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ABSTRACT 
Two spearmint (Mentha spicata L. var. ‘viridis’) cultivars viz. ‘Neerkalka’ and ‘Supriya’ and one bergamot mint (Mentha citrata L.) 
cultivar ‘Kiran’ cultivated in the Kumaon region of northern India were investigated for their essential oil content and composition at 
different stages of crop growth. Essential oil content and composition were both affected by crop age in all cultivars. All the cultivars 
accumulated maximum essential oil at 150 days after transplanting. The percentage carvone in ‘Neerkalka’ was higher at 90 days (67.0%) 
followed by the 150-days-old crop (61.68%), while in ‘Supriya’, carvone concentration increased at 150 days (72.47%). In ‘Kiran’, 
linalool and linalyl acetate were highest in 150- and 180-days-old crops, respectively. 
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INTRODUCTION 
 
Mints comprise a group of species of the genus Mentha 
(family Lamiaceae). The members of this genus are widely 
distributed in semi-temperate to tropical agroclimates. The 
aerial parts of the herb on distillation yields essential oil 
(EO) containing a large variety of aroma chemicals in vary-
ing amounts, such as menthol, menthone, iso-menthone, 
menthofuran, carvone, linalool, linalyl acetate and piperite-
none oxide used in pharmaceutical, food, flavour, cosmetics, 
beverages and allied industries (Spencer et al. 1990; Shar-
ma and Tyagi 1991; Kokkini et al. 1995; Singh et al. 2005; 
Chowdhury et al. 2007; Zheljazkov et al. 2010b). 

The spearmint and bergamot mint EOs are obtained 
from Mentha spicata L. var. viridis and Mentha citrata L. 
plants, respectively and are extensively used in the flavour 
and cosmetic industries. These mint species are being cul-
tivated in several countries. The annual world production of 
M. spicata and M. citrata EOs are 4500 and 4,000 tonnes, 
respectively, while India produces 2000 t/year of each (Bahl 
et al. 2000; Khanuja 2007). Large efforts to genetically im-
prove mint have resulted in the development of a number of 
superior varieties such as ‘Neerkalka’, ‘Supriya’ and ‘Kiran’ 
which are mainly cultivated in the north Indian plains (Vir-
mani et al. 1987, 1988; Patra et al. 2001; Patra and Kumar 
2005; Chauhan et al. 2009). 

To find a new ecological area for cultivation, prevalent 
cultivars of spearmint and bergamot mint were introduced 
into the Kumaon region of Uttarakhand. It is well known 
that yield and composition of EO is strongly influenced by 
the development stage of the plant, which further depends 
on genotype/chemotype and environmental settings (Shah 
and Gupta 1989; Chalchat et al. 1997; Bahl et al. 2000; 
Zheljazkov et al. 2010a). Therefore, in this study, the quali-
tative and quantitative performance of three cultivars bel-
onging to two species viz. M. spicata, and M. citrata have 
been examined at different developmental stages from the 
hilly region of Uttarakhand. 

 

MATERIALS AND METHODS 
 
Plant material and isolation of EO 
 
The origin and special features of the spearmint cultivars (‘Neer-
kalka’ and ‘Supriya’) and bergamot mint cultivar (‘Kiran’) are 
summarized in Table 1. All the cultivars were planted in January 
using vegetative propagules at an inter-row spacing of 50 cm. The 
crops were raised following normal agricultural practices at the 
experimental farm of the Central Institute of Medicinal and Aro-
matic Plants, Research Centre, Purara, Bageshwar. The experi-
mental site is located at an elevation of 1250 m with a temperate 
mild climate. Sampling began at 90 days after planting (DAP) and 
took place every month at 30-days intervals up to 180 DAP. 
Freshly harvested samples of all cultivars were hydrodistilled 
separately in triplicates in a Clevenger-type apparatus for 3 hrs to 
extract the EO. The EOs were collected, measured, dehydrated by 
anhydrous sodium sulphate and kept in a cool and dark place prior 
to analysis. 

