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Abstract

Introduction: Economic losses can occur due to the growth of fungi on foods that lead to food spoilage and plant
diseases. Fruits and vegetables are often exposed to microbial activity, caused by pathogenic fungi, during post-harvest
storage. Diseases of food origin are a growing public health problem. Thus, food safety has become a major public concern
as microbial contamination increases the risk of foodborne illnesses and shortens the shelf life of foods. Infection with
fungi such as Aspergillus, Rhizopus, and Penicillium species is considered as the primary cause of rapid spoilage of fresh
produce, which reduces their quality and shelf life. Synthetic fungicides have been applied to solve this problem for many
years. Nonetheless, the adverse effects of synthetic chemicals on human health and the emergence of fungicide-resistant
strains have motivated the scientists and food industries to find out safe preservatives to control postharvest rot/diseases.
On this point, natural antimicrobial agents such as plant extracts and essential oils are gaining more and more interest. In
this study, we used Levisticum officinale Koch essential oil, which its antimicrobial and antioxidant activity has been
reported in literatures.

Materials and Methods: L. officinale Koch essential oil was obtained by hydrodistillation method and its total phenol
content, total flavonoids, antioxidant activity (based on DPPH and ABTS free radical scavenging and B-carotene
bleaching tests) and its antifungal effect against fungi causing apple and orange rotting (Alternaria alternata, Penicillium
expansum, Penicillium digitatum, Penicillium italicum, and Botrytis cinerea) were examined according to antimicrobial
tests of disk diffusion agar, well diffusion agar, minimum inhibitory concentration, and minimum fungicidal
concentration.

Results and Discussion:L. officinale Koch essential oil contained 61.27 + 0.34 mg GAE/g and 20.14 + 0.21 mg QE/g
total phenol and flavonoids, respectively. Its antioxidant activity, based on DPPH free radical scavenging, ABTS free
radical scavenging, and B-carotene bleaching inhibition were 69.72 + 0.65%, 78.54 + 0.3% and 57.50 + 0.41%,
respectively. L. officinale Koch essential oil was effective against all fungal species and the highest susceptibility was
observed for Penicillium expansum. According to the results, L. officinale Koch essential oil can be used as a natural
antifungal agent to prevent post-harvest diseases of fruits and vegetables.

1. Assistant Professor, Department of Horticultural Science, Faculty of Agriculture, Agricultural Sciences and Natural
Resources University of Khuzestan, Mollasani, Iran.

2. Assistant Professor, Department of Food Science and Technology, Faculty of Animal Science and Food Technology,
Agricultural Sciences and Natural Resources University of Khuzestan, Mollasani, Iran.

3. Associate Professor, Department of Food Science and Technology, Faculty of Animal Science and Food Technology,
Agricultural Sciences and Natural Resources University of Khuzestan, Mollasani, Iran.

(*Corresponding Author Email: Rahmati@asnrukh.ac.ir)

DOI: 10.22067/IFSTRJ.2022.74735.1136


http://ifstrj.um.ac.ir/
http://asnrukh.ac.ir/
https://doi.org/10.22067/ifstrj.2022.74735.1136
https://orcid.org/0000-0003-1222-4215
https://orcid.org/0000-0000-1447-5088
https://ifstrj.um.ac.ir/journal/about?lang=en
https://ifstrj.um.ac.ir/journal/about?lang=en

VEo) 65— 53T o ylo IA Al ol (2IE @lioo g pole (slesdidgs & pis Yo e

Keywords: Levisticum officinale Koch; Essential oil; Antioxidant effect; Antifungal effect; Natural preservative.



Iranian Food Science and Technology

= §
Research Journal a@ o
" S Ak

Vol. 18, No. 5, Dec- Jan 2022, p. 699-709 e
295 Ol il g Sends Codlad 5 SIS 5T Oy a8 (S A3 85N 5 I g b))

Oln! i gl g pgle (Slengly 4 puli
TRV o VE+ ) (63— 30 (0 0yl VA ala

J\.B'Jg:j e 8 gt .:L.J‘g ‘;Jwﬁ JALG ‘S\AEJBJ ?ﬁﬁ
"l 5 desme =" Siles o31ke 5o = Fabidis e il

