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ABSTRACT

The essentia oil of aMentha spicata L. (collected from Algeria) was ex-
tracted by hydrodistillation and solid phase micro-extraction (SPME). The
oils have been studied by GC and GC-MS. Thirty seven compoundsiden-
tified in the aerial parts oil extracted by hydrodistillation, the principal
components being carvone (48.42%), eucalyptol (17.6%) and neoiso-
dehydrocarveol acetate (11.7%). On the other hand, the oil extracted by
SPME showed euca yptol (55.1%) asthe principal component with moder-
ate amounts of carvone (7.2%), (Z)-dehydro-carvone (4.3%), cis-carveol
(3.9%) and carvacrol (3.0%). In addition, it should be noted that 11 com-
poundsidentified only in the volatile fractions extracted using HS-SPME
and not indentified in essential oils. Isolated essential oil was tested for
radical-scavenging ability using the stable DPPH radical assay, which
showed concentration-dependant antiradical activities, i.e. a percent of
inhibition of 52.21% in the presence of 12.6 mg/mL.
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INTRODUCTION

MenthaisawdI-known genus(family Lamiaceae)
for medicina and aromatic value. Thegenus Mentha
includes 25-30 species that growin the temperate re-
gionsof Eurasia, Australiaand South Africa¥. These
species showed considerablechemica diversityines-
sentia oil composition.Thegenusisunder cultivation
fromtropical to temperateclimate of America, Europe,

China, Brazil, India, etc?. M. spicata L. isacreeping
rhizomatous, glabrousand perennid herb withastrong
aromatic odor. Theoil of M. spicataisrichincarvone
and presents a characteristic spearmint odor®. The
species hasbeen found useful asdigestive and gastro-
stimulant. Leaves are popularly used asteaflavouring
agent, whileherbalist useswholeplant ascarminative.
Thefresh and dried plantsand their essential oilsare
widely used infood, cosmetic, confectionary, chewing
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gum, toothpaste and pharmaceutica industries®. The
essential oil of M. spicata showed strong insecticidal
and mutagenic activity!®. Different chemotypesarechar-
acterized by distinct smelsand bioactivities, indicating
different usesinaromaticand medicina industries™. For
instance, European enjoy carvone-scent, while Chinese
prefer menthol-scent’®. Mentha L. accessions from
different geographica populationgeneraly show numer-
ousvariationsintheessentia oil propertied®d. Severa
chemotypesare observed in Mentha from various|o-
cations. For example, four chemotypes of M. spicata
arefound in Greece, characterized by the dominant
occurrence of linalool, carvone/dihydrocarvone,
pi peritone oxide/piperitetone oxide, and menthone/
isomenthone/pul egone, respectively®9, Althoughthe
genus Mentha hasbeenwiddy studiedno investigations
have been performed ontheentireset of flavour volatiles
of M. spicata. We have applied the headspace solid
phase micro extraction (HS-SPME) and
hydrodistillation extraction (HD) to extract thearoma
volatilesof Algerian M. spicata beforeanaysis. Briefly,
theHS-SPME isused for theextraction of volatilecom-
pounds by the use of afused silicafibre coated with
different stationary phases. Thisisacommon technique
to evd uatetheflavour compoundsof variousfoodssuch
asvegetables, fruits, juices, soft drinksor a coholic bev-
erages asrecently reviewed from*¥. Tothebest of our
knowledge, no studies have been published onthe char-
acterization of Algerian Mentha spicata aromacom-
poundswith SPME.In this paper, wereport onthees-
sentid oil composition of M. spicata, growinginAlge-
ria, extracted by hydrodistillation (HD) and solid phase
micro-extraction (SPME) followed by GC-M Sanaly-
sisto obtain themost complete profile and get abetter
knowledge of components. Thefina objectiveof the
present study isto assessthe antioxidant activity of es-
sentid oil.

