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Abstract: For the first time it has been determined the eteéalecomposition received after the extraction of
raw material of yellow bedstraw by the subcritiddluorochloromethane. It has been identified 6 maand

13 microelements, among which there are a lot dfl&, Ca, Si, Mg and P. It has been establishedhieataw
materials processing by the subcritical difluorecbimethane has not influence on its elemental casitipn. It
has been made the technological research of mégihel after the raw materials extraction by thiecstical
difluorochloromethane of yellow bedstraw crushediifferent ways.
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INTRODUCTION

Actually the medicinal herbal raw material (MHRM) the alternative source of biologically active stahces
(BAS), which are used in the treatment of variotisl@gies diseasésA typical strategy of MHRM using in
drug technology is shown in Fig. 1.

MHRM use in fresh or after the technological prepan (freezing, drying, milling, tableting, graatibn,
encapsulation) does not resolve the issue of th8 Bidavailability increasing because the last ardgained in
the immobilized condition in the plant cells ancbastard concentratidin

This obstacle cannot predict the therapeutic dgtiof MHRM without any detailed researches becatinse
BAS of different chemical groups can interact imeth ways: synergism (sensitization, additive effect
potentiation ), antagonism and indifferehc8o the important point in the development of herbedicines is
the use of technological methods in the separaifdBAS with different pharmacological charactedstiand
the subsequent manufacture of the dosage form (({B)) 1).

One of the advanced methods of BAS selection froRRMI is the extraction with the liquefied gaseEhe
usage in the capacity of the extracting mediumefigal by the difluorochloromethane has several athge$,

because the lipophilic complex doesn't fall for thegative influence of high temperature during shkvent
testing, and also it is provided the satisfactorgrabiological purity of the obtained extract. haild be noted
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also the economic advantage of liquefied gasegyuisirihe capacity of extracting mediGnin addition, the
received meal can be used as raw materials tonatstdhe BAS of the another chemical nature, satlsethe
guestion of the complex processing of MHRM.

Continuing of the researches in the developmemeof herbal preparation, one of the stages of wak the
studying of the technological properties of yellb&dstraw (Galium verum L.) meal, obtained after raw
materials processing by the liquefied difluorocbloethane and evaluation of the elemental compasifo
raw materials, meal and extract, which was the gaemf this research.
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Figure 1: A typical strategy of MHRM usé€’

EXPERIMENTAL PART

The objects of the study was the meal of yellowsheav grass of 2007, 2008, 2009, 2010 and 2011syefar
collecting, obtained after the extraction of theabdmentioned raw materials by the subcriticaludifochloro
methane in laboratory and industrial equiprient

The fractional composition was determined by aaetwn method™.

Determination of weight loss during the drying waade by the gravimetric method according to the ,SPU
2.2.32%*" The weighted amount was 1 g.

Fowability of crushed samples was studied by ththoteof SPU, 2.9.16.

Bulk density before the shrinkagg and after the shrinkage,s, the volume of researched objects after the
shrinkage Vo, Vso0, has been determined in accordance with the SEULRin the weighted amounts of 50 g.
The capacity for shrinkage was calculated by tffer@ince ¢V 500
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Hausner’s ratio (HR) and Carr's index (Cl) of saesplvere calculated by the formth&:

and:

C|=(pﬂw_‘%]xlom@
p1250

The apparent densify has been determined as follows. The exact weighamples, approximately 5 g were
dipped into the flasks with volume of 25 ml. Frone tdropping glass it has been add hexane to thie minzn
the apparent densipy has been calculated as follows:

P = m
o 25—y’

S

where: m - exact weight of raw material, g;-Wolume of poured solvent, ml.
TheP,, porosity has been calculated with the divergeric®mlume and bulk density:
Pm - pO ~ pb .
Ao
TheP, porosity has been calculated after the formula:

P~ Po
P,= ,
b )

wherep — the true density of plant tissue which is 1,5hg?".

The elemental analysis of plant materials was mwtlethe use of atomic and emission spectral ama(&PU,
2.2.22 ) based on the complete evaporation ofubstance in the alternative current arc dischdigkl (source
- IBC-28) and the record of the emission spectmlgraFU-8.

