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Table 1) Essential oil chemical composition of Peppermint
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Compound RI

a-thujene 926
a-pinene 940
camphene 952
sabinene 974
B-pinene 989
myrcene 999
a-phellandrene 1002
Limonene 1029

Compound RI Compound RI
1,8-Cineol 1031 trans pulegol 1215
n-octanol 1038 cis pulegol 1229
menthone 1153 piperitone 1253

iso menthone 1163 menthyl acetate 1295
menthol 1172 a-copaeme 1377

cis linalyl oxide 1174 E-caryophyllene 1420
trans linalyl oxide 1177 a-himochalene 1451
trans piperitol 1208 germacrene D 1485
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Table 3- Effect of ethanol and methanol foliar spraying on essential oil components of peppermint

Component (%)

Treatments

no spraying

distilled water spraying

Ethanol spraying
(%)

Methanol spraying
(%)

10

20

30

40

10

20

30

40

aualnyi-o

0.38¢c

0.12f

0.30d

0.22e

0.58a

0.12f

0.52b

0.12f

0.12f

0.12f

ausuid-n
auaydwed
auaulqes
ausuid-¢
EERIT]
aualpuejjayd-n
ausuowi|
103UID-8'T
|ouB320-U
auoyiusw
auoLUBW 08I
I UE]
apixo |Afeut] s19

0.42c 0.76b  0.22d 0.23c 0.31c 6.0l1ab 0.57a-d 0.74d 0.29cd  20.96ab  12.4la 39.92bc 0.67c

0.21e 0.34e  0.12e 0.12d  0.65b  3.03d 0.33e 1.23bc  0.37bcd  18.49b 8.56bc  45.88abc  0.90bc

0.35d  0.56c  0.12e 0.12d 1952 3.74cd  0.37de  1.02cd 0.25d 22.00ab  13.02a 35.01c 1.19ab

0.32d 0.55c  0.12e 0.12d  0.12d 5.0lbc  0.55bcd  1.75ab 0.64a 2197ab  8.48bc  41.96abc  0.75c

0.69a 0.95a  0.35a 0.33a 1.80a 6.84a  0.65abc 1.89a  0.48abc  22.85a  10.75ab  37.84bc 0.75¢c

0.33d 0.12f 0.29bc  0.12d  0.45c  3.25d 0.80a 0.59d 0.25d 20.43ab 7.85¢ 48.47ab  0.89bc

0.60b 093a 0.33ab 027c¢ 0.35c 7.24a  0.59-d 1.6ab  0.40bcd  22.45ab  9.04bc 38.83bc 0.75¢

0.31d 0.30e  0.12e 0.35a  0.44c  3.01d 0.75ab  1.29bc  0.45bc 14.54¢ 7.71c 52.19a 0.93bc

0.12f  0.45d  0.25cd 0.22¢c 0.12d 295d 0.55cde 1.31bc  0.50ab 13.55¢ 7.00c 52.41a 1.30a

0.12f 043d 012 0.28bc 0.38c  3.18d  0.65abc  1.69ab  0.49ab 14.48¢c 8.07c 52.84a 0.97bc

apIxo |Afeur| sueal

0.54bc

0.73abc

0.80ab

0.64bc

0.50c

0.70abc

0.55bc

0.80ab

0.94a

0.80ab

Jo1aadid sueay

2.00b

1.19cd

2.52a

0.89cd

0.80d

1.40c

0.80d

1.01cd

1.25cd

0.75d

auoyadid

5.5bc

6.46b

7.52a

2.4e

3.68d

5.75b

4.47cd

6.03b

5.72b

5.71b

awaedod-n

0.31b

0.45a

0.40ab

0.45a

0.12c

0.35b

0.45a

0.12c

0.45a

0.35b

5 (g ls me Ml (gl Blod 10 gt a s alie Cog sl la Sl

Means in each column followed by the same letter(s) are non-significantly different.

