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ABSTRACT

INTRODUCTION: Herbal medicinal products are widely used for prevention and treatment of many dis-
eases.

AIM: The aim of our work was to study the parameters of grape leaves extraction on a laboratory extractor
Timatic Micro.

MATERIALS AND METHODS: Towards achieving the goal, the tasks of determining the following fac-
tors influencing the grape leaves extraction were set: the degree of grinding and extraction time.

Timatic Micro extractor was used for extraction. This contemporary technology is based on a double action
of pressure - reduction of the pressure and percolation of biological material that intensifies extraction pro-
cess. The extractant used was 40% ethyl alcohol as it provides maximum extraction of flavonoids and tan-
nins. The extractor was set with standard parameters: compression - 2 minutes, decompression - 2 minutes.

RESULTS AND DISCUSSION: The degree of raw material depletion in the main biologically active sub-
stances of common grape leaves (tannins and flavonoids) significantly increases with decreasing the size of
crushed grape leaves, and is the highest in the fraction less than 1 mm and is 69.93 %, 44.13% and 78.48%
for extractives, tannins, and flavonoids, respectively (extraction time - 2 h). With increasing the time of ex-
traction up to 4 h the yield of extractible substances increases by an average of 3%, but for 2 hours quite in-
tensive extraction occurs, which gives high rates of raw material depletion.

For obtaining the extract in the laboratory extractor Timatic, we have chosen as raw material a fraction of
grape leaves of less than 1 mm and extraction time of 2 hours.

CONCLUSION: The presented method has proven its reliability and efficiency in the extraction of sub-
stances in question.
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Plant-derived medicines are included in more
than 85 pharmacological groups of drugs and most
of them have no equivalent synthetic substitutes (1).

Mostly, herbal drugs are antitussives, expecto-
rants, laxatives, astringents, and others. This is ex-
plained by the fact that numerous natural com-
pounds, despite the high level of organic chemistry
development, until now have been either impossible
or economically inefficient to synthesize (1-7).

A significant share of herbal medicinal prod-
ucts in pharmaceutical industries are obtained by ex-
traction, so it is important to find the optimal condi-
tions for the extraction process in which the yield of
biologically active substances is maximum, and their
destruction under the influence of temperature and
solvent is minimal (8-12).

The source of raw materialsa in the production
of drugs in Ukraine are wild medicinal plants, plants
that are cultivated and imported raw materials.

Quite little attention in the pharmaceutical in-
dustry is paid to such raw materials as leaves of Vi-
tis vinifera.

Common grape is grown almost throughout
Ukraine, and mostly in the steppe and forest-steppe
areas in Transcarpathia in the South.

Common grape vine (Vitis vinifera L.) is a
woody vine of the family Vitaceae with stems up to
30 m. The leaves are alternate, large, roundish in out-
line, kidney-shaped or pentagonal, entire or three-
or five-lobed. In addition to the leaves on the shoots,
there are tendrils that cling to support the plant. In-
florescences are composed of small flowers. The
fruits - berries, are very different with different vari-
eties in shape, size, color, and taste (13).

Grape is a promising source of biologically ac-
tive substances. In the industry grape fruits are used
to produce wines and the seeds - for obtaining oil.

Flavonoids of common grape leaves determine
its P-vitamin, antispasmodic, antioxidant, choleretic
action that allows using it to treat diseases of blood
vessels (increasing their resistance, increasing flex-
ibility and throughput), the hepatobiliary system,
and the gastrointestinal tract. Polyphenols comple-
ment and potentiate the mutual action of flavonoids
in capillaries (14).

All natural flavonoids are low-toxic, with a wide
spectrum of biological action, which makes them at-
tractive for new phytomedicines creation.

Considering the trend of an increase in liver, re-
spiratory, and cardiovascular diseases, and the fair-
ly wide spread and availability of raw materials, the
content of a large number of biologically active sub-
stances in the leaves of common grape, the study of
extraction process and obtaining the extract for fur-
ther production of drugs on its basis are relevant.

