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Extended Abstract

Background: The study of wild plant species is highly significant to enhance the performance of
crops. The first step in the improvement of medicinal plants is the identification and collection of
native genotypes due to their adaptation to the climate of the target region. The aerial parts of
peppermint (Mentha piperita L.), which contain essential oils, phenolic compounds, flavonoids,
fatty acids, vitamins, minerals, and salicylic acid, play a crucial role in selecting cultivars. The
appropriate harvesting time for the plant should be determined to maximize effective compounds
and dry matter yield. In most medicinal plant production methods, quick access to equipment for
extracting active ingredients, particularly on a large scale, is not feasible without drying, which
constitutes a significant portion of post-harvest operations. The quality of the dried medicinal
plant depends on its active compound content, allowing for later extraction of effective materials.
Menthol, the primary component of peppermint oil, is synthesized in trichomes on the leaf surface
and accumulates there. Peppermint, as one of the most important medicinal plants in the
Lamiaceae family, produces a diverse group of secondary metabolites. Medicinal plants are
known for their spasmolytic, anti-diarrheal, antioxidant, sedative, and antimicrobial properties. In
addition to their therapeutic effects, they are used as flavoring agents in food production and
pharmaceutical products. The fundamental need for plant breeding programs is the diversity of
germplasm, which facilitates the selection of desirable traits for improvement. The accurate
identification of genotypes is essential for success in such methods.

Methods: The study was conducted to examine the diversity of essential oil content and chemical
composition under different drying methods. Using a randomized complete block design with
three replications, the research was performed at the Agricultural and Natural Resources Research
Station in Meshgin Shahr, Ardabil Province, Iran, in 2022. Six peppermint accessions were
cultivated from various regions of Iran (Ardabil, Hamadan, Kurdistan, Golestan, Meshgin, and
Firoozabad). After sowing, irrigation was done immediately. Agricultural operations, including
hand-weeding and pest and disease control, were performed during the growing season. The effect
of two drying methods (shade drying and oven drying at 40 °C) was investigated on essential oil
yield. Peppermint plants were harvested at full flowering, and the aerial parts were dried either in
the shade or in an oven for essential oil extraction. Essential oils were extracted using the
Clevenger apparatus via hydro-distillation under uniform conditions. Gas chromatography—mass
spectrometry (GC-MS) was used for chemical analysis, and statistical data analysis was
performed using SPSS software.

Results: In total, 25 compounds were observed in the essential oils of the studied accessions, and
there was considerable diversity among them. According to the results, Menthol, Eucalyptol, and
Caryophyllene were the dominant components of the essential oil. The highest essential oil
percentage belonged to Menthol, and Kurdistan (32.32%) and Ardabil (18.84%) showed the
highest amount. Variance analysis results showed significant differences in essential oil yield
among peppermint accessions at 1% and 5% probability levels and in three-way interactions.
Additionally, mean comparison results indicated that plants from the Ardabil accession, dried in
the shade at full flowering, produced the highest essential oil yield. Correlation results revealed
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the strongest relationship between Cyclobenzene and Isoaromadendrene (r = 0.98). Menthol
(32.32%) was identified as the most abundant compound, followed by Pulegone (28.21%),
Calyptol (12.50%), and Caryophyllene (8.12%).

Conclusion: Preserving plant biodiversity is crucial for creating structural diversity and primary
compounds for sustainable development in the future. Medicinal plants have been a rich source
of essential compounds for treating various diseases since ancient times and hold a special place
in research. The findings of this study indicate significant genetic diversity among peppermint
accessions in Iran, providing potential for genetic comparison and cultivar development. Plants
from the Ardabil accession at full flowering, dried in the shade, demonstrated the highest essential
oil yield and the number of compounds, with menthol being the predominant compound
(32.32%). The Kurdistan accession showed the second-highest menthol content. These results
suggest the possibility of selecting desirable accessions and identifying superior traits for future
breeding programs.

Keywords: Essential oil, Harvesting time, Medicinal plants, Menthol, Oven drying, Peppermint

How to Cite This Article:. Bashirzadeh, Z., Mohebodini, M., & Fathi, R. (2026). The Effects of the Genotype, Harvest
Time, and Drying Method on the Yield and Chemical Composition of Peppermint (Mentha piperita L) Essential Oil in
Iran. J Crop Breed, 18(1), 59-68. DOI: 10.61882/jcb.2026.1595



http://dx.doi.org/10.61882/jcb.2026.1595
http://jcb.sanru.ac.ir/article-1-1601-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 |

[ DOI: 10.61882/jch.2026.1595 ]

AN

& V0 /Y ojles [emaon Sl /ey LS Mol aaiiags
Sl b ilie 5 (55,5l pgle s>
(95 Al

ot lomnd S 35 9 8330 1 (13,5 Suid g g Canild i (yloj i 93§ il oy
el AR EL uiles!