MATERIALSAND METHODS

Plant material and oil isolation

Mentha spicata L. wascollectedinMai 2011 from
Beloul 40km far from Saida (868 (m), 34° 502 003
N, 0° 092 003 E)inthe west northern region of Al-
geria. Voucher specimen wasidentified by Pr Nouri
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of Tlemcen, Algeriaand deposited in theinstitutional
herbarium. The plantswere cut at ground surfaceand
taken to laboratory to extract essential oil. Chopped
plantswere used fresh for determination of essentid oil
content by hydrodistillation method using Clevenger-
type apparatus at 60°C for 3 h. The essential oil was
dried with anhydrous sodium sul phate, stored at 4°C
and usedfor GC-MSandysis. Theessentid oil content
(%) was determined on fresh weight basisasan aver-
ageof threesamples.

Gaschromatography analysis(GC)

GC analysiswas performed using a Perkin-Elmer
Clarus 600 GC apparatus (Walhton, MA, USA)
equipped withasingleinjector and two flameionization
detectors (FID). Theandysiswascarried out using two
fused slicacapillary columns (60 m; 0.22 mmi.d.; film
thickness0.25 um) with different stationary phases: Rtx-
1 (polydimethylsiloxane) and Rtx-Wax (polyethylene
glycol). Theoperating conditionswereasfollows: In-
jector and detector temperatureswere maintained at
280°C. Helium was used as carrier gas (1mL/min), the
injectionvolumewasO0,1 uL, split ratio was adjusted at
180, theoventemperaturewas programmed from 60°C
t0 230°C at the rate of 2°C/min and then held isother-
mally at 230°C for 30 min.

Gaschromatogr aphy-massspectrometry analysis
(GC-MY9)

Theoilswereinvestigated using aPerkin EImer
Turbo Massquadrupole andyzer, directly coupledtoa
Perkin Elmer Autosystem XL equipped with two fused-
silicacapillary columns (60 m x 0.22 mm, film thick-
ness0.25 um), Rtx-1 (polydimethylsiloxane) and Rtx-
Wax (polyethyleneglycoal). Other GC conditionswere
the sameas described above. lon source temperature:
150°C; energy ionization: 70 eV; electron ionization
mass spectrawere acquired with amassrangeof 35—
350 Da; scan mass: 1s. Oil injected volume: 0.1 pL.

HS-SPM E conditions

The aerial parts of M. spicata were cut roughly
with scissors(1- 2 cmlong) before subjectionto HS-
SPME. The SPME device (Supelco) coated with
divinylbenzene/carboxen/polydimethylsiloxane (DVB/
CAR/PDMS, 30 um) was used for extraction of the
plant volatiles. Optimization of conditionswascarried
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out using fresh aerialparts of theplant (1 gina20 mL
vial) and based on the number and the sum of total

peak areas measured on GC-FID. Temperature, equili-
bration timeand extraction timeweresd ected after nine
experiments combining four temperatures (30, 50, 70
and 90°C), four equilibration times (20, 40, 60 and 80
min) and three extraction times (15, 30 and 45 min).
After sampling, SPME fibrewasinserted into the GC
and GC-M Sinjection portsfor desorption of volatile
components (5min), both using the splitlessinjection
mode. Before sampling, each fibrewas reconditioned
for 5mininthe GCinjection port at 260°C. HS-SPME
and subsequent analyseswere performed intriplicate.

Component identification

Theidentification of the oil componentswas per-
formed by their retention indices (RI), authentic refer-
ence compounds, pesk matching library search, aswell
as published mass spectrad4, Retention indices
werecal culated using an n-akaneseries (C7—C25) un-
der the same GC conditions as for the samples. The
relaiveamount (%) of individua componentsof theoil
isexpressed as percent peak arearelativeto total peak
areafrom the GC/FID anayses of thewhol e extracts.

Deter mination of antioxidant activity
Theantioxidant activity of the sampleswas deter-
mined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging™. Intest tubes, 0.25 mL of DPPH
0.8 mM in MeOH was added to accurately weighed

aiquotsof theextractsdissolvedin3.75mL of MeOH,
corresponding to concentration ranges of extract be-
tween 0.01to 0.2 mg/mL. After mixing, the samples
were maintained inthe dark, at room temperaturefor
30 min. Theabsorbanceat 517 nm was measured us-
ing aU.V/VIS Spectrophotometer (Optizen POP)and
compared with acontrol without extract. A blank was
prepared for each sample using methanol instead of the
DPPH solution. Ascorbic acid was used asreference
compound. Antioxidant activity was expressed asa
percent inhibition of DPPH radicd, and cd culated from
theequation:

Scavenging activity (%) = 100.