 
GC and GC-MS analysis 
 
The GC analysis of the oil samples was carried out on a Nucon 
5765 gas chromatograph equipped with an FID using two different 
stationary phases, BP-20 (30 m � 0.25 mm i.d., 0.25 μm film 
coating) and DB-5 (30 m � 0.32 mm i.d., 0.25 μm film coating) 
fused silica capillary columns. Hydrogen was used as the carrier 
gas at 1.0 ml/min. The temperature programme was: 70-230°C at 
4°C/min (for BP-20) and from 60-210°C at 3°C/ min (for DB-5). 
The injector and detector temperatures were 210 and 230°C, res-
pectively. The injection volume was 0.02 μL neat (syringe: Hamil-
ton 1.0 μL capacity, Alltech USA) and the split ratio was 1:40. 

GC-MS analysis of the EOs was carried out on a Perkin-
Elmer Turbomass Quadrupole Mass spectrometer fitted with PE-5 
fused silica capillary column (50 m × 0.32 mm; 0.25 μm film 
coating). The column temperature was programmed from 100 to 
280°C at 3°C/min using He as the carrier gas at a flow rate of 1 
mL/min. The injector temperature was 220°C and MS conditions 
were: EI mode 70 eV, ion source temperature 250°C. Identification 

® 



Medicinal and Aromatic Plant Science and Biotechnology 4 (Special Issue 1), 73-76 ©2010 Global Science Books 

 

was done on the basis of retention index (determined with ref-
erence to homologous series of n-alkanes (C9-C24) under identical 
experimental conditions), co-injection with known compounds, an 
MS Library search (NIST and WILEY), by comparing with the 
MS literature data (Davies 1990; Adams 1995). The retention 
times of standards/marker constituents of known EOs were also 
used to confirm the identities of constituents. The relative amounts 
of individual components were calculated based on GC peak area 
(FID response) without using a correction factor. 
 
RESULTS AND DISCUSSION 
 
The EO content and composition of spearmint, and berga-
mot mint cultivars were found to vary with respect to crop 
age (Tables 2-4). The EO content varies from 0.38 to 0.75%, 
0.46 to 0.72%, and 0.34 to 0.57% in ‘Neerkalka’, ‘Supriya’ 
and ‘Kiran’, respectively during different stages. Interes-
tingly, in all the cultivars maximum EO content was ob-
tained when the crop was harvested at 150 DAP; thereafter, 
it showed a downward trend. A similar trend of EO accumu-
lation was also reported in these cultivars from Indo-gange-
tic plains (Bahl et al. 2000). 

The EOs obtained from different cultivars at different 
crop ages were analyzed by GC and GC-MS. A total of 25, 
32 and 25 compounds were identified in the EOs of ‘Neer-
kalka’, ‘Supriya’ and ‘Kiran’, respectively (Tables 2-4). 
‘Neerkalka’ and ‘Supriya’ were mainly composed of car-
vone and limonene. In ‘Neerkalka’, the carvone content 
ranged between 57.49-67.0% with the highest amount at 90 
DAP followed by 150 DAP (61.68%), the lowest value at 

180 DAP. Furthermore, the percentage of �-myrcene (0.25-
0.64%), limonene (10.7-24.81%) and (Z)-carveol (1.77-
3.22%) increased while that of 3-octanol (1.52-0.19%) and 
menthone (0.32-0%) decreases with advancing crop age. 
The menthol concentration in ‘Neerkalka’ ranged from 0.65 
to 2.63%, which was not reported in the other cultivars of M. 
spicata. The presence of a relatively lower concentration of 
carvone (compared to other spearmint cultivars), menthone 
and menthol in trace quantities is due to the hybrid nature 
(hybrid between M. arvensis L. cv. ‘Kalka’ and M. spicata 
cv. ‘Neera’) of ‘Neerkalka’ (Patra et al. 2001). On the other 
hand, in ‘Supriya’, the percentage of carvone (62.55-
72.47%) and (E)-sabinene hydrate (0.36-2.65%) increased 
as crop age progressed, becoming highest at 150 DAP; 3-
octanol and (Z)-carveol also showed a similar trend but 
their highest amount was recorded at 180 DAP (2.21 and 
1.08%, respectively). A decreasing trend was recorded for 
�-myrcene (4.36-1.99%), �-bourbonene (1.09-0.21%) and 
�-caryophyllene (1.35%-trace). Moreover, germacrene-D, 
3-octyl acetate, terpinen-4-ol and (Z)-jasmone reached the 
highest levels at 90 DAP, while limonene 1,8 cineole and 
(Z)-carvyl acetate were highest at 180 DAP. The major 

