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Abstract

INTRODUCTION

The global market of plant extracts is rapidly growing due to a
high demand and unmet need of consumers [1]. The food
industry has a perspective for the dynamic production of
specialized food products, particularly for children and
adolescents, based on plant extracts derived from raw
materials grown in the northern regions. The main objectives
are maximum extraction of biologically valuable substances
contained in the cells of plants and development of
technologies for the production of functional foods based on
them. The paper presents an improved method of extraction of
plant raw materials, combining enzymatic hydrolysis and
electrodialysis, which allows to increase the yield of soluble
solids from plant cells from 1.4 to 1.7, compared to the norms
of pharmacopeia production; the yield of vitamin C in the
finished extract is increased to 91.8 ± 0.5%. The requirements
for grinding and delumping of plant raw materials up to a
particle size of 0.5 ± 0.1 mm were determined. As extractants
were used: water, 5% water-alcohol and water solution of
enzymes "Pektoferm" with dilution 1:100. The water enzyme
solution increases the efficiency of the maceration process by
32.0 ± 1.5%, the water-alcohol solution by 40.0 ± 1.5%. We
determined the parameters of enzymatic hydrolysis by the
agent "Pektoferm" and the method of electrodialysis for
berries of red whortleberry (Vaccinium vítis-idaéa), guelder
rose (Viburnum opulus), flowers and leaves of willow herb
(Epilóbium angustifolium). For example, for flowers and
leaves of willow herb: duration – 30.0±1.0 minutes with
constant stirring, temperature - 34.0±2.0°C, the yield of
vitamin C – 91.8±0.5%, at pH 4.0±0.1. When using a 5%
water-alcohol solution: duration - 22±0.5 minutes,
temperature - 32±1.5%, the yield of vitamin C – 90.0±1.0%,
at pH 4.5±0.1. The EMA-100 laboratory electrodialysis
apparatus controlled the modes and parameters of the
extraction process - the strength of the current, the voltage, the
piston pressure, and the thickness of the raw material layer,
with the aim of correcting them.

The development of modern technologies for processing
medicinal plant resources and the organization of the
production of specialized products on their basis is widely
used in many countries to improve food rations in order to
prevent diseases of various etiologies [2].
In Russia, regional programs for the centralized harvesting
and processing of wild plants are also being formed [3]. Arctic
and subarctic regions can become a promising area of growing
and collecting raw materials, where a significant amount of
plant raw materials with a unique chemical composition grow.
It is important to resort to the experience of indigenous
peoples of the North who have an original culture in this area
4. However, the volume of procurement of medicinal wild
plants and berries declines annually and make up less than
20% of the level of the 80s of the last century. The results of
environmental monitoring show the absence of toxic elements
and other xenobiotics in the samples of northern wild plants
and berries, which confirms the possibility of their safe use in
the production of healthy foods for children and adolescents
4, 3.
The authors proposed a method for extracting biologically
active substances from medicinal wild plant material by
electrodialysis with an increase in the yield of solids to 8.2 ±
0.4% in comparison with the norms [5, 6]. The use of plant
extracts in the production of specialized food products as a
curative and preventive nutrition for children and adolescents
is widely used in the world practice [7, 8]. Standard methods
of researching the quality and safety of raw ingredients and
finished products were applied in accordance with the
requirements of the technical regulations [9].
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It is well known that the most effective extractants are alcohol
solutions [16,17,18]. When using a 5% water-alcohol solution
the largest mass of solids passes into the solution for 17 ± 1.0
min, but it was not possible to completely remove ethyl
alcohol in the final product (residual content 0.5 ± 0.1%), and
the loss of vitamin C increases by 8-10% in comparison with
the water solution of enzymes "Pektoferm". For this reason,
the water-alcohol extractant was discarded, as the technology
provides for products for children and adolescents.

RESULTS AND DISCUSSION
The main task was to extract from the plant raw material the
maximum amount of biologically valuable substances and
labile vitamin C [10,11,12,13]. To destroy cell membranes,
the following processes were used: grinding, delumping,
enzymatic hydrolysis, and electrodialysis. The extractants
used were: water, as a reference standard; 5% water-alcohol
solution and water solution of enzymes ("Pektoferm") with
dilution 1:100. At the initial stage, the processes of grinding
and delumping of the frozen plant material were used. The
optimum particle sizes of plant raw materials were determined
to be 0.5 ± 0.1 mm, the efficiency was confirmed by
Azwanida N.N. and other researchers [14,15].

The enzyme complex "Pektoferm" significantly enhances the
breakdown of plant cell material; there occurs hydrolysis of
polysaccharides and proteinaceous compounds, helping to
increase the yield of extractives, with a minimal loss of
vitamin C. The intensity coefficient of substances diffusion
from the raw material into the aqueous extract increases from
1.4 to 1.7 in comparison with the traditional method of
maceration.

