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SUPERCRITICAL CARBON DIOXIDE EXTRACTION OF
MENTHA PIPERITA L. CULTIVATED IN IRAN
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ABSTRACT

The chemical compositions of the essential oil and the volatile concentrate of Mentha piperita L.
(Labiatae) obtained by supercritical carbon dioxide extraction (SFE) at 35°C and 100 atm were
compared using GC/MS. Whereas twenty four components were identified in the essential oil, only
seven compounds, including the main compounds of the peppermint oil were isclated by the SFE.
The percent of major components of the oil and the extract were: Menthol (31.53 and 48.39),
Menthone (23.37 and 26.58) and Isomenthone (11.11 and 6.85), respectively, From these results it
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INTRODUCTION

Herbs are commonly used in folk medicine, as
food and beverage flavoring, and as fragrances n
cosmetic products. In Iran, the genus Mentha
(Labiatag) is represented by M. aguafica, M
pulegium, M. spicata, M. longofolia (with 7
varieties) and M. mozaffariani, where the latter one
is endemic (1), The hybrid Mentha piperita have
been cultivated in Iran.

Peppermint oil is an mmportant raw material for
Mavouring confectionary, liquors, toothpaste and
many other products (2.

Superciitical fluid extraction of essential oils from
vegelable subsiances 15 i principle, an alternative
process with respect lo traditional extraction based
on liguid solvents or distllation methods. SFE is
developing rapidly because of reduced usage of
organic solvents and increased throughpul (via
decreased  extraction  time  and  fewer sample
handling steps). Carbon dioxide 1z probably the
most widely used supercritical fluid because of its
low critical temperature and pressure (31,1°C and
74.% atm), which makes it an ideal solvent for
extraction of thermally labile materials, Also
because carbon dioxide is nontoxic, nonflammable,
it is environmentally preferred  over organic
solvents. Attempts to extract peppermint ail by
SFE have been described by several authors (3-5).
In this stedy, the SFE of Mentha piperita L.
cultivated in southwest of Iran, is reported. The

results are compared with those obtained by
conventional hydrodistillation,

MATERIAL AND METHODS

Plant material

The aerial parts of fully lowered Mentha piperiia
L. which were collected in July 2000 from Fadak
Garden in Dezfool (Province of Khuzestan,
southwest  of Iran), wae identified by local
taxonomist and the Research Institute of Forest and
Rangelands (Tehran, Iran). A wvoucher specimen
was deposiled in the herbarium of Faculty of
Pharmacv, Tehran Medical Sciences University
{Tehran, Iran)., The cssential oil was prepared by
hydrodistillation of the air—dried acrial parts, using
Clevenger type apparatus, The volatile distillate
was dried over anhydrows sodium sulphate and
refrigerated till time of analysis. The yield of the
o1l was 2% wiw,

Reagents

Carbon dioxide of minimum purity 9999 % was
obtained from Sabalan Company (Tehran, Iran).
HPLC grade dichloromethane was purchased from
Aldrich,

FExperimental apperaius

A suprex MPS/225 system (Pittsburg, PA) in the
SFE mode was used for extraction. In this study,
extraction was accomplished by the use of an 8 ml
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volume  extraction vessel  The SFE  extraction
conditions were: Temperature, 35 “C and Pressure,
Lo atm, A Duraflow manval vanable restricter
was vsed in the SFE system to collect the extracted
analvies. The supercritical carbon diexide flow rate
through the restrictor was approximately 0332003
mlaoin, The oil was analyeed by GC/MS on oa
Hewlen-Packard 6390 gas chromatograph coupled
with 2 mass detector (Hewlew-Packard, model
6973 B The column used for oil separation was
a fused silica HF=3 colunm, 30 m x 025 i.d < 032
wi il thickness, The mass spectra were abtained
by electron tonncation at 700 eV, The owven
temperature program was G0 °C (3 nun) 1sotherms,
and then 1o 2300 °C at 5 “Cimin, the injector
temiperature was 230 °C. The carrier gas (Helum)
New rate was | omlin, The sample (1 pl) was
mected with a sphite rate of 1710, The compounds
were dentified by companson of their retention
e and  oretention indices with authentic
crunpounds and with data i the lileratures (63, as
well as therr mass (ragmentations with authentic or

published data (7-8).

Supercritical flurd extraction (SFE)

Exactly 2.0000 g of powdered plant material was
weighted and filled into the extraction vessel. The
plant was then extracted with supercritical carbon
dioxide under the above conditions, The extracted
analvtes were collected in 3 ml dichloromethans
a3 ml volumetric Aask. The final volume of the
extract was adjusted to 5 ml with dichloromethane,

RESULTS AND DISCUSSIONS

The constituents of the hydrodistillation essential
oil and the supercrnitical Muid extract are shown m
Table 1.

