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Buceimaeno excnepumenmanvii 00CaAi0NHceHHs
npouecy KUCIOMHO20 eKCmpazyeanis NeKmuHeMic-
noi cupoeunu (6ypaxoeozo sxcomy) i3 3acmocyean-
HAM HO0B0i MOOeJi nepemilyeanvioz0 ejiemeHmy
NOpi6HAHO 31 36UMAUHOI0 PEUIMUACMON) Miwal-
xoto. Pospobaeno excnepumenmanviy ycmamos-
Ky i Memoouxy o6pobKu pesyavmamis 0ocaioxcen-
HsL npouecy eKcmpazy8anus NEKMUHOBUX PeUoGUH
13 nexmunemicnoi cuposunu (OYpaKoeozo ixcomy)
i3 3aCMOCY8anHAM HO06020 KOMOIHOB8AH020 nepe-
Mimyeanviozo enemenmy. Ilodydosani mamema-
muuni mMooeni y 6uean0i HENIHIUHUX peepecilinux
pisnans 3a Memodom naanyeanns oOazamodax-
mMopHO20 excnepumenmy 3 6xXiOHUMU napamempa-
MU memnepamypu, mpueanocmi ma 2i0pomooyns.
IIpu yvomy 6cmanosneno, wo 0CHOBHUL 6NIUB HA
3MIHY GUXIOHUX napamempis CMAHO6IAMb 6Xi0-
Hi 3MIHHI meMnepamypu ma mpueaniocmi npouyecy.

TIpugedeni epagpiuni 3anesxncnocmi KirobKichux ma
AKICHUX Xapaxmepucmux neKmuHoGUX eKcmpax-
mie (KOHueHmpayis NeKmuHoBUX PeHOo8UH, MOJe-
KYAapHa Maca, KoOMnaeKco- ma 0pazieymeopio-
sanvhHa 30amuicmv) 6 3aaeHCHOCmi 6i0 6XIOHUX
napamempie memnepamypu ma mpueanocmi npo-
yecy excmpazyeanis neKMuUHOBUX peuosun. Ananiz
UUX xapaxmepucmux 00360U6 6CMAHOBUMU PAio-
HANbHI 6XIOHI napamempu npouecy excmpazyeéamns
nexmunosux pewoeun. Pauionanviumu podouumu
napamempamu npouecy Kuciommozo eKCmpazyea-
HS NEKMUHOBUX PeUOBUH 3 OYPAK06020 JHCOMY i3
3acmocyeannam Hoeozo memody inmencudixauyii
npouecy € memnepamypa 60...70 °C, mpusanicmo —
1...1,1 200unu ma ziopomodyas 8...10.

Hane docnidxcenns npogedene 3 memoto inmen-
cu@pikayii 6unryMeHHss neKMUHOBUX PeHOBUH 3 NeK-
MUHBMICHOT Cupo6uHU, NIOBUUEHHA MEXHIUH020
PiéHs npouecy excmpazyeanns ma peanizauii po3-
pooneHozo Memoody € NPoMUCNOBUX YMoeax. 3a
pesyavmamamu 0ocaidxcens 6Yao 6CmMamH06JeHO
QoyinbHiCMb 3ACMOCYBAHHA HOB020 MEMOOY iHMEH-
cugixauii. Ilodanvue 6nposadicenns yux pe3yio-
mamie y xap4oey ma nepepoony nPoMuUCIO8icmob
dae 3M02Y HANAZOONCEHHS BUPOOGHUYMBA WMUPOK 020
acopmumenmy nexmunHonpooyxmie (excmpaxmu,
PioKi ma cyxi nexmunosi Konyenmpamu,)

Knrouosi crosa: nekminemicna cuposuna, npo-
yec KUCI0mMH020 eKCmpazyeanis, NeKmuHoGi peuo-
BUHU, NepeMiYB8aNbHULL esleMenm

|l =,

1. Introduction

Lack of dietary fiber in human nutrition has a negative
impact on human health, reducing the resistance of his or-
ganism under unfavorable environmental impact. Dietary
fibers are a complex of polysaccharides, cellulose, lignin and
associated proteins that make up the cell walls of plants [1].

The use of secondary material resources has become at
present one of the most important technical, resource-saving
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and environmental problems around the world. In this case,
large-ton waste generated during processing of various raw
materials must be utilized first of all. A considerable amount
of waste forms in the processing of agricultural raw materials
of plant and animal origin, which require further disposal [2].

