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Extended Abstract

1. Introduction: Button mushroom (Agaricus bisporus L.) is considered as valuable source of nutrients and
a crop with medicinal characteristics due to its high amounts of vitamins, protein and bio-active
compounds. The lack of cuticle layer in button mushroom has made it sensitive to microbial agents and
browning disorder. Due to high sensitivity rate of button mushroom to microbial corruption, different
methods such as coating, modified atmosphere packaging and treatment with anti-microbial solutions are
used to reduce corruption speed and post-harvest wastes. The essential oils of medicinal plants are part
of plant secondary metabolites which have anti-microbial, anti-cancer and antioxidant characteristics and
can eliminate reactive oxygen species in plant cells and tissues. The positive roles of essential oils of
medicinal plants in increasing the maintainability of different crops such as apple, banana and button
mushroom during cold storage have been proven in various studies. According to reports using essential
oil of some medicinal plants such as Cinnamomum Zeylanicum, Mentha pulegium and Zataria multiflora
at post-harvest stage can extend crops shelf-life and maintain their qualitative indices. The purpose of the
current study was to evaluate the influence of using the essential oil of some medicinal plants in packaging
containers on some of most important post-harvest characteristics of button mushroom.

2. Materials and Methods: The current study was carried out at Ilam University during 2022-2023. In this
research, the influence of essential oil of some medicinal plants including Thymus spicata, Mentha
piperita and Satureja bachtiarica at different concentrations (0, 500 and 1000 ppm) on some qualitative
indices of button mushroom such as tissue firmness, cap opening rate, radical scavenging activity,
organoleptic properties and antioxidant enzymes activity was investigated during cold storage at 4 °C.
The post-harvest characteristics were evaluated at three different storage durations including 0, 4 and 8 d
after harvesting.

3. Results and Discussion: According to obtained results, the weight loss increased and tissue firmness,
total soluble solid content and total acidity decreased with increasing storage duration. All treatments
could significantly reduce weight loss and maintain tissue firmness, total soluble solid content and total
acidity of mushrooms except T. spicata treatment at 2000 ppm concentration. The recorded data on 8 d,
showed that the highest H,O, content and the lowest radical scavenging activity was related to T. spicata
treatment and control while the mushrooms treated with S. bachtiarica at 1000 ppm concentration had
the lowest H,O, content and the highest radical scavenging activity. Results demonstrated that cap
opening remarkably decreased and tissue firmness and marketability of mushrooms maintained by using
essential oils of S. bachtiarica at two concentrations of 500 and 1000 ppm and M. piperita at concentration
of 500 ppm. Results of organoleptic test indicated that using essential oil of S. bachtiarica and M. piperita
at concentration of 500 ppm led to enhance marketability and acceptability of mushrooms as well as
improved their taste and odor. The lowest evaluated acceptability rate by panel members was related to
mushrooms treated with essential oil of T. spicata and M. piperita due to change in their taste and



appearance of brown spots. In this study, maintaining qualitative characteristics of button mushroom
induced by treatment with essential oil of medicinal plants could be related to two main factors included
anti-microbial and antioxidant characteristics of essential oils. Based on several reports, anti-microbial
properties of essential oil and extract of medicinal plants can cause lower respiration rate and water loss
in treated crops during storage. Also, the reduced amounts and activity rate of reactive oxygen species
was observed in different horticultural crops treated with essential oils during post-harvest stage. In the
current study, increasing catalase and peroxidase enzymes activity, maintaining total phenol and water
content and decreasing polyphenol oxidase enzyme activity could be considered as main reasons for
extending shelf-life of mushrooms treated with essential oil of S. bachtiarica and M. piperita.

4. Conclusion: Based on obtained results of the present study, using essential oil of S. bachtiarica as natural
and low-risk compound for maintaining the quality and extending shelf-life of button mushroom during
storage at 4 °C is recommendable.