\Y




e il SLS 5 J Ul d gl phd o S ST, 50

~ol s mpl s i el
(o5 S S TS,
Slyee ks 5 Loy 53 Al
wily i bl plendsd
Lo oS ces M
slodpbe W Sro s
sl DU M pn e a it
S ol ol s ek b gl
S8 DS 5 s el
208 oS S 3 S
S G 5 Sk e sl
5TV T Ss, s e
S5 TSI SIS
“ e e edas 5 DS S
2@l S s s sl
5> Jsbe O o] 5 o plie
Pl ol i 59 0lalS
oRIPl L pla s Ol Ol
3 el e slaeds (S15
s Sol S mha RalS
A mop Pagie il 2
» JHU s dpke AL o
LS sledsd Slosas
“dsee &S sl OlEs L ol
LY Jsbl 5 Ay Jglke AL

5 s ol Ol Gl

%2 nitrate reductase

% Rubisco

% Catalase

% Glycolate oxidase

% Glycine decarboxylase

BRI g S I JH0I L TN e cpmle 5 ielS s ol
R X P 7Y S S R KV L IS Y
ol 53 e eslind Jsile Sl S G ae s g e ol S
G b e J5 28 S 15 bl o5, S s U JSBI LY sl
5 Jsle sbs 5 bl oS slacd, g JSBIATY 5V glacs) ote 6
Sl 0,00l 5 ged Slaie jRalS Cel Jhaie O L 3L e LS
s, Ahd e 5 Jem VA Ol 2 ke 5 JSU1 (20 e e
Ol el gl ALdsles A edalia JSSION 3 J ke L5 5 JS6 oS
Sl LS L3 Ao DS 5 Shd e s A8 Ol 5 O Olse
S5 AN 5 e Olpe & st Ol SRl sl ke
Ol Il L anslie 52 20 A1 ke 5 a8 il gl il plan
Ot s odlF RSt JIW s 03 Y JSEI L (S shme 515
AN IS Slag SES s ol 0L ate S SISl 5 s 3 ST
5 RLSII il LS I s Ol 53 ke 3 sle e

(Y Jsds) Ad edalis 5L SWI

Sl SLS 3 el W5 5l e Y I 01 L Bl e Sl iy
Sdd edalice leslll B 50 7Yy Ul 5 Jobl e JIas 8 Ll glxs
G L Gl e S0 L Jske b Bl sl Sline DI S s
QoW Ggme Wgme Jold i gl lal das SLS 5 Olgs
2 e Gl o d e b B slome 3 S 0 dalie 053 s 5 055
Oz ls gme il Eel dgilie 200 51 5V0 lacs, 5 s J b1 L aslie
sl 0L e S Omespl 5 Osme Ol dpbe LiLdsee s a
EIVARCEES FH{RPIVA RIS P+ U 3 B SURNCH UK SR VRN s PN PR b 1 i
ol slaal g (7 dsder) sls QLG 1y i o i TV J 501 55 O 5
T TR R VP R IV PRSP
oS 2 Jsasd 5 s SIS 5 8hes b5 Olsee SRl o W5 S e oo

Ly S 5 oS s M5 Gt Rl L S s ss e sl sl



(1F4Y Oksl) & = VA Slomis oY ojlad N F llr (81,5 DS il g aslidad

CLSS phe (IS Sl
S M gl bl 53 5 g s
dSbl L 2hd o s e 36
o e s 285 A ke s
B I¥ Jgbl Tl s
o dste Ol (I s J sk
5 @lal S5 Fege Olge
AU pls sl s
Ol s Sl ISl & S 6 10
o Jsle YL glachle 5 sl
2 LS sme slaae SRl
My p e Hdgle s Jl
—Z—Ll:u' ol 53 Ostag il 5 O st
L Olfse o JS 2 ols Ol Jdls
Jsbe 5 Jsbl (S o5hd s
5 S 3 Sk Jilsl skl s
Sl sl Gl S

