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Abstract: The hydrodistilled essential oils of 16 cultivars of Mentha, viz. M. arvensis L., M. spicata
L. and M. citrata Ehrh., were analysed and compared by gas chromatography and gas
chromatography-mass spectrometry. Fifty-seven constituents representing 92.8-99.8% of the total
essential oil composition were identified. Monoterpenoids (88.1-98.6%) are the major constituents of
the essential oils. The major constituents of the oils in 9 cultivars of M. arvensis are menthol (73.7-
85.8%), menthone (1.5-11.0%), menthyl acetate (0.5-5.3%), isomenthone (2.1-3.9%), limonene
(1.2-3.3%) and neomenthol (1.9-2.5%). Carvone (51.3-65.1%), limonene (15.1-25.2%), PB-pinene
(1.3-3.2%) and 1,8-cineole (<0.1-3.6%) are the major constituents in 5 cultivars of M. spicata, while
in one cultivar (Ganga) of M. spicata the major constituents are piperitenone oxide (76.7%), o-
terpineol (4.9%) and limonene (4.7%). Linalool (59.7%), linalyl acetate (18.4%), nerol (2.0%),
trans-p-menth-1-en-2-ol (1.8%), a-terpineol (1.5%) and limonene (1.1%) are the major constituents
of M. citrata.

Keywords: Mentha arvensis, Mentha spicata, Mentha citrata, essential oils, western
Himalayan region
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INTRODUCTION

Mentha species (commonly known as mint), belonging to family Lamiaceae, constitute one of
the most popular essential oil crops. They are widely distributed and cultivated in the temperate and
subtemperate regions of the world [1]. Among them, Mentha arvensis (corn mint), M. piperita
(peppermint), M. citrata (bergamot mint) and M. spicata (spearmint) are the main species cultivated
in the temperate, Mediterranean and subtropical regions [2-4]. These species show considerable
chemical diversity in the essential oil composition and are considered industrial crops as they produce
a number of commercially valuable essential oils containing a complex mixture of monoterpenoids
which are extensively used in pharmaceutical, food, flavour, cosmetics, beverages and allied
industries [5-23]. Earlier reports on the chemical composition of oils from Mentha species from
Himalayan region showed menthol (61.92-89.30%) and carvone (59.62-76.65%) as major
constituents of oils from M. arvensis and M. spicata respectively [16-20]. Menthol (30.3-47.8%),
menthone (4.5-48.6%), menthyl acetate (1.0-9.5%), menthofuran (0.1-14.6%), 1,8-cineole (4.1-
8.9%), neomenthol (1.5-4.9%) and isomenthone (1.2-3.9%) were reported as major constituents of
oils from M. piperita cultivars grown in mid- and foothills of Uttarakhand, India [21]. Piperitone,
piperitenone oxide and piperitone epoxides were reported as the major oil constituents of M.
longifolia [22]. However, another report on oil of M. longifolia from Himalayan region showed
carvone (61.12-78.70%), dihydrocarveol (0.40-9.45%), cis-carvyl acetate (0.16-6.43%) and
germacrene D (1.25-5.73%) as major constituents [23]. In oil of M. citrata, linalool (32.86-46.31%)),
linalyl acetate (19.27-37.72%) and a-terpineol (2.90-4.61%) were reported as major constituents at
different crop stages [17]. India fulfills over 80% of the total global demand with production of more
than 16,000 ton of mint oil, spreading mainly over the Indo-Gangetic plains and north-west India
[21, 24, 25]. The essential oil composition of various mint species shows remarkable variation due to
their hybrid nature and existence of various chemotypes, along with common climatic and
geographical variations. The present study aims to assess the yield and quality performance of oils
from prevalent commercial cultivars of Mentha. The essential oil composition of 16 cultivars of
Mentha species, viz. M. arvensis L., M. spicata L. and M. citrata Ehrh., from the foothills of
western Himalayas, are compared in detail.