Keywords: Satureja bachtiarica, Antioxidant enzymes, Cap opening, Total acidity

Citation: Azizpanah, A., Aliakbari, M., Mirzaee, K., Mohammadi, M., Ranjbar, M.E. & Azizpanah, A. (2023).
Maintaining the quality and extending shelf life of button mushroom by using essential oil of some medicinal
plants in  packaging containers. Journal  of  Vegetables  Sciences, 13(1), 131-147. doi:
10.22034/1UVS.2023.1995797.1274

Copyrights:
Copyright for this article is retained by the author(s), with publication rights @ ®

granted to Journal of VVegetables Sciences. This is an open-access article distributed
under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/ by/4.0).




FV-VFY) wlxao NPT Olﬁ.mgl}' 9 )Ler.’ Al c)l.o.{b Ay 099 Y JL.» ‘Lh‘_g}?.w ,aglc LS“'LC Ml.'\lm.éjé

doi: 10.22034/1UVS.2023.1995797.1274 g allio g5 YAVE-FAYY : Sedg SN LLs ), L2,

Bgyb 40 (29)10 HLLS 31 By bl 81,51 slass's 7,8 5, Bl guli8l g cudss ki

(S Ao

Poliy3e 30 ol 9 7 oy ol plobocmo T grazxo pitne T (il o 95 (5 Sl he Limo ol 31 56 Lol
Ol el el olSils «g5,5LaS 0aStils (Sl (it 5 pole 05,5 Sl j50l,5 )
Ol @l Dbl oiils ¢ S palol o 0aSiisls ¢ o13e mlio cwdige 5 pole 09,5 (il )5 (goomiils -
Oyl @l @] olisls ¢(g5,9LiS ouSlisls « SLel cwdige g pole 09,5 ¢ Loliwl Y
Olpllaniy ooy oBails «(55,9laS” 0aSiails ( SLel (cwiiten 5 pole 09,5 (255 i gl Ails ¥

UM IFSYA IS ZYTRPSRRT R [SUCTIOMNIRE JF ORONR N N COM BT

me.mohamadi@ilam.ac.ir :Jgiwwo e ¢5*

OF Y/ VYN s bl gyl VECYLIYY 1,550 f,b VEVNYA el o f )

oS

03,5 (bws (o loged ad)le 9 (29,50 Jolge 4 Comid 1) Jpazmo (nl (slanS'd 7,5 50 JoSuish @Y 929 pus
S aS Lo 3l (B 1 1 (53l 0530 9 RS ELas (g5 gl Jolid (529,00 HLS (il 15T gy ol 5o !
Obis uls e, 1,8 axfllae 0yg0 M1 olLS1S j 1Fee Jluw jo colilo 51 s 0590 Jab 50 laoSs z,)B 05 9 S
U (g BB yebar (a loged 9 SAMS ot b oyl e MBS £ LS 9 (55l 0 0 (LS (bl 1, L as 0l
ooliiw] 45 15 (yLid o (y903] gulis s Laio oz, (i 515k 9 Jolowo dols Slge (S s dunl (il tiaw g <l
Sl o1 yieS o g B pab g yhae g Sl plig g Ber Sl jo (JALS gL g )l 0j 0 lBLS il
Vooo Clilé b Al gLx ol il 9 (295 critu gl olS iluol b ooy lowd (slodigns 4y bgspo odd (b)) (o>
it 9 (plistst Vo00) (293 cmins o slond 4 bogs po JS' Jgidb (g1gimn (y yinS (il o 31 g ik 39 50 092 plistis
STy Slgiomo ¢ SloyLil 0593 Jobo (Al 8IL 0gr (JALS ELini g 65l 0] 0 S sloud 42 bga o s o (] ol o
bl Jgp e 3loaSTy g VUL b 5T cadlad g SlosasT T cud b g cdl Gial3dl bz, cdl 10 o5y
5015 i 1381 0l 4y o |y (il | 05T b 55 5 GBS 1 359 yha dmnS T3y (slgixo (b2 93 BB 59bas byl Jg
G Bwle 38l g Codns Lido (sl slowd o ¥ leredr SHli o) po (bl 3l ooliiwl pile dgs gl (wlwlp
00,5 (o0 Sl 81,5 (lw 42 30 5Lz oo 53 (5Ll 0590 Jsb 5o slaess &)1