Abscontrol — Abs sample / Abs control

IC,, valueswere determined from the plotted graphs
of scavenging activity against the concentration of the
extracts. Thesevauesaredefined asinhibitory con-
centration of the extract necessary to decreasetheini-
tial DPPH radical concentration by 50% and are ex-
pressed inmg/mL. Triplicate measurementswere car-
ried out.

RESULTSAND DISCUSSION

Theaeria partsof M. spicatayielded 1,27+0,02%
(w/w) (calculated onadry weight basis) of apale-green-
ishoil. Thecomponentsidentified from M. spicataail,
their retention indices and their percentage composi-
tionaresummarizedin TABLE 1 whereall the com-

TABLE 1: Volatilecompoundsidentified in M. spicatausing HS-SPM E and hydr odistillation.

N° Compounds® RI., RIS RI,Y HD SPME | dentification®
1 3-methyl 1-Butanol 717 710 / - 0.3 RI. MS. Ref.1
2 Hexand 780 772 / - 0.2 RI. MS. Ref.1
3 Heptand 876 878 1187 tr 0.2 RI. MS

4  a-Thujene 922 924 1023 0.5 0.4 RI. MS

5 a- Pinene 931 932 / - 2.6 RI. MS

6 6-methyl-3-Heptanone 935 937 1320 - 0.3 RI. MS. Ref.1
7 Camphene 943 945 1069 0.7 0.2 RI. MS

8 6-Methylhept-5-en-2-one 946 952 / - 0.4 RI. MS

9 Sabinene 964 967 1122 - 1.6 RI. MS

10 p-pinene 970 972 1112 1.0 1.0 RI. MS

11 3-Octanol 986 981 1387 14 34 RI. MS
12 Myrcene 979 981 1160 0.9 0.5 RI. MS

13 3-methyl butylIsobutyrate 994 994 / - 0.5 RI. MS. Ref.1
14 o-Phéelandrene 997 1006 / 0.3 RI. MS

15 a-Terpinene 1008 1011 1180 - 15 RI. MS

16 p-Cymene 1011 1014 1268 0.1 - RI. MS

17 Eucalyptol 1020 1025 1203 17.6 55.1 RI. MS
Natural Products
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N° Compounds® RI> RIS RI,LY HD SPME | dentification®
18 (2)-p-Ocimene 1024 1027 1231 04 0.3 RI. MS
19 (E)-p-Ocimene 1034 1038 1239 0.2 - RI. MS
20 y-Terpinene 1047 1050 1244 0.3 0.7 RI. MS
21 trans-hydrate Sabinene 1051 1055 1457 15 0.8 RI. MS
22 Terpinolene 1078 1081 1282 0.1 0.3 RI. MS
23 Nonana 1083 1084 1374 0.1 tr RI. MS
24 Linalal 1081 1084 1554 0.1 - RI. MS
25 3-octyl Acetate 11112 1110 1332 0.2 tr RI. MS
26 Limonene-1,2-epoxyde-Z 1117 1117 / - 0.1 RI. MS
27 (2)-Linalol-oxide 1148 1143 / - 0.2 RI. MS
28 Borneol 1148 1151 1687 0.2 0.1 RI. MS
29 Terpinene-4-ol 1161 1164 1598 0.9 25 RI. MS
30 (2)-dehydro-Carvone 1173 1173 1616 13 4.3 RI. MS
31 a-Terpinedl 1176 1178 1699 0.5 0.1 RI. MS
32 Neoiso-dehydro-Carveal 1178 1180 1743 11,7 35 RI. MS
33 cisCarved 1208 1206 1822 - 39 RI. MS
34 Carvone 1222 1223 1724 484 7.2 RI. MS
35 Pulegone 1222 1222 / - 0.2 RI. MS
36 Carvotanacetone 1230 1224 / - 0.7 RI. MS
37 Carvacrol 1282 1278 / - 3.0 RI. MS
38 neodehydroCarvyl eacetate 1311 1312 1665 11 tr RI. MS
39 (E)-Jasmone 1364 1369 1889 0.3 0.2 RI. MS
40 p-Bourbonene 1385 1384 1511 1.2 0.2 RI. MS
41 p-Elemene 1388 1389 1587 0.8 - RI. MS
42 (E)-pB-Caryophyllene 1424 1419 1593 21 0.2 RI. MS
43 Germacrene D 1480 1477 1706 11 - RI. MS
44 bicycle-Germacrene 1494 1491 1718 0.3 - RI. MS
45 p-Bisabolene 1500 1500 1729 tr - RI. MS
46 Trans-Calamenene 1512 1510 1810 01 - RI. MS
47 ¢-Cadinene 1516 1515 1752 tr - RI. MS
48 a-Cadinene 1536 1531 1736 tr - RI. MS
49 7-Cadinadl 1632 1638 2195 0.2 - RI. MS

