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The article presents the results of studying the influence of a weak vibration effect on the extraction of plant raw materials,
obtained as a continuation of the previous study [1].The article describes the option of intensification extraction process from the
Echinacea purpurea L. and Valeriana officinalis L. The influence of acoustic action (tensile-pulse modulation) on an increase in
the yield of extractive substances when using water, 40% and 70% ethanol is discussed. The influence of the frequency and
amplitude of the action during the generation of a signal in the form of a meander has been studied. Solvents are selected taking
into account the use in existing pharmaceutical factories. The extraction results were evaluated by the solid residue, the optical
density of the solution after extraction of Echinacea and by GLC and GLC-MS after extraction of Valeriana. The greatest effect
is achieved when using water. The explanation of the results is based on the effect of vibration on the rotation of solvent clusters.
Cluster sizes decrease from water to 70% ethanol.
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Introduction

Echinacea purpurea (L.) Moench is one of the most common and well-known medicinal plants. The popu-
larity of the flower is associated with the high content of biologically active substances and the wide range of drugs
from the plant [2]. Extracts from this plant species have traditionally been used to treat toothache, intestinal pain,
cramps, skin diseases, chronic arthritis and infectious diseases of the upper and lower respiratory tract [3]. Drugs
based on E. purpurea (EP) (infusions, tinctures and capsules) are generally used to improve immunity [4]. It is
assumed that the immunostimulating properties of E. purpurea drugs are associated with the presence of alkamides,
derivatives of caffeic acid and polysaccharides [5, 6].

It is known that different technologies for preparing tinctures and extracts change the content and ratio of
substances and compounds extracted from plant raw materials, as well as their pharmacological activity [7].

Valeriana officinalis (Valeriana officinalis L. s.1.) is one of the most popular herbal remedies [8, 9].

The entire root system is used for medicinal purposes [10]. The activity of valerian extracts may be the result
of an interaction between several components, not just one compound or class of compounds [11].

Rhizomes with roots are rich in essential oils, flavonoids, alkaloids, amino acids and lignanoids, which have
a characteristic aroma. Valerian has a sedative, hypnotic and choleretic effect, improves coronary circulation, ex-
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In addition to monoterpenoids about 30 sesquiterpenes are also found in the essential oils of V.officinalis.
These have been classified to be of the guaiane type and valerian type. Valerian sesquiterpenoids include valerenal
(1), valerenic acid (2) [17]. These substances are the main components of essential oils.
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In addition to essential oils, V.officinalis contains iridoids, alkaloids, flavonoids [18], y-aminobutyric acid,
tyrosine, glutamine, caffeic acid, chlorogenic acid, tannins and sitosterol.

Most methods of obtaining valerian tincture use 70% ethanol [19, 20]. There is even a method using ultra-
sonic treatment [21].

The tenso-pulse modulation method uses the conversion of a pulsed electrical signal into an antenna defor-
mation. Acoustic impact, vibration transmitted by deformation of the antenna when creating a short circuit as a result
of applying a pulsed signal, can increase heat transfer and mass transfer [22]. The tensile-pulse modulation is a change
in the parameters of impulse signals in time or in space. Usually this process is a kind of modulated oscillations, where
a sequence of pulses is used as a “bearer” of information [23, 24]. Application of low-energy tensile-pulse (acoustic)
influence can be used for maximum extraction of extractive substances (ES) from plant raw materials.

We showed that acoustic exposure leads to an increase in the yield of phenol carboxylic acids when infused
in 40% alcohol at room temperature [1]. Some industries use other solvents. In the Aleksandro-Svirsky Monastery
(Leningrad Region) 70% ethanol is used, and in OOO «Kharms» they use hot water. Therefore, in this work, the
conditions of acoustic exposure were determined, allowing to increase the yield of extractives during extraction in
E. purpurea in these solvents. The results obtained allowed us to make assumptions about the mechanism of what
is happening. Certain frequencies of optimal effects in the extraction of E. purpurea have been tested on the extrac-
tion of V.officinalis.

Experimental

Materials. A description of as E. purpurea a raw material has been described earlier [25].

