers.

In red muscle contains more protein, fat,
cholesterol, phosphatides, ascorbic acid in white
muscle carnosine more glycogen , adenosine
phosphate. Vbelyh muscle myoglobin contains
0,05-0,08 % , red centuries it several times
more. Body fat in poultry are under the skin , on
nutrennih organs and between muscle bundles.
At complex processing will be allocated lump
meat sc more valuable parts of carcasses (chest ,
hips, rear quarter with skin and beztinikiroyu)
that Used for production of semi-finished
sausage, food products and canned meat one
piece.

Total protein content in meat is not fully
characterizes its nutritional value, as near
complete proteins in the remaining meat and go
defective. Therefore, the biological value of
meat is determined by its amino acid
composition.

Table 2 The amino acid composition of proteins meat turkeys, broiler chicken , veal and lamb ( g 100

g meat)
Amino acids The composition of amino acids in a protein
Turkey Turkey "PP Turkey "OOO Dobrobut Turkey cross Tsiplyata broiler Milk veal Young
"Ltd Shark" Prikarpatya" BUT-9 cross-HNS 500 lamb
Brovarsky"
1 2 3 4 5 6 7 8
Essential amino acids
Lysine 1,726 1,689 1,636 1,43 0,86 0,72 1,42
1 2 3 4 5 6 7 8
Valine 0,706 0,752 0,930 0,90 0,77 1,90 0,612
Leucine 1,444 1,345 1,587 1,78 1,10 2,01 1,332
Isoleucine 0,602 0,655 0,963 0,91 0,58 1,86 0,533
Methionine 0,650 0,726 0,497 0,11 0,13 0,74 0,511
Phenylalanine 0,765 0,747 0,803 0,70 0,68 1,72 0,660
Threonine 0,875 0,811 0,875 0,80 0,55 0,79 0,681
Arginine 1,403 1,347 1,168 1,62 1,23 0,59 1,301
Histidine 0,625 0,656 0,540 0,60 0,79 0,61 0,538
Sum of 4,996 5,615 5,870 6,66 4,34 5,15 5,075
essential
amino acids
Nonessential amino acids
Alanine 1,095 1,046 1,218 1,41 1,38 0,85 1,025
Aspartic acid 1,453 1,229 2,007 2,11 1,22 1,85 1,078
Glutaminic 3,376 3,032 3,280 4,34 2,28 2,77 2,858
acid
Glycine 0,836 0,815 1,137 1,01 0,80 0,35 1,167
Proline 0,615 0,627 0,831 0,46 0,55 1,32 0,638
Serine 0,819 0,747 0,735 0,50 0,47 0,64 0,641
Tyrosine 0,693 0,669 0,616 0,50 0,57 0,72 0,544
Cystine 0,100 0,186 0,121 0,18 0,18 0,74 0,189
Sum of 12,78 12,082 18,94 19,36 14,1 20,18 15,728
essential
amino acids
In turkey meat compared to broiler meat organoleptic properties of meat products

higher levels of amino acids such as cepin,
valine, tpeonin, isoleucine, lysine, methionine,
leucine and glutamic acid. Amino acid content,
which depends on the formation of the
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(alanine, glutamic acid, methionine, threonine),
turkey meat is dominated by veal and lamb
(5,615-6,66) versus 5,15 and 5,075, respectively,
per 100 grams of meat.
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Important role in assessing the nutritional
value of foods plays lipid composition of meat .
Lipids poultry are carriers of energy, their
biological value determined by the content of
polyunsaturated fatty acids and fat-soluble
vitamins. Fats provide the intestinal absorption
of fat-soluble vitamins. Important role they play

Table 3 Fatty acid composition of meat

in shaping the flavor of meat. Poultry fat having
a melting point below 400°C, which makes good
emulsifying them in the digestive tract and
digestion. The content of unsaturated fatty acids
in meat turkeys almost twice as much saturated,
this trend has continued in respect of poly
unsaturated essential fatty acids.

The content of essential fatty Relations characterizing the biological value of fats
Fat acids, %
MNFA PNFA NFA MNFA: PNFA: C182 | Cl18:2 | w6:
PNFA: NFA : : o3
NFA C18:1 | C18:3
Ideally 33,30 33,30 33,30 1:1:1 0,2-0,4 <0,25 |<0,7 4:1
Turkey 37,55 30,60 29,95 1:0,7:0,7 0,82 0,45 7,37 14,5:1
Gallinaceous | 49,81 17,78 32,41 1:0,4:0,7 0,56 0,38 17 23:1
Duck's 49,14 20,54 24,42 1:0,4:0,5 0,83 0,23 2,47 18:1
Anserine 51,11 21,67 25,86 1:0,4:0,5 0,84 0,29 4,76 16:1

We carried out a comparative analysis of the
fatty acid composition of different types of
poultry meat to develop new products and
expand their range . The table shows that none
of the conventionally used lipid components is
not ideal . Closest to the ideal to be fat turkey
(37,6:30,6:29,95) that provides a basis to
develop a computer simulation model samples
sausage recipes given fatty acid composition and
biological value.

The greatest changes in the chemical
composition of meat associated with quantitative
and qualitative composition of the lipids, the
data show that turkey meat is highly valuable
and healthy food products, which is especially
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important for those patients with obesity,
hypertension, diabetes.
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APPLICATION of DIGITAL DRY OFFSET PRINTING with DIRECT
IMAGING for PACKAGING
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Abstract. The market for print media still remains large and attractive since a high proportion of the ever growing
advertising expenditure flows into print media communication and the demand for combination of print and electronic
media for packaging worldwide is increasing. In commercial sheet-fed offset printing there is a visible trend for all print
products to apply special types of substrates and hence to improve continuously printing quality, achieving a highest
position in the graphic arts industry.

Digital dry offset with direct imaging of information inside the printing machine is one of those impulses in the
information and communication sector which provided a positive impact for the whole graphic arts industry. It is a
relative new printing technology, named also CtPress or Direct Imaging (DI). The use of computer-to-press systems now
is already widespread and is undergoing continuous development (for example Presstek DI). In order to achieve a smooth
flow of digital data from prepress to press, the integration networking and digitalization of all processing steps is
essential, all which are available in DI systems. Printing process here is being increasingly controlled and adjusted
electronically, which leads to consistent high quality and greater productivity.

For all printing companies which need to deliver fast turn, high quality color in the range of 500 to 20,000 sheets at the
lowest cost per page, they can use digital dry offset with direct imaging inside the printing machine using the current
generation of DI presses. The great advantage of this technology is improved product quality, achieving even so called
photographic quality. DI technology now offers a high flexibility in the processing of a large variety of substrates, which
is very important for variable packaging products.

Key words: digital dry offset, direct imaging, packaging, paper, quality

LIntroduction reduce their environmental footprint. Generally DI
presses are waterless, highly automated, and
Packaging providers are eager for new solutions. available in 4- to 6-colour models. DI presses
The massive transition in global demographics, provide a fast return on investment and enable easy
consumer preferences, and product branding affect entry into the profitable digital offset printing
every segment of the packaging industry — flexible market. A large diversity of substrates is optional in
packaging, labels, plastics, as well as folding cartons. this technology. Here can be used different types of
The market will always require high quality, fast papers and cardboards, chemical papers, coated
speeds, low cost substrates, and mainstream glossy and matt papers, aqueous coating is optional
production efficiency. on them, self-adhesive papers, plastics, low grade of
Current digital technologies struggle to meet the mechanical papers like newsprint and so on.
standards of printing quality criteria. Digital solution For the purpose of this study is used digital sheet-
is undeniably critical as run lengths (grow shorter), fed dry offset printing machine with direct imaging,
turnaround times get faster, just-in-time production produced by Heidelberg GmbH - Quickmaster DI
rises. 46-4. Printing process here is characterized as
Nowadays the trend for permanent high printing CtPress digital sheet-fed waterless offset process.
quality of food packaging is a strong and dominates This is a perfect digital (DI) offset printing machine,
in current printing development. Factors defined proper for the short run series of four color
problem-less printing process and quality as, type production including packaging and using printing-
of technology, inks, substrates and their mutual on-demand scheme. This digital offset machine
influences, are the achieves enlargement of dry offset method applying
topic of this study. The purpose is to definite what direct imaging inside the printing machine.
are possibilities of digital waterless offset printing Quickmaster DI is an example of satellite
with direct imaging (DI) of information inside the configuration with integrated four plate and four
printing machine, in the field of color packaging offset rollers, running around common pressure
production. cylinder which has four time bigger diameter and
There is an increasing focus on environmental consequently inks applying. [1].(Fig. 1)
issues in the commercial printing industry and Quickmaster DI 46-4 is on the base of dry offset
customers are demanding products that principles associated them with requirements of
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Toray analogue waterless offset plates.[1] This
machine is equipped with 12 chill zones into the inks
system and with integrated imaging system of 16
thermal laser diodes for each color.

PEARLdry polyester roll substrate here are
printing “plates” which can be placed on the plate
cylinder fully automatically. These are process free
plates, known for yielding dramatic environmental
and economic benefits for customers without
sacrificing quality and output. This kind of plates
removes the need for the plate processor, which
requires chemicals, water and energy while
generating waste.

Temperature control is essential for dry offset and
here is realized by cool water for the whole four
printing sections including zonal cooling. But for the
runs of 5 000 copies there is no need of cooling at
all.

Laser heads in the imaging system expose
information on the PEARLdry roller on the surface
of plate cylinder inside the machine. As a result due
to ablation process is available evaporation
(destruction) of silicon layer on the plates. Then the
plate surface is cleaned by the towel damped with
cleaning solution and special device is responsible
for sucking the silicon powder. Printing plate is
inked by forming 12 zones, which can be adjusted
manually or automatically by the blades on doctor-
roller like in conventional printing machine.

Heidelberg Quickmaster DI 46-4 has a extremely
short starting time, of around 10-15 min, including
plate changing and exposure time, washing and
register adjusting. This type of DI technology offers
additional opportunities to use varnish and other
methods for having luxurious products.

Compared to digital electro-photographic dry
toner printers, QM-DI 46-4 is an ideal for optimal
runs of 10 000 copies, but with excellent printing
quality, more often named photographic quality. The
flexibility towards substrates and ease of service all
these are advantages, incomparable with other digital
printing machine. More over this machine can be
used as a proofing system for high-qualitative high
runs products, produced by conventional printing
machines.

I1. Experimental

For the purpose of this study have been done
complex of tests — first of all have to be generated
test file, then printing and measuring several fixed
parameters, responsible for the whole printing
quality and total result.
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Figure 1. Heidelberg OM DI-46, sheet-fed digital
offset printing machine (1-exposure system, 2-offset
roller, 3- paper system, 4- plate cylinder, 5-inks
system, 6-output device)

Test file was generated by the help of
spectrophotometer ilProfiler, which offers ICC
application, optimized on the real halftone
illustrations, using process colors (CMYK),
black, white and different PANTONE colors or
other spot colors.

Table 1. Heidelberg QM DI-46

Technical data

460 mm x 340 mm
450 mm x 330 mm

1. | Max size

Max print surface

Max sheet thichness 0,Imm — 0,4mm
10 000 mucra/ yac

0,02mm

Register

2
3
4. | Speed of printing
5
6

Exposure resolution 1270 dpi; 2540 dpi

7. | Exposure time 7 min—1270 dpi

14 min-2540dpi

Automat. register,
varnish, anti-copy
powder, permanent
t°control

8. | Additional options

ilProfiler is equipped on the X-RITE standard
Graphic Arts (XRGA) and its software is developed
for the series of steps as a methodology aimed for
researching of test-tables and profiles.[2] Principally
here there is an options to choose standard table for
test or generating special table in order to answer of
real terms of test ( color, type of papers etc.)

In order to assess printing quality are used ISO
12647-2, compatible media devices as for example
IDEAlliance Digital Control, Fogra Media, Color
Control Japan. By the help of them can be checked
fast and easily such parameters like: optical
densities, color spectral characteristics, color
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coordinates, color deviation, papers whiteness (Color
Checker Proof) and etc

Figure 2 Table of ilProfilerTest

In this case have been generated standard
table file, with proper parameters adequately
(compatible) by specific printing technology and
papers. Test Chart file is created according software
steps: Patch Set, Test Chart, Measurement, Lighting,
Profile Settings, ICC Profile. For the test-table
(Fig.2) are applied first two steps with editing some
changes according printing conditions. After steps
Patch set and Test chart then have to be chosen
respective adjustments towards:

Comparison between CM Y K, in %j;

= QGenerating of double colors and substrate surface
(glossy, matt);

= Ambient lightening; way of black generation;

= Source of light - D50 or D65;

= Device type — monitor, scanner, printer, printing
machine;

Figure 3. Hacamada test for more precise color
quality control
= (Color space depending of experimental - RGB or
CMYK;
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* Number of control color patch; orientation of
paper sheet in the machine.

In this study have been include also and
Hacamada-test, as an illustrative (Fig.3) test for
proper quality control assessment — also visual for
more existing colors. This test is a very good because
of having specific colors, difficult for reproducing.

II1. Materials

Substrates: In our case are used three types
of coated papers, Premium Coated, WFC, (wood free
coated) with different grade. These kind of papers
have been compared in the test on the base of the
results achieved. [3]

Paper type 1 — WFC, two sided coated, glossy
paper: grade m=130 g/m” thickness d=122 pm;
density = 1,065 g/cm’, smoothness = 1000 s

Paper type 2 — WFC, two sided coated paper,
glossy: grade m=170 g/m”> thickness d=145 pm;
density 1,172 g/cm’, smoothness - 1100 s

Paper type 3 — WFC, two sided coated glossy paper:
grade m=200 g/m”> thickness d =178 pm; density
1,224 g/cm’ , smoothness - 1300 s

Inks: This study has processed by using
Toyo process printing inks for dry offset. These
types of suspensions cover large number of
substrates ~ without any requirements. Their
characteristics are: high viscosity, adequate for
waterless offset, high color intensity, chemical film
drying, high rubber resistance, depending on the
substrate, compatibility with different varnish
systems and finishing processes.

Generally waterless offset inks are specific,
completely different of these conventional offset.[4]
Dry offset process needs solid high viscosity inks, 1
= 40-100 Pa.s. In our case this parameter was of
around 1n=85-90 Pa.s. It may be influenced by the
temperature during the printing process because
there is a lack of dampening solution. When the t°
of the machine achieves above 30 °C, then the
viscosity can be down by 7-8% and thus may cause
plate toning. Besides that, dry offset inks have not to
be dried on the inks rollers during their transfer to
the offset blankets.

Quickmaster DI is equipped by automatic
register system which is big advantage for paper
wastages minimizing. Start wastes are at least 40 -50
copies. In the beginning of printing process software
fixed such conditions — type of paper, speed of
printing, pressure in the nip zone, inking process in
different zone and etc. All these can be adjusted
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additionally after measurement and visual printouts
control for each color. In our case technological
factors like — workflow, printing speed, inks and
others are kept constant in order to see paper impact
on the total print quality.

IV. Results and discussion

The whole results are shown in Table 2 and Fig.
4,5, 6,7, 8. Have been measured important for the
printing products parameters, as: tonal value increase
(Dot gain), solid inks densities — SID, color
coordinates in CIELab, color deviation (AE) and
color gamut as well.

Achieved results are different according of papers
types. For parameter Dot Gain all results can be seen
on the Fig. 4, 5, 6 and 7.

The common conclusion is that in the 10-40%
tonal interval there are clear differences between
paper results, and the next tonal interval up to 100%,
all curves are almost interlaced. Nevertheless it is
observed that paper type 3 has always lower Dot
Gain values.

25
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Figure 4. Tonal values increase in Black
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Figure 5. Tonal values increase in Cyan

On the Fig.5 can be seen the change of tonal
value increase for Cyan. In the middle tones 20 — 50
%, Dot Gain is higher, but in the same time it is
different for the separate papers types. In spite of
primarily curves interlace for the papers type 1 and
type 2 is seen higher Dot Gain values. Then to the
end of tonal interval, from 60-100% curves again are
interlaced what means that high qualitative coated
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wood free papers have in advance lower tonal values
increase. This principal here has been kept here.

On the Fig.6 is seen rather important difference of
tonal value increase for Magenta, for the paper type
1 compared to other types of papers. It is true for the
lightness and for the

25
20

Paper type 1 ===

Paper type 2 ===

N Paper type 3

Figure 6. Tonal values increase in Magenta

middle tones as well. This difference varies roughly
5% between paper type 1 and paper type 3 what is
unacceptable for the whole categories of coated
wood free papers.
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Figure7. Tonal values increase in Yellow

Deviations available for three types of used
papers for Yellow ink are shown on the Fig.7. They
are clear localized in the intervals 10-40 % and 70-
100 %. Bu can be said that almost in the whole tonal
interval (lightness, middle tones and deep shadows),
all three types of papers are differentiated. It means
that the range of papers print quality here is: paper
type 3> paper type 2> paper type 1. The lower the
measured Dot Gain the higher the paper print
quality.

From the whole above said towards this
parameter of used papers types became clear that it is
very sensitive paper’s characteristic. Even in the
equal categories of papers types it varies depending
on detailed discrepancy which can be important for
the print quality. Dot Gain is a considerable factor in
the printing of color information for reproducing true
colors and fine details. The lower the Dot Gain the
closer the print reproduction to the original. Of
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course all this is related to so call physical dot gain,
what in principle cannot be eliminated, but can be
minimized. It is the important reason. Printing
process always results on the paper of increasing
gradation, tonal values, no matter of many
improvements. That is why paper quality with its
surface geometry, smoothness and white coatings is
one of such factors.

Besides that for achieving optimal inking and
optimal transfer of inks are important solid inks
densities — SID. (Table 2) During the printing
process it is considerable to achieve max value of
optical densities with minimal ink quantity. In our
study SID are measured for the whole process colors
CM,Y, K, depending on the paper used. Here in
advance it is well known that on the wood free
coated papers (WFC) must be achieved possibly
higher values of SID. Despite of this preliminary
prediction our three types of papers have their own
values, which correlate with their specifics, like
different grade, smoothness, caliper, coating and
grade of brightness. But from the result it is not
possible to show clear preferable type of paper,
because differences are not indicative.

Table 2 Solid Inks Densities and color deviation AE

CMYK SID L a’ b AE
Paper type 1
C 1,58 [ 60,62 | -4163 [ -5,02 431
M 149 | 52,74 71,83 0,89 5,72
Y 142 | 8416 2,69 96,82 | 593
K 1,69 | 21,75 1,65 0,91 2.85
Paper type 2
C 1,58 59,7 -38.8 -43.9 3,95
M 148 | 5234 71,95 0,75 5,18
Y 139 | 85,02 -4.36 94,67 | 533
K 1,82 | 21,55 1,53 0,38 2,60
Paper type 3
C 1,56 58,2 375 -43,1 3,68
M 144 | 5211 72,02 0,69 4,86
Y 133 | 8567 5,21 9135 | 5,02
K 1,56 | 2123 1,49 0,83 2,15
Color deviation is a characteristic used for
making comparison between two colors by

calculating AE =vAa*2 + Ab*2 + AL*2, according
ISO 12 647-2. [5]

On the base of many measurement can be
predicted what kind of color reproduction will have
each type of paper and what color gamut would
generate each of them. All this is attributive from the
total paper quality. [6]

Each paper has generated graph shown color
gamut through measuring of color coordinates in the
CIEL*a*b* system (L*,a*,b*) and by mathematic
calculating. On the Fig. 8 all curves describes color
gamut of the corresponding papers types and give
possibilities to evaluate them. The larger the color
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gamut the better the color reproduction on the paper.
Profiles of the color gamut have shown some little
preference of paper type 3 compared to other two
types. (Fig.8)
Paper type |  Paper type 2 Paper type 3

+b

———d

B
b

Figure 8. Color gamut of used types of papers

The conclusion from gamut in the Fig. 8 is that
wood free coated papers (WFC) have high
possibilities to reproduce a large color gamut and
therefore to achieve higher quality of color printing
products. In detailed can be defined parts of this
gamut where our papers are
closed and where they are differentiated
significantly. For example in red-green field is
observed closer gamut even crossing in red-violet,
blue-green and yellow. But more visual differences
are observed in the fields of violet-blue and blue-
green. Also here are detected points of crossing for
several color values.

V.Conclusion

Digital dry offset printing technology with direct
imaging inside the printing machine (DI) is proper
for high quality packaging printing. Possibilities to
apply high grade of wood free coated papers named
Premium Coated including cardboards, enlarge the
source of substrates for packaging industry.

Inks for this technology are modified, in order to
achieve chemical and rub resistance, what is very
important properties for food packaging. The whole
results obtained in this research can be guarantee that
this digital printing technology covers basic
requirements for color quality reproduction, what is
important for packaging printing.

These results confirm that digital DI offset named
also as a Smart offset has an important role in the
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field of printing industry and its future is not under
doubt.
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Abstract: This paper shows an approach for the identification of hydraulic drive system with digital control through
numerical approximation of dynamic processes. Dynamic processes in the form of transient characteristics are obtained
on the basis of known from previous studies nonlinear mathematical simulation model of the experimental setup consisting
mainly of two parallel loop powered, each containing three-way, two-position hydraulic digital control valve and output of
pipeline. Two parallel loops driven double acting actuator. Identification is made on the basis of synthesized linear
mathematical simulation model allowing to approximate with maximum accuracy the variation of velocity of the actuator
at constant values of frequency of the input control signal and different values of actuators stroke.

