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For the first time quantitative effects of liquefied gas extraction temperature, the correlation of the
extractant volume and the raw material mass, humidity and the average size of the raw material
particles have been analyzed in the lipophilic complex (LC) yield from the overground part of yellow
bedstraw (Galium verum L.) using the response surface methodology (RSM). For this research, the
four-factor and the three-level Box-Behnken design has been chosen; it contains four covariates,
namely the extraction temperature — X, the ratio of the extractant volume (ml) and the raw material
mass (g) — X,, the raw material humidity — X; and the average size of the raw material particles — X,
based on the results of one-factor test. Twenty seven experimental studies have been conducted
with three repeats in the centre of the design to assess the proper operational margin of the sum of
squares. The experimental results obtained have been set at the polynomial equations of the second
order using the multiple regression analysis, and analyzed by the corresponding statistical methods.
With the help of solving the regression equation and by means of the analysis of the response sur-
face of contour plots the optimal conditions of the LC extraction have been determined: the extraction
temperature — 35°C, the ratio of the extractant volume (ml) and the raw material mass (g) — 8, the
raw material humidity — 7% and the average size of the raw material particles — 1 mm. It has been
found that the most significant factors for the process under research are the extraction temperature,
the ratio of the extractant volume (ml) and the raw material mass (g), and the raw material humi-
dity. Comparison of the data obtained with the data of literature sources confirms the relevance of
the subcritical difluorochloromethane choice as an extractant for the LC obtaining. Summarizing all
above-mentioned information it may be concluded that the use of liquefied difluorochloromethane for
the LC extraction from the overground part of yellow bedstraw (Galium verum L.) is promising from
the viewpoint of the modern pharmaceutical technology, and the use of the RSM as an instrument for
the process optimization allows reducing the costs for carrying out the pharmaceutical development.

Currently, the increasing interest to extraction of
bioactive substances (BAS) from the overground part of
yellow bedstraw (Galium verum L.) is observed in the
world [3, 7, 8, 10, 21]. For the extraction of complexes
of the plant origin of different composition from yellow
bedstraw, the supercritical CO,, US and extraction in
the apparatus of a Soxhlet type [3, 10, 12] were used.
However, the basic disadvantages of the methods men-
tioned are complexity and the need of large amounts of
the extractant, as well as the cost in time and material
support of the process.

The liquefied gas extraction has a lot of advantages
in comparison with the above-mentioned methods, among
which there are reduced terms of the process and de-
crease in using solvents with a satisfactory target pro-
duct yield [1, 2].

At the same time in many related studies the experi-
ments were carried out empirically by means of chang-
ing some parameters of the extraction process with other
parameters being steady. In the unplanned research, in
addition to the considerable number of tests, spent time
and costs, the regularities among operational character-
istics were not established [3, 8, 21].

The experiment planning is successfully used for de-
termining the most influential factors in the multifacto-
rial systems. The response surface methodology (RSM)
is used for optimization of the process conditions tak-
ing into account the interaction between the factors. The
RSM is a set of mathematical and statistical methods,
which are useful for modeling and tasks analysis where
the result depends on several variables [16]. The most
wide application of the RSM can be found in the ex-
periment planning, in such situations when the number
of input variables impacts the results called responses,
which are not that easy or impractical to depict with
the help of the severe mathematical relation [5, 11, 14,
18-20]. The Box-Behnken design is a modified central
composite design, which does not have fractional facto-
rial points. In such designing, the combinations of vari-
ables are in the centre and the medial points of the edge
plane of variables [9].