The main stage of phytopreparation production
is extraction of plant material caused by the general
laws of mass transfer, the properties of plant cells and
the physico-chemical affinity of the extractant and
substances that are extracted. Extraction is a com-
plex process that involves dialysis, desorption, diffu-
sion and dissolution occurring randomly and simul-
taneously as a common process (8).

Raw materials for the majority of the drugs are
dried parts of plants.

The process of extracting the dried material can
be divided into several stages: penetration of extract-
ant inside the plant material particles; wetting of sub-
stances that are inside the cell; the process of dissolu-
tion of biologically active substances that are on the
cell walls in the form of pieces of dry material (for-
mation of “primary juice”); and mass transfer of sub-
stances from the surface of the plant material to the
solution.

Factors affecting the efficiency of extraction are
as follows: hydrodynamic conditions, the surface of
phase separation, concentration difference, the du-
ration of the process, the viscosity of the extract-
ant, and temperature. In addition, completeness and
speed of extraction depend on the addition of surfac-
tants, the nature of material loading, the choice of ex-
tractant, porosity and fractional void volume of raw
material, leaching rate, the effect of vibration, pulsa-
tion, electric discharge in liquid medium, crushing
and deformation of materials in the extractant.

Classical methods of extraction (maceration in
various combinations) are based on the equilibrium
of the substances extracted, in the total mass of ex-
tractant in the slow internal diffusion through cell
membranes. Extraction processes are continued with
the period of time ranging from 24 to 200 hours. The
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degree of plant material depletion hardly reaches
60% (8).

Percolation methods are based on extractant
filtration through a layer of particulate material. It
involves raw wetting, dissolving and washing away
substances from the surface of the particles, the dis-
placement of concentrated extracts.

Over the past decade, various ways to intensify
the extraction process have been proposed. Howev-
er, despite the significant progress in this area, there
still are several problems to be solved. Most meth-
ods, such as vortex extraction, extraction using rota-
ry pulsating apparatus, allow a significant accelera-
tion of the process of mass transfer. However, due to
milling of raw material and leaching of macromolec-
ular compounds of damaged cells, the extracts pro-
duced are turbid, with a high content of fine solids.

The disadvantages of ultrasonic treatment in-
clude adverse impact on staff. In addition, ultrasonic
vibrations cause cavitation, ionization of molecules,
change of biologically active substance properties, re-
duction or increase of their therapeutic activity.

Timatic Micro extractor is a modern, economic
and efficient system for extracting components from
biological materials.

Extraction is conducted at room temperature
and the resulting extract retains the same natural
properties and characteristics of active ingredients.
The level of medicinal plant depletion is much high-
er than in traditional extraction methods, such as
maceration, percolation and infusion. This contem-
porary technology allows for different types of sol-
vents (water, alcohols, glycerol, oils) and is based on
the double action of pressure - reduced pressure and
percolation through biological material (15,16).

The extraction cycle includes alternation of a
dynamic phase and a programmable pressure main-
tenance phase, during which the extract is absorbed
by the solvent. At the end of the cycle, using automat-
ic pressure control, excess pressure is created in the
chamber to maximize extraction. The double action
of pistons, bursting solvent in the material, provides
fluid motion in the extraction chamber and prevents
the oversaturation of the product. Cycles can auto-
matically be repeated a specified number of times,
and this repetition ensures complete and qualita-
tive extraction of active ingredients, especially when

working with hard material, such as roots, bark and
leaves.

Extractors of the Timatic company are operat-
ed by programmed parameters of pressure and tem-
perature. This simplifies the work in obtaining ex-
tracts from materials such as flowers, fruits, bark,
roots, buds, and stems, and medical, spicy and aro-
matic plants (Timatic Micro).

The most reasonable equipment for obtaining
extract from grape leaves is Timatic Micro extractor

— i

E

Fig. 1. Scheme of Timatic Micro operation
A - extraction chamber;
B - Active rod;
E - pneumatic valve.

Fig. 2. Extractor Timatic Micro
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for which it is necessary to determine the influence
of a certain number of factors that directly affect the
extraction process.

In this context, the aim of our work was to
study parameters of grape leaves extraction on a lab-
oratory extractor Timatic Micro. Towards achieving
the goal, the tasks of determining the following fac-
tors” influence on the grape leaves extraction have
been set:

1. The degree of grinding;
2. The time of extraction.

MATERIALS AND METHODS

1. Materials

The objects of study are grape leaves, ethanol
40%, purified water.