The method is based on the evaporation of the usly concentrated plant sample from the crateggapbhite
electrodes in the arc burning at a current stredgi, voltage - 220 V, exposure — 60 s. The spettanea -
250-350 nm. It has been used the set of calibratieimples (synthetic compounds) for the pass froen th
volumes of the analytical signals (blackening né$ of the determined elements) to the concentisitio

A series of calibration samples with the additidrcertain elements-10%-1-10° wt % have been prepared by
the way of thoroughly mixing of the basics of cadition samples (CS) and oxides or salts of therohited
elements which correspond to the herbal composifibe base for the CS was the mixture of oxidesraatal
salts of the following composition: S}© 36 %; C&0s;, K,SO, - both 40 %; NgSO,, KH,PO, - both 30 %; KCI

— 14 %; MgO — 10 %.

The analyzed samples were prepared as follows:ighteel amount of dry raw meal and extract with riess
not less than 3 g were placed in a quartz crucibléch has been moistened with 10 ml of 5 % sotutid
H,SQ,, dried in an oven at 100 °C, and then on the @éeptate till the absent of vapors of sulfuric &cihe
crucible has been placed in a cold muffle furnélce temperature was adjusted to 500 °C and it bes fried
during 1 hour, then it has been cooled and weighed.

In this paper work it has been used the spectegitgte electrodes 7-3 of 6 mm diameter and a leafy§0-60
mm. The calibration samples and the prepared sampire placed in the lower crater (depth of 4 mm,
diameter 4,5 mm) and upper crater (depth of 5 mameter 1,9 mm) of electrodes.
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Reagents and Chemicals

All the materials were of analytical reagent grade.

RESULTS AND DISCUSSION

The experimental data of fractional compositiomwfal* according to the collecting years are represk at
the figure 2 and in the table 1.

* - MOB — The meal obtained after the raw materedgaction, crushed in blander.
MORM 1 - The meal obtained after the raw matgextraction, crushed in roll mill 1 time.
MORM 2 - The meal obtained after the raw matgextraction, crushed in roll mill 2 times.
Fractional composition with the particle size 05 mm, % is represented in the table 1.

Information about determination of humidity, flowily, bulk density and shrinkage ability of the ate
samples received after the extraction crushed byvtrious ways of the raw materials of yellow beuigt
liquefied by the difluorochloromethane is repreedrin the table 2, 3 and 4.

From the data obtained, there is a slight increaseimidity for samples MORM 2 in comparison wittORM
1.

The flowability of samples MORM 1 and MORM 2 wasvlcand it was absent for the sample MOB which can
be explained by the anisometric particle form.

The bulk density, of meal samples depended from the crushing methoaw materials and according to the
fractional composition. The Fig. 3 shows the chaggif the arithmetic average bulk density of meangles,
depending on the conditions of shrinkage.

From the Fig. 3 we can see the ability to the #age of the sample MOB which is significantly lovilean the
ability of MORM 1 and MORM 2.

The bulk density of samples MORM 2 was in averagé% and 26% higher in comparison with the MORM 1
and MOB respectively.

The P,, porosity of samples was almost the same, buPthmorosity of MOB was in 1,7 and 2,4 times higher
than the porosity of MORM 1 and MORM 2 respectively

Taking into account that the characteristics ofsbad raw material of herbs are different from the
characteristics of crushed crystalline powdersdétermination of flowability as the angle of reppthe rate of
shear, Hausner's ratio (HR) and Carr’s index (@l)s clear that, depending on the technologicalcpss of
identifying of some of them are quite arbitrary.r Fexample, for the powdered plant material, whighhe
subject to the further compaction, the determimatibthe angles of repose and the rate shear $igatuy at
the same time they are secondary for the raw naddexihich should be treated with solvents.

In calculating of the HR and CI for the researchathples of meal (Fig. 4), it has been found thatpitterns
of flowability are not fulfilled.

Thus, even with values of HR < 1.25 and CI <15 flhtorrespond to the powders with the excellent flo
properties) the flowability of meal samples is atisfactory for the further compression. Howevbgse
indicators can be neglected for the extraction ggsdecause the download of extractors by the r@errals is
made after the preparing of the extraction carésdganuallyy.

The next stage of our research was the determmafithe influence of liquified difluorochlorometh& on the
elemental composition of yellow bedstraw. Previgusie have identified the macro- and microelement
composition of samples of raw material (R) of yellbbedstraw of 2007-2011 collecting years, meal (M)
obtained after extraction of raw materials by thlecsitical difluorochloromethane and also the ett(&).
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Table 1:The results of fractional composition detemination with the particle size 0,5 - 1,5 mm of mda

samples.
Collection year MOB, % MORM 1, % MORM 2, %
2007 50,807 71,323 76,659
2008 48,548 74,291 75,529
2009 42,875 71,194 78,102
2010 44,719 71,625 75,423
2011 44,738 71,323 76,233

Table 2: Results of technological characteristic iearch of meal samples received after the extracticof
the raw material samples of yellow bedstraw, cruslteein blander, by the liquefied

difluorochloromethane.