The general aim of this work was to use liquefied
difluorochloromethane in the LC extraction from the
overground part of yellow bedstraw and develop the ef-
fective extraction process. The RSM was used for the
extraction conditions optimization (temperature, the ra-



ISSN 1562-7241

NEWS OF PHARMACY 3(79)2014 1

Table 1
Covariates and their elevations
in the Box-Behnken design construction
Factor level
Covariates Symbol
-1 0 1
Extraction temperature, °C X, 20 35 50
Ratio of the extractant
volume (ml) and the raw X, 2 8 14
material mass (g)
Raw material humidity, % X, 4 7 10
Average size pf the raw X, 025 | 1 1.75
material particles, mm

tio of the extractant to the raw material, humidity and
the average size of the raw material particles).

Experimental Part

The object of the research was the crushed dried
herb of yellow bedstraw collected during the flowering
period [15].

All reagents were of analytical purity.

The experiments were carried out on the experimen-
tal plant developed by us, which provides the extraction
in a closed cycle, and were successfully tested using
industrial equipment.

The liquefied difluorochloromethane was used as
an extractant (freon-22).

The herb of yellow bedstraw (Galium verum L.) was
subjected to extraction; it was crushed to the particles
size of 0.25-1.75 mm with humidity of 4-10%, in the ratio
of the raw material to the extractant of 1:2-1:14, at the
temperature of 20-50°C, for 2 hours, the first 40 min of
which the consumption flow rate of the extractant was
100 ml/min per 1 kg of the raw material, and the rest of
the time the consumption flow rate of the extractant was
reduced twice [4].

After completion of extraction the residual solvent
was distilled, the extracts obtained were removed from
the collector, rinsed by dichloromethane, the washings
were combined with extracts and dried to the constant
weight in the vacuum-drying cabinet at the temperature
of 40°C, and then in the desiccator under phosphorous
oxide (V).

The LC yield Y, %, in terms of the absolute dry start-
ing materials was calculated according to the following
formula:

Vo = me100 o0

" m,-(100-W)

where: m, — is the mass of the LC obtained, g; m, — is
the mass of the weighed amount of the herbal raw mate-
rial loaded to the extractor (s), g; W — is humidity of the
test weighed amount of the raw material, %.

To determine the optimal factors of the LC subcriti-
cal difluorochloromethane extraction from the overground
part of yellow bedstraw the four-factor and three-level
Box-Behnken design was used. The similar designs have
high statistical characteristics of optimality and provide
the same precision of a model in all directions of hy-

perspace at the minimal number of tests [9]. The priory
information showed that the linear models were not
adequate regarding the given extraction process, there-
fore, a task was set to develop a model of the second
order in the form of a quadratic polynomial:

X k k&
Y =8, +zBixi +ZBiixi2 +zzﬁiixixi te,
i=1 i=1

i=1 j=1

where: Y — is the objective function; 5, 5, f,— are the
design coefficients of the model; k£ — is the number of
the factors; ¢ — is uncertainty between the values ob-
served and the predicted values, respectively.

The analysis and the graph plotting were carried out
using the STATISTICA software (Version 10.0 Trial).
After the dispersion analysis the suitability of the poly-
nomial model was determined through the correlation
coefficient R Tts statistical significance was verified
with the help of F-test with the probability of (P) 0.001,
0.01 or 0.05. Significance of the regression coefficients
was also verified with the help of the F-test.

Four covariates were selected, namely, the extrac-
tion temperature — X, the ratio of the extractant volume
(ml) and the raw material mass (g) — X,, the raw ma-
terial humidity — X,, and the average size of the raw
material particles — X,. Covariates’ encoded values are
shown in Tab. 1. Twenty seven experimental studies were
conducted with three repeats in the centre of the design
to assess the proper operational margin of the sum of
squares. We duplicated each experiment and the aver-
age value of the LC yield was taken as the response, Y.
Based on the previous experimental results and values,
which are available in literature, covariates and their
critical experimental elevations were selected as shown
in Tab. 1.

Results and Discussion

The results (Tab. 2) indicate that the process para-
meters significantly influence on the LC yield. Response
values (the extract yield Y, %) under various experi-
mental combinations for encoded variables are given in
Table 2. The yield was from 2.16% to 3.48%.