Twenty four compuoinds which represented about
99 (9%, of the total composition ol the essential oil
were  identified. The major  constituents  were
menthol  (31.53%),  menthone (23 37%). iso-
menthone  (11.11%), 1. 8-Cingol  (10.67%).
pulegone (4.90%). menthyl acetate (3.52%), f-
carvophyllene  (2.65%)  and  gormacrene-D
{2.32%).

Table 1. Constituents of the essential oil and the supercritical flwid extraction of Mentha piperita L.

Feak
\:ik | Compaund Essential o1l SFE Retentian indice
| n-Priene 1.79 B 935
E 2 _ St .43 --- L
i [ pPnene ) 1.79 i 974
[ | Myeene I8 | e | L. 2
| 5 [e=Toerpnene (.37 - 1012
| & | 1B Cinedl 10.67 632 1023
7 y-Terpinens 065 = | 1035 |
# Sabinene hvdrate 046 --- 1030 |
— 9 | Linaloal (3% TIOR8
0 - Menthone 22.37 20 0B 1139
L ] Tsomenthone i (.85 AL
i3 tenthol 31,53 48.39 T 1171
FE P-mdenham-3-ul (1.34 --- L1735
14 =T erpineasl 1.02 - 1 178
13 Pulegomne 440 - 1235
16| Piperitsoe 077 o 1241
17 Menihvl scetate 3.52 2.52 | 1301
RE [FBowbonene .39 - --- - 1386
14 [i-Carvophyllene 265 4.03 14z
21 [i-Farnesens | 0 4 e 1448 i)
21 Ciermacrene=1d | 232 510 1450
T 27 | Genmacrene—l3 0.27 B - 1492
b 2 {_‘-:;ri.'t'.-phx-l lene cade 0.17 --- 1575 |
[ 24 Wiridilloro] 0.84 o | 350 |

In a previous work, pressure about 90 bar and
lemperature within the limits of 40 "C have been
recommended for the extraction of essential oils
witl  supereritical carbon  dioxide, since  their

solubility are sufficient at this conditions, but
solubility af atty cils, resing and waxes present in
the plant material are neghzible (4. The operating
conditions in present study were: T=35 "C and
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P=100h atm. By employing these conditions, SFE
extracted only 7 compounds, representing 99 999
of the total extract compositions. While these
components were also appeared in the
hvdredistillation essential ail, the percentages of
some of them were higher Menthol (48 39%),
Menthone (26 83%),  [—Carvophyllene  (4.05%)
and Ciermacrene—[3 (3 19%,),

Barton et al wsed a smple slage precipitation
process and found optimum extraction condilions
af 10-100 bar and 34 "C, which corresponds o
carbon dioide densities of ~0.7 gfml (3), They
concluded that peppermint steam distilled oil and
the SFE ail possessed a very similar composition,
The SFE process of peppermint cssential  oil
mvolving the fractional separation of the cxiract in
two zeparators i series was studied by Reverchon
et al (41 They Tound that the fractional separatiom
viclded  pepperming ail that did not contain any
undesirable materals, although, an extraction at P
SO bar and T 5070 was optimum for minnmizing
the  coextraction  of  unwanted  compounds.
Aleksovskr et al (3) studied the extraction of
peppermint ml with supercritical carbon diosidz at
9-12 Mpa and 25-30 °C. Rate of cxtraction was
dependent  on the  extraction  pressure  and
temperature and on the amount of carbon dioxide
passed through the extractor. Using analyucal GC
and  GC/MS  technique,  they  compared  these
estracts with the peppermint oil obtained by

hvdrodistillation. The  mamn componenis werg
menthol,  menthane,  menthy]  acetale and
menthofuran.  They  concluded  that only  miner
differences in the  essemtial  oil  composition
between the extracts and the distullate were Tound
and the extraction condition had no effect on the
oil composition {5

In the present investigation, whereas the content of
monolerpene hydrocarbons in the essenual ol was
3.21%, SFE product did not contain anv of these
hydrocarbon  compounds  ebtained by hyvdro-
distillation.

Menthane  structures  constilwted  the  highest
proportion of both the distilled il and the SFE
extract; 88,25 and 90.67%, respectively

The above resulls mdicate that the SFE process
produced a selective extract containing only the
compounds  responsible o the  peppermint "oil
specilic aroma,

This feature can be considersd as a commercial
advantage of this process (10) because of the
quality of the aromatic profile of the cxiracts
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