V.officinalis. Dry rhizomes and roots were harvested in September 2020 in Adygea, Russia. Raw materials
were cleaned from fines and dust. The size of the raw material is 0.315-2.0mm. The moisture content of plant
materials is 12%.

Extraction conditions for E. purpurea . 1. Raw materials weighing about 10 g were placed in a 100 ml conical
flask (1), filled in 65 ml of 70% of ethyl alcohol. The liquid level was at the top of the material. A foam stand of 1
cm height was installed between the flask and the table to avoid external vibration. Extraction within 5 hours.

2. Raw materials weighing about 10 g were placed in a 100 ml conical flask, filled in 65 ml of distilled water.
Extraction with hot water was carried out in a boiling water bath using a reflux condenser and an electromagnetic
generator connected to the flask through an antenna in the form of a steel clamp worn around the flask neck. The
water bath was heated using an electric stove. Extraction was carried out for 2 hours. The resulting extract was
cooled, filtered

Extraction conditions for V.officinalis. A sample of valerian rhizomes with a medicinal mass of 20 g was
placed in a 200 ml flask, 130 ml of 40% ethyl alcohol was poured. The ratio of raw materials and solvent is 1 : 6.
The flask was attached to a reflux condenser and heated in a water bath to an extraction temperature of 60 °C. The
generator was connected to the neck of the flask through an antenna clamp. The extraction was carried out for
4 hours. The resulting extract was cooled, filtered.

The electromagnetic generator was short-circuited to a steel clamp — an antenna, mounted on a socket of the
flask to perform vibration using electromagnetic-acoustic conversion. For the experiment, a UTG9002C signal gen-
erator was used with the following characteristics: wave shapes: meander, sinus, triangle; Frequency 0.2 Hz — 2
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MHz. Accuracy £1%. Resolution is 1 uHz. Amplitude range: from 1 mV to 20 V post. Accuracy +5%. Resolution
is 0.1 mV. The output power is less than 2 mW. Impedance — 50 Q. A meander signal was used to determine optimal
exposure conditions, frequencies ranging from 1 to 450 kHz and amplitudes ranging from 2.4 to 3.2 V.

Analysis of E. purpurea extraction results. The extract was filtered through a pleated paper filter, grade 3 in
the end of the process. Solids were determined in the filtrate. To this end, 10 ml of the extract was transferred to a
dried weighing bottle and dried to a constant weight. Extractive yield (ES) was estimated based on aliquot size as
the ratio of filtrate solids to absolutely dry material. The standard deviation in the determination was 1.5%.

The content of phenolic compounds was determined by optical density. The resulting extract was diluted 500
times and the optical density of the solution was determined at 322 nm on a SF-26 spectrophotometer. Optical
density was measured at 322 nm. Determination of the yield of hydroxycinnamic acids by optical density was de-
scribed earlier [25].

Analysis of V.officinalis extraction results

V.officinalis extract (20 ml) and tert-butyl methyl ether (20 ml) of were mixed in a separatory funnel. The
upper ether layer was used to determine valerenic acid in the extract using using gas-liquid chromatography

Qualitative analysis compounds of extract were carried out by GC-MS. The device is Agilent G2629A 6850
GC/MSD System (Agilent Technologies, Inc.) with A 5973N Series Mass Selective Detector. The ionizing energy
was 70 eV. The temperatures of a separator and an ion source were 280 and 230 °C, respectively. To fractionate
samples, Rxi®-5 Sil MS column (30000 x 0.18 mm ID) with a 0.10 pm (low polarity crossbond® silarylene phase;
similar to 5% phenyl/95% dimethyl polysiloxane) was used. The thermostat temperature was programmed to in-
crease from 100 to 280 °C at a rate of 5 °C per min. Subsequent exposure at the temperature of 280 °C was 30
minutes. The evaporator temperature was 290 °C. Inlet temperature was 290 °C. The flow rate of the carrier gas
(helium) was 1 cm® per min. Dosed volume was 0.1 uL. Low molecular weight compounds were identified by
comparison with the NIST 05 database.