At the same time, food industry currently produces
a wide variety of confectionery, bakery, meat, dairy and fish
products, beverages, canned goods, in line with the trend
aimed at enriching the diet of domestic population with bio-




logically active additives (BAA). Using pectin extracts (PE)
as BAA, pectic concentrates (PC) and powdered pectin
makes it possible to obtain food products with the predeter-
mined technological properties. This will contribute to the
pectin prophylaxis of people [3, 4].

The food industry exploits the main properties of pectin
substances — complex-and gel forming capabilities, which
makes it possible to enrich foods with pectin products that
have therapeutic and preventative value [5, 6].

At present, there exist a sufficient number of food pro-
duction technologies that imply the addition of pectin pro-
ducts [7]. However, there are not enough data on the use of
PC with high nutritional value in food production. Because
these data are fragmented, that necessitated the purpose and
relevance of present research whose results would help ex-
pand the range of therapeutic and preventive food products.

2. Literature review and problem statement

To obtain good quantitative and qualitative indicators of
PE, we selected three types of raw materials for this study:
beet pulp, apple pomace, and sunflower baskets. This is pri-
marily due to the high levels of pectin content in these kinds
of plant raw materials and to their high degree of esterifica-
tion (indicator of pectin application in food industry) [8]. In
addition, this relates to the presence of sugar plants, produc-
tion lines for making juices, and sunflower processing plants.
However, the focus of this research is beet pulp. In this case,
we undertake a limited study into extraction process from
a given raw material using organic acids [9].

Currently, there are many techniques for obtaining PE
from any plant raw material [10, 11]. However, all these
techniques have both advantages and disadvantages: the
complexity of subsequent processing of raw materials, con-
siderable consumption of reagent, complicated and expensive
equipment design and its maintenance, low quantitative or
qualitative indicators of pectin extracts, etc. The criterion
of effectiveness of any technology should be its universality,
sustainability, and low waste [12]. Therefore, the best solu-
tion is the development and implementation of combined
techniques for different stages of the general production
technology of pectin. Specifically, this applies to the analyzed
process of beet pulp extraction.

At present, the efficient technique to extract pectin
substances (PS) is the use of inorganic and organic acids
(hydrochloric, nitric, acetic, lactic, citric acid, etc.) [13, 14].
Such a technique is one of the most promising for its further
industrial implementation. However, that implies that the
employed equipment should be resistant to corrosion (espe-
cially if the process occurs at a high temperature) [15].

The course of the process for extracting pectin-con-
taining raw materials is a complicated one [16]. In this case,
the choice of the technique for extraction might both sim-
plify and complicate the further stages of pectin production
(processes of concentration, purification, drying, etc.) [17].
These circumstances should be taken into consideration
in the development of the new technologies for pectin ex-
traction.

Currently, modern technologies for the extraction of PS
from beet pulp face a number of issues relating both to in-
creasing the amount of extracted PS and improving quality
indicators of PE [18, 19]. This hampers the implementation
of existing extraction methods into industrial production.

Therefore, there is a need to introduce new methods for the
intensification of extraction process. In this case, it is im-
portant to study and determine the rational parameters and
modes of this process: temperature, hydromodule, duration
and so on.

3 The aim and objectives of the study

The aim of this work is to study the process of acidic
extraction of pectin-containing raw materials using the new
model of a stirring element to improve the qualitative and
quantitative characteristics of pectin extracts.

To accomplish the aim, the following tasks have been set:

—to identify benefits of the extraction process of pec-
tin-containing raw materials using methods of intensification;

—to define factors that affect the process of acidic ex-
traction of pectin-containing raw materials using the new
model of a stirring element;

— to determine, based on the research results, the rational
parameters for acidic extraction of pectin-containing raw
materials (beet pulp).

4. Materials and methods to study the acidic extraction
of pectin-containing raw materials using the new stirrer

4.1. Scheme of the experimental extraction installa-
tion and its working principle

We conducted our study on the choice of optimal para-
meters for carrying out the acidic extraction of pectin-con-
taining raw materials at the research laboratory «Nanotech-
nologies of food products» at Kharkiv State University of
Food and Trade (Ukraine). In order to improve the process
of acidic extraction of pectin-containing raw materials, we
selected the process intensification method that allows the
participation of hydromechanical processes.