Vitis vinifera leaves. Large green leaves, gray-
ish-green, rounded in outline. The surface is uni-
formly wrinkled, with a dense network of veins,
smooth. The smell is fragrant. In the leaves contain
tannins, organic acids, flavonoids, hydroxycouma-
rins, and derivatives of cinnamic acid.

Ethanol 40%. A colorless, clear, volatile, flam-
mable, hygroscopic liquid with a characteristic odor
and burning taste. Miscible in all proportions with
water, ether, chloroform, acetone and glycerol.

Purified water. A clear, colorless liquid, in-
tended for the manufacture of drugs. Obtained from
potable water. It must withstand the test of chlorides,
sulfates, nitrates and nitrites, restoring substances,
ammonia, calcium, heavy metals. The content of mi-
croorganisms is also standardized. It must meet the
requirements for drinking water (less than 100 mi-
croorganisms in 1 mL) in the absence of Enterobacte-
riaceae family bacteria, Staphylococcus aureus, Pseu-
domonas aeruginosa.

2. Methods

2.1. Determination of Moisture Content

Determination of moisture content was per-
formed in express moisture analyzer Sartorius
MA-150.

About 5 grams of minced raw material were
placed in a cup of express moisture analyzer. Re-
corded sample weight before drying. The sample was
dried using infrared ceramic heater at 105°C. Dry-
ing continued to constant weight. Moisture content
was determined by the device automatically using

the difference in weight before and after drying to
constant weight.

yom—m

m,

where

m - weight of the sample before drying, g;

m - weight of the sample after drying to con-
stant weight, g

2.2. Determination of Extractive Content

Determination of extractives was performed by
the method described below. Purified water and eth-
yl alcohol 40% were used as extractants.

Determination of extractives in raw materials
was carried out in the absence of normative and tech-
nical documentation for the method of active ingre-
dient quantification.

About 1 g of minced raw (accurate sample) was
sifted through a sieve with apertures 1 mm in di-
ameter and placed in a conical flask with a capaci-
ty of 200-250 mL, 50 mL of solvent specified in the
relevant reference documentation for medicinal
herbs were added, the flask was closed with stop-
per, weighed (with an accuracy of +0.01 g) and left
for 1 hour. Then the flask was connected to a reflux
condenser and heated maintaining a weak boil for 2
hours. After cooling, the flask with the content was
closed with the same stopper again, weighed and the
loss in weight was refilled with the solvent. The con-
tent of the flask was thoroughly shaken and filtered
through a dry filter paper to a dry conical flask of
150-200 mL. A total of 25 ml of filtrate was trans-
ferred with pipette to a pre-dried at a temperature of
100-105 degrees to constant weight and weighed ac-
curately porcelain cup with a diameter of 7-9 cm and
evaporated to dryness in a water bath. The cup with
the residue was dried at a temperature of 100-105 de-
grees to constant weight, then cooled for 30 minutes
in desiccator, the bottom of which is anhydrous cal-
cium chloride, and instantly weighed.

The content of extractives as percentage (X) in
terms of absolute dry raw material is calculated as
follows:
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_ m-200-100
m, - (100 — W)
where

m - weight of dry residue, g;

m, - weight of raw materials, g;

W - loss in weight in the drying of raw materi-
als, %.

2.3. Quantification of Tannins

About 2 g (accurate sample) of chopped raw
material was sifted through a sieve with aperture di-
ameter of 1 mm, placed in a conical flask of 500 mL,
250 mL of hot boiling water was poured and refluxed
in an electric furnace with a closed spiral for 30 min-
utes, stirring occasionally. The liquid was cooled to
room temperature and about 100 mL were filtered to
Erlenmeyer flask of 200-250 mL through cotton so
that the material particles did not get into the flask.
Then 25 mL of the obtained extract were transferred
with a pipette to another Erlenmeyer flask of 750 mL,
500 mL of water were added, then 25 mL of indigo
sulfonic acid and titrated at constant stirring with
solution of potassium permanganate (0.02 mol/L) to
golden-yellow colouring.