Quantitative analysis compounds of extract were carried out by GLC.

A Shimadzu GC 2014 device was used. Quartz column SH-Rxi-5SiIMS 30000x0.25 mm with a stationary
phase (5% phenyl 95% dimethylsiloxane) 0.25 pum thick. Column temperature: programming temperature from 100
to 270 °C at a rate of 5 °C for a minute and 30 min isotherm at 270 °C. Evaporator temperature 270 °C. Detector
temperature 290 °C — Carrier gas (nitrogen) velocity 1 cm?/min. Dosed volume 0.1 uL. The standard deviation in
the determination was 3%.

Results and discussion

1. Influence of frequency and amplitude on the E. purpurea extraction with 70% alcohol.

Change in the yield of extractives and the yield of chicoric acid and a pronounced maximum at a frequency
of 350 kHz were observed in the range of the investigated frequencies (300—600 kHz) upon extraction with 70%
alcohol (Table 1). The standard deviation in the results of the analysis after the experiment without vibration and
the experience with the best results was 3%.

The mass of ES after extractions increased by 10%.

The ES yield depended on the signal amplitude set on the generator (Table 2). The standard deviation in the
results of the analysis after the experiment without vibration and the experience with the best results was 5%.

The dry matter output increased by 17% compared to the experiment without vibration using a frequency of
475 kHz and an amplitude of 3.0 V.

2. Influence of frequency and amplitude on the E. purpurea extraction with hot water.

A change in the yield of extractives and chicoric acid was observed during the extraction of E. purpurea with
hot distilled water at pH=7.5 in the frequency range 50-350 kHz (Table 3).

At a frequency of 228 kHz, the greatest effect from the tenso-pulse effect is noted. The dry matter yield
increased by 27%.

The yield of solids during extraction with 70% ethyl alcohol increased by 17% with a frequency of 475 kHz
and an amplitude of 3.0 V, by 10% with extraction with 40% ethyl alcohol at a frequency of 350 kHz and an ampli-
tude of 2.8-3 V [1], by 35% when extracting with hot water at a frequency of 228 kHz and an amplitude of 3.2 V
when using a tenso-pulse effect.
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Table 1. The ES and CA yields at change of processing frequency, time 5 hours, amplitude 2.8 V, t=21 °C

Frequency, kHz - 300 325 350 375 400 450 475 500 550 600
The ES yield, % to a.d.m. 109 | 102 | 10.1 | 11.1 104 | 10.8 9.7 12.1 10.8 | 10.3 9.9
The CA yield, % to a.d.m. 159 | 144 | 144 | 159 | 144 | 144 | 151 | 1.74 | 1.59 | 144 | 1.36

Table 2. Influence of signal amplitude on infusion, time — 5 h, frequency — 475 kHz

Amplitude, V 2.6 2.7 2.8 2.9 3.0 3.1 32
The ES yield, % to a.d.m. 10.9 12.5 12.1 12.1 12.8 123 12.1
The CA yield, % to a.d.m. 1.66 1.89 1.74 1.89 2.04 1.90 1.89

3. Influence of frequency and amplitude on the V.officinalis extraction with 40% alcohol.

An increase in the yield of valerenic acid (VA) at a frequency of 350 kHz was observed when extracting
valerian rhizomes in 40% ethyl alcohol for 4 hours in the range of the investigated frequencies (200—400 kHz) (Table
5). The standard deviation in the results of the analysis after the experiment without vibration and the experience
with the best results was 5%.

The peak area of VA has increased by 35% at 350 kHz.

It turned out that the optimal frequency is the same as for the E. purpurea extraction with 40% alcohol. It is
possible that the optimal vibration frequency is weakly dependent on the raw material and its size. The dependence
of the VA yield on the signal amplitude has a complex character, but there is an optimal amplitude, which differs
from the most influencing E. purpurea extraction (Table 6). At a frequency of 350 kHz and an amplitude of 2.5 V,
the greatest increase in the VA yield from V.officinalis was observed. The effect of amplitude on the extraction of
bornyl acetate and valeranal differs from the effect on the extraction of VA.