Using the multiple regression analysis of the exper-
imental data the response and factors are related by the
following second-order polynomial equation:

Y, % = 1.4695 + 0.029233X, + 0.0547X, +
+0.17495X, — 0.08393X, — 0.00025X, —
—0.00075X,* — 0.0117X,> + 0.0557X,* —

~0.0003X,X, + 0.0016X,X, + 0.0016X,X, +
+0.0007X,X; — 0.0126X,X, + 0.0172X,X,,

where: Y, % — is the yield of LC, X, X,, X;, and X, —
are encoded values of the extraction temperature, the
ratio of the extractant volume (ml) and the raw mate-
rial mass (g), the raw material humidity and the average
size of the raw material particle, respectively.

Analysis of variance of quadratic regression model
has shown that the value of the correlation index R? is
0.9347. At the same time the low value of the variabil-
ity index indicates a high degree of accuracy and suf-
ficient reliability of the experimental values.
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Table 2

The four-factor Box-Behnken design
for RSM and responses observed

Experiment, Yield of the
b No. Xy X X X extractY, %
1 -1 -1 0 0 2.16
2 -1 1 0 0 2.52
3 1 -1 0 0 3.24
4 1 1 0 0 3.48
5 0 0 -1 -1 2.68
6 0 0 -1 1 2.88
7 0 0 1 -1 2.99
8 0 0 1 1 3.35
9 -1 0 0 -1 2.83
10 -1 0 0 1 2.78
11 1 0 0 -1 3.45
12 1 0 0 1 3.47
13 0 -1 -1 0 247
14 0 -1 1 0 2.88
15 0 1 -1 0 2.78
16 0 1 1 0 3.24
17 -1 0 -1 0 2.73
18 -1 0 1 0 2.63
19 1 0 -1 0 3.30
20 1 0 1 0 3.48
21 0 -1 0 -1 2.99
22 0 -1 0 1 3.19
23 0 1 0 -1 3.35
24 0 1 0 1 3.33
25 0 0 0 0 3.45
26 0 0 0 0 3.45
27 0 0 0 0 344

Fisher’s test signification is used as a tool to check
significance of each coefficient, which, in its turn, may
indicate an interaction pattern between variables. The
research results showed that the extraction temperature
was the most important parameter that influence on the
LC yield. The ratio of the extractant volume (ml), and
the raw material mass (g), as well as the raw material
humidity appeared to be less important factors. An av-
erage size of the raw material particle does not statisti-
cally influence on the extract yield.

The equation obtained gives us the opportunity of
predicting the corollary of four parameters on the LC
yield. Six independent response surfaces and their cor-
responding counter plots are shown in Fig. 1-2.

Two variables within the experimental range were
depicted in one 3D-superficial portion, while two other
variables were held constant at zero level. Circular or
elliptical shapes of counter plots indicate whether inter-
actions between variables were significant or not [6].

In the case of liquefied gas extraction of overground
parts of yellow bedstraw the average size of the raw
material particle has a negative effect on the LC yield.
There was insignificant decrease in the LC yield with
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Fig. 1. Response surface plots showing the effect of variables
(A) X; and X;; (B) X; and X;; (C) X; and X,; (D) X, and X;;
(E) X, and X,; (F) X; and X, on the LC yield.
decreasing the size of particles X, to the lower threshold
level (Fig. 1C and 2C). Meanwhile, increase in the ex-
traction temperature (X,) to the central level resulted in
increase in the LC yield as shown in Fig. 1A, 1B and 1C
and 2A, 2B and 2C. At temperatures above this level the
LC yield slightly grows due to the complete depletion
of the raw material. At a temperature of the lower level
the LC yield is low enough; it may be associated with
unsatisfactory extractant characteristics for the process
studied. It has been noticed that the temperature regime
in the central level can be considered as quite thrifty.
Taking into account the results obtained the heating of
the extractant is impractical because of increase of energy
requirement and the raw material overheating, which can
cause destruction of thermolabile BAS.