Key Words: Hydraulic System, Digital Control, Actuator, Transient Processes, Identification

I. Introduction

The continuous development of digital hydraulics
is mainly aimed at two main directions. On the one
hand the development and improvement of hydraulic
fast switching hydraulic valves and other hand
synthesis and analysis of systems built from these
devices used for pilot hydraulic control of different
size hydraulic capacities. As all contemporary
engineering applications and these hydraulic systems
require useful mathematical simulation models used
for in-depth investigation of the influence not only of
the construction parameters, but the parameters of
their control. In many cases, however, the synthesis
of both the newly designed system and in solving
problems related to existing information is necessary
to develop a simulation model, based on the obtained
experimental or verified simulation data. Then
resorting to means and methods of identification
systems that solves the issue of the receipt of these
models. In its meaning the identification provides the
theoretical background and practical means when
building mathematical models of systems (processes,
objects) based on measured information to convert
the signal in these systems. Meanwhile, the
development of  software  products make
identification methods and their instruments daily
tool to address issues not only practical, but research
interest.

As a consequence of a series of simulation studies
[1] concerning the hydraulic drive system with
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digital control actuator in this paper shows an
approach for the identification of the system based
on already obtained transient processes of an
variation of velocity of the actuator. Identification of
the experimental system consists primarily in the
preparation of linear mathematical simulation model
for a given selection of values of time constants and
transmission coefficients of its constituent units to
achieve maximum approximation of the original set
transitional process. Furthermore, the selection of
these values itself becomes a visual approximation to
(in real time) by developed optimization procedure.

The main objective is that the results of this
identification to make it possible to sue for effect of
transient processes on the control signal from the
viewpoint of moving of the test device, which are
already assessed in [2], in terms of quality of
regulation. Furthermore, performance of the
identification system by transient processes will
serve as a basis for further research aimed at
determine the transfer function of the system and
hence can assess about behavior of the system by
means of the frequency characteristics.

Scheme of the experimental setup and
system

Fig.1 is a diagram of the simulated experimental
system, which is described in detail in [2].
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Fig.1 Scheme of experimental system.

Mathematical simulation model of
transient response
Nonlinear  relationships  constituting  the

mathematical model of transient processes velocity
and moving the the actuator are described in detail in
[1]. The mathematical simulation model is
implemented in the environment of the software
Matlab / Simulink, through block modeling of
building experimental system (Fig. 1) units. Figure 2
and Figure 3 shows a structured model of building
blocks having non-linear behavior.

Fig.2 Simulation model of experimental system
Matlab / Simulink [1].

Fig.3 Subsystem modeling hydraulic actuator
device and measuring equipment.
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Identification of the system through the
dynamic characteristics

The developed simulation model of study
hydraulic drive system with digital control actuator
allows to measure dynamic performance simulation
in the form of transient response and velocity of
movement of the output implementation unit
(actuator) in different design and the tuning
parameters of the individual components. Previous
studies analyzed the response of this type of actuator
- double-acting hydraulic cylinder with equal area
and relatively small sizes, for various values of the
stroke and at the different frequencies of the input
digital signal. Figure 4 shows transient response of
the actuator at 80Hz frequency and the
corresponding values of the stroke in the range 5 +
20mm, taking into account performed in [2]
frequency analysis of the input signal.

Fig.4 Transient response of actuator device.

From the results shown graphically (Fig. 4)
clearly seen that the transient response respectively
at 5, 10, 15 and 20mm have fluctuating subsiding
behavior. This behavior can be described accurately
enough by a polynomial of the sixteenth row. This
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has been established from the initial approach to
identification based on approximation by polinonom
by significantly higher (Fig. 5) and inconvenient for
further working order, which requires a change of
approach for the identification of the test system.

+ Transien Crerstars. Ackitur Syote flom|
A Peinomil Doy 16

o

i
el

Fig.5. Approximation of fluctuations with high
order polynomial.

One of the approaches commonly used for the
identification of systems by nonparametric transient
characteristics of the object is based on the
optimization method. In this sense his approach is to
determine the coefficients in a particular parametric
model, based on requirements from evaluations
transient model (weight function) to be as close to
the reference (experimentally or verified simulation)
characteristic under the same conditions for forming
them . In this particular case the parametric model is
a linear model composed enabling optimization
procedure by sequentially searching the pattern
settings (gain coefficient and time constants) that
implement mentioned distance. This approach is
very illustrative, since it allows to be monitored in
real time the variation optimized parameters with
respect to the capabilities of the software used -
Matlab / Simulink. For the test a hydraulic system
with digital control is more appropriate that the
linear model to match the transient response of the
velocity of movement of the actuator for the
movement according to the power in one direction,
until it reaches the preset stroke (indicated in Figure
6) in accordance with transient response of the
movement (Fig. 4).
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Fig.6 Transient processes of velocity.

The structural diagram of a linear model is shown
in Fig.7. Another advantage of this approach is that
based on the data sample throughout the
corresponding  iterations of the procedure
identification velocity structure can be significantly
simplified model by which to obtain data for
identification of transition process of movement
through integration. This model is shown in Fig. 8.

Optimization procedure is performed based on

the method of nonlinear least-squares in the
following mathematical description [4]:
min|| £ ()] = min(f;(x)* + £, (x)* +...+ £, (x)) 5 (1)

where x is a vector of independent variables x; x;, x,,.

3 1
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Fig.7 Linear model.
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Fig.8 Model for velocity integrating.

The results of the identifications of the transition
process of velocity and the variation of the
parameters T1, T2 and k as a function of iterations of
the procedure for different values of S stroke the
actuator in the range 5 + 20 mm, are shown in Fig. 9
and Fig. 10.
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Fig.9 Results of identification of velocity for different strokes of the actuator.

Figure 11 shows the results after integrating data

from identifications on velocity, which represent the adopted for identification.

Trajectories of Estimated Parameters.

response of the actuator according to the
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Fig.10 Variation of parameters throughout on the optimization procedure.
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Fig. 11 Results of the identification of actuator
reaction in the range 0 + S,

Analysis of the identification results

The analysis of the results of the identification is
made on the basis the variation of throughout the
cost function of the separate iterations until a local
minimum of the used in this case optimization
procedure based on the method of nonlinear least-
squares. The variation of the cost function in form
without dimensions of the different values during the
stroke of hydraulic actuator device, generally
indicates the deviation of the linear model from the
initial time until the limit of the conditions (a local
minimum) for a match between both of transient
responses. Fig. 12 shows the cost function for the
four cases of stroke of the actuator.

Cast Funcion

— Velocity Esfimation - Piston Sroke 5 mm

— Velocity Esfimation - Piston Siroke 10 mm

— Veelocity Esfimation - Fiston Siroke 15 mm

— Velocity Esfimation - Fiston Siroke 20 mm

Fig.12 Variation of the cost function during iterations.

The graphic result clearly shows that the variation
of cost function in logarithmic coordinates,
indicating a relatively high accuracy of
approximation between the predetermined by the
nonlinear model and describe it based on a linear
model transient response. At 20 mm stroke actuator
cost function varies in the range 80 + 0,03, and at 5
mm stroke actuator function vary in range 12,5 +
0,007 and the number of iterations decreases from 15
to 10.

Quantification of this coincidence is described
precisely enough for the purposes of identification
with the relative error (proximity) of the cost
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function change between the beginning and end of
the realization procedure. In this regard, we obtain
99% coincidence between both of transient
responses, visualized in Fig 9.

Conclusion

Based on this proposed approach for the
identification and due to the obtained results it
summarized as follows:

1. Composite linear mathematical simulation
model by using, on which it is possible identification
of the studied hydraulic drive system with digital
control actuator by means approximation of the
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transitional processes a variation of velocity at
different constructive and the tuning parameters.
Approximation is made based on an optimization
procedure that allows to monitor dynamically the
variation of the parameters of the linear model.

2. Based on the results of identification of the
system transient response velocity carried out the
identification of the reaction of the actuator in
accordance with previously obtained transient
responses.

3. The implemented approach for identification
will serve as a basis for further research aimed to
study the dynamic behavior of the system and it is
frequency characteristics based on transfer function
of a composite in this work linear mathematical
simulation model by introducing corrective units to
improve the behavior of the system in a wider
frequency range.

References

35

[1] Angelov, II., Al. Mitov, “Quality Assessment of
Regulation at Researching of Transients Processes of
Actuator Device in the Hydraulic System with Digital
Control”, International  Scientific =~ Conference
EMF 2013, Sozopol 2013.

[2] Angelov, II., Al Mitov, “Research of Dynamic
Processes in Hydraulic System with Digital Control of
Actuator Device”, Mechanical Sciencies’'2013, FEP-
Sliven, 2013.

[3] Angelov, I1., A.Mitov, Research Analysis Of Dynamic
Processes Occurring In Pipelines With Digitally
Controlled Hydraulic Valve, IFK'2014, Aachen,
Germany, 2014.

[4] Tapumo, E., Wpentuduxamus Ha cucremu, TVY-
Coous, 2007.

[5] Wang, P., Kudzma S., Johnston, N., The Influence of
Wave Effects on Digital Switching Valve
Performance, in The Fourth Workshop on Digital
Fluid Power, Linz, Austria, 2011.

[6] Sell, N., N. Johnston, A. Plummer, S. Kudzma,
Control Of A Fast Switching Valve For Digital
Hydraulics, SICFP2013, Link&ping, Sweden, 2013.



Journal of Food and Packaging Science, Technique and Technologies, Ne4, 2014

COMPARABLE EVALUATION OF AMINO ACID COMPOSITION OF
SUNFLOWER PROTEIN ISOLATES
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Abstract. The microbial protease from Bacillus subtilis (ENZYME, Ukraine) was used for enzyme-assisted extraction
of proteins from sunflower meal. Using of protease resulted in an increase of extracted protein amount and protein
isolates yield, obtained isolates were less colored. Amino acid composition of sunflower meal, protein isolates (SI) and
partly hydrolyzed protein isolates(PHI) were studied too. Three amino acids were limiting in sunflower meal proteins
almost in equal extent, notably, valine had amino acid score 71.2 % to FAO/WHQO reference protein, isoleucine — 72.5 and
lysine — 73.5 %, respectively. Amount of amino acids in SI and PHI had changed comparing with sunflower meal, that is
content of sulfur containing amino acids in protein isolates decreased significantly and lysine content decreased too.

Key word: sunflower meal, protein isolates, partly hydrolyzed proteins, amino acid composition

1. Introduction

Sunflower meal is a by-product of oil extraction
process from sunflower seeds. It is known that oil
seed meal contains almost all proteins of seeds.
Sunflower meal contains about 40 % of protein and
could be the important source of food and feed
proteins. But still it has been using only for animal
feeding.

Nevertheless, the structure, physicochemical and
technological properties as well as technology of
protein isolates obtaining from sunflower meal are
under researching. It was shown that the main
storage protein of sunflower seed (heliantinin)
consists of two fraction: hexameric 11S and
threemeric 7S [2], which have different structure and
denaturation temperature. Sunflower albumin
presents 2S protein fraction [3]. The dependence of
helantinin solubility from pH and ionic strength of
solution were studied thoroughly [4, 7, 9].

On the other hand, the amino acid composition of
proteins is a main factor for the estimation of its
biological value. The biological value of vegetable
proteins is suggested to be lower than animal
proteins. These values are restricted by the content of
limiting amino acids. The sulfur-containing amino
acids are generally deficient in most vegetable
proteins, for entrance in soy protein. However, it was
shown that sunflower seed proteins are depleted in
lysine and rich in sulfur-containing amino acids [3,

4,10]. At the same time there data about low content
of sulfur-containing amino acids in sunflower seed
proteins, notably, amino acid score of them was 69
% [5].

Not all of proteins in sunflower seed are soluble,
as well as their solubility depends from technological
parameters of pre-treatment of seeds and their
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processing for oil extraction. Thus the amino acids
content of seeds and protein isolates are obviously
different and depend from the changes of the protein
structure and their solubility. The purpose of this
work was to determine and compare the amino acids
content of sunflower meal, protein isolates from this
meal and partly hydrolyzed proteins from sunflower
meal. We have used limited hydrolysis of proteins by
protease in order to improve extraction process of
proteins.

2. Materials and methods
2.1 Preparation of protein isolates

Protein isolates were obtained from sunflower
meal, industrially produced by solvent extraction.
Proteins were extracted from meal by sodium
chloride solution (70 g/L, pH 7,0) under constant
stirring, at 45°C for 40-50 min, meal: solution ratio
was 1:10 (w:v).

In order to obtain partly hydrolyzed proteins from
sunflower meal the microbial protease from Bacillus
subtilis (ENZYME, Ukraine) was used with meal:
enzyme ratio 100:1. The activity of protease was 0.1
Anson units per gram. The protease activity was
stopped by heating of reaction mixture at 80°C for
15 min.

Afterwards, the insoluble residue was precipitated
by centrifugation. The supernatant (protein extract)
was used for isoelectric protein precipitation at pH
4.0. After protein coagulation, pellet was separated
by centrifugation (3,000 x g), washed with water
solution (pH adjusted with HCI to 4.0), protein pellet
was collected and dried to 6-8% fluidity.

2.2. Determination of protein concentration
and the degree of protein hydrolysis

The protein content in protein extracts were
determined by the method of Lowry et al. [6]. The
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degree of hydrolysis (DH) was determined according
to the method of Tsumura et al.[11] as modified by
Pericin et al.[8]. To 1 ml of the protein extract an
equal volume of 0,5 mol/L TCA was added. The
mixture was incubated for 30 min at 4°C and
thereafter centrifugated at 3,500 rpm for 10 min. The
protein content in supernatants were determined by
the method of Lowry et al. [6].

The degree of protein hydrolysis was determined
as a percentage of TCA-soluble protein to total
proteins contained in protein extracts.

2.3. Determination of amino acid composition
of protein isolates

The direct acid hydrolysis of protein isolates was
used to obtain hydrolysates suitable for
determination of all amino acids except cysteine and
tryptophan. Hydrolysis was carried out in test tubes
by adding 1 mL of HCI to dry sample, corresponding
to 2 mg of protein. The mixture was frozen in a bath
at -80°C, the tubes were vacuumized, sealed and
incubated at 106°C for 24 h in a thermostat. After

hydrolysis samples were cooled and HCl was
removed by evacuating in a dessicator containing
NaOH pellet. After drying of samples, 4 mL of
deionized water was added and drying procedure
was repeated. Dry samples were dissolved in citrate
buffers (0,3 mol/L, pH 2.2) and used for amino acid
analyses.

Amino acid analyzer T 339 (Czech Republic) was
used for amino acid content analysis. Standard amino
acid mixture containing 0,5 pmol/L of the 17
commonly occurring amino acids was used to
calculate the amount of amino acids in the samples.

2.4. Statistical analysis

Samples were analyzed in triplicate. Statistical
analysis was performed using Microsoft Excel 2007
(Microsoft, City of Redmond, USA). The results
were reported as mean+SD. Differences were
considered to be significant at validity of 0=0,95.
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Figurel. Essential amino acids content in sunflower meal relatively FAO/WHO recommendations.

Tablel. The influence of protease on the protein extraction

Extraction parameters
No enzyme (SI) In the presence of protease (PHI)
Protein extract 3242 59+3
concentration, mg/ml
DH, % - 12,4+0,6
Protein isolates yield, % 10,5+1,0 17,2+1,5
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3. Results and discussion

Amino acid composition of sunflower proteins.
The data of essential amino acids content in sunflower
meal in comparison with FAO/WHO recommended
protein are presented on Fig.1. According to our data,
three amino acids are the limiting almost in equal
extent, notably, valine had amino acid score 71,2 % to
FAO/WHO reference protein [1], isoleucine — 72,5
and lysine — 73,5 %, respectively. The content of
sulfur containing amino acids: methionine and
cysteine was also limiting for biological value of
these proteins and their score was 79,1 %. These data
are not agreed with published data concerning high
level of these amino acids in sunflower proteins [3,4],
but obtained score of lysine was significantly higher
than was published for sunflower protein isolates [4].

On the other hand, we have analyzed the essential
amino acids content in sunflower meal relatively
requirements of adults according to FAO/WHO data
[1]. We have found that content of all essential amino
acids in sunflower meal exceeds requirements of
FAO/WHO for adults.

Enzyme-assisted protein extraction from sunflower
meal. The main process during protein isolates
obtaining is extraction of proteins from seed meal.
The level of extracted proteins first of all depends
from their structure and solubility and also from the

extraction conditions (pH and ionic strength of
solution, temperature, meal:solution ratio etc.) We
have suggested that solubility of meal proteins will
increase as a result of limited hydrolysis. We have
used the protease enzyme for assistance of protein
extraction from sunflower meal. We have detected
that content of extracted proteins in protein extracts
increased in the presence of protease (Table 1). As a
result the yield of protein isolates was very high. We
suppose that limited protein hydrolysis is undergoing
under such conditions and it does not result in loss of
isoelectric precipitation property. Indeed, the degree
of protein hydrolysis, detected in obtained extracts,
was not very high and varied from 8 to 28 %
dependently from time and enzyme: meal ratio.

The appearances of protein isolates, obtained in
the presence of protease (PHI), differed from that of
isolates (SI), which were obtained without enzyme,
that is, PHI was cream-colored while SI had more
dark color. We had proposed that limited hydrolysis
of protein in the presence of protease have prevented
chemical interaction of fenolic substances of
sunflower meal mainly chlorogenic acid with
proteins. Commonly the products of such reaction
result in the dark color of sunflower protein isolates.
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Figure 2. Essential amino acids content of sunflower isolates (SI) and protein isolates, obtained in the presence
of protease (PHI), relatively sunflower meal proteins.

Amino acid composition of sunflower protein
isolates. Results of analysis of amino acids content
of SI and PHI are presented on Fig.2. Amount of

amino acids in SI and PHI had changed comparing
with sunflower meal, that is content of sulfur
containing amino acids in protein isolates decreased
significantly and lysine content decreased too. At
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the same time, aromatic acid content considerably
increased. We have proposed that such changes of
amino acid composition were resulted by different
amino acid composition of soluble and insoluble
proteins in sunflower meal.

4. Conclusions

As a result of our study we have concluded that
biological value of sunflower proteins according to
amino acids score are significantly high. But there
are considerable differences between published data
on content of limiting amino acids in sunflower
proteins.

We have obtained that using of protease at
proteins extraction resulted in an increase of
extracted protein amount and protein isolates yield.
Such isolates were less colored. But content of
sulfur containing amino acids in protein isolates,
obtained as result of limited hydrolysis, was very
low. This problem has to be resolved.
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COMPARISON OF PRINT CONTRAST AND COLOR GAMUT USING
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Abstract. Since no data have been available in the special literature, a study has been performed about the influence
of the process type (conventional CtFilm or CtPlate) on the print contrast value and optimal inking at offset printing. In
the industry, especially in packing there are a lot of examples of common use of both technologies — CtPlate and CtFilm.
Some printing houses use corrections of tone value curves to compensate the difference between CtFilm and CtPlate, but
this method does not always lead to predictable color reproduction quality. The results in this research show that under
equal printing conditions, but using different technologies (CtPlate and CtFilm), the optimal inking values are the same,
however there is a considerable difference in the print contrast values. This difference indicates that defining of optimal
inking for a particular technological situation is obligatory, but not enough condition for obtaining good quality prints.
For example, under the same printing conditions- the same paper and printing machine, however applying different
imaging technologies, the optimal inking will be the same, but the images in the dark, middle and light tones will be
considerably different. For precise determination of influence of plate making technology we have investigated the
changes in 2D and 3D color gamuts volume and shape.

Key Words: Print Quality, Offset Print, Print Contrast, Computer to Plate, Computer to Film, Color gamut

transfer for printing halftone and solid areas, quality

I.  Introduction and comparison of different inks and papers, color
A big number of printing houses (using offset accuracy and gradation and etc.

printing method) are steel using both technologies —

Computer to Plate (CtP) and Computer to Film II. Materials and methods

(CtF). In the perfect case it must be no difference in The main goals of this research is to compare

the quality parameters of printed sheets no matter of  (ynder the same offset printing conditions) the values
used technology — CtP or CtF, but in the practice that  of print Contrast - C on printing sheets obtained by
is not happened. In many cases at the same print two different type of printing plates (conventional
conditions (same printing press, inks, paper, screen printing plates obtained by contact copying of film —
frequency), ~ but  different  printing  plates CtFilm and printing plates obtained by direct
(conventional — produced by CtF, contact copying imaging - CtPlate). The second goal of this study is

and CtP) occurs a visual difference between printed to define and compare optimal inking expressed by

images. To minimize this undesired difference, some Dv for these two cases — CtFilm and CtPlate. The

of the printing houses are making corrections of tone  thjrd goal of this research is to investigate the

Vglue curves on the RIP of CtP to compensate the influence of plate making technology on color gamut

difference between two technologies. In many cases of printed images.

this correction method does not lead to predictable The type of paper used for this research is 200

results. o ) ' g/m2 glossy coated paper, printed on sheet-fed offset
That’s why there is important to investigate the printing press.

influence of the method of producing printing plates

- conventional (CtFilm, contact copying of film to III. Results and discussion

printing plate) or direct imaging - CtPlate on the
accuracy of color reproduction and gradation. There
are a number of parameters that can be measured to
make that comparison [1, 2]. The print contrast is
parameter, which give useful information especially
for comparing quality for different printing
situations. Printing contrast [3] is used for
determination of optimal inking value, relation of ink

A test form that have been used contains many
different control strips and measuring components:
100% solid patches for cyan, magenta, yellow and
black — for control of optical density — Dv and colour
characteristics, 80% patches for estimating print
contrast, patches for estimating of dot gain and grey
balance [4], strip which contains raster lines in
different slope for doubling and slur control,
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registration marks, test charts containing 1500
patches for ICC color profiles with different GCR
and TAC values and etc. All measuring components
are with screen value 60 cm™ (150 Ipi).