One of the factors for the intensification of extraction
of plant raw materials is the uniform distribution of the
raw material’s particles in terms of size. This determines the
efficiency of process of the extraction of biologically active
substances. And in a combination with the active circulation
of an extractant, it quantitatively provides for the removal of
one or another component [19].

The principle of operation of the experimental extraction
installation, as well as modeling of extraction process of pec-
tin substances, are described in detail in paper [20].

5. Results of studying the application of an agitation
method in the process of acidic extraction of pectin
substances

The dynamics of change in the concentration of PS in the
process of extraction of beet pulp using a grid and combined
stirring elements are shown in Fig. 1, 2. Dependences of qua-
litative characteristics of PE, obtained using the combined
stirring element for fresh and dried raw materials, are shown
in Fig. 3, 4.

The data in Fig. 1, 2 show that the dependences of change
in the concentration of PS, molecular weight, complex-form-
ing capability, on various technological factors in the process
of extracting PS from different raw materials are non-linear
in character.
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Fig. 1. Dependence of change in the PS concentration
on duration of extracting the fresh beet pulp at t=65 °C,
g =10, using the following stirring elements:

1 — grid; 2 — combined

0.7
Cps, % l

0.6

0.5

N

0.3

0.2

0.1

7607 s

0 0.2 0.4 0.6 0.8 1 1.2

Fig. 2. Dependence of change in the PS concentration
on duration of extracting the dried beet pulp at t=65 °C,
g =10, using the following stirring elements:

1 — grid; 2 — combined
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Fig. 3. Dependence of change in the PE molecular weight
on temperature () and duration of the fresh raw materials
extraction process (T)

Fig. 4. Dependence of change in the PE complex-forming
capability on temperature (f) and duration of the fresh raw
materials extraction (1)

Curves of change in the amount of PS in the extract,
depending on parameters of duration of the process for PS
extraction are similar in character both in the case of using
a grid and combined stirring elements. Graphical depen-
dence of influence of duration of the process of extraction
of beet pulp on the concentration of PS shows that over
(1.0..1.1)-60% s one observes the intense at first, and then
the slow, growth of PS concentration in the extract. During
further extraction, the concentration of PS in pectin extracts
acquires the set value.

The application of the combined stirring element signifi-
cantly increases the magnitude of PS concentration in the
extract — by 21..33 % compared to that when using a grid
stirring element.

The surface of molecular weight dependence on tempera-
ture and duration of the PS extraction process (Fig. 3) in the
direction of an increase in temperature of the process for both
types of beet raw materials is non-linear in character. Increas-
ing the temperatures to 60...70 °C leads to an increase in the
PS molecular weight up to a maximum of MW =1.86-104 Da
for fresh raw materials and MW =1.86-104 Da for dry raw
materials. At the subsequent rise in temperature to 80 °C
one observes a sharp decrease in the PS molecular weight,
which is probably a consequence of the reduced physical-
mechanical properties of PS in the extract under high tem-
perature values.

The value of the complex-forming capability of PS (Fig. 4)
grows in proportion to an increase in temperature and
duration of the PS extraction process. Thus, the maxi-
mum values for the complex-forming capability (CC,.x=
=4.0..4.5mg Pb?"/8 for fresh raw materials and CCpay=
=25..2.6 mg Pb>*/2 — for dry raw materials) are observed
at a temperature of 70..75°C and a process duration of
(1.0..1.1) 607 .

6. Discussion of results of studying the new method
to combat a polarizing layer

The above data show that the extraction of PS from beet
pulp in acidic environment is fairly complex in character.
Such a character is revealed using a mathematical model that



represents the regression equations whose coefficients have
been determined based on the realization of the full factorial
experiment. Such an approach could be considered justified
in this case by the ultimate goal of research: determining
a change in the extraction process output characteristics
depending on input parameters applying the new method of
intensification [21-25].

The derived dependences of change in the PS concen-
tration, molecular weight, complex- and gel-forming capa-
bilities on various technological factors in the process of
PS extraction from different raw materials are non-linear in
character. In this case, an analysis of the derived dependences
shows that the change in the PS concentration and in the
PE qualitative indicators (molecular weight, complex- and
gel-forming capabilities) in the extract is mainly influenced
by the parameters of temperature and duration of the process,
which is confirmed by studies conducted by other scientists
in this field [26, 27].