MATERIALS AND METHODS

Plant Materials and Isolation of Essential Qils

Fresh aerial parts of different cultivars of Mentha species were collected from the
experimental field of Research Centre, Central Institute of Medicinal and Aromatic Plants,
Pantnagar, Uttarakhand. The experimental site is located at the latitude of 29°N and longitude of
79.38°E, at an altitude of 243.84 metres at the foothills of the Himalayas with a hot summer and
chilled winter climate. The maximum temperature ranges between 35-45°C and the minimum
between 2-5°C with average rainfall of 1350 mm during the year. The soil was clay loam in texture
with neutral reaction (pH 7.1). The monsoon usually breaks in mid June and continues up to
September. Botanical authentication of the plant materials was carried out at the taxonomy
department of CIMAP Research Centre, Pantnagar. All cultivars were planted in the month of
February by their vegetative propagules (suckers and runners) at inter-row space of 50 cm and raised
by following normal agricultural practices. The origins of all the cultivars studied are given in Table
1.
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Table 1. Genetic origin of commercially grown elite cultivars of Mentha
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Plant Cultivar Abbreviation Origin/ Development Reference
Mentha arvensis L. Shivalik 1 Introduction from China 26
(Japanese mint) Himalaya 11 Hybrid of Gomti and Kalka 26
MAS-I 111 Somatic variant of the MA-3 accession from Thailand 26
Damroo v Selection in OPSPs* of the variety Shivalik 19
Kalka \Y Cross-hybridisation 19
Gomti VI Seedling variant of Shivalik 27
Kushal VII In vitro somaclonal selection 28
Saksham VIII Clonal selection 29
Kosi IX Half-sib progeny selection in cv. Kalka 30
Mentha spicata L. MSS-5 X Clonal selection 31
(Spearmint) Neera XI Induced mutagenesis 31
Arka XII Induced mutagenesis 31
Neerkalka XIIT Interspecific hybridisation of M. arvensis cv. Kalka and 32
M. spicata cv. Neera
Supriya X1V Selection of superior strain in a northern Himalayan 33
accession
Ganga XV Clonal selection 34
Mentha citrata L. Kiran XVI Induced mutagenesis 35
(Bergamot mint)

* Open Pollinated Seed Progenies

Freshly harvested samples (100 g each) were hydrodistilled in a Clevenger apparatus for 3 hr.

The oils were collected, dehydrated by anhydrous sodium sulphate, stored in amber vials and put in a

cool and dark place prior to analysis. The extraction yield was calculated in mL of oil per 100 g of

samples.

Gas Chromatographic (GC) Analysis

GC analysis of the essential oil samples was carried out on a Nucon gas chromatograph

model 5765 equipped with a flame ionisation detector (FID) and CP Wax-52 CB (30 m x 0.32 1.d.,
0.25 pum film thickness) fused silica capillary column. Hydrogen was used as carrier gas at 1.0
mL/min. Temperature programming was done between 70-230°C at 4°C/min. with final hold time of
10 min. Injector and detector temperatures were 210°C and 220°C respectively. Injection volume
was 0.02 pL neat and split ratio was 1:40. The percentage of the individual constituent was
calculated by electronic integration of the FID peak areas without response factor correction. GC
analysis of a few oil samples was also carried out for cross identification of constituents by retention
index (RI) on a Varian CP-3800 GC apparatus using a DB-5 column (30 m x 0.25 mm i.d., film
thickness 0.25 pm) equipped with an FID. The column temperature (60-240°C) was programmed at
3°C/min. with final hold time of 10 min. using nitrogen as carrier gas at 1 mL/min.

Analysis by Gas Chromatography-Mass Spectrometry (GC-MS)

GC-MS analysis of the essential oils was performed with a Perkin-Elmer turbomass
quadrupole mass spectrometer fitted with an Equity-5 fused silica capillary column (60 m % 0.32 mm
i.d., film thickness 0.25 um). The oven column temperature was 70-250°C, programmed at
3°C/min. with initial and final hold time of 2 min., using helium as carrier gas at constant pressure (10
psi). The injection volume was 0.02 pL neat with split ratio of 1:30. The injector and ion source
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temperature was 250°C. The ionisation energy was 70 eV (EI) with a mass scan range of 40-400
amu.

Identification of Constituents

Identification of constituents was done on the basis of retention time, RI (determined with
reference to homologous series of n-alkanes (Cy-C,4) under identical experimental condition in both
polar and non polar columns), coinjection with standards, mass spectra library search
(NIST/EPA/NIH version 2.1 and Wiley registry of mass spectral data, 7th edition), and by
comparing RI and mass spectral data with literature [36, 37]. For quantification, the relative area
percentage obtained for each constituent from the GC/FID analysis of the oils was used to calculate
the mean values without using correction factors.

RESULTS AND DISCUSSION

Analysis results of the hydrodistilled essential oil of Mentha cultivars as well as oil yields are
presented Table 2 in order of their elution on CP Wax 52 CB (0.30 m x 0.32 mm) capillary column.
Fifty-seven compounds are identified, representing 92.8-99.8% of the total oil composition, which is
mainly dominated by monoterpenoids (88.1-98.6%). Thirty-three constituents are identified in the
essential oils of nine cultivars of M. arvensis accounting for 98.8-99.8% of oil composition. The
major constituents of oils are monoterpenoids (97.7-98.6%), represented by 92.1-94.9% of
oxygenated monoterpenes and 3.5-5.8% of hydrocarbons. Menthol (73.7-85.8%), menthone (1.5-
11.0%), menthyl acetate (0.5-5.3%), isomenthone (2.1-3.9%), limonene (1.2-3.3%) and neomenthol
(1.9-2.5%) are the major identified constituents. All the cultivars are rich in menthol (73.7%-85.8%)
and the highest menthol content is found in MAS-1 (85.8%) followed by Kosi (78.7%), Shivalik
(78.1%) and Damroo (78.0%). The menthone content varies between 1.5-11.0%, with the highest in
Gomti (11.0%) followed by Kalka (7.6%), while MAS-1 contains a relatively low amount (1.5%).

