[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

ZEIE Q\.al.f aoll2b oee——

4 gy 3 (Mentha piperita L) A& gl olS juilul liarl 5 uilesl 015 ol ks

0595 3 2,8

Tk e 6358 S Sl 5 p BT e Je eabigul et S ghige i g0

Snl S (AL sl o a)ls OLLS eaSin s ossls OLLS Slidss S e )
Ol O e oo o 5 o8 a5 ke 0uSLiils ¢ ALS o gle 05 S Y
ALl ol Ol saSin s o ssls VLS Slidss S s 4l Jwﬂ*
YAYVO-NYPA :(O 5 ge) s O skis

CYP)YEVEEAYY : ol ((YP) YIVEF ) eV il

A.Mehrafarin@gmail.com : s 2SIl s

doi: 10.29252/jmp.4.72.81 AVNVNA 1 goi 0,6 AV/ENY il s f b

G S e S g Ly SU L 05555 eal el DALS 5L sy5e liE pate o e D55 TAede
Db gl pord 9 G g5 DS 5 e g Gl B o go NADPH 5 ATP Ol o158l 5 il (i 55 508

ST Cand g b 0T Bl 5 05555 355 ilen 7 b ST o O lil 5 bl Oljen (AS 5 (oS O ki gy p 1B
S5 G ol Blaal 51 JdlS gl laS|

Slsless el s 1l 4 (WWAYAYAE) Lo 55 55 Jolas oS oSl b JB s slasyze SialasT cpl fms 2 595
Jols sz 3550 Dlao gy LS 3 p S5k 100 5 V0 ) 0yl Sps0 4 D355 355 b e e Joli Selasl
a gy bl edins JKE5 (gl 5 el Ay SIS T AT (sl 5T ol

PP R JOPYRRCIR P KW L | 6u(.,_;i b 5 Jshe 5 Olge 2 P S 0/0Y) olsiime F sl 28 5 )8 1l
i ) b % o 5 03578 355 hls | pimmen ol S plind bl Ol G131 e b3l Jlo 52 2 50
Sb s ghn glel li! sl » a-Terpineol 5 Z-f-Ocimene (1,8- Cineole .Limonene (Myrcene - Pinene
WLl (g ,ls sae

SBSs g e SR s D35 3 gmaS e dd il plins bl Ol Gl 31 o g 035 58 5 218 15 S Aot
celyy g 4K s oyl fjf_,l_.f VO & jas i Pulegone Ol 5w o L;I.x_..,.ilg;“ﬂ ‘5\;‘..5}31 CAled il g il deo s (J gl
s Menthone (Menthol &l5s 5 )lssae 56 pds 5 Pulegone Olpe fals 5 uilul Olje (hl5l (s 4 Jdl gl
544 p 40 g Menthofuran

Menthone (Menthol « Jals ¢l 035 2 « iliol (31T ST (slag 57 208 505 IS

1A 0L 9o g dlady fuduo olod (P olex 0598 adxd Sl



http://dx.doi.org/10.29252/jmp.4.72.81
http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

bl 3 Shas o iy S 5l 0L glanlllas ol [V ]
L, (Cymbopogon winterianus Jowitt.) s..J —ale oLS s
DIY] el s 4 S 5 6,4l eSS Fer sl

Ll el o5y by fsise Olatlo 5o 4 ST 03520
glin S 53 bl e 308 G114 e 0T 508
03 S LS Lesie o2l Oldles W] oapd e i
S 03 el ediS i 5 b slaas plia o3l 5l OlalS
D] b 23 Sy el 528 L ea il
O NCIS O W PR SR PR CH PIPRNCRNN
gl it dn g Sl esle SladS O me 5 A 5055 5
Ol OOYAD) 33e 5 O VO] ol sds [2)18 S 5
S 3 0SS 100 1) 835,55 Oljee S5l b o 23S
oS s 3Ll 5 05 W CLS 5 5 bl IS Ol
D#] sl a8l (Artemisia absintinium L.) el
DAl L ge 055,50 G pme a8 515 0L (\YAY) a3l ls
=53l 5 trans-Dihydro carvone ; Limonene 0.
Lss oS slul s Dill ether 5 a-phellandrene
2 Sl b« J= s as (Anethum graveolens)
555 Gae oS il Ole oLl .l Carvone Ol .
<=3 NADPH 5 ATP 0l5e il s a4 055,58
5 b DV osd e s s SLS 5 stsn Al
zh B 055, 558 5,08 8 dials 0L (YTAY) 0, Kes
Oljme comilal doss Rl o pe S8 55 0 S5ks Vo
o5 > y-Terpinene ; a-phellandrene Oise b J
Olme LI as (Satureja hortensis L)  Slass
53 opl wls rals 1, Carvacrol s Thymol p-Cymene
Ui 2 sobme Sb 03 58 5p Jo
5 Limonene Myrcene fS-Pinene «a-Pinene
DA cilw 1,8-Cineole

Coenl gols LS Celys L3 s el CoiS
3 ool a8 L Ll o)l Jgeame CoaS 4y o (6 20
Sl 2, 035l il wlio 53 sl OLLS A8
L3l o 6 S50 o3l CodS 5 eSS OWALS ) A5
S ol sl St ol SaS Wl olid wladss V4]

6‘}’-“ 9 J«..:Lw‘ Q\}:A Q\J:_'..a.?

TPRV-P)
sble s (Mentha piperita L.) s gl
(e Ghlae gl s bl 6\»3 00 s Sl il e
gl bl V] 258 0 S Jloss 5 5l lae (sl
oK U5 glaion sl b s Jdo & b
Sl 5 U8 SIS pdy SO eng) posdis (OIS
2 e sy 5 aeilesy sl lasys Sl
&> Menthol [Y] 5505 Jlsl 3 5008 55 (g5lassls sl
Menthone L ol jen o8 ol il slas bl 52 0 5
S 5 eab sbul Jse bS5 s 5 iS0-Menthone
sl Menthol . ode [¥] al s gl e
Menthone  Lols Jibs slas ilel ol slagy 5550
[Pulegone [Limonene Menthyl acetate
[¥-#] <.l Carvone ; iso-Menthone Menthofuran
Menthol =l Olye wlal 5 s gl Luilul cois
w335 s Menthofuran , Pulegone (Menthone
s YL Menthone 5 Menthol o5 ax 8 &S (g 4k
b 5wl Menthofuran 5 Pulegone  slaclle
03) e V] g el VL cdS gl el
YYeor Yo oo Menthol Sl G rae oS 550
s M Pl S35 an s plple WSl Jle s s
bl SdS 35 Sl e s Sl A LSS

¥ AL 3,05 Sl b Coenl O
28 ddbe Drany Ml nhege O30 RS
a3l dapSsy Wb s sldSse Ol
14 s 2 s S 5 SAS S ladel dagy 3158
Sl bl Sk glacdled L gl 05558 5
O3a e V] o)l jmsmd 5 4l 03 age S8 S 5 o

CO2 e 5 oy 5 50 L el oS o5 OlalS s

S oplp g e Gl GRe el g
NVjame Ol i Sien oS Lsls Ol Sl
g b Sl b Slind - a5l el8 wile (g 58
Q)}jfl.iffdawul.y gl pedle syls sy ladS gy 5
i GOl e (Shees oa baags g cble L Sl


