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herbal substance, of different polarity as extractants. Novel methods are based on innovative
preparation, approaches that ensure a high yield of extractive substances in a relatively short
technology, process time, combined with the absence or low need for organic solvents. An

technological process,
medicinal product.

important criterion for choosing a method and its subsequent effectiveness are
the physicochemical properties of phytochemical compounds.

Conclusions. The available methods of extraction of herbal raw materials have
been analyzed from the point of view of their application at the development stages
and the prospects of scaling up to production. It has been established that both
conventional and novel extraction methods have advantages and disadvantages
inherent to each method. It has been found that from scaling up point of view
conventional methods look more acceptable based on their technological flexibility
and economic feasibility. It has been noted that a promising direction is
the implementation of combinations of novel and conventional extraction methods
in the life cycle of products. The further stage of research should be the practical
application of a combination of extraction methods in the development of active
pharmaceutical ingredients and medicinal products based on them.

Introduction. Herbal medicinal products (HMP)
are products that contain active pharmaceutical
ingredients (API) of exclusively herbal origin and are
multicomponent systems in terms of their chemical
composition. The pharmacological action of HMP
is quite diverse and is formed by the phytochem-
ical composition of the API. It is the wide spectrum

of pharmacological action of HMP and their relative
safety during prolonged use without medical super-
vision that give HMP a potential advantage in the
treatment and prevention of diseases. An additional
advantage of using HMP is the possibility of combining
herbal APIs in composition of one product. This adds a
certain therapeutic flexibility in terms of expanding the
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therapeutic spectrum and/or enhancing the targeted
action of the drug [1; 2; 3].

The formation of the composition of biologically
active substances (BAS) in the API occurs at the stage
of extraction of the starting material. That is why extrac-
tion can be considered a key stage in the development
and production of APIs on the way to creating HMP.
Isolation of BAS from herbal raw materials can be con-
sidered as a variation of solid-phase extraction where
the prepared herbal raw materials act as a solid phase
(matrix) and solvents of various nature act as an extract-
ant. This method of isolation is based on the processes
of dissolution and diffusion. Therefore, factors that can
positively influence them potentially affect the efficiency
of extraction in general. Such influencing factors include
the degree of pre-extraction treatment of raw materials
(degree of comminution), the type of extractant used
and the process parameters that depend on the extrac-
tion method used. Accordingly, the choice of the extrac-
tion method in combination with the assessment of
related technological factors is an important stage of the
development design and life cycle. The correct choice
of method will ensure the established quality profile of
the product and achieve its predicted pharmacological
action [4; 5; 6; 7].

The aim of the work is to study and analyze avail-
able methods of extraction of herbal raw materials; to
assess their advantages and disadvantages in terms of
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implementation in the development and production of
herbal preparations as API of HMP.

Materials and Methods. The bibliosemantic method
was used during the research. The scientific publica-
tions in professional editions were used as materials.

Results and Discussion. In general, extraction
methods can be divided into two groups: conventional
and novel (Fig. 1). The most common conventional
methods for extracting medicinal plant raw materials
include those based on traditional process manage-
ment, namely: maceration, percolation, reflux extrac-
tion, Soxhlet extraction and hydrodistillation. The char-
acteristics of modern methods are the use of innovative
approaches to extraction. The novel methods include
supercritical fluid extraction, pressurized liquid extrac-
tion, ultrasound-assisted extraction, enzyme-assisted
extraction, microwave-assisted extraction, pulsed elec-
tric field extraction and mechanochemical-assisted
extraction. Both groups of methods are characterized
by several advantages and disadvantages, depend-
ing on the process conditions and their equipment. An
important criterion for choosing a method and its fur-
ther effectiveness is the physicochemical properties of
phytochemical compounds. In addition, the extraction
method can affect the bioavailability and efficacy of the
product [8; 9; 10; 11].

Conventional extraction methods are based on clas-
sical methods of isolating certain groups of BAS using

Extraction methods
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Fig. 1. Conventional and novel extraction methods of herbal raw material
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solvents of different polarity as extractants. Despite the
use of organic solvents, their quantity and relatively long
process duration these methods have been effectively
used in the industrial production of APIs of herbal origin
for many years [12].