Although the major characteristic constituents in all oils are the same, there are considerable
variations in the quantitative make-up of the constituents of the essential oils. Earlier, menthol (61.9-
82.1%), menthone (3.4-19.3%), isomenthone (2.3-6.1%), limonene (0.2-4.7%), menthyl acetate
(0.5-4.4%) and neomenthol (1.3-2.4%) were reported as major constituents in different crop stages
of M. arvensis from the mid-hills of Uttrakhand [16], while M. arvensis grown in foothill conditions
showed high menthol content (77.5-89.3%), along with menthone, iso-menthone, menthyl acetate,
neo menthol and limonene as other major constituents [19]. M. arvensis cv. Shivalik grown in the
tropical climate of India shows menthol (53.2-82.3%), menthone (5.2-30.2%), isomenthone (2.1-
3.5%) and neomenthol (0.9-2.0%) as major constituents from its flowering whole herb, flowers,
leaves and stem [38]. In the present analysis menthol (73.7-85.8%) is also the major constituent in all
cultivars of M. arvensis, with slight qualitative and quantitative variations in other individual oil
constituents.
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Table 2. Comparative oil yield and chemical composition of commercially grown elite cultivars of Mentha

Compound” RI® RI° % (FID)

1 /4 ar mw 4 121 vil vl IX X X1 X1l X XxXiv Xv XVi
a-Pinene 1026 939 0.5 0.7 0.5 0.7 0.5 0.7 0.7 0.6 t 0.9 1.6 1.6 0.8 0.8 0.4 0.8
a-Thujene 1028 928 t t t 1.0 - - t - t - - 0.2 1.4 - 0.6 -
B-Pinene 1104 982 0.9 1.1 02 t 0.7 1.0 09 1.0 09 1.4 3.2 20 24 1.3 t 0.8
Sabinene 1116 978 t t t t - - t t t - - t - - t 0.3
B-Myrcene 1158 994 0.5 0.6 0.5 0.6 06 06 0.6 0.6 0.6 2.3 0.2 28 t 1.0 0.8 0.3
a-Terpinene 1177 1022 - - - - - - - - - t t 02 - - t -
Limonene 1195 1034 1.6 33 2.5 2.2 3.0 1.2 29 3.2 2.3 151 193 205 165 252 4.7 1.1
1,8-Cineole 1199 1038 t t t t t 04 - t - 3.0 t 3.6 3.0 t 0.4 0.9
(2)-B-Ocimene 1230 1042t 0.1 - - t 0.1 t t t 0.2 0.4 - 0.2 t t 0.1
y-Terpinene 1244 1065 t t - - t t t t t 0.2 - 0.5 02 0.2 t 0.2
(E)-p-Ocimene 1245 1051 - - - - - - - - - - 0.2 t 0.2
p-Cymene 1271 1029 t t t t - - - t - 0.1 0.6 02 0.1 0.1 t -
Terpinolene 1278 1089 - - - - - - - - - t 0.3 t t t t 0.2
3-Octyl acetate 1286 1261 - - - - - - - - - 0.2 1.0 04 02 0.9 -
(Z2)-3-Hexenol 1391 841 0.1 02 t 0.1 0.1 t 0.1 0.1 0.1 - - - - - - -
3-Octanal 1428 994 0.0 03 0.6 0.7 0.2 1.2 0.2 0.3 0.7 0.5 1.9 0.6 0.5 0.1 0.2 -
trans-Linalool oxide 1450 1093 - - - - - - - - - - - - - - - 0.3
a-Cubebene 1458 1357 - - - - - - - - - t 0.8 t t 0.6 - -
Menthone 1460 1155 5.5 5.8 1.5 5.0 7.6 11.0 5.0 6.5 5.6 - - - 1.7 0.9 - -
trans-Sabinene hydrate 1463 1069 t - t t - t t - t 1.7 1.1 1.5 t 0.4 0.2 -
cis-Linalool oxide 1478 1074 - - - - - - - - - - - - - - - 0.6
Isomenthone 1488 1165 3.2 39 21 2.9 34 32 34 3.6 33 - t 0.1 t - - -
B-Bourbonene 1508 1386 - - - - - - - - - t 0.8 t t 0.2 0.3 0.9
Linalool 1535 1101 - t - t - t 0.1 - - - 0.7 0.1 1.7 1.1 1.6 59.7
Linalyl acetate 1540 1256 - - - - - - - - - - - - - - - 18.4
trans-p-Menth-1-en-2-ol 1558 1140 - - - - - - - - - t 0.9 0.5 0.1 t - 1.8
Menthyl acetate 1560 1296 3.7 2.1 0.5 3.7 1.5 2.3 53 1.8 2.2 - t - 0.5 - - -
iso-Pulegol 1574 1158 0.6 09 04 05 0.8 04 08 0.8 0.6 - - - - - -
B-Caryophyllene 1590 1420 t t 05 t 0.1 02 0.1 0.1 0.1 1.0 1.8 1.6 1.0 0.3 0.9 t
Neomenthol 1595 1165 24 2.0 2.1 24 22 1.9 23 2.2 2.5 - - - t - - -
Terpinen-4-ol 1606 1180 - t 0.1 0.1 t 0.1 t - - t 3 0.0 t 0.7 0.7 t
(Z2)-Dihydro carvone 1624 1193 - - - - - - - - - 0.2 1.2 0.6 02 0.8 - -
Pulegone 1646 1238 0.3 0.3 0.5 0.3 02 0.1 04 02 0.3 - - - - 0.1 - -
Menthol 1650 1176  78.1 76.4 858 780 77.1 737 754 773 7187 - - - 0.7 - - -
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Table 2. (Continued)