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

OLes 5 (g i

dsloe s 5 pS eIl 5 gl Pl

oo S dtee Glats s e g Seslul sl
3Ll e S 0 S S s A ealinad (VAVE) 5l
SS9 Ve o Vo lad 3L ) Le O L olS ol 5 3
sk Ve e VoL, ST Yse e /) EDTA
LAN}Meﬁj)M i))\ﬂts (pH:7) (Juﬁ).)\‘ u’..')‘:jﬁj:i
M A¥eve o Loadds Yo Sde 4 odel G 4
ol C\J}L:vﬂ\ e)L,a.O Q‘j& PR S) @lﬂj MJM]:JLW
uﬁ»)aMC‘f&Jo)LﬂJﬂu&Sl‘jkﬁmMU}
Ak 050 Silby sk elS 2 S ke 0) 55500
Aol il oo Vo 035580 51 ey 5 0l J A3 40 J 50
JI.:JL;L:A Voo A J..k.fu g_)T L doys AD &JL..J)JJ
d).k 2 d}bua Lgumﬁ}f; u.k;— ulﬂ.a pY (L oJ\JL«:)
2 e 658 eI o 351kl poie 3l aslizal
INT2 0l 6 S e S 2 0o ¢ 5 e

j‘Jb:»S‘ﬁ: vi}ﬁ c,.,!l.c.é ‘_;J:S/ e}‘.b‘

E-TERE AU NV JURPURCIN [Pt B PSRN
oSty bglss s rl;,u'\ (\aA+) Malik and Singh
JSUSS 5l oo +/Y0 ol 35T 2 e +/Y0 ol
hie O 1) Joe Vor 53 0 S ha YF0) ¥ e s Yo
(PH= #/A) Ngo o Vov Slins 5L 2) e Y/O 5
e YO 035530 31 e akds ¥ Od il s
b e oSl e s V50 Lo 0 olg clle L HO,
ST 5T s s S gl YV e b
(€=26.6 MMt em™) JsSLIST 5 Jaey o ol 5
IYYT a2 0l 55 2 0 S e 2 4ids 5o

QLALSQJ\A: c&j)\bdh&fé}g;é}ﬁi&&)“)}}
Olee &S 5 (05 Dlymsd 055,50 355 ilee sk

B 0l gl 5 bl

b S, 9 2lse

—ATAY) Wl 53 glas sz il K s w0 Siash ol
ler gy Ol aaiayn Slads asyp s (YAf
Al Ll oslas S (slacSsh 2 b B s el
Cospe 4 053 35S gl s e s 5ol glasles
S 53 0T 31 o5 45 35 (a3 p SN0 V0 ) o)
o 3 (ol 355,35 10) WYWAY 5 ATAY ladle ciS fuas
Sloo gt e S i losl ele Clgus )l Sl 55 S
v Ges SN B e ag l J aspe S plend 5 (S5
Al 0 ol Jse) A3 el ()l 6503 (e ST U
a Sk Ogl el il S s e ube
L Jlasl bl aen 6l LSS &y 5o

DalS eaiagy 0peSIS Sl i sl (slasls
S el Yo ahol b e 5 0dld soslper ool
S esle Frodol L) cis glacisy g, S
Ldd i Yl ole gl pss (K
bl iy 5 S D 4 WTAY L s okl Clles
e (sl Jlesl 3,3) day 4 AT JLo Sl a5
F) oS A sl 03, slassS b sl s (gl
ALy S sy S s plasld s (e e
AU e il 53 bl Gl S 51 (sls 45l
lal Do 4 el Sl B Sl s b Gl V)
5 ale Lyl s co e L;)j@}_ Gt ped L5 ol
L S B gles

Sl 45,50 S gland (S5 Sl pas =) ojled Jgdr

Soss
pH Cu Zn Mn Fe
(ds/m)

(ppm) (ppm) (ppm) (ppm)

N Texture

P Sand Silt Clay

K

\/Y V/Y (A% (Vid ¥/4 /AN

+/*VO /Y \Wv/¥ Y YY \ 7

ieale 0398 (Sl (2918 O dolLad
1FAA 30l 298 9 Slasy fuluo olols


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

GC/Mass oKiws olaseis

4 e Agilent 6890 ¢4 5l 1S ples S olSans
el eslizal O i 5 5 AQIlENt 5973 Je o > K il
5 Fagde VO JEs ks ze Yo Jsb o4 BPXS gy
olsS sl Gl e s Se Y0 Y Calbks
55 0 dd33 5 OISa =N lau g5 45 & sad il edins S5
wbes aly as 5,5 GCIMS oavs & 2y S )l
s by ol Sl am s Ve Ol laal sles el O st
Lol S mle ammpn WY B L ol 5l cazds 5o e 4 bes oy
53 M 5 aids e sl S Sl s Y Sl 0Ll S
Ubed o 39 43> 95 Odo ;ljfdb'lm a3\ gles
a3 YVe 4 aids e ;ljfu:JLﬂ 3y DS
g L gl 53 adBs aw Dde a5 L Ll ol S sl
{U:Lm)'@)'\):f_ sl S ol am s YAY Gy 5 SSUT les s
Gi5s 3 Al ke S GB) Ol e b el S Ol o
T oy IS e Ve oa S S sl
35n o S b 3y 423500 o5 a bl 4 GCIMS
505 SV O gl 55 0 55 LAgIlent 5973 Joe esliza
s YW Opliiy mie sleo 5 Bl Opliis 2o,
i olaS YP0 B Fe Sl s Sl w3 3 31 S
Lol amlis 5 T (sl pasls WS 4 baib Ll
Sleslial b5 SWVe 5 w0 S 03 3 e sl
35 g0 MBSl eslanal 5 s lukial OLS 5 0 glacib
[YO F0] 8 8 &)y sm (55 50alS ailiuslS 55

Y Jolosi 9 4 5208

ool el s Sl e S e bl e
Cromen S el (L Os3D) besl Jle g3 slaesls
—g_‘)jﬁjds QJA)T wl.w‘ » }:.a aosls 6L12;— Qbf JLAJJ
D3l 3l eslizal L Gobel Slawlous L s G55 o]
ssle O3 Sike avlie (1 5 43 bl SAS 9.4 (5L
Sl Sl anglie Gl 5 (Sls glawls X Ggasl
A2 eslizad Lsmeans o g7 51 Ll

6‘}’-“ 9 J«..:Lw‘ Q\}:A Q\J:_'..a.?

Sy Sy Kl 0 5T Il (5505101

s Foyer i, gb jlasl, v’—iﬂ el (g ,Se Il
Slivd Bl ol 28Ty bglses i ploil (144Y) 0l,0s
S H202 Jse s 210 Sy Sl gn oo O il
o 53 ol el w3l 5 e e SCEDTA 5 J e e
Ol 5 3 5TH02 035551 b 581y o 2 e ¥ IS
U T Sl Jols b el Yar s db s Sl
Coge a eyl s Sl 3 aE Yool 4 4L
o oaass s (€62 28 mMT em?) b, Sl U e S
DT Ol s 2 S e

SIBL o 5T el (g 80510
G Gb Sy sl sl s Sesll
ST bylse s el (144)) Cakmak and Horst
Sl PH= 6.8 L Ve Lo YO cland 5L Jels
3 ilin Sl @ as 3T lae 5 Y e e V0 O3 0a
Sl Jolss b gl YE e dsb o 650S) O 425
2B gl s s (6,8 el LSS Sl Y e
i 3 (E=43.6 MMt em™) Ha02 Jses Ko ol

IV 0 Ol s 0 p S oo

bl gl Al s

Ga osba b gl 5 olam el 51 p S Vel
b ki OF e 5 A8 a1 53 b S 5 s
oy sl Sl ey b LS L S e g 3 Ol
Lo b gl S @l s e gl (b gas 2 sl
4 A e ey g 4aB 4 b sss T S
S HLas dauly JU G5 Sl gime 45 dal ol (glel]
a4 o aad 5SS 558 IS 00 4 el sl oL
FUY ol o @S-l (U s of owel o
plrl Olos b ol L;,}TCQ ool L wlsl sl
Yol 5 sleied sladls 0ss SIS 5l S sl
A LIS ;\;L;;,L,, a3