Table 1 Origin and characteristics of different mint cultivars. 
Plant Cultivar Origin Characteristics Reference 
Mentha spicata L. var. ‘viridis’ ‘Neerkalka’ Interspecific hybridization between 

M. arvensis L. cv. ‘Kalka’ (2n=96) 
and M. spicata cv. ‘Neera’(2n=24) 

Essential oil (0.8%), carvone (50-55%) 
with trace 
quantity of menthol 

Patra et al. 2001; Patra 
and Kumar 2005 

Mentha spicata L. var. ‘viridis’ ‘Supriya’ An northern Himalayan accession Essential oil (0.35%), carvone (65%) Virmani et al. 1987 
Mentha citrata L. ‘Kiran’ Induced mutagenesis Essential oil (0.5%), linalool (48%), 

linalyl acetate (37%) 
Virmani et al. 1988 

 

Table 2 Chemical profile of Mentha spicata L. var. ‘viridis’ cv. ‘Neer-
kalka’ at different stages of crop growth. 

Age of plant (DAP) Compound (%) RI 
90 120 150 180 

�-Pinene 1026 0.50 0.39 0.68 0.77 
�-Pinene 1105 0.27 0.26 0.30 0.40 
Sabinene 1119 t t t t 
�-Myrcene 1158 0.25 0.31 0.61 0.64 
Limonene 1194 10.70 14.30 21.01 24.81 
1,8 Cineole 1204 0.20 0.24 0.21 0.25 
3-Octanol 1394 1.52 1.06 0.88 0.19 
Menthone 1460 0.32 0.27 0.20 - 
(E)-Sabinene hydrate 1463 0.69 0.22 0.20 0.41 
iso-Menthone 1488 0.74 0.48 0.47 0.89 
�-Bourbonene 1515 0.60 0.54 0.62 0.89 
Linalool 1530 t t 0.23 t 
�-Caryophyllene 1589 0.43 t 0.60 0.78 
Terpinen-4-ol 1606 - 0.1 t - 
(Z)-Dihydrocarvone 1610 0.97 1.87 1.00 1.58 
(E)-Dihydrocarvone 1624 0.10 0.10 t t 
(E)-Dihydrocarvyl acetate 1633 0.15 0.25 0.43 0.39 
Menthol 1646 0.65 0.74 2.63 0.80 
Germacrene-D 1721 t t t t 
Carvone 1751 67.00 59.62 61.68 57.49 
(Z)-Carvyl acetate 1777 0.55 0.90 0.19 0.12 
(E)-Carveol 1825 1.27 1.75 1.15 0.85 
(Z)-Carveol 1866 1.77 2.26 3.12 3.32 
(Z)-Jasmone 1968 1.03 t t t 
Piperitenone oxide 2004 2.50 1.21 t t 
Essential oil content (%)*  0.38 0.60 0.75 0.70 

RI: retention indices on BP-20 column; t: trace (<0.10%) 
DAP: Days after planting; *v/w 

 

Table 3 Chemical profile of Mentha spicata L. var. ‘viridis’ cultivar 
‘Supriya’ at different stages of crop growth. 