The rational parameters of enzymatic hydrolysis with the
agent "Pektoferm" for the raw materials under study were
determined. For example, for berries of guelder rose: duration
– 35±0.5 minutes with constant stirring, temperature –
30.01.0°С, the yield of extractives – 43.8±1.2%, the yield of
vitamin C –91.0±1.0%, at рН 4.0-±0.2. When using a 5%
water-alcohol solution: duration 25.0±0.5 minutes,
temperature 24±1.5°С, the yield of solids – 49.1±1.2%, the
yield of vitamin C – 90.0±2.0%, at рН 4.5-±0.2.

To determine the content of vitamin C in aqueous extracts, a
spectrophotometric method was used [19]. The results of
studies on the content of vitamin C, depending on the nature
of the extractant, are shown in Figure 1.

а) for berries of red whortleberry;
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b) for flowers and leaves of willow herb;

c) for berries of guelder rose

Figure 1: The influence of the extractant nature on the yield of solids and vitamin C

The effectiveness of the technology used is confirmed by the
results of the studies presented below. In the aqueous extract
of guelder rose, after direct extraction, the pulp content was
22.3 ± 1.2 g / 100 g, and in the aqueous extract of guelder
rose, obtained after enzymatic hydrolysis, the pulp content
was 38.2 ± 1.0 g / 100 g.

After filtration, the liquid phase was subjected to intensive
freezing to a temperature of -24.0 ± 2.0 ° C, and the pulp was
sent for further processing.
It is established that the most amount of vitamins and minerals
are contained in the aqueous extract after enzymatic
hydrolysis, compared to the content in the pulp, with the
exception of an extract from the leaves and flowers of willow
herb. The content of biologically active substances (BAS) in
the aqueous extract and the pulp is shown in Figure 2.

In the aqueous extract of red whortleberry, the pulp content
was at the level of 18.7 ± 0.5 g / 100 g, after enzymatic
hydrolysis - 28.7 ± 1.0 g / 100 g, in the aqueous extract of the
leaves and flowers of willow herb 12.4 ± 1.0, versus 19.2 ±
1.2 g / 100 g.
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Figure 2: The content of BAS (С,%) in the aqueous extract and the pulp.

The pulp was subjected to electrodialysis, which made it
possible to activate the effect of electric current on the cell
surface, contributing to their complete depletion, increasing

the coefficient of internal diffusion by 1.4 times. Figure 3
shows the data allowing to estimate the influence of the
amperage on the extraction efficiency from the pulp.

Figure 3: Dynamics of the BAS content (C,%) in the extract, depending on the amperage during electrodialysis of the pulp.

Extraction of the pulp by the method of electrodialysis was
carried out on the laboratory electrodialysis apparatus EMA100, which allows to continuously determine the modes and
parameters of the process: amperage, voltage, piston pressure,
feed layer thickness.

visible processes occur - air bubbles from the pulp.
The maximum degree of extraction of BAS from the pulp and
preservation of vitamin C in the extract was: from berries of
red whortleberry – at an amperage of 0.85±0.05 А; from the
leaves and flowers of willow herb – 1.05±0.09 А; from berries
of guelder rose – at an amperage of 0.95±0.07 А. Different
values of the amperage at which the maximum efficiency of

As the strength of the current increases, the resistance of the
cell membranes is reduced, caused by their destruction, and
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BAS extraction and preservation of vitamin C is noted are
explained by the different values of the electrical conductivity
of plant raw materials, namely, the higher the electrical
conductivity, the lower the current required to achieve the
maximum effect.

It has been established that leaves and flowers of willow herb
have the greatest resistance of 9.0 ± 0.03 mOhm, the smallest
have berries of red whortleberry - 4.7 ± 0.03 mOhm. The
process of resistance to extract BAS from cells of plant raw
materials over time is shown in Figure 4.

Figure 4: Dynamics of the resistance of plant raw materials (pulp) depending on the time of electrodialysis.

The rate of the extraction process by the electrodialysis
method depends on the thickness of the pulp layer. The
optimum thickness of the raw material layer at different
amperage and voltage values was 3.4 ± 0.4 cm for berries of
guelder rose and red whortleberry and 3.1 ± 0.3 cm for
flowers and leaves of willow herb. The area of the piston in
the apparatus (cathode) is 0.3 m2, the anode area is 0.2 a/m².
With similar parameters, with an increase in the thickness of
the pulp layer to 4.0 ± 0.5 cm, a decrease in the mass fraction

of dry substances and vitamin C was observed, with a
decrease in the pulp layer to 3.0 ± 0.5 cm - foaming of the
solution and a reduction in the content of vitamin C .
The current was varied from 0.1 to 1.2 A at a constant voltage
of 40V, 50V, 60V. The results of the intensification of the
electrodialysis extraction process and the yield of dry
substances are shown in Figure 5. The preservation index of
vitamin C was considered as the main indicator for
determining the rational parameters of the extraction process.

a) for berries of red whortleberry
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b) for flowers and leaves of willow herb

c) for berries of guelder rose

Figure 5: Dependence of the content (%) of solids and vitamin C in the extract on the amperage and voltage during
electrodialysis.