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

OLes 5 (g i

opl b b SISy Sl 5 Sy GYBS lags
ne))1 Q\J:.A Lf:i‘fe‘ Lo 45 d)jl’ “ Qﬁl{. J:..alS U}_}f:-’
Db lale ISl S nin LBl nl el
sl Sl s Ghlsl dlo 3 a3 e 3T cpl s
o5l SESa 3 e SAS N0 Sl el el op zaS
(V a)Lo..fL J}J;.-)MGMLA:«A

Sols o ol \YAY 5 VYT ladle o3 il Ol
456))24;(Y GJWJJJ?)M‘JJQ'&L(PS'/'\)
a)j‘ Jﬁ)ls .Jﬁ‘)l.i.:{(v\.p)b NQ) LJM)LMJ\ Q‘J.:ﬁ \Ya¥ Jl...u)b
A lel Ol 0l Cx g bl dle g3 s o
53 e S AS VO G me LAYAY Jle 3 sl Oljee o 2t
e WA L 53 5 ds edaline (Aoys /AY) LLSs
'/Q)e)jljjsjtg.h)) rﬁjlzs YO« )f)gbw;b‘ Loy
O ol Sl gad) ol Cows & (Ao s

@Lﬁ

2 Sl U Jle sl 0l lls 4 s
Sl Sl 3T s 5 P < /) Jslome 055 Ol
Solsime S ensl 358 5,05 s (P < /o)) Slst,
Sl s s o s Olpe n P )
A6 s el e e blize 31 pames Lol Sls| g
Syl 5 P < +/0)) VB 5l cdles (sl e
(Y ojled Jsdo) ey (P < o/0)) 5l

A o el dle 53 8 s Joles 5 Ol
5 YA Ul 53 0 S le ASIY) JiSa 5 o S 5hS VO ol
53 08 e PVIE) i Sl 4 e (VAT L 53 VA0
Ll sl il YA Jle 53 p 8 e OAN 5 1YY L
A (ls pme sk S 5o 0 SN0 o sl Sl o
o dals Sl 55 St ST lan 3T cdls sl
cls s WA Jl s dsle ks 5l zi. AYAr

Cdled 5 dgloue 5 Oloee 2 o 5 0ssl hlite ST ilsls 48 =Y o lad J s

HeSI BT gla g 5T

BV JRRCH P oW

Sty YL oSsp  Df

SRy *E FIAS VY0 SAD** Jle
VY)Y V/O¥ VAT £/0Y $ e gl

TYOq ** YAQER QYRR \apq RR Y o)l

TY Y xH VATY \OF ** YE/YE Y Jlex oyl
\EY/8 Y \/OV YA/AN VY Ut
AIYA o/4 VAR cv

.M)J\JDJL&J}'&)JQJ}{)‘J@M%}A{"*)*

P s bl (gl 055 58 Dslite g glaw S Nl awglis Y ol J gt

Ju ey \va¥

o5l Ol e . Vo 0+ . Vo 0
e WYY REAV- LI (O B 472 PN 72 SN
5YGS (UM mg ! min) TV/v @ FZANRR LN YY/42 yebo /AP
51eS1, (MM mg 1 min?) vy 8 A\ A Y/vE \/v b Al
3laensty b, Sl (MM mg -t mint) Y¥Y 2 yvg b Vv e Yepd o AONVE AsD

sl Aoy O JLQ:;-lcla.ﬂ)sjfiJ&:l{Lg)l;d:u Sl (Ln g cndy s s wlie Gy = gl S e e la Sl

ieale 0398 (Sl (2918 O dolLad
1FAA 30l 298 9 Slasy fuluo olols


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

6‘}’-“ 9 J«..:Lw‘ Q\}:A ol

AR pla P T s W ] UL W I =P | B P PRV TN

ojled J g

bl s s

Df

Z-f- Ocimene 1,8- Cineole Limonene p- Cymene a- Terpinene 3- Octanol Myrcene f- Pinene Sabinene «a- Pinene
iy Tt YAV Ay Cieeany ARV IEITY T TS A At woar ™ AL IFARE v Jl
vy CVEY N0 ieeaYY Vi F0 ety e e sive Y fread NTEZE! ieaeT & c...l&...rV.
T 1 ot eyt AT ey Tt vyt Civa AR Spe o EA NI B ieeal AT Y syl
Lieea ¥y v iy v Tt ot ¥ OVE TS s P ¥ JLox oy
NIRERY:) T TR ereed IFTRES] IERLY NTET A IFERA () TS - LieeedY [FERA T4 'Y o
&V A T 054 VITA AT FiAY oot TIAA iAA orfF cv
e Vg8 et “nrs. ey gl eSS kx gt
- .CE (wh..—-v. aalsl
Piperitone  Pulegone  «- Terpineol  iso- Menthol nea- Menthol iso- Menthone  Isopulegol ?a:._”y‘.wuhwuh ene Linalool Terpinolene mm_.rm“”_ﬁ.“ ne Dr o =ls ﬂf
Lt LT LAt wo eyt wo ey IR ata VT e \ Ju
e Y I OA TS 1 iy el YA e ¥ aivars Wiead aiieay oY & Jl sl
it e iyt e ey L Wieand TS e VeV TS el oo™t v ol
Lieed rige "t Lieen R et et IS ey ™t TV Y Il oy
afraaY EFRRAY IEEAS afenh TR ey FEEERrY ITEER] sjeiad et afiaaf ARS (1S
viad Ty visE YA 5% " LTA A3 0T e riot cv
Aapr ) a0 St mh gr Bl e S SOt

[ 2T-20-9202 uo Jrdw wouy pepeojumo( ] [T¥£Z.8T°6T02702.T/2 T T00T 02 :HOd ] [T8Z, v dwlzseez ot :10a ]


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

=¥ oyled Jad welsl

p- Elemene  B- Bourbonene a- Humulene Carvacrol Menthofuran " Menthyl Menthyl neo- Menthyl Menthone Menthol Df <ol% ﬁ_l.
acetate acetate acetate
oyt eyt eyt e Veqy T IR Tyt Y\ B Vv Byt \ Ju
frraaY vivadf NTEER WV freraesy ey ivevea Y VY VIOA £ .._F.rmrr\....
ey PR NTRLE gt Fia8 " At Tixs N VYA % Y agal
eyt eyt et AL e LYES B T AL AAA T Y Je x oyl
NTEER YIEER! YA NIREE S s afeaed Y/0A LR Y e
AVS rion LA Vi ot aret VeE A T Ccv
AoV g0 Jlassd s g2 B3y I3 e L ¥ Lt
¥ ol L.u-.v... alal
Sesquiterpene Oxygenated Monoterpene s . trans- sl
b r : - Df =l — _r
Hydrocarbons Monoterpenes Hydrocarbons Yiridiflorol Bicyclo germacrene  Germacrene D Z-fi- Farnesene Caryophyliene =8
AU eyt 1 et VEA T ™A m 2 \ Ju
ALY EVAYY o0 Weas iy PFRAY VA T ¥ Jl gl
\ET A VA GealA AT wrs gyt LS B Y aysl
T o 7y " it O i gt G \ JLx ol
i YT <104 QAN feeay i I SIXEER TR Y e
T T et TSV ¥in iy A Yot cv
A P

LS 5 g e

N}

[ 2T-20-9202 uo Jrdw wouy pepeojumo( ]

[T¥€2,8T°6102 702/ T/2' T'TO0T'0Z :H0A |

.ﬂu,..DLFhV_ﬂrl.hh&u&\._urhrif.nm\L.x s

ieale 0398 (Sl (2918 O dolLad

1A 5k 93 9 SLas fukuo o3lods

[T8Z, v dwlzseez ot :10a ]


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

6‘}’-“ 9 ‘J,«'J.L.«" Q\J'.:.A Q\J__....Q.?