Age of plant (DAP) Compound RI 

90 120 150 180 
�-Pinene 1026 1.05 0.77 0.92 1.21 
�-Pinene 1105 0.84 0.86 0.85 1.02 
Sabinene 1119 0.24 0.26 0.28 0.35 
�-Myrcene 1158 4.36 2.61 2.21 1.99 
�-Terpinene 1177 0.19 0.15 0.19 0.42 
Limonene 1194 11.29 12.61 11.72 12.74
1,8 Cineole 1204 1.49 1.58 1.49 2.02 
�-Phellandrene 1206 0.29 0.11 0.10 t 
(Z)-�-Ocimene 1210 0.82 0.44 0.37 0.83 
(E)-�-Ocimene 1251 0.44 0.22 0.12 t 
p-Cymene 1271 0.23 t 0.60 t 
Terpinolene 1279 - t - - 
3-Octyl acetate 1345 0.84 0.60 - - 
3-Octanol 1394 1.14 1.41 1.67 2.21 
(E)-Sabinene hydrate 1463 0.36 1.69 2.65 1.78 
�-Bourbonene 1515 1.09 0.46 0.47 0.21 
Linalool 1530 0.12 0.26 t t 
�-Caryophyllene 1589 1.35 0.93 0.1 t 
Terpinen-4-ol 1606 3.21 0.59 0.16 0.31 
(Z)-Dihydrocarvone 1610 t 2.17 0.16 1.75 
(E)-Dihydrocarvone 1624 0.12 t t t 
(E)-Dihydrocarvyl acetate 1633 0.21 t t 0.37 
(E)-�-Farnesene 1662 t t t t 
�-Terpineol 1701 1.07 1.78 0.64 1.41 
Germacrene-D 1721 0.39 0.30 t t 
Carvone 1751 62.92 64.77 72.47 62.55
(Z)-Carvyl acetate 1777 0.24 0.44 t 0.76 
(E)-Carveol 1825 1.59 2.00 1.00 0.91 
(Z)-Carveol 1866 0.31 0.38 0.57 1.08 
(Z)-Jasmone 1968 2.16 0.61 0.86 t 
Piperitenone epoxide 2004 t 0.47 t - 
Viridiflorol 2102 0.72 0.80 0.38 0.42 
Essential oil content (%)*  0.46 0.50 0.72 0.70 

RI: retention indices on BP-20 column; t: trace (<0.10%) 
DAP: Days after planting; *v/w 
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constituents of ‘Kiran’ EO were linalool (32.86-46.31%), 
linalyl acetate (19.27-37.72%), �-terpineol (2.90-4.61%), 
geranyl acetate (2.14-2.83%), geraniol (2.36-3.21%) and �-
myrcene (1.08-2.57%). Although there was no regular trend 
for any component with respect to crop age in ‘Kiran’, 
nevertheless linalyl acetate, �-myrcene, �-caryophyllene, 
limonene, �-terpinene and �-humulene were highest at 180 
DAP, whereas linalool, (Z)-�-ocimene and terpinolene were 
highest at 150 DAP. Furthermore, the amount of �-terpineol, 
viridiflorol geraniol, geranyl acetate, 1,8 cineole and citro-
nellol were highest at 120 DAP. The EOs obtained from dif-
ferent crop ages thus showed considerable variation in con-
tent and composition of all three cultivars. This could be 
due to expression of different genes at different develop-
mental stages of the plant and further by the environmental 
factors arising from seasonal variations (Verma et al. 2010a, 
2010b, 2010c, 2010d). 

Carvone-rich spearmint has been investigated in India 
as well as in other countries. In India, under the climatic 
conditions of indo-gangetic plains the carvone percentage 
was varied from 45.9-71.6% in cultivar ‘Neerkalka’ and 
53.3-77.1% in cultivar ‘Supriya’. Interestingly, both culti-
vars were noted to have higher percentage of carvone at 
early stages of crop growth. Similar, pattern was also noted 
with cultivar ‘Neerkalka’ in present study, however, the 
trend of carvone accumulation in cultivar ‘Supriya’ was 
entirely different in present study than that observed in indo 
gangetic plains (Bahl et al. 2000). Further, the carvone per-
centage was varied from 46.4-53.3% in spearmint grown at 
different locations in Egypt (El-Wahab and Mohamed 2009). 
However, the spearmint grown in Iran was found to contain 
relatively lesser amount of carvone (22.4%) (Hadjiakhoondi 
et al. 2000). The percentages linalool and linalyl acetate in 
bergamot mint was increased towards crop maturity (Bahl 
et al. 2000). However, no any regular trend was noticed 
with these constituents in present study. Finally, it was con-
cluded that the yield and chemical composition of spear-
mint and bergamot mint essential oils was strongly depen-
dent on developmental stage of the plant, and therefore har-
vesting time is one of the most important factors influen-
cing the oil quality. 
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