G5k 65 0 (SN (4o 3L ¢ JS At dawl o Sl T glags 35T 1 glS s Wdelg

w‘)’s‘ 9 g’A—A—b-.»S .L:.EL‘> .(\\C‘Y) .‘ GOLAJ}J.}-C 9 ‘ '5 c).:‘.?d) Lrh “_;.\w ckj 5‘5)‘)’).3.& clb 46)—«5‘51.(: c.‘ coL;.i)'.]}.C :\bm‘
IYVNEY OV dloggjmw pale (gindinns Bg,l 10 o5yl (alS 51 & uilul 0,5 L glaeSs 7,8 5 B uils

@ ® oy by DLl lgd elsl el Bgima allie opl (5 sdtwnss sl olr >
Q9N poos (5‘)" 4\.1.790 wl...q g o olj O Hygody d.l.‘)r.o U"‘ g W) ul.‘> Sladlas laL.o.) ‘&‘)—‘




Godmg B9,b 10 (29,18 GLLS 3l (B 2 uili] 9,2, L lanss 7)1 5 Bwile a3l g codss i AR

sz bl ojse ol s 5 ol slouill
2l sl o a8 wits aLS a9l slacpl
b oo IS g oy S (33 )5 5
ol e Seeds Cuols iledg alize mlis o
ol g ool aBlis Gl o iaghy b LS 5
o)l 5 oasmapabs plgicds (ol slas )l slge
Palmer et al., ) &,ls gyl 5 olie mlbo o
L ool obls sbolas 5 bl (2002
-l el jussid ¢ 9,50 LS 5 5l (610555
5 Jlb 5eS slaaisS Bl Ul 5 s
EANCJE RPN L S (RO EE
Ygame I Cddlxe ;0 Wi b 00 lagSS
lal anld (b lag i g lbogw alox 5l olie
Hussain et al.,) acs lo,95 5 &, lo,ll 4
(2010
Mentha piperita L. _ole ob L Jals gl
oS cpl Guilol cail oo lelins oolgils 4y glaie
Olewl s o il wo s 70 Jlas gl yls
L &yl cdl=a0 (Menthol) Jgie oo ,0 0+ J8las
lop s ;500 5 (Cineol) Jstiw (o5 jlais g olj]
.(Jakowienko & Stopczynska, 2010) ol e
gl sy 58 saimopab sisar ol oul il
plnl Sldllas 5 098 o0 485 )16 e DY game
(lSlas GanSI sl Sl Sl s
e 9 plol (nl 4295 WB (o gl 5 (o Bos
Bupesh et al., 2007; Singh ) ¢l &1 ;o 04590
5 Jils glis o jlas il glasdllas o (et al., 2015
285 )18 aalllas 9590 Ghie g Coe 05 slacs SL
b ablie U5 Lo ool 45 030 o 51 (Sl b s
(Singh et al., 2015) s ,Is 1, bapasls g S o
sl gld QLS ojlas 5 Guilul Sl nizeen
&LiBu o5 ¢ (Thymus spicata L.) by
sbls X 5l (Satureja bachtiarica Bunge)
lod S il o 51 adlaie (o9 9 glins 00lgil>
58,5 8 aslllas 5,50 (LS (Sliis lens Jolss

doddo
Agaricus bisporus L. _ole sb L slasSs 7,6
SlaS 5 9 g YL polie og Ll Jdoa
210597 2 9 B3l (@l3E e S lyeds (b
Wani et al., ) s5i 0 Cgmme 29,0 ol5
Zes s 595 Cusb) (JsSdsS 4 92 pus (2010
9 LQO?.:.A ).:Lw L: MLCLA )é Jﬁm U"‘ §Yb &)’“‘M
o Sluls e a5 conl ouls Caely w03l slo g
FB Sl 3k 5 oyl T e o clsy )
5 e see (SIMon et al., 2010) oil a>g
309 59, 4w U SG Las 3U1 sled jo o3l 7,8 cuils 5
S9ax (ol 5 il azjo il B jlez) ey sles
Jlaie (Ares et al., 2007) el 55, s bz
b JsS5sS aY 5l (61,95 pas g g, (YL