Toid ady o T il (g o3l b 158

Ol el ooyl s oSl ¢ b pilio g (gy0liS” 0aSLisly ¢ SLEL pole 09,8 )] quwlids )5 =
(mohebodini@uma.ac.ir : Jgguws 0 g) ¢3lyl  Jd)) ¢ dod)l e oKl ¢ grub mlio g (65)9liS 08Ny ( SLEL pole 09,5 oliwl =Y
el ol ablp 3 (i ol (ambs wlie g (559liS 0.5l ¢ SUEL pole 09,5 o babiwl Y

VECELV/Y bk o VEELOIYY 2l o) VEF/YN0 1l s oyl
FA L OA i

byua 2350

ol 13 o5 gl il Coonl o Jlny Y guamo 3,Slos dg e dog sloaisS b Ll bli,l 5 alS claaisS S5 g 1Bud g doddle
5 p)) (5035 53 (60 sl ool i 3500 ddlate ol b 6 )8 5bo y23ls s 4 oS sl ogr slaiaiei; (sholaen g (olwlid g > HlalS
Sl ceslie Gloj sl Sl dpl 5 (Sne Slge daaling o2 Slrdpel (g 5 (L Sl 5 puilul sl dbelas g cuand
Sl & gy o o) QLS g sl ey 1 3 Sis edlo e3jl g ele D98 (el ge Jlake yiSTas 4y drgi bl ol cutly
2 0fge odle glynl o JalS 5l (S (A & cul (35 S piline (pl g Cond pdy Ol VU gghaw 3 (ogad 4 0)5ge Slge gl et
U ) oS 5 (et Jgie D9 iy agl (Soolgm Jlb SlaS i sl b GlalS oad SiS (59 > CudS 4 g b am slaglej
5SS dasie gyl oled b Mentha piperita L. oo pb b Jaldglin b o poo Sy o (g9 (slode (slopsSs 5 )0 g 39u5 oo jiuw S Cuwl
el 15 el 25 olgd shls Hols bl WS o a)gi ) 456 slacuplio j oo g odas 0,5 45 Cul lelin o3l lalS oy e
55 295 oo 03l g > slmodyglyd g lalie lgil Wi )3 odimd ab lgisds ¢ Sloys Sl p ogMe itud g,Swe M g (isupl)] ¢S] T
lolis ol plo (S o pal 3 Collas sla Sio b oladisS el gly 1y p3Y Gl &S ol pudlyp 5 &5 bl Mol (sladaly (gl (bl
Dybse gne it (g cnl 3 bowg) 38

Tl B 3 Joyslh atalefl (0,8 S g il il slaplo; o ol liess LS5 5 Guill lise £55 oy slaieds 1 g g Slge
50,5 Tl Ve o pd el pSidio oyl yod xmbs @lio 5 (65)5liS” liins o] 0)lal j3 Jud )l bl j3 )80 dw b dolas JolS” slacSsly
(3UT5958 9 s pSitio ¢yliuls (s glion (Ju ) olnl ilie slajeed 5l ead )slaar JAbglad olS 0357 (i3 slapsiy) adllls
33y b Jgo > s o 5 ST ojlee 5 50 cslmnile g Jobs (5 llas 15 ol 6ol S Sl dn alolidly 50 S 5 (505
a5t el 3,81ae iz 2 (35 5l 500 T+ (51o3 b gl 5 ) o (38 St il (5l gy 5 it 55 gl (> gty
Sloplil il glnl jolaied (£8)S g0 il )3 (A5 SIS gy 9 (25 pled dsje ) bl laodgs il ©liS 5 UL g w35
Mels Llyd )3 Gl byl gyt o0glS ol 1 odlitl b (5 S puiliol 1 SS9l 9 il )3 9 25 (s pglen €8y 5l Jiliglins olS olon
SPSS 38l ;1 oslazul b lmosls § 15 plowl GC-MS o 5Lyl & 50500 (55 (31,5 55log,S" olKawd )b 51 uiliol LT .88 plol Ly
A8 S 8 (g lel o g 4526 39