Compound” RI® RI° % (FID)

1 /4 ar mw 4 Vi vili  vIIl IX X X1 X1 Xl XxXiv Xv XVI
(E)-B-Farnesene 1670 1188 04 0.1 0.1 02 t 0.3 t t 0.2 0.7 t 0.1 - 0.7 t t
Isomenthol 1673 1459 0.1 04 03 0.2 04 04 04 03 0.2 - - - - - - -
a-Humulene 1675 1454 - - - - - - - - - t 0.4 0.6 - t t 0.2
a-Terpineol 1682 1192 0. 02 03 0.2 0 02 0.2 0.2 0. t 0.7 0.1 t 0.1 4.9 1
Germacrene D 1701 1481 0.1 0.1 02 0.1 0.1 0.1 0.1 0.1 0.1 1.1 t 0.2 1 0.2 0.4 1
Piperitone 1748 1255 0 04 06 05 0 0.5 0.5 0.5 0 - - 02 t 0.1 0.5 -
Carvone 1755 1242 t t 0.1 0.1 t t 0.1 t t 64.8 540 513 65.1 583 t -
Bicyclogermacrene 1756 1495 - - - - - - - - - 0.3 0.2 03 t 0.4 - -
Geranyl acetate 1765 1380 - - - - - - - - - - - - - - - 0.7
Citronellol 1772 1225 - - - - - - - - - - - - - - - 0.2
Nerol 1804 1226 - - - - - - - - - - - - - - - 2.0
trans-Carveol 1845 1218 - - - - - - - - - 0.9 1.0 0.1 0.1 0.4 - -
Geraniol 1857 1254 - - - - - - - - - - - - - - - t
cis-Carveol 1882 1230 - - - - - - - - - 0.3 1.4 03 09 1.1 - -
Myrtanol 1889 1194 - - - - - - - - - - - - - - 0.7 -
cis-Dihydrocarveol 1912 1190 - - - - - - - - - 0.2 0.9 04 0.1 0.3 - -
cis-Carvyl acetate 1930 1360 - - - - - - - - - 0.1 0.8 1.1 0.2 0.2 - -
Piperitenone oxide 1984 1363 - - - - - - - - - t 0.6 02 0.1 t 76.7 -
Caryophyllene oxide 1989 1584 t t - t t t t - - 0.3 0.8 04 03 0.2 t 0.9
Germacrene D-4-o0l 2069 1578 0.1 0.1 0.4 0.1 t t 0.1 0.1 0.1 - - - - t t -
Viridiflorol 2104 1592 - - - - - - - - - - - - - 0.1 0.2 -
Spathulenol 2143 1579 t 0.1 - t 0.1 0.1 0.1 0.1 t t 0.1 0.7 - 0.6 t 0.3
B-Eudesmol 2154 1650 - - - - - - - - - t 0.2 02 - 0.1 t 0.3
Aliphatic compounds 0.1 0.5 0.6 0.8 0.3 1.2 03 04 08 0.7 2.9 1.0 0.7 1.0 0.2 -
Monoterpene hydrocarbons 3.5 5.8 3.7 4.5 4.8 3.6 5.1 5.4 3.8 20.2 25.6 28.0 21.6 28.8 6.5 4.0
Oxygenated monoterpenes 949 921 941 939 935 941 935 931 941 712 644 60.1 744 64.5 857 86.1
Sesquiterpene hydrocarbons 0.2 0.5 1.0 0.3 0.6 0.7 0.6 0.5 0.4 3.1 3.2 2.8 2.1 1.8 1.6 1.2
Oxygenated sesquiterpenes 0.1 0.2 0.4 0.1 0.1 0.1 0.2 0.2 0.1 0.3 1.1 1.3 0.3 1.0 0.2 1.5
Total identified 98.8 99.1 99.8 99.6 993 99.7 99.7 99.6 99.2 955 972 932 99.1 97.7 942 928
Oil yield (%, v/w) 1.0 0.9 0.8 1.1 1.0 1.2 1.1 0.9 1.3 0.8 0.6 0.7 0.7 0.5 0.4 0.6