Insignificant increase in the LC yield occurs even
when the ratio of the extractant volume (ml) and the raw
material mass (X,) was increased in the range from §
to 14 (Fig. 1A and 1D and 2A and 2D). When reducing
the ratio of the extractant volume (ml) and the raw ma-
terial mass the LC yield is reduced, and it indicates the
necessity of using additional portions of the extractant,
which is energy disadvantageous considering the mode
of plant operation for extraction of liquefied gases.

Fig. 1B, 1D and 1F and 2B, 2D and 2F also show
that the LC yield increases with validity of the raw ma-
terial humidity in the core range. It has been found ex-
perimentally that when increasing the moisture content
the LC yield significantly reduces; it can be explained
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Fig. 2. Contour plots showing the effect of variables (A) X, and X,; (B) X, and X;;
(C) X, and X,; (D) X, and X;; (E) X, and X,; (F) X; and X, on the LC yield.

by the limited difluorochloromethane absorbency. At
the same time the lack of the raw material humidity also
affect on the LC yield. Such dependence was observed
by researchers [2, 13, 17].

Therefore, based on the abovementioned informa-
tion it can be asserted that an optimal process is extrac-
tion of yellow bedstraw (Galium verum L.) herb crushed
into the particles size of 1 mm with 7% humidity in the
following ratio of the extraction raw material: the ex-
tractant of 1:8, at the temperature of 35°C for 2 hours,
the first 40 minutes the extractant specific consumption
should be 100 ml/min per 1 kg of the raw material, and

the rest of the time the extractant specific consumption
was reduced twice.

CONCLUSIONS

For the first time the effective process for the LC
subcritical difluorochloromethane extraction from the
overground part of yellow bedstraw (Galium verum L.)
has been developed. The four-factor, three-level Box-
Behnken design and the RSM have been applied to op-
timize the extraction parameters. The maximum LC yield —
3.45% can be reached under the optimal conditions found
and experimentally confirmed. The process developed
has been tested in industrial conditions.

Sungpurapos U.H. Obpabomka nexapcmeennoco pacmumenbHO20 ColPbsl CHCUNCEHHBIMU 2A3AMU U CGEPXKPU-
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ONTUMI3ALIA NAPAMETPIB 3PIIXEHOIA30BOI EKCTPAKLIT HAQ3EMHOI YACTUHU
NIAMAPEHHUKA CMNPABXXHbOIO METOOONOrNIEK NMOBEPXHI BIATYKY

A.B.lMlpocko4uno, B.I" [lem’siHeHko, [].B.[Jlem’siHeHKo

Knrovoei cniosa: nidomapeHHUK cripasxHit (Galium verum L.); ekcmpakuisi; OugbmopoxriopomMeman;
memodornoeis noeepxHi 8id2yky; rnnaH bokca-beHkeHa