Menthol guls sy .csly 3939 ol le y3 dbnMe 1B £955 45 13,5 sanliie adlllas 390 (slacures uilol 13 CuS 5 YO (g gommo 3 iRABY
5 (do)d YY/YY) liss,S Cumas &S 54 Menthol oS 5 &y bgyye (il (i3m0 o s 209y uill Ll wluS 5 Caryophyllene 4 Eucalyptol
Slalbelis aliseo (slaodgs (gasls aw Jilite 51 as" woly lis osly (uilul e (il g 430 ol \Mdgs jldde oy sy (glyld (10 )d VAJAY) )l
0395 kS oS waly L (1Sl dunlie guli ¢ puizmen Wdgy Y cixe dioyd N Jlainl mlaws )d Wodgr (gadlagd Jiliio 5l g doyn & Jlois! pdaws 5>
SNiawmod lixe oy by &5 60 LS 58 (Stued ot bl 1) Guilel Gl o i Udg 0dd SUid ale > a5 JolS IS alsye > o)
(385 ol jd el Camda = /o) Slil Jiitio 9 5l Olio mr (Stunred o yieS 9 b osnliie T=+/AA 30 ol 9y, 050log g5l lias (y
Ondades )5 g (o2 VYD) 5%y o(doyd YAIYY) Jgied S ((do s YY/YY) Jgiio LS 5 4y bgyye doyd oy iy a5 505 plolid w5 YO
gy (Mo YY)

S 9> QLS ol e x0Tk dngi gl oai] 3 ol SS9 (6l 55 Sl sl (ALS i £ Lk 15 05 el
Slalllas 51 ()l (sl oo S5 5 Blo3 S I W gylos Sl (g5l loyd 13 (Slofag olSlx 457 At S50l 4 B 0005 | oo oS5 8 bl
oy 3929 02230 L25 45 31 3929 ol )3 Jilbelis srosgs e ) (k2P JB (S5 95 & 23 o (LS S Hlond ()l (laLS )
SS b9y 9 JolS (25 4y () o > (Jilbelias GlalS oS wiols (Lt hagd ol gl ggeme 53 sl 08 drgi sl dualie B (S
2 (2o YYIYY) Jgtio oS 5 4 baype GluS 5 jlade (s Cpmizme g 8 |y leS 5 olaw g (usliol (3 o i Jod)l 0395 )0 b b i
.J)f odlawl Lmo] )'l L?M..ol dl.mmljﬁ 2y u,\LuL.w |) )]a.' d)90 Lglbo)}';' B Slaw “'j C)LJ )'l Olﬁgu" « ,\i:)f odalie Ot;ué)f 0393

il gl (Jgtio cgyld ol widly p loj eyl bl 2 g0dS” gla03lg

CulS 5 8,195 2 Gilwg)ld 9 (S pale 53 Slofag ool doddo
i g5 e 6yl g g9 Bl s Sl ooyl ol Ty lsieas i Jlo olla 5l gyl lalS ) ool

Cuotl 9 oGl e Wl (65)9LiS slapimmwsST )3 oo Fitzgerald ) cul 03gs zyloo  doro zolgy ;5 yloys o,
pMel 1ysj cusl asgs BB gy cpl ;o og)b olls Gl ccdplie il Jddd (picmen (et al., 2020
g sy 5l ozl pae p e cubline Sl gloile g coeal j adgieds ¢ balanaS| T daulul gen


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0001-6359-3200
http://dx.doi.org/10.61882/jcb.2026.1595
http://jcb.sanru.ac.ir/article-1-1601-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 |

[ DOI: 10.61882/jch.2026.1595 ]

B 4d) g (aillcome e o3l ek |y

el o S 5 g 033 g (28 S g, g bl ploj s b oy

oill pliond SLS 5 5 20y 3T gl ¢ odmgy )
Jleinl gaw 53 ()3 dme U i) g5 oS ol L
g caliseo lacaissi 1 GluS 5 cpl ol 0 o) S
(Mohammadi Tabar ef al., 2024) cusls s

sl g puilel ol SlaS 5 cppidn oroeen
A 38 (3o WWIVY) 68 g (doyd VEITYF) (yoits puny
(Tutar et al., 2016))

Linalyl Jolis Jaldglias wolul bS5 ¢ idg}s 53
Limonene «1,8-Cineole Menthol Menthyl acetate
5 ¥/ £F/N VY YMY 4y p-menth-2-en-ol 4
(Sun-Ah et al., 2014) 1>g) Juoyd Y/

w5 86 )y Oilejl onl plosl 3l Bum ol b
bl S g 03jl p (3,5 SWiS g 9 Cudly oloj
ol Jalbglins sl