The results showed that at a voltage of 50 ± 1.5 V, the optimal
extraction parameters are: for berries of guelder rose:
amperage - 0.95 ± 0.07 A, duration 35 ± 1.0 min., the
thickness of the solution layer - 3.4 ± 0.4 cm; berries of red
whortleberry - respectively, 0.85 ± 0.05 A, duration 40,0 ± 1.0

min., thickness - 3.4 ± 0.2 cm; flowers and leaves of willow
herb – 1.09 ± 0.4A, 50 ± 1.0 min., thickness 3.4 ± 0.4 cm.
Effective modes of pulp extraction by electrodialysis at a
voltage of 40 ± 0.2 V are presented in the Table.

Table 1: Effective extraction modes of the pulp under study

40±2.0

Thickness of water
solution, m
0.034±0.04

Duration,
min
40±1.5

Mass fraction of
solids,%
6.7±0.2

Preservation of
Vitamin C, %
91.4±1.1

0.85±0.05

40±2.0

0.034±0.04

40±1.0

7.6±0.2

90.2±0.7

1.05±0.09

40±2.0

0.031±0.03

50±1.0

6.4±0.3

89.3±0.5

Raw material

Amperage, А

Voltage, W

Berries of guelder rose
Berries of red
whortleberry
Leaves and flowers of
willow herb

0.95±0.07
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When extracting by electrodialysis, the percentage of soluble
BAS extraction from the pulp and transfer to the water extract
was for berries of guelder rose 56.1 ± 2.7, berries of red
whortleberry - 57.3 ± 3.2, flowers and leaves of willow herb 48.1 ± 2.6. The technology of obtaining specialized beverages

Berries of guelder rose

from extracts of medicinal plant raw materials, such as berries
of red whortleberry and guelder rose, flowers and leaves of
willow herb, is shown in the flow chart.

Berries of red whortleberry

Leaves and flowers of willow herb

Sorting, inspection, washing
Intensive freezing in batches of 10.0 kg in freezers up to t= -24±2°С
Grinding, delumping at t= -5±2°С, berry particle size – 0.5±0.1 mm
Enzymatic hydrolysis (a complex of enzyme agents "Pektoferm")
t= 35±2°С hydromodule 1:2,
32±1.0 min, pH=4.0

t= 35±2°С hydromodule
1:2, 32±1.0 min pH=4.5

t= 32±1.5°С, hydromodule
1:3, 30±1.0 min. pH=4.0

Extraction by electrodialysis (time 40±1.5 min., at t= 24±2°С, amperage from 0.85 to 1.05 А,
height of the solution layer 3.4±0.4 cm. )
Extract freezing
(duration 25±1.5 min. at t=-24±1.0°С)
Freeze drying from t= -24±1.0°С to t=34±2°С,
duration 8.5-10.5 h
Grinding of dry concentrates to particle sizes of 10-15 mkm, duration 30 sec at t=18 ±2°С air
humidity 60%, batching
BAS "Vitol" -FEI-Ca

Mixing at t=18 ±2°С, air humidity 60%

BAS
"Selenobel"

Packaging, packing of the finished concentrate
Flow chart – Technological scheme for the production of powdered instant drink concentrates based on plant raw materials

The extracts obtained after the pulp electrodialysis process are
liquids with a more saturated color, expressed taste and aroma
of the corresponding raw material than water extracts obtained
by enzymatic hydrolysis: from berries of guelder rose - bright
red color; from berries of red whortleberry - maroon color;
from flowers and leaves of willow herb - dark green color.

preservation parameters of vitamin C in the resulting finished
extracts [20]. Crystalline substances of homogeneous products
were ground and dried in a spray dryer. Dry extracts were
mixed in certain proportions to produce new products - instant
powdered concentrates. To increase the physiological activity
of the concentrates, the phospholipids-mineral complex BAS
"Vitol" -FEI-Ca containing phospholipids and calcium
chloride was added to the mixture. In the world practice, these
processes have found wide application, especially with the
inclusion of ingredients that have antioxidant properties
[21,22 23, 24].

The resulting aqueous extract from the pulp in terms of
nutritional value was not inferior to the aqueous solution
obtained by the enzymatic hydrolysis method. Subsequently,
the extracts obtained were subjected to intensive freezing to a
temperature of -24 ± 1.0 ° C and sublimation.
The

process

of

sublimation

confirmed

the

The obtained dry concentrates with an increased content of
biologically active substances were used as functional

optimal
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ingredients for the production of tonic, energy drinks,
confectionery for children and adolescents.

diets for breast cancer prevention: The importance
of resveratrol and ursolic acid. Food Sci. Hum.
Wellness 1: 1-13.

CONCLUSION.
The extraction process is an important stage in the study of
wild medicinal plants for the extraction of biologically
valuable substances. Sample preparation, grinding,
delumping, enzymatic hydrolysis and drying form the
effectiveness of phytochemical constituents affecting the
usefulness and preservation of vitamin C and the yield of
finished concentrates. At the same time, differences in the
optimal conditions for extracting BAS from different types of
raw materials were revealed. Evaluation and selection of
methods for the preparation and extraction of plant raw
materials allow us to optimize the processes depending on the
research objectives and the further use of the finished
concentrates.
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