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DYNAMICS OF EXCEPTION OF ORGANIC ACIDS FROM MIXTURE OF MEDICAL VEGETABLE
RAW MATERIAL

© I. Dyachok, O. Pinyazhko, O. Ivankiv

Mema. Ompumanns MamemMamuyHux PieHAHb O OOYUCTIEHHA POMIPY YACMUN PI3HUX MOPHONO02IUHUX OpeaHie
POCTUHHOL CUPOBUHU 07151 0OHOUACHO20 OOCACHEHHS PIBHOBA2U NPU CYMICHOMY eKCMpAacy8anHi.

Memoou. 3 o2nady Ha meHOeHyio 00 3pOCMAHHA PiBHSA NCUXONAMONIOZIYHUX PO3NA0I8, OOYINLHUM € PO3POONIEHHS
Ma 6nPOBAOICEHHA Y MEOUYHY NPAKMUKY CeOAMUBHUX 3AC00i6 HA OCHOGI KOMNIEKCHUX (DImononiekcmpaxkmis,
00epawcanux i3 nikapcokoi pocaunuoi cuposunu. Cyuacui Oaui npo XimiuHuil cK1ao, Gapmaxonoliyny oio,
3ACMOCYBanHA 6 C8IMOGIll MeOUYHill npakmuyi 003601710Mb NO3UMUBHO OYIHUMU MeHOeHYil 3acmocy8aHHs.
JKAPCLKOL POCIUHHOL CUPOBUHU OJIsL 00epHCAHHS (Pimonoiiekcmpakmie ceoamusHol Oii. 3pocmaroui eumozu 00
AKOCMI JIKAPCOKUX 3AC00I8 POCTUHHOZO NOXOONCEHHS € NepedyMo8oI0 PO3POONEHHA HAYKO80-00IPYHIMOBAHUX
Memooono2itl OmpumMpHHsL DIMONOIIeKCMPaKkmis.

Pesynomamu. Ilpeocmasneni pesynrbmamu  O0CHIONCEHb PO3POOKU MEMOOUKU AHALIMUYHO20 PO3PAXYHKY
PO3MIPY 4ACMUHOK POCTUHHOI CUPOBUHU DIZHUX MOPEONOLIUHUX OP2aHI8 3 MEmOI0 0OHOYACHO20 OOCAZHEHHS
3A0AHHO20 CMYNEHsI BULYYEHHS OP2AHIYHUX KUCAOM I [HWUX OIONOSIMHO AKMUGHUX PEeYOSUH NPU CYMICHOMY
eKcmpazy8aHHi.

Bucnoexu. Olepoicani amanimuymi 3a1€dHCHOCMI ONUCYIOMb OUHAMIKY GUTYYEHHS OP2AHIYHUX KUCAOM I3
JKapcokoi  pocaunnoi  cuposunu. Bupiwenns cucmemu 00epiicaHux MmamemMamuyHux pieHAHb 0036075€
PO3paxysamu po3mip 00 AK020 HeoOXiOHO NOOPIOHIO8AMU POCIUHHY CUPOBUHY DIZHUX MOPQONLOIUHUX OP2aHi8 3
MemoI0 0OHOYACHO20 OO0CACHEHHS. 3A0AHHO20 CMYNEHsI GUNYYEHHS NpU CYMICHOMY eKCmpazy8awni Cymiuti
qikapevkoi pocaunnoi cupogunu. Ompumani pe3yibmamuy  CGI0YaAMb HPO NEPCHEeKMUGHICMb  00CIONCEHb
CYMICHO20 eKCmpazy8anHs JNIKAPCbKOi POCIUHHOI CUPOBUHU 3 MEmOI0 00epICAHHA NPUPoOHix 0Iion02iuHO
AKMUBHUX PEYOBUH OJIA BUCOMOGICHHS NONIKOMNOHEHMHUX (imonpenapamie

Kniouogi cnosa: nikapcoka pociunna Cuposuna, Opeaniuti KUCIOmu, OUHAMIKA GULYYEHHS DION0TUHO AKMUGHUX
CRONYK, (PIMORoieKCmpakm