spms il S st o ol platimd 5 Shee Sl (o J5 8158
Sy e oS s 53U o s aad e 51 5 e e OLES oS 5
Seilosl IS 5 sb a4 bl M aes o is 50 daes sS4 a5
S o Duss o Cpme LS d e Aol sladyTp 5l 5L
s5m5 plnd o DS el 53 0 s 5 D 0 SbS ste Wt i LS
3laBl 55l 5 es s Cbu oolal Jlare (S 5 tege Olge a4 Jste 5 L ls
ol ol b bl s S1s 50 slse Mol Sy sl OF sl 5
e Jolse U v ik sk 4 Lol el Js Usd e atle S
bl > Jyme I3 53 e 3 s ol gy 53 s S e 13
Loamalis 53 Jgme Sl gme ialpl Cel OF V0 glachle 5 cuils J 5t
Sl aoes Lol 0 a8 U eals 0L s plnd (555 (a3 ) A S dals
oS Al as s ps o iy Calises bl s (sl 5 J st Ol e 0350 o slize
Sl plie Olpe 53 S 3L Lelse op tege 51 Sl Jrassy ol S
5 Jal s s LS Lclgl et Jlesl gla 25 OS5 352 0 4 56
RS e Bai Ll sl 5o 1) OLis gt il 4l gl gl A5 L
Sl Sk il S5 Ml B e Ol sl oS s Ko
S ol L T ol Sl s e Sl Uil S35 N
3 sl oS 3 peen das e 1A T s el Sl
Aol Susledy 5 Jsadd s oz 8 &kl ol nIBI L IS
R ot 50 e Gasy 5l Jeole e 35 s Ml e sl
Slos e e 5 Ostegpl Oste (e dile Jals ghnd bl LS 5 Ol

87 caffeic acid

%8 folic acid

% »-Coumaric acid
“0 chlorogenic acid
4 vanillic acid

42 rosmarinic acid
3 rutin



e il SLS 5 J Ul d gl phd o S ST, 50

References

1.

10

11.

12.

13.

14.

15.

16.

17.

18.

Abdolmaleki M, Bahraminejad S, Salari M, Abbasi S, Panjeke N (2011) Antifungal activity of peppermint
(Mentha piperita L.) on phytopathogenic fungi. Journal of Medicinal Plants 2(38): 26-34. [in Persian with
English abstract]

. Alaei SH, Khan Ahmadi M, Zaji B (2007) Comparative studies of essential oil and menthol content of cultivated

peppermint in three different regions of Kermanshah. Plant and Ecosystem 3(9): 71-81. [in Persian with English
abstract]

. Asgari AA, Moinfard A (2014) The effect of alcohol foliar application on plants as a modern application in

agriculture. Proceedings of the First National Congress of Biology and Natural Sciences of Iran. Tehran, Iran 4
pp. [in Persian]

. Chakraborty A, Chattopadhyay S (2008) Stimulation of menthol production in Mentha piperita cell culture. In

Vitro Cellular and Developmental Biology — Plant 44(6): 518-524.

. Fall R, Benson AA (1996) Leaf methanol, the simplest natural product from plants. Trends Plant Sciences 1(9):

296-301.

. Farzaneh A, Ghani A, Azizi M (2010) The effect of water stress on morphological characteristic and essential oil

content of improved sweet basil (Ocimum basilicum L.). Journal of Plant Production 17(1): 103-111. [in Persian
with English abstract]

. Heidari F, Zehtab Salmasi S, Javanshir A, Aliari H, Dadpoor MR (2008a) The effects of application

microelements and plant density on phonology, yield and essential oil of peppermint (Mentha piperita L.).
Iranian Journal of Medicinal and Aromatic Plants 24(1): 1-9. [in Persian with English abstract]

. Heidari F, Zehtab Salmasi S, Javanshir A, Aliari H, Dadpoor MR (2008b) The effect of plant density on yield

and production of essential oil of peppermint (Mentha piperita L.). Journal of Water and Soil Science 12(45):
501-510. [in Persian with English abstract]

. Izadi Z, Ahmadvand GH, Esna-Ashari M, Piri M (2010) The effect of nitrogen and plant density on some growth

characteristics, yield and essential oil in peppermint (Mentha piperita L.). Iranian Journal of Field Crops
Research 8(5): 824-836. [in Persian with English abstract]

. Khosravi MT, Mehrafarin A, Naghdibadi H, Hajiaghaee R, Khosravi E (2011) Effect of methanol and ethanol
application on yield of Echinacea purpurea L. in Karaj region. Journal of Herbal Drugs 2(2): 121-128. [in
Persian with English abstract]

Mehrafarin A, Naghdi Badi H, Poorhadi M, Hadavi E, Qavami N, Kadkhoda Z (2011) Phytochemical and
agronomical response of peppermint (Mentha piperita L.) to bio-fertilizers and urea fertilizer application.
Journal of Medicinal Plants 4(40): 107-118. [in Persian with English abstract]