_ g, 9 3190
g bl i £55 (b)) olateds ¢3aiod nl
iolejl (lalbelin ciliee (slacesgs o ol egse dge
Pl S5 b 3oliss JolS Sl o B 3 5o
500 poud gwd o 5l ealatul b Jass g0 e bl La00,8
s il VDXV olal 4 &S Wb a0 ,S
O Aeols g o Sle YO cuiS slacardy o dlold 4 25
e pl > Wog o le VO @d) o o ladiy
I ead opslaer albglian olS o35 b slapgiy
(oS (liwd S lon éJﬁ))]) ol calizes ola i
50 oy sl s o3 (SUljayed 9 e
Slilbglias ciliseo clacigs )3 ol Glixe dualis § il
Poiy wNdg 0ddd (£ IS AL dlBlas 5 astine & ygods &S
olKtws! 4o e io Jaﬂ)w 5 ol Ll C)]o uoL»l » olﬁf)_m
llas 45 S 1 ik (it (5598 s
Bl oj)le 5 jyo slacile g alex Il 5)90 51,5
3fes Cabo 435 plol Ay Jad Jobo )3 baslen
25 5 aalS da) caiby bt oy g0 50 bl
Sis il (sl gy 86 conizmen A8 gy (S
2 (05 Bl gdnyd ¥ glod b gl 5 aslw) olS )8
bl 0590 3lge 50T 9 13,5 sy p il 5 Shas (5
Suid (o) 9 (IS ples alsye > Jilsgliad slacuis
ol gl pglate 4 08)F ©ygo il 3 ol
29 Exslasr 05 5l il glsi oS g slaplu

L Sis gl o b asle
Slaplsl 1 p)S V0 dacss (puilsl gl sl jslaied,
b oS omlel s 05 Sl by saasSis lea
MolS Lasl i 53 QI jedalls (59)4 25lS" ol jl o3lits
o3 B 2lon slaplil olate (pl 4y .85 plodl LSy
YO+ e g Bid disy ) y0glS yuladi olKwd Il ) s
@ b oyl Jos 00,5 adlsl b @ ylade Ol 2 Lo
comiliel oy (6550l ol il debl cels Voot
plul e wlulp ol Mo yd g 03,8 2l el ol il
Gl olol il dwlxe il e g 0ld e olsn

B9y e Soan gl (Sl )l g bl
Hajilaoui et al., ) cusl osds o9yl LS cuis 88
(2009

olS & lgicas Mentha Piperita L.  Jaldglis
cul Lamiaceae (jlelis odlgls & sleio (ygld dllwsis
Veoo sgis ar lon p o)) pusll VLo G pano lade o
elielas (Amani Machiani ef al., 2018) suw) 0 oy
9 Mentha aquatic |y ;) pdllg a5 ol b o ol
(Ostadi et al, 2023) wlo>,S" ,S> Mentha spicata

&S el uilol dawly & Mentha s slacl
L oYL oladl cuenl Lo sble miw )b
5 e Vg I Jio plyiee jo Jilbgla el
:Og.l 2 0gMe Dgd o odlasiwl 03 yiuS yoboay uul.wea Ls“”l)l
b oere oy g Gamsiles) ()l ooy Wl
Adel et al., ) am> Lials o)y a8 (65,0 ws <l il daa
5 oFSgye Sl (S ol cnl bl (oizmen (2015
s cnl g ol oalizal 3)50 il Gy, o)
Copols & ol (gt g Jgitto (o) (ol slacS
Loy (SeifSahandi e al., 2019) L)ly 9,50 w5
buwg il 3 39290 LS 5 (lise 9 0lS 53 39290 (uilsl
(Bouyahya et al., 2019) %gi 0 JyiS S5 Jolge
Sge |y il lgizme (g S B Sl ol Rl
(Azizi et al., 2016) sy

Siid 0920 3l Cov gl (bl CuaS g jlade
B 050 dge £ 4 a2 b b g 2pS e JlE (25
S8 i gl gof St sl |y ke i,
ble cppnte 3l 505 S (Rita & Animesh, 2011)
@}mé\f&w\&lgjwyiuﬁ.mlfsda)f&i&
o5 el b (B JEB g Jo> g 6yl sy
bl g 90 0Ad SS Jyaxe iy 9 e (M
Aibies 1y e glod 3 (GYsb (Sl (IS
gl Sllas g9 4 diuw (gl LS ) ogdew
Llo et Jpame CueS g eSS Cwl S
.(Mumivand et al., 2020)

et al, 2013) )Kea 5 (5,500 adles b
Sldsine pl 3,8 s by, a5 ol ol (Yadegari
sy &8 Lz il jlase LS oS5 g el e 5
osals oS le ax Vel i gled 0 wlel sl
St gy 5 Ailopliss ol uilud 1o y> iy .,
2 lbglas ol il 3o)d (35268 9 351 b 3 (35
Cly e g Fee baglys 3 89yl b ()5 Suid (g,
Lo yd Al jioS ()8 St el ploj oAb )15
S5V 35 Macon RISy 55 0L 3 35250 il
oAVl ing a5 15 o0 3)90 oS il plend
g JolS' (2al5 > by 4 baspe (Mo)pd AV/AA) (50
b dlsyo 13 Cudld g 4y by yo (10 )3 YE/AY) (500 oy yieS
olS &5 Wby ol Koo Adsd p» dg aA5
3p8as pppbe (BB i85 cule )l o lalbglia
(Rostami et al., 2018) 5,5 w1 slul 9 S50la0


http://dx.doi.org/10.61882/jcb.2026.1595
http://jcb.sanru.ac.ir/article-1-1601-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 |