1. Introduction
Globally, there is a clear trend to higher level of

worsened mood, disrupted sleep, etc. For the treatment of
neurotic conditions, the most effective means are the

psychopathological disorders, in particular a variety of
psychogenic neurotic disorders. In Ukraine, the situation
is complicated by various social-psychological problems,
global informational oversaturation, chronic fatigue,
environmental problems, the decline in the quality of life.
All this leads to the onset of stress which manifests itself
as fatigue, decreased performances, irritability, anxiety,

phytogenic sedatives of plant origin due to the similarity
of many biochemical processes in the cells of plant and
animal origin. This property becomes particularly im-
portant when it concerns treatment and prophylactic
means. The particular interest of doctors and patients in
these sedatives can be explained by the minimum of
contraindications and side effects [1].
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2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

Modern facts about chemical composition, phar-
macological action, application in the world medical
practice [2, 3] allows evaluating trends of application of
medicinal plants from the point of view of the feasibility
of using them as raw materials for producing polyherbal
extract having sedative effect. Increasing demands to the
quality of medicinal remedy of plant origin is a prerequi-
site for the development of advanced methodologies for
obtaining polyherbal extracts and methods of their stand-
ardization. Such tasks can be solved only by developing
the analytical dependences which describe the dynamic
of extraction the major classes of biologically active
compounds from medicinal plants which have the same
pharmacological effect, but are found in different species
and in different morphological organs.

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author.

The literature does not contain data about the cal-
culation of particle size of the medicinal vegetable raw
material with the different morphological organs
(rhyzoma et radix, fructus, folium) with coextraction in
order to simultaneously achieving a given degree of
extraction of biologically active substances [2].

4. Allocation of unsolved parts of the general
problem, which is dedicated to the article

During the extraction of the mixture of the vegeta-
ble raw material, it is important to provide optimum condi-
tions for simultaneously achieving the balance of all bio-
logically active substances from the mixture which will be
recovered. The selection procedure is complicated by the
fact that the mixture of the vegetable raw material of vari-
ous morphological organs (rhyzoma et radix, fructus,
folium) is often extracted.

Differences in the anatomical and morphological
structure of the vegetable raw material significantly af-
fect the kinetics of extraction. The results of experi-
mental studies show, that with the simultaneous extrac-
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tion, the time of achieving equilibrium for different mor-
phological organs of the vegetable raw material is differ-
ent. This phenomenon causes the excessive time of stay-
ing in the extraction zone of this vegetable raw material,
the equilibrium of which is achieved faster, which nega-
tively affects the quality of the final product of extrac-
tion. The last is contaminated by ballast substances (cel-
lulose, chlorophylls...), and complicates the process of
separating the solid and liquid phases when extract is
extracted. The swollen vegetable raw material because of
a long mechanical treatment, in the extraction zone, cre-
ates a significant hydraulic resistance in the separation of
solids from liquid phases.

The solution to this problem can be achieved by
intensifying the process of mass transfer for this type of
vegetable raw material, which time of achieving the
equilibrium is much larger, compared with other types of
raw materials in the mixture with the simultaneous ex-
traction.

5. Formulation of goals (tasks) of Article

Obtaining the mathematical equations for calculat-
ing the size of the parts to which different morphological
organs of medicinal plants are to be chopped in order to
achieve a required degree of extraction of biologically
active compounds when they are extracted simultaneously.

6. Statement of the basic material of the study
(methods and objects) with the justification of the
results. Materials and methods of research

For studying the dynamics of extraction of organ-
ic acids from chopped Valerian Root, Hop Strobile and
fructus Viburni, a series of experiments in extractor with
a stirrer with diameter of grinding — 3 mm was carried
out. The 40 % aqueous solution of ethanol was used as
extractant. The weight ratio of the plant raw material to
the volume of extractant in each of the experiments was
50 g/L. The kinetics of extraction was studied in the
apparatus with stirrer at the temperature of 20+1 °C.
Brief value of the concentration of organic acids in the
extract was determined by conductometric titration of
samples of the extract for a certain period of time t. The
obtained experimental kinetic data are shown in Fig. 1.

0 . ‘
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Fig. 1. The kinetics of extraction of the organic acids from the medicinal plant raw material
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Fig. 1 shows that the equilibrium concentration of
the organic acids reaches the largest value of 2.5 g/l in
the case of its extraction from the chopped radix Valeri-
an. This indicates that it is the basic source of this ali-
phatic acid. Slightly lower value of 1.5 g/l of equilibrium
concentration of the organic acids is observed in the case
of its extraction from chopped Hop Strobile (Fig. 1). At
the same time, in the case of extraction of chopped
fructus Viburni there is a change of the value of the equi-
librium concentration of the organic acids at the level of
0.85 g/l, which indicates the low contentration of these
acids in the fruit of this plant.

