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Scientific background and the aims of the study

In the last few years, the demand on the extrdatatoiral origin being free from organic
solvents has become more and more conspicuous;ia$pén the food, pharmaceutical and
cosmetic industries. Plant extracts and volatile produced by traditional extraction methods
have been utilized by the pharmaceutical industryttie production of several medicines and
other healing preparations, while by the food indué the form of spices extracts, natural
antioxidants or natural colouring agents. Converdi@xtracts are also applied by the cosmetic,
perfume and household chemical industry, espedialhyatural cosmetics and in perfumes. The
actual strict legal requirements declare that pdaititacts used in foods, medicines and cosmetics
must not contain organic solvent residue.

Supercritical fluid extraction (SFE) has alreaddeb applied in several fields of food
industry, for example in decaffeination of coffeeio production of hop and other flavouring
extracts. Its comprehensive utilization became iptssbecause of the well regulated extraction
temperature and pressure, both promoting selegctivit

Beside the traditional extraction methods, SFE/iges proper opportunity for extracting
several active substances of plants. Solvent pawerselectivity in supercritical fluid state can
be modified by choosing adequate pressure andhioperture values as well as by applying
entrainers (co-solvents). By using well-selectedrastion parameters, only the desired
compounds dissolve from plant materials. The ektodtained does not contain residues of
solvents or other contaminants. Due to these festuhe final product including SFE extract
represents a higher quality as well as a higheketaalue.

The more and more extensive use of SFE can be mproyedhe increasing number of
publications appeared, concerning this researdti, fie Science Direct database from 1990 till
now (33 000<). Similar tendencies of developmem ba experienced regarding industrial
application, too.

Main objectives of my research work were the foiloys:

» determination of optimal SFE extraction parametéextraction pressure,
temperature, time and modifier %) concerning vitdatand non-volatile
substances of the drugs produced by species ofsielected generaMelissa,
Ocimum, ThymuandSatureja -belonging to thé.amiaceadamily.

» establishment of quality and quantity of extraditamed.

 Comparison of extract yield and composition obtdiney SFE and by
conventional methods.

During literature review, in some cases, relevamblipations have not been found,

consequently we have investigated first the pakofithis extraction method at certain species.



Material and methods
Plant material
Plant materials grown at the Experimental StatibrSoroksar, Budapest (2006-2008)
were used in our SFE investigations, with the ettoapof lemon balm, where a commercial
source was available. The flowering shoots of glavere harvested and dried in shade, in order
to obtain specific drugs. Further information camogg plant materials can be foundTiable 1

Pulverization of drugs was carried out directlydrefSFE and conventional extraction methods.

Table 1: Origin, year of collection and main charateristics of the drugs of species investigated

Species Origin Year of Drug specifications
P 9 collection (according to Ph.Hg.VIll, 2004)
. S Herbaria Zrt. Melissae foliunPh.Hg.VIII.
Melissa officinalis Hungarian cultivated population 2007 Dried, crumbled
Soroksar Experimental Station Basilici herba
Ocimum basilicum of BCE 2006 (MSZ 20687:1985)
Cultivated variety: 'Al’ Dried, crumbled

Saturejae herba
(MSZ 20047:1984)
Dried, crumbled

Soroksar Experimental Station
Satureja hortensis of BCE 2006
Cultivated population

Soroksar Experimental Station
Satureja montana of BCE 2007
Cultivated variety: 'Bokroska’

Soroksar Experimental Station
. of BCE Thymi pannonici herba
Thymus pannonicus Cultivated population 2008 Dried

(wild origin of Ceglédbercel)
Soroksar Experimental Station
of BCE 2006 Thymi herbaPh.Hg.VIII.
Cultivated population Dried, crumbled
(origin of Kalocsa)

Saturejae montanae herba
Dried, crumbled

Thymusvulgaris

Method of hydro-distillation

The hydro-distillation was carried out with a Clager-type apparatus, according to the
Ph. Hg. VII. (1986). Drug quantity of 20 g was usidvas distilled with 500 ml of water for 3
hours. The amount of essential oil obtained wasesged in mL/100 g calculated on the basis of
dry matter content. For the sake of the compatalwf essential oil contents (mL/100g=V/m%)
with SFE yields (g/100g=m/m%), specific gravitydg¥) of volatile oils was used to convert the

essential oil content to m/m%o.

Method of supercritical fluid extraction (SFE)
Our experiments were performed in lggo SFX 2-10™type (ISCO, Lincoln, Nevada,

USA) laboratory scale extractor equipped withlsoo Model 260 Dpump filled with CQ.