[ DOI: 10.61882/jch.2026.1595 ]

4l

P 4d) 5 Slleome (sage )iy |y

SS9y 9 a5 e alsye )3 (a0)> +/0F) ool
(¥ Jsi2) 292 0l b 28

L2l L ledly il ylg 550 guls 300 audms 4o
Jopd Ve 50 (6l me M) oy sl o oy &S
bl dg3g ddlaio 50y 3 5 5 Sy wilel Glew 4ly
s olo 1303l Sy il Ao yd oy i s dpon dilais )
MBS ol po olo 40 ol Cudldy sladiges b g 10,5 il
.(Mahmoodi & Akbarzadeh, 2016) cuily (gl sze

5 CuiS dalale a5 Lol lis el gy wlddos
N3y S L olS ol wlel gy cdiby ol
{Zheljazkov et al., 2009)

lacuner (il (olendsid £95 (59, & (Audos )
V0 bl GloS 5 BT zobs wooly plogl iy gl calises
32Uyl 2590 (slacunes o a8 Wdly Ui Cpdo gl Cunes
Najafzadeh ) cusly sg59 gles LS )5 g4 g duoyd Ll
(etal., 2023

4 by L Lwilyly d3o0 guls (6,50 Gudod 40
J98 il 20> (im0 (38 Suid Cilises sl b,
Y Sl s > g e ) Ko i SISy 5 JS
9 g comlul 1oyd Gl cpyid Wdg o(dne o>
5 ol Cowdy bl 50 (0,8 i hg,y 40 olS IS AdeiaMe
SIS gy 3 S5 w9igMe 5 Joib bl Jlade (oS
Rahimi & ) ad odalie QL8] pudtus jo pj 40 0,5
.(Farrokhi, 2019

VE O /Y ojlosis [ppioen o /2y alS el 4ol yingss

Jlse 3 5 50 a5y, g See 31 )3 00d (5 pslaen
858 595 9 lgn il yed e Yoz sled b

S5 B lesS ol ol ) el a0
o> sl 4 jeoxe (American Agilent 7890B)
,» HP Chemstation )38l 4 Agilent 5975 C Juo
oo ek g SPlit/splitless to b ygiSosl 5 5odig bauro
5 yio duo +/YO J3I Jlad g g Ve Jsb L HP-5 MS
15 plosl 1S el Agilent SheS I yiegSie +/Y0 Caolus
o g 4550 3550 SPSSl38le 5 51 edlatwl b oals 4
b5 518 el

dw Jlie y31 a8 wold L Wodld sl lg 4o guls

V9 9 Cetldp loj o Jalbelin il (o} sasls
e g1 40 bze doyd O Jlein o 3 0,8 Sis
Taw > 25 SdS o) b cig saslegd bl
OSle dnlis ol () Jodn) 291 45 e o pd ) Jlezs!
25 ds e ooyl cwigy kS asm Wby olas sl
obol Gliee op iy g oad S dlw o a5 oS
G955 4 byye GlalS ol jl x5 a1 (10,0 YIVA)
)'1—% & JolS 28 dls o 3 (Mo)d 'S“/~_‘\) Ol S
Ol b b pime Golds idgy ol Suid gl > by
0dg 4 bgiye uu.SL.u‘ Ol)’ﬁp ua).wf e LAl

hildplins (slacessss )3 bl lize bty 4325 =) g

Table 1. Analysis of variance for the essential oil content of Mentha piperita L. genotypes

Slayyo (5:ko wolil as Olyss zlio
Mean square df Source of Variance
324" 2 (<Ssk) Block
0.30" 5 (5955) Genotype
22.60" 1 (cwslsys oyloj) Harvesting time
530" 1 (02,5 K8 jg,) Drying method
0.87" 5 (cublyyy oloj*Guigss) Harvesting time x Genotype
1.93" 5 (02)S Kid b9y cigi§) Drying methodx Genotype
0.19™ 1 (o) Sasd sgy<cubldy loj) Drying methodx Harvesting time
135° 5 (025 Suad ogy<cuildy oloj) Drying methodx Harvesting time x
' (<«595) Genotype
0.48 46 (3) Error
43 (&lysis o p) L CV

# %% NS
¢«

oyd B g doyd ) Jleis ! zokaw )0 6y gixe g (£l ixe pis sy

ns, * and **: Non significance and significance at 5% and 1% probability levels, respectively.


http://dx.doi.org/10.61882/jcb.2026.1595
http://jcb.sanru.ac.ir/article-1-1601-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 |