In parallel, a control experiment was conducted.

One mL of potassium permanganate (0.02
mol/L) corresponds to 0.004157 grams of tannins in
terms of tannin.

The content of tannins in terms of absolute
dry raw as percentage (X) was calculated using the
formula:

_(V=V,)-0.004157-250-100-100
m-25-(100—W)

X

where

V - volume of potassium permanganate solu-
tion (0.02 mol/L) spent on drawing titration, ml;

V, - volume of potassium permanganate solu-
tion (0.02 mol/L) spent on titration in the control ex-
periment, mL;

0.004157 - amount of tannins, which corre-
sponds to 1 mL of potassium permanganate (0.02
mol/L) (in terms of tannin), g;

m - weight of raw material, g;

W - loss in weight when drying, %;

250 - total volume of extraction, mL;
25 - volume of extract taken for titration, mL.

2.4. Quantification of Flavonoids in Raw
Material

Approximately 1.0 g (accurate sample) of raw
material was crushed to the size of particles pass-
ing through a sieve with holes 2 mm in diameter,
then placed in a ground joint flask with a capacity of
150 mL, and 30 mL of 50% alcohol were added. The
tlask was attached to a reflux and heated in a water
bath for 30 minutes, shaking occasionally for flush-
ing raw material particles from the walls. Hot ex-
tractions were filtered through cotton wool in a vol-
umetric flask of 100 mL, so that the particles of raw
materials were not exposed to the filter. The cotton
was transferred to a flask for extraction and 30 mL
of 50% alcohol were added. Extraction was repeated
twice more in the above conditions, filtering extrac-
tions in the same volumetric flask. After cooling, the
volumes of extracts were adjusted to mark with 50%
alcohol and stirred (solution A).

In the 25 mL volumetric flask 1 mL of solution
A was transferred, as well as 1 drop of diluted ace-
tic acid, 1 mL of aluminum chloride solution in 95%
alcohol solution, and the volume was adjusted with
95% alcohol to the mark. After 40 minutes, the opti-
cal density of the solution was measured in a spectro-
photometer at a wavelength of 415 nm in a cell with
layer thickness of 10 mm. A solution consisting of 1
ml of extract and 1 drop of diluted acetic acid was
used as reference solution. It was brought to the mark
by 95% alcohol in a 25 ml volumetric flask.

In parallel the optical density of a standard ref-
erence sample (SRS) of rutin was measured. It was
prepared as follows. In the 25 mL volumetric flask
0.5 mL SRS of rutin were transferred, as well as 1
drop of diluted acetic acid, 1 mL of aluminum chlo-
ride in 95% alcohol solution and the volume was ad-
justed with 95% alcohol to the mark.

The content of the sum of flavonoids in terms of
rutin and absolute dry raw material was calculated as
percentage (X) using the formula:

_ A-m,-100-0,5-25-100-100-B
Ay m-100-1-25-(100— W)-100

where
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A - optical absorbtion of the test solution;

A, - optical absorbtion of rutin SSS;

M - weight of raw material, g;

m, - weight of rutin SRS, g;

B - content of rutin in SRS, %;

W - the loss in weight at drying, %.

2.5. Extraction Technology

The technology of dry extract obtaining com-
prises the following steps: extraction of raw mate-
rials, purification of extraction, evaporation of the
alcohol extraction, and drying of the condensed
extraction.

Timatic Micro is used for extraction. This ex-
tractor operates at ambient temperature, thus pre-
serving the natural properties and characteristics
of the active components of the leaves of common
grapes. This modern technology is based on a dual
action of pressure — reduced pressure and percolation
of the plant material. The extractant used was 40%
ethyl alcohol for maximum extraction of flavonoids
and tannins.

Empirically it has been found that the optimum
ratio of raw material:extractant is 1:15.

Thus, the weight of raw material was 60.0 g, and
the volume of 40% ethanol - 900 mL.

In order to justify the degree of initial raw ma-
terial shredding, comparative research on the deple-
tion of raw materials in terms of extractives, tannins
and flavonoids has been conducted.