Thus, during the E. purpurea extraction with 40% alcohol, the optimal frequency and amplitude: 350 kHz
and 3.0V, allows to increase the yield of extractive substances by 13% [1], with the extraction of 70% alcohol, the
frequency and amplitude — 475 kHz and 3.0V allowed to increase yield by 17%, during extraction with hot water —
228 kHz and 3.2V increased the yield by 35%. In water, the greatest effect from the use of tenso-impulse action.

For the V.officinalis extraction with 40% ethanol, the optimal frequency of exposure turned out to be similar
to the one that showed the best results for the E. purpurea extraction with 40% alcohol — 350 kHz, the amplitude
slightly differed — 2.5 V, instead of 3.0 V. Apparently, the determining factor influencing the optimal frequency is
the composition of the solvent.

Table 3. The ES and CA yields at change of processing frequency, time 2 hours, amplitude 2.8 V, t=90 °C

Frequency, kHz - 50 100 150 175 | 200 | 225 | 228 | 250 | 275 | 300 | 350
The ES yield, % to a.d.m. 25.8 | 29.7 | 19.1 | 21.5 | 23.8 | 304 | 31.5 | 329 | 298 | 29.6 | 30.7 | 30.8
The CA yield, % to a.d.m. 198 | 2.19 | 1.74 | 1.89 | 1.98 | 2.42 | 2.57 | 2.73 | 242 | 242 | 242 | 2.49

Table 4. Influence of signal amplitude on infusion, time — 2 h, frequency — 228 kHz, t= 90 °C

Amplitude, V 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 33
The ES yield, % to a.d.m 29.1 332 33.9 27.8 329 30.8 333 30.9 34.9 334
The CA yield, % to a.d.m. 242 2.65 2.65 2.19 2.72 2.49 2.57 2.49 2.80 2.57

Table 5. The VA, bornyl acetate, valerenal yields at change of processing frequency, time 4 hours, amplitude
2.8V, t=60°C
Frequency, kHz - 200 250 300 349 350 351 375 400
VA peak area 2020 1110 1480 1660 2560 2860 2630 2460 2230
aBr‘:;l“yl acetate peak 1200 | 1020 | 980 | 1060 | 1240 | 1430 | 1160 | 1070 | 980
Valerenal peak area 1320 1090 1100 1170 1110 1520 1330 1270 1260

Table 6. Influence of signal amplitude on extraction, time — 4 h, frequency — 350 kHz, t=90 °C

Amplitude, V 24 2.5 2.6 2.7 2.8 29 3.0 3.1

VA peak area 1850 3000 2800 2850 2860 2500 1810 2730
Bornyl acetate peak area 1000 1640 1320 1210 1430 1510 1630 1530
Valerenal peak area 1150 1570 1510 1170 1520 1430 1680 1320
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4. Explanation of the results obtained.

It is known that vibrations improve the movement of fluid through pipes, reducing the degree of turbulence,
which slows down the movement [25]. It is possible that the impact of vibration (vibration is formed due to the
electromagnetic conversion of current in a short-circuited conductor) causes the clots of liquid to vibrate and rotate
inside the vessels of plants.

The optimal frequency required for cluster rotation depends on the mass and radius of the particles [26]. The
size of wate clusters is larger [27] and a lower frequency is required to make them rotate [26] than the rotation of
clusters in mixtures of water and ethanol. Probably, an increase in the frequency above the optimal one and a change
in the vibration amplitude leads to a mismatch of the system and the regime of fluid movement inside the vessels
becomes chaotic.

Conclusions

The conditions of low-energy strain-pulse action were selected, increasing the yield of extractive substances
from the echinacea herb when extracted with water and 70% ethanol, when extracting valerian root with 40% etha-
nol. The greatest effect is observed when the echinacea herb is extracted with water. The yield of extractive sub-
stances at a frequency 0f 228 kHz and an amplitude of 3.2 V increased by 35%. It is shown that the optimal frequency
of exposure depends on the composition of the solvent. An explanation of the obtained results is offered the condi-
tions of strain-pulse action are selected.
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