AERARALECHISIYN:
VN s S5k s
VANV b
sasSe
U 255N ol Joib (glgime s 9 A5 gl Sl Gl b by (b9, Lawgs (Levisticum officinale Koch) eg, ool wilsl cadllas oyl 5
Sd g (Sisy Jole a6 adle o] (2813 3l 5 (395t ) Jlgj 5 ABTS 311 JIStsl, DPPH SIjT JISosl) slaee s ) (S 3T cled

Serd ()50 lagsesl Gillao (i ol 5 poSly] prben st ppilind pcb s spsudleas] ppdas s LLIT L)L) Sy 5 o
V¥ MG GAE/G (o5l s (sagy olaom] puilisl (28,5 )8 (o) 0 390 (SaisS ke Jilio g (SuiiS oo il Jilao 5T Sl 5T ()590ie
5y Jlgs 9 ABTS 8l sty DPPH sl51 JBosly jlee b p o] (ShawnST o5l cullad g a6 ASgigMé o Jgib Y+/VFE +/YY Mg QE/g ¢ 5V/YY +
939 138,50 2B (laaisS oles ply )3 (agy Mol uilul g o yd OV/BE +/FY g hoy> YAIOFE /Y choys SAUVYE +/50 sy (g, 8-

I xSl caa b )82 plyiedr Glgin |y (eg) (loml (il @l Billae b oamliie gl pardas b )8 2)90 > Comlus (i

Dged odlatwl Cuild il u Gy jaw g loges dlud 5 (Sduwss

sl 033)10655 (2 )Bus Sl ¢ Sl 5T cdled ¢ il (o5, sl 1 gulS W1y

b sly ookt 5)50 (ST slapuilel b olyen |y olic
4 Sy ¢ Jls ol b (Rossi and Palacios, 2013) uiS’ o wal,
2B hwy dos dxtue ((gds0 dlgs oS 5 g YU cugly o
S8 bl slol Sy wile olbs)law sl Eely & st
3 o il dd Jsbo 53 pab ol Casd Sl g s SS9
.(Chien and Chou, 2006) g cuils
oges Cudbling By 4 g JSute S ol Lise b slasylow
S (@l lge el cnlpl 39500 sladay Gl plpe
s &5 29580 (ol 1oj sl 00 a5 wge (ooses SIS0
Lo yos aSh o il5al 1) 12 Lice b (la syl 4 Ml las
Ghadimi et al., 2016; Pires ) sad o Sials 50 1) olie slae
nniy sbas Wl ozl 4 Sl (et al, 2021

(@L\S— @Luo 9 L;ab P}L& 0uSiSly s@].)& CJL.-& (WA g f’l& 05; ‘)Lf‘.&i') -y
Ol GBMe ¢l jos (b @lie 5 (555l pols oSty
Email: Rahmati@asnrukh.ac.ir : Jytue ot g —

DOI: 10.22067/IFSTRJ.2022.74735.1136

doddo
‘_551)95 )I}A “9) [mE)lﬁ Ay J,‘b & “\3‘936" L;)La‘.’.'él dl‘z’dl?.}
220 Fy g (2lS slaglon g (o1AE dlgs dlud 4 e oS
Sl jaw g ogae sy 5l o (gilwopd Jobo 33 (65,9l
Licsslon slog B lawgs 45 Adl o (029)Su0 Cullad (5 520 )3 S
o Ogsles Y/ b w0500 .(Vehapi et al., 2020) 5445 o0 3l
Jeopl oyl b Y aame o o1y Wy ol as) cldls WJgs
Lybp] o i g ()5 Sy 4 Sl 5l g 0500
(Nikkhah et al., 2019) cu! [ulus jluws s i 5 pacdaw o
b g 0SS AP runly (Sgd sl (& peliyg ales

pole olSutils (5,5l 21l (el Lwkins 5 pole 09,8 bl —)
ol (GBMe clijos (b glie g (559liS

o ol oaSiils ( oliE @l pudige g pole 09)S Lokl s Y 5 ¥
Ol (B lwjgd (b wlio 5 (65,98 pole oKy (ol plio


http://asnrukh.ac.ir/
https://doi.org/10.22067/ifstrj.2022.74735.1136

VEo) 65 — 53T o ylad MA ol o) (2I0E mlioo g polke (Sleiidgls & pis Vo Y

woles ;0 3,5 pbnl el ¥ Ste 4 559l olKiwd awgs
oy 33 e 9 St Of gt s Slilgus Lausg il
Miran et al., ) us (5)laSS oS ol dopd =Y+ (glod )3 0y