Total (%) 95.3 97.0

Hydrocarbon compounds 9.8 10.2

Oxygenated compounds 85.5 87.2

Hydrocarbon monoterpenes 4.2 9.4

Hydrocarbon sesquiterpenes 5.6 04

Oxygenated monoterpenes 83.6 81.9

Oxygenated sesquiterpenes 0.2 -

Aliphaticcompounds 1.7 53

2 Order of elution is given on apolar column (Rtx-1), ® Retention indices of literature on the apolar column (Rl a) reported from
K éniget al., 2001,° Retention indices on the apolar Rtx-1 column (Rla), ¢ Retention indices on the polar Rtx-Wax column (RIp),
¢ RI: Retention Indices; MS: Mass Spectrometry in electronic impact mode; Refl,: compounds identified from literature data
K oniget al., 2001.

pounds are arranged in order of their elution onthe RTX-1 column. The principal compounds (>1.0%)
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appear in bold face. Two different columns, apolar
(RTX-1) andanon-polar (RTX-Was), havebeen used
inthe GC-M Sanalysistoidentify themgority of the
components. An analysis of the essential oil of M.
spicata harvested in west northern region of Algeria
identified 37 components, which accounted for 95.3%
of thetotal number. Their retentionindicesand relative
percentagesareshownin TABLE 1. Amongthese, 24
monoterpenes, 10 sesquiterpenesand 4 diphatic com-
poundswereidentified. All componentswereidentified
by comparison of their EI-M Sand GC-retention indi-
ceswith thoseof our laboratory-produced “Aromes”
library, with the exception of four componentsthat were
identified by comparison with spectral dataand reten-
tionindicesfromtheliterature. Theoil extracted by
hydrodistillation was characterized by alarge amount
of monoterpenes (87.8%) made up of oxygenated
monoterpenes (83.6%) and hydrocarbon monoterpe-
nes (4.2%). Hydrocarbon compounds represented only
10.28% of the oil, most of them being oxygenated
(32.7%). Theprincipal compoundswerefoundto be
carvone (48.42%), eucayptol (17.6%) and neoiso-
dehydrocarveol acetate (11.7%). Other representative
compoundswereidentified as (E)-B-Caryophyllene
(2.1%), trans-hydrate sabinene (1.5%), 3-Octanol

(1.4%), (Z)-dehydrocarvone (1.3%), B-bourbonene
(1.2%), neo isodehydrocarvyle acetate (1.1%),

germacrene D (1.1%) and B-pinene (1.0%)weremi-
nor congtituentsof theail.