] Gl slonST Glo 1Sy o g ,Sow
ooly ylis Sldllas 4G gl (Rahemi, 2010) ausb

O3 g 0 LSl Cumer cled oS
“o9ed 2 fge Jalse (n e 5l slaeSo B JoSioS
lom lald Galidl g codss Gals (il pad
(Dooresetal., 1987) 04 oo wgumo ] cisls
Sl Fogll 4 laaSs 7,5 YL Cornles 4 x5 L
S o GBS (Sl et Bl g 0599 58 (22950
- g dle ola g, 5l ol Gluls ;e § olud
sledslme b led g oadpdol (guiaing (2o
(Zahedi et al., 2010) 05 o ooliul g,Sods
03l S5 olge By 3l ool iuli8l Ldoay o5 5l
3l oolatnl 4y oaiS B pas srie (iiSTly 9 (oleond
Olysd b oo IS 4 4y wlge
e el Gl 4 g (ploend DS 5
I g R TR
S50 Sy, SN0 Sl 5 Jstse 5o 8 9a—bse
33 Shs Slog B ssie jos S (sl ool
Gormley &) aes cuby 5l e ok

(O'Sullivan, 1975



o VfeY GL}'.m.gU 9 )Lg.g Al o)Lo.a.'Za dY 099 Y Jl.w ‘Lb‘_g}.f..w lb}l.c Gnlc MULA.QQO

st Sl B ohls i Wlgie 5
5 Saidi aes als 1) o)Ll 0,98 (b o gilagnsT
JOC S e W R ¢ sr b (VA oS
olol a5 00 )5 ol slaeSs 7,8 5 ) Baik g coaS
asls cudne Pl 7B gois il g collS e le
Sluls als cel woaS his oo Glg o g
SISl Ay 0 godwie Sldllae H5SL ax S
P Glapulal (Sa)leSs @08 5 b shas
hald glims GlalS usll Sl a0 (ool (o)
bl 5l CobS 5L 00 5 (295 (ri]
(Organoleptic properties) .>  olss Lo
oLy uilul PI@@ Veoo 5000 lacdale
P r it 05 g by crdugl ( Jald gl
b 1SS 7B g 5 S Dleogas (n Seie
S Bl azyo ez sles jo Sleylil 55, A 5 F
285 18 oy g anlllas 590

b o9, g ol
g5 psle 09,5 sBioloyl Jo VFe e Jlo o ol adllas
‘s.\.«.)‘ uﬁ).h.\.: O ygo ‘B)'{J‘ olKisls ‘S’L..CL) (e
o5 5 sy riusl (Sals glad lalS il
Sliios ac,50 5l Glal®) wb glsal g ks
SlaaSs oz B L o (Wod ags o1 oRisls
2 @B s 6, S e Sl S 9y0e e
Sy dolddl g cllo o9, T—o ) Ol Ll
Jie GLEL 058 olanleil @ alejl !