For this experiment were used two sets of
positive printing plates:

1. Conventional printing plates Kodak PP3

obtained by contact copying of film.

2. CtP Plates obtained on Luescher XPose 130

device.

All two devices — CtP and CtF have been
calibrated and linearized and experiment [5] was
carried out under standard conditions.

For conventional positive plates the control of the
plate exposure is done in accordance of FOGRA
method with a microline patch on a control wedge.
The Ugra Plate Control Wedge 1982 and Fogra
PMS-1 scales have been used to define optimal
exposure time to copying film on printing plate in
contact copier [6,7,8]. The time ratio without/with
dispersion sheet/film is 60%/40% from exposure
time.

All two sets of printing plates have been
measured and checked by ICPlate II device for tone
value transfer accuracy. The deviation between
measured values on CtPlate plates and defined on
file (control patches 5%, 10%, 15%,..., 100%) were
less than plus/minus 1%. The tonal change from the
film copy to the printing plate should lie within
narrow tolerances. In this case for these conditions
and screen frequency, the decrease in tone value
from film to printing form was approximately 3-5%
in the middle tone.

The paper, which has been used, is 200 g/m’
glossy coated paper. Colour characteristics of used
papers (print substrate colour) are in accordance with
ISO 12647-2 [9] tolerances (L+3, at2, b+2). The

printing inks, which have been wused, are
manufactured by “Huber gruppe”.
A spectrophotometer/densitometer of  type

SpectroEye of GretagMacbeth has been used for
measuring of optical density and the colour
characteristics in the CIE Lab colour system. All
measurements are in accordance with ISO 12647-
1[10]: D50 illuminant, 2° observer, 0/45 or 45/0
geometry, black backing and in accordance with
[11,12,13]. The test chart ECI 2002 is measured with
i1Profiler software and X-rite i1i0 spectrophotometer
and automatic scanning device.

The offset printing machine, which has been
used, is five colour sheet-fed HEIDELBERG SM 74.

In the above-mentioned conditions and according
[9, 10, 14, 15], were printed two series of samples
characterized by gradual smooth changes in ink
quantity - from underinking to overinking. This two
series of test samples were printed at the same print
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conditions (same inks, paper, sheet-fed press), with
two different type of positive printing plates (CtPlate
and conventional, described above in the text). From
the already printed paper fortuitously are taken
printed sheets, which have not a slur, doubling or
other defects.

In order to achieve the goals of the experiment,
series of measurements of Dv and Print Contrast
have been performed (from underinking to
overinking) for defining the optimal inking by the
method of maximum print contrast for Cyan,
Magenta, Yellow and Black for two different types
of offset printing fofrms. A statistical analysis of the
results was performed.

The experimental data, representing the changes
in the print contrast — C (the ordinate axis on the
figures) for the CtPlate and CtFilm, depending on the
Dv for the process colors, are given in Figures 1, 2, 3
and 4.
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The graphs show clearly visible peaks,
visualizing the maximal value of the print contrast
and its corresponding D,. By the method of maximal
print contrast the values of optimal quantity of
printing inks defined through D, have been
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experimentally defined for the glossy coated paper.
The results are shown in Table 1.
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Figure 3. Comparison of Print Contrast for Yellow
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Figure 4. Comparison of Print Contrast for Black

The graphs from figures 1-4 shows, that for all
two types of printing plates the experimental defined
values for optimal inking — Dv are equal, but occurs
a essential difference in contrast values.

Table 1. Experimental defined values for optimal
quantity of printing inks for glossy coated paper.

Type of | Dv, (optical density of 100% solids)
paper

Cyan | Magenta | Yellow | Black
Glossy | 1.57 1.63 1.45 1.85
coated

Experimental defined values for maximal value
of print contrast — C, and difference in C measured
on printing sheets obtained with two different types
of printing plates are shown in table 2.

Analyses of the experimental data and graphs
shows:

1. There are relatively big differences in print
contrast - C for the each of process colours between
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printed sheets with two used types of plates. The
differences are between 3 and 6.5% of Contrast. The
biggest difference is for Black - 6.5%, for Cyan and
Magenta — 4.5% and 5% and for Yellow — 3%.
These differences in Contrast for all process colours
will result in different tonal and colour reproduction
on printed sheets with two sets of printing plates.
That is clearly visible from the images used for
visual evaluation of the sheets.

Table 2. Experimental defined maximal values of
print contrast — C, and difference in C measured on
printing sheets obtained with two different type of
printing plates (conventional printing plates
obtained by contact copying of film — CtFilm and
printing plates obtained by direct imaging - CtPlate)

Type of imaging | Maximal value of Print Contrast —
technology C,%

Cyan | Magenta | Yellow [ Black
1. Computer to 45 44 41 53
Film (CtF)
2. Computer to 40.5 39 38 46.5
Plate (CtP)
3. Difference in 4.5 5 3 6.5
Print
Contrast (1-2)

That means, that in same printing conditions the
implementation of these two different plate making
methods results in different colour reproduction of
images, different colour accuracy, different dot gain,
etc.

2. The print contrast — C have a maximal values
(peaks) at the same value of Dv for conventional and
digitally imaged plates — CtPlate. The results show
that the value of optimal inking quantity expressed
by Dv for two technologies is equal.

Investigation and comparison of color gamuts
in dependence of plate making technology.

The graphically presentation of color gamut — 3D
and 2D, gives valuable and comprehensive
information for the colors, that can be reproduced in
specific printing and plate making conditions. In this
study for precise determination of influence of plate
making technology we have investigated the changes
in 2D and 3D color gamuts volume and shape.

The comparison of 3D graphs of color gamuts
shows (fig. 5), that CtPlate and Ctfilm are relatively
equal each to the others. CtPlate color body has
generally biggest color gamut than CtFilm in all
tones areas by L = 0 to 100. The main reason is that
the CtPlate technology gives 4-5% higher tone
values on printing plates of tones of C, M, Y, K.
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CtPlate

CtFilm

Figure 5. 3D presentation of color gamuts in
dependence of plate making technology in CIE Lab,
320% TAC, GCR3 (graph is generated by Chromix

Color ThinkPro)

CtPlate

Cros section at L*=50

CtFilm

(a - midtones) graph is generated by Chromix Color
ThinkPro

CtPlate

CtFilm

Cros section at L*=12

(b — dark tones) graph is generated by GM
ProfileMaker

2D graphical presentation of gamuts at different
cross-section of CIE L* coordinate are used to
collect more detailed information for analyses and
comparison of reproduction accuracy and
characteristics of any combination of specific
combination of printing and plate technology /
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printing substrate / printing inks / separation settings
like GCR, TAC etc.

CtPlate

CtFilm

Cros section at L*=80

(c - highlights) graph is generated by GM
ProfileMaker

Figure 6. 2D presentation of color gamuts in
dependence of plate making technology in CIE Lab:
(a) mid-tones by L = 50, 320% TAC, GCR3; (b) by L

= 12, dark tones, 320% TAC, GCR3; (c) by L = 80,
highlight tones, 320% TAC, GCR3

A 2D color gamuts in dark, middle and highlight
tones are presented at figure 6 (a, b, ¢) for more
comprehensive characterization the effect of CtPlate
and CtFilm technology on colors. The comparison of
2D color gamuts shows that plate technology affects
mostly dark and middle tones. There is about 4-8%
difference in surface areas between CtPlate and
CtFilm area. Meanwhile, the difference in highlights
is only about 0,5%.

IV. Conclusions

The results achieved are important from practical
point of view. They lead to the conclusion that it is
necessarily taking into strict consideration the
concrete plate making method, because relatively big
differences in print contrast from 3% to 6.5 % are
occurred.

In an experimental way a well-grounded proof
has been achieved for a substantial difference in
color reproduction for two plate making methods
with comparison of print contrast.

The difference in print contrast between two
technologies comes from the tonal change from the
film copy to the printing plate. In this case the
decrease in tone value from film to printing form
was approximately 3-5% in the middle tone. In
CtPlate the accuracy in tone transfer is less than 1%.
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This difference reflects on print contrast value and
leads to difference in colour reproduction on printing
sheets between CtPlate and CtFilm plate making.

According to the results of investigation of color
reproduction accuracy, switching the plate making
technology leads to changes in color gamut volumes
and shapes (2D and 3D). The changes affect mostly
dark and middle tones. There is about 4-8%
difference in surface areas and volumes between
CtPlate and CtFilm area.

Some printing houses use corrections of tone
value curves to compensate the difference between
CtFilm and CtPlate, but in many cases this method
does not lead to predictable results.

For accurate human perception of printed images,
it is very important to achieve maximal predictable
and precise colour reproduction no matter of plate
technology. The best performance from the
viewpoint of accuracy of colour reproduction is the
generation of ICC colour profiles for concrete
technological conditions. The experience has shown
that during the ICC profile application, both concrete
plate making conditions are taken into consideration
and there is not a visual difference in colour
reproduction and printed images.
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DRYING OF DANDELION ROOTS
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Abstract: The paper presents the study of the drying process of vegetable matter, especially dandelion roots, with
the use of energy intake by convection and combined (convection + microwave). Dehydration kinetics on the first and the
second period of drying is analyzed, analysis of the characteristics drying is presented and the influence of thermal agent
on the drying speed and drying speed coefficients in the two periods is investigated.

Keywords: drying, dandelion roots, convection, microwave convection, drying speed, drying constant

I. INTRODUCTION

Vegetable materials are complex not only by
their chemical structure, but also by the functions
they perform. It is known that in nature, plants are
the perfect laboratory for transfer of organic matter
from the inorganic, without which human life would
be impossible [2].

Keeping quality of vegetable products is an
essential condition for ensuring human health.

In the carried study particular attention is
given to the use of plants from the family
Compositae especially roots of the dandelion.

One of the main stages of processing of
vegetable raw materials consists of organizing of
their proper harvest and post-harvest works. In
particular, the collection of medicinal plants is
necessary to establish the exact harvesting period, to
respect optimal harvest hours, quick decision making
on keeping material fresh vegetable products and
their harvest until the drying process starting [3].

Currently drying of roots of the dandelion is
performed by classical methods: sun drying, drying
in the shade, drying in the ovens, drying in the
drying rooms with convective heat input
[2, 3, 4, 5, 6, 7]. These methods have a lot of
disadvantages such as: long duration of drying, large
work surfaces, etc.

Therefore, for the correct performance of the
drying process is necessary a clear record of the
complex phenomena arising in vegetal systems.

ILDESCRIPTION OF
EXPERIMENTAL EQUIPMENT AND
RESEARCH METHOD OF DRYING
PROCESS KINETICS

For research were selected dandelion roots
harvested in August-September, due to the high
content of chemical substances [5].

Drying of dandelion was carried out on an
experimental installation for the study of the drying
kinetics of vegetal material with different energy
input: convection and combined (microwave
convection under oscillating regime). The
installation operates in the following manner (fig. 1):
vegetable material sample is placed in the chamber
(6), on the support (5) fixed on the electric scale (3).
Mass decrease recorded by electric scale (3) is
registered on the computer (9). The hot air is
circulated at the bottom of the working chamber
through the air duct (2), so that the product subjected
to drying to be in direct contact with the air flow.
The air aspirated by the fan (11) is blown through the
heater (12) where is heated up to drying temperature
(60 — 100 °C).

The thermal agent is removed from the working
chamber thru air duct (4). Temperature of thermal
agent is adjusted with the electronic system of
control ,thermostat CIMU-UMU-1". To record
thermal agent temperature in the air duct is installed
thermocouple (13). For combined drying with use of
SHF currents the installation is equipped with a
magnetron (7). Electric energy consumption is
recorded using electric meter (10).

During the experiments were recorded: air
parameters at the entrance of calorifier (ty the initial
temperature and @, relative humidity) and at the exit
of calorifier t; [1]. Drying of Dandelion roots with the
use of microwaves has been performed in three
modes of oscillation 5 s, 10 s and 15 s with a 10 s
pause between pulses. Initial mass of the sample was
150+£0,1 g.

Thermal agent temperature varies from 60 to 100
°C, with step of 10 °C.

According to the initial moisture of the
investigated product, the humidity reported on dry
matter at any moment of time was determined [2, 4]:
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Figure 1. Scheme of drying experimental installation:
1 - command and control system; 2, 4 - air duct; 3 - electric scales; 5 - product support;
6 - drying room; 7 - magnetron, 8 - control panel; 9 - computer, 10 - electric meter, 11 - Fan,
12 - electric heater, 13 - thermocouple, 14 - anemometer.

we =S q00-[ 9 _1).100 (1) S,
G G ' du (u) _ i 3)
usc usc o | = > 5
The final weight of the analyzed sample, until is de >om’
necessary to perform the drying process was m==p
calculated using the formula: where: @4 ( uoj - is the value of drying speed for
u;in " Muse u;in . d 0 . .
G, = T G,.=G,, oo™ 1, @ the moisture content average u,, %/ time (min);
u, - the average value of moisture content
where: 7, - is the final moisture content in the moisture in the mass of material before and after the
product reported on dry matter. moment of time at which the humidity was u,, %;
Based on obtained results m=-2;-1;0; 1; 2.
Drying curves and drying speed curves were Value of the drying speed for the first and last
plotted which were determined by the discrete two points was determined with the formulas:
differentiation of the functions tabulated in - for the first point:

accordance with the relationship [6]:

dr “il= 20-n
- for the second point:
second drying period K2 have been calculated
du [”j -1 lu,+3us+7Tu,—u, , (5) according to the formulas 8 and 9 [4]:
dr\ "’ 20-n _ du/dt % (8)
- for the penultimate point: K= S-(x, —x,) s-m’-kgkg dry air ’

where: dwdt — constant speed of drying (speed in

du(j_ —2luy+ B3 us+17u, =9u, g

d”[u"]j _ Tt T w3, ot (6) the first period), % /min;
dr 20-n S — area of contact of drying roots with drying
- for the last point: agent, m’;

- - - xo — The moisture content of the air at the inlet in
du[uj _—9u, =17 u 1 —13u, ,+2lu,_, (7) the drying installation, kg / kg dry air;
dr\ "’ 20-n X; — the moisture content of the saturated air at
Kinetic characteristics of the drying process drying temperature, kg / kg dry air (on the material
namely, the drying speed coefficient in the first surface).
period of drying K1 and the drying coefficient in the

n
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Xo $1 Xs is determined from Ramzin's diagram,
knowing air parameters: temperature and relative
humidity.

du/dt
ug —Ug, ’
where: du /dt — drying constant speed (speed in
the first period), %o/s;

u’.; — reduced critical humidity of dandelion root
determined by the drying speed curve, %;

Ueen, — equilibrium humidity of dandelion root
relative to dried substance, %.

Based on the obtained data were presented
correlation between the drying speed coefficients for
the first and second period and thermal agent
temperature.
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ITII. RESULTS AND DISCUSSION

According drying curves of dandelion roots
(fig. 2.a) by convection, is observed that with
increasing temperature of the drying agent, drying
time is reduced. Thus, at heat agent temperature of
60 °C, from 230.3% initial moisture up to 7,2% final
moisture, duration is 130 min, however, starting with
temperatures of 70, 80, 90 and 100 °C the drying
process arising respectively in 115, 100, 90 and 75
min. Hence, raising the temperature of the drying
from 60 to 100 °C decreases the duration of the
drying process 1,73 times.
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Figure 2. Drying curve (a) and drying speed curve (b) of dandelion root by convective method

Drying speed curves of dandelion roots were
obtained by derivation of tabulated function of
drying curve (Fig. 2a and 3.a.). The curve form
corresponds to the form described in the literature,
for capillary-porous colloidal bodies [2, 4].

The analysis of drying speed curves of
dandelion roots (Fig. 2 b and 3 b), demonstrates that
the use of convective heat input confirm known
theoretical concepts on the mechanism of mass
transfer in the drying process. Are highlights three

periods: heating, constant speed drying and
decreasing drying speed.
Maximum drying speed increases with

increasing drying agent temperature as can be seen
on the diagram (Fig. 2. b). Therefore, at 60 °C it is
3.50 %/min and at 100 °C - 4.60 %/min. The
maximum speed of moisture removal increases with
the drying agent temperature from 60 °C to 100 °C
for approx. 1.57 times.

As shown in Figure 3.a is observed that with
increasing temperature of drying agent from 60 °C to
100 °C the drying time is reduced. For example, at

60 °C heat agent temperature the drying process is
55 min. And at 100 ° C heat agent temperature - 35
min. It results, that drying process of dandelion roots
is reduced 1,57 times by increasing heat agent
temperature.

Maximum drying speed increases with increasing
drying agent temperature (fig. 3 b). Thus, at 60 °C it
is 7,66 %/min and at a temperature of 100 °C,
corresponding to 11,01 %/min. So the maximum
speed of moisture removing increases 1.43 times
with temperature increasing from 60 to 100 °C.

Based on drying curves and drying speed curves
drying speed constants were calculated in the first
and second period [3, 5]. The influence of drying
agent temperature on constants in the two periods is
shown graphically in Fig. 4 @ and b.

As shown in Fig. 4. a with drying agent
temperature increasing, drying coefficient K1 is
decreasing according to a linear law. However, it is
noted that the values of K1 are higher compared to
convection drying regime of approx. 1.62 times for
combined drying in mentioned regime.
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Figure 3. Drying curve (a) and drying speed curve (b) of dandelion root by combined method in
oscillation regime of 15s /10s

Decreasing K1 wvalues for combined drying
influenced by temperature increase thermal agent is
faster than convection drying.

If drying constant K1 for the first period
decreases with drying agent temperature for both

methods, then drying constant K2 increases
700 A %
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according to the same linear regularities (Fig. 4. b).
Increasing the temperature of the drying agent within
the limits of 60-100 °C has caused an increase of K2
drying constant 2.2 times for drying by convection
and 4 times for combined drying.

K2 * 104, S_1

—e— conv. papadie —#— 155s/10s

b)

Figure 4. The influence of drying agent temperature on drying speed constants during the first
period (a) and the second period (b) for combined and convective drying.

Decreasing K1 values for combined drying
influenced by temperature increase thermal agent is
faster than convection drying.

If drying constant K1 for the first period
decreases with drying agent temperature for both
methods, then drying constant K2 increases
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according to the same linear regularities (Fig. 4. b).
Increasing the temperature of the drying agent within
the limits of 60-100 °C has caused an increase of K2
drying constant 2.2 times for drying by convection
and 4 times for combined drying.
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IV. CONCLUSIONS

Analyzing the above data it was found that
application of microwave energy to dry dandelion
roots cause intensification of this process. This was
demonstrated by the increase of the drying speeds
constants in the first and second period, due to
increasing the drying speeds. So combined drying:
convection and microwave can be considered an
optimal drying method of the dandelion roots.
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EXTRUDED LENTIL FLOURS
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Abstract :Lentil semolina was extruded in a laboratory single screw extruder (Brabender 20 DN, Germany). Effects
of moisture content, barrel temperature, metering zone temperature, screw speed, and screw compression ratio on
dynamic viscosity of the extruded lentil flours were studied. Response surface methodology with combinations of moisture
content (18, 22, 25, 28, 32%), metering zone temperature (136, 150, 160, 170, 184°C), barrel temperature (136, 150, 160,
170, 184°C), screw speed (132, 160, 180, 200, 228 rpm), and screw compression ratio (1:1, 2:1, 3:1, 4:1, 5:1) was applied.

The dynamic viscosity of the extruded lentil flours was measured with a viscometer “Brookfield RV-DV Il + Pro”, USA.
The dynamic viscosity values varied from 25 to 95 mPa.s. The linear effect due to the moisture content had mostly

influence on the dynamic viscosity.

Keywords: Dynamic viscosity, Extrusion, Lentil, Rheology.

I. Introduction

Extrusion cooking technology plays a central role
in the modern cereal-based food industry especially
for the production of snack and breakfast cereal
products from maize, wheat, rice, and oats. Maize
flour is widely used to elaborate extruded products,
while application of extrusion to legume flours is a
relatively new area of investigation with the
exception of soy bean [10, 14]. This processing
method is not being commercially used for legumes
seeds owing to the perception that legumes do not
expand well in extrusion. Limited information is
available on changes in physicochemical and
functional properties during extrusion of beans [5].

Development of new products and optimization
of existing processes requires understanding the
interactions between ingredients, process parameters
and equipment design. The physical and chemical
complexity of many foodstuffs, however, means that
such relationships can rarely be predicted in advance
[7].