Technological MOB

parameter 2007 2008 2009 2010 2011
Humidity, % 7,49+0,43 8,37+0,36 9,80+0,38 8,24+0,63 | 8,02+0,15
Flowability, Absent Absent Absent Absent Absent
s/100 g

Bulk density 0,174+0,005 | 0,177+0,006] 0,181+0,004  0,185+0,007 7%:0,003
Pb; g/CI’T?

Volume Vio cn? 263,020.5 268,00.5 273,040.5 2640405 269.0+0.5
Volume Vsgo CrTe 238,00.5 242.00.5 247.040.5 2390405 2440405
Volume Vizso CNe 234.,0+0,5 238.0+0,5 242005 235.0+0,5 239.00.5
Shrinkage ability, cf | 25,0%0,5 25.0+0.5 26.0+0.5 25.0+0.5 26.0+0.5
gA/F(’:E’T"Ti,“e”t density po. | 1 53810007 | 1,042£0,003| 1,028+0,006  1,032+0,005 460,005
P,, porosity, g/cr 0,822+0,005 | 0,830+0,004| 0,824+0,004 0,821+0,003 328,006
P, porosity, g/cm 0,357+0,004 | 0,314+0,007| 0,324+0,004  0,321+0,003 12%8,004

The results of the elemental analysis are showrabie. 5.

In the Table. 5 the raw materials and the meaktibw bedstraw contain the significant amounts atbgsium,
calcium, magnesium and silicon, a little amount sbddium, phosphorus, aluminum, iron. Thus, forghelied
raw materials, meal and extract we can set a faigwumber of elements depending on the decreatdef
content: for the raw materials : K> Si> Ca> Mg>Ra> Al> Fe> Zn> Sr> Mn> Cu> Ni> Pb = Co> Mo> Cd =
As = Hg; for the meal: K> Ca> Si> Mg> P> Na> AI>>FBIn> Zn> Sr> Cu = Ni> Pb = Co> Mo> Cd = As =
Hg, for the extract : Si> K> Ca> Na> P> Mg> Al> Mike> Zn> Cu> Ni> Pb = Co> Mo> Sr> Cd = As = Hg.
The value on the content of some micro elementsamelated with the available sourted However, there
is a significant variation of silicon from 0,5 m@d g to 400 mg/100 Y. As reported il"*® the variations of
the elemental composition is associated with thmdeof the accumulation of macro- and microelementbe
growing process and the method of their determondti plant materials.

At the same time, there are the low amounts ofsdiae elements in the samples of extracts. Thisbean
explained by the sufficiently lower extraction ceitya of liquefied difluorochloromethane towards timneral
elements. Therefore, analyzing the obtained dataaveaffirm that the processing of raw materialsthgy
subcritical difluorochloromethane virtually has eftect on its elemental composition.
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Thus, it has been identified the main technicakatizristics of the grass of meal of yellow bedgtadtained
after the extraction of the above mentioned rawenms by the subcritical difluorochloromethane tire
laboratory and industrial equipment. It has beemtified 19 elements in plant material, meal antdaex.

The results of the research can be used to devleéomdustrial technology of the extraction medidalg on
the basis of meal of yellow bedstraw or in the tetbgy of solid dosage form which are used in thattment
of pathologies associated with disorders of minkaddnce.

Table 3: Results of technological characteristic iearch of meal samples received after the extracticof
the raw material samples of yellow bedstraw, crusteein roll mill 1 time, by the liquefied
difluorochloromethane.