@1393 @1394

1.2

1.0

0.8

0.6

‘_ru.;Luil Juﬁ))

0.4

0.2

0.0

OESa 51 p Sk 0,50 sl 7 shaus

AFAF 5 AP Gladle 5o sl ol},.ﬁ(,usn”;,gs) o580 sl - sl Sl amglie =Y o lad ls 503

PRt SIEpey _/,:JU e Soslae gladle s oyl 35 G as
Myrcene  p-Pinene .= o ulel gl el
a-Terpineol s Z-$-Ocimene (1,8-Cineole .Limonene
WAy Jle s Menthone Ol (F oled Jsd>) cils
3 o (doyn VYY) IYAY JL 51 i (Lsys YAA)
MA (deos YA IYAY JLe s Menthol ol S
Do 35 (Aoys ¥o/0) IYAY Jle 5l zin dslg
33 53 LS s oyl SS VO Sl > Menthone
G ame 5 el dald Sl b gols pme sl JaalesT Jl
Ol ool o sn WWAT Lo s Sl 55 0 S AS 10 o)
Menthone Ol ialS 50 \Y4Y JL. ;5 5 Menthone
38 b el (Y ol Sloged) Ad ald el 4 cud
Menthol Olpe » (olsine 6 VTAY Jle s 055
o5l S 3 S S 10 Gy \TAY L s Ll il
aslis 53 MeNthol Olsee Jls sxs 2alS Com go (Ao s YA/Y)
(F oled 13 503) A3 (Ao ,3 ¥V/A) sl Lo L
Z-p-Ocimene , 1,8-Cineole .Limonene ol;.
dald Hlad 4 o ol Dslite sk e Al s
el Olsee osl G pae Julisl L oaS g5k a4 al sl
e 53 T Ol o iy 5 3L RalS iy 55 LS 5
(Loys OV 5 doys £/AY oy YO b 5 a) Jals

ol 53 g 5 LS a5 e ITAY JL

S WVAY Jle s a8 Jb s s plabs Lals t’L..x.:
G UL S O -] W LUL- - Ve e B GOv. S B B
4 Ll ;5 a-Humulene 4 Carvacrol .Menthofuran
ST Jle 5y ekd S 0llS sl edel s
> Z-p-Farnesene , trans-Sabinene hydrate —.l.s 5
WAF e s edd oS 0SSl ol il
v 53 53 bl ll op S A2 pluls
$-Pinene  Menthone Menthol ~ Lals bl
4,8-Cineole  .Limonene

Menthol

iso-  «so-Menthone
trans-Caryopyllene [Pulegone
Menthofuran .>, Menthyl acetate .Germacrene D
2 Y Jl s sl Lol gl 51 (s
Syl Gl dle sl Ol (bl a e mls
Isopulegol , Terpinolene p-Cymene 3l & « .ol
S S O 35 Gae Sadls (gl gae LU
ool el Jals CL;U ool il iy ol sme
Linalool Myrcene f-Pinene «a-Pinene ol

s Menthone Menthol .so-Menthol .sopulegol

Blize I pomas il gls sae LG Viridiflorol


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

J-;M

OSan 5 iges

52 pSAS VO G yae L a-Terpineol Olye il ol

'/YY’) Jdald D)

‘_S)‘QL;.M Q)Uﬁ (M)) '/Y\)AJJ\ )lzi.z B rﬁj.l.:s I D

5 Ll wu.ﬂ DL (..a\..ﬁ)b '/Y?) 0)_5‘ )L&A

5 L

(f UL»..'Z )‘b}&.’!) &;u.:‘.a‘g ML«T’ D)

‘JA‘ 6\)\)& )‘}k 4.’ (M)D

Ol Ol 5 8L 2y

o

8

=

B1393 @1394

OESa 51 p Sk 0,50 sl 7 shas

36.00

30.00

24.00
18.00
12.00
6.00
0.00

VWAY 5 AFAY sladle ;s Menthone Ol » oyl &glite & sl Nl awglie =Y o lad ls 503

eCor JUOYIUIA]

[ £T-20-920z uo Jrdwi woly pspeojumoq ]

B1393 @1394

=

50.00

40.00

30.00
20.00
10.00

0.00

3

=

o

- a

“w-

|m, 3

U3

G

+)

2 4

JER

M

//\—J |MJJ

N

Y

~ -

................. = 2
G A A W
................. - =
a

3

)

)

]

=

+

-

9

T

cCor [OUJUITA]

[T¥€2,8T°6102 702/ T/2' T'TO0T'0Z :H0A |

(KPP H Y]

1A 5k 93 9 SLas fukuo o3lods

Pler 0295 v Jlo (29008 Ols

¥

[T8Z, v dwlzseez ot :10a ]


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

6‘}’-“ 9 JJLA Q\}:A CJ\J::QJ

—
—@-—=Limonene e=Cm==] 8- Cineole Z-p- Ocimene ®— - Terpineol
12 1.2
a
bt
—— b b n
. 10 L = 10 @
-\ — o 3
3 a 3
2 g : b b 08 £
2 O ~ e
g B * S
£ 0.6 _e
il il
= a 2
S 4 b b 04 5
2 s g
= e o & -
@) ; =
1 : i l®
® 2 - : 0.2 1
= a By
— b -
b N
0 0.0
0 75 150

OSa 51 p S5 0,50 sl 7 shas

Z-B- Ocimene y a- Terpineol 1,8- Cineole (LLimonene of5m » o5l & slise g Sl danglie =¥ o led 15 g0d

53 oyl r;}"s VOO G pae b Lol il il (Ao s V)
Sl ool als ol i (Aogs £0) s
Jlo 3l i WY Jle el Ll s e iso-Menthol
WAY Il 53 eysl 355 31 eslinal sl OLES aal58l VYAY
Lals sl o cows iso-Menthol Ole JialS Co e
opsl 355 3 eslizad AYAY Jle s Ll s (Awoys +/VY)
iso-Menthol ol il
b o trans-Caryopyllene , Germacrene D
Aald Slass 4 o S 3 oyl 0 SLS V0 S eslizad
Cos \TAY Jle s Germacrene D ol sl rals

Ols A2 s

J:«ALS b)}\ J)S ng,g,a ‘f:‘.:t
Lals les Logols oxe sl trans-Caryopyllene

Ol Ll sl
s i pluls ey Ju s Z-p-Farnesene .ol
o3l 355 slite sk ST o ITAY L s O ltde
0 oyled Jodm) ol 2als dals s 4 oo
S WY Jle 5 Jls 0581 Glacy 5550 Ol
53 &S aodes Slagy fas Oy WS 5 25 1TAT JLs
Clacp Ssise Ol 55 \WWAY Jlo I ziy \YAY Jl
Sl VAT Ul 5 o5l 355 G jme LU o au Sgda

O5enSt Sla s 5550 Olpme bl Bl Aals jles b (gyls oae

cis-Sabinene ol 45 sl olis pSle 4 lis =B
WY Ul 51 mi suls sme 5sb 4 VYT L s hydrate
CiS- Oljme ials Com e VYAY Jle s o5l s 3y
55 ol (a5l cx5e VYAY JLe s 5 Sabinene hydrate
Menthyl acetate ol cpizeen di dals [l b avslis
Jle 53 ol G pme 5 50 WYY Jlu 31 2 VYA Jle s
JLs s 5 Menthyl acetate ol jialS e VYAY
Dl baglie 53 op Fise nl Ol Rll e ATAY
Jlo 31 ziw VYA Jle s Pulegone as s il dals
cohw e b oo Pulegone olne s YAY
Sles Lol e ol AYAY Jle 5o ol 558 sl
Lol Ol V\YAF Ol 53 Lol il (s +/08) dals
YAy Jle 5> Menthofuran .csl ials o)l O pas
V00 5b o WFAY Ul s OF Olpe 5 i plalis
A Aald Hles 4 Cod Ao Tr oyl SIS 3 0 S LS
0 o ls Jsa) sl
WY Jlo 4 Cond VFAY JLe s 1SO-Menthone s
Slis £\TAY Jl s iso-Menthone ol o 5y S
VO o5l bl Cod oS gosb 4 il Sy S as oyl
Aol led 4 Cand OF Olsae (Ao V/F) L1Ka s oS S