IRV

o g5lwoskel g wilwl Z! 5wl

HlS 5l plas o Sis Wgad 0,5 Vv ol lal
Gaeds Hhaie Of i L O+ 50 50,5 Glew 5l
O Hgody r:LXS PR w9 0L o\).’Lm.A} el s_ia
- obol el ez (b mislS olSiws lawgs 45 Tas
ol 5l o~ (Palmer et al.,, 2002) wos .5

olen g ol 32 3¢

S SleS 5 ol Gom gl Gl S s
Sl 5 sdwe ise (Mohammadi et al., 2019)
Folis i lg; crtugl olS uilal )3 52
-LB «(Carvacrol) ;55,5 «(Thymul) Jses
owme-ls g (Terpinene-gamma) o
OlS 5 sdee &SI, el (Myrcene-beta)
T Jsess 5819l 65l 00 ol uila
-LL e 5-LIE (Farnesene-alpha) s s
Terpinene-) o 5-Wi 4 (Cymene-P)  porws
Babadaeye et al., 2015;) .iL . (alpha

(Mohammadi et al., 2019

4 gk slagll S alie slataghy o

g 0l s LSLDW ).:‘ ol oxsls J‘“"S’c O‘ﬁ':‘":
3,50 alizee SYgame (6,E 0l e cains il
S Sl e e Sl aBS 5 )
$laeSs Z,B G Bwle Gl p ok ol
—og0d e ol lis ol aS e85 )3 adlllas 9,90
23l Cdlad g 9)5e L (SN (s 5L s (!
ezl uilal 5l eslanal 1 e slaensT Jgub L
8l zels (Cinnamomum  Zeylanicum L.)
A SysSl sl 5 S8 sl o e S
Gao et al., ) 5,5 loy il Luilol cpl op)l8
Mentha pulegium ) g silul 5l eolawl (2014
olis Jlxsu o glaaSs 7,8 sosmaies By )b o (L.
5 SO ol b eilol clale galil L oas sl
Oy 28l s Lol el ralS ol sloged lie
agh s (Mirzaee et al., 2013) wial il
(Citrus limon L.) god il g oyl g il
5 S35 L8 o 390 slaeSs )6 ke 5
L slaaSs 7,8 oo by a5 og ol 5l Sl mls
039 S yss B9, (Rl rge ged Guilul g ()9S
A b emes 5 S S0
ol S ol d o 53l cules 53 5 SapeSlaa
o y,155 (Khazraei et al., 2015) & 5 Jgaxe
sk @9yl QLS pulul 05 a5 wes oo i



Godmg B9,b 10 (29,18 GLLS 3l (B 2 uili] 9,2, L lanss 7)1 5 Bwile a3l g codss i A4

Aol g pSoslusl gl (Hosseini, 2017) ws 5
Pl Voo ez ayojlas i e Ve ke S
PH o, B oy /) 05w b o g 0l oailas,
Styaes NAOH (50 5 0l cyguul s AV 4 0)las
23,8 818 olas gl BB S5 sl Glgrea
(Mohammadi et al., 2019)

SN b 5 (5o

T8 2 lr (SN b b Gl a1
Sliee o] SaSay g o a8 5 i s glopls  lawme
Sloslewl b a2 slag,B plos S ol 5L
23,5 S le w0y s 5 Wl
(Ranjbar et al., 2019)

> Pl vy

Osesl 3l g (Sl )l codS anlie ol
20,5 eoliiwl (Hedonic Rating test) Ssgoue
(bl g9) 9ol aigas b ol jo 00l Lo slag )8
5 05 @ ol oo el Sl a8 Ve JLasl
58S o Lok anlss o3 Lcd S I3 ey
alh iged sly w0 yei g 5 p wiged sl V0 yed
g she g ek ebol pjled 51 (8L 50 diged o 4,
0y05 o (S5)) 50l i 5l g 05 Sl (505
S AN g phe 0ped pSG Gla 0 Ve B jhe
3 el dged 4 s Sl e s e sl
(Mohammadi et al., 2018) o 45,5 L
ST byl 5 Jgid glgime (S0l
Jedky myl calld gl g (Sl
jloams]