For this purpose, in laboratory grinder grape
leaves were crushed and sieved through sieves of ap-
propriate hole size. Three fractions were: from 1 to
2 mm, 2 to 3 mm, and less than 1 mm. The extrac-
tion of samples was conducted in laboratory extrac-
tor Timatic Micro. First, prepared raw material was
weighed on laboratory scales (60.0 g of crushed grape
leaves); extractant - in a graduated cylinder 900 mL
of 40% ethyl alcohol were obtained from 96% ethyl
alcohol and distilled water. Later, 60.0 g of crushed
grape leaves were loaded in the filter bag, it was
closed with a clip and put into the extractor’s extrac-
tive chamber and filled with 900 mL of 40% etha-
nol. The extractor was programmed with standard
parameters: compression - 2 minutes, decompression
- 2 minutes, time of extraction - 120 minutes, num-
ber of extraction cycles - 30.

RESULTS AND DISCUSSION

Purified water and 40% ethyl alcohol were used
as extractants. The content of extractives in grape
leaves using water and 40% ethanol as extractants
was 35.86+0.24% and 20.85+0.56% respectively. Ac-
cording to the literature, the most optimal extractant
for major biologically active substances of common
grape leaves (tannins and flavonoids) is 40% ethyl al-
cohol. Using purified water as extractant obtained a
higher yield of extractives, as compared to 40% etha-
nol, due to greater solubility of related substances of
grape leaves in water.

After the extraction content and exhaustion de-
gree of extractives, tannins and flavonoids have been
determined (Fig. 3, Fig. 4).
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Fig. 3. The quantitative content of extractives, tannins
and flavonoids in extracts of various fractions at stan-
dard extraction parameters
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Fig. 4. The degree of raw material depletion in terms of
extractives, tannins and flavonoids in extracts of various
fractions at standard extraction parameters

In order to justify the extraction time, extrac-
tion was performed for 2 and 4 hours. The resulting
extract was tested for the presence of extractives, tan-
nins and flavonoids (Fig. 5, 6).
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Fig. 5. The quantitative content of extractives, tannins
and flavonoids in extracts at different times of extraction
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Fig. 6. The degree of raw material depletion in extractives,
tannins and flavonoids in extracts at different times of
extraction

As it can be seen on the diagram (Fig. 4), the de-
gree of raw material depletion in the main biological-
ly active substances of common grape leaves (tannins
and flavonoids) significantly increases with the de-
crease of the size of crushed grape leaves, and is the
highest in the fraction less than 1 mm and is 69.93 %,
44.13% and 78.48% for extractives, tannins, and fla-
vonoids, respectively.

With the increase of the time of extraction, the
yield of extractible substances increases by an av-
erage of 3%, but for 2 hours quite intensive extrac-
tion occurs, which gives high rates of raw material
depletion.

Therefore, for obtaining the extract in the labo-
ratory extractor Timatic we have chosen as raw ma-
terial fraction of grape leaves less than 1 mm and ex-
traction time 2 hours.

CONCLUSION

The present article describes extraction by a
modern, efficient system for extracting components
from biological materials. Grape leaves have been ex-
tracted using Timatic Micro laboratory extractor. In

a series of experiments, extractibles, tannins and fla-
vonoids have been extracted by 40% ethanol solu-
tion. The presented method has proven its reliabil-
ity and efficiency in the extraction of substances in
question.

It has been experimentally proven, that with
the decrease in raw material particle size, the yield
of extractibles, tannins and flavonoids increases.
With particle size under 1 mm, the yield of extract-
ibles reaches 69.93 %, tannins - 44.13%, flavonoids -
78.48%. A further decrease in particle size is not ex-
pedient as it leads to pollution of the extract with the
finest particles. In industial production, the purifica-
tion of such extracts might be complicated.

The increase in extraction duration (over 2
hours) does not lead to any significant increase in the
yield of extractibles, tannins and flavonoids.

Thus, it has been experimentally proven that the
optimal parameters of common grape leaves extrac-
tion by 40% ethyl alcohol on Timatic Micro extractor
are as follows: degree of plant material crushing - less
than 1 mm; temperature — ambient; raw:extractant
ratio of 1:15; extraction time - 2 hours.
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