"Mode of identification: retention index (RI), coinjection with standard/peak enrichment with known oil constituent, MS (GC-MS), °RI: retention index on
CP Wax 52 CB (30 m x 0.32 mm); °RI: retention index on DB-5 fused silica capillary column (30 m x 0.25 mm); t = trace (<0.1%), (-) = not detected; for
plant abbreviations (I-XVI), see Table 1.
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Of the 6 cultivars of M. spicata (spearmint), carvone (51.3-65.1%) is the main constituent in 5
cultivars followed by limonene (15.1-25.2%), 1,8-cineole (<0.1-3.6%), B-pinene (1.3-3.2%), B-myrcene
(<0.1-2.8%) and B-caryophyllene (0.3-1.8%). The oil of Neerkalka contains the highest concentration
of carvone (65.1%) followed by MSS-5 (64.8%), Supriya (58.3%), Neera (54.0%) and Arka (51.3%).
Neerkalka also contains menthone (1.7%), menthol (0.7%) and menthyl acetate (0.5%), which are not
noticed in other cultivars of M. spicata except Supriya (0.9% menthone). The presence of lower
concentrations of menthone, menthyl acetate and menthol in cv. Neerkalka is due to the hybrid nature of
this cultivar [32]. In contrast, cv. Ganga of M. spicata has a different oil composition characterised by
piperitenone oxide (76.7%), a-terpineol (4.9%), limonene (4.7%) and linalool (1.6%) as major
constituents.

Carvone-rich spearmint has been investigated earlier in India as well as other countries. Earlier
study showed carvone (59.6-72.4%) and limonene (10.7-24.8%) as major constituents of oil of M.
spicata from the mid-hills of Himalayan region of India at different crop stages [17], while M. spicata
collected from different subtropical and temperate zones of north-west Himalayan region of India
showed carvone (49.6-76.6%) followed by limonene (9.5-22.3%), 1,8-cineole (1.3-2.6%) and trans-
carveol (0.3-1.5%) in its oils [20]. In north Indian plains carvone content varies between 45.9-77.1%
[18]. The percentage of carvone also varies in oil of spearmint grown in different countries, e.g. Egypt
(46.4-68.5%) [39-40], Canada (59.0-74.0%) [41], Turkey (78.3-82.2%) [42, 43] and China (55.4-
74.6%) [44]. M. spicata grown in other countries also contains carvone as one of the major constituents
of its essential oil, e.g. Bangladesh (73.2 %) [45], Algeria (59.4%) [46] and Morocco (29.0%) [47].
Spearmint grown in Iran was found to contain less amount of carvone (22.4%) [48]. However, the
essential oil of M. spicata chemotype from Tunisia shows a entirely different oil composition with
menthone (32.7%) and pulegone (26.6%) as major constituents [49]. Linalool-rich (82.8%) chemotype
of M. spicata was also reported from Turkey [43]. In another report on M. spicata grown in Iran, o-
terpinene (19.7%), piperitenone oxide (19.3%), isomenthone (10.3%) and B-caryophyllene (7.6%) were
reported as major constituents [50].

In the o1l of M. citrata cv. Kiran, 28 components are identified, representing about 92.8% of the
whole oil. The major constituents are linalool (59.7%), linalyl acetate (18.4%), nerol (2.0%), trans-p-
menth-1-en-2-ol (1.8%), a-terpineol (1.5%) and limonene (1.1%). Nerol (2.0%), geranyl acetate
(0.7%), citronellol (0.2%) and geraniol (<0.1%) are the characteristic constituents which have not been
reported in other cultivars of Mentha species.

CONCLUSIONS

The essential oil profile of 16 cultivars of Mentha are useful for commercial purpose as they
possess a range of aroma chemicals used in perfumery, flavour, pharmaceutical and other allied
industries. Moreover, the major/marker constituents in their essential oils may be utilised as an
important tool in oil authentication. All the cultivars of M. arvensis yield oils rich in menthol (73.7-
85.8%) while the five cultivars of M. spicata are a very good source of carvone (51.6-65.1%) and
cultivar Ganga of M. spicata is a good source of piperitenone oxide (76.7%). The essential oil of
cultivar Kiran of M. citrata 1s an excellent source of linalool and linalyl acetate.