Maceration is one of the most widely used meth-
ods of extracting BAS in particular in the production
of tinctures. In general, the method is distinguished
by the simplicity of the equipment, static in relation
to the movement of the extractant and relatively low
efficiency due to the rapid achievement of the equi-
librium of extractive substances in the extractant and
the extracted raw material. In order to increase the
efficiency of this conventional method it is possible to
create certain dynamic conditions that are capable of
increasing the diffusion or removal of extractable mat-
ters from the surface of the material: mixing, shaking,
periodic circulation of the extractant, separation of the
extractant into parts, etc. The advantages of using mac-
eration can also include relatively low temperature con-
ditions of the process, which characterizes this method
as energy efficient [12; 13; 14].

Percolation is a widely used conventional extraction
method which is based on the seeping of the extract-
ant through a layer of plant raw materials at a certain
speed. Unlike maceration, this method is characterized
by the ability to constantly maintain the range in con-
centrations of extractable matters in the extractant and
the extracted material which significantly increases the
efficiency of diffusion and is the driving force of the pro-
cess. In general, the percolation process can be divided
into two main stages: infusing for the purpose of deaer-
ation of the raw materials and maximum wetting of the
raw material particles with the extractant and the perco-
lation itself. The disadvantage of classical percolation
can be considered large volumes of extractant and the
duration of the process. However, such dynamic varia-
tions of percolation as filtration extraction, repercolation
and others are able to ensure proper efficiency of the
process. Due to the wide range of polarity of the extract-
ants used this conventional method allows the extrac-
tion of polyphenolic compounds of various types, which
gives the process significant technological volume. The
main disadvantage of percolation is the relatively large
volumes of the obtained extracts which require addi-
tional time and energy costs associated with the need
to concentrate them [15; 16].

Reflux extraction is a process based on the evap-
oration of the extractant with its subsequent condensa-
tion in a reflux condenser the passing of the conden-
sate through a layer of raw materials with saturation
with extractive substances the return of the extract to
the heating vessel for subsequent heating and distilla-
tion. The process is continuous, takes place in a closed
system under atmospheric pressure according to the
established time interval until the required concentra-
tion of extractable matters is achieved. This method is
distinguished by its efficiency, simplicity of equipment
and lower solvent consumption and speed compared
to maceration and percolation. The main disadvan-
tage of this conventional method can be considered

temperature conditions because due to constant heat-
ing of the reaction vessel thermolabile BAS can be
destroyed. Therefore, before using reflux extraction,
it is necessary to assess this risk and pre-analyze the
properties of the target groups of substances that are
planned to be extracted from the raw materials [5; 17].

Soxhlet extraction is a conventional extraction
method that is traditionally used mostly in laboratory
to study the conditions for extracting BAS from herbal
materials. In principle, it is similar to reflux extraction.
The difference is the use of a special element equipped
with a siphon into which a cartridge with the extracted
material is placed. The siphon promotes continuous cir-
culation of the solvent through the layer of raw materials
which ensures extraction efficiency. Similarly, to reflux
extraction the extract is collected in a heating flask and
the solvent undergoes the required number of evapo-
ration and condensation cycles to ensure the required
completeness of BAS extraction from the raw materials.
This method can be effective for extracting substances
with limited solubility in the extractant and allows its
recycling, thereby operating with a small amount of it.
The limitation of the application of this method is asso-
ciated with heating the extraction medium which causes
the risk of thermal degradation of BAS. In addition to the
fact that the temperature of destruction of the extracted
compounds must be lower than the boiling point of the
extractant the target components must be soluble in
it under heating conditions. In addition to the careful
choice of solvent, temperature conditions and extraction
duration an important factor determining the effective-
ness of this conventional method is the proper prepara-
tion of the plant material sample [18; 19].

Hydrodistillation is one of the traditional conven-
tional methods of extraction of plant raw materials based
on boiling the extracted herbal raw materials in an aque-
ous extractant, subsequent evaporation of volatile com-
ponents and their condensation and separation. This
extraction method is limited by the polarity spectrum of
the aqueous extractant used and the properties of the
substances to be extracted. This method allows for the
effective isolation of volatile components in contrast to
heavier aromatic compounds, in particular polyphenols.
The key disadvantage of the hydrodistillation extraction
method is its high temperatures which can destructively
affect labile compounds. Other factors affecting the
effectiveness of this method are the “drug — solvent”
ratio and the duration of the process [20].