Nonomura AM, Benson AA (1992) The path of carbon in photosynthesis: improved crop yield with methanol.
Proceedings of the National Academy of Sciences of the United States of America. Boston, USA 9794-9798.
Nourafcan H (2014) Elicitors, precursors and culture medium components effects on some growth
characteristics, citral percentage and antimicrobial activity of essential oil of lemon verbena (Lippia citriodora
H.B.K.) in vitro and greenhouse conditions. PhD Thesis, Islamic Azad University - Science and research
Branch, Faculty of Agriculture: Tehran, Iran. [in Persian with English abstract]

Nourafcan H (2015) Effect of salicylic acid on salinity stress tolerance improvement of peppermint (Mentha
piperita L.) in greenhouse. Agroecology Journal 10(2-2): 85-95. [in Persian with English abstract]

Nourafcan H, Kalantari Z (2017) The effect of methanol and ethanol foliar application on peppermint morpho-
physiological traits. Agroecology Journal 12(4): 1-9. [in Persian with English abstract]

Safarzadeh Vishkaei MT (2007) Effect of methanol on growth and yield of peanut (Arachis hypogaea L.). PhD
Thesis, Islamic Azad University - Science and research Branch, Faculty of Agriculture: Tehran, Iran. [in
Persian with English abstract]

Sajedi Moghadam S, Mehrafarin A, NaghdiBadi H, Pazoki AR, Qavami N (2012) Evaluation of phytochemical
yield of thyme (Thymus vulgaris L.) under foliar application of hydro alcohols. Journal of Medicinal Plants
11(44): 130-140. [in Persian with English abstract]

Sayyadi A, Ahmadi J, Asghari B, Hosseini SM (2014) Effect of drought stress and salinity on phenolic

\&


http://jstnar.iut.ac.ir/browse.php?mag_id=45&slc_lang=en&sid=1
http://jstnar.iut.ac.ir/browse.php?mag_id=45&slc_lang=en&sid=1

(1F4Y Oksl) & = VA Slomis oY ojlad N F llr (81,5 DS il g aslidad

compounds of Thymus vulgaris L. Eco-phytochemical Journal of Medicinal Plants 2(4): 50-61. [in Persian with
English abstract]

19. Tahami Zarandi SMK, Rezvani Moghaddam P, Jahan M (2010) Comparison the effect of organic and chemical
fertilizers on yield and essential oil percentage of basil (Ocimum basilicum L.). Agroecology 2(1): 63-74. [in
Persian with English abstract]



The effect of methanol and ethanol foliar
application on essential oil composition
of peppermint

Agroecology Journal

Vol. 14, No.2 (9-18)
(summer, 2018)

Hassan Nourafcan'®, Zahra Kalantari®, Fatemeh Sefidkon?
1 Horticultural Sciences Department, Miyaneh Branch, Islamic Azad University, Miyaneh, Iran
< Nourafcan@me-iau.ac.ir (corresponding author)

2 Research Institute of Forests and Rangelands, Agricultural Research, Education and Extension Organization,
Tehran, Iran

Received: 28 January 2018 Accepted: 21 July 2018

Abstract Mentha spp. are the main source of menthol essential oils. Keywords
Medicinal plants sprayed with alcohols such as methanol and ethanol may cause

+ carbon dioxide
vegetative growth and secondary metabolites improvement. The current study was 4  foliar application
carried out to evaluate ethanol and methanol foliar application efficiency on hydro alcoholic
peppermint essential oils composition at Medicinal Plant Research Farm of Islamic 4  menthol
Azad University, Miyaneh Branch based on randomized complete block design. 4 menthone

One month aged peppermint plantlets were sprayed by 10, 20, 30 and 40% (v/v)
ethanol and methanol aqueous solutions repeated twice two and four weeks after.
The plants were harvested in flowering stage and their essential oils were extracted
using hydro-distillation. The essential oils composition was specified using GC and
GC-MS techniques. All phytochemicals in peppermint essential oils were
significantly affected by hydroalcoholic solutions application but transpulegol, cis-
pulegol, menthyl acetate, e-caryophyllene, a-himochalene and germacrene D.
Plants sprayed by upper than 10% hydroalcohol solutions contained more menthol,
significantly. Moreover, menthol amount was in higher values in the case of
methanol application than ethanol. However, most of phytochemicals of peppermint
were effectively promoted using ethanol 30%. Also, menthone and isomenthone
negatively affected by methanol spraying in peppermint. Therefore, considering
current research findings, methanol spraying is recommending to increase
peppermint essence quality.
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