ACKNOWLEDGEMENTS

The authors are thankful to the Director of CSIR-Central Institute of Medicinal and Aromatic,
Lucknow, Uttar Pradesh for providing facilities.



90

Maejo Int. J. Sci. Technol. 2013, 7(01), 83-93

REFERENCES

1.

10.

1.

12.

13.

14.

15.

16.

H. J. Dorman, M. Kosar, K. Kahlos, Y. Holm and R. Hiltunen, “Antioxidant properties and
composition of aqueous extracts from Mentha species, hybrids, varieties, and cultivars”, J. Agric.
Food Chem., 2003, 51, 4563-4569.

K. S. Krishnan Marg, “The Wealth of India, Raw Materials”, Publication and Information
Directorate (CSIR), New Delhi, 1988, p.440.

B. M. Lawrence, “A planting scheme to evaluate new aromatic plants for the flavor and fragrance
industries”, in “New Crops” (Ed. J. Janick and J. E. Simom), John Wiley, New York, 1993, pp.
620-627.

B. M. Lawrence, “Mint: The Genus Mentha”, CRC Press, Boca Raton, 2007, p.170.

S. D. Bharadwaj and L. J. Srivastava, “Harvesting management on Mentha citrata Ehrh. in mid-
hill condition of Himachal Pradesh”, Indian Perfum., 1984, 28, 38-41.

S. Kokkini, R. Karousou and T. Lanaras, “Essential oils of spearmint (carvone-rich) plants from
the island of Crete (Greece)”, Biochem. Syst. Ecol., 1995, 23, 425-430.

B. R. R. Rao, A. K. Bhattacharya, K. Singh, P. N. Kaul and G. R. Mallavarapu, “Comparative
composition of cornmint oils produced in north and south India”, J. Essent. Oil Res., 1999, 11,
54-56.

J. Rohloff, “Monoterpene composition of essential oil from peppermint (Mentha piperita L.) with
regard to leaf position using solid-phase microextraction and gas chromatography/mass
spectrometry analysis”, J. Agric. Food Chem., 1999, 47, 3782-3786.

G. Kofidis, A. M. Bosabalidis and S. Kokkini, “Seasonal variation of essential oils in a linalool-
rich chemotype of Mentha spicata grown wild in Greece”, J. Essent. Oil Res., 2004, 16, 469-472.
V. Parcha, J. Kaur and S. Ubaid, “Composition and antimicrobial studies on essential oil from
Mentha spicata”, Indian Perfum., 2007, 51, 45-47.

M. D. Sokovic, J. Vukojevic, P. D. Marin, D. D. Brkic, V. Vajs and L. J. L. D. Van Griensven,
“Chemical composition of essential oils of Thymus and Mentha species and their antifungal
activities”, Molecules, 2009, 14, 238-249.

A. I. Hussain, F. Anwar, P. S. Nigam, M. Ashraf and A. H. Gilani, “Seasonal variation in content,
chemical composition and antimicrobial and cytotoxic activities of essential oils from four Mentha
species”, J. Sci. Food Agric., 2010, 90, 1827-1836.

F. S. Sharopov, V. A. Sulaimonova and W. N. Setzer, "Essential oil composition of Mentha
longifolia from wild populations growing in Tajikistan", J. Med. Active Plants, 2012, 1, 76-84.

M. Govendrajan, R. Sivakumar, M. Rajeswari and K. Yogalakshami, “Chemical composition and
larvicidal activity of essential oil from Mentha spicata (Linn.) against three mosquito species”,
Parasitol. Res., 2012, 110, 2023-2032.

D. Segev, N. Nitzan, D. Chaimovitsh, A. Eshel and N. Dudai, “Chemical and morphological
diversity in wild populations of Mentha longifolia in Israel”, Chem. Biodivers., 2012, 9, 577-588.

R. S. Verma, L. Rahman, R. K. Verma, A. Chauhan, A. K. Yadav and A. Singh, “Essential oil
composition of menthol mint (Mentha arvensis) and peppermint (Mentha piperita) cultivars at
different stages of plant growth from Kumaon region of western Himalaya”, Open Acc. J. Med.
Arom. Plants, 2010, 1, 13-18.



91

Maejo Int. J. Sci. Technol. 2013, 7(01), 83-93

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

R. S. Verma, R. C. Padalia and A. Chauhan, “Chemical profiling of Mentha spicata L. var.
‘viridis’ and Mentha citrata L. cultivars at different stages from the Kumaon region of western
Himalaya”, Med. Arom. Plant Sci. Biotechnol., 2010, 4, 73-76.