Despite many years of practical experience in the
use of conventional methods and their proven effective-
ness in the isolation of BAS from herbal raw materials,
their main disadvantages can be considered dependent
on a significant amount of organic solvents which can
significantly increase the cost of the technological pro-
cess and affect the cost of the finished product. Another
negative factor in choosing conventional methods is the
use of high temperatures which poses a risk of degrada-
tion of thermolabile compounds and a potential decrease
in the pharmacological activity of APIs and HMP based
on them. The issue of the effectiveness of conventional
methods in terms of the yield of extractable matters
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and selectivity to certain groups of phytochemical com-
pounds is also debatable. It should also be noted that
some conventional methods cannot be scaled up due
to the limited size of the main equipment and low pro-
ductivity. Thus, the choice of a conventional extraction
method should be justified at the early stages of API
development and a detailed risk assessment should be
carried out regarding the choice of organic extractant,
its quantity and toxicity, process temperature conditions,
possible extraction intensification tools, scaling of the
method to full scale production, and potential productiv-
ity to ensure plans for industrial production of APIs and
HMPs [9; 21; 22; 23].

Considering a number of limitations and shortcom-
ings typical of conventional methods, it is promising
to use new extraction methods based on innovative
approaches to the isolation of BAS from herbal raw
materials. Among such methods, potentially interesting
ones may be supercritical fluid extraction, enzyme-as-
sisted extraction, ultrasound-assisted extraction, micro-
wave-assisted extraction, pulsed electric field extraction,
pressurized liquid extraction and mechanochemical-as-
sisted extraction (Fig. 1) [9; 10; 24; 25; 26].

Supercritical Fluid Extraction is a representative
of a group of novel extraction methods which is based
on the use of an extractant compressed to supercriti-
cal conditions. The most common type of this method
is supercritical carbon dioxide (CO,) extraction where
at certain pressure and temperature parameters CO,
passes into a liquid state (t>31°C; P>73 atm.) while
possessing the diffusion properties of a gas. To per-
form the process the raw material is placed in an
extractor where CO, pre-compressed to a supercritical
state is fed and mass transfer of substances from the
raw material to the extractant occurs. Subsequently,
the extract is collected in a separator, and the pres-
sure is balanced to atmospheric as a result of which
the extractant is separated from the extract. The use
of CO, as an extractant is a good alternative to organic
solvents as it is safe, environmentally friendly and
relatively cheap. According to its characteristics this
extractant is non-polar, therefore it is the most effective
in terms of isolating lipophilic compounds. To be able to
separate substances of medium polarity it is possible
to introduce a modifying agent, mostly ethanol in var-
ious concentrations, into the main extractant. Despite
the efficiency, flexibility and environmental friendliness
of supercritical fluid extraction this method is expen-
sive due to the complexity and cost of the equipment.
First of all, due to the operating pressure parameters at
which the process is performed. Ensuring the effective
and safe operation of the equipment requires the use of
special materials, automation tools and high-precision
instrumentations [27; 28; 29; 30].

Pressurized liquid extraction is a novel extraction
method based on the use of conventional solvents at
subcritical temperature and pressure parameters at
which they remain in a liquid state. Under such condi-
tions the viscosity and surface tension of the extract-
ant decrease which allows it to better penetrate the
extracted material and increase the rate of mass
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transfer of extractable matters into the extract. The main
extractants of this method are water and water-ethanol
solutions. Compared to conventional methods, solvent
consumption when using pressurized liquid extraction is
lower. In addition, the advantages of this method include
its speed, environmental friendliness, reproducibility
and automation. The disadvantage of pressurized liquid
extraction is its low efficiency when using hydrophobic
organic solvents, so this method is optimal for extracting
polar and medium-polar substances [19; 31; 32; 33].

Ultrasound-assisted extraction is one of the most
widely used novel extraction methods in the production
of APIs of herbal origin. The method is based on the
use of acoustic vibrations or mechanical waves in the
frequency range of 20-100 kHz. The method is predi-
cated on cavitation, mechanical and thermal properties
which together increase the efficiency of extraction of
target compounds from the material by reducing the
particle size, destroying cell walls and increasing mass
exchange processes. The popularity of ultrasound-as-
sisted extraction is associated with a relatively short
process duration (10-30 min.), low energy consump-
tion (0-100 W) and a less destructive effect on the
BAS compared to conventional methods. An additional
advantage is that cavitation is able to change the partial
pressure of microbial cells and cause their death which
in turn helps to reduce the microbiological load and
extends the shelf life of extracts. Thus, ultrasound-as-
sisted extraction can be successfully used to obtain
BAS from herbal raw materials as well as combined
with some conventional methods, optimizing them
and increasing overall efficiency. The disadvantages
include the limited productivity of cavitation equipment
and therefore, the difficulties in organizing full-scale
industrial production [34; 35; 36; 37; 38].

