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Abstract
The aim of research is studying a new method for intensifying extraction of pectin substances during acid extraction of
pectin-containing raw materials. The description of the experimental setup and the procedure for processing the results of the
investigation of the application of a new method for intensifying the beet pulp extraction are described. The results of exper-
imental studies on the application of a new combined mixing element for intensifying the extraction of pectin-containing raw
materials (beet pulp) and its effect on quantitative and qualitative output characteristics are presented. Mathematical models
are constructed on the basis of regression equations of the full factorial experiment with the use of a new method of intensi-
fying the extraction process to select input technological parameters for the extraction of pectin substances from pectin-con-
taining raw materials. The rational operating parameters of the process of extraction of pectin substances with the use of a new
combinable stirring element are determined. Such working parameters are: the process duration is 1...1.1, the temperature of
the working medium is 60...70 °C, and the hydromodule is 8...10. The research results can be used to study other technological
parameters of the extraction process of pectin substances, as well as to develop a technological line for the production of pectin
products.
Keywords: pectin-containing raw materials, acid extraction process, pectin substances, stirring element.
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1. Introduction

One of the possible ways of solving the problem of saturation of the consumer market
with pectin products (pectin extracts, their liquid and dry concentrates) is the realization of the
technology for obtaining these pectin products. Typical features of these technologies can be: the
possibility of using various pectin-containing raw materials (sunflower baskets, apple and beet
pulp), easy transformation in the transition from one type of product to another, high intensity,
ecological purity due to the complexity of processing and elimination in a number of options for
the utilization of chemical reagents. An important element of beet pulp as a pectin-containing
raw material is polygalacturonan, thanks to which, in a purified form, pectin h as a number
of valuable biological properties, first of all — the ability to create complexes with heavy and
radioactive metals, phenols, amines and the ability to remove them from the body [1, 2] . As a
final product based on pectin substances (PS) contained in pectin-containing raw materials, it
is possible to produce various preparations of therapeutic and prophylactic action in the form of
polysaccharide complexes that can be used alone or as part of food products — dairy, confection-
ery and bakery products [3].

The main process of the general technology for the production of pectin products is
the PS extraction from plant raw materials. There are known developments to improve this
process by applying chemical and physico-mechanical methods of influencing plant raw mate-
rials [4, 5].

The most common way of extracting pectin-containing raw materials is PS extraction with
the use of inorganic and organic acids (hydrochloric, nitric, acetic, lactic, citric, etc.) [6—8]. For this,
corrosion-resistant equipment is used (especially if the process involves a high temperature). This
method is one of the most common when extracting PS [9].

It should be noted that the use of the above reagents is unsafe, and also takes a long time.
This is especially true for multi-stage extraction processes (for example, the production of apple
pectin extract, where the extraction process lasts 3—4 hours) [10].
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To intensify the extraction process, various types of turbulence are used. These include
stirring the solution with a variety of agitators [11]. One of the modern ways of extracting
pectin-containing raw materials is the use of the phenomenon of cavitation for 30...35 min-
utes at a temperature of 70 °C, a cavitation index of 1.1, pH=1.5, a hydromodule of 1:7. The
use of such intensification means accelerates the extraction process in 3...4 times, but the
quality of the products remains unknown. But at the same time, the cavitation equipment for
carrying out the extraction process has a complex design, and its manufacture requires high
accuracy [12].

Analyzing the above, it can be concluded that for effective extraction of pectin substanc-
es, the best way is to use combined extraction process methods using acidic reagents and mixing
equipment. Therefore, a study of the extraction of pectin-containing raw materials using safe re-
agents and new mixing devices is relevant.

The aim of research is studying the application of a new method for intensifying
the extraction of pectin substances with the definition of rational parameters of the ex-
traction process from pectin-containing raw materials (beet pulp). This will improve the
process and apply this method to investigate the extraction of other pectin-containing raw
materials.

To achieve this aim, it is necessary to solve the following tasks:

— describe the technical support and mathematical description of the study of the method for
intensifying the extraction of pectin-containing raw materials;

— determine the factors that affect the intensification of the extraction process of pectin
substances with the use of mixing devices;

—based on the research results, determine the rational parameters for extraction of pec-
tin-containing raw materials (beet pulp) using a combined mixing element.

2. Materials and Methods

In order to intensify the extraction of pectin substances from the pectin-containing raw
material, a method using a combined agitator is proposed. Acceleration of the extraction process of
pectin substances is due to the uniform distribution of particles of pectin-containing raw materials
along the entire volume of the technological capacity, which is caused by turbulence (active circu-
lation) of the processed medium flows.

As a raw material, crushed fresh and dried sugar beet pulp was used as a secondary raw
material of sugar production, citric acid powder, sodium bicarbonate (baking soda) powder.
And also a 40 % solution of sodium hydroxide and a hydrochloric acid concentrate for the pre-
cipitation of pectin substances. An experimental device is developed to study the extraction
of pectin-containing raw materials with a lattice stirrer and a combine stirring element.
Methods of mathematical processing of research results using modern computer programs
are used.