For the description of kinetic of relations of stud-
ied processes of extraction of organic acids from the
medicinal plant raw material, the simplified equation was
used [4]:

where C, and C_, is the current and equilibrium con-

centration of the organic acids in the extract, kg/m*; A is
the coefficient of outwashing, which characterizes the
number of destroyed (open) cells; k is the mass transfer
coefficient, m/s [1, 5].

The equation (1) in a semilogarithmical coordi-
nates takes the form (2):

—ln(l—C&JZ—ln A+kt. (2)

max
Using the experimental data of the kinetics of the
extraction of the organic acids and equation (2) the val-

N C
ues of under logarithmical form [1—C—‘j were calcu-

max

C, . .
lated, where — is the degree of extraction. The calcu-

_k-t max
Co=Cru-1-A-€T) @) lated values are presented in Table 1.
Table 1
The data for building the kinetic line of extraction of organic acids from the plant material
Valerian Root(size 3mm)
t,s 600 1200 1800 2400 3600 4800
(Co/Crax) 0,24 0,38 0,48 0,53 0,68 0,76
1-(Cy/Cprax) 0,76 0,62 0,52 0,47 0,32 0,24
—In 1(C4/Cnax) 0,27 0,48 0,66 0,75 1,15 1,43
Hop Strobile (size 3mm)
t,s 300 600 900 1200 1800 2400
(Co/Crax) 0,58 0,63 0,71 0,74 0,85 0,87
1-(Cy/Cprax) 0,42 0,37 0,29 0,26 0,15 0,13
—In 1(C4/Crax) 0,87 0,99 1,25 1,35 1,88 2,07
fructus Viburni (size 3mm)

t,s 300 600 900 1200 1800 2400
(Co/Crax) 0,52 0,59 0,74 0,74 0,86 0,91
1-(Cy/Crna) 0,48 0,41 0,26 0,26 0,14 0,09
—In 1(C4/Crax) 0,73 0,89 1,35 1,35 1,96 2,36

In Fig. 2, the kinetic lines of extraction of organic
acids from the plant raw material in logarithmical coor-
dinates are shown. Fig.2 shows that in three cases of
extraction two lines can be clearly distinguished which
characterize two periods. The duration of the first period

37 v = 0,0008x+ 0,4923

R*=0,9802

-In(1-CChyay)

of extraction corresponds to time of rapid outwashing the
target organic acids from the destroyed cells and its less
than 600 s during extraction of chopped Valerian
Rootand less than 300 s during extraction of chopped
Hop Strobile and the fructus Viburni .

v = 0,0006x + 0.6699
R2=0.9803

@ radix Valerianae

O fructus lupulus

@ fructus Viburni

Fig. 2. Kinetic lines of extraction of the organic acids from the medicinal plant raw material
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After the mention periods of time, the slow diffu-
sion of the target organic acids from the unparted cells,
which is the evidence of the presence of second, so-
called "regular"” period of extraction.

On the basis of kinetic lines (Fig. 2) the values of
coefficient of outwashing A4 and the mass transfer coeffi-

cient k were calculated. The mass transfer coefficient k
as the tangent of the slope of the line, and the coefficient
of outwashing 4 as the distance cutting off the continua-
tion of the straight fragment on the ordinate axis for each
studied case of extraction was calculated. The values of
A and k are given in Table 2.

Table 2
The parameters of kinetic model of processes of extraction of organic acids
The plant raw material Conax, KI/M® k-10* m/c —In(A) A R?
Valerian Root 2,5 2,7 0,1351 0,87 0,9939
Hop Strobile 15 6,1 0,6699 0,51 0,9803
fructus Viburni 0,85 7,9 0,4925 0,61 0,9802
The coefficients of determination of experimental Hop Strobile (1,=3800c) and the fructus Viburni

data R? in the form of kinetic lines of studied forms of
the plant raw material are close to one, which indicates
about an adequacy of the description of experimental
data using simplified kinetic models of extraction. The
final Kinetic equation of extraction of organic acids from
the Valerian Root, Hop Strobile and the fructus Viburni
will have the form of equations (3), (4) and (5):

C, =2,5:(1-0,87-exp(-2,7-10* 1)), ®3)
C, =15-(1-0,51-exp(~6,1-10* 1)), @)
C, :0,85-(1—0,61-exp(—7,9~10’4 ~t)). (5)

Optimization of the technological process of ex-
traction is in establishing the optimal conditions of its
realization. The maximum permissible values of the

degree of the extraction (C,/C,,,) and the correspond-

ing efficiency of target substance are the basic parame-
ters, which characterize the conditions of extraction. To
establish the optimal duration of extraction, which is
equivalent to efficiency, it is reasonable to use the ade-
quate kinetic model of this process.