Second 260 D pump filled with modifier solvent wased when non volatile substances were
extracted. The extraction was carried out with wradlly pure (99,995 %) carbon dioxide
(Linde, Répcelak), at constant pressure mode wloewn fate has changed around 1.2 ml/min.
Approximately, 3.5-5.0 g dried, pulverized drug wasighed for extraction tests. The ratio of
co-solvent (MeOH %) was also programmed by usimgang valve supplying modified fluid
solvent passing toward the extractor space.

During optimization of extraction parameters adddstseparately, one was tested
(extraction pressure, time or temperature), whike ather two parameters were set as constant.
In the course of theressure optimization experiment of volatile fracton, pressure values
were varied between 8 and 30 MPéincreasing stepwise by 1 MPa) by setting cons4@fiC
and 30 min. In order to find the most approprate&action time, 10, 20, 30, 40, 50 and 60 min
extraction periods were tested by using constanMB& and 40°C. When determining the
optimal as well as harmlessxtraction temperature applying 30, 35, 40, 45 and0 °C,
constant pressure of 10 MPa and time of 30 mare set. When studying the yields and
proportions of the extractable non-volatile compisjnSFE was performed either by fluid
carbon dioxide or by using modifier. In the formmase, the effect oéxtraction pressure
between30-50 MPawas tested, while in the latter case tenbined effects ofpressure (30,

40 or 50 MPa) and modifier ratio (methanol: 5-50 %)were evaluated (methanol of HPLC
purity, Merck, Germany). Extraction tests werefgened in four replicates, then average
values were calculated and compared.

Extracts obtained by SFE-G@xtraction were dissolved in 4 ml n-hexane (puafy
HPLC, Merck, Germany). Solvent was evaporated atréemperature and extracts were stored
in refrigerator before analysis. The extract yieldsre expressed in m/m % calculated on the
basis of dry mass of the drug. Later on, dilutettaexts were subjected to gas chromatographic

analysis.

Method of Soxhlet extraction

Accurately measured 1 g of dry, homogenized anddeogd plant material was boiled
with 25 ml ethanol for 6 hours, thereafter the solvwas evaporated in vacuum. After had
calculated the extract yields, samples were andlipggeHPLC method of gradient elution. These
extracts served as controls to the SFE extractsonfvolatile compounds. The extract yields

were given in m/m % (DW).



Method of gas-chromatographic analysis

The compositions of the volatile oil rich extracamd distilled volatile oils were
determined by gas chromatographic method (GC-FIbg distilled volatile oils were directly
injected to the colonna, while SFE-extracts weleated with 0,1 ml n-hexane (HPLC pure,
Merck, Germany) before analysis.

A GC 6890 N (Agilent Technologies, United Stateay ghromatographic system was

applied._Gas chromatographic circumstances wefellasvs: injector temperature: 250 °C, split

ratio: 30:1, injection: automata injector 7683B {l&gt Technologies, United States), injected
amount: 0.2ul (in 10 % n-hexane solution), carrier gas: heli(limde, Répcelak), flow rate: 1
ml/min (constant), colonna: HP-5 (5 % phenyl-metsijdxane) (length: 30 m, d= 250n, film
thickness: 0,2mm), temperature programme: 60-240 °C: 3 °C/min, @¥06 min, detection: at
250 °C, with flame ionization detector (FID).

Identificacion of the compounds of SFE-extracts aiddistilled oils was done by

comparing their retention times and retention iadito those of the standards.

Method of HPLC analysis

SFE fractions rich in non-volatile (phenolic aniiettpenic) compounds were analysed by
HPLC (High Performance Liquid Chromatography) methd\fter diluting, cleaning and
filtering (MILEX SLCR 013NL type (Millipore, UnitedStates), 2Qul was injected into the
system from each supercritical samples.

Operating circumstances of HPLC (Waters, UnitedteS)a Waters 717 plus type

automata injector, Waters 1252 type pump, Wate8 2¢pe absorbancy detector (wavelength:
A=350 nm), flow rate: 1 ml/min. Chromatographic aimstances: colonn@YMMETRY RP
C18 (5um, 4.6 x 150 mm) (Waters, United States), mobilggh&.5 % acetic acid (dissolved in
350 ml micro prefiltered water); MeOH (50 ml); ameitril (100 ml) (Merck, Germany), elution:

gradient. Identification of the compounds was doyeising standards and retention times.

Method of statistical analysis

Data obtained in 4 repetition, were entried by gdwicrosoft Office Excel 2003, while
their statistical analyses were performed by Stedis3.0.