2. 1. Experimental procedures

To study the extraction process, an experimental device is developed (Fig. 1, 2). It works
as follows. The container with the heated coolant (water) 6, in which the working container 15 is
located, is covered with an extractant and fresh raw material by the lid 3, after which the extraction
process is carried out. If dry beet pulp is used, it is preliminarily covered in a container 15 and
filled with water at room temperature, which is heated by the heating device 8 to a temperature of
50 °C. First, the washing and swelling processes are carried out using the grate and combined
stirring element 14. The washed beet pulp is then wrung out through a filter cloth, poured with a
solution of citric acid, with a pH value of 1.5...1.7, and an extraction process is carried out with
constant stirring in flow 1,5-2 hours.

In the developed experimental device with a combined stirring element, the process of
PS extraction from sugar beet pulp has several joint processes: dispersion, hydrolysis, pectin ex-
traction, homogenization of the treated medium.
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Fig. 1. Schematic diagram of the experimental device for studying the PS extraction process:
1 — tachometer; 2 — chuck holder; 3 — lid; 4 — thermal signaling device; 5 — bed; 6 — container with
coolant; 7 — base plate; 8 — heating device; 9 — autotransformer; 10 — electric motor; 11 — reducer;
12 — chuck catch; 13 — insulation; 14 — stirring element; 15 — working tank

Fig. 2. Appearance of the extraction unit

2. 2. Simulation of the extraction process of pectin substances

To determine the parameters of the PS extraction flow, a mathematical model is proposed,
based on the regression equations according the methods for planning a multifactor experiment. It
allows to provide an adequate description of the processes that take place during the extraction of
pectin-containing raw materials. It also makes it possible to determine the optimal conditions for
PS hydrolysis-extraction, taking into account the different molecular weight parameters and com-
plexing ability of the obtained pectin extracts [13].

For the study, the following main process indicators are selected: t — extraction tempera-
ture, °C; T — extraction duration, s?; q — hydromodule ratio of solid and liquid phases.

For these parameters, the levels and variation intervals are set, which are listed in Table 1.

According to the mathematical model of the PS extraction process, the least squares method
is used to find the regression equation describing the surface of the response function in the factor
space and has the following form:

y=b0+2n‘bixi +2n‘bijxixj, €))
i=1 i=1

=t
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where b, — absolute term of the regression equation; b, — linear effects; x,, X, — independent vari-
ables; b, — effects of pair interaction; n — the number of experiment
Table 1
Levels and intervals of variation
Influence parameters
Experimental conditions Designations
t, °C 1T, h q
Main level X, 60 0,6
Variation interval Ax, 20 0,4 3
Top level - 80 1 10
Lower level 40 0,2 4

imin

To prepare the pectin extract, 50 g of fresh beet pulp was loaded into an experimental device,
the water was poured with water heated to 40...50 °C to carry out the washing-swelling process of
the pulp from pollutants. Then, a saturated solution of citric acid with predetermined pH values of
1.5...1.7 was added to the working tank of the experimental device to the pressed swollen pulp. After
extraction, the obtained extract was separated from the solid phase, cooled and PS was precipitated
by the bulk method [14]. Molecular weight was determined by viscometric method, complexing abili-
ty — by titration method, gel-forming ability — by valent method [15]. During the study all experiments
were conducted 3 times. The results were statistically processed by the method of least squares.

Determination of the coefficients of nonlinear regression equations was carried out by con-
structing a planning matrix, where the number of studies and the limits of the change in factors
were determined. As a result of the studies and regression analysis, regression equations are ob-
tained, which are represented in the natural way as follows.

The PS concentration in the extracts obtained from fresh beet pulp with the use of a lattice
stirring element:

C,=—0,171+0,028t-0,1467-0,076q-2,469-10->+0,251+
+6,111:10°q2-7,812-10t-1+1,042-10*t-q+0,0271-q; Q)

— PS concentration for the combined stirring element:

Cl=—0.414+0,017t-0,4487-0,083-10°q1,153-10->+0,453 0+
+6,944:10°¢?—1,875:10°t-1-8,333:10-t-q+0,0541°q; 3)

— molecular mass:

MM=-8,575-10°+616,958t+73,9581+952,083q—4,827t~273,4387>—
273,438 12-32,083 qP+52,344t1-7,021t-q-164,583 1q; @)

— complexing ability:

CA=3,279-0,036t+0,3921-0,017q—1,5-10t>~0,5t>—0,042q>+
+0,016t-7+0,011t-q—0,0421-q; Q)

— gel-forming ability:
GA=-125,854+5,107t+89,3751t+8,708q—0,036t>—67,187t*—

—0,417¢*+0,203t1+0,023t-q+0,3257-q. (©)
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The above equations were obtained by mathematical processing of the complete factorial
experiment data using the Excel 2007 table processor and the problem-oriented Mathcad 15 com-
putation package.