The obtained high values for the PS concentration in
the extract is substantiated by using the combined stirring
element. Compared to using the grid stirring element, the PS
concentration in the extract increases by 1.3..1.4 times for
both dry and fresh beet pulp.

Comparative analysis of the estimated output qualitative
and quantitative characteristics of the obtained PE demon-
strated a rather high convergence between the calculated and
experimental input parameters of the process for both types
of raw materials.

Benefits of this research are in the fact that, by using the
constructed mathematical model, we identified conditions
for obtaining PE from the fresh and dry pectin-containing
raw material (beet pulp). This made it possible to ensure high
values of PS concentration in the extract, molecular weight,
complex- and gel-forming capabilities, as well as the possible
maximum value for the specified characteristics under opti-
mal parameters.

Optimization results obtained using the mathematical
model are given in Table 1.

The data provided show that those PE that were ob-
tained from fresh raw materials have a larger molecular
weight and high values of complex- and gel-forming capabili-
ty than those PE that were extracted from dry raw materials.

Estimated values of the optimal parameters for obtaining PE

based on physicochemical indicators

It should be noted, however, that extracting PS from
fresh raw materials under the above-specified conditions
did not make it possible to obtain high values for the
gel-forming capability (GC). Indicator GC,x=106 G, even
though the concentration of PS in the extract using the
combined stirring element was fairly high compared to using
the grid element.

Based on the results of derived dependences (Fig. 4)
and defined rational parameters of the beet pulp extraction
process using the combined stirring element (regression
equations (2) to (7)), it was found that the most acceptable
technological modes for the process are:

— temperature of the process t=60...70 °C;

— duration of the process t=1.0...1.1-60% s;

— hydromodule g=8...10.

A shortcoming of this study may be the complexity
in varying the experiment parameters, as well as the use
of a different type or variety of original raw material, at
which resulting indicators can differ greatly from the esti-
mated ones.

The results obtained could be used when studying other
technological parameters during extraction of other types
of pectin-containing raw materials, as well as to improve
the hardware for production lines that process pectin-con-
taining raw materials. The difficulty in the industrial appli-
cation of research results is the need to use specialized equip-
ment and special preparation of raw materials, specifically,
dried raw material.

This study is continuation of research into improving the
process of extracting pectin-containing raw materials, using
the new methods for process intensification through the de-
velopment of new types of stirring elements.

7. Conclusions

1. We have conducted a study into improvement of the
extraction process of pectin-containing raw materials using
the new method of intensification. Technical solution to this
method is to use a combined stirring element. The advantage
of the latter implies improving the quantitative and qualita-
tive characteristics of the extraction process of pectin-con-
taining raw materials. This conclusion is
based on the results of the full factorial
experiment for the extraction process using
the combined stirring element compared to
the grid stirrer.

Table 1

Characteristic ¥to be defined Optimization parameters 2. The derived graphical dependences on

t,°C | 1602, s | q | Y the influence of parameters of temperature,

Dry beet pulp duration and hydromodule of the extraction

process on the degree of concentration of

PS concentration, Cps" (%) 60 1 10 0.62 pectin substances in pectin extract are non-
PS concentration, CpsC (%) 40 1 10 0.91 linear in character. At the same time, the
Molecular weight, MW (Da) 70 0.9 4 1185.10° calculated coefficients of regression equa-
4 tions show that a substantial impact on
Complex-forming capability, CC (mg Pb>*/g) | 60 1 5 2.591 molecular weight, complex- and gel-forming
Fresh beet pulp properties is exerted by the input parameters

PS concentration, Cps- (%) 60 1 10 087 of temperature and duration of the process.
- The result of the latter's growth is a substan-

PS concentration, Cps® (%) 20 ! 10 1.165 tial increase in the above-specified output
Molecular weight, MW (Da) 65 1 6 1.519-10 | quantitative and qualitative parameters of
Complex-forming capability, CC (mg Pb?*/g) | 70 1 4179 the process. In this case, the estimated and
; — experimental data showed that increasing
Gel-forming capability, GC (G) n 06 101 the process temperature above 65 °C is not




feasible because there is degradation of PS in a raw material.
Increasing the values of the extraction process duration to
exceed 1.1-602 s does not lead to a significant improvement
in the PE qualitative characteristics since the yield of PS
acquires a constant value.