Effects of the extraction parameters (pressurepézature, time and ratio of modifier) on
the yield and proportion of the main compounds vest@uated by one-way analysis of variance
(ANOVA). The significance level was 95 % in all eagp<0.05).



New scientific results

The most important outcomes obtained by taxa casubemnarized as follows:

In our experiments, the amount and compositionupiescritical extracts of six species
belonging to the.amiaceadamily were analysed in details, in order to deii@e the effects of
extraction parameters investigated — extractiorsquee, temperature, time and ratio of the
modifier - on the quality as well as on the promoriof certain compounds within the extracts.

Melissa officinalis

As a result of the pressure optimization experimgntas established that the ratiofsf
caryophyllene within the essntial oil rich fractiohMelissae foliumwas the highest at 13 MPa,
while the proportion of other important compoundastrénellal, caryophyllene oxide and
geranial) was outstanding at 17 MPa or higher presgalues.

In the pressure optimalization of non-volatile fran, the effect of pressure on the yield
was statistically proven (p=0.000383). 31 MPa hlagen considered as optimal value from the
point of view of yield (0.27 %). It was establishdtht the pressure of 40 MPa resulted in the
highest amount of rosmarinic acid (0.54 %), while highest ursolic acid ratio (38.64 %) could
have been measured at 45 MPa. By using 20 % médtimaodifier at 40 MPa, outstanding
amount of rosmarinic acid (19.93 %) have been tedecEriodictiol and luteolin were also
identified in the supercritical extracts. The lattee have been appeared in the extracts made
with or without modifier, however, the highest poofoon (4.08 %) have been reached at
pressure of 50 MPa and 40 % methanol modifier.

Ocimum basilicum

The amount of the volatile-rich extract Bésilici herbawas proven to be optimal (0,44
%) at the extraction pressure of 15 MPa. The etitnagield and the volatile compaosition could
be influenced by the duration of the extraction. Wé&e found that the 40 minutes’ extraction
resulted in 50 % higher yield (0.33 %) than thend@utes’ one, recommended by the literature.
Extraction possibilities of phenolic compounds abib by SFE method were investigated for the
first time in our experiments. The extract yieldtloé non-volatile fraction of basil was found to
be optimal (0,71 %) at the pressure value of 40 Meen using SFE-C{as a solvent. In these
SFE extracts outstanding amounts of phenoloids haee detected at certain pressure values as
follows: rutin (35 and 45 MPa), chlorogenic acicb (MPa), apigenin (50 MPa), apigenin-7-
glycosid (35 MPa) and eryodictiol (45 MPa). Thehagt proportion (29,31 %) of luteolin have
been measured at the pressure of 45 MPa. The cedhlaffect of extraction pressure and



modifier on the yield was verified by ANOVA. In th8FE extracts produced by adding
methanol modifier, apigenin, apigenin-7-glycosid@eyodyctiol as well as ursolic acid were
revealed. The amount of luteolin did not changeghificantly, comparing its highest ratio
(27,85 %: 40 MPa+40 % methanol) to those of the-SEE extracts.

Satureja hortensis

During extraction pressure optimization of theatidé fraction ofSaturejae herbavith
SFE-CQ, 27 MPa was proven to be optimal, resulted inhighest extract yield (0,78 %). The
effect of the extraction pressure on the most itgmrcompound, carvacrol, was supported by
statistical data. Besides, it has been verified tina extraction temperature of 3G resulted in
the highest extract yield (0.37 %), as well ashi@ highest proportion ofterpinene (16.70 %).
However, the most important volatile compounds hedc their maximal ratio at 40C
(carvacrol: 75.37 %) and at 3& (p-cymene: 10.00 %), respectively. Regarding fprammeter,
even the 15 minutes’ extraction resulted in optityiald (0.34 %), while the highest ratio of
carvacrol has been reached at 30 min. The effetwtnef modification on the yield was found to
be significant.

When extracting the non-volatile fraction of savowith SFE-CQ, the extraction
pressure of 39 MPa was found to be optimal conogrextract yield (0.71 %). The effect of
pressure modification on the yield was verifiedtisteally. In these extracts, eryodictiol and
ursolic acid have been identified for the first@éinWith the addition of methanol modifier, as it
was expected, higher extract yield have been ofdaat 40 and 50 MPa (0.65 % and 0.63 %,
respectively), than with fluid CQextraction. The collective effect of pressure amadifier on
ursolic acid content was significant. It was alstablished that it worth utilizing lower pressure

values with higher modifier ratio and vice versa.

