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HEXENOL<3Z-> 859 a  00025:000250 ¢  05025£0.00250 a  0.0075:0.00479  a  0.0025:0.00250 b 0.2150£0.00250
PINENE<ALPHA-> 939 a 00075000479 d 039254000250 ¢ 0.3775:0.00629 e  0.5025:0.00620 b  0.2100£0.00010
SABINENE 975 a  00025:000250 ¢ 04125:0.00250 d  04275:0.00479 e  04450£0.00289 b 0.26000.00010
PINENE<BETA-> 979 a  00025:000250 e  06425:0.00250 ¢ 06475:000479  d  07325:0.00479 b 0.4125:0.00250
MYRCENE 901 a  02150:000500 d  11775:0.00250 d 11700000577 ¢  11600£0.00577 b 0.8025:0.00250
LIMONENE 1029 a  39375:000250 e  17.5075+000250 ¢ 16.7750£0.00500 d 17170000001 b  10.1375+0.00250
CINEOLE <1,8-> 1031 a  07075:000250 d 26875000250 e  27225:0.00479 ¢  25475:0.04922 b 19875:0.00250
LINALOOL 1097 b 02475:000250 d  02675:000250 ¢ 02625:0.00629  a  0.2125:0.00408 ¢  0.2575:0.00250
BORNEOL 1169 b 03025:000250 ¢  03125:000250 d 03175000620  a  02800:0.00408 ¢  0.3125:0.00250
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CARVONE 1243 ¢ 827075:0.00250 a  67.4075:0.00250 ¢ 70.7225:0.00479 b  60.21500:00050 d  75.2150:0.00500
PIPERITENONE 1343 ¢  04275:000250 b 03875:0.00250  a  0.3325:0.00620 ¢ 04000£00001  c  0.4000:0.0001
ELEMENE<BETA-> 1301 e 04775:000250 b  02875:0.00250 ¢ 02025:0.00479  a  0.2675:0.00250 d  0.3875:0.00250
CARYOPHYLLENE<E-> 1419 e 10875:000250 ¢ 0.7975:0.00250 a  06725:0.00629 b  07575:0.00250 d  0.9525+0.00250
FARNESENE<(2)-BETA- 1433 e 05725:000250 ¢ 03725:0.00250 a  02675:0.00629 b  03325£0.00250 d  0.4025:0.00250
i 1450 e 04625:000250 b 03725:0.00250  a  03675:0.00479  d 042258000250 ¢ 0.4125+0.00250
NRROLA N> 1467 e  05125:000250 b  03625:0.00250 a  0.2975:0.00629 ¢  04075:000479 d  04300£0.00408
GERMACRENE D 1485 ¢ 39725:000250 ¢ 301254000250  a  2.4650:0.00289 b  3.0500£00500 d  3.3925:0.00250
BICYCLOGERMACREN 1500 e 03775:000250 ¢ 02875:0.00250 a  02325:0.00479 b  0.2525:0.00500 d  0.3050+0.00500
GERMACRENE D-4-OL 1576 d 02375000250 b  01625:000250 b  0.16000.00408  a  0.1075:0.00250 ¢  0.1775:0.00250
CUBENOL<1,10-DI-EPI-> 1619 e 02750:000289 ¢  01850:0.00500 b  01600:0.00707 a  0.1475:0.00250 d  0.2125+0.00750
CADINOL<ALPHA-> 1654 d 02475000250 b 01750000500 a  0.14000.00408 b  0.1825:0.00250 ¢ 0.2100+0.00010
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Zinc concentration in treatments

Compounds of essential oil

0ouM 5uM 10 uM 20 uM 40 uM

Hydrocarbonate Monoterpenes 4.14 20.13 19.39 11.55 20.01
Oxygenate Monoterpenes 87.61 73.85 75.54 81.08 7411
Total Monoterpenes 91.75 93.98 94.93 92.63 94.12
Hydrocarbonate Sesquiterpenes 3.11 2.19 19 2.58 2.18
Oxygenate Sesquiterpenes 5.12 3.83 3.17 431 3.7
Total Sesquiterpenes 8.23 6.02 5.07 6.89 5.88
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Biochemical changes in terpenoid compounds of Mentha spicata essential oils in
response to excess zinc supply
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Abstract

Zinc plays an important role in many structural and biochemical functions in plants. However,
excess amount of this element as heavy metal is one of the limiting factors for plants. Spearmints
were grown in green house at nutrient solution containing different concentration of zinc until the
flowering stage. The essential oils from fresh spearmint samples were isolated by water distillation
(clevenger) and analyzed by gas chromatograph-mass spectrophotometer (GC-Mass). In this
research, results indicated that, monoterpenes were major parts of essential oils in M. spicata and
low percent of these compounds were sesquiterpenes. In comparative investigation, content of
oxygenate monoterpenes decreased with employing zinc in nutrient solution but, hydrocarbonate
monoterpene contents of essence were increased. Total monoterpene contents of essence increased
significantly by zinc treatment. However, with increasing Zn concentration, sesquiterpene contents
such as hydocarbonates and oxygenates reduced gradually. It was concluded that, total oxygenate
monoterpenes were more affected by Zn treatment and its reduction was remarkable. This could be
due to bioenergetical changes in plant cells in response to heavy metal stress.
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