Rheology is used in food science to define the
consistency of different products. Rheologically the
consistency is described by two components, the
viscosity and the elasticity. In practice, therefore,
rheology stands for viscosity —measurements,
characterization of flow behaviour and determination
of material structure. Basic knowledge of these
subjects is essential in process design and product
quality evaluation.

Food products are usually non-Newtonian liquids.
These are materials, which cannot be defined by a
single viscosity value at a specified temperature.
Their viscosity must always be stated together with a
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corresponding temperature, shear stress and shear
rate [1, 2, 3, 4].

The rheological properties of extruded blend
dispersions, which influence the breakfast porridge-
making process, are essential for producing high-
quality products. Recent studies concentrated on
extrusion cooking processing effects for creating
new products and evaluation of physical and
chemical properties [6, 15]. Only a few studies are
conducted on the steady-state-flow properties of
extruded blend dispersions [9, 13].

The object of this work was to study the effect of
extrusion conditions on the dynamic viscosity of
extruded lentil flours.

II. Materials and methods

Material and feed preparation for extrusion

Representative sample of commercial lentil
cultivar, namely Ilina, was obtained from Dobroudja
Agricultural Institute, General Toshevo, Bulgaria.

Lentil seeds were ground using a hammer mill
and passed through standard sieves. Prepared particle
size of lentil semolina was about 0.5 mm. Lentil
semolina was mixed with distilled water to be
obtained various moisture contents (Table 1). The
wet materials were placed and kept in sealed plastic
bags for 12 h in a refrigerator at 5°C. The samples
were tempered for 2 h at room temperature prior to
extrusion.

Extrusion process

Lentil semolina was extruded in a laboratory
single screw extruder (Brabender 20 DN, Germany).
The compression ratio of the screw was 1:1, 2:1, 3:1,
4:1, 5:1 according to the experimental design (Table
1). The extruder barrel (476.5 mm in length and 20
mm in diameter) contained three sections and
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independently controlled die assembly electric
heaters. The screw speed was 132, 160, 180, 200,
228 rpm. The temperature of the feed zone was
150°C, that of the metering zone was 136, 150, 160,

170, 184°C, and that of the extruder die was 136, 150,
160, 170, 184°C. The feed screw speed was fixed at
70 rpm and the die diameter was 5 mm.

Table 1. Independent Variable Values and Corresponding Levels

Independent Variables Levels

-2.378 -1 0 +1 +2.378
X1, Moisture (W), % 18 22 25 28 32
X,, Barrel Temperature (Tm), °C 136 150 160 170 184
X;, II™ Zone Temperature (T,), °C 136 150 160 170 184
X4, Screw Speed (n), rpm 132 160 180 200 228
Xs, Screw Compression Ratio (K) 1:1 2:1 3:1 4:1 5:1

Extruded lentil flours and preparation of model
systems (pastes)

The extrudates were crushed into powder in a
laboratory hammer mill with a size range of 0.10 -
0.25 mm to be obtained the extruded lentil flours.

Each one of the model systems was prepared by
mixing extruded lentil flour and water in the ratio
1:10.

Dynamic viscosity measurement

The extruded lentil model system was tempered
for 30 minutes at 70°C in a thermostat.

Preliminary experiments were conducted to
establish the range of shear rates in which to measure
the dynamic viscosity of the pastes. The experiments
shown that the changes in the shear rate doesn’t
affect the dynamic viscosity — therefore all the
products exhibit non-newtonian behaviour.

The dynamic viscosity of each paste was
measured in threefold with a “Brookfield RV-DV 11
+ Pro” viscometer (Spindle Ne2; Speed 100 rpm) and
after that was calculated the average value.

Experimental design and data analysis

A central composite rotatable design (Table 1)
was used to show interactions of moisture content,
metering zone temperature, barrel temperature,
screw speed, and screw compression ratio on the
extrudate in 52 runs of which 32 were for the
factorial points, 10 were for axial points, and 10
were for centre points [12].

A second order polynomial model for the
dependent variable was established to fit the
experimental data:

(M

where b, b;, bj;, and b;; are constant coefficients.

SYSTAT statistical software (SPSS Inc., Chicago,
USA, version 7.1) and Excel were used to analyze
the data results.

n n 2 n n
y=b0+2bl~xl~+2bﬁx,~ +2 X bijxixj
i=1 i=1 i=1j=1
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II1. Results and discussion

The average dynamic viscosity values of the
extruded lentil flours are given in Table 2.

The results of the statistical analysis of variance
(ANOVA) for the dynamic viscosity show that 10
effects have p-values less than 0.05, indicating that
they are significantly different from zero at the
95.0% confidence level. The R-squared statistic is
0.81; the standard error of the estimate - 8.78, the
mean absolute error - 4.70. The R-squared is defined
as the ratio of the explained variation to the total
variation and is a measure of the degree of fit [8]. As
the R-squared value for the model is more than 80%
it can be considered for further analysis.

The regression equation describing the effect of
extrusion variables on the dynamic viscosity of the
extruded lentil flours is given in Table 3. The
coefficients in the regression equation can be used to
examine the significance of each term relative to
each other when used with coded values. Statistical
analysis shows that feed moisture content, barrel
temperature, metering zone temperature, and screw
compression ratio have an effect on the dynamic
viscosity (p < 0.05), whereas screw speed has no
effect on the viscosity.

Each of the estimated effects and interactions are
shown in the standardized diagram (Fig. 1). It
consists of horizontal blocks with lengths
proportional to the absolute values of the estimated
effects, divided by their standard errors. A vertical
line that represents the value of the Student criterion
at 95 % confidence level has been added to facilitate
the chart. The linear effect due to the moisture
content of lentil semolina mostly influences on the
dynamic viscosity followed by squared and linear
effects due to the screw compression ratio.

The residual quantity distribution for the
regression model of the dynamic viscosity is
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uniformly distributed around zero and no values
exceed two times the standard error (Fig. 2).

Based on the results from ANOVA after
removing the insignificant effects the following
regression equation is obtained:

Table 2. Dynamic viscosity of extruded lentil flours

25 45 65 85

Ne n, mPa.s Ne n, mPa.s No 1, mPa.s Ne 7, mPa.s

1. 53.8 14. 94.3 217. 51.5 40. 65.7

2. 95.1 15. 55.8 28. 59.4 41. 254

3. 51.8 16. 80.3 29. 87.1 42. 57.7

4. 78.1 17. 48.2 30. 83.1 43. 75.6

5. 44.0 18. 85.9 31. 88.1 44. 82.5

6. 76.9 19. 44.6 32. 77.6 45. 64.7

7. 73.1 20. 73.2 33. 52.9 46. 76.8

8. 76.2 21. 73.5 34. 89.6 47. 79.3

9. 45.5 22. 86.8 35. 69.6 48. 84.3

10. 80.2 23. 71.6 36. 46.0 49. 78.1

11. 432 24. 83.1 37. 87.8 50. 77.3

12. 66.3 25. 60.7 38. 67.2 51. 76.5

13. 50.9 26. 79.6 39. 71.0 52. 78.5

Standardized Pareto Chart for h

: m . Residual Plot for h ]
;\ = . E

2 4 6 8
Standardized effect

Fig.1. Estimated effects of regression model coefficients

on the dynamic viscosity

7 = - 881.003 + 50.13W + 8.91Tm — 6.47T, +
+21.30K — 0.11WTm — 0.11WT, — 1.31WK -
-0.03Tm’ + 0.34T,K — 5.79K>, mPa.s )

The viscosity of a paste depends on a large extent
on the degree of gelatinization of the starch granules
and the extent of their molecular breakdown. The
maximum viscosity value of 95.1 mPa.s is observed
for sample 2 (moisture content 28%, barrel
temperature 150°C, metering zone temperature
150°C, screw speed 160 rpm, and screw compression
ratio 2:1) while the least value of 25.4 mPa.s is
recorded for design point 41 (moisture content 25%,
barrel temperature 160°C, metering zone temperature
160°C, screw speed 180 rpm, and screw compression
ratio 1:1).

As can be seen from Fig. 1, the extrusion
parameter of moisture content has the most effective
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predicted

Fig.2. Residual distribution diagram

influence on the dynamic viscosity of the extruded
flour paste. The viscosity value increases from 52.9
to 89.6 mPa.s (about 40%) with raising the moisture
content from 18 to 32% at barrel temperature 160°C,
metering zone temperature 160°C, screw speed 180
rpm, and screw compression ratio 3:1 due to the fact
that the moisture, acting as a plasticizer during
extrusion cooking, reduced the degradation of starch
and protein granules which resulted in an increased
capacity for water absorption. The similar
observations are reported by Pérez et al. [14] for
maize/soybean pastes.

When the extrusion temperature increases from
136 to 184°C, the reduction in the viscosity value is
observed probably due to the increase in starch and
protein degradation.
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Table 3.
Regression equation coefficients and analysis of variance for dynamic viscosity of extruded lentil flours
Variables Coefficients DF MS p values
Constant -881.003
AW 50.129 1 4072.38 0.0000*
B:Tm 8.913 1 377.26 0.0344*
C:T, -6,473 1 428.94 0.0248%*
D:n 0.667 1 14.32 0.6693
E:K 21.301 1 631.01 0.0075%*
AA -0.060 1 16.84 0.6434
AB -0.108 1 336.05 0.0450*
AC -0.109 1 339.95 0.0439%*
AD -0.030 1 100.47 0.2622
AE -1.311 1 495.34 0.0165*
BB -0.029 1 496.98 0.0163*
BC 0.028 1 253.69 0.0792
BD -0.007 1 68.15 0.3542
BE -0.125 1 49.75 0.4277
CC 0.006 1 18.91 0.6237
CD 0.012 1 181.93 0.1345
CE 0.345 1 380.19 0.0337*
DD -0.003 1 64.41 0.3675
DE 0.082 1 86.79 0.2967
EE -5.787 1 1959.78 0.0000*

DF — degree of freedom, MS — mean square.
*Significant at 95% CIL.

aor o
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Fig.3. Dynamic viscosity (1, mPa.s) depending on Fig.4. Dynamic viscosity (1, mPa.s) depending on

moisture content (W, %) and barrel temperature barrel temperature (Tm, °C) and screw compression
(Tm, °C) at metering zone temperature 160°C, screw ratio (K) at moisture content 25%, metering zone
speed 180 rpm, and screw compression ratio 3:1 temperature 160°C, and screw speed 180 rpm
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Increased screw speed (from 132 to 228 rpm)
results in an increase in input energy which cause
stretching and sometimes fracture of protein-protein
matrix, thus, making product less viscous when
reconstituted. Likimani et al. [11] report that
extrusion induced starch dextrinization which results
in reduction of viscosity in gruel.

The effects of some extrusion conditions on the
dynamic viscosity of extruded lentil flour pastes are
shown in Fig. 3 and 4. As can be seen from the
figures, higher values of the viscosity are obtained
by the combination of high moisture content and low
barrel temperature as well as the combination of high
screw compression ratio and low temperature.

IV. Conclusions

The effect of extrusion variables on the dynamic
viscosity of extruded lentil flours was studied. All of
the studied pastes exhibit non-newtonian behaviour.
The linear effect due to the moisture content of lentil
semolina had mostly influence on the dynamic
viscosity followed by squared and linear effects
due to the screw compression ratio. The dynamic
viscosity values varied from 25 to 95 mPa.s.
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EXPERIMENTAL DETERMINATION OF THE RATIONAL PARAMETERS
IN THE PROCESS OF FOAMING AND DRYING OF RAW FISH
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Abstract. The article provides the results of development and conduct of the multi-factor experiment. The
recommendations are given concerning rational parameters of the foaming and raw fish drying processes in the output of
snacks produced from round goby (Neogobius melanostomus) minced flesh.

Key words: raw fish processing, snacks produced from round goby minced flesh, multi-factor experiment,

process rational parameters

I. Introduction

Reduction in amount of fish yields in the World
Ocean [1] required from fish processing plants to
process and implement new waste-free ways of
aquatic organisms processing. The authors proposed
a new method [2] of producing foamed mixtures
made of raw fish up to the temperature 55°C. It
makes possible to preserve thermolabile vitamins in
the finished product. In order to implement the above
mentioned method into the production it is necessary
to develop recommendations concerning the rational
parameters of the process.

The objective of the paper is to estimate rational
parameters for the process of foaming and drying of
raw fish.

II. Materials and methods

The research was carried out on the basis of
producing the food stuff — snacks made of minced
fish meat of a round goby.

In order to determine the impact of regimes on
the process of foaming and drying the statistical
method of the experiment planning [3, 4] was
applied and the multifactorial experiment was
undertaken. As input parameters the following ones
were taken: temperature (t, °C) and pressure (P, kPa)
in the process chamber and the density of stuffing of
granules (p, kg/m’). The output parameter was taken
as duration of the process (t, min.), affecting the
productivity and expenses of energy.

II1. Results and discussion

In order to preserve thermolabile vitamins and
provide the required foaming and hardness of the
product, basing on the preliminary experiments the
intervals of varying the input parameters were
determined [5].

The affecting parameters and interval of varying
are given in Table 1.

Table 1. Input factors and intervals of varying

Factors Basic level Unit of varying High level Low level Code
identification of
the factor
P, kPa 12,5 2,5 15,0 10,0 X|
t,°C 50,0 5,0 55,0 45,0 X2
p, kg/m’ 1160,0 60,0 1220,0 1100,0 X3
In order to simplify the record of the X = X;—X0 (1)
experiment conditions as well as data processing the I’

encoded values of factors were taken. Along with
this the high level of the factor corresponds to +1,
the low one -1, and the basic one — zero.

The encoded values of the factors were
calculated according to the following formula:
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where X; — encoded value of the factors;
X; — natural value of a factor;

X;o— natural value of the basic level;

I; — the interval of variation;

j — anumber of the factor.

P-125

Thatis X; = s
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_ t-50,0,
27 50 °
—-1160,0
X3 = —P
60,0

reproducibility. Dispersion serves to measure this
error:

n —

Matrix for planning of the comprehensive factor Z(y g Y )2 )
experiment of 2 type (Table 2) consists of three SP=1
vector-columns created under the rule of alteration of 14
symbols and divided into two blocks. Furthermore,
the intra-block effect is mixed with the triple effect where ¥q — the result of each experiment;
of interaction Ps = X;XpX3, which should be ; - arithmetic average value;
neglecteq. In order to compensate the affect Qf  — a number of degrees of freedom, y = (N-1);
systematic errors, the experiments are randomized in N — a number of experiments
time. Full factorial experiment of 2° type possesses
the proper.ties of symmetry, standardization and The results of the experimental research
orthogonality. _ undertaken are given in Table 3.

Every experiment contains elements of
uncertainty. It is necessary to establish the error of
the parallel experiments, i.e. the error of

Table 2. Matrix for planning the experiment of 2° type
No. of the experiment X, X, X;
1 + + -
2 - + +
3 + - +
4 - _ _
5 - - +
6 - + -
7 + + +
8 + - -
Table 3. The results of three-factor experiment
No. of
the oyl v, | Vs | Ve | Vs | Vel Vs | Ve | Ve | Ve | V| S?
experi-
ment
1 128,1 | 127,5 | 125,8 | 135,1 | 132,7 | 135,3 | 136,2 | 137,5 | 137,8 | 133,1 | 132,9 | 18,82
2 155,2 | 154,3 | 148,1 | 145,8 | 145.1 | 143,1 | 143,2 | 149,5 | 152,2 | 152,2 | 148,9 | 20,20
3 175,8 | 174,2 | 178,8 | 180,9 | 182,2 | 182,1 | 182,9 | 185,3 | 186,2 | 176,2 | 180,5 | 16,67
4 141,3 | 143,2 | 146,8 | 148,2 | 151,1 | 151,8 | 140,8 | 140,3 | 143,2 | 141,2 | 144,8 | 18,98
5 179,2 | 174,1 | 167,9 | 165,1 | 168,8 | 171,8 | 172,2 | 169,3 | 168,5 | 167,5 | 170,4 | 16,27
6 121,2 | 126,5 | 127,9 | 120,3 | 122,3 | 127,2 | 127,9 | 129,2 | 124,5 | 127,2 | 125,4 | 9,86
7 156,2 | 159,2 | 152,3 | 157,6 | 152,1 | 151,1 | 160,5 | 159,5 | 158,5 | 159,1 | 156,6 | 12,27
8 145,5 | 147,6 | 155,2 | 151,8 | 157,5 | 153,2 | 154,1 | 145,9 | 148, 1 | 149,3 | 150,8 | 17,09
SZ
The verification of the results of the experimental F, Snzm )

data for rough errors was carried out applying
Student’s statistical criterion which made up
t=2.2622 [4] with the confidential probability of
95%.

The homogeneity of dispersions was checked by
calculated Fisher’s criterion (Fp), which was
compared with the tabular value (F..5,):

FP<FTa6J1.

3)
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The calculated Fisher’s criterion, Fy=2, 05. The
tabular Fisher’s criterion for the degrees of freedom
Vi=y,=9 is equal Fr,=3, 18 [3]. As F,<Fi,, so
dispersions are homogenous.

In order to evaluate reproducibility of the results
of the experiments the calculated statistical Cohren’s
criterion (Gp) was determined which was compared
with the tabular value (Gyug;):
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GP<GTa6nA

2
— Smax

N
250
1

G, . 4)

Calculated value of Cohren’s criterion is equal to
G,=0, 155. The tabular value of Cohren’s criterion is
Gra61=0, 266 [3]. As G,<Gyas,, so dispersions are
homogenous.

The response function regarding dual effects of
the interaction was represented as a polynomial of
the second degree:

y=>by,+bx, +by,x, +b;x; +b,xx,+

. 5)

+b,x,x; +b3x X,

where b(), bl, bz, b3, b]z, b23, b13 are rates which
were calculated by formulas:

N N N
zyi leyi zxzyi
b, = IN b, = ! N b, = ! N
N N o
Z'x?ayi lexzyi
b, = 1 N b, = 1 N 6)

N . N _
zx2x3yi lexsyz'
b,=—+— b, ="1——
23 N 13 N

In order to calculate the rates in the equation (5)
the auxiliary calculation table 4 was drawn up.

Table 4. Auxiliary table for calculation of equation rates

elzr())él(')itl‘l:lellelt X1 XZ X3 y X1 y X2 y X3 y X1X2 y X1X3 y X2X3 y
1 + | + | - 132.9 132.9 132.9 -132,9 132,9 -132.9 -132,9
2 - |+ | + 148.9 -148,9 148,9 148,9 -148,9 -148,9 148,9
3 + | - | + 180,5 180, 5 -180,5 180, 5 -180,5 180, 5 -180,5
4 - | - | - 144, 8 -144,8 -144,8 -144,8 144, 8 144, 8 144, 8
5 - = |+ 170.4 -170,4 -170,4 170.4 170, 4 -170,4 -170,4
6 - |+ | - 125.4 -125,4 125.4 -125,4 -125,4 125.4 -125.4
7 + | + 156,6 156, 6 156, 6 156, 6 156, 6 156, 6 156, 6
8 + | - | - 150, 8 150, 8 -150, 8 -150, 8 -150, 8 -150, 8 150, 8
> 1210,3 31,3 -82,7 102, 4 -0,8 4,2 -8, 1
b; 151,29 3,91 -10,34 12,81 -0, 10 0,53 -1,02
2 9
S? b= m, ©)
The response function was produced as: N
y=151,29+3, 91X,-10, 34X,+12, 81X;- (7) where  S’{y}is a dispersion of the
-0, 10X,X,-0, 53X,X;-1, 02X,X5 reproducibility of the experiment,
u 2
The values of the equation rates were calculated Zl//iSi
by the confidence interval Ab;: S? {y}= IN— ,

Ab; =+ t-S {bi}, (8)

where t is a tabular value of Student’s coefficient
with the number of degrees of freedom, with which
S{bi} was calculated in the chosen Ilevel of
significance, t=1, 9944 [5];

S*{bi} is dispersion of the regression coefficient,

S{b} = /S7(b3.

ZW[
1

According to the results of the calculations the
following values were determined: dispersion of the
experiment reproducibility S*{y} = 16, 42; dispersion
of the regression coefficient S{b;}=2, 05; confidence
interval Ab=2, 8575. Thus, in the equation (7) there
are four significant coefficients by=151, 29; b,=3, 91;
b,=-10, 34; bs=12, 81, so this equation (7) may be
represented as follows:

y=151,29+3,91X,-10, 34X,+12, 81X, (10)
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The analysis of the equation (10) demonstrated
that the duration of the process increased with the
increased pressure in the process chamber and
density of stuffing of granules as well as with
reduced temperature in the process chamber.

The model is called adequate if the following
requirement is met: forecast by means of the model
the response value in some similarity, where
coordinates of the realized experiments are included,
should not differ from factorial more than for the
preliminarily given value. The verification of the
model adequacy was made by Fisher’s F-criterion:

2 . . .
where S7,; is dispersion of adequacy,

T
D Ay}

2
Sad_
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Ayi2 — the residual sum of squares of difference
between estimated and average value of y;

v — a number of degrees of freedom equal to the
difference between a number of experiments and a
number of coefficients (constants) being calculated
by the results of the experiments independently of
each other.