J. R. Bahl, R. P. Bansal, S. N. Garg, A. A. Naqvi, R. Luthra, A. K. Kukreja and S. Kumar,
“Qualitative evaluation of the essential oils of the prevalent cultivars of commercial mint species
Mentha arvensis, M. spicata, M. piperita, M. cardiaca, M. citrata and M. viridis cultivated in
indo-gangetic plains”, J. Med. Arom. Plant Sci., 2000, 22, 787-797.

A. K. Singh, V. K. Raina, A. A. Naqgvi, N. K. Patra, B. Kumar, P. Ram and S. P. S. Khanuja,
“Essential oil composition and chemoarrays of menthol mint (Mentha arvensis L. f. piperascens
Malinvaud ex. Holmes) cultivars”, Flavour Fragr. J., 2005, 20, 302-305.

R. S. Chauhan, M. K. Kaul, A. K. Shahi, A. Kumar, G. Ram and A. Tawa, “Chemical
composition of essential oils in Mentha spicata L. accession [IIIM(J)26] from north-west
Himalayan region, India”, Indust. Crops Prod., 2009, 29, 654-656.

R. C. Padalia, R. S. Verma and C. S. Chanotiya, “Variability in volatile terpenoid compositions of
peppermint cultivars and some of the wild accession from northern India”, J. Essent. Oil Res.,
2011, 23, 29-31.

H. Kharkwal, G. C. Shah, C. S. Mathela and R. Laurent, “Variation in the terpenoid composition
of Mentha longifolia subsp. himalayansis”, Indian Perfum., 1994, 38, 29-32.

C. S. Mathela, R. C. Padalia, C. S. Chanotiya and A. Tiwari, “Carvone rich Mentha longifolia
(Linn.): Chemical variation and commercial potential” J. Essent. Oil Bear. Plants, 2005, 8, 132-
134.

S. P. S. Khanuja, “Employ contract farming to boost area under cultivation for essential oil
bearing crops”, Chemical Weekly, December 25, 2007, pp.180-181.

L. K. Dashora, A. Dashora and S. S. Lakhawat, “Mint (Pudina)”, in “Production Technology of
Plantation Crops, Spices, Aromatic and Medicinal Plants” (Ed. S. S. Lakhawat, L. K. Dashora, A.
Dashora and L. K. Dashora), Agrotech Publication Academy, Udaipur (India), 2006, Ch.31.

S. Kumar, J. R. Bahl, R. P. Bansal, A. K. Kukreja, S. N. Garg, A. A. Naqui, R. Luthra and S.
Sharma, “Profiles of the essential oils of Indian menthol mint Mentha arvensis cultivars at
different stages of crop growth in northern plains”, J. Med. Arom. Plant Sci., 2000, 22, 774-786.
S. Kumar, A. Sharma, R. Tiwari and A. Kumar, “Gomti: A new improved variety of Japanese
mint developed”, CIMAP Newslett., 1994, 21, 2-3.

Anonymous, “Menthol mint variety ‘Kushal’ released for late transplanting”, CIMAP Newslett.,
2003, 7, 3-4.

S. P. S. Khanuja, S. Kumar, A. K. Shasany, S. Dhawan, M. P. Darokar, A. A. Naqvi, D. P.
Dhawan, A. K. Singh, N. K. Patra, J. R. Bahl and R. P. Bansal, “A menthol tolerant variety
‘Saksham’ of Mentha arvensis yielding high menthol”, J. Med. Arom. Plant Sci., 2001, 23, 110-
112.

S. Kumar, S. Sharma and V. S. Kumar, “High yielding variety Kosi of menthol mint developed”,
CIMAP Newslett., 1998, 25, 2-3.

N. K. Patra and B. Kumar, “Improved varieties and genetic research in medicinal and aromatic
plants (MAPs)”, Proceedings of 2nd National Interactive Meeting (NIM) on Medicinal and
Aromatic Plants, 2005, Lucknow, India, pp.53-61.



92

Maejo Int. J. Sci. Technol. 2013, 7(01), 83-93

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

N. K. Patra, H. Tanveer, S. P. S. Khanuja, A. K. Shasany, H. P. Singh, V. R. Singh and S.
Kumar, “A unique interspecific hybrid spearmint clone with growth properties of Mentha arvensis
L. and oil qualities of Mentha spicata L”, Theor. Appl. Genet., 2001, 102, 471-476.

O. P. Virmani, A. K. Gauniyal and V. S. Kumar, “A high yielding superior strain of Mentha
viridis-Supriya developed”, CIMAP Newslett., 1988, 14, 2-3.