The oil vapour adsorbed by headspace SPME
showed higher amountsof monoterpenes (91.3%) than
sesquiterpenes (0.4%). Asinthehydrodistilled oil, oxy-
genated monoterpenes (81.9%) werefound in higher
amountsthan the hydrocarbons (9.4%). However, ses-
quiterpenesarerepresented only by hydrocarbon ses-
quiterpenes (0.4%). Other characteristic compounds
of the oil wereidentified ascis-carveol (3.9%), car-

vacrol (3.0%), a-pinene (2.6%), terpinene-4-ol (2.5%),
sabinene (1.6%) and a-terpinene (1.5%). Quantitative
but not quaitative differences have been foundinthe
chemica composition of both andysed samplesdepend-
ing of the extraction method. Carvone(7.2-48.4%) was
found astheprincipa component of thisspeciesbut it
wasfoundin greater concentrationsinthe essentid oil
thaninthe SPME extracts. Inversaly, eucalyptol (17.6-
55.1%) was found in greater concentrations in the
SPME extractsthan in thehydrodistillation ones. The
chemicad differences observed between both the es-
sentid oilsandthevolatilefractionsextracted usng HD
and SPME, respectively, can be explained by thefact
that thefirst techniqueisbased on theliquid quasitota
extraction of plant volatilesand thelatter techniqueis
controlled by a solid/gas equilibrium step. During
hydrodistillation, themaost volatile compoundsand wa:
ter-soluble compoundsarelost in the gaseous phase
andinthehydrolate, respectively, whereas, withHS
extraction, itisthefiber affinity of each compound that
monitorsthesampling of thevol atiles. Asaconsegquence,
it should be noted that 11 compounds(1, 2,5, 8, 1, 14,
26, 27, 35, 36 and 37) wereidentified only inthevola
tile fractions extracted using HS-SPME. As stated
abovetheoil from M. spicataischaracterized by high
amount of eucalyptol. Thiscompound doesnot usualy
appear asdominant inoils of other Mentha species.

Radical scavenging activity

DPPH method hasbeen widdly used in the deter-
mination of theantiracid activity of snglecompoundas
well asdifferent plant essentid oils. Thismethod isbased
on the reduction of alcoholic DPPH solutionsin the
presence of a hydrogen donating antioxidant. The
method was used to evd uate the antioxidant properties
of the M. spicatain comparison with the synthetic an-
tioxidant (ascorbic acid). Asshownin TABLE 2, this

TABLE 2: Antioxidant activity of essential oil of M. spicata using DPPH testing method.

Sample Antioxidantactivity
. Extract concentration (mg/mL) 0.2 4.2 6.3 12.6
ol Scavengingeffect on DPPH (%) 1632 3272 4264 5221
DPPH ICso (mg/mL) 10.62
Extract concentration (mg/mL) 0.04 0.05 0.06 0.08
Ascorbicacid Scavengingeffect on DPPH (%) 39.40 51.03 68.57 97.84
DPPH | Cs, (mg/mL) 0.048
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essential oil showed concentration-dependant antiradi-
ca activities. Theseresultsshow apercent of inhibition
of 52.21% inthe presence of 12.6 mg/mL. The anti-
oxidant activity of theessentia oil canbea soevalu-
ated by thedetermination of thelC_ va ues correspond-
ing to theamount of extract required to scavenge 50%
of DPPH radica spresent inthereaction mixture. High
|C,, valuesindicatelow antioxidant activity. Assessed
samplewasabletoreducethestableviolet DPPH radicd
to theyellow DPPH, reaching 50% of reduction with
IC,, valueof 10.62 mg/mL. ThisIC_ valueswasless
thanthelC_ obtained for ascorbic acid (0.048 mg/mL)
used as positive control. In addition, the antioxidant
activity of our essentid oil isprobably dueto the pres-
ence of great amount of oxygenated compounds
(85.5%).

CONCLUSIONS

Inthiswork, wewereableto show that the chemi-
ca composition of M. spicata essentia oil from west-
Northern of Algeriais dominated by carvone (7.2-
48.4%) and eucalyptol (17.6-55.1%). So, this study
demongtratesthat HD and HS-SPM E modes could be
complimentary extraction techniquesin order to obtain
the compl ete characterization of plant volatiles. Other
hand, essentia oil showed moderate antioxidant activ-

Ity.
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