3. We have obtained results that made it possible to de-
termine the rational parameters for the extraction process

from pectin-containing raw material (beet pulp) using the
combined stirring element. These parameters are:

— temperature of the extraction process is 60...70 °C;

— duration of extraction of pectin substances is about
(1.0..1.1)-60%s;

— hydromodule for the ratio of pectin-containing raw
material to extractant is 8...10.
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Hocaioxceno 0iro npenapamie anwmumixpodnoi oii —
Baixan EM-1, 0,5 %-nuit pozuun aumonnoi, 0,2 %-nui
oenzounoi, 0,05 %-nuii copoinosoi xucaom, 0,5:0,5 %
posuun eimaminie C ma P (acxopymumn) — na 36epesce-
Hicmb ma axicmv kanycmu o6poxoni. Bcmanosneno, wo
npenapamu anmumikpoonoi 0ii cnpusromv noooexicen-
H10 cmpoxy 36epieanns xanycmu opoxoni na 5-20 0io
3anexncro 6i0 2iopudy. O6podKa npenapamamu 3meHuYe
empamu 3a 006y y 1,2—3,0 pasu, 3a6e3neuye uxio meap-
Hoi npoodyxuii 76,8—86,2 %.

O6pobra xanycmu 6poxoni npenapamamu awmumi-
Kpoonoi 0ii, ocobaueo acxopymumnom, 3abe3neuyromo
emicm cyxoi pewosunu ¢ 1,1-2,6 pasu oirvue, nixnc y xowm-
PO, CNPUSE 3HUNCEHHIO THMEHCUBHOCMI GUMPAYAHHSI
cyxux pozuunnux penosun ma éimaminy C. Y xinui 36epi-
2aHNA 6MICM 3A2aNbH020 UYKPY ma Jucaxapuoisé na pieHi
3 KOHMPONLHUM 8apianmom, ado nepesuye o020 emicm
6ionogiono ¢ 1,2 ma 1,5-2,0 pasu. Binvwe y eapianmax
3 Kucromamu ma ackopymunom. Bmicm monocaxapu-
0i6 30epizacmovca na nouamxogomy pieni. Bmpamu macu
3a paxynox eunaposyeanns 6oou oirvwe ¢ 1,3-1,8 pasu.

Bauxan EM-1 ma ackopymun xpawe, Hijc tHui npe-
napamu cCmpumyromo iHMeHCUBHICMb PO3GUMKY X60PO-
oomeopnux mixkpoopeanismie na 10—15 0i6. Acxopymun
3abe3neuye 3a mpusanozo 36epizanns menwi na 0,8-2,2 %
empamu macu 6i0 x6o0po6 ma ¢izionoziunux posnadie
ina4,1-7,6 % Giavuuii 6uxio mosapnoi npooyxuii. birvw
aKmueéHo NPUZHIMYe PO3GUMOK X60POOOMEOPHUX MIKPO-
opeanizmie Ha Kanycmi OpoKoni ackopymum, JUMOHHA,
copoinosa ma oenzoiina xucaomu. Ilpome, 6i0 iziono-
2iunux posnadis nio uac 36epizanna npenapamu He 3axu-
waiomo naodu. Cnocié o0pobaenns xanycmu Opoxosi
npenapamamu anmumixpoomnoi 0ii neped sbepizannam
0o3eonse uxopucmanns anmucenmuxie — baiixan EM-1,
0,5 %-nuit posuun aumonnoi, 0,2 %-nuil Gensoiinoi,
0,05 %-nuii copoinosoi xucaom, 0,5:0,5 % posuun eima-
Mminie C ma P (acxopymun) — 0as nicasasébupanvnoi
00po0KU 060ue80i cuposunu. Y po3poouyi HOBUX, HU3LKO-
8UMPAMHUX, eKOT0ZIMHO YUCTMUX | OOCIYNHUX MEXHOI0-
2lil ye € 8aXNCAUBUM NPUUOMOM

Kniouosi cnosa: axicmo xanycmu 6poxoni, anmucen-
muKu, cmpox 30epizanns, KOMNOHeHMU XiMIMH020 CKaANA-
0y, 36epesicenicmo
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reasons are a large natural loss of weight and the loss due

to diseases and physiological disorders. In addition, vege-

Fresh vegetables have a limited storage period even un-
der conditions of optimum temperature and humidity. The

tables lose freshness and consistency. They also lose content
of components of their chemical composition. Fresh fruits