To verify the adequacy of the model the auxiliary

F <FT3. JT. .
’ "; calculation table 5 was drawn up.
Sao (11)
S}
Table 5. Auxiliary table to calculate dispersion of adequacy
No. of the = 2
experiment v Yy AY AY
1 132,9 132,1 0,85 0,7
2 148,9 149,9 0,98 1,0
3 180,5 178,3 2,12 4,5
4 144, 8 144,9 0,12 0,0
5 170,4 170,5 0,08 0,0
6 125,4 124,2 1,18 1,4
7 156, 6 157,7 1,06 1,1
8 150, 8 152,7 1,91 3,7

According to Table 5 the dispersion of adequacy
S?.:=3. 1 was calculated. Fisher’s predictive criterion
made up Fp=0, 19. Fisher’s tabular criterion for the
degrees of freedom 4-9 is equal to F,,=3, 63 [3].
Thus, F<F.s., 1.e. with the confidence likelihood
ratio 0, 95 the model may be treated as adequate.

With true variables the equation 11 may be
represented as:

=1, 564-P-2, 068-t+0,2135-p-12, 52 (12)

In order to estimate the minimal value of the
equation (12) with the given limits of the variable
factors (Table 1) methods of convex optimization
(simplex methods) applying the function of “Finding
solutions” in the table editor Excel. The outcomes
for the variable parameters made up: P=10 xPa,
t=55°C, p=1100 kg/m’.

IV. Conclusions

Thus, with the reference to three-factorial
experiment to minimize the duration of foaming and
drying while producing snacks made of minced meat
of round goby the rational parameters for the process
were estimated, these being as follows P=10 kPa,
t=55°C, p=1 100 kg/m’.
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The obtained parameters made possible to
develop specifications, technical instruction and
procedures to implement the proposed method of
raw fish processing into foamed mixtures in the
production.
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EXPERIMENTAL TEST STAND
FOR THE STUDY OF COATINGS RESISTANCE

V. S. Rupetsov

University of Plovdiv "P. Hilendarski"
Technical College Smolyan

Summary: The quality of the surfaces of the joint working details depends both on their geometric accuracy and
precision, and on the ability to counteract to the factors causing different types of wear. The wear resistance of the
working surfaces is evaluated by means of various types of tests, some of which are laboratory tests carried out with the
aid of various test stands and simulators having the joint name tribometers. In this work constructively - technological
characteristics of the stand realized on the scheme "ball-on-plate” are discussed. The purpose of the test stand is to make
an abrasive testing of the samples in mode adapted to the actual operating conditions and evaluating the results by
comparing the wear of different coatings laid on their working surfaces.

Keywords: tribometer, wear, hard coatings, ball-on-plate, wear resistance.
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To study the tribological properties of hard
coatings, there is still no one accepted methodology.
Depending on the goals and tasks, the authors of
various studies set the particular matter and the
variety in many cases makes the research results
difficult to compare.

The test stands for tribological studies reflect (to a
lesser or greater extent) the actual operating
conditions. In recent years, devices with high
accuracy for complex evaluation of the tribological
properties of nanostructured surfaces and micro and
nanoleveled coatings were designed by leading
manufacturers. Testing machines for friction and
wear are not produced in the Republic of Bulgaria, so
it is a practice that researchers and research
laboratories design and produce special systems for
their own purposes, working on common patterns of
friction [2,3,4] .

This paper presents the design of a test stand for
experimental testing of wear resistance by
determining the differential characteristic of wear
intensity /.

Introduction.

IT Purpose of the test stand

The test stand is designed to test wear resistance
of test samples of a certain size. It is used mainly for
evaluation of the wear resistance of hard thin
coatings with a thickness greater than lum put on
planar surfaces of the samples. It is realized a method
of friction "Ball on Flat Sliding Wear Test" [1,7] with
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horizontal orientation of the test surface. The test ball
is fixed in a holder on which is assigned a specific
load, with friction on linear reciprocation drive
sample (Reciprocation drive) without any lubricant
and it works in air at room temperature.

III Description of the construction of the
test stand CHMII-1 for carrying out the
experimental tests of the wear resistance.

In constructing the test stand were reported the
following specific requirements:

- The axes of the holder of the counter body shall
be perpendicular to the surface of movement;

- The device is to be stable, so that during use at
maximum load and speed of slide, the axis of the
holder to retain perpendicular to the tested surface;

- Linear accuracy and stability of reciprocation
movement;

- Stable and accurate fastening of the counter body
and the sample (which shall not deform during the
fixation);

- The center of the spherical counter body shall lie
on the axis of the holder;

- The load shall have a constant nominal value
throughout the duration of the test and others.

The three-dimensional model of the test stand
CHUUII-1 for carrying out experimental tests of the
wear resistance is shown in Fig. 1.
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Fig. 1. Constructive model of the test stand CUUII-1 for wear resistance.
1.Frame 2.Transformer 3.Motor-reducer 4. PWM DC controller 5.Main plate 6.Side Beam 7.Connecting beam
8.4xis 9.Loading lever. 10.Load 11.Ball holder 12.Test sample 13.Sample holder 14.Linear guideway
15.Reciprocatingly moving base 16.Ball slider 17.Eccentric 18. Bearing slider

In the inner space of frame / there is a power
transformer 2, the motor-reducer 3 (DC 24 V) and
the control unit 4 for adjusting the spinning speed
mounted to a radiator. On the base plate 3, attached
to the top of frame / are fitted the other elements.
The two side beams 6 are connected by beam 7. In
the bearing holes of beams 6 are set the bearing of
axle 8. Loading lever 9 is designed with shifted
center of gravity in order to put it into its original
balance before placing load /0 and it is also possible
to readjust the equilibrium. The load lever can be
moved longitudinally along the axis &. This enables
the establishment of a sample /2 in the sample holder
13 to get a variety of marks on the sample in case of
change in the experimental conditions: - loading,
time or way of friction, the linear speed of the
reciprocating motion and others.

Ball holder 71/ is fitted at the front end of the
lever. The center of gravity coincides with the axis
10 of the holder.

The driving is via a DC motor-reducer 3, with
eccentric /7, fitted on the output shaft of the reducer.
The conversion of the rotary motion into
reciprocating is made through the pair of eccentric
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slider. Linear reciprocating motion is realized by
linear guideways /4 and ball slider /6. The base /5
is fixed immovably on ball slider /6 and at its rear
edge is fitted slider /8. On base /5 is fixed firmly
sample holder 73, where the tested sample 12 is
placed. Counting the number of double movements
are performed by counter (Register), receiving a
signal from a sensor (Magnetic Sensor) in one
revolution of the eccentric 17 (Fig. 2).

Speeds of rotation of the DC engine are
controlled, keeping the rotating moment and using
PVM DC Motor Controler (Fig. 2). A potentiometer
is used to determine the coefficient of filling of
PWM signal. Each pushing of S; for more than half
second changes the frequency of the PWM signal.
There are programmed three different frequencies:
980Hz, 3.8KHz, 15,6 KHz. They are indicated by
two light diodes: LEDI (red) — when it is lit the
frequency is 15,6 KHz, when it twinkles fast
3.8KHz, when it twinkles slowly 980Hz; light
diodes LED?2 (green) indicates that the power is on.

General view of the test stand CUMII-1 is shown
in Figure 3, and the specifications are listed in Table
1.
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Fig.2. Electric diagram of the test stand CUUII-1 for wear resistance.

Fig.3. General view of test stand CUHUII-1 for wear resistance.
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Table 1

TECHNICAL SPECIFICATION OF STAND CHUMII-1

Dimensions LxBxH, mm 320x180x430

Supply voltage, V 220/24

Linear speed (average), mm/s 0,01+31.5

Stroke length, mm 11

Load, N 0,5+10

Counter body Ball with diameter 3 mm

Material of the counter body

Steel, Al,Os, Si3N,;, WC-Co and others.

Orientation of the tested surface horizontal
Tested environment air
Mass, kg 24.25
Work conditions:

- Temperature,°C 2342

- Humidity, % 50+10

IV Methodology of the study.

4.1. Necessary  materials and  tools.
For the test there are needed:

Test Stand;

stopwatch;

tared weights;

sample;

counter body - ball;

cleaning liquids (heptane or isopropyl

alcohol);
e measuring microscope with magnification
x 100-500.

4.2. Preparation and setup for testing.

- Pre-prepared and coated test sample is
cleaned and dried and it is put in sample holder /3 so
that the test area falls within the scope of the course
of the slider.

- The ball is put in the holder 11 and the holder
is attached to loading lever 9.

- Balance the loading lever 9.

- Adjust the average linear speed of the
reciprocating motion to obtain the desired value. It is
performed by measuring with a stopwatch of the
number of double movements, recorded by the
counter for a minute. Regulation is through controller
4.

For test stand /,.,; move. = 22 mm = const.

At known speed ¥, mm/s, and time ¢ = 1 min, the
number of double movements per minute:

V160 V160
22

Mot move = /

(1)

mot *move

The past by the slider distance L, is determined
by:

L=n 107, m (2)

mot.move *” mot.move *
- Place a burden with determined values on
loading lever 9.
- Make a test with a predetermined number

of cycles corresponding to a path L.
- Recalculation of the real speed V,,, mm/s:

V — nmol.move‘lmot.move , mm/s ( 3 )

" 1.60

where, ¢ is the time of friction, min.

- Waear scratches hall shall be observed with
a microscope with a minimum magnification of
10X for: breakthrough or wrenching, uneven or
even wear, transfer of material, construction debris
from wear and others.

- Determining the sizes of the wear scratches
is done by using a measuring microscope.

4.3. Methodology for determining the
intensity of wear using the volumetric
method.

The intensity of wear [, shall be determined by
the dependency:

J =—— 3
S NL mm’/N.m , (4)

where:

V' - volume of the amount of material removed
(trace), mm’;

N —normal load, N;

L — travel time or distance of the sample
compared to counter body distance, m.

The wear canal on the surface has the form
shown in FIG 4. [5, 6]
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COLNIER BODY

SUBSTRATE

Fig. 4. Chanel on the surface of the test sample in tribological test "ball-on-plate”.

Its volume V can be considered as consisting of
two parts. Gathered together, both ends of the chanel
represent a segment of a sphere having a volume V.
Among them is the segment of a cylinder with a
volume V5. In this case, the volume of the trace is
defined as:

V=V+Vy, mn’ )

For finding these two volumes, it is first necessary
to calculate the depth /4, where the counter body has
reached. It is known that:

PR SR -
=r—,|r —T,mm (6)

where:

r — 1s the radius of the ball, mm;

b — width of the trace, mm.

The volume of the spherical segment V; is:

v, :%.h2(3r—h), mm’ 7

The volume of the rectilinear part of the trace
(segment of a cylinder) is determined by the formula:

V,=S81, mm’

where:
[; - length of the straight part of the trace, mm;
S - the face of the cross-section of the trace, mm”.
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After transformation we obtain:

hj _ Sm(z arcCOS(r > hm

,mm’ (8)

2
V, = l.%{Z arccos(r

V. Conclusion.

It is proposed arrangement of a test stand for
experimental research of wear resistance of test
samples by calculating the characteristic intensity
of wear using the volumetric method. The design of
the test stand provides smooth and free of gaps
rectilinear reciprocating movement of the tankety
ball which is bearing the test sample. The test stand
can be used to test a wide range of the samples with
small shape and dimensions with the necessary
holders for them. The driving and loading systems
enable the realization of different conditions of
friction by adjusting the parameters of speed /" and
load N.
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HIGHLY ACTIVE PROBIOTIC CONCENTRATES WITH LONG SHELF LIFE
OBTAINED USING CRYOPROTECTANTS OF PLANT ORIGIN
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Abstract: Freeze-drying of probiotics also facilitates their preservation for a long period of storage and low cost
transportation. Selected probiotic strains L.acidophilus A2, L.delbrueckii ssp. bulgaricus GB and Bifidobacterium sp. Bif. 4
are immobilized and fireeze-dried using combined hydrocolloid matrix - high-ester pectin and sodium alginate. Biotechnology
with the following main stages: selection, immobilization of the selected strains in the hydrocolloid matrix, cryoprotection,
freezing and freeze-drying is established. The survival of the three lyophilized microorganisms after freeze-drying and during
storage for 12 months is monitored - the three strains retain high concentrations of active cells - 10"°CFU/g. The
hydrocolloids used are suitable agents for the mechanical immobilization of cell cultures and as cryoprotectants during the
lyophilization of the probiotic strains. The applied combined biotechnology makes it possible to prepare probiotic biological
products with long shelf life and intact probiotic potential for application in the prophylaxis of disbioses and as supplements
for foods with dietary purpose.

Keywords: Probiotic, immobilization, cryoprotection, freezing, freeze-drying (lyophilization)

limited diffusion of inhibitory substances such as

I. Introduction. metabolic products from starter cultures, H,O,, lactic
When incorporating a probiotic strain into a food acid, and bacteriocin into the capsules [11, 17]. .
matrix there are two main problems to be addressed, The new generation of bioproducts contains
the resistance of the probiotic to the technological probiotic components (probiotic lactic acid cultures),
conditions of the food production [19] and the prebiotics -an.d synbiotics (a combination qf probmtlc
maintenance of viability up to the expiring date of the and prebiotic). Separately, both probiotics and
food, since the manufacturer has to ensure an optimal prebiotics have determinative physiological effects on
administration of the probiotics throughout the life of ~ the body, but the cumulative physiological effect of
the product. That could limit the use of probiotics in their comblngtlon is significantly higher. There is al'so
long-life products specially if they are not refrigerated a poly-functl.onallty of Fhe components used with
during storage. One of the most common methods used regard to their technological properties. For example
to preserve probiotics is freeze-drying. However, this oligo- and polysaccharides enrich new bioproducts
method is not considered optimal, at least as the only with alimentary fibers, on one hand, and act as
strategy, since it just protects probiotics from the cryoprotectants and matrices for immobilization of the

humidity but does not confer protection from certain probiotic cultures, on the other.
environmental and technological conditions such as Various ~ materials  have  been used for

varying temperatures, oxygen toxicity or passage microencapsulation of probiotics, such as alginate
through the intestinal tract [15]. It is also frequent that [18], k-carrageenan [1], cellulose acetate phthalate [8],

probiotics experience decreased viability during or gelatin [2] and pectin [10]. _ _
after freeze-drying. ‘F'reeze-dryl-ng of lac'tlc acid bacteria .(LAB)
In this sense, microencapsulation, which is defined facilitates their preservation for a long period Qf
as a process in which the cells are retained within an storage and low cost transportation and thus, results in
encapsulating matrix or membrane, may provide an ready—t'o—use cultgres for dglry and other foqd—related
approach for protecting probiotics. This technique mdugtnes, partlcglarly in the _emerging and
would allow the isolation of a probiotic from the continuously growing field of probiotics. The most
environment thus increasing its resistance to the  commonly used cryoprotectants for the freeze-drying
conditions of production and would also improve its of probiotics are as various sugars (e.g. glucose,
viability throughout the storage. The protective effect fructose, lactose, mannose), sugar alcohols (e.g.

of microencapsulation is generally explained by
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sorbitol and inositol) and non-reducing sugars (e.g.
sucrose, trehalose) [24].

The hydrocolloids used are sodium alginate and
high-ester pectin and they act as matrices for the
immobilization of the cell material and as
cryoprotectants. They are natural, vegetable raw
materials, with well known content of biologically
active substances and proven beneficial physiological
effects on the body [9, 12].

Entrapment of probiotic bacteria in alginate
matrices is among the most widely used immobisation
techniques [14]. This approach has been shown to
enhance bacterial cell tolerance to alcohols, phenols,
antibiotics or quaternary ammonium sanitizers [16]
and resistance to adverse processing techniques such
as freezing [20] and freeze-drying [13] and hostile
environments such as simulated gastric environment
[3].

The main objective of the present study is to obtain
highly active probiotic lyophilisates of selected strains
of lactic acid bacteria and bifidobacteria of human
origin by applying combined modern biotechnology.

II. Materials and Methods

Microorganisms:
Probiotic microorganisms: Lactobacillus
acidophilus A2, Lactobacillus delbrueckii  ssp.

bulgarisus GB and Bifidobacterium sp. Bif. 4 of
human origin

Media:
MRS-broth. (Scharlau).
MRS-agar. Composition (g/dm’): MRS-broth

(Scharlau) + 2% agar (Scharlau).

Sterile skimmed milk with titratable acidity 16-
18°T. (Scharlau).

Saline solution.

Solid medium for Bifidobacterium sp. Composition
(g/dm’): peptone - 10, yeast extract - 10 lactose - 10,
MnSO; - 1 casein hydrolyzate - 8, NaCl — 3,2,
CH;COONa — 1, agar - 20. pH is adjusted to 6,6 — 6,8.
Hydrocolloid matrices: pectin + sodium alginate / 1:1
/ - 1,2% solution of sodium alginate, and 4% solution
of pectin. The concentrations of the hydrocolloid
solutions were determined on the basis of the
physicochemical parameters of the hydrocolloids used.
The application of hydrocolloids of plant origin was in
compliance with the requirements for physiological
activity, safety and microbial stability [21].

Methods:

Cultivation. The cultivation of the probiotic strains

was carried out in a laboratory bioreactor with a
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working volume of 1.5 dm® with constant stirring at
150 rpm at 37+1°C. The bioreactor was equipped with
a control unit “Sartorius A2” that included control
devices for the stirring rate, the temperature, the pH
and other parameters.

The freeze-dried probiotic concentrates
obtained by a three-stage technology:

1. Primary processing the cellular suspensions - the
cellular suspensions of the selected strains of lactic
acid bacteria and bifidobacteria were diluted,
equilibrated, dosed and immobilized by inclusion in
the polymer matrix that acts as a cryoprotectant.

2. Freezing — it was performed in chambers with
forced convection of the air environment at a
temperature of -30°C to -35°C for 12-15 hours.

3. Freeze-drying — it was performed in a vacuum
sublimation installation “Hochvakuum-TG -16.50”
with contact heating of the plates at the ICFT -
Institute of Cryobiology and Food Technologies,
Sofia, Bulgaria.

After lyophilization, the freeze-dried concentrates
were digested in the granulator "Erveka". The digested
lyophilized bioproducts are packed in three layer
aluminum foil, sealed under vacuum.

Microbiology

1. The microbiological status of the native and the

freeze-dried samples - acc. BS 1670-82 and
Ordinance Ne 5 of the MH - SG 39/84, BS EN
ISO 4833.

Indicators:

* lactic acid bacteria and bifidobacteria - CFU/g;

* total number of mesophilic aerobic and facultative

anaerobic microorganisms - CFU/g;

* coliforms in 0,1 g of product;

 pathogens including Salmonella sp. in 25,0 g of

product;

* pathogenic staphylococci in 1,0 g of product;

« sulfite reducing clostridia in 0,1 g of product;

* spores of microscopic molds, CFU/g;

« yeasts, CFU/g;

WEere

III. Results and Discussion

The strains Lactobacillus  acidophilus A2,
Lactobacillus delbrueckii ssp. bulgaricus GB and
Bifidobacterium sp. Bif. 4 possess proven probiotic
properties. They are of human origin; they are resistant
to the simulated gastric juice and different
concentrations of bile salts; they exhibit antimicrobial
activity against pathogenic microorganisms; they are
resistant to most of the antibiotics, commomly applied
in medical practice; they adhere to a model monolayer
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epithelial non-cancer cell line [4, 5, 6, 7, 23]. The three
strains were cultured in a laboratory bioreactor.
Immobilization in the presence of a hydrocolloid
matrix consisting of high-ester apple pectin and
sodium alginate, followed by freeze-drying of the three
strains was carried out. The resulting lyophilized
bioproducts were stored at 20°C - 22°C and the
dynamics of cellular survival of lactobacilli and
bifidobacteria for 12 months of storage was monitored
(Fig. 1, Fig. 2 and Fig. 3).

The examinations of the lyophilized bioproducts
according to the standard methods showed absence of
insemination with pathogenic microflora (Table 1):

Table 1. Microbiological status of the probiotic

lyophilisates
Number
Norm of tested
Type of pathogens according to | microorga
BS nisms,
CFU/g
1. General number of
o . No more than
mesophilic aerobic 300 220
microorganisms, CFU/g
2. Coliform bacteria in 0.1 Not to be Not found
g of the product found
3. Sulfite reducing
clostridia in 0.1 g of the Not to be Not found
found
product
4. Salmonella sp. in25.0 g Not to be
of the product found Not found
5. Staphylococcus aureus Not to be
in 1.0 g of the product found Not found
6. Spores of microscopic No more 30 -35
molds, 100 CFU/g than 100
No more
7. Yeasts, CFU/g than 100 28 —-40
The probiotic lyophilisates did not contain

pathogenic microorganisms and meet the standard
requirements for microbial purity of food.

In the process of freeze-drying the number of viable
cells decreased slightly - by about 1.2 to 1.5 logN, due
to the optimally conducted process, including using a
combined cryoprotectant hydrocolloid matrix.