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

OLes 5 (g i

SSsn Olgee b (Sols sme 5 e Saewes Menthofuran
e Star bl o3 il (F==2/20 P < v/))
ar S ils SlesSt ST slag 3T cdlad b ol o
SV sl s b bl oy Ol (Soean L
Limonene Ol 55 s g P = =+/20 P < v/0Y)
sbos s SsS » Germacrene D 1,8-Cineole
durﬂjﬂ Clad b ol pme 5 e Seer o Sosda
5 iw Saewes Pulegone Oln. azils glas! zf
s bl il st sl slam 3T cdled b (gls e
P =2/00) VB 5T s L Pulegone ole  Sees

(9 G)LA..:J J)u\}) Jj‘. )\JL;.‘M (r = —'/q

038) oSS VO Jles 53 0T Olpe o S 5 3L SalS s
oo Ko 5 romen A3 sdalis (Aoys VVA) SIS s
b o YTAY Ul 3 4 Soudes slac 54 se Ol I TAT
Sl isse Ol 5 Aals dald jlad bavslis 5o o5l 58
Ui i OFAF Ol 3 il bl a0
s 3 oyl SAS N0 Sl 5o i3St sl 55 e
Glacg S Ol cpiim 5 el Cews 4 (Loys YV/Y)
o SIS N0 G pan 5 (hoys #0V) dald Jlas 5 4y S5 e
O oslod Jpdo) A Jols (Aoys $4/2) J1Sa 3 o)
L Johoms (55 Ol Ol (ol imn 5 oo San
5 »Sada cp g Menthol Menthone Ol

s Grzmen A3 sdalle 105S1 S5
M plni bl (gl 0555 Dglite gk T S0le amlis =0 0 led J g
J yray \ra¥

053 Ol . Vo \0+ . Vo V0

o-Pinene VNS Ees 8 8 Eay D /58 He/) D WAEe/YD /A) £e/iva A) Eejey @
Sabinene N TN N E DAL N VO EGYR VO Eees VY ey @
p-Pinene VY £0/000 NEDOE Vo Ea) @ DO V/EO £e/av R V/FYE Ea/ey @
Myrcene Y da/ey R YN ey VAT YD Vin VA VEEa/ey 2 XY /ey R
3-Octanol NEAL AAE YR VAWV EGSYR | gYs 008 NS EagaEb e E s
o-Terpinene VNS Ea s C VA /s b VXS ey @ VY Eafepd VY E/D /08 £e/a¥ D
p-Cymene AN Eeey 2 Y Eae B /29 ka/ay P VAR TYRRT L S E 0D N s

cis-Sabinene hydrate
Terpinolene

Linalool

V/VY £y @
VO Ea/ay b
O Ea/ay 2

ACEIV A
AT YR
IO

trans-Sabinene VY Ee/ay 2 VAR
hydrate

Isopulegol NVETOE VAR
iso-Menthone vV EfY D AS i %

neo-Menthol NIEDOE ISR
iso-Menthol ATV SRS VI
Pulegone YRR VOA £y R
Piperitone GSEEDR 0 EayD

neo-Menthyl acetate
Menthyl acetate
iso-Menthyl acetate
Menthofuran
Carvacrol

Ao
Y/FY £4/05 2
VAR S VAR

VAL
YAY £e/a5 0
VANEVON L

OO Ee/e¥E
DAME-OVRA
OV Eajay R

AN E N E

VY /b
$/0 £a/YYC
FY Ee/ey @
/O /e P
o/F Eapayd
PV Ee/) 2
CAY Ee/ex b
\/VE oAV D
Q) D

YA E 0P
A Ee Y 2
GV

o) Ee/ey b
V/EE £y 8
¥s kv
AR
f/5V £a/vF 2
NAEOOE
NS EeYC
Y/AY £4/YAC
Y Ee/e) 2
VY oEa/pED

VY Ea/ay b

OV £y 2
VO Ee/y P
COY £y 2

VA EIVNT
/00 £/vV @
A T2 &
VAV £0/002
W E VAN
Y kv @
YA D
AARSE-TVAL
YR
VAL

YA E/ayR

OV /ey d
WA R
YS Ea/ay b

VAR VAR
/¥4 £a/v¥ 2
YO E0DR
VY Ea/i5 8
YA £0NDP
Vindk Y
VANV
O/AV £4/YY 2
D EejeagC
\O/F Ea/55 8

VALZ- IVER

ieale 0398 (Sl (2918 O dolLad
1FAA 30l 298 9 Slasy fuluo olols


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

S-Bourbonene
S-Elemene
trans-Caryophyllene
Z-p-Farnesene
Germacrene D

Bicyclo germacrene

P Ea/e B
YRR
Y/EV £o/v¥ 2
/A a0
\AMEAA S
NZE 0

YY 2epevb
/oY Eeey b
Y/OT £a/\Y 2
WA ED
Y/AY £a/vV D
VR

Viridiflorol N A VSER
MH % Ve/A 2Y/Y 2 VY0 Y08
MO % YO/Y 22 /VAR AT
SH % Ve/A £ /002 VAR

MDA
AVEDR L
T/04 Ea/)6 2
VA EEC
¥/AY £y P
CFAE R
AN Ee/eY R
VE/A Y72
VA £/ ©
\iE ek

VA VORI
VAL VAT
\ASETAAE:
Y/oV ke @

YY Ea/evd
JEE YO
A

AN VAR

g/ev /vy @

YN Eefeaph
AY kg
Y/Ax ke @
VAV Ee/eA R
YAV
VY /ey @
$0/q 4y 2
AR
O/AY £a/ay 2

S v Sl 5 bl Ol Ol pas
=0 o leds g anlsl
Ju ey 2
055 O3 . Vo V0 ' Vo V0
a-Humulene - - - NSET AT DAL

YE v
VAR TVIRT
V8V £0/NO P
AT 2
NAEDL
/08 e/oy b
OO/A *Y/v b
AR ZANE AV
£/50 £2/v5 P

MO (p Sssda s MH a2l us ) 0 JL»;;-\CE..N): UG L ls e sl s sy a3 wlie Gy b &S Jle s sla Sls

S 50AR (5 35S e SH G0 5ST 1 5505

sz 300 Dl 5l F o Ol O g (Koeed ul o —F o led J g

18-

SH MO MH GD Car MF PL Limonene Cineole Menthol Menthone bl
DXV AR AR A T Y, A Y0 VA% AVE +JOA S5
AR /e BN AS* VO BAL . /% AN Qg /FY DY =AY SYls
DA il VAN VAN VANEE QT — /04 VY JAV* +/Aqr* g - /Yy — /8 eS|
Sl Sl
Y S YA\ s/ Y. A oA < /44%* <10 Y
S-Sty

o553 MH Germacrene D :GD drans- Caryopyllene :Car Menthofuran :MF Pulegone :PL ..o,5) 50 Jlz> Tl 02 ag s T S

35S [YY-Y0] s Gl s Sladllas mmls b oS sl
5 O3St LT s, W JRlBl o ge 035
i GHeSIET Gl s I s
Sl ol o158 V9] 558 e 331 GLaJCs, (gl s
SLdSusly s Corge 03550 555 Gae Sl &
il GolSI BT 5 Jib LS 5 Ol el 5 S
S Sl el jasiie cpamen [YV] 55l s e olS 5
il GBS BT SRl Co g 0355 3 aeS
Petroselinum ) (¢ ix> oS ;5 558 (5, Al
s skl oS 55 s wlS 5 0l 5 (Crispum Mill.
[rA x4l 555 . (Lavandula angustifolia Mill.)