Enzyme-assisted extraction is a novel extraction
method based on the addition of enzymes to increase
the efficiency of extractable matters from the extracted
raw material by softening its cell walls. Conventional
extraction methods face difficulties in penetrating the
extractant into the cell and require additional meas-
ures (comminuting of the raw material, wetting, infus-
ing, etc.). In the case of enzyme-assisted extraction the
addition of enzymes can contribute to the breakdown of
surrounding elements and help release the necessary
substances into the extract. The most common enzymes
used in enzyme-assisted extraction are lipases, a-am-
ylases, pectinases, amyloglucosidase, laccases and
proteases. The main process parameters of this extrac-
tion method are the particle size of the extracted raw
material, the ratio of the amount of enzyme to the
extracted raw material and the duration of the process.
The enzyme is incubated at average ambient tempera-
tures of 35-50°C and an acidic pH value. Water is most
often used as a solvent. One of the advantages of the
method is that enzymes can be added during hydro-
philic and multi-stage lipophilic extractions, especially
for the removal of ballast substances. However, when
choosing this method, one should consider its duration,
which can range from 3 to 48 hours and that is its main
disadvantage [39; 40; 41, 42; 43].
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Microwave-assisted extraction is a novel method
that uses non-ionizing electromagnetic wave radiation
with a frequency of 300 MHz to 300 GHz to induce molec-
ular motion in polar or polarized materials or solvents
by acting on dipoles. Heating the extracted material
under the influence of molecular motion leads to evap-
oration of moisture which creates pressure and causes
rupture of the cell wall with subsequent release of the
necessary compounds. Microwave-assisted extraction
involves the use of extractants. The choice of solvent
should be justified and based on its dielectric properties,
boiling point and dispersion. The method is selective
for polar molecules and extractants with high dielectric
permittivity. The advantage of this method over conven-
tional methods is rapid heating, low thermal degrada-
tion and a higher yield of extractable matters. Similar to
ultrasound-assisted extraction, the microwave-assisted
method is characterized by low solvent requirements,
high process speed, and low requirements for raw mate-
rial preparation. Disadvantages include low extraction
efficiency for molecules with a relatively large number
of hydroxyl substituents (tannins) or thermolabile sub-
stances (anthocyanins) [5; 44; 45; 46].

Pulsed electric field extraction is a novel extraction
method whose effectiveness is based on the destruction
of cell membranes of the material under the action of a
pulsed electric field. The electric potential flows through
the cell membrane of the herbal material and, based on
the dipole characteristics of the membrane molecules,
is distributed in the membrane according to the charge.
An excess of the transmembrane charge of more than
1V causes the repulsion of charged molecules and sig-
nificantly increases permeability. The main advantage
of this method is its intensity and energy efficiency. The
absence of the need to heat the extraction medium
allows it to be used for the isolation of thermolabile
BAS. The disadvantages of extraction by pulsed elec-
tric action include the complexity of scaling, the risk of
mechanical cracking of molecules and the higher cost
of products compared to products obtained by conven-
tional methods [47; 48; 49; 50].

Mechanochemical-assisted extraction is a novel
extraction method based on the application of high-en-
ergy mechanical force to the extracted material with the
aim of physicochemical and chemical transformations of

the target components under its influence. The process
takes place in an agueous environment and at room
temperature. Mechanical processing of plant material
is carried out in combination with a solid reagent char-
acterized by improved solubility. Na,CO,, NaHCO, and
NaOH are most often used as reagents. The advan-
tages of this method over conventional methods can be
considered its relative speed, selectivity and high yield
of extractive substances, the absence of high process
temperatures, the absence of organic solvents. The dis-
advantages include insufficient study of the influence of
process parameters on its efficiency and the issue of
scaling up to industrial conditions [5; 51; 52].

Thus, innovative approaches underlying the novel
extraction methods have a positive impact on their extrac-
tion efficiency. In particular, they provide a high yield of
extractable matters for a relatively short process duration
combined with the absence or low consuming for organic
solvents and the corresponding environmental friendli-
ness. However, despite a number of significant advan-
tages over conventional methods the novel extraction
methods are characterized by a number of limitations that
may hinder their implementation on an full scale produc-
tion in the pharmaceutical industry: the need for special-
ized equipment and automation, the complexity of scaling
and a narrow range of effective extraction capacity.