Tunc-Ozdemir s, 5l eslazwl b JS Joib (slgimns
Gsbiie cl gl s (S ol (Ve + Q) o)) San
0 Job | e mu 0 g6 el 5l a8 <10
Sl o celw YT Gokdy g ol saplw aoyo
55 Jstme 31 il S & s (6l
Lol g g 0 ailal as s 40 Jyibl il Lo
A0l g ab el yid Lo O @ haie Of
Folin-) o>JLS g ol gd Gprn jin Juo

Fo gl YXY olal b aty gz iz 5l olocsluns
by o Bg)b 00 (Fgy0 o)l 4 g axs
9 @ oy Sy wald Jate e
saisgd sl bl 5l plgym Vorr g Be e il
Jayd gy BL 1 1550 e did aziél]
SN L 7,8 sae VO (o gsle YN FXA ol 4)
359 ab ools Sl Sascal e 5 ates SIS
5 oS le az oz les L ,gilsSSl olSiws
Bl 5 55y 50 WAl (6l wo )3 AD (s asb,
B alise Slis piia 59, 9 p)lex 9, «(he 59))
b5 |5 alllae 550 glaeSs sl

039 U (3o (5 puSe ]

593 0kl yo diged 12 49l g adsl 09 IS ol
ds b Jluzmd 65l s p,5 o (5, Ul
WS dwlxe (V) akly wlel 5 og 6,5 /0
:(Ranjbar et al., 2019)

(o) Gis els = =2 X100 ) ala
Gt oy )0 )8 039 WL

A ¥ slags, o) o W2

Sl (G (330 (6 S o310l

L oln S 395 6l (gn con 2 p3Y (595 )laie
Sl (59,0 Sl S Bee oo cotia i
FTO11 Jow g stiw oSiws baws z,6 sladiges
Sl (s SV lgieds g odgzmin (ulf H5iS cle
Simon & Gonzalez-) o 48,5 L o lbaiges
b Ol a3 0w 7,8 2,0 (Fandos, 2010
4 ol eSle 5 285 18 (s pSojlul 550 8L
A a8 S A s diged o Bl She (lere

5 4wl g Jolo soler Slgo

alolddly 5 o il 55,5 Lasgs g, o las locl
S50 IS andenl 5 Jolore sl Slge (5 S o3l sl
Jslomo sl olse (6 ,uFo3l0il gl o8 S 1,5 snlil
ATC- Jae ATAGO) o yiegiSld, oliws
Gsbiie cpl lp ol solatul (pl5 HeaS cSlo le
031 1,8 o520 53 (g3, 7,8 o las 5l o ki g0 5 K,

OZ)‘;&;&).}M)JW}:QAC J‘Pﬂwgw



"Wy VoY (bl g 5L o) oyl AW 0,95 Y Jlw g jows pole cole aoliliadgs

Felshee 99 53 @B 8L 5l )5 1D (g, (ul 5o 0B
A odwle o yo /Y (TCA) awl Stuly IS 65
30 590 Veeere 5 aads Ve Do Jol> ojlac
4 g 8 gk yElo 05 (Ble a0 e sled
Al s See B0 (29) ojlas I g S 01
99 9 (V aseal b Voo oo Vo 0) nliy Slind
bole ol adlal Yoo o penly o 2 e
oBislejl slos 5 (SG,0 50 Celes S ooy STy
o525 3l o3liil b Ladiges odzr pms s 03l |3
A (6 Soslal gl YAe glos jo yegidy xSl
e 3l Ojees wenSy il il sl
PR SOV P 3% BN PN VNN VOV SRR bove)
a7 pSolul el YOI @l el
VE zoe dob yo iz 2alS 5 (g 0 STy
(idghee aw) 55Ty Loglie 285 &5 jtosl
ST Ol Yga oo 00 Dland panly 3 ol
Loy ool ojlae g, Ve g Voo Lo 1O
GSly o 2STy bolre a4y (59008 3T (0558
Do ;S Oged deSly Qa3 el g g4,
oBKiws lawg egl TP Soe jo ddds S
o 9ly dlons gl 0005 251 agiby iS
solizul (P MMTem™?) Joleo Log0ls o
oyl Lo lp (Dhindsa et al., 1981) as
1 0ol b jlagasSTy JSUIE o531 colled o,
dw gy cpl yo 0l g uSeslail JoSLE cole o
A ddes YIVY (slls Giasly Logbe 2 Lo
Voo oY amal b Yse o 00) penly olind
Voo ey o gt ST s S
ojlas jlgSee Yo g wo)s 93 SSLE yidy S
FLE glannst ddoay Qi al38l 05 (03]
SSoslal aads an Soway yiegll YV- zg0 Job o
sy 5] oolitl b onds ads JSLEL lade 0
axly el aculxe YOO MMTem? sslls
5o od oy JSUBT Joaiche S Jobes o351
(Plewaetal., 1991) o a8 5 Lo o aids 5