[ DOI: 10.61882/jch.2026.1595 ]

B 48) g (alloome e o3l |y

al o S 5 g 03jl 3 (3,5 KS Bgy g cutldy loj cuipsy il o)y

Salelss slaciy puilel olie 5 :Sbe duglie Y Joax

Table 2. Mean comparisons of the essential oil content of Mentha piperita L. genotypes

ol e PSS by, by ol locsigi)
Essential oil content (%) Dryin_g method Harvesting time (%) Genotypes
0.87% 9l Oven 50%
1.06%h 4L shade Jus)
1.22¢h s Oven 100% Ardabil
3.78% 4 lw shade
1.20¢" 9l Oven 50%
0.77%h 4L shade len
2.56%4 051 Oven 100% Hamedan
2.61%¢ L shade
0.69¢" gl Oven 50%
0.76>" 4L shade O,
3.09% gl Oven 100% Kordestan
1.66°" 4L shade
0.92¢h gl Oven 50%
1.33¢h 4L shade Slwds
1.46°h g Oven 100% Golestan
2.42%¢ 4Ll shade
0.58¢h o9l Oven 50%
1.42¢h 4L shade R pSin
1.14¢h g Oven 100% Meshginshahr
2.25%¢ 4w shade
0.52" &9 Oven 50%
2.06"¢ Lo shade 3Ll59,8
1.40% O 91 Oven 100% Firoozabad
2.02h 4L shade

(P> 0.05) 65,15 ()l gime GBS gt 2 5D S yidio Bgy> by dlasl

Means within a column followed by the same letter are not significantly different (p> 0.05).

(o> +/¥Y) Oxalic acid (s> YA/YY) Eucalyptol
(12, Y/A) Dodecatriene 4 (.o, +/VY) Undecadien
Jod)l g (abels lacuig o o cudl
9] 9 ol LS 5 lie (9292 Vb o ) sl oy ot
(do 2 YYIYY) L Joiie LS 5 0 1) jlade (o iy liwd S
(Y Jods) sidls bodgs oy pd

&S ol i bl olewd BT (o s
S i & il ol 3 2550 M Ol 5
Ogie g (FANY=YVF) Joiws (AYVIV= YAN) st
(Jamali et al., 2024) x4 (£0/Y-5/Y)

lop ol jload Qllid S 5 o> (pdagh
Jolis oy LS5 slinl odee &S o ol Jlaloglia
f-pinene  amenthol  amenthone  «camphane
q-terpinene «-pinene f-cubebene pulegone
MEY AYIVY AYIAR AF/+) s 5a) piperiton «carane
G351 (Aoys Y/-¥ o YIAY FI-A SIVE /A0 S/
(Golparvar & Hadipanah, 2013)

S Eins o G535 3 ulis] Sl 35 50T
gl o 53 9 945 (alolid oo S 5 YO cggazme )

QPulegone  Cadinol  Menthol  [Limonene
Terpinol 4 a-Pinene ,Pulegone Propazulene (Ledol
Ao o C’L" 29y ol u.sLuL.w P QLS).: alos> )]
Wby ol alselins (slacaigs) uilil 0350 dlge (:50le
{doyd +/¥0) Ledol jlade cpyiin Jud)) cudgi oS
{doyy +/0A) Cadinol (o) +/0A) Copaene
9 (40,3 +/YA) Naphthalene (1o)> V/Y) Benzopyran
ol ewisil o 43 1y (Mo Y/YA) Amyl isovalerate
V/A+) Valeric acid jlado oy yidns pad puSiiio cudgss ol
(42,3 YY/£4) Eucalyptol (a0, Y/#A) Phenol (1o )
Olwd S cadgss il |y (ao)d +/AF) Spathulenol
Y/VA) a-Pinene (1s)> YY/¥Y) Menthol ,lade -y yie
V/#) Furandione (.o, Y) Pentanoic acid (io)s
gy bl 1) (uo)> V/F0) Butanoic acid g (do)d
(Mo F/0F) Propazulene e cpjiiw bl


http://dx.doi.org/10.61882/jcb.2026.1595
http://jcb.sanru.ac.ir/article-1-1601-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 |

[ DOI: 10.61882/jch.2026.1595 ]

0

8 ad) 5 (ailloome gage o3l ek |y
VE O /Y ojlosis [ppioen o /2y alS el 4ol yingss

ISl (laciss poll S 5 51 Siles dnlio Y Sy
Table 3. Mean comparisons of the essential oil composition of Mentha piperita L. genotypes