The survival of the lyophilizates, i.e. the resistance
of the organism during long-term storage, was
monitored. The probiotic lyophilized concentrates of
viable cells of Lactobacillus acidophilus A2,
Lactobacillus delbrueckii ssp. bulgaricus GB and
Bifidobacterium sp. Bif. 4 of human origin were stored
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at 20°C - 22°C for 12 months, taking samples every
three months and determining the number of viable
cells. The results of this examination are shown on Fig.
1 for Lactobacillus acidophilus A2, Fig. 2 for
Lactobacillus delbrueckii ssp. bulgaricus GB and Fig.
3 for Bifidobacterium sp. Bif. 4.

B A2 /Before freeze-drying

B A2/ After freeze-drying

® A2 /3 months

logIN

A2 [6 months

4 A2 /9 months

8 A2 /12 months

Lactobacillus acidophihis A2

Figure 1. Survival of the cells of Lactobacillus
acidophilus A2 after lyophilization and during storage
of the freeze-dried bioproduct for 12 months at 20°C -

22°C.

HGB/ Before freeze-drying

BGB/ Afterfreeze-drying

HGE/ 3 months

logINv

HGB/ 6months

UGB/ 9months

HGB/ 12 months

Lactobacillus delbrueckii ssp. bulgaricus GB

Figure 2. Survival of the cells of Lactobacillus
delbrueckii ssp. bulgaricus GB after lyophilization and
during storage of the freeze-dried bioproduct for 12
months at 20°C - 22°C.
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Bifidobacterim sp. Bif. 4

Figure 3. Survival of the cells of Bifidobacterium sp.
Bif. 4 after lyophilization and during storage of the
freeze-dried bioproduct for 12 months at 20°C - 22°C.

Moreover, the higher the degree of dehydration is,
as in our bioproducts (residual moisture content -
below 5,0%), the lower the survival of the pathogenic
microflora is.

Experimental data demonstrate that in the course of
storage for 12 months the three probiotic concentrates’
content of viable cells was above 10°CFU/g (Fig. 1,
Fig. 2, Fig. 3). According to Wolfson [22], 1999
10°CFU/g is the required minimum concentration of
cells of probiotic bacteria in order for a concentrate to
be classified as highly effective probiotic preparation.
Moreover, the storage of the freeze-dried concentrates
continues as well as the monitoring of the change in
the number of living probiotic cells suggesting that the
obtained bioconcentrates could be applied as highly
effective probiotic preparations for even longer period
of time than 12 months.

The number of living cells before the lyophilization
was over 10”°CFU/cm’ and after freeze-drying it was
over 10" CFU/ecm’. This effect is due to the
effectiveness of the hydrocolloids used - a combined
hydrocolloid matrix, consisting of sodium alginate and
high-ester apple pectin, as a cryoprotectant medium.
The hydrocolloids wused for the mechanical
immobilisation of the probiotic strains of
microorganisms, as well as as a cryoprotectant
medium, sodium alginate and high-ester apple pectin,
are highly efficient, as evidenced by the high survival
rate of the freeze-dried microorganisms.

Probably, as a hydrocolloid matrix for the
immobilization of the probiotic cultures alginate and
pectin enable a number of effects: the significant
stabilization of the enzymatic activity of the
immobilized cells; the stabilization and the increase of
the overall activity of the immobilized probiotic
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system, which is beneficial for their survival after
lyophilization and during storage.

The obtained positive results associated with the
high survival rate of the tested lactobacilli and
bifidobacteria in the lyophilized biological products
are due to the optimal development of the whole
process - freezing conditions, applying appropriate
cryoprotectant medium and regime parameters of
freeze-drying, proper determination of the duration of
the cycle, which provides low residual moisture
content in the final lyophilizates, resistance to the
thermal processes and extension of their storage.

IV. Conclusions

The  obtained  probiotic  lactobacilli  and
bifidobacteria ~ bioconcentrates  retained  high
concentrations of viable cells up to the 12™ month of
storage at room temperature. The used combined
hydrocolloid matrix of sodium alginate and high-ester
apple pectin can be determined as a highly effective
cryoprotectant of endocellular type which increases the
survival of lactobacilli and bifidobacteria during
lyophilization. The absence of pathogenic microflora
and the low residual moisture content of the new
freeze-dried  organic  bioproducts are factors
determining the prolonged storage. During the
examined 12-month period no adverse changes in the
microbiological purity and activity of the lyophilizates
were established.
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M. S. Angelov, P. R. Raynov

University of Food Technologies, Plovdiv

Abstract: The aim of the work is to perform studies to determine the independence of the solution by the density of the
mesh. The influence to the density of the mesh on the accuracy of the decision in a 3D model of a tube with a complex
geometric shape was studied. For the purpose to the work 3D geometric model of corrugated tube with a diameter d = 14
mm and a length | = 1 200 mm was created. Because using mesh is structured for the purpose to the work three different
densities was created. A solution to the Navier Stokes equations was made and k-¢ realizable turbulence model included
Enhanced Wall Treatment function was used. Three cross-sections in the typical area were created. First (L1) is in the
early area (smooth tube). The second cross-section (L2) was chosen so that tracks the evolution to the parameters in the
beginning on the corrugated tube. The cross-section (L3) is in the ribbed area.

Keywords: CFD, modeling, intensification, hydrodynamics, meshing.

1. Introduction:

One of the key moments in the numerical studies
is choice of appropriate mesh. Due to the fact that
the decisions are extremely dependent on its shape
and density, have to verify the independence of the
decision by mesh. No universal shape or density.

Often physical time which is spent on the
creation of an adequate mesh may be much greater
than the very numerical modeling. Each model has
its specifics and each one must be created
corresponding computing mesh.

For examplex, in a study on hydrodynamic and
heat transfer in the tubes because the transfer
processes are carried out in the zone near the wall is
necessary to create a corresponding mesh with the
appropriate density near the wall which discretized
the zone on the boundary layer.

II. Materials and methods.

The aim of the work is to perform studies to
determine the independence of the solution by the
density of the mesh. The influence to the density of
the mesh on the accuracy of the decision in a 3D
model of a tube with a complex geometric shape
which, at a later stage will be tested to determine the
main and turbulent characteristics of the flow was
studied.

For the purpose to the work, 3D geometric model
of corrugated tube with a diameter d = 14 mm and a
length I = 1 200 mm was created [6], [7]. The early
straight area with a length 1 = 50d was created and
model is shown in Figure 1. In this way it is
guaranteed that the flow is fully developed turbulent
on entering the area of the corrugated tube.

Because using mesh is structured for the purpose
to the work three different densities with parameters
shown in Table. 1.1 was created:
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Table 1.1. Parameters of the studied mesh.

Ne Absolute maximum cell Total number of
size cells

M1 1 mm 4918716

M2 1,1 mm 4426 189

M3 1,2 mm 3 875344

Feature in the creation of mesh is the presence of
two pronounced areas:
- near the streamlined wall (the area of the

boundary layer).
- area of a developed turbulent flow.
In order to accurately calculate the

characteristics of the flow in the zone of the
boundary layer are provided 15 layers adjacent to the
wall, as shown in Figure 2 and Figure 3.

A solution to the Navier Stokes equations was
made and k-g¢ realizable turbulence model included
Enhanced Wall Treatment function was used. The
purpose of this model was to incorporate the
influence of the changing shape of the streamlined
wall which follows the shape of a corrugated surface.
The numerical solution is carried out in ANSYS
FLUENT at Re = 40.10°.

Three cross-sections in the typical area were
created. First (L1) is in the early area (smooth tube).
The second cross-section (L2) was chosen so that
tracks the evolution to the parameters in the
beginning on the corrugated tube. The cross-section
(L3) is in the ribbed area (corrugated tube). These
three cross-sections are shown in Figure 4.

I11. Analysis of results and discussion.

The analysis of the change in velocity has two
purposes, namely proving that turbulent flow is
developed, and that the values of the velocities in
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different points do not change with a change in the
density of the mesh. From Figure 5 a. it is seen that
the velocity profile in the zone to be establishing
turbulent flow (after the early area) for flow in a
smooth pipe (L1 = 15d) and there was no difference
in the velocity profiles at the three studied densities
of the computing mesh. For cross-sections L2 = 53d
and L3 = 114d is observed asymmetry of the velocity
profiles, which is due to the helical rib. It could be
argued that the density of the mesh does not affect by
the accuracy of the result.

Assessment for turbulizing flow in corrugated
tube can be made based on change of the basic
turbulence characteristics: turbulent kinetic energy,
turbulent intensity and turbulent viscosity. Figure 6
shows the change of the turbulent kinetic energy for
the three sections at three densities of computing
mesh. The profile of the turbulent kinetic energy is
typically with a maximum of near the ribbed surface.
The small difference (<0,5%) in profile amendment
in the third section was observed.

Presented in Figure 7 results on the amendment
to dissipation of the turbulent kinetic energy
confirmed the independence of the solution by the
density of the mesh. Figure 8 and Figure 9 presented
amendment to turbulent intensity and turbulent
viscosity. From the analysis by the amendment of
quantity can be argued that the density of the
computing mesh does not affect the accuracy by the
solution and can provide model and simulation
studies.

IV. Conclusion:

The analysis of the results from the model tests
with three different densities of the computing mesh
shows that it can be assumed to reach solution
independent from the density of the mesh. Can make
the following conclusions:

1. Basic parameters for turbulent flow in a
corrugated tubes are not affected by the density of
the mesh with the parameters described above.

2. Established density of the mesh that will
continue the design and simulation studies.
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Fig.1. General view of the 3D model.
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Fig.2. Distribution of the mesh in the cross section.
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Fig.4. Locations of the created cross sections along the pipeline.
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MACHINES-VENDING MACHINES
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Abstract. Formation of steady transport packets provides, near binding of tare loads in a packet, their layout
according to the appropriate scheme. [2,5]. Schemes in which loads are located to, joint providing bandaging compliance
beforehand the loads concluded in a layer, are created of variously oriented tare loads. For change of orientation of a
tare load in the horizontal plane, concerning its situation on the giving conveyor, in a packet creating machines apply
various constructions of mechanisms of orientation. These mechanisms can tear a load on 90° or change situation
concerning its original layout. Devices of orientation can be executed with passive, active and combined working organs.

Key words: carton box, washing machine, gift shop packs, conveyor.

I. Introduction

Also orientations of a load can be executed both
on one, and on several bearing planes of transport
systems of packet creating machines

From the point of view of nature of action of
loads of loading that moves in orientation
mechanisms, we can select frictional and inertial,
kinematic and combined orientations

Frictional and inertial orientation is reached by
support of simultaneous contact of a mobile load
with the mobile and fixed bearing planes therefore
load under the action of power of inertia and friction.
Kinematic orientation is executed by special
mechanisms with working items like capture or
clamp.

A combined method of orientation of loads are
used In the modern samples a packet of creating
machines. This method is as follow during
orientation the load contacts with two planes one of
which is bearing, and another - a guide. Guide can be
fixed (it's used more often) or mobile. The
combination of force influence of a directing surface,
the frictional forces operating on a reference surface
of a load from the bearing plane and inertial forces
provide necessary load orientations in case of high
performance of mechanisms of orientation and the
machine as a whole. The orienting surface can be
rectilinear (a coordinating oar) or the curvilinear (an
orienting emphasis of the whip type or the
curvilinear performances of side walls of
construction). Preferential use of mechanisms of
orientation of this kind is caused by simplicity of
their construction, high performance, sufficient
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reliability in case of a correct choice of geometrical,
kinematic and other design data of the mechanism of
orientation.

Process of orientation of tare loads is carried out
under the influence of inertial forces, friction,
responses of communication and is difficult plane
movement of load orientation.

Key parameters with which it is possible to
characterize operation of orientation of loads is
productivity, that is the orientation duration, quality
of orientation (a load turn on the given angle and
relocation in the standard position) and costs of
energy of operation execution. These parameters can
be provided only in case of the correct assessment of
all factors influencing orientation of a load.

I1. Materials and methods

The technique of determination of parameters of
movement of tare loads in devices of orientation of
packet creating machines is given in scientific works
[1,5,6]. Ways of intensification of operation of
orientation aren't justified an aren't formulated in the
received results of researches

Considering that in any mechanisms of
orientation of a load the load makes difficult plane
movement in the packet creating machines, we will
analyze the equations describing movement of a load
in these mechanisms and we will define ways of
influence on parameters of quality of orientation. On
Fig. 1 the diagram of force impact on a tare load is
given during its turn in the bearing plane by the whip
emphasis. Movement of a load is characterized as
difficult plane of a turn on the bearing plane and
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O

Figure 1. The diagram of interaction of forces in case of a turn of a tare load
an immovable emphasis on the bearing plane of a packet creating machines :
1- tare load; 2- the bearing plane of the conveyor; 3- fixed bearing

simultaneous sliding of its lateral face on an
emphasis surface. For the mathematical description
of movement of a load we will accept the
assumption: the center of masses of a load is located
in the geometrical center of a load; the load is a solid
body; load friction coefficients on bearing and
orienting to the planes within change of the relative
speeds of movement of a load are values constant;
emphasis radius insignificant in comparison with the

load sizes.

On accepted conditions the load is affected by a
normal component N and tangent F, full reaction R
from a support, principal vector of sliding frictional
forces F'; reference surface of a load on the bearing
plane of the conveyor. Principal vector of frictional
forces F is sent to the opposite side of a vector of
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the relative speed V), reference surface of a load of
rather bearing plane also it is enclosed in the point
located at distance pr from geometrical center of a
reference surface of a load.

Distance pr is characterized as the radius of
friction and is defined:
pr=L/F —r, (1)
where L — moment of frictional forces of a reference
surface of a load relatively the instantaneous center
of motion speeds of a load; r — the radius defining
distance from the instantaneous center p of speeds to
geometrical center of a reference surface of a load, is
defined as:

N @)
o
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where: V.. — traverse speed of the bearing plane of the
pipeline;

X, Y — projections to axes Ox, Oy traverse speeds
of geometrical center of a reference surface of a
load;

¢ — angular speed of rotation of a load of rather
geometrical center of a reference surface of a load.

In a general view the moment of frictional forces
and the principal vector of frictional forces can be
determined by formulas:

M2 ()

L=[ [fi-a0.9)-\n* +&d& dn+...

m oy, ()
nywo ()
[ [ h a8+ &2 ag dn+ . 5
1 4(1)
N4 v3(17)
ot [ fa@m - + &2 ag an;

34 (1)

F =[R2 +F,
n, =-05-va* +b* -cos(5—y);
n,=-0,5- Ja* +b? '005(5 + 7/);

where

n; = 0,5-va’ +b’ -cos(5+ 7/);
7,=05a*+b’ ~cos(5—7/)

S=a-g;a=arcg(x (V.- p))

y = arctg(b/a);
w,(n)=-n-ctgd+r— (O,Sa/sin 5);
w,(m)=n-1g6 +r+(0,5h/cos 5);
w,(n) =—1n-ctgd +r+(0,5a/sin 5);
w, (1) =n-1g8 +r—(0,5b/cos 5);

/i - sliding friction coefficient of a reference surface
of a load on the bearing plane of the conveyor;
q(n,& - pressure upon a reference surface of a load
determine:

M
q(n.&)=q, +f7[ ;

£0 70
M
...+(§—r{ -0055]
T

where ¢y — pressure upon a reference surface of a
load in case of uniform distribution of load of it,

£0

. _ 0
cos o) sind |+...
“4)

0 10

-sin o +
n0
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m-g
a-b
dimensions of a load; My , M,, — the principal
moments of external forces concerning axes &, 7,
carried out through geometrical center of a reference
surface; Iz , 1,0 — inertia moments of a reference
surface of a load concerning axes &, 7 .

Difficult plane movement of a load on the bearing
plane of the conveyor can be described the
equations:

generally determine as g, = ; a, b — overall

d’x 1 .
W:Z-(N-smgo—Fz-COS(/’—Fu);

d’y 1 i
dg’z_.(Fly—Ncosq)—Fz'Sm(ﬁl ®)
> m

2

Zip= L (N-l,+F,-05-c-singp—M,)
t m-c

where c=+a’+b’; F,=f,-N; f, — sliding
friction coefficient of a lateral surface of a load on a
surface of a fixed emphasis; /, - distance from the
line of action of normal response N to center of
masses of a load; M, — the moment of frictional
forces concerning center of masses of a load.

The moment of frictional forces M, can be
defined from expression:

My=F-p=L-F-r (6)

IT1. Results and discussion

On the basis of the analysis of expressions (5) and
(6) it is possible to draw an output that it is necessary
for increase in angular acceleration of rotation of a
load, in case of the given constructional parameters
of the mechanism of the orientation, the bearing
plane of the conveyor and load parameters, to reduce
the moment of frictional forces M. And it is possible
on condition of reduction of radius of friction pr. of
reduce radius pr is possible due to pressure
redistribution on a reference surface and due to
change of a field of the relative speeds of movement
of a reference surface. On Fig. 2 diagrams of change
of angular coordinate of a load are given during its
turn by an immovable emphasis in case of uniform
distribution of pressure and non-uniform, but a load
responding to static stability in the bearing plane [3].
Diagrams are constructed on the basis of numerical
calculations of the non-linear differential equations
describing multi-stage process of orientation [5]
provided on Figure 2.
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Figure 2. Diagrams of change of angular coordinate of a load in the course of its turn an immovable

emphasis:

a)V.=0,5m/s: 1- f =0,139 rad; 2- f = 0,241 rad; 3- § = 0,337 rad,
6)f =0,139rad: 1-V,=1,0m/s; 2-V,=0,5m/s; 3-V,=0,1 m/s
(solid lines correspond to uniform distribution of pressure ¢ = ¢y, the shaped — non-uniform pressure

. . . M 0
distribution ¢(17,&)=q, +17-—2).
I

From Fig.2 it is possible to draw an output that in
case of the appropriate ratios of motion speed of the
bearing plane and pressure redistribution on a
reference surface of a load is possible to reduce
activity duration of orientation on 20... 35%.

Different constructional elements that are used in
a packet creating machines of average productivity
intensify operation, so for example: the bearing plane
is executed in the form of the conical rollers located
on the appropriate diagram; on pipelines set the
special fixed planes; pressing elements and etc.

The specified measures sometimes are ineffective
(especially in case of small values of speed of the
bearing plane of the conveyor V. < 0,2 m/s). In that
case it is necessary to use combined option of force
impact on a load, that is it is necessary to set in
addition in the mechanism the active working organ,
for example, push rod.On Fig. 3 the diagram of the
mechanism of orientation of a tare load by an
immovable emphasis with additional action on a load
is provided push rod.

In this case, as well as in cases with passive
working organs, operation of orientation can be
given set of such characteristic stages:

- direct noncentral shock of the load moving with
a speed of V. bearing planes of the conveyor, on
fixed an emphasis [4];

- difficult plane movement of a load on the
bearing plane of the pipeline in case of simultaneous
sliding of its lateral surface on a surface of an
emphasis and action of a pusher;

- difficult plane movement of a load on the
bearing plane of the pipeline after its lift-off from an
emphasis surface.
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The main difference of mathematical simulation
of movement of a tare load in such mechanism of
orientation is the accounting of force impact on a
load of a push rod.

In case of such design features of the mechanism
of orientation the load is affected by normal
components of responses N, and N; and tangents
Fy,=f,-Ny; Fy=f;-N;,
fixed support and pucher and principal vector of
sliding frictional forces F'| reference surface of a load
on the bearing plane of the conveyor.

Difficult plane movement of a load on the bearing
plane under such circumstances can be described in
the equations:

2
dx —l-(N2 sing —...

m

respectively from a

dt’
w.—F,-cosp+ N, -cosp=...
L F,-sing—F.),

d’y 1

i :Z-(Fy —N,-cosp—...
w.—F,-singp+ N, -sinp+... (7)
+ F; -cosqo);

de 12

dl‘z :m.—cz(Nz 'l'Sil’l,B‘F...

et F,-05-c-cosy +...
ANy dyg £F,-0,5-¢c-siny — M, )
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O

X

Figure 3. The diagram of interaction of forces in case of a turn of a tare load an immovable emphasis on
the bearing plane of the conveyor a packet of the creating machine in simul taheus action of a pusher: I- tare
load; 2- the bearing plane of the pipeline, 3- fixed support, 4- pusher

Equations (7) is used for the decision of system of
equations :
sin(p-(y—yk —0,5-c-cosy-singp+...

.405-c-siny-cosp)=V, -t;
y=y,+05-c-siny-cosp-... ®)

._(x—xy —O,S-c-smy-sm(p)-tg(p =0,
also we will accept the following assumptions: initial
contact of a pusher and load is shock-free; traverse
speed of a pusher is a constant V,=const; the
direction of movement of a pusher is perpendicular
to a velocity vector of the bearing plane.

The accepted assumptions simplify the solution
of the task a little, along with it for full taking note of
external factors pertinently to consider the possible
direction of action of a pusher both under other
angles and in case of variable speed of movement of
a working organ of a pusher.
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For beforechand accepted basic data and
assumptions it is executed numerical calculations of
system of equations (7). Graphic interpretation of
results of calculation is given on a Fig. 4.

Results of numerical calculations of the
mathematical models describing movement of a load
in mechanisms of orientation, confirm a hypothesis
of opportunity effectively to intensify operation of
orientation of tare loads on the bearing plane of the
pipeline a packet of the creating machine due to the
correct selection of motion speeds of a working
organ of a pusher movements of a working organ of
a pusher and choice of its rational provision of rather
lateral surface of a load.