(2018a

PG J5id 550315

OKen g Barzegar  yos, illee (uslwl IS Joid (glgine
1Y) bl i oo oY pelaie pl (gl b (g pSojlal (YY)
(skie 13 5 koo 05 +10) SIS sl b (35 s 2 5 o
(ke 2 ooz 205 V) 58S em igh Gymn 2l oo V
Lo Vo) e Sl e Y G 5 W3S S5
Celo ¥ Gl dy ool Joloxo 033 )5 d8ll Joloeo 4y ((oze/ S59
VOF gsadsk 0 ol e e 9 45 (IS5 Lo (slod
P ke Cope 4 Cales 3 eilul Jgid sl A5 S gl
Barzegar ) .5 ol (Mg GAE/Q) wlsl p)3 5o 55 SJE sl
[etal., 2020

£U igighls (531

Oh)Ken g Noshad g, (yolwl y (wilul JS 45959M8 (glgiome
Yoo b dged yidibe +/0 odMs jobdy a3 (gpSajlul Y+ YY)
Ve S 4 bglke 5 oS5 e Coyts Joloro sty Seo
Joloee (3b1 (glod ;> ddBd O Gse 4 (4HlRSS Gl ey S 0D
a9 b 8lsl ol 4 jhie Ol § ot 2Sg)sn Wl,lS pgsise]
8ly8 ol OV: zoeJob 5 bolswe Gl 1A 0djem agl Vo s
2 O s P8 ke Sy S S9N (dlge 5 005
(Noshad et al., 2021) x5 )l (Mg QE/Q) Luilw! 3l p )3

Sl T Cullad
ol e sty Bilan el Sl ] b
oyt Sl Sgndl e, 5-Ly 5, lg; o ABTS g DPPH 3l
Lawsgs 013 &l)) 3gy oll 5o DPPH ), Jlae cllad 5,8
oMb jobay b (gySoslul (Y4VA) e 4 Yeganegi
& ke 3 pSuke ) CBL B ad o Jgibe 3 oS il
Iotts Jsbe sildio Vb bl 1 o ) e ]
4By Yo 5l e b belswe (jYse o +/Y) DPPH I,
zoedsb » Jobee o ()b e 53 9 BUT slod )3 (65l

2 2,2-diphenyl-1-picrylhydrazyl

ol 036 &Y gz g poo Sl Lol ol gl 4 g gl ]
&S o 0bigS |y bl (6,5l g 3,35 o il b coiS oS
oslizal JSito ol o sl (o5t SIS 45 Cusla Lo
2 osllash S (ogimn ot Slgo L) e Jlocul b 35 0n
ly g (ASEHB 4 plie Slodigw duwg 5 (sl oMl
o [y oy )y (Stpog S8 jolateds > slasl il
Sy olSdeeg 5l b 3l gladle ) el o
5 LS sbolas 5 WlodS paT b (29,5005 Jalse
(Tejeswini et al., 2014) 4S8 o I (s i Caodl by il

(il o odlital )50 slase (LS Sl 65 iz ple
4l Hlus Sl (Levisticum officinale Koch) g, olasdl
daghy@ daogw > 49l plyed a2 g B H5ba 5 29 0ud
o9 ok Sy (e9) ohoml B ool 08 g (65 slalis
e olS Sy lyisay o Cusl byl i g Lol ()8 Cgix
& baes 5 003 candils (Apiaceae) ol odlgls j Al ws
bl (Spréa et al., 2020) 345 o odlitul )] axe olgs s
olisul 3)90 S 5 jlas (ol (Sdy @lo 3 (g (s
Jold (o09) Ghodl uilel bt S 5wl @S )3
oz I aadgn 5 9 IS Glitie (oliRaglSan Jutty cdaliingSd
5 J553sl 5519, Lo e pudlo—liy g Wl (gt 5 W
b ¢opl  ogMe (Miran et al., 2018b) wsb o Jgin -1
loimgsy )3 (s09) izl puilul GlansST Bl g g Seens
Chaudhari et al., 2021; JakubczyK ) cusl o ))35 caliseo
Joid glgize o imgy ol 5 (et al., 2020; Miran et al., 2018a
ool (2B b g ShnS| 5T el (S w3gMe (S
9 o 0900 b g (Spwgy Jalo slag )b pln 3 (og) olex]
B8 sy 2y90 JE 2

L gy g 3190

—by ol Sgid @l g lgd Byre Sl Gimgs opl
(52551 deSaws) "DPPH 31j] IS0l JABTS 3lj] IS0l « 559,15
ST 59583 joplo o @l joyss jople cuis sl 4
3,5 o3l (] «Sy)

09y Olaes! il ] pSiw!
sl g (p)510+) 0nd spglaez olS 2lsn slapls
b bl gy <SS b (635 il g 9 03,5 390 (2l

1 (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid))



VoYX ilel g Send Colled g (Sl 1T @08 (IS wdgiold 9 Joid (bl | ohlSed g SbTowir (e

1ol a8 ol )3 4 p3Y 50 0305 51,8 o il H8T 9,28’ 59 plo
BT 595083 jopls laoeo (59) (28 igm 52 5] 2y )So Ve
VY Sdo dy Sad g (28 dyaw ol glacaly .oud ool cuis
O 9 093,588 oS Sl dsyd YV sl o celw
i3S oo Gblio lsisa (sasks s ) 1) pis (sladla b
Rahmati-Joneidabad and Alizadeh Behbahani, ) w5 5,155
(Alizadeh Behbahani et al., 2012; 2021

st Gl | 52 Sa Yo g 98T 0 Saly Ll
[XW) .)l>u| )lfi }Q)LM;.) }QxLA Lz».’x» C.‘a.w <9 4 u.’l.m&b 4
Ju.))f P Dgr oD d)‘f)b u_>)l9 ‘51&4;9.»\: L Ju.‘? )I 9 Dy
SIS 2,8 Bl dn DTV (glod 3 Celuw VY e 4y S baro
23)5 xS 03lul o e ey 03 pas Al jlad s 9 023)5
Rahmati-Joneidabad and Alizadeh Behbahani, 2021)
J(Kiarsi et al., 2020;

cckale | ) Lo 0 ¢ hgy opl yd 1SS lhe clale 8l
2 e S e BIY 5 YOS OYA S XY 08 A ) (il Calise
Sl 3 gSes il I SidpSee Voo @ (e
slod > el VY e 4 (islejl (sladlg .05, adlsl iole]
buwg (2)B Gladgw 1) 5 Bad (6)lSS A5 ole x> VY
Olyed ©)938 yad gl 5 48 odmlie mdr b ond dbul ©)98
Rahmati-Joneidabad ) 45,5 5,15 SuisS,)le clale Jols
Alizadeh Behbahani et and Alizadeh Behbahani, 2021
[(al., 2013;

2o gladgd Sl gl ol plosl (gl Sass clale ol
S b g Sae Voo g oads odnlie Jy9S Lol
03l S T 5552085 g ples S lao e (59 9 15 iy,
Jalio caleg 59 5 23,5 555 YU by rbhe (6)lIS e i
Sl plyiedr S g 13y 5l 6pSole cuw o5 ke
Rahmati-Joneidabad and ) us 5,55 el Sawss clale
.(Alghooneh et al., 2013; Alizadeh Behbahani, 2021

odls (gl Jolowi g 43 505
Oa‘j 9 SPSS lsley 5l oolawl b iwgh opl wls
& cul S 4 piY wnd LT (P<-/+0) oSSl claelis

4 Penicillium italicum
5 Botrytis cinerea

Jgesd 3l edlawl b JIGoly jlee (oUl s (5,800 jiagil VY
:(Yeganegi et al., 2018) 1,55 auslxs y5
|nhib|t|0n (%) = [(Ab|ank'Asamp|e)/Asamp|e] X 100 (\)

by slp YR) o, 5 Alizadeh Behbahani s,
ABTS Jsbxo S slaezes (iiSle b ol ABTS (glayaslS
SRS ) 5 (Y 9ol V/¥D) ool Slilgun 9 (1Y 50 oo V)
sl V8 e 4y 0,6 Ll s 55 ¢ 361 (slod 5 oalcemnay Joloxo
2V Cla i) b Jgilie LABTS Jgloe s 2505 2 g5
st 51 52l o VIR oo g 00,5 365, sioglh VI g0 J5b
dsisa) Jptio b bl 2l o - LABTS IS, o 35,
Lo (glod ;o 4By £ e 4 Jobro 0 bgle (aald diges
A3 Sl SagbVFE ggo o 13 i e 5 5 (5510085
dwlo yj daly ol p uslol ABTS sl1 G, 5lee cullad
:(Alizadeh Behbahani et al., 2019) .
|nthItI0n (%) = [(AbIank'Asample)/Asample] X 100 (Y)

sl S5y Jlys e el Sl
9 (el ¥R+ 1) (g9 Sl gy o)l 5| g/ 5,8
W0)8 ey (VAAA) o, San o Dapkevicius yog, 3illeo
Inhibition (%) = [(AA (120) -AC (120))/(AC ©-AC (\")
(20)] x 100

SITALe)S (loj 5| gy Wiged > AAqz) ey cnl 5
olej 3 S Gged Ll i 4y AC (120) s AC () aidd VY-
Ldl e )BT alw,S ey aids W 3l e g e
.(Dapkevicius et al., 1998)

> yBas clled

9559 Sldigw ply )3 (o) lon] puilul (2)Bas clld
Spsilizms podus sy & pouibus] ppdun iy LI L6,
Spd oy ool 2 Pt pusitpisy o paSMal ppedios 4
5 SAS)ke clale Pl BT > Saly jlasl BT ojses
23,5 byl (Sais clale JBlas

ai83 VO e a4 byl slacSund Il )BT 5ed Sawd
(C9sSee VY b b plid jld lawgs oad  yiwl) obS” sl >
cuiS b v 55) Joytel GSind G Had jgdbgs

1 Alternaria alternata
2 Penicillium expansum
3 Penicillium digitatum



VEo) (65 — 55T dBoylod A s oyl (21 @sliow g pole glodudoy & pis Vo F

(Y*VA) ol)Ken 4 Azizian Shermeh .(Spréa et al., 2020)
ol olas (sa5gigd g Jgb SlS 5 Glie o Kdgel IS
£NINY mg QE/g 4 VWYY mg GAE/Q ey (s09y oyl
Al ) 98 OlS i ol 2 0ad ssalie glacglis il o
Sl o3l 3)50 (2L (Sl g gl Sl s oy, 4
Azizian Shermeh et al., ) ob cuus oylas / juilsl gl el
oS g bl pin )3 ol g el 1 0gdle (2018
8oy Slgi o g5l slagsdg, 9 ba)less (o LS 53 P15 Slga
Alizadeh Behbahani) 5% ;56 Jols oylac / uibol cuS 5
J(etal., 2019

70 -

60 -

50 -

40 -

30 A

20 A

10 -

0 -

5 Sl cdb > ore sl S Jod LS5

o] il S e ] ol (elao las 5 il orgSporis
<[y mg QE/g 4 #V/¥YV+ «/Y¥ mg GAE/Q (s5l> s pds 09,
Olen g Koztowska () i) 3gs pU a5959M8 o Joid Yo/ V£
Mg GAE/g g5l (s09) olionl Jilio o)lac oS aly 4Lis (Y- YY)
aslllas j> (Koztowska et al., 2021) ail o pb Jod AY/+)
NWAMYIG s o5y sl o oylas o 13,5 asuie Koo
I ojlas o5 Jlo > bl o o1 2iisVlE AT MO 5 o1 Jgd
39 pU A5959 M VEY MO/Q g oL J5id VYT MQ/G (5l oLS (i

TPC (mg GAE/g)

TFC (ng QE/g)

15093 (319851 ! (TFC) JS sigighd o (TPC) JS' Jgid (slgiome - JSoud
Fig. 1. Total phenolic content (TPC) and total flavonoid content (TFC) of Levisticum officinale Koch essential oil.

FogSVYE gsoJso 33 ol o talS )l b (s oy Sl
Called uls 3lle (Nooshkam et al., 2019) s4i 0 (2bj)!
VA/O¥E +/%) 395 YU jlws ABTS sjl (ela JIS6ol, g p3 il
REV
e Sedgid del Sl plite 09,5 51 (5900 051 S
—t JsSge 4 055 g 4 & 29 331 slaJIS0o, St o,
oy w30 &) o) S5 4 gy S5 52 g9 03,5 o 9
b o iSly (b e gy ol o J0sl, (ojle s
.(Rahmati-Joneidabad and Alizadeh Behbahani, 2021)
B Sy yus gldasMo b sl &y Cunilys sog) lazsl uilwl
M Gl 1 (emmlion JG30) oo @538 5 398 @lo | (59,5~
S s il b 4 b ) Yias! o (o) OV/eE +/¥Y)
<YL SlnsT sl edls il o cligd Sl sla JSooly 03,8

4l 2 o9 ol puill Gl ol ol b ¥ IS

Js3 5 ABTS 3l JISesl, e DPPH 11 JIS,3 Jlgo csli s,
4 DPPH b Tes JT U031, s o b |y 35—y 5,
o il fojlas Slasl ol Jously s (sl 03,25 5ok
Alizadeh Behbahani ) coul ouds edliiwl 3 a0 &l 5 5 (2LS
Sy s DPPH .(and Shahidi, 2019; Falah et al., 2021
eS| S 5 5g0,5- JIedly 5o bl
sl b ) DPPH-H Jlul JsSlse 4 1, DPPH IS0,
Oygo 4 Slgi o a5 )5 a4 iy 1S5y gt b olyen (55
WS (oo s 9 oy yogil DIV g Jsbo 13 (6 plogidy Sl
ShanST 5T cdd gl uilel (Nooshkam et al., 2019)
(2oyd SAYYE +/50) 59 DPPH »lj] cla JWoly plp 13 oYL
Cangj OloS 5 (g9l 09y lios] Suilwl & Cunl gxe by ol
dsal b 5 DPPH (b o), 098 L5 obls L Jls
oo bl 1 a1l gy ol 980l g 5,00 (sl
Lsg ABTS puituns (ypmolinsS] 1 oo ABTS sl IS0,
(ABTS**) sl oI5l S0l 36518 (S a5 ol iy smolty



Vel il g Smend olled g (Sl TT @08 (IS wdgiold g Joid (bl | ohlSed g SbTowir (e

ohKea o Athari .(Wojdylo et al., 2007) ui awdly ladye
oS Jgko ojlas Sl T el a5 wioly olis (YY)
Jojlas clale () g wibe chlé 4 dtly (g, o]
DPPH 3 JISosl, e € o Gial3 s Vo o+ 43 V- ppM
ojlas 3938] ¢yl pogMe . 13)5 o yd MDA & duo )3 VA/EY ]
O it (o)l (Rl s ()l e yobots Ligws (189, &
ojlas &S sl odds )15 < peizcen (Athari et al., 2020) 4,5 )5
S T Jb S 5 Slima b ogy ol oS I3
Spréa ) wib e ol oylas a4 o (oo Sl T el

J(etal., 2020

90 1
80 -

Antioxidant activity (%)

Wle o Jedl olSy U 4 baes gy ghosl el
ol B35 g5gMb o Sgb (clopus
Cullbd dwlie b (Y4IA) Ko 4 Azizian Shermeh
2 09y ohosl ol gl g Joilie ¢ ol (slaoylac  Slans] il
5 Jplo oylas a5 wsls Lis DPPH sl1 JIGol Hlee o9,y b
38l o Sl Clleb (a8 g i S i
A5 oo s Joilie ojlac pYL Jeid lgie 4 1 oyl g
Uadube 500 (gladlas o (Azizian Shermeh et al., 2018)
SISl o 3 (055 b I (ongy ol olS &5 235
Jod 9 039N olie b o)l Sl 5T 08 ¢ 3,15 DPPH o}

70 A
60 -
50 A
40 A
30 A
20 A
10 4
0

DPPH

ABTS pB-carotene bleaching

w509 (o] Guilw! (Sl 5T Cullad —F U
Fig. 2- Antioxidant activity of Levisticum officinale Koch essential oil.