S Bl e el 35S O ae Il

RS54 (5SS e SH S 1y 5550 MO (S 5500

Sou

el 3 s ol sl glaclale oS sl QLIS &b

Clls lllas ple mls b &S 45 Jploes (0855 Oljes
Slaes 5 ) go 4 OLLS 5L 51 i O [YV-Y ] sl
[NV ssde o3 BsSTs 03 Gdne 5% b oS n
4 05as eSSl o s Ol SR nl il
et 2o b s S 5 0T it
Aol a0 ey 58 (o st 5 Wpsisms Sl 5 055 58
G n Fegm 03 S oS s 5 LSt g e
Slhmpl cdls IFY] sS e GE sl s
ST Sl Sl 5 5lst, GV Jols jlanst sl

Sl bl b 53 e 55 el slite mslan 3 cos


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

O 5 (S i

LYAL 3l 055 58 555 S mae Dok Dl b (ols e
gl LS ;5 Menthol ; Menthone olse ooees
cskw b cos (Mentha canadensis L.) Ul
Olme Lol Bl (ool pme ol OJ5 20 ooslite
5L iy Menthone [¥4] sl x50 Menthofuran
5 3t 53, Menthone 5 s L & <l Menthol
55 [04] 553 e s Menthol « NADP* J 505 2L
Sl ets e 1 L Menthone ol e & ot andlae oyl
P <)) ol pme 5 e St 5 3 Menthol
sl s 4 Menthol 5 Menthone obs 55 (F'=-+/4A
55 WYAY Jle 3l zeS VYAY JLe s Menthone o).
Jeolse 56 oaas 0Lz oS 55 2y Menthol ol e S
PRGN RN VRCH g S By AN JUCH JERUR AEY
Menthone o 51 Laows YL &)l > a3 45 ol o
5 Menthone s o se 5 ails i b5k,
[0V] 555« Menthol « of Las 5l cxles
s Pulegone iy ials oss OLE addllas ol ol
eemed 55 05l 555 36 cew Menthofuran ol 53l
Ole (= =v/AV P < 0/0Y)) (gl pre 5 i Siuen
ol el cews « Menthone ols.. s Menthofuran ol .
(YrA) 0lKen 5 Rios-Estepa sla )y U Bk
Pulegone Jlasl _ilsl sl Ols olisl a5 5l cilas
S My e el Sl a S e
S Menthofuran clle :0350 5 .as Menthofuran
>3 5 axils LS, Pulegone w;i s 2l
Ol opwzman [V] 555 . Menthone Ols.  ials
Germacrene trans-Caryopyllene .l Lacy 5 5 S 5
3l EalS eyl G ae 3L s Z--Farnesene 5 D
5 Said-Al Ahl 5 (v+1#) ol,Ka 5 Poshtdar bl
Olpe 28 [TV OV] cils cills (Yo)) OLKes
b <sc Germacrene D  trans-Caryopyllene
mAl Sl el s 4 ol (Sen 0555 el
Jel05 (w..;—ﬂ Called Gl L sl Slils oo JosLL0
sl SLS 5SS e S AL Sl Ol

ieale 0398 (Sl (2918 O dolLad
1FAA 30l 298 9 Slasy fuluo olols

SR e DS oS 5 S S s O3
el o S sl oS s SMHeS1 5T lag 5T ol
M pla bl 53 GAS e 5 S S A 5 (o 350>

Menthone Menthol LsLs Wl ¢ 5ege 8 43 Lol
Jdso-Menthone 1,8-Cineole Limonene (-Pinene
trans-Caryopyllene Pulegone Jdso-Menthol
>4 Menthofuran , Menthyl acetate .Germacrene D
Clae ol e plu b sdel G 4 o L aasily ()
Aoy bl Corge oyl 35S Cbas [Ye-YY] il
Calas Sldlas s mls b oS A3 il gl ol
G ae oS s Olo (IYAY) eslioles [YY-Y0] okl
o3 NADPH 5 ATP 0l5ee (5l s & 055,25 555
ol pede DIVI gl (gl sy 7 DS o g 2ol
e i 2 UL 03555 ealp oS Sl 0k 1S
SIS RO S W TS RS CH PR
Sl Clled s (i SlaerSS, SRl Gk
Sroosr S sl sl (a3 Olgee (Ll S 4
S 3N Rl o g 0 5 O 5 e Lails) (BT
SoB I Gl DS S e R el
<o Menthol [luis [V A0 8] 555 0 bl IS
S @l LA Sl s YA Jl s 055 5t
oLea 5 Zheljazkov [YV AT culs ey Sladlas
Av s pl8 L Menthol ws s 8 s S 58 (Yer9)
oA Ll il Al 035 a8 58 s 5o 6 LS
A edalie St el il s 4 Menthol s Sl
sbdle ;s oy 5 s Menthone ol a5 [¥A]
Ole WYAY Jl 3 &S (s 4 350 LSS oslize
Se g bl Bl Jaall eyl b ae il L Menthone
sdas Ol 50 b wy p ple 3L 2alS YA JL s
sl 035,50 slassS 5,8 4 Menthone < slawe STy
YV Gae oS alys (Y0VP) O 5 Poshtdar
S e 0358 s S gl Sl e s 6 S LS
s adles mls o Ji- s [FV] s Menthone O ;.

sl O35 50 355 5 o MeNthone ol e S sls olis


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

ol ololid Sy 5 OLS 5 p Fege Menthofuran
OS85 Olgen 2 O35 7 2,08 agy Ml gl il o
bl Gl 5 Ol s ST T glan 3T s
SliSsn Olms S il b il pla oS
Sl 3l b Ol 2i 5 bl Ao s o shome
sdalin 0550 bz pde slas 3 Pulegone ;5 _li.sl
ol s el CL“" ol ol Ol s sl Jals CL“"
35 e s el s U o Dl G
S i Dligios a3l Gold kS O3 e
CA.Q\)) BE )Lb/\h BEI e))\ (ﬁ}l:s Yo s_éj.,a.a .,L&-JA G
Oliee a8 5 bl Ol Sl s & il gl
Menthol  olye (s xe 56 pas 5 Pulegone

555 4o 5 Menthofuran ; Menthone

6‘}’-“ 9 J,JL.Nl Q\}:A Q\Jx.ij

e 315 Al ) riy Slindes Wl s b Slivdss
S b S ge SLS 5w (Lpd by 5 (SS e Rpo
Ole lsiime 5 in (Stan b g0 50 (nl & dipd o
205mSl GanSsse 5w Seoda Slacy 5SS
Cte Stomad roeen A3 b = —1/28 P < o/0))
s 1,8-Cineole  [Limonene [Pulegone ol
oS o SMHeS1 ST glan 3Tl L Germacrene D
GG, il 5 05s,m i b eas OLE ol

AL LS 5l Olee il 35St sl

(S S 4w
Menthol &5 sls olis Giss ol S j5b
iso- 1,8-Cineole .Limonene f-Pinene Menthone
Menthone

trans-  [Pulegone  .so-Menthol

Menthyl acetate Germacrene D Caryopyllene

&be

1. McKay DL and Blumberg JB. A Review of the
Bioactivity and Potential Health Benefits of
Peppermint Tea (Mentha piperita L.). Phytother.
Res. 2006; 20: 619 - 33.

2. Adel M, Abedian Amiri A, Zorriehzahra J,
Nematolahi A and Esteban MA. Effects of dietary
peppermint (Mentha piperita L.) on growth
performance, chemical body composition and
hematological and immune parameters of fry
Caspian white fish (Rutilus frisii kutum). Fish
Shellfish Immunol. 2015; 45 (2): 841 - 7.

3. Kamatou GPP, Vermaak I, Viljoen AM and
Lawrence BM. Menthol: A simple monoterpene
with remarkable biological properties. Phytochem.
2013; 96: 15 — 25.