Briepwe 6ynu docrnidxeHi KinbKicHi echbekmu memmnepamypu 3pideH02a3080i ekcmpakuii, criigegiOHo-
WeHHs 06’eMy ekcmpazeHmy ma Macu CUpPOBUHU, 8051020CMi ma cepedHb020 PO3MIpy YaCMUHOK Cu-
pOo8UHU Ha 8uxid ninoginbHo2o komnekcy (FIK) i3 Had3eMHOi yacmuHuU niOMapeHHUKa CripasXHb0o20
(Galium verum L.) i3 sukopucmarHsm memodoroaii nogepxHi eideyky (MIB). Ans ybo020 docridxeH-
Hs1 6yno obpaHo YomupughakmopHul, mpupieHesul nnaH bokca-beHkeHa, 8 KoMy Yyomupu Hesa-
TexXHi 3MIHHI, @ came memrnepamypa ekcmpakuii — X,, crigsiOHoweHHs 06’eMy ekcmpazeHmy (Mii)
i Mmacu cuposuHu (2) — X,, gonozicmb cupo8uUHU — X; ma cepeOdHili pO3Mip YacmUHOK CUPO8UHU — X,
3acHoeaHi Ha pesyribmamax 00HOgakmopHo20 mecmy. byno nposedeHo 27 ekcriepuMeHmarbHUX
docnidxeHb i3 mpboMa rnosmopamu y UeHmpi rnnaHy, wob ouiHumu yucmy rnoxubky cymu keadpamis.
OmpumaHi ekcriepumeHmarnbHi 0aHi byriu ecmaHoerneHi Ha rnosiHOMIarbHUX PIBHSIHHSIX Opy2020 ro-
PSOKY 3 8UKOPUCMAaHHSIM MHOXUHHO20 pe2peciliHo20 aHari3dy, a makox ripoaHasiizogaHi 6idrnogioHu-
MU cmamucmuyYyHUMU Memoodamu. Bupiluyroqu pieHsIHHS peepecii, a maKkoxX WIIsXOM aHari3y rnosepx-
Hi 8i02yKy KOHmMYypHUX 2padpikie byniu susHavyeHi onmumarbHi ymosu ekcmpakuii JIK: memnepamypa
ekcmpakuii — 35°C, criiggioHoweHHs1 06’emy ekcmpazeHmy (MJ1) | Macu cupos8uHU (2) — 8, eonozicmab
CUpOBUHU — 7% ma cepeldHil po3mip 4acmuHOK cupo8uHU — 1 MmM. Byno gusHa4yeHo, wo Haubinbw
3HavywumMu ghakmopamu 011 00CidxKye8aHO20 rnpouecy € memrepamypa ekcmpakuii, Criie8iOHOWEH-
Hs1 06°emy ekcmpazeHmy (M) i Macu CUpOBUHU (2) ma 805102iCmb CUPOBUHU. [NOPIBHSIHHS OMpuUMaHuUXx
OaHux i3 daHumu nimepamypHuUx Oxepen nomeepodxye akmyarnbHicmb 8aubopy AoKpuMu4YHo20 Ou-
gmopoxriopomemaHy 8 skocmi ekcmpazeHmy 0t o0epxaHHs JIK. Nidcymosyrodu suujesuknadeHe,
MOXHa 3p0obumu 8UCHOBOK, WO 3acmocy8aHHS 3pidXeH020 dughmopoxriopomemaHry 0715l eKecmpakuy,i
JIK i3 Ha03emHoI YyacmuHu nidMapeHHUKa cripasxHbo20 (Galium verum L.) € nepcrnekmueHUM i3 ro-
3uuit cydacHoi ¢hapmauesmuy4Hoi mexHonoeii, a aukopucmanHss MIB y skocmi iHecmpymeHmy 01s
onmumisauji npouyecy 00380JI9€ CKOpOMuUMU 3ampamu Ha rnpoeedeHHs1 hapMauesmu4yHoi pO3pPO6KU.

ONTUMM3ALNA MAPAMETPOB CXXWXEHHOIA30BOM 9KCTPAKLUMU HAOQ3EMHOW YACTU
NOOMAPEHHWKA HACTOSALLENO METO4ONOIMMEN NOBEPXHOCTU OTKITUKA
A.B.llpockoyuno, B.I" [JembsiHeHKo, [].B.[JeMbsiHeHKO

Knroveenie criosa: nodmapeHHUK Hacmosiwul (Galium verum L.); akcmpakyusi;
OucbmopxrnopmemaH; Memodorio2ausi MO8EePXHOCMU OMKIIUKa; rnnaH bokca-beHkeHa