In the modern packets the creating machines
providing high performance of automated product
lines, to orientation of loads widely apply
mechanical devices of capture.

In case of use of such mechanisms, orientation
can be carried out with a load lift-off from the
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bearing plane and without lift-off apply mechanical
devices of capture.

For high-quality orientation of a load it is
important to justify scientifically a choice of drives
and to provide rational parameters of movement of
working organs of the mechanism of orientation.

Mechanisms of orientation of the first look are
widely applied in different functional groups as
packages, and other technological machines.

Therefore the technique of determination of
rational force, kinematic and geometrical parameters
of these mechanisms are developed rather fully.
Slightly more difficult with scientific reasons for
parameters of movement of loads in mechanisms of
orientation of the second look.

The main complexity of calculations need to
consider the moment of frictional forces of a
reference surface in case of load deployment round
center of masses. On Fig. 5 the estimated diagram of
the mechanism of orientation with captures by
working organs is provided.

The drive and the carriage are a part of such
mechanism of orientation for horizontal relocation of
elements of capture; the drive provides load
deployment on the given angle; the drive providing a
clip of elements of capture to a load.

In a case when the turn of a load is carried out on
the bearing plane of the conveyor, the necessary
effort of its clip can be determined by working
organs by expression:

N =k mz@Lf

A

where k; — the dimensionless coefficient considering
non-uniformity of a clip of working organs to a load
during its movement; m — load mass; f; — sliding
friction coefficient of a reference surface of a load on
the bearing plane; f, — load sliding friction
coefficient on clamping working organs.

Duration of a kinematic cycle of operation of
orientation is defined as the amount of dlitelnost of
each stage of movement of working organs of the
mechanism of orientation:

Tk:tn+t3+to+tx.3+tx‘na (10)
where ¢, _duration of relocation approximate carts in
an orientation zone; #; — action of capture process of
load; ¢, - duration of capture of a load; 7., - duration
of leadout of fascinating elements in home position;
t., — duration of relocation horizontal carts in home
position.

Depending on construction of the mechanism of
orientation the structure of a formula (10) can be a
bit different. Along with it a mandatory component
of a kinematic cycle is orientation duration.

In a general view movement of a load and
working organs in case of orientation can be written:

, ©)

81

2

i,t(zp _%(T_Mo)a
np
where: [,, - the given inertia moment of the bodies
rotating together with a load; 7 — torsional moment
on vertical to a shaft of the mechanism of
orientation; M, - the moment of frictional forces of a
reference surface of a load on the bearing plane of
the conveyor in case of its deployment of rather
geometrical center.

(In

o, @ =1,52[rad]
[rad] S
1,6
B I _ —
15 / ;/ BN
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0,8 } L
2 >/ / &'\3 L
0,4 Az | e
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o l | l

0 1 2 3 4 5 6 7 8¢t[s
Figure 4. The diagram of change of angular
coordinate of a load during its turn an immovable
emphasis and a pusher on the bearing plane:
1-V,=01m/s; ly,=0,05m;
2-V,u=01m/s; ly,= 0,13 m;
3- without pusher;
4-V,=03m/s; Ly = 0,05m

The
captures: 1- the carriage for horizontal relocation of
the mechanism of orientation; 2- the drive of a turn
of elements of capture with a load; 3- capture
element

Figure S. orientation mechanism  with
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Figure 6. The mechanism of relocation of a tare load from a line item on a line item

The moment of frictional forces of rather
geometrical center of a load is determined by a
formula.

b/2 al2
My= [ [fi-qbeyNx* +y dxdy.  (12)
—b/2-al2

In case of uniform distribution of pressure on a
reference surface the formula (12) will have an
appearance:

b/2 al2
m-
M, :a—-l§.f1 I I VX +yidx dy.  (13)
~b/2-al2

In case of constants of values /,,, 7, M, and in

np»s

d
, —=0,p.=7/2
a7

case of basic data #, = 0; ¢, =

we will receive:

d 1
& (r-M,)t,
a1 np
_1
go I np
Then duration of orientation can be determined
from expression:

(14)

2
(T—Mo)-%. (15)

(16)

Similar design of the mechanism of orientation of
this kind effectively apply to relocation of tare loads
from one line item in another. The carriage of
horizontal relocation and gripping elements is a part
of such mechanism (Fig. 6). In certain cases
mechanism construction, is given on Fig. 6, is the
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universal and can execute operations of a turn of a
load on 90° and its relocation in other line item.

Clamping forces of a load can be defined from
expression:

m-g-f X
N (17)
B N

where: X - traverse speed of a load in the direction
of an axis OX; k, - the coefficient considering non-

uniformity of effort of a clip of capturing of an
element to a lateral surface of a load.

Having accepted a driving force of relocation of a
load a constant of its motion equation it is possible to
define having solved a non-linear differential

equation:
dx _ 1 _mg hiVe (18)
et om,, " P12

In a case when the drive of the horizontal carriage
is executed on the basis of the electric drive, its
estimated power can be determined:

2 .
df+gf1 Ve L2 9
e 2+ ) m

where: m, , - the specified mass of mobile elements

N,,=m

np

of the mechanism of orientation of a load; 7, -

performance coefficient of the drive of the carriage
of horizontal relocation

IV. Conclusions

On the basis of the analysis of parameters
influencing kinematics of movement of tare loads in
orientation mechanisms the paketoformuyuchikh of
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machines, the following ways of intensification of
operation of orientation are set:

- redistributions of pressure and change of a field
of the relative speed of a reference surface of a load
in case of its contact with the bearing plane of the
pipeline;

- application of combined working organs of the
mechanism of orientation, for example - a fixed
emphasis, a pusher;

- application of the active working organs of the
mechanism of orientation, for example - gripping
elements.

Scientific reasons for kinematic and force
parameters of constructional executions of
mechanisms of orientation and synthesis and the
analysis of cycles of operation give the chance to
provide the given or highest productivity the
paketoformuyuchikh of machines.
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MAGNETIC FILTER INASTALATION WITH CONTROLLING POROSITY
BY EXTERNAL MAGNETIC FIELD

I.A. Shorstkii

Kuban State Technological University

Abstract. Magnetic filter baffle surfaces modeling with controlled porosity in range from 0,257 to 0,47. Filter nucleus
description and its influence on porosity. Explore behavior of microscopic objects (spherical balls size 25-50 microns) in
magnetic field, and developing method of laying spherical elements in dense structure.

Also were conducted laboratory studies of physical properties and parameters of magnet. As a result of work prepare

comparative table of the experimental and theoretical data of laboratory filter.

Kay words: Filtration, Controlling porosity, Ferromagnetic, Magnetic field, Dense structure

I. Introduction

Magnetic filtration processes are widely used in
various fields of industry for fluids, gases
purification. A large number of studies have been
conducted with magnetic filters [1-4], but possibility
of adjusting the porosity of the filter controlled by an
external magnetic field has not been considered.

Using a magnetic field in the filtering process is
deeply investigated in micro gravity condition G-
MAFB [5] , allowing to apply these technologies in
space. Process of influencing the stacking magnetic
beads has been described in [2]. In our study, we
considered constructing spherical body’s model of
flat figure, depending on the geometry of the core
filter septum. Conducted laboratory experiments
determined porosity of the filter septum, which is
based on using spherical bodies, controlled by an
external constant magnetic field.

Research objective is considering adjusting
process of porosity on the filter walls, due to
influence of external magnetic forces acting on the
filter ~material, receipt and comparison of
experimental and theoretical parameters of
laboratory filter settings, and develop an effective
mechanism for cleaning filter septum.

II.Materials and Methods

Materials. Laboratory magnetic filter was
created and built in our laboratory (Kuban State
Technological University). As the material of the
experimental apparatus were used ferromagnetic
spherical bodies company RICOH COMPANY (Iron
Oxide 1317-61-9; Carbon Clack 1333-86-4),
diameter of 25-30 mm and p=2800 kg/m’ bulk
density. As a source of constant magnetic field of the
cylindrical magnet (N38), magnetic field strength
1200 uT .
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Figure 1. Experimental value for the radial lines
6,8,10, 12 and 14 spherical bodies in the perimeter
of the nucleus

Filter layer modeling structure. Modeling of a
single layer structure of the filter septum was
performed using 216 neodymium magnets, diameter
3mm. In describing of ideal nucleus model was taken
regular hexagon. This is a dense structure,
tetrahedral stacking balls, with a porosity of 0,259.

During experimental pattern modeling was
detected dependence of radial lines in structure
model with number of the spherical bodies in the
perimeter of the nucleus. Radial lines are in cubic
packing structure with a porosity of 0,476.

Dependence of the number of radial lines
expressed by equation:

N=B—(6+m) (1)

where B is number of spherical bodies in the
periphery of the nucleus, m 0.5 interval ratio from 0
to 0O.

In this ideal size and shape depending, the
possibility of the spherical bodies can has 100 %
friable structure, while the amount of spherical
bodies become 4006 in nucleus perimeter (Table 1).
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Table 1. Nucleus percentage number of spherical
bodies in friable structure in layer filters septum.

Number of spherical  Nucleus percentage number
bodies in nucleus of spherical bodies in friable

perimeter structure in layer filters
septum, %
6 0
7 0,025
8 0,05
9 0,075
10 0,01
46 1
406 10
4006 100
U-tube i
Y =
Lonstant magnet " Eg H— 1
IR H
ST ]
Ferromagnefic powder .~ B ]
(1)
._/_\_. |_|
S
| BE Is[~] m
= [y
= I
[
(2)
Figure 2. Laboratory filter: (1) model, (2)
invention

Magnetic filter with controllable porosity.

Ferromagnetic spherical bodies were placed in U-
tube glass, 14 mm diameter. One side of the U- tube
was connected to a hydraulic fluid column, with 1m
height (H1). Another part of tube was open. Partition
filter height was 15mm.
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Figure 3. Position of permanent magnets:
operation N-S (a) and the cleaning process (reverse)
S-S (b)

Experiment time was 30 s. The experiment was
repeated at least 3 times. As design was offered a
patented invention [5]. Filtration device shown in
Figure 3.

Ferromagnetic filter powder 2 poured into a
dielectric vessel 1. Vessel 1 has a cylindrical nozzle
4 with two permanent magnets 3, transmitted by
torque (Figure 4a). Dense (tetrahedral) structure
filter material is forming. After filtering process,
cleaning process is started.

Filter cleaning is a prerequisite filter process
operation, and required periodicity of its execution.
In our device cleaning principle is: The structure of
the filter material is destroyed by a mechanical
switch 5. Magnetic powder holds by magnetic field
lines of the permanent magnets, remains on the inner
wall of the cylindrical vessel. Cylindrical nozzle
make reciprocation motions along the vessel 1.
Washing water is supplied. After the cleaning
process is finished, mechanical switch 5 is returned
to its original position (Fig. 4b). The filtering process
is repeated.

Dense structure filters formation under
influence of the magnetic field. Under acting on
ferromagnetic spherical bodies by external constant
magnetic field, taken as a basis filter structuring
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Table 2. Comparative characteristics of the
filter parameters of equation (1), (2) for the
theoretical data, and (3), (4) for experimental
scientific work [4].

Figure 4. Filter structure in a rotational

magnetic field

Data Parti  Porosit coeffic Linear filtrati
cle y ient of speed on rate
size, coeffic curvat of 0,
Hm  ient, ure , flow, u /s

& q Sm/s

Theore 30 0,44 1,3 0,23 3,07-107

tical

Experi  25- - - 0,3 1,24-107"

mental 30

Result 22,5 046 1,43 - -

s [4]

Figure 5. Fragments laying ferromagnetic beads:
left represented cubic stacking balls not under the
influence of the rotational magnetic field, right
tetrahedral, under the influence of the rotational
magnetic field (microscope ERGAWALL200fold,
Germany).

Figure 6. A ring of radius R carrying a current i

occurs along the magnetic field lines (Fig. 5). The
magnetic field strength required for maintaining the
structure of ferromagnetic filter partitions defined by
the equation [7]:
AP ~ 2-Fy (2)
L R

To construct tetrahedral dense stacking , it is
necessary rotational movement @ of the magnetic
field along the plane of the filter (Fig. 5) .

This formed structure resemble wrapped in a roll
of paper. Ferromagnetic beads will seal dense
packing form.

Depending of nature external magnetic field
exposures (rotation or no rotation), various styling
spherical bodies in the structure of the filter septum
(Figure 3)
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Magnetic induction determination at distance
x from center of magnet. For the current element
shown in Fig.6 we have from the Biot-Savart Law
[4],
ap = Mo -i-cosa-dl
4-7-1° 3)
For our values with double permanent magnets with
opposite arrangement , we have

Myt R’
TR @
For one permanent magnet, with magnet-power 1200
MT, with radius 5 mm and distance from center of

B(x)=2-

magnet x 7 mm, have B =1464uT.

From Eq. (4) and (7) we can find maximal pressure,
acting on filter without distraction.
AP =0,3MPa

ITI.Results and Discussion

To determine the parameter of the filter walls, use
the data [4]. Linear speed of flow u (cm/sec) at a
differential pressure on both sides of the filter and
viscosity of the liquid partitioning Pauzeyl obeys [4]:

)

a
U=—0>o" .
8-q-L-n

where a is diameter of capillary, coefficient of
curvature ¢, filter high L, permeable viscosity liquid
n and differential pressure AP . For used liquid
u=0,23sm/s

In this process, the filtration rate Q through a
dense fine-grained (spherical) layer of material is
described by Kozeny - Karman [4]:

QO=p-Syu (6)
where p is section coefficient, specific filter
surface area S, .
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Experimental linear velocity calculation filter
0, =0,23m’ / s was performed by the formula:

(7)

where V is liquid volume of passing through the
filter septum during time z.

The results obtained in scientific work, using as a
basis the filter glass beads, size 22,5 mm [4] ,
compared with the experimental and theoretical data
obtained in this research work. The comparison
results are presented in Table 2.

IV.Conclusion

In the work carried out has been investigated
regulation laying ferromagnetic spherical bodies of
0,476 cubic porosity in tetrahedral 0,259, under the
influence of the torque constant magnetic field. A
relationship was established radial lines cubic laying
in the bed of the size of the filter kernel. The
characteristics of the laboratory setup for flow rate,
filtration rate, and porosity coefficient of curvature
coinciding with the theoretical calculated data. The
proposed mechanism of cleaning the filter element,
which allows to reduce the time of the cleaning work
to a minimum.
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MANUFACTURE OF MEALS HIGH DEGREE READINESS AND SPECIAL
REQUIREMENTS FOR PACKAGING MATERIALS

M.IL. Botov, S.K. Oskolkov

Plekhanov Russian University of Economics

Abstract: Industrial resource- and energy-saving technology of food raw materials processing for the production of
semi-finished products based on the use of continuous mechanized and automated production lines. The mass food
production and consumption of frozen food is growing rapidly. Freezing and storage of combined semis at low
temperatures is a more complex process. The choice of packaging material determines the way of defrost and heating with
minimum power. Microwave heating is popular, but this method also imposes additional special packaging requirements
to design and technology. The ultrasonic irradiation of frozen semi-finished product allows to mitigate warming and to
align volumetric heating of the product. Promising is application of frozen semi-finished and semi- permeable membrane,
for packaging, allowing to harmonize heat- and mass exchange in the surface layers of thawed and warmed up semis.

Kay words: packaging, packaging materials.

One of the factors limiting production of frozen
semi-finished products of high readiness, combined
dishes used for food service children in schools and
preschools, is the lack of specialty packaging
materials that can meet the demands of their storage,
defrosting and reheating.

For semi-finished products manufacturing a
resource-saving and energy-saving technology for
the processing of food raw materials is actually
applied, based on the usage of continuous
mechanized and automated production lines, equally
satisfying basic requirements in catering, and
industry [2]. Culinary products processed under
these conditions find their use in schools and other
educational institutions, where semi-finished
products of high readiness are widely common
[3].The enterprises of mass production and
consumption of food dishes in frozen form are
sufficiently rapidly developing. The demand for
frozen products due to their high quality and quite
lengthy periods of storage grows [1]. However the
disadvantages of this system are associated with a
limited range of dishes, as well as the high cost of
electricity and equipment for freezing, storage at
temperatures below - 18 °© C and heating .Production
of frozen or refrigerated semi-finished, semi-finished
high degree of readiness as well as frozen or
refrigerated foods requires special attention when
choosing package and packaging materials.

Packaging material must meet the general, well-
known requirements: it must be safe, clean and
hygienic as long as possible to keep the original
properties of prepared meals .However, in the case of
semi-finished products of high readiness, these
requirements for the packaging should be extended,
as they should be performed:

- Cooling, freezing, including deep freeze and
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semi;

- Long-term storage at low temperatures;

When defrosting:

- On heating to a temperature of implementation.

The first two items of requirements for the use of
film packaging materials in modern conditions
virtually resolved, at least in part of homogeneous
semis packing. Freezing and storage at low
temperatures of combined semi-finished products,
and in particular , the culinary specialties , as well as
complexes of meals - breakfast , lunch and dinner,
consisting of culinary products with the use of sauces
, spices combined with the toppings — is a much
more complicated process. We should take into
account within this process the differences in the
modes of freezing different products with different
trophological properties. The same applies to their
storage .

It is particularly difficult to carry out defrosting
and heating of precooked and dishes in the package.
Packing in this case should retain its strength and
tightness and the desired ductility. Chemical changes
in the packaging should not lead to the formation of
toxic and other hazardous substances. The risk of
such transformations is very high, as the chemical
aggressiveness of many complex ingredients of
semis increases dramatically at heating. For a proper
choice of packaging material we should consider
how the defrost and reheat is proposed for each
semi-finished and allows to obtain a high quality
product at the lowest cost of energy.

The most common ways of defrosting are:

- Slow surface heating at ambient temperature;

- Fast surface heating in a water or steam heating
medium;

- Fast surface heating in a circulating steam-
heatedmedium,;

- Intensive volumetric heating in the microwave



Journal of Food and Packaging Science, Technique and Technologies, Ne4, 2014

field.

These methods of defrosting should be conducted
in such a way that preserves the structure and initial
biochemical and organoleptic properties of food
products. Obviously, for products of animal and
vegetable origin, with different water content, fat
fraction and other differences, defrosting modes
should also be different. General requirements for
the heating mode should organically integrate the
individual requirements. One of the general
packaging requirements, operating in heating mode,
is its water resistance. This is due to the fact that in
the above-mentioned method of heating any culinary
semi- shell packaging interacts with moisture or
water vapor formed during the melting and
evaporation of moisture from the surface layer. In
most cases (except the microwave heating) a heating
medium from the outside makes such an effect on
packaging.

The microwave heating has become especially
popular in recent years. However, this method also
imposes additional special packaging requirements.

The first group of requirements is the constructive
ones, which should include:

-power constraint defined by magnetron power,
and as a consequence, the limit of the loading degree
of chambers of the microwave devices ;

-limiting the thickness of the semi-finished
product, which depends on the dielectric properties
of defrosted product, included in the semis;

-and the inadmissibility metal or metal packaging
materials that could cause a short circuit in the
magnetron [3].

The second groups of requirements are
technological and are associated with various
technological requirements for heating mode.

While volumetric heating of food the microwave
energy is absorbed unevenly, ie selectively. The
most efficiently heated are the zones containing
liquid water. However, upon irradiation of the
crystalline material that is a frozen food product, a
microwave field is practically not absorbed. The
unintentionally occurring fusion centers become
centers of heat flow and the uneven distribution of
the volume can cause rupture of the tissues and
significantly change the structure and distribution of
moisture in the defrosted product, which can not but
have a negative effect on its quality. At local boiling
of water in the surface product layer adjacent to the
packaging, it possibly occurs a pressure surge that
can destroy the packaging envelope and change the
structure of culinary products.

The shell itself should be transparent to the
microwave field, otherwise the effect described
above could be repeatedly reinforced. The ultrasonic
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irradiation of frozen semi-finished at the first initial
stage of defrostation allows to soften heating and
flatten the volumetric heating of the product.
Ultrasonic treatment allows to shatter the crystal
lattice of ice crystal structure and create a variety of
fusion centers, uniformly distributed over the volume
of the product.

The warming of annealed semi assumes a
compliance with all packaging requirements set out
for the warm-up mode, as well as a number of
additional requirements. It should be noted that in
some cases , e.g. in a combi oven for heating at a
relatively low humidity of the heating medium , that
the temperature of the package may exceed the
boiling point , which could lead to its dehydration ,
and hence can lead to a very undesirable effect — the
adhesion to the product. The necessity of increased
thermal stability of the packaging material under the
specified conditions should be noted. There are some
nteresting proposals for the application of composite
packaging materials, with special programmable
optical properties with respect to the microwave
field. It is possible to achieve the effect of heating
outpacing the shell to the product using materials
that are characterized by a dielectric loss tangent of a
slightly larger one corresponding to the parameter of
the food product, leading to additional volumetric
surface heating and crust formation on the surface
defining the organoleptics of a fried product.

One promising trend is the application of semi-
permeable and permeable shells for the packing of
frozen semi-finished products allowing to harmonize
the heat- and mass-exchange in the surface layers of
defrosted and warmed up semis and to maintain a
high quality of culinary products . Minding the given
above, it must be concluded that the choice of
packaging for frozen semi-finished high degree of
readiness and combined food products and dishes an
integral influence on the properties of the packaging
material parameters providing storage modes |,
defrosting and heating , as well as the processes used
for this and technical means should be considered.