Conclusions. The available methods of extraction
of herbal raw materials have been analyzed from the
point of view of their application at the development
stages and the prospects of scaling up to production.
It has been established that both conventional and
novel extraction methods have advantages and disad-
vantages inherent to each method. It has been found
that from scaling up point of view conventional methods
look more acceptable based on their technological flex-
ibility and economic feasibility. It has been noted that a
promising direction is the implementation of combina-
tions of novel and conventional extraction methods in
the life cycle of products. The further stage of research
should be the practical application of a combination of
extraction methods in the development of active phar-
maceutical ingredients and medicinal products based
on them.
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AHANI3 METOAIB EKCTPAKLII TA MEPCMNEKTUBA IX IMIITIEMEHTALJI B XXUTTEBUN LLUKN
NIKAPCbKNX 3ACOBIB POC/IMHHOIO NMOXOAXXEHHA
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MeTta po60TM - BMBYMTK Ta NpoaHaslisyBaT AOCTYMNHI METOAM eKCTPaKLil POC/IMHHOI CMPOBUHW; OLIHUTK TX nepeBaru
Ta HefonMikK1 3 ornAdy iMnaeMeHTauii B po3pobky Ta BUPOOHMLTBO POC/IMHHUX NpenaparTiB AK akTMBHUX hapmaLeBTUYHMX

iHrpesieHTIB Nikapcbkmx 3aco6iB.

Martepianu i metogu. Mig yac NpoBefeHHS AOC/iAXEHHA ByN0 BUKOpUCTaHO 6GibnioceMaHTUYHWIA MeToA. MaTepianamu

JocnigxeHHs 6y HaykoBi ny6nikauil y qoaxoBux BUAAHHSX.
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Pe3ynbraty 1 0GroBopeHHsA. EKCTpakuiliHi MeToay MOXHa pPO3A4iMTV Ha ABi TPYNu: KOHBEHLHI Ta HOBITHI. B OcHOBI
KOHBEHLIHUX METOAIB eKCTpakLii fiexxaTb KIacu4yHi METOAM BUAINEHHSA MEBHMX TPyn 6iosIONYHO aKTMBHMX PEYOBMWH
3 BUKOPUCTaHHAM SIK EKCTpareHTiB PO34MHHUKIB Pi3HOT NOMISPHOCTI. B OCHOBY HOBITHIX METOAIB 3ak/1afeHo0 iHHOBaLiliHi
nigxoam, Wo 3a6e3neyyroTb BUCOKUIA BUXIiA EKCTPaKTUBHUX PEUYOBUH 3a BiAHOCHY HEBENKY TPUBAUTICTb MPOLECY, B NOEQHAHHI
3 BiICYTHICTI0 ab0 HM3bKOK NOTPEB6OH OpraHiuHMX PO3UNHHUKIB. BaxknBUM KpUTEpIEM BUGOPY MeToay Ta nogasiblua iAoro
eeKkTMBHICTb € (Di3NKO-XiMiYHI BNACTUBOCTI (DITOXIMIYHNX CMOMYK.

BucHoBKuW. NpoaHanisoBaHO AOCTYMHI METOAM eKCTpakuil POC/MHHOI CUPOBWHU, 3 TOYKM 30pYy 3aCTOCyBaHHA iX Ha
eTanax po3pobku Ta nepcnekTMBu macwtabyBaHHS B NPOMMCI0BE BUPOOHNLTBO. BCTAHOBMEHO, LLO K KOHBEHLIi/HI, TakK
i HOBITHI METOAM eKCTpakLil BOM1IOAiI0Tb BNACTUBMMM KOXXHOMY METOAY NepeBaramu Ta Hegonikamm. 3’acoBaHo, WO 3 TOUKK
30py mMaclutabyBaHHs, KOHBEHLiMHI METOAM BUMNAAATb GiNbll NpUBabANBUMKN BUXOAAYM 3 TX TEXHOMOMYHOT THYYKOCTI
Ta €KOHOMIYHOT A0UiNbHOCTI. BU3HayeHo, Lo NepcnekTMBHYM HanpsiMOM € iMNIeMeHTaLis Yy XUTTEBUIA LMK npenapary
KOMOIHAUi/A HOBITHIX Ta KOHBEHLiiHAX METOAIB eKCTpakuii. HacTynHum etanom AOcChnifjkeHb Mae cTatu npakTuyHe
3acTOCyBaHHS1 KOMGiHaLiT eKCTpaKLUiiHMX MeToAiB Yy pPo3pobKy akTMBHMX hapMaueBTUYHMX iHTPELdIEHTIB Ta JliKkapCbKux
3ac06iB Ha iX OCHOBI.

KntouoBi crnoBa: ekcTpakuisi, pOC/IMHHA CMPOBMHA, Npenapat, TEXHO/OTis, TEXHONOTIYHWIA NpoLec, NikapCbKuii 3aci6.
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