Satureja montana

The significant effect of the extraction pressasewell as the extracion time on the yield
of volatile fraction ofSaturajea montanae herbwas confirmed. When analysing the results of
the extraction time and temperature optimizatiopegxnents, it was proven that the change of
these parameters had significant effect on thegtmm of certain compounds (extraction time
on thymol,B-bisabolen and linalool; extraction temperaturelinalool). In our experiment, the
extraction temperature of 4% was found to be optimal, concerning extract yigid/olatiles
(0.93 %). However, the highest ratio of carvacrotl af p-cymene have been revealed at

different values (at 40 and at 8Q, respectively). Regarding extraction time, thé&rogl yield



of volatile fraction have been obtained during 3Butes, however, in the case of geraniol and
of carvacrol, another value (15 min) was consid¢odok the most appropriate.

When investigating the effects of the pressure lmn rion-volatile fraction of winter
savory, the following results have been obtaineith fluid carbon dioxide, the extract yield was
optimal at 36 MPa and the pressure had signifiedfgct on extract yield. In the SFE-GO
extract, rutin, luteolin as well as rosmarinic acigre detected for the first time in our
experiments. The pressure of 40 MPa with 50 % nmeth@odifier was determined as extraction
optimum. The effects of both pressure and modtigre found to be significant. By adding co-
solvent, rutin, quercitrin, apigenin, luteolin agdercetin have been identified in the extracts,

proportion of which sometimes exceeded even thbgedSoxhlet extracts.

Thymus pannonicus

Regarding this species, all the results obtaimedur studies can be considered as new,
because no SFE research have been conducted migvayuthe SFE extraction of its herba
drug.

Considering the data obtained during SFE;@&traction of volatile fraction, it has been
proven that the effect of pressure on the yield stasistically significant. Extract yield at 13
MPa was found to be optimal, however, the highespgtion of thymol (60.47 %) were
obtained at 19 MPa. In the case of the thymol medther, the highest level (7.52 %) could be
measured at 12 MPa, while the optimal levepdiisabolene was isolated by 28 MPa. During
testing temperature parameter it has been estatllidtat the best result for extract yield was
achieved at 50C, while the ratio of thymol was the highest at°’@5 The effect of the extraction
temperature was statistically proven only on thepprtion of geraniol and on the ratio of
spathulenol. Among temperature values investigatied, 50 minutes’ extraction resulted in
optimal yield (0.18 %). The proportion of thymohahed its maximum at 35 minutes, while the
highest ratio off3-bisabolene could have been detected after a lQiteshextraction. The
significant effect of the extraction time was proven the extract yield and on the ratio of
thymol, either.

After analysing the results of the investigatiohsi@n-volatile fraction obtained by SFE-
CO,, it was established that the optimal pressure waliB&, from the point of view of extract
yield. In SFE-CQ extracts, luteolin was detected for the first timéth an outstanding value
obtained at 50 MPa. This compound was absent flbtheaSoxhlet-extracts. According to our
results obtained, it could be determined that tteckeof pressure on the yield of non-volatile
fraction was significant. It have been proven, thatextraction using 20-40 % of modifier at 40
MPa pressure resulted in the optimal extract y{@d9-2.21 %). Similarly to the SFE-GO



experiment of non-volatile compounds, samples abthiby modifier contained significant

amount of luteolin.

Thymus vulgaris

From the point of view of yield, the significarffext of the extraction pressure and time
on volatile fraction extracted by SFE-g€buld have been confirmed. It was also proventtieat
extraction temperature of 5& resulted in the highest extract yield (0.99 %d)jlevthymol and
carvacrol reached their highest proportion at 4D within the volatile fraction. It was
established, that the 60 minutes extraction time w@timal regarding either the extract yield
(1.04 %), or the ratio of thymol (67.49 %) and afwacrol (5.48 %).

When extracting non-volatile fraction by SFE-£@ressure range of 34-38 MPa was
regarded as optimal. It was verified, that extactvith modifier resulted in the highest yields at
50 MPa by adding 25-35 % of methanol entrainer.r@eten — with or without modifier — was

generally present in garden thyme extracts in antBhg amount.



Conclusions and recommendations

Significant differences have been experienced, wdugrercritical extracts of six species
belonging to theLamiaceaefamily were compared with those obtained subsettyday the
conventional extraction methods (Clevenger typdliditon, Soxhlet extraction). The primary
reason of differences between volatile-rich extrastthe high temperature of hydro-distillation
(about 100°C), because the possibility of formation of artéfaincreases at this temperature.
Moreover, the thermally unstable compounds may dghage or transform to undesirable
structures. In the case of traditional Soxhletawtion applied to extract the non-volatile, polar
substances of higher molecular weight, extractemperature as well as solvents with distinct
polarity and solvent power cause differences aspawed to SFE. We expected the same as it is
known from the literature that the composition OFES extracts is more similar to the
composition existing in the corresponding plantd drugs than in the extracts obtained by other
extraction methods. This phenomenon can be prediotd of all in the case of volatile oil rich

extracts, which can be produced by fluid carboxidi® having low critical temperature solvent.