Golol a3 g Hubojl 2 yb

olen g ol 32 3¢

SluyS medw il e S5 5 00 0 0+ (Clocalteu
SO Odedy Jol> baldes ol asl sl o v =0
aiged e Gupms 9 0b (55l ()06 50 cels
ol 29 00,5 C813 el VE zse Job )
U5 Jsib Bl cdale S o,
23,8 eale 59 )5 0 p S e e
S aS i Caold G,b ) Sl ol el b
Gsbie opl lp 0,5 as DPPH ol31 Kl
J1o 55 @le (359 7 Al )6 S8L 5l p )5 -0
Joilee yd oo Vo G 0 Sl iz (sl
CHlgiSy 5 oo5p 3l ome g S Al T 4 alls
S8 61 sles jo cel v SO Sy Jolmo o

0 s il

JPRS R PR VAT S IRRCRC 5 K 4
lom b ek il ol S (Hle 4z o ke sles o
s See Ve Jalie ol ae s S0 e ]
g o 03] pe dho B g o adls | DPPH sl
> 4 Joloeo o, U (SO, ;0 aaBo Ve Doy
20 aiges Gaz ] 5l e g o atile a5 CSH eSS
SCINCO jiogidy S oKt & o o5 yi0gils OV
bbb o 51,8 (S-3100 Jue)
S95,105L 0o 0 & ygod e ) Lac  SlouuST 5T
s!y (Zhang et al., 2013) o 41> DPPH
NICPYPISTS IRV { By FROFENTSRON P RS SRS
dw gy ol o ol olitwl ool eole i lgreas
Al il s YIVY (glyls STy boslio il Lo
Yoo oV anaoll Yeo o 0) ol Olaud
FdoSae Ve g Voo ooV J IS g5 yids S
Y- 290 sk yo bdigas Cdo 09 (son 3l o)lac
axly avlos gl hgels o s gl ouiles
Kar & ) as a3 L o 7Y mMTem™ o35l
(Mishra, 1976

Ol 9 039y dmnS |y Slaimo (g S0l
STy 9 VG slap 3T cudled

SeeSTr STy wbolyy G3gpee SenSTn e
9y ool KD esls o b 39,008
SrSoslal (Y1) o Ko o Alexieva solgriin



Godmg B9,b 10 (29,18 GLLS 3l (B 2 uili] 9,2, L lanss 7)1 5 Bwile a3l g codss i AR)

b tals b Ylaist ctoles slajles ol tagh
@dD 3,85 g i (Rl Lel ladigas mhaw (02950
b (s g badigas Cugb, Lad> ke lelgs oS
Cewd 3l Vgors aiiiwd Cullo gy 5l s 0,90 Job o
O Jisas 5 (Jobo oSl tals sl cugh) (ol
Ol 50 lajless a5 098 o0 SSL (e (liee a5
loaiges ol (ghw bLi> 4 e 095w (legh
coilol b Lo 5l (o8B0 (iS85 (raizmen ial
dol> olge) bad Brae als o ege sl
~ol Bas g S 45 52 0 ol (20laST 5 (ol
Wani) og iagi ool ;o cudