The Effect of Harvesting Time and Drying Methods on the Quantity and Quality of the
Essential Oil of Peppermint Medicinal Plant (Mentha piperita)

Introduction

Mint has been used both as a medicinal and aromatic plant since ancient times. Peppermint
volatile oil is one of the most important essential oils and has strong antimicrobial activity. The
stage at which the maximum essential oil is obtained from the plant is not necessarily the stage
at which the plant has the most biomass, therefore, the appropriate time for harvesting the plant
should be determined according to the maximum amount of the effective substance and the
yield of dry matter. In most of the methods of producing medicinal plants, quick access to the
equipment for extracting effective substances is not possible, especially at high levels, and this
requires drying a large part of the plants and extracting the effective substance in subsequent
times. The quality of dried medicinal plants is defined by the content of their biologically active
compounds. This study was aimed to determine the best time to harvest peppermint and the
effect of different drying methods on the shoots biochemical compounds.

Materials and Methods

In order to increase the yield of peppermint medicinal plant essential oil, two separate
experiments were designed and conducted in Shirvan Higher Education Complex (N 26 37', E
45 57', altitude 1067 m) in 2015. The aim of first experiment was finding the best harvesting
time with three levels (Before flowering, at flowering 50 and 100%) and the second experient
was finding the best method for shoot drying with nine levels (Microwave radiation at 90, 180,
360, 600 and 900 watts; Oven at 40 and 60°C; Shade; and Sun), were based on a completely
randomized block design (CRBD) and a completely randomized design (CRD), respectively.
In the spring of 2015, tillage operations were carried out and after preparing the land, 9 plots
(2 x 3 meters) were created in it. The distance between the plots was considered 1.5 m.
Rizhomes of peppermint plant was obtained from Mashhad Agricultural and Natural Resources
Research Center and transplanted at 20 x 30 cm intervals on May 26. Some morpholocial and
biochemical traits were measured. Essential oil extraction was done by distillation method with
water and essential oil components were determined by GC/Mass method.

Results and Discussion

The effect of harvesting time was significant (p<0.01) on the plant height, number of leaves
per plant, wet and dry yield of peppermint plant. The height of the plant after the 50% flowering
stage did not show any significant difference, but the other investigated traits include the
number of leaves per plant, the wet and dry yield of the plant, the yield of essential oil in terms
of wet and dry weight, and the inhibition of free radicals in the branches in shoots harvested at
the time of full flowering had the highest amount, which showed a statistically significant
difference. The yield of essential oil in terms of dry matter in the full flower stage increased
1.8 times compared to the 50% flowering stage and 4.6 times compared to the pre-flowering
stage. The percentage of essential oil components was also affected by the harvest time, and
the highest amount was observed in the full flowering stage (98.92 percent), include the highest
amount in menthol (42.39 percent) and menthone (19.13 percent). The use of micro rays caused
the shortest drying time, so that with the increase of power of micro rays, the drying time
decreased and the shoots were dried in 0.16 hours. at the power of 900 watts. The oven
application at 60 and 40 °C were statistically ranked second and third in terms of drying speed
with 10 and 14.6 hours. Sun and shade drying needed 46 and 109.6 hours to reach constant
moisture, respectively. The highest amount of essential oil was obtained in the shade drying
method (2.13%) and the lowest amount was observed in the microwave application at 900 and



600 watt. (0.01%). After shade drying, the highest amount of essential oil was observed in the
oven method at 40 °C (2%) and in the sun drying (1.44%). According to the results of this
study, it is recommended to harvest the branches at the time of full flowering and dry them
using oven at 40 °C to obtain more essential oil yield of peppermint shoots.

Conclusions

In general, the harvesting time has a significant effect on the morphological characteristics and
essential oil of the peppermint shoots, and the best harvesting time. Harvesting peppermint in
the full flowering stage resulted in the highest amount of essential oil and essential oil yield.
The maximum height and number of leaves in the plant were obtained by harvesting at the time
of full flowering, but the maximum wet and dry yeild of shoots was observed at the harvest of
50% of flowering. The amount of menthol and menthone as the most important compounds of
mint essential oil in the full flowering stage was higher than the other two harvesting times.
Also, based on the results of this experiment, different methods of drying peppermint plant
have various effects on the essential oil amount of peppermint shoots. The shortest time until
drying was related to the use of microwave, oven, sun and shade, respectively, and the highest
yield of essential oil was obtained in shade, oven at 40 °C, microwave at 90 watt and sun,
respectively.
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Al e JolS (25 g (25 Loy 00 (S I S cutlyy lagle) ) A ysbas S (0 by a8
S8 ke Gl al glia ol GRIEI L3S Glo plgiee @ly ) (Y J9i2) 39 Lopd VY5 ST )
bl i s (ST cwols (il cel g 1S el iali8l olS cpl puslsl )3 55 00T a0l
s slojlias g bl aad o (L5 Cilisee (6ln)5iS I gl oS 3)90 )3 b (Sl 135 295 o0 (il £l
Tabatabaei Yazdi et ) cusl 039 a5 bl 19,Seotis 5 SlunST 51 3l s o] (ladio 5] aam 5l ons
oylae sl 51 @l g, oliwgin ,> (Sweetie et al., 2007) o, Ken g (g adlas .(@l., 2018
3L sl ojlas ol 53 Sl ela Il (SaiS e duoyd a8 ol Lis (Mentha spicata) s> gl Joibl
e YU o> slyls Mentha longifolia  olS  wslol aS” cowl odds (45135 wdusy o 35 duoyd Vo b g 2L o
5 i, 53k (Sadeqi, 2007) 3560 oS ) Ly Conols Ltal3l el ol oyl g 15l o ST (sla iS00,
23,5 0Ll g 05,8 5158 Jald gl oLS sl (g9, 1y pelie gols (Yadegarinia et al., 2006) ,\Sen
gln olS 50 wiyly Vb SluS] 5l @puB g s o il lalS ) 03,5 g 4 &S i3 SluS 5 &S
Db g0 331 S ol e 58 YU sl
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Table 2- The effect of different harvesting time on some growth- and yield-related traits and biochemical characteristics of Mentha piperita

b,ﬁo&
pomlalesil e
) 2 ol 354 oWl Sos Sl Sais
fl.fu")l s > S 3 0¥ < Y39 A .
J oS 5 59 cums 0N s S T X e | UL

Wb"{ aloj &y /Sy Py SLia Essential oil _ » SUiA ,y}i W
Harvesting Plant A g Fresh : efficiency SRS Essential oil ial oi
time : : Dry yield efficienc : Essential oil Free
height No. 0 yield 2 based on fresh y ield based on . :
() : @m?) (g.m™) weight based on dry y 4 yield based radical
leaf/Plant : %) weight fresh gNe'th on fresh  scavenging
(%) (%) W(eoi/g)ht (%)
0
>l ‘_J..s 316b 68.3¢ 424.0c 98.9c 0.23b 1.15¢ 9.60c 11.28c 51c
Pre-blooming
M)D O«
B 41.3a 103.6b 9584b 1995b 0.39b 1.95b 25.31b 28.21b 63b
Blooming at
50%
JoB 20534 11734 6448a  1450a 0.63a 2.60a 59.84a 51.87a 72a
Full blooming

In each column, the means flowing with the same letter have not significant difference based on the LSD test at 5% of probability level.
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oIS sl bl LS 35 slade 0 Culld  (yloj

A5 5 aulS no ) B (2SI LE) by dls g dw j Jas gl olS o ilel olewdds 4350 ol
WAY) olize Tl 03: 45,5 )15 03255 3,50 o (il lsmss S 518 31l 03 03,51 Jgis 13 (JolS
B S Al yo 5 Cutlyyy 4 bgiye (103 MVE) Gl (508 9 JolS (0I5 )3 il 4 bgajo (30
Sl 2a5 5 iS5 o> B dldy I S Al o 4y bgsye Luilul o )3 AA/AY g AF/FY ANVYE (i 4 g
OEored g Jgthe oS 5 4 bgype (Jald gl ol il 13 39290 S 5 oty Cubldy dls o dus 2 )3 09,
DA Lo B (o yd FY/YR) olS aulS dls o dw > il a Jgitie Hlade b Db (LS Y Jgds oS
Sy barye (il cuS 5 cp it Jote jl e b sdalie (Mo )d YVIFY) 2a5 1 LS 4 (o ¥/AP)
Slas gl uslol 1o > WA (sYL JolS' 20lS 5 205 oy B aul5 L8 dls o dw 2 jd &S D9y ygiie
g e oy g JolS aalS alsye ,d il gl will oaimd St lyS 5 plos Luyds .amd o oS5 g,
(¥ Jpie) 228l 1y laie a8 (25 1 Ll

Cudld g yloj duw pd (Jad sl il oy JSiS OluS 5 duo 2 =Y Jgua
Table 3- The percentage of Mentha piperita essential oil components at three harvesting

time.
Cudld g b
93, S 5 Harvesting time
No. Component RV NS Ao >0 Jo§' a5
Pre-blooming Blooming at 50% Full blooming

1 Mentone 17.69 18.81 19.13
2 Limonene 1.32 1.55 1.63
3 1,8- cineole 6.33 6.22 6.31
4 Isomenthone 7.12 7.25 7.36
5 Menthofuran 521 5.36 5.47
6 Neo menthol 2.06 2.11 2.09
7 Pulegone 7.1 6.93 7.12
8 E- caryophyllene 1.41 1.36 1.33
9 - pinene 1.6 1.68 1.74
10 Sabinene 0.74 0.81 0.84
11 a- pinene 0.91 0.96 0.93
12 Myrcene 0.55 0.63 0.69
13 Menthyl acetate 0.71 0.81 0.75
14 a- humulene 0.26 0.25 0.29
15 y- muurolene 0.84 0.88 0.85
16 Menthol 37.41 40.86 42.39
17 Total 91.26 96.47 98.92

Sy S 4 Jald slin bl 09,800 b Caols 108 Ly (Iscan et al., 2002) ) Ken o '3

S Bl jlas e ab ) bl @l Ghlejl cpl @ls 5 wdbiee pgtiegial (Jgite «)9¥gy omer (Sl
5 0939 (9 Sweds Cllad i g wilwl o Sl cpl Gl o (estinne dlayly &S Gl ol yasuiie
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ol caliseo Cpinw 50 duo 3 Vo=Fe yaiie 5 Mo pd YO0 I el el > Joiie ]300 .(Delaquis et al., 2002)
lidss (Jaimand et al., 2000, 2003) cul 039 cglite duoyd F=Ve 51 55 by il Lo pioreds Cawl juxio
UielS Ao 3 Ve U Jgiie doyd K59 (69l men ya3 3590 Aege 15395 59, Ve—V0 glis (clacS y S canl ool jLis

.(Chalchat et al., 1997) x5 . liw

(355 Sukd (g il iegd iule]