2B 15 (28 Soigw aguilesT ppeds b Ll 4 039 L)
PYL slacdale (bl b g uilel d mg/ml cdale jo aiy 4
3,5 (2B cladyguw Ay 3l 68 sl o (> AMO/MI) sl
mo/ml clale joas )0 ud)y 4 ;B a8 | diw (s g sl &
bl iy 53 g ol @b Canglin [Sily &S 35 el VF
S ol ol s SusSebl Bl osefl mbs il
Jdpe bl I gpiaS clale jois 3 mpuilsT pgdew o
(B JS8) 22,5 oo
hlizee Slalllae )3 a5y hesl Gl (2LySkas el
(Miran et al., 2018a; Miran et al., 20180) sl su )y
A3l e 39390 o (2 )Bus 313560 50 (639350 SleMbI bl b
cals (Y+3Y) Shafaghat bwy a8 e adllae o
2lr 3 o9y Mol oS a5 ogee (01550) 0jlas (29)Swe s
(g s logy 5o g szl oply gl e puiSll L i8] B ¥
oS ol Lt @l 9 1,8 sz BT (et s gy (Bellas
5 iSel] Ll slodgges ply > 2y 51 Gl o)las

Gyl il 3 esy lonl bl 3 )Bas el s
Joi2 90 9 ¥ (slasid 5 JB 5 5 o dUd g (Spwgy Jole
B ladisS ol ply yd segy ol uslul sl oads &1
0 JS8) ST it Ses 90l el e 252 I8
pouibaS] ok i @B 290 53 45y pie Al Jld oy VL
bt iz @8 S 3 (g i les) A5 odalie
(o3 o pglie) s polatsl o5 | 44 i Al b 5
Comolus 3l g8 pls 4 Consd posls iy Sl (nimen
392 503095 32 (o9 sl il Pl 5> 65V
390 )BT (s> Sumd gy ailiie 35 )BT Saly g0l @l
P Ao ey g ppeibad] padiw iy g (P JSS)
534 piY diog el & Cod aygur (o ipglio 5 (35 ol
S 3 YL BT Sals 905] )3 45, pis clodlla b oS ol
5 bl paitas ol s & Baee cdls ol g )T (josed
S 29,5005 Sialojl )3 ol sl BT Saly (9031 5 (6551,
iy S lame 3 Sgd Gk ks peilsl BT e
Alizadeh Behbahani et ) 15" Jlos! ) 555 S35,l5L 516 555
S8 ol bt S g clale J8ls oygej] @l (al., 2019



1F0) 60 — 53T doylois A wler (ol (108 2obeo g pole Sleuindsy & pis V0 7P

OBl o Mygi sLid g (Jobw 0)lend oy 30k 5l 45 L
ol (990 OS5 Sl g (Gpdidel s doml ) g
Ciocarlan et al., ) 595 o0 (29,800 sdsgw M) I (5ol
sl bl 5, %] canle cde 4y oS cunl S5 4 p5Y (2018
i3l o A3 5 S5l 5 )6 posene )3 3985 & 136 alS
(2lS sl wll il GluS 5 jeas S 4 (Jlbepl b
55 g S el Gl 4 B Ol 5 ol eam e
sk Ssdhage ol 5 B o3l ials 4 B s g Lz
Rahmati-Joneidabad and Alizadeh Behbahani, ) sl .

(2021

18
16

14

Inhibition zone (mm)
= -]

'S

=]

Botrylis Alternaria
cinerea alfternata

@l 9Seedd Jl Gl cpl ABboe 4 p e log) L
oy o ojlas )3 iSeny ClS S 5 e bl jpas
culld (Y-YY) o Ken 4 Chaudhari .(Shafaghat, 2011)
9906 s il 8 25 adle |y o9y ol il (2 B
aS oy Ui pubie ol ol dged iy S gMT AJg5 g
5] JasioosS ) 35 31 oS a0 36 (gngy ) il
i3 (et Sl 5 ol i e a8 323 Lo
Crl 3l o8 2l lid (6pdidel o BS g (Jobu slapym cud
dpbise oS g g @B 1) onTsly e Bk
(Chaudhari et al., 2021)
$1 a8 3905 ol (YIA) o) Ken o Ciocarlan ¢yl 5 09Me
3 (o8 Sl oo iy lilS ale (ag) ol il (2,05
bl )3 2z gl g bl oty 5l i Mo-ly S 5 g

a
b b
12 C
c

1 I I

0
Penicillium

expansum

Penicillium
italicum

Penicilliam
digitatum

BT 5000 Sd (Wig, (bl 1 (095 ol (wilu] (o, wd Cllad Y IS5
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Levisticum officinale Koch essential oil

concentration (mg/ml)
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- - - - - - + o+ 4 Botrytis cinerea
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Fig. 5. Antifungal activity of Levisticum officinale Koch essential oil based on the minimum fungicidal concentration (MFC).
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