Briepebie bbinu uccriedogaHbl KOu4ecmeeHHble 3¢hgbekmbl memnepamypbl CKUKEHHO2a3080U 3KC-
mpakyuu, COomHoweHusi obbema aKcmpazeHma U Maccbl Cbipbsi, 8l1aXHOCMU U cpedHeao pa3me-
pa yacmuy, cbipbsi Ha 8bix00 nunoghuribHo2o Komrnekca (/1K) uz HadsemHol Yacmu nodMapeHHUKa
Hacmosweeo (Galium verum L.) ¢ ucrionib3o8aHuem memodosioauu rnosepxHocmu omknuka (MI10).
Hns amoeo uccnedosaHusi bbirio 8bI6paHO YembIpexghakmopHbIU, MpexyposHeasil rnaH bokca-ber-
KeHa, 8 KOImopOM YembIpe He3a8UCUMbIe MePeMEHHbIe, a UMEHHO memMrepamypa akcmpaxkyuu — X,
coomHoweHue obbema akcmpazeHma (M) U Macchl Cbipbs (2) — X, 81axXHOCMb Cbipbsi — X, U cped-
Hul pa3mep Yacmuy, Cbipbsi — X, OCHO8aHbI Ha pe3yribmamax 00HoghakmopHo20 mecma. bbirno npo-
8edeHo 27 aKcriepuMeHmarsbHbIX uccriedogaHul ¢ mpeMs rnoemopamu 8 UeHmpe raaHa ¢ Uenbio
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OUEHKU Yucmou rogpewHocmu cyMmbl kgadpamos. [1osyqeHHble aKcriepuMeHmaribHble 0aHHbie Obiiu
yCcmaHo8/1eHbI Ha MOIUHOMUArIbHbIX YPasHEHUSIX 8Mmopoeo rnopsidka C UCrob308aHUEM MHOXECMBEH-
HO20 peepeCcCUOHHO20 aHasu3a, a makxXe npoaHanu3uposaHbl Cmamucmu4yeckumMu Mmemodamu.
PeweHuem ypasHeHUs pespeccuu, a makxe nymem aHanu3a noeepxHocmeul OmkKiuKka KOHMYypHbIX
epacbukos bbinu ornpederieHbl onmumaribHble ycrosus akempakyuu JIK: memnepamypa skempaxkyuu —
35°C, coomHoweHue obbema sakcmpageHma (MI1) U Macchl cbipbsl (2) — 8, enaxHocmb cbipbs — 7%
u cpedHuli pasmep Yacmuy, cbipbsi — 1 MM. Bbirio onpedeneHo, Ymo Haubosiee 3Ha4YUMbIMU ¢hak-
mopamu 0r1s uccriedyemMoa0 rnpouecca Sensemcs memrnepamypa sKempaxkyuu, COOmHoweHue obbema
3KcmpazeHma (MJ1) U Macchl CbIpbS (2) U 8aKHOCMb Chipbsi. CpagHeHUe roslyYeHHbIX OaHHbIX C OaHHbIMU
JlumepamypHbIX UCMOYHUKO8 rnodmeepxdaem akmyasibHoCMb 8bi60pa OOKpumMu4ecko20 dughmop-
XxropmMemaHa 8 kadecmeae skcmpazgeHma 0 nosnydeHus JIK. lNoObimoxusas ebluieu3rioXeHHoe,
MOXHO cdenamb 851800, YMO MPUMEHEHUE CXUXeHHOo20 Aughmopxriopmemana 0ns akempakuyuu JIK
u3 Had3eMHoU Yacmu rnodmapeHHuUKka Hacmosiweao (Galium verum L.) sernsemcs nepcriekmueHbIM
C rnosuyuu cospemeHHoU hapmauesmuyeckoli mexHonoauu, a ucronb3osaHue MlB e kauecmese
uHcmpyMeHma 0711 onmumMu3ayuu fpoyecca Mo3eossiem cokpamums 3ampamabl Ha NpoeedeHue
hapmayesmuyeckol pa3pabomku.