4. Mucciarelli M, Camusso W, Bertea CM, Bossi
S and Maffei M. Effect of (+)-pulegon and other
oil components of Mentha piperita on cucumber
respiration. Phytochem. 2001; 57: 91 - 8.

5. Alankar S. A review on peppermint oil.
AJPCR. 2009; 2 (2): 27 - 33.

-

6. Rita P and Animesh DK. An updated overview
on peppermint (Mentha piperita L.). IRJP. 2011; 2
(8):1-10.

7. Rios-Estepa R, Turner GW, Lee JM, Croteau
RB and Lange BM. A systems biology approach
identifies the biochemical mechanisms regulating
monoterpenoid essential oil composition in
peppermint. PNAS. 2008; 105 (8): 2818 - 23.

8. Hay R and Waterman PG. Volatile Oil Crops:
Their Biology, Biochemistry and Production. Wiley-
Blackwell. Longman. England. 1995, pp: 3 - 5.

9. Hasegawa T, Sawano S, Goto S, Konghakote
P, Polthanee A, Ishigooka Y, Kuwagata T, Toritani
H and Furuya J. A model driven by crop water use
and nitrogen supply for simulating changes in the
regional yield of rain-fed lowland rice in Northeast
Thailand. Paddy Water Environ. 2008; 6: 73 - 82.

10. Koochekzadeh A, Fathi G, Gharineh M,
Siadat S, Jafari S and Alami-Saeid K. Impacts of

<


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

O 5 (S i

rate andsplit application of Nfertilizeron sugarcane
quality. Int. J. Agric. Res. 2009; 4: 116-23.

11. Ormeno E and Fernandez C. Effect of Soil
Nutrient on Production and Diversity of Volatile
Terpenoids from Plants. Curr Bioact Compd. 2012;
8(1):71-09.

12. Singh M, Ganesha Rao RS and Prakasa Rao
EVS. Effect of depth and method of irrigation and
nitrogen application on herb and oil yields of Java
ci tronella (cymbopogon winterianus Jowitt.) under
semi- arid tropical conditions. J. Agron. Crop Sci.
2008; 177 (1): 61 - 4.

13. Marotti M, Piccaglia R, Crout W, Craufutd K
and Deans S. Effect of planting time and mineral
fertilization on peppermint (Mentha piperita L.)
essential oil composition and its biological activity.
Flavour Fragr. J. 2004; 9 (3): 125 - 9.

14. Kokkini S, Karousou D and VVokou D. Pattern
of geographic variation of Organum trichumes and
essential oil content in sweet basil. JEOR. 2005;
28: 209 - 17.

15. Brown B, Hart IJM, Wescott MP and
Christensen NM. The critical role of nutrient
management in mint production (Pacific North
West). Better Crops. 2003; 87 (4): 9-11.

16. Gholami M and Azizi A. The effect of
nitrogen fertilizer on total essential oil and the
amounts of o-Thujone and Chamazulene in
wormwood (Artemisia absinthium L.). Agri.
Biotech. 2006; 6 (3): 83 - 93.

17. Nejatzadeh F. Effect of Biological and
Chemical Nitrogen Fertilizers on Growth, Yield
and Essential Oil Composition of Dill (Anethum
graveolens L.). NCMBJ. 2015; 5 (19): 77 - 84

18. Mehrabani M, Mahdavi meimand Z,
Khandani zadeh B and Hasan abadi, N. Effect of
different levels of nitrogen fertilizer and harvest
time on the quantity and quality of essential oil and
total phenol content in the medicinal plant
Hortensis Satureja L. in Kerman province. EIMP.
2014; 4 (8): 1 - 11.

19. Darzi MT, Ghalavand A, Rejali F and Sefidkon
F. Effects of Biofertilizers Application on Yield and

ieale 0398 (Sl (2918 O dolLad
1FAA 30l 298 9 Slasy fuluo olols

Yield Components in Fennel (Foeniculum vulgare
Mill.). Iranian Journal of Medicinal and Aromatic
Plants. 2006; 22 (4), 277 - 92.

20. Davazdah Emami S and Majnoon Hosseini N.
Cultivation and production of medicinal plants and
spices. Tehran, lran: Tehran University Press.
2008. Persian.

21. Bradford M. A rapid and sensitive method for
the quantitation of protein utilizing the principle of
protein-dye binding. Annu. Rev. Biochem. 1976;
72: 248 - 54,

22. Malik CP and Singh MB. In: Plant
Enzymology and Histoenzymology. Kalyani
Publishers, New Delhi. 1980, p: 53.

23. Foyer CH, Lopez-Delgado H, Dat JH and Scott
IM. Hydrogen peroxide and glutathione-associated
mechanism of acclamatory stress tolerance and
signaling. Plant Physiol. 1997; 100: 241-54.

24. Cakmak I and Horst W. Effect of aluminium
on lipid peroxidation, superoxide dismutase,
catalase and peroxidase activities in root tip of
soybean (Glysin max). Plant Physiol. 1991; 83:
463-8.

25. Adams RP. Identification of essential oil
components by gas chromatography / mass
spectrometry (4" edition). Allured Publishing
Corporation Carol Stream. 2007. 804 p.

26. McLafferty FW and Stauffer DB. The Wiley /
Nbs registry of mass spectral data. New York:
Wiley. 1989, 1064 p. ISBN: 978-0-471-62886-6
27. Jahani R, Hassani A and Samadi. Effect of
foliar application of urea, aspartic acid and
glutamic acid on growth, physiological and
biochemical characteristics of Anise hyssop
(Agastache foeniculum). Winter and Spring. 2018;
5 (2): 95 - 107

28. BiJL, Toscano NC and Madore MA. Effect of
Urea Fertilizer Application on Soluble Protein and
Free Amino Acid Content of Cotton Petioles in
Relation to Silverleaf Whitefly (Bemisia
argentifolii) Populations. J. Chem. Ecol. 2003; 29:
747 - 61.


http://asr.urmia.ac.ir/?_action=article&au=111325&_au=Rahimeh++Jahani
http://asr.urmia.ac.ir/?_action=article&au=110649&_au=Abbas++Hassani
http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

29. Khalid KA. Effect of NP and foliar spray on
growth and chemical compositions of some
medicinal Apiaceae plants grow in arid regions in
Egypt. J. Soil Sci. Plant Nutr. 2012; 12 (3): 617-32.
30. Vijay N, Kumar A and Bhoite A. Influence of
Nitrogen, Phosphorus and Potassium Fertilizer on
Biochemical Contents of Asparagus racemosus
(Willd.) Root Tubers. Int. Res. J. Environ. Sci.
2009; 3: 285-91.

31. Beatty PH, Klein MS, Fischer JJ, Lewis IA,
Muench DG and Good AG. Understanding Plant
Nitrogen Metabolism through Metabolomics and
Computational Approaches. Plants 2016; 5 (39): 1- 12.
32. Singh M, Masroor M Khan A and Naeem M.
Effect of nitrogen on growth, nutrient assimilation
essential oil content, yield and quality attributes in
Zingiber officinale Rosc. Journal of the Saudi
Society of Agricultural Sciences 2016; 15: 171-8.
33. Yanez-Mansilla E, Cartes P, Reyes-Diaz M,
Ribera-Fonseca A, Rengel Z, Lobos W and Alberdi
M. Leafnitrogenthresholdsensuring high antioxidant
features of Vaccinium corymbosum cultivars. J. Soil
Sci. Plant Nutr. 2015; 15 (3): 574-86.

34. Sheikh S and Che Ishak F. Effect of nitrogen
fertilization on antioxidant activity of Mas cotek
(Ficus deltoidea Jack). J. Med. Plants Stud. 2016;
4 (4): 208-14.