Pulegone  Copaene Valeric acid ~ Menthol Eucalyptol ~ Octatriene a-Pinene P entgr(lioic oy

act Genotypes
3.96¢ 0.58* 0.59% 18.83° 25.38° 0.23¢ 7.18 1.87% (Js2,]) Ardabil
6.14¢ 0.37¢ 0.46% 4.08¢ 8.38¢ 0.21° 6.24% 0.54%¢ (¢lo) Hamedan
3.89¢ 0.47° 0.67% 32328 9.10¢ 0.16¢ 7.21° 28 (¢)twwd,S) Kordestan
2.14" 0.06° 0.05¢ 0.29° 6.01° 0.05" 0.53¢ 0.22° (0)lwdS) Golestan
12.50* 0.46° 1.80* 12.36¢ 27.69* 0.07¢ 4.81° 1.42° (b 3sXui0) Meshginshahr
8.38° 0.31° 0.98° 1.59¢ 28.21° 0.15¢ 4.91° 1.92¢ (5Ul34,3) Firoozabad

(P>0.05) 85,085 (g yly imo OS] (ghyl> gty 5> Syidie gy Ly dlasl

Means within a column followed by the same letter are not significantly different (p >0.05).
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Table 3 Continued. Mean comparisons of the essential oil composition of Mentha piperita L. genotypes

ésgg?ergg Furandione ~ Benzopyran ]\:Ce;;htgl Naphthalene C a:ixi_ nol Ledol Sesquiphe llandrene Gefﬁi ;
0.20° 0.08° 1.70° 0.13° 0.78% 0.59* 4.53* 0.23° (J,]) Ardabil
0.35* 3.89° 0.10° 13.12% 0.19° 0.25¢ 2.78% 0.14° (¢lo) Hamedan
0.09" 7.6 0.10° 0.75° 0.14¢ 0.12f 2.93b 0.39° (¢)twwd,S) Kordestan
0.12¢ 0.66° 0.04° 0.003° 0.06° 0.21¢ 1.82° 0.15° (0)lwd3) Golestan
0.17¢ 3.99° 0.32° 0.003° 0.11¢ 0.17¢ 3.13° 1.80° (b 3sXui0) Meshginshahr
0.14¢ 3.43° 0.22° 0.16° 0.12¢¢ 0.40° 3.20° 0.24° (5Ul34,.3) Firoozabad

(P> 0.05) 65,16 ()l gime GBS gt 2 5D S yidio Bgy> by dlasl

Means within a column followed by the same letter are not significantly different (p >0.05).
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Table 3 Continued. Mean comparisons of the essential oil composition of Mentha piperita L. genotypes

Bu;g?do ic ?;(éill(li Caryophyllene  Propazulene =~ Camphene isoez]l?eyrlate Dfigggat Undecadien Spathulenol GeL;:?y’;J je s
0.19% 0.003f 9.56° 0.72° 0.26° 3.28° 1.84* 0.09° 0.72¢ (Jw»))) Ardabil
0.52° 0.14° 6.93° 0.40% 0.24¢ 0.35° 1.11* 0.08° 0.40" (¢)4en ) Hamedan
1.65* 0.17° 3.84¢ 0.14° 0.46* 0.09° 0.55% 0.08° 0.64¢ (obw>,S) Kordestan
0.04¢ 0.04° 0.24" 0.23¢ 0.003¢ 0.11° 0.51* 0.003¢ 0.23¢ (otlS) Golestan

Meshginshahr
.13b¢ .07¢ .65¢ 21¢ 26° 48° 1.25° .01¢ .84 .2
0.13 0.07 3.65 0 0.26 0.48 5 0.0 0.8 ’ (a5 cSts)
0.28% 0.33% 8.12% 1.54* 0.22¢ 0.14° 2.8 0.13% 0.77° (3L15,43) Firoozabad

(P> 0.05) 55,15 ()l sime BMB! gt o 4> S yidio gy b dlacl

Means within a column followed by the same letter are not significantly different (p > 0.05).
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Table 4. Correlation coefficients among the essential oil composition of Mentha piperita L. genotypes.

Bh Pi Ca Chp Eu Oc Pe Iso Men Nv Pul Fu Ace
Bh I
Pi 0.61 1

Ca 0.24 0.86* 1

Chp 0.06 0.47 0.79 1

Eu 0.27 0.34 0.13 -0.22 1

Oc 0.63 0.73 0.37 -0.01 0.32 1

Pe 0.27 0.74 0.89" 0.75 0.46 0.30 1

Iso 0.91" 0.38 0.07 0.02 0.40 0.35 0.27 1
Men 0.28 0.60 0.83" 0.95"  -0.03 0.05 0.83" 0.27 1