Conclusions drawn from our results regarding sopecies examined can be summarized as
follows:

-two main compounds of the volatile rich SFE extrat Melissa officinalis citronellal and
geranial can be obtained with optimal amount byhgisl3-14 MPa and 17 MPa extraction
pressures, respectively (at 40 and during 30 min). From non-volatile compoungsplic acid
can be extracted successfully by SFE,C®owever, in the case of caffeic acid, Soxhlet
extraction can be suggested instead. For the ¢tnaof rosmarinic acid, luteolin and
eryodictyol, the appropriate method is superciitiicad extraction using modifier.

-in the course of the SFE-G@xtraction of the volatiles ddcimum basilicumgptimal linalool

ratio can be achieved at 18 MPa extraction pres80r&C temperature and 15 min, while that of
the estragol can be realized by setting 11 MPa4310c and 60 min. The best choice of the
extraction of rutin and rosmarinic acid can be Jeixaxtraction, while luteolin, ursolic acid and
apigenin can be efficiently extracted by SFE-C®he latter method by adding modifier is

adequate when apigenin-7-glycoside and eryodyatmthe subjects of extraction.

-during SFE-CQextraction of volatile fraction o$atureja hortensis;arvacrol rich extract can
be obtained at 13-14 MPa extraction pressure, &C48xtraction temperature during 30 min.

Rutin, luteolin and rosmarinic acid can be effeelyvretrieved by fluid carbon dioxide in



appropriate amount, while in the case of apigemuercetin and quercitrin, modifier is necessary
to attain considerable rates. Satisfactory yielti<aifeic acid and chlorogenic acid can be
obtained only by Soxhlet extraction.

-SFE was proven to be an effective method for efitrg essential oil compounds from the drug
of Thymus pannonicushymol reached the optimal ratio at 19 MPa, at@%and 35 min, while
B-bisabolene at 28 MPa, 6C and 10 min, respectively. For the extractionutédlin, caffeic
acid and apigenin, Soxhlet extraction was the naftient method. Fluid extraction with
modifier can be proposed for extracting luteoliaffeic acid as well as apigenin.

-SFE-CQ extraction was prosperous in obtaining thymol-riablatile fraction of Thymus
vulgaris at 18 MPa, 40C and 60 min. In the case of luteolin, rosmarirs@and quercetin,
utilization of SFE with methanol modifier is recoranded. However, rutin, caffeic acid and
chlorogenic acid should be extracted by the trad#i Soxhlet extraction, resulting appropriate

extract yields.

We consider that important results have been oddain our experiments, where the
following active substances with remarkable theusipeeffects were successfully extracted by
SFE with or without modifier:

- rosmarinic acid from phenolic acid group

- flavonoids: apigenin and its glycosides, quencahd luteolin

- ursolic acid of triterpenic structure

We have established that the optimal parametengetds and of certain compounds
usually do not coincide, however, certain extracparameters can be selected, resulting in the
increase of the ratio of some compounds. This pdsgihas occurred especially in the case of
phenolic monoterpenes (thymol and carvacrol) inedlin volatile fraction of thyme an savory
species, though, proportion of other important atiencompounds (e.g. linalool at basil) could
also be augmented.

During our experiments, four parallel samples ha@en prepared at the same extraction
parameters. In our opinion, it is worth increasthg number of repetitions or determining the
least sample number with acceptable level of vagain some cases, the low sample volume

can also be the origin of faults, therefore, adargrale extraction would be reasonable to solve



the problem. Literature data are not consisterdindigg particle size: its optimization can also

be a purpose of further studies, either on yieldsnocertain compounds.

Our results obtained by an analytical scale extraéh some cases only indicate the
presence of volatile or non-volatile compoundslanpsources, expressed in GC/HPLC area %.
A more exact evaluation would be possible afteargdr scale extraction of drugs of the species
involved, when significant plants sources of effeetcompounds could have been selected for

industrial (food, cosmetically and household chef)iand for therapeutic application.

Furthermore, it should be emphasized, that SFE odeginovides an opportunity to the
application of solvent free plant extracts produbgdenvironmentally friendly methods in more
and more industrial sectors and also in househaltisre the utilization of safe and harmless

products are of increasing importance.
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