The optimal duration of extraction processes of
the organic acids from the studied plant raw material was
determined by solving the corresponding Kkinetic models
of extraction relatively to time t (3-5) with the substitu-
tion in it the values of the degree of extraction of the
target acids at 95 %. Thus, the solution of equations (3—
5) relatively to time t takes the form of expression (6):

In(—(0,95-1)/A)

t=-— . [c]- (6)

Based on developed equation (6) the duration of
extraction of the organic acids on the assumption of their
separated conduct from the Valerian Root(t; =10600c),

40

(t3=3200c) chopped to 3 mm was calculated.

7. Findings from the research and prospects of
further development of this area

The obtained experimental kinetic values show
that the differences in the anatomic and morphological
structure of the plant raw material significantly affect the
kinetics of extraction. Thus, during the simultaneous
extraction of chopped Hop Strobile and the fructus Vi-
burni, the balance begins in the sufficiently short period
of time compared to the Valerian Rootwith the same
degree of disintegration, for which the balance is
achieved about three times longer. A significant differ-
ence in the duration of reaching the balanced concentra-
tion of the organic acids in the case of the simultaneous
extraction from the experimental chopped raw materials
will be the reason of extra residence time in the area of
extraction of chopped Hop Strobile and the fructus Vi-
burni, for which the equilibrium is achieved relatively
quickly. This, by-turn, will negatively affect the quality
of the final polyextract because of contamination by
ballast substances (cellulose, chlorophylls etc.).

This problem is solved by intensification of the
process of extraction of the Valerian Root, the time to
reach the balance of which is three times more compared
to the Hop Strobile and the fructus Viburni with size of
disintegration 3 mm. From (6) we see that the most im-
portant factor of intensification of internal diffusional
processes is the value of the mass transfer coefficient,
which is directly associated with the size of the solid
particles of the plant raw material. Thus, by changing the
particle size of the solid phase, we can increase or de-
crease the time of reaching the balanced concentration
BAS, therefore to achieve simultaneous established de-
gree of extraction for different types of the plant raw
material.

Using equation [5] the optimal diameter of the
chopped Valerian Rootfor co-extraction of organic acids
by 40% aqueous ethanol solution in the presence of
chopped Hop Strobile and the fructus Viburni with size
of disintegration 3 mm was calculated.
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Fig. 3. The kinetics of extraction of the organic acids with the size of disintegration 1 mm of the Valerian Rootand 3
mm of Hop Strobile and the fructus Viburni

Calculation of the appropriate dimensions was re-
alized with the computer program Mathcad using the
solve function. For calculations it was accepted that the
optimal length of the co-extraction corresponds to the
time of extraction of the organic acids from chopped hop
cones, which according to the kinetic model (6) is 3,800 s,
and slightly higher than this time in the case of extraction
of the fructus Viburni with the same size 3 mm. The
assumption of co-extraction of Hop Strobile and the
fructus Viburni with size 3 mm, possible under condition
of disintegration of the Valerian Rootto a particle size
which is about 1 mm was established. After disintegra-
tion of the Valerian roots to particles with proper size
and the direct procedure of separation on a laboratory
sieve with a holes diameter of 1 mm, an experiment was
conducted and the Kinetics of extraction of the organic
acids by 40% aqueous ethanol solution in the apparatus
with stirrer was investigated. The obtained experimental
kinetic data is shown in Fig. 3.

Fig. 3 shows that increasing degree of disinte-
gration of the Valerian Rootin three times has led to a
corresponding reduction of the extraction time of the

organic acids to the balanced value. Therefore, we can
assume that the proposed method of analytical calcula-
tion of the size of the particles of plant raw material,
for their co-extraction have a great practical signifi-
cance.

8. Conclusions

1. Fig. 3 shows that increasing degree of disinte-
gration of the Valerian Root in three times has led to a
corresponding reduction of the extraction time of the
organic acids to the balanced value.

2. We can assume that the proposed method of
analytical calculation of the size of the particles of plant
raw material, for their co-extraction have a great practical
significance on a production for the management of pro-
cesses of the compatible extracting with bringing digital
technologies in.

3. The offered algorithm of analytical calculation
can be applied for the calculation of sizes of particles for
compatible extracting of other multicomponent mixtures
of plant raw materials which composition includes
rhyzoma et radix, fructus, folium.
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