3. Results

An important factor significantly influencing the extraction of pectin substances from beet
pulp with the use of a new combinable stirring element is the temperature of the process medium.
Therefore, the influence of the temperature parameters of the acid extraction process on the change
in the concentration of pectin substances in the extractant was investigated. Therefore, the influ-
ence of the temperature of the acid extraction process on the change in the concentration of pectin
substances in solution for both types of raw materials, which is shown in Fig. 3.

From Fig. 3, it can be seen that the data of the dependence of the PS extraction process with
the use of lattice and combined mixing elements have the same nonlinear character. An intensive
increase in the concentration of pectin substances in the acid solution occurs with an increase in the
temperature of the process medium to 60 °C, after which the growth in the concentration of pectin
substances in the extractant slows down considerably. With further extraction, PS concentration in
the extractant begins to decrease for both types of raw materials.

Therefore, rational values of the temperature of the process of extracting pectin-containing
raw materials should be considered as 60...65 °C, since they are the most conducive to increasing
the PS concentration in the extractant.

As a result of the mathematical modeling, the conditions for carrying out the extraction of
pectin-containing raw materials using a combined stirring element were determined. This made it
possible to determine the rational parameters of the output characteristics (molecular mass, com-
plexing and gel-forming ability), as well as possible maximum values of these characteristics under
the condition of optimal process parameters.

0.9

0.6
2
0.5
' 'd
0.4
1
t.°C
0.3
40 50 60 70 80

Fig. 3. Dependence of the change in the PS concentration on the extraction temperature at
1=1-60° s; ¢=10: 1, 3 — dry beet pulp; 2, 4 — fresh beet pulp; 1, 2 — lattice stirrer;
3, 4 — combined mixing element

Optimization of technological regimes of extraction of pectin-containing raw materials us-
ing a combined mixing element made it possible to construct three-dimensional graphical depen-
dencies characterizing this process (Fig. 4, 5).

The data of experimental studies of technological regimes using a mathematical model on
the dependencies make it possible to select rational technological parameters for the extraction of
dry pectin-containing raw materials using a combined mixing element. The maximum efficiency
of the extraction of pectin substances from pectin-containing raw materials using a combined
stirring element is achieved with the process duration values — (1.0...1.1)-60? and process tem-
peratures — 60...70 °C.
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Fig. 4. Mathematical model for the selection of parameters for the extraction of
dry pectin-containing raw materials by molecular weight
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Fig. 5. Mathematical model of the selection of parameters for the extraction of
dry pectin-containing raw materials by complexing ability

Comparative analysis of the calculated and experimental characteristics of the obtained UV
concentrates showed some similarity of the calculated and input characteristics of the process (tem-
perature, duration and hydromodule) for two types of raw materials (beet pulp).

Analysis of the obtained data of mathematical modeling (Fig. 4) indicates that with increas-
ing the process temperature from 20 °C to 60 °C, the PS molecular weight is increased to a maxi-
mum value of MM=1.86x104 Da. With further increase in the temperature of the process to 80 °C,
the PS molecular mass begins to decrease sharply, which can be explained by a decrease in the PS
physico-mechanical properties in the extract under the influence of high temperatures.

In the case of an increase in the duration of the extraction process, it can be observed that
the PS molecular weight increases intensively to durations (0.9...1.0):60? using the intensification
method, after which the value of its increase slows down. Obviously, this is explained by the hydro-
dynamics of the process under the influence of a combined stirring element, which simultaneously
mixes and disperses the pectin-containing raw material.

The same changes are observed in the case of the determination of the PS complexing ability
(Fig. 5), which values increase in proportion to the increase in temperature and the duration of the
extraction of dry pectin-containing raw material CA _ =2.5..2.6 mg Pb*".

The analysis of the regression equations obtained in the mathematical model of the com-
plete factorial experiment has shown that the values of the output characteristics (molecular mass,
complexing and gel-forming ability) of PS depend on the duration of the extraction process, the
temperature of the process medium and the hydromodule. But most of all, these characteristics
increase with increasing temperature of the extraction process of pectin-containing raw materials
and with continuous mixing of raw materials.
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4. Conclusions

The information is received that the use of mixing devices is promising from the point of
view of improving the extraction process of pectin-containing raw materials (beet pulp) in order to
obtain high quantitative and qualitative characteristics of pectin extracts, while the issue of creat-
ing new methods of intensifying PS extraction is still topical.

The carried out researches are continuation of researches on perfection of extraction pro-
cesses of useful substances from raw materials with development of new methods of an intensi-
fication of extraction process. The obtained results can be used for studying other technological
parameters in the extraction process of pectin-containing raw materials, as well as for improving
the equipment of production lines for production of various pectin products.
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