35. Kiran TV, Vijayalakshmi P, Rao YV, Swamy
KN, Kondamudi R, Srikanth B, Subhakar Rao I,
Prema Latha D, Suchandranath Babu M, Neeraja
CN, Surekha K, Jaldhani V, Rao PR,
Subrahmanyam D, Subbarao LV and Voleti SR.
Effects of Nitrogen Limitation on Antioxidant
Enzymes, Chlorophyll Content and Grain Yield of
Rice Genotypes. Asian Research Journal of
Agriculture 2016; 1 (2): 1 - 10.

36. Xue Z, Qiang L, Hongjun Y and Weijie J.
Response of antioxidant enzyme system to
nitrogen deficiency in cucumber seedling.
Transactions of the Chinese Society of Agricultural
Engineering 2016; (32): 142 - 7.

6‘}’-“ 9 J,JL.Nl Q\}:A Q\J“M.ij

37. Kovacik J, Klejdus B, Babula P and Jarosova
M. Variation of antioxidants and secondary
metabolites in nitrogen-deficient barley plants. J.
Plant Physiol. 2014; 171 (3-4): 260 — 8.

38. Musa A and Ogbadoyi EO. Effect of Nitrogen
fertilizer on the levels of some nutrients, anti-
nutrients and toxic substances in Hibiscus sabdariffa.
Asian J. Crop Science 2012; 4 (3): 103 - 12.

39. Biesiada A, Sokol-Letowska A and Kucharska
A. The effect of nitrogen fertilization on yielding and
antioxidant activity of lavender (Lavandula
angustifolia Mill.). Acta Science Pol.hortorum
cultus. 2008; 7 (2): 33 - 40.

40. Hussain Al, Anwar F, Nigam PS, Ashraf M
and Gilani AH. Seasonal variation in content,
chemical composition and antimicrobial and
cytotoxic activities of essential oils from four
Mentha species. J. Sci. Food Agric. 2010; 90:
1827-36.

41. Behnam S. Farzaneh M, Ahmadzadeh M and
Tehrani AS. Composition and antifungal activity of
essential oils of Mentha piperita and Lavendula
angustifolia on post-harvest phyto pathogens. Commun.
Agric. Appl. Biol. Sci. 2006; 71 (3): 1321 - 6.

42. Yadegarinia D, Gachkar L, Rezaei MB,
Taghizadeh M. AlipoorAstaneh SH and Rasooli I.
Biochemical activities of Iranian Mentha piperita
L. and Myrtus communis L. essential oils.
Phytochem. 2006; 67: 1249 - 55.

43. Zhao J. The effect of nitrogen fertilization on
spearmint. J. Essential Oil Res. 2006; 18: 452 - 5.

44. Ashraf M, Ali Q, and Igbal Z. Effect of
nitrogen application rate on the content and
composition of oil, essential oil and minerals in
black cumin (Nigella sativa L.) seeds. J. Sci. Food
Agric. 2006; 86: 871-6.

45. Said-Al Ahl HAH and Hussien MS. Effect of
nitrogen and phosphorus application on herb and
essential oil composition of Satureja montana L.
‘carvacrol’ chemotype. J. Chem. Pharm. Res.

2016; 8 (6): 119 - 28.


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

O 5 (S i

46. Leghari SJ, Wahocho NA, Laghari GM,
Laghari AH, Bhabhan GM and Talpur KH. Role of
nitrogen for plant growth and development: a
review. Adv. Environ. Biol. 2016; 10 (9): 209 - 18.
47. Poshtdar A, Abdali Mashhadi A, Moradi F,
Siadat SA and Bakhshandeh A. Effects of different
sources of nitrogen fertilizer and applied rates on
essential oil content and composition of
peppermints. JHD. 2016; 7 (1): 51 - 7.

48. Zheljazkov VD, Cerven V, Cantrel CL,
Ebelhar WM and Horgan T. Effect of Nitrogen,
Location, and Harvesting Stage on Peppermint
Productivity, Oil Content, and Oil Composition.
HortScience 2009; 44 (5): 1267 — 70.

49. Ardalani H, Hadipanah A, Pazoki A and
Zolfaghar M. Phytochemical, Morphological and
Yield Responses of Mentha canadensis to Organic

ieale 0398 (Sl (2918 O dolLad
1FAA 30l 298 9 Slasy fuluo olols

and Nitrogen Fertilizers. J. Essent. Qil Bear.
Plants 2017; 20 (3): 752 - 7.

50. Croteau RB, Davis EM, Ringer KL and
Wildung MR. (—)-Menthol biosynthesis and
molecular genetics. Naturwissenschaften 2005; 92
(12): 562 — 77.

51. Telci I, Kacar O, Bayram E, Arabaci O,
Demirtas |, 6zcan I, Sbnmez C and Goksu E. The
effect of ecological conditions on yield and quality
traits of selected peppermint (Mentha piperita L.)
clones. Ind. Crops Prod. 2011; 34: 1193 - 7.

52. Said-Al Ahl HAH, Hussein MS and Abd EI-
Kader AA. Effect of nitrogen fertilizer and/or some
foliar application on growth, herb yield, essential
oil and chemical composition of dragonhead. J.
Med. Food. 2010; 2 (1): 12 - 28.


http://dx.doi.org/10.29252/jmp.4.72.81
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.34.1
http://jmp.ir/article-1-2704-fa.html

[ Downloaded from jmp.ir on 2026-02-17 ]

[ DOR: 20.1001.1.2717204.2019.18.72.34.1 ]

[ DOI: 10.29252/jmp.4.72.81]

Changes in Essential Oil Content and Composition of Peppermint
(Mentha piperita L.) in Responses to Nitrogen Application

Seif Sahandi M (Ph.D.)!, Naghdi Badi H (Ph.D.)!, Mehrafarin A (Ph.D.)*, Khalighi-Sigaroodi F

(Ph.D.)}, Sharifi M (Ph.D.)?

1- Medicinal Plants Research Center, Institute of Medicinal Plants, ACECR, Karaj, Iran

2- Department of Plant Biology, Faculty of Biological Sciences, Tarbiat Modares
University, Tehran, Iran

*Corresponding author: Medicinal Plants Research Center, Institute of Medicinal Plants,
ACECR, P.0.Box: 31375/1369, Karaj, Iran

Tel: +98-26-34764010, Fax: +98-26-34764021

Email: A.Mehrafarin@gmail.com

Abstract

Background: Nitrogen is the most important nutrient requirement for plants. Nitrogen
supplying affected the leaf area, carbon fixation, glandular trichomes formation, ATP and
NADPH content which resulted to the terpenoids biosynthesis enhancement and essential oils
accumulation.

Objective: This study was aimed to evaluate changes of essential oil content and components
by use different levels of Urea fertilizer and its relation with the antioxidant status of
peppermint.

Method: The two field experiments were conducted on randomized complete block design at
2013 and 2014. The treatments consisted of three levels of nitrogen fertilizer (urea) (0, 75, and
150 kg hal). The evaluated traits were included antioxidant enzymes, essential oil percentage
and essential oil components.

Results: The urea fertilizer had a significant effect (P<0.01) on the soluble protein amount and
antioxidant enzymes activity. Urea consumption in the both years increased the peppermint
essential oil content. The interaction of nitrogen fertilizer and year had a significant effect on
most of the essential oil components excepted to B-pinene, myrcene, Limonene, 1,8- Cineole, Z-f-
Ocimene, and a- Terpineol.

Conclusion: Using nitrogen fertilizer increased the peppermint essential oil content. Also,
nitrogen deficiency reduced the soluble proteins and essential oil content and in contrast, it
increased antioxidant enzymes activity and pulegone content. Therefore, consumption of 75 kg
urea per hectare is recommended due to increasing essential oil content, decreasing pulegone
rate, and no significant effect on menthol, menthone, and menthofuran contents.

Keywords: Antioxidant enzyme, Essential oil, Menthol, Menthone, Nitrogen, Peppemint
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