Technological MORM 1

parameter 2007 2008 2009 2010 2011
Humidity, % 8,34+0,56 9,17+0.26 9,43+0,38 0,21+0,44 8,92+0,73
Flowability, 125 54* 113.65* 118.95* 123,61 126,44
s/100 g +0,24 +0,33 +0,63 +0,43 +0,73
pBb“'gk/gn%”S'ty 0,214+0,005 | 0,217+0,008| 0,209+0,004  0,212+0,005 23%2.003
Volume Vi cnt 2250405 221,040,5 219,040,5 221.0+0,5 218.0+0,5
Volume Vsgo,cnT 186,5+0,5 183,040,5 181,0+0,5 181,0+0,5 180,040,5
Volume Viso.cnt 177,540,5 178,040,5 1770405 176,0+0.5 173,0+0,5
fr';g'”kage ability) 38 540 5 38,0+0.5 38,0+0.5 40,0+0,5 38,0+0.5
Qfé‘;‘;’g‘re”t densitypo. | ) 53040005 | 1,241£0,007| 1,229+0,006  1,246+0,005 372,006
P, porosity, g/cfl | 0.814+0,007 | 0,825+0,004| 0,830+0,005  0,830+0,003 216,005
P, porosity, g/cri 0,214+0,006 | 0,183+0,007| 0,191+0.004 0,180+0.007 86x0 008

* - only with the powered on vibration motor

Table 4: Results of technological characteristic iearch of meal samples received after the extractiof
the raw material samples of yellow bedstraw, crusteein roll mill 2 times, by the liquefied

difluorochloromethane.

Technological MORM 2
parameter 2007 2008 2009 2010 2011
Humidity, % 8.56+0,33 90.29+0,74 9.13+0,72 9.34+0.17 9,36+0,56
Flowability, 104.36* 109.29* 102.65* 98,74* 101.43*
s/100 g +0,55 +0,32 +0,76 +0,64 +0,27
pB“'g;‘/gne?”S'ty 0,221+0,007 | 0,222+0,008| 0,227+0,004  0,231+0,006 252,004
by
Volume Vi cnt 223.5+0.,5 223.040,5 221.040.5 224.0+0,5 223.0+0,5
Volume Vsgo T 183,0+0,5 184,0+0.5 181,0+0,5 184.0+0,5 183,0+0,5
Volume VizsoCT | 178,040,5 179,0+0.5 176,0+0,5 179.0+0,5 176,040,5
fr';g'”kage ability, | 405405 39,0405 39,0405 40,005 40,0405
Qfé‘;‘;’g‘re”t densityo, | 1 30610005 | 1,3180,007| 1,298:0,008  1,315:0,007 138,004
P, porosity, g/cm | 0.831+0,007 | 0,832+0,002| 0,825+0,005 0,825+0,005 298,007
P, porosity, g/cM | 0.141+0,003 | 0,133+0,004| 0,146+0,006 0,135+0,003 370,004

* - only with the powered on vibration motor
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Figure 2: Fractional composition of

meal samples aording to the years
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Figure 3: The change of bulk density of meal aftethe shrinkage

The meaning of Hausner’s ratio (HR) and Carr’s index (Cl) for the
researched samples of meal
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Figure 4: The meaning of Hausner’s ratio (HR) and @rr’s index (CI) for the researched samples of meal

Table 5: The results of the elemental analysis ofljlow bedstraw raw materials, meal, received aftethe
extraction by the subcritical difluorochloromethaneand also the extract.

2007 2008 2009 2010 2011
Bemet/! R | M | T | R | M | E | R | M| E| R | M| E | R|M]|E
Macroelements, mg/100g

K 1360 | 1400 73 1670 | 1620 | 1100 2pso | 2370 44 2520 | 2370 90 1910 | 1840 68
Na 127 115 8 87 77 12 75 69 17 84 74 9 90 85 13
Ca 230 264 33 350 330 38 420 400 50 £70 590 45 420 380 36
P 100 78 22 90 80 15 100 96 27 140 125 45 93 8z 21
Mg 40 65 12 200 185 10 350 150 20 250 220 18 135 130 12
Si 430 400 80 380 | 30 130 ssp 0 s3p0 100 0 g00 0 sso | 1800 3g0 0 3pp 120
Microelements, mg/100g