Nv -0.11 0.39 0.44 0.05 0.77 0.05 0.57 -0.05 0.17 1

Pul -0.27 0.17 0.17 -0.26 0.65 -0.05 0.22 -0.24 -0.16 0.92" 1

Fu -0.39 0.44 0.75 0.62 -0.17 0.04 0.50 0.59 0.50 0.38 0.30 1

Ace -0.14 0.21 0.04 -0.25 -0.43 0.27 -0.43 -0.17 -0.25 -0.25 -0.01 0.17 1
Cop 0.66 0.88" 0.78 0.47 0.48 0.44 0.78 0.59 0.69 0.52 0.27 0.25 0.05

Na 096" 0.48 0.16 0.07 0.33 0.47 0.30 0.98™ 0.31 -0.10 -0.29 0.51 -0.06
Car 0.81 0.76 0.34 -0.10 0.56 0.91" 0.35 0.62 0.07 0.23 0.11 -0.14 0.20
Und 0.46 0.75 0.51 0.19 0.27 0.95™ 0.5 0.18 0.19 0.08 -0.06 0.25 0.15
Dod -0.52 0.45 0.04 -0.39 0.84" 0.71 0.25 0.48 -0.23 0.44 0.39 -0.31 -0.10
Epi -0.32 -0.06 0.20 0.07 0.48 -0.50 0.34 -0.11 0.18 0.827 0.79 0.26 0.32
But -0.03 0.55 0.81" 0.86" -0.41 0.20 0.55 -0.26 0.74 -0.03 -0.23 0.82" 0.16
Spa 0.23 0.62 0.58 0.23 0.87" 0.33 0.80 0.28 0.39 0.88" 0.66 0.27 -0.40
Led 0.86* 0.76 0.53 0.29 0.57 0.53 0.66 0.85" 0.54 0.33 0.07 -0.13 -0.13
Cadi 0.81* 0.31 -0.13 -0.30 0.54 0.65 0.09 0.82° -0.12 -0.06 -0.17 0.66 -0.12
Isoar 0.40 0.25 -0.06 -0.46 -0.09 0.33 -0.40 0.17 -0.33 -0.09 0.13 -0.13 0.89"
Phe -0.43 0.11 0.37 0.19 0.53 -0.32 0.50 -0.29 0.24 0.90" 0.83" 0.49 -0.38
Pro 0.34 0.27 -0.09 -0.41 0.61 0.77 0.08 0.25 -0.37 0.16 0.13 -0.28 -0.11
Oxa -0.32 0.27 0.26 -0.01 0.18 0.52 0.18 0.54 -0.17 0.28 0.29 0.52 0.07

o0 g doyd ) Jleisl polaw )0 (6)b pxe g (gl gixe pie iy

ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively.
Pinene (Pi), Cadinol (Ca), Eucalyptol (Eu), Octatriene (Oc), , Pentanoic acid (Pe), Isoaroma dendrene (Iso), Menthol (Men), Valeric acid (Nv), Pulegone
(Pul), Furandione (Fu), Menthyl acetate (Men ace).

e
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<
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Table 4 Continued. Correlation coefficients among the essential oil composition of M. piperita genotypes

Cop Na Car Und Dod Epi But Spa Led Cadi Isa Pro Oxa

Cop 1 7

Na 0.63 1

Car 0.65 0.70 1

Und 0.41 0.31 0.78 1

Dod 0.40 0.49 0.84" 0.60 1

Epi 0.31 -0.21 -0.24 -0.47 -0.003 1

But 0.33 -0.14 -0.02 0.41 -0.39 -0.15 1

Spa 0.73 0.26 0.51 0.38 0.63 0.58 0.06 1

Led 0.91" 0.87" 0.77 0.44 0.58 0.11 0.07 0.65 1
Cadi 0.33 0.83" 0.80 0.48 0.80 -0.35 -0.42 0.27 0.67 1
Isoar 0.18 0.23 0.43 0.11 0.20 -0.17 -0.17 -0.20 0.14 0.19 1

Pro 0.06 0.28 0.72 0.71 0.89" -0.33 -0.30 0.37 0.28 0.73 0.05 1

Oxa -0.11 0.46 0.23 0.66 0.33 -0.17 0.32 0.26 -0.23 -0.09 -0.12  0.57 1

o0 g doyn Y Jleisl zalaw (0 (61 pxe g (gl sime pie oy

ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively.
Copaene (Cop), Naphthalene (Na), Benzopyran (Ben), Caryophyllene (Car), Undecadien (Un), Dodecatriene (Dod),Epi Sesquiphe llandrene (Ep),

Butanoic acid (Bu), Spathulenol (Spa), Ledol (Led), Cadinol (Cad), Isoaroma dendrene (Isoar), Propazulene (Pro), Oxalic acid (Oxa).
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Figure 1. The GC/MS chromatogram image of the essential compounds of peppermint plants in the 100%-flowering
stage of the Hamadan genotype
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