A £ (05 Sl B gl 5 33,5 S il 5lo g, o

olol i ) Jald gl olS (s Std loj 0,5 St cilis sladgy ilily 458 @l bl
oyl Cogloy sy b (Jald plind (sloadli s (3,8 SiS sl 3l 3)90 Slels (a8 200 (p0.01) o ixe
g IV /XY [E0 ANY i ) @l Aee B A Gla e 10 5,0l dndl (6,516 4 basye ol jlude 4
oSt g (il b Jg s sdmlive ajlews plo b duslie p3 (gl xe M o )loss oy &S 39y (sl +/VF
oliwd lgs da o )3 Gole 4 (F Joua) 3,8 by ials s gl ol (b Suid el loj 39 S0l
oles ©ly e plgs 53 a5 (6950 a4 sl Y (il glias ol (b Sutd sl i loj 28l a8 Y39 Sl
soSele axdl plgs (Rl L 4z ST 00,5 ascie ogMe 4yl Gl Aee Gl a o il plp ¥ ol S
Cdl b Sits oy LialS e 5V lalg & hb (Sunp b Lol s e 1S g alS ad (Sis lo;
Ve ol el sl Slg v ol s MO Joleo Sy S+ ol 15 (s St loj 45 oy Lt sl S o
oS St loj ol 5l ookl 9,50 olKiwd b 43,8 Kiid by, 5l dm il e Sl Y8 g ol VA Jolse
Wy g celw VY5 ol Kl a0 o slod (gl 4SS yekas Dy ialS™ (g5 sme jokoy (i (sla gy 4 o |
sobdy &S dgy 3L Ll o eadld ) Siis sl loy celw ¥F 0ilS Job el Ve 3L,k a0 ¥r (glod
dg peS Cudly bajless e 53 1y (Ssbeo Vo AF) Glo 0 VL oS b 3 (3,8 SUiS (g 4 S (5o Sie
OO SIS gy e gl ol 5 oS W08 )l (Azizi et al., 2009) o )Sea 5 sioze (¥ Joa2)
b 599,50k 4l (5515 g b )3 (3,5 Sts 4T 8 & bogiye oy oo il 5 5299,0le oy 4 bgyye
Callsd (p St 9 S 439399 M8 S I8 (38l oo (IS 0 0 0lST (Sload i po (3)8 St (sl Sl A s
Solisine psbody S Jib e Slg Are a 5o il 5299,k s (Bl L g catS T sla JISGal, (Suis e
s o olis (Arsalan et al., 2010) )Sen o Moyl Slasiss gl (YT ) )Kon g Jlysele) cdly il
g1 (g Ver) 599)S0le (3,50l 423 0) gl S5 gy 0 B glai o b StS o (elS
Wile (65505 Sbahey S WIS Sy CulsS uyie 9 JS B OS5 ol crpoie Gy ool 0 xizen
C)S )18 (awy )90 gl S 2 (13,5 Sid gl i dumad 9 S 49299)S0le 08 (y90lo ¢ B o sl b,
Cowd & dpmad (g 9 (FBped M5 50 (13,5 Sid () I glind SoS p S0) 53 s (e 3l (LS @l
(V0 oS 5 pliSanil) Aol

S Ela il Mo 53 1 (9255 Suid Wiseo (S gy il
Qo pd oy sy Cadly  Jald glias olS bl duoyd o (p=0.01) syl xe §l 00,8 Siis dlisee sla g,
SuiS gy 5 Jals glim olS uilel dopy g a8 9 3wl > (05 SiS by 5o Jald glis olS il
335030 ol o3 43l S 53,5 K85l plej 42 o 33 Sy e+ 95+ (S 3 gy Sle b oS
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b suilol ()51 Gty g gy o1 SUiS B 51500 uilsl (ggime 1 (s o me ST (2,5 Sits b,
(Ahmadi et al., 2007) 5405 asoss Iy b soiles 13 5159,k b (0,8 Suid yogy lg5 oo il YU duoyd
Job 02,8 Kiss clod ol 5 186 ol g 3 gz BB 8L uilul lipl g oy o058 Kiss ail s
5 09l b ed)S S by, 95 awlie ((Yazdani et al., 2006) cul ciglite alS 465 ¢ 03,8 Kid o
el sl 2o b (9,5 St ) 4 Ol Gl &5 0 asetie s olS oando Lyl o 08 SUis
.(Soysal et al., 2006) >4 oo (8 pisins pliol jlado Laos

— Supd s Shg g 0,8 Suis il slales b (Vega-Galvez et al., 2009) -, Kan 4 545151,
oS ol s glis ol J)8 oy 390 1y V50,8 Sl i LS 5 e g S5 ST Bl b oliend
ST b VL 5 2l aals S5 5l a2y ey B0 Lod Sl b I8 S5 e
(5,5 5lo a3 A ) Lod p 5YL dy e (3,5 Bl 4> ) bod 5wl 5o 1) (O] sla JGsl, Gls cullad)