References

[1] Hanlon, J.F., R.J. Kelsey, and H.E. Forcinio. 1998.
Handbook of Package Engineering, 3rd ed. Lancaster,
PA: Technomic Publishing.

[2] KuprimuankoB B.I1., BotroB M.U. «Obopynosanue
NpeanpusATHA OOIIECTBEHHOTO THWTaHWA», Tom 2
«TenmoBoe ob6opymoBanuey, WM3maTenbcKkuii LEHTP
«Axagemusin, M., 2012 r., 390 c.

[3] Poros MN.A., Hexkpyrman C.B., JIsicoB I'.B. «Texnuka

CBEPXBBICOKOYACTOTHOTO Harpesa MTUIIEBBIX
HIPOAYKTOBY, M., «Jlerkas u THUIIEeBast
IIPOMBIIIJICHHOCTBY. 1981 r., 196 c.



Journal of Food and Packaging Science, Technique and Technologies, Ne4, 2014

MASS FLOW RATE UNDER EXTRUSION OF QUINOA AND GOJI BERRY

M. A. Dushkova, N. G. Toshkov, A. T. Simitchiev, A. Zh. Koleva, K. Balkanski

University of Food Technologies, Bulgaria

Abstract: In the present investigation the effects of moisture and goji berry’s content on the mass flow rate were
studied. The increase in moisture content results in extrudates with higher mass flow rate. The increase in goji berry’s

content leads to a decrease in mass flow rate.
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I. Introduction.

Phenolic plant compounds have been found to
exert diverse biological and nutritional effects [11,
14].

In the nineties quinoa has been classified by
NASA as an emerging crop with excellent nutritional
properties for long term human space missions due
to its high content in protein and unique amino acid
composition in particular in what respects to lysine
and sulfur amino-acids [17]. Quinoa also contains
starch, minerals and oils and low amounts of several
vitamins and antioxidants [13]. Quinoa leaves
contain an ample amount of ash (3,3%), fiber (1,9%),
nitrates (0.4%), vitamin E (2.9 mg a-TE/100 g) and
Na (289 mg/100 g), vitamin C (1,2-2,3 g/kg) and
27-30 g/kg of proteins [5]. The investigations of
Gawlik-Dziki et al. [12] indicate that phenolic ChL
compounds of quinoa may exert a chemopreventive
and anticarcinogenic effect on oxidative stress and
ROS-dependent intracellular signaling via synergic
effects. The relatively high potential bioaccessibility
and bioavailability of the compounds probably
responsible for these effects demonstrates the
suitability of ChL for dietary supplementation.

Lycium barbarum L. (L. barbarum) is a
Solanaceous defoliated shrubbery that grows in
China, Tibet and other parts of Asia and its fruits are
1-2 cm-long, bright orange-red ellipsoid berries [1].
A ripe fruit has been used in Asian countries as a
traditional herbal medicine and functional food [7].
Recent studies indicate that extracts from L.
barbarum fruit and one of its active compounds,
polysaccharides (LBP) possess a range of biological
activities, including effects on aging,
neuroprotection, anti-fatigue/endurance, increased
metabolism, glucose control in diabetics, glaucoma,
anti-oxidant properties, immunomodulation, anti-
tumor activity and cytoprotection [16]. These were
provided daily and changes in subjective ratings of
feelings of general well-being, fatigue, stress,
neurological/psychological traits, gastrointestinal and
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musculoskeletal complaints, cardiovascular effects
(blood pressure and pulse rate), visual acuity [2],
plasma levels of anti-oxidant factors [3], immune
factors and any side effects [4] were determined at
the end of the treatment period.

Extrusion cooking is used worldwide for the
production of expanded snack foods, ready-to-eat
breakfast cereals, confectionary and pet food
products [8]. Despite increased use of extrusion
processes in the food and feed industries, extrusion is
still art that has yet to be fully understood with
regard to  processing variables, ingredient
interactions and the effect of material modification
on textural properties of the end-products [15].

The aim of this investigation was to study the
mass flow rate under extrusion of quinoa meal and
dried fruit from goji berry.

II. Materials and methods

Materials

The study was conducted with quinoa meal with
an average particle size of 245.3 um and dried fruit
from Goji berry. The fruit was produced in the city
Saedinenie, Bulgaria. For its drying, a convective
oven at 100°C was used. After drying, the fruit was
milled using a laboratory mixer and mixed with the
corn meal as a percentage ratio of 1, 3 and 5%.

Extrusion processing

Extrusion is carried out on a single-screw
laboratory extruder Brabender20 DN, Germany [18],
with: diameter of the nozzle 3 mm; compression
ratio 3:1; speed of the feeding screw 30 min™ and the
extruder screw 200 min™'; temperature zones in the
extruder were 150, 160 and 170°C.

Statistical analysis

The full factorial experimental design was used
(N=2%) with three complementary points in the
centre of the planning to show interactions of the
goji berry’s content and the moisture content of the
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mixture, in 7 runs (Table 1). All investigated points
were obtained with three repetitions.

First-order polynomial model for mass flow rate
was obtained using StatGraph v2.0 statistical
software:

y =B, +ibz’Xi +iibefX.f : M
i=1

i=1 j=1

Table 1. Experimental design in natural and coded levels

No Natural levels Coded levels
B Goji berry’s content, % | Moisture content, % X X5

1 1 13 -1 -1
2 5 13 +1 -1
3 1 19 -1 +1
4 5 19 +1 +1
5 3 16 0 0
6 3 16 0 0
7 3 16 0 0

Measurement of mass flow rate

The mass flow rate was determined by collecting
extrudate samples at 30 sec intervals and then
weighing using an electronic balance.

III. Results and discussion

Table 2 shows the mean values and standard
deviation of the mass flow rate. The obtained results
show that the mass flow rate varies between 2.58 and
3.03 kg/h.

Table 2. Experimental results of mass flow rate
Ne 0. kg/h
2.65+0,064
2.58+0.116
3.47+0.144
3.02+0.11
3.01+0.029
3.01+0.01
3.03+0.015

~ |O\ [N [ [ 1 [—

These results are similar with the investigations
of Dogan et Karwe [10] under extrusion of quinoa
seed using a twin-screw extruder. The following

adequate model at level of significance p=0.05 with
significant coefficients was obtained:

Q=2.966-0.129X, + 0.316X,—0.096X,X, . (2)

The mass flow rate is main technico-economical
parameter which characterizes the work of the
extruder. In a single screw extruder it is dependent
on the drag flow developed by the rotation of the
screw and the pressure developed due to the
restriction of the die [9]. The response surface figure
shows that the goji berry’s content negatively affects
the mass flow rate and the moisture content affects it
positively. Higher moisture content act like a
lubricant and facilitate the flow of the material. The
increase in density leads to an increase in mass flow
rate. The increase in goji berry’s content and the fat
content respectively, leads to an increase in mass
flow rate but the the complex of amylose and native
lipids, which makes the structure more rigid, makes
difficult the passage of the material in the extruder.
This tendency is more prononounced at high levels
of moisture content in comparison with low levels.

3.? //‘ i
34 i ]
£ 31} B ]
=] r i
x [ = -
g 2,8+ : ]
2,5 e R ——
[ — 1
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Figure 1. Response surface for mass flow rate
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IV. Conclusions.

All effects are significant for the mass flow rate.
Feed moisture has been found to be the main factor
positively affecting the mass flow rate. The Goji
berry’s content negatively affects the mass flow rate.
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Abstract: The problems of increase of efficiency of extraction of components at processing various on properties of
vegetative raw material connected with necessity the increases in depth of extraction caused of expansion range,
increases of intensity of processes, decrease in material and power expenses and as development of clear technologies

remain actual now.

In the given work it is offered to pass to carbon dioxide — highly-flying, harmless, accessible and cheap solvent.
Except for that carbon dioxide can be completely removed from an end-product that raises its ecological properties and

value for the consumer.

In the offered scheme of manufacture of vegetable oil carbon dioxide is used on the closed cycle that provides
decrease in expenses for output. It is necessary to note, that carbon dioxide can be applied during extraction of oil in the
various phase condition defined by thermodynamic conditions. Thus processes of extraction pass at a low temperature

level that increases quality of an end-product.

Keywords: mechanical expansion, oil seeds, extraction, carbon dioxide assisted.

I. Introduction.

The technology of extraction provides deep
extraction of target components from the prepared
vegetative raw material applying pressing and
extraction. The basic problem in extraction of
vegetable oils is use of hydrocarbon solvent -
gasoline which not only the fire-dangerous and
explosive, but also its rests in the taken oil do this
product hazardous to health of consumers. In the
given work it is offered to pass to carbon dioxide—
highly-flying, harmless, accessible and cheap
solvent. Except for that carbon dioxide can be
completely removed from an end-product that raises
its ecological properties and value for the consumer.

In the offered scheme of manufacture of
vegetable oil carbon dioxide is used on the closed
cycle that provides decrease in expenses for output.
It is necessary to note, that carbon dioxide can be
applied during extraction of oil in the various phase
condition defined by thermodynamic conditions.
Thus processes of extraction pass at a low
temperature level that increases quality of an end-
product.

The offered scheme of manufacture can
effectively work at the small, average and large
enterprises of reception of oils from vegetative raw
material.

Use of dioxide of carbon as a working auxiliary
component during extraction of vegetable oils helps
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to solve a universal problem on its recycling after
catching from an atmosphere.

Solution of dioxide of carbon in oil.

Efficiency of the extraction technology of
vegetable oils can be essentially increased if to use
high solubility carbon dioxide in oil (much greater,
than solubility of oil in CO,), and don’t create
external volume of solvent, but having received a
solution of vegetable oils in carbon dioxide in porous
volume of a material and use pressing to its
extraction. Such conducting process will sharply
reduce quantity of used solvent and intensifies
process.

At the first stage considered the questions of
change of properties (first of all density and
viscosity), a wrung out phase without submission of
carbon dioxide and then with its submission.

Properties of density and viscosity of oils are

presented by the equations depending on
temperature:

p=p,—mT (1)
1= pyexpw/T) - (2)

Experimental data of solubility at temperature
313K for different oils (palm-kernel, linen, cocoa)
essentially differing on molecular weight, are
presented in Figure 1 with concentration of carbon
dioxide in the oils, expressed in mole rate (Stoldt and
Brunner, 1998).
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Figure 1: Solubility CO, (mole rate) in
vegetable oils at temperature 313K.
T

Figure 2:
depending on temperature and pressure.

Figure 1 shows, that between various oils
practically there is no difference on mole solubility
in them of carbon dioxide. It is offered to describe
this dependence by equation:

x(P, MITa) <<

a+b-P a

CO, =
3

As modelling generalization it is used following
regressive representation of dependence of solubility
from pressure and temperatures:

x(P,T): C(T) _C(T)
a(T)+b(T)-P a(T). 4)
Considering  satisfactory concurrence mole

solubilities CO, for various vegetable oils was
modeled with use of dependence (4) concentration
floor of mole solubilities CO, in vegetable oils in a
wide range of temperatures and pressure (Figure 2).
It is shows, that solubility grows with reduction of
temperature and increase in pressure, the limit of
growth is marked below 313K and above 20 MPa.

Simplified (without taking into account viscosity
of pure carbon dioxide) and exact enough
dependence of viscosity of a solution of carbon
dioxide in oil looks like:

L[4, (T. P)|= L[, (T.F))

In Figure 3 calculation of change of viscosity of a
binary solution from temperature and pressure is
presented (on an example of oil of cocoa).

+ X,

co2

- Aw, (T, P) )
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The superficial tension of oil with CO, defines
capillary pressure in pore of a pressing out material,
with its reduction capillary pressure which interferes
with pressing decreases.

Figure 3: Dependence of viscosity of a solution
of carbon dioxide in oil from pressure and
temperature.

The generalized results of measurements of a
superficial tension of oil (on an example of oil of
corn germs) in CO, under various conditions
(pressure up to 40 MPa and temperature from 40 up
to 120°C) from density CO, are presented in Figure
4 and described by the equation:

o(pco, )=27.37533-exp(-0.003685- p,, ) ©
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Figure 4: Dependence of an interphase tension
of oil in contact to CO, as function of density dioxide
of carbon.

We mark, that for a solution of oil with CO, at
workers pressure and temperature the interphase
tension decreases for the order.

II. Modeling of change of factor a
pressure-conductivity from parameters of
pressing.

For transition from normalized pressure, to
consideration of change of pressure-conductivity
factor in a real interval of pressure of process of the
pressing, changing within the limits of an interval of
pressure from «point of oil» which is defined as the
minimal pressure u;, necessary for occurrence of
free oil on a surface of an olive material, up to the
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maximal pressure in press U, in view of presence
of a moisture in a pressed out material that will allow
to lower essentially expenses for pressing out oils
from an oleaginous material, value of factor
becomes:

e(u)= &
. u—5.24-exp[ 0,0011(w,>* +11,5) ] 5
+ex —|a- —L
P Uy —5.24-exp[ 0,001 1(w,>* +11,5) |

(7

For carrying out of experimental researches
filtrational and the compressional properties of an
oleaginous material and definition of character of
change of a degree of pressing out and limiting
oleaginous from technological parameters, was used
a known technique of pressing of a material in
thermo-static metal cylinder established in the
machine of compression.

The received set of factors is similar and
corresponds to invariant change of dependence of
pressure-conductivity factor from relative pressure
(Figure 5) which defined on a parity:

uO_upm X (8)

0 - DOOGOOOOOOOOODODODODODDDDOGU
0 02 04 08 08 1
u
Figure 5: Change of factor pressure-
conductivity at use of the generalized vector of
parameters of model

Apparently from the presented data (Figure 6)
process of pressing in these experiences is presented
by three modes: initial with high pressure-
conductivity factor, transitive and final with low
factor pressure-conductivity.

........

Figure 6: Change of factor pressure-conductivity
from pressure in parallel experiences of pressing of
sunflower pressure 56MPa, temperature 105°C,
humidity of 11,44 %, thickness of a layer of a
material of 50 mm.
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It is obvious, that with a sufficient degree of
approach it is possible to consider possible the
description of this process in the form of two-zone
models with corresponding step function of change
of factor of permeability from pressure (Meretukov
and Koshevoy, 2012).

Influence initial a material and decrease in
humidity of an olive material has appeared complex.
Obtained data have defined a conclusion, that
variability of pressure-conductivity factor is rather
great, therefore procedure of construction regress
equations has been based on a tentative estimation of
regress factors of dependences. As a result of
identification of parameters of model it has been
established, that the offered regress models
adequately describe change of pressure-conductivity
factor depending on olive of material, pressure,
temperature, height of a layer of a material and its
humidity.

In the further the decision to increase
extrapolation accuracy of parametrical model due to
inclusion of data of pressing with dioxide of carbon
was accepted, having received dependence for
comparison purposes for clear pressing and pressing
with preliminary saturation CO,.

For construction of model of change of pressure-
conductivity factor from parameters of process of
pressing in view of saturation by dioxide of carbon
the experimental data received at studying kinetics of
pressing of an oleaginous material have been
analysed (on an example of sesame, flax, rape, beans
of cocoa, liquor of cocoa) from six key parameters -
olive of material (Gbg=0,44+0,56), pressure
(Pbg=30+60 MPa), temperatures (Tbg=40+100 °C),
heights of a layer of a material (Hbg=15+45 mm), its
humidity (Wbg=0,5+8 %) and mole rate CO,
(Xc02=0+0,9). As a result of carrying out of the
regress analysis of these data have been received
corresponding regress equations (Meretukov and
Koshevoy, 2012):
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(11)

The received models have a high degree of
adequacy, except for that these models have an
initial appearance that raise the interpolation
property of model.

Thus, the offered equations and the found
parameters allow to predict change of pressure-
conductivity factor an oleaginous material over a
wide range of parameters of process of pressing with
dioxide of carbon, and without use in a usual mode.

I11. Modelling of process of pressing.

For modelling of process of pressing in the screw
press we use the equation of process pressing oils
(Go) from an oleaginous material (Gx) average on a
layer of this material (Lp) during pressing (1):

L[’
J. G, (x,r,LP,KP,a,,,b,,)dx
Gy(z,ap,b,,K,, L) =

Lr (12)

The equation (12) includes parameters (K, a,, b,)
dependences pressure-conductivity an oleaginous
material during process of the pressing, defining
kinetics this process and courses of this process
depending on conditions. Definition of these
parameters probably on generalized regress
dependences, for process without use of carbon
dioxide, and on corresponding dependences in case
of its use.

The basic characteristic of work of the screw
press alongside with residual oleaginous is
productivity. The axial stream of the pressed material
considered as non-Newton liquid, in the screw press
on each separately taken coil was described by the
equation:

fd _H’-W-fpd- fps dP
2 dx (13)

During transportation inside in press there is a
decrease olive of material, that essentially influences
for it rheology. The defining parameter of current
non-Newton liquids is speed of shift. For definition
of speed of shift of a material on coils used following
dependence:
y.(Ni)=1- D (i) N -cos[@ , ()]

H,(i) (14)

This parameter is used for definition of effective
viscosity of a transported oleaginous material:

Ox=n-D-W-(H-05)-N -cos(6)-
12-n- us

96

- b
/u(Gm’Tm):kﬂ .[}/O(N’i)]”ﬂ 1 .exp(_a/l .Gm).exp(#

T,J (15)

Current volumetric productivity can be certain on
a difference between initial volumetric productivity
on a pressed material (Qu) and volumetric
productivity on the wrung out oil (Qy), that enables
to define the pressure developed during pressing

(Po):

Qu(N, PPt Oago Tae 1) = QTN Keam Dy P Gy T )
S Pk Py m oMy P Pk Gy T
Pi(.N. K0 PP Gy Tonel) =

Bl G o)

I.l-ll ( 1 6)

In connection with available distinctions in
properties of different oleaginous materials, value
absolute limiting olive and character of its change
alongside with parameters of pressing will depend by
nature pressed material.

Change of pressure and olive on length of the
press channel at initial M,=50 % is presented in
Figure 7.

g Omy iy =Gy = b)

Figure 7: Distribution on the press channel for
50 % of initial concentration of the olive phase.
a) pressure; b) oleaginous.

Similar calculations have been lead for model
with addition to pressed material CO, and presented
in figure 8 (Meretukov and Koshevoy, 2012).

It is possible to note an initial significant site of
length screw shaft on which at submission CO, there
is no rise of pressure and accordingly does not occur
process of pressing. Then sharp rise of pressure with
the subsequent pressure decrease in cone zone is
marked.

Thus, at submission CO, in an oil phase with
other equal, there is deeper pressing out an olive
material, in view of removal CO,, final oleaginous
has decreased on 6+12%.
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Figure 8: Distribution on the press channel for 65 %
of initial concentration of the olive phase containing
0,9 mole CO,. a) pressure; b) oleaginous.

IV. Modelling of supercritical extraction of
a vegetative oleaginous material.

At  mathematical modelling  supercritical
extraction of a layer of a vegetative oleaginous
material (sunflower) in view of features of
dissolution of oil in carbon dioxide data on kinetics
of extraction was used from which it is visible, that
the initial stage is characterized by the constant
speed defined by solubility and charge CO,.

Each experimental curve E=q (t)/qo - dependence
of the attitude of the current maintenance of oil in
extraction material from time to its initial
maintenance - can be presented by two sites - the
period of constant speed and the period of falling
speed. Thus, for the description kinetics of extraction
it is possible to offer two-zone model (Meretukov Z.
et al, 2012).

The generalized kinetic curve with the equations
of two-zone model is presented in Figure 9.
Accuracy of the equations is high.

E(t-N)=1-1,0115-(¢-N"");

E,(t-N)=0,96234-exp[—1,38621(t- N*V)]> R* =0,97484

(19)
(20)

R*=0,99872

The basic received result of application of
preliminary pressing is an opportunity of reduction
of duration of process of extraction.

97

y =-1,01150x + 1,00000
R?=0,99872

3. y =0,96234e 132
g R®=0,97484

\*\?\Aﬁm

oE Kok

Figure 9: Generalized kinetic curve with the
equations of two-zone models by results of
experiences.

V. Conclusions

Technologies of extraction of vegetable oils with
the carbon dioxide based on greater solubility in oil,
than oils in carbon dioxide are perspective.

The density and viscosity of solutions of carbon
dioxide in oil influence on pressing process.
Volumetric expansion of a solution is connected with
change of density and its greatest value (in particular
50%) is reached at high pressures (P=25MPa) and
low temperatures (T=323 K). Thus the interphase
tension decreases on the order. With growth of
pressure and temperatures viscosity of solutions of
carbon dioxide in oil decreases.

At pressing out vegetative materials the
description of the phenomena of carry of pressure for
small time intervals in the big interval of change of
pressure, is connected with necessity of the account
of dependence of pressure-conductivity factors from
pressure.

At generalization of dependence on extraction
kinetic from pressure and temperature the proved
kinetic dependence with parameters of speed of
complex extraction process an oleaginous material
carbon dioxide the screw pre-extractor which is
wringing out a material with impregnation by carbon
dioxide is received.
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