Fe 161 | 49 05 | 329 | 128 13 392 | 135 11 22 25 14 114 | 47 0,7
Mn 12 84 11 6 3,5 0,7 12 11 04 3,7 42 03 15 12 0.2
Al 66 45 16 54 8,6 45 42 36 53 37 17 13 23 145 §
Sr 15 12 0,00 | g6t | 036 | 001 033 | 028 | 001 | 74 | o4 | 002 12 11 0,02
Ni 012 | 008 | 005 | g1z | o1z | 007 | o021 | 04 | 013 0 p42 | 015 0,2 022 | 013 | 011
Cu 0.8 0,7 007 1 g15 | o1z | 002 0,6 057 | 006 | o044 | 032 | 015 037 | o210 | 008
Zn 6,3 5.8 0,3 8,0 6,3 1.2 24 18 0.6 0,8 0,7 04 32 2.8 0,5
Co | =003 <003 | <003 | =003 | <003 <003 | «op3 | <003 | <003 | <003 | <003 | <003 | <03 | <003 | <0,03
Mo | <002 | =002 <002 | <002 | <002 | <002 | =002 | <002 | <002 | <002 | <002 | <002 | <op2 | =002 | <002
Pb | =003 | <003 | <003 | =003 | <003 | <003 | <op3 | <003 | <003 | <003 | <003 | <003 | <03 | <003 | <0,03
cd | =001 | <001 | <001 ) <pp1 | <001 | <001 | <001 @ <001 | <001 | <po1 | <001 | <001 | =go1 @ <0p1 | <0,01
As | =001 | <001 | <001 | =po1 | <001 | <001 | <001 @ <001 | <001 | <1 | <001 | <001 | =g01 @ <pp1 | <0,01
Hg | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001
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CONCLUSIONS

At the base of the results of our research and atlsbe base of data which we found in the litegtit was
determined that the factors which significantlyeaff at the technological parameters of meal ofyilow
bedstraw is the humidity, the crushing method of naaterials and the particle size of the researchaitrial.

It has been established that during the calculatibiiR and CI for the researched samples of meal th
generally accepted patterns of flowability are fudftlled.

For the first it was determined the elemental cositmm of meal obtained after extraction of raw enels of
yellow bedstraw by the subcritical difluorochloraimene. It was identified 6 of macro-and 13 microeats,
among which there is the largest number of K, Na, &I, Mg and P. The average content of heavy métal
the extracts is within the MPC. It was establishiedt the processing of raw materials by the subatit
difluorochloromethane virtually has not effect tmelemental composition.

REFERENCES

1. De Smet, PAGM. The Role of Plant-Derived Drugs &fetbal Medicines in Healthcare. Drugs 1997;
54/6: 801-840.

2. De Silva, T. Industrial utilization of medicinalgpits in developing countries. FAO Rome; 1997: 34-44

3. Rosalind S, et al. Improving the bioavailability afitrients in plant foods at the household level.
Proceedings of the Nutrition Society 2006; 65: 11688-

4. Tomlin M. Pharmacology & Pharmacokinetic. A Baseaer. Springer, London; 2010.

5. Zilfikarov IN, et al. Processing of medicinal plarty liquefied gases and supercritical fluids. Ryask;
2007.

6. SV Garna et al.; Optimization of the extractionhtealogy of lipophilic complexes of medicinal plants
(Report 1). The choice of extractant. Zaporozhydioa journal 2010; 3: 92-94.

7. Nenov N, Atanasova T. Energy aspects of methodprfmtucing natural flavors [E. resource]. - Avai&ab
from http://e-xtracts.com/pdf/ExtractumScientifip8f

8. Patent of Ukraine 75923U, .2012, bul. 24/2012.

9. State Pharmacopoeia of Ukraine, State Enterpriggefiific and Expert Pharmacopoeial Centre”, 1st
Edition, RIREH, Kharkiv; 2001.

10. State Pharmacopoeia of Ukraine, State Enterprisgefific and Expert Pharmacopoeial Centre”, 1st
Edition, Suppl. 1, RIREH, Kharkiv; 2004.

11. Hausner, HH. International Journal of Powder Matgl 1967; 3: 7-13.

12. Gibson, M. Pharmaceutical Preformulation and Foathoh: A Practical Guide from Candidate Drug
Selection to Commercial Dosage Form. Boca Rator; €ress; 2001.

13. Demianenko, DV, et al. The study of technologicaiperties of linden inflorescences. News of Phagmac
2009, 3(59): 41-45.

14. Minina, SA and Kaukhova, IE.Chemistry and technglo§ herbal remedies GEOTAR-Media Moscow,
20009.

15. Malashihin, AA. Aminoacid and mineral content ofli@m verum herb. Emergency physician 2009; 11:
C.39-41.

16. Ilyina, TV, et al. Investigation of the elements o of bedstraw. Zaporozhye medical journal 20D8;
142-146.

17. Kashin, VK. Vitally Important Microelements in Tralpaikalian Herbs. Chemistry for Sustainable
Development 2009; 17: 371-381.

18. Vrbni¢anin, S, et al. Heavy metal concentrations in tbhmidant plant species of pasture on mt. Stara
planina. Acta biologica iugoslavica - serija G: &tterbologica 2004; 13/2: 537-544.

*kkkk