1,8 il a0 e glod jd ois it sladiged g il yials Loy ol 38l b ladiges S5 oyl o ogMe by lis
Wdgy Sy L;).E.;
OO0 St gy 3 i ilel (sgime (103 </VY) (g yiaS g (303 YIFY) (o piin ¢ SMald glisd oS 5
Ol g oS e (Ahmadi et al., 2007) 1 osalie Slg Ve v le 13 5199,50 ke dndl b 9,8 s g 4ol
PSS S o sy 40 iy ojpe olS > Luilwl e o yie &5 Lol L (Sefidkon et al., 2006)

el vty OBl g b )3 3,8 i by 0 ol 5 e g gl dKsle 4,0 FO (cled
P Sitd alh 4 eSS iosles gir bulel (o)l (LS sxiad LS5 slacaS 5 o
das (slod )38l 15 sl oo 93,5 s (gl digy (slod (im0 00iS pud S 5 o) ol g WL o
el i il (3 58 S J 5 2 5 55 by 5 el Sl (o 3,8 K5 1815 b o ol
26 ol g3 e BB b sl i S5 linl g oy 2 00,8 S S8 (V00 (Ko del) 398
Sus gy o (Yazdani et al., 2006) cul @glite (alS 465 55 5 3,5 i Sde Jsbo g Ld bl p
oSl a2 )3 ¥ slod )3 &y gkas b (gloj 9 (Jald gliai po uibid 033y (2l el Lo (2al8l el b 00,8
oy VQ g+ VY @ g0, Sl a3 £+ (slod 13 o0 VEY 9 < NY @ 0o YV 5 ) 5l sy & (wslwl 033L
$eghe clod > i a4 gl 0,8 Suis (Blanco et al., 2002) cél jials o Sl 4,0 As clod 4
Cowl od oy gedd Cile g g1 olS > uilul CutsS 5 cueS wSTis 39l sty gl 3L Kssle £
Sl a5 cov gl ey Luilel (slgie 929 ol b J(Fathi et al., 2009; Rocha et al., 2000)
13 o o o5 ol L duglio ;5 il slgiea nlS el 50,8 KiS Jy €6, 5 8 Kb il
) Fe g0 clod gl b 0,8 Kis sla g,y 40 agb wilel doys oy 5L L(Lemos et al., 2008)

I- Capsicum annum
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Table 4- The effect of drying methods on time up to drying and essential oil efficiency of
Mentha piperita

O3 SWiS (g, T - drvi Essential oil
Drvi thod Lovel ime up to drying ici
ying metho eve (hrs) efficiency
' (%)
90 1.12e 1.31bc
180 0.65e 0.73dc
#9950 360 0.37e 0.44de
Microwave (Watt)
600 0.24e 0.0le
900 0.16e 0.01e
wal 40 14.6¢ 2.0ab
09
Oven (°C) 60 10d 0.06de
4l ; 109.6a 213a
Shade
Ll ? 46.3b 1.44abc
Sun
GMi3] 103 0 Jlazn) peas 5 LSD 5051 51 oslisil b (ygir yo 50 aliie g by (olo oSl

Wyl gl e
In each column, the means flowing with the same letter have not significant difference
based on the LSD test at 5% of probability level.

325 4ol
oilol 5 (Soislsdyee Slao gy gime T cudiliy loj 3,8 ol g Lialejl cnl @l elel y SIS jebay
Caldy loy dw oy by Jas oy cusl ey oy g b Jgae oyl c,‘.\;’slfroli;.m)saa)bulﬂéahaj oS
o))y i & oo JolS Al als g 3 Jals glis sy o oS 205 g aulS doyd B4 aulS I LE)
);:SL\> u.lg Lol Camwdy Jplf u_zmlfol.o)' » mbﬂpam; Sy >|.\x;95w)|,:51» W uw'l.w‘ a)su;,w;u
ik Oles 4 etie o Jetie Hlde 10,5 sdalin A5 Mo yd B Cuiby ol plul Sis g 50 Slas
Oialojl cpl gl ol iomen gy cullyyy o5 loj 9 3l yidy JolS (IS dls o 53 gl puill Gl 5
l;’dlp)' u;)mf .Jd)bu.lj.légl;_aj oS u“}[w‘ .\Ao)a){(_sjsw.p Ql)ﬁlu.lj.léahaj ol O;;@:sqbudtmuz”
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