S. P. S. Khanuja, S. Kumar, A. K. Shasany, S. Dhawan, M. P. Darokar, A. K. Tripathy, S.
Satapathy, T. R. S. Kumar, V. K. Gupta, S. Awasthi, V. Prajapati, A. A. Naqvi, K. K. Agrawal, J.
R. Bahl, A. Ahmed, R. P. Bansal, A. Krishna and D. Saikia, “Multiutility plant ‘Ganga’ of Mentha
spicata var. viridis”, J. Med. Arom. Plant Sci., 2001, 23, 113-116.

O. P. Virmani, A. K. Gauniyal and V. S. Kumar, “A high yielding variety of Mentha citrata-Kiran
developed”, CIMAP Newslett., 1988, 15, 1-2.

N. W. Davies, “Gas chromatographic retention indices of monoterpenes and sesquiterpenes on
methyl silicon and carbowax 20M phases”, J. Chromatogr. A, 1990, 503, 1-24.

R. P. Adams, “Identification of Essential Oil Components by Gas Chromatography/Quadrupole
Mass Spectroscopy”, Allured Publishing Corporation, Carol Stream (IL), 2001.

B. R. R. Rao, P. N. Kaul, G. R. Mallavarapu and S. Ramesh, “Comparative composition of whole
herb, flowers, leaves and stem oils of cornmint (Mentha arvensis L.f. piperascens Malinvaud ex
Holmes)”, J. Essent. Oil Res., 2000, 12, 357-359.

M. A. A. El-Wahab, “Evaluation of spearmint (Mentha spicata L.) productivity grown in different
locations under upper Egypt conditions”, Res. J. Agric. Biol. Sci., 2009, 5, 250-254.

M. 1. Foda, M. A. El-Sayed, A. A. Hassan, N. M. Rasmy and M. M. El-Moghazy, “Effect of
spearmint essential oil on chemical composition and sensory properties of white cheese”, J. Am.
Sci., 2010, 6, 272-279.

V. D. Zheljazkov, C. L. Cantrell and T. Astatkies, “Yield and composition of oil from Japanese
cornmint fresh and dry material harvested successively”, Agron. J., 2010, 102, 1652-1656.

I. Telci and N. Sahbaz, “Variations in yield, essential oil and carvone contents in clones selected
from Carvone-scented landraces of Turkish Mentha species”, J. Agron., 2005, 4, 96-102.

I. Telei, N. Sahbaz, G. Yilmaz and M. E Tugay, “Agronomical and chemical characterization of
spearmint (Mentha spicata L.) originating in Turkey”, Econ. Bot., 2004, 58, 721-728.

C. X. Hua, G. R. Wang and Y. Lei, “Evaluation of essential oil composition and DNA diversity of
mint resources from China”, Afri. J. Biotechnol., 2011, 10, 16740-16745.

J. U. Chowdhury, N. C. Nandi, M. Uddin and M. Rahman, “Chemical constituents of essential oils
from two types of spearmint (Mentha spicata L. and M. cardiaca L.) introduced in Bangladesh”,
Bangladesh J. Sci. Ind. Res., 2007, 42, 79-82.

H. Boukhebti, A. N. Chaker, H. Belhadj, F. Sahli, M. Ramdhani, H. Laouer and D. Harzallah,
“Chemical composition and antibacterial activity of Mentha pulegium L. and Mentha spicata L.
essential oils”, Der Pharm. Lett., 2011, 3, 267-275.

M. Znini, M. Bouklah, L. Majidi, S. Kharchouf, A. Aouniti, A. Bouyanzer, B. Hammouti, J.
Costa and S. S. Al-Deyab, “Chemical composition and inhibitory effect of Mentha spicata
essential oil on the corrosion of steel in molar hydrochloric acid”, Int. J. Electrochem. Sci., 2011,
6, 691-704.

A. Hadjiakhoondi, N. Aghel, N. Zamanizadech-Nadgar and H. Vatandoost, “Chemical and
biological study of Mentha spicata L. essential oil from Iran”, DARU J. Pharm. Sci., 2000, 8, 19-
21.



93
Maejo Int. J. Sci. Technol. 2013, 7(01), 83-93

49. W. Dhifi, N. Jelali, W. Mnif, M. Litaiem and N. Hamdi, “Chemical composition of the essential oil

of Mentha spicata L. from Tunisia and its biological activities”, J. Food Biochem., 2012,
DOI: 10.1111/5.1745-4514.2012.00656.x.

50. 1. Rasooli, L. Gachkar, D. Yadegarinia, M. R. Bagher and S. D. Alipoor Astaneh, “Antibacterial
and antioxidative characterization of essential oils from Mentha piperita and Mentha spicata
grown in Iran”, Acta Aliment., 2008, 37, 41-52.

© 2013 by Maejo University, San Sai, Chiang Mai, 50290 Thailand. Reproduction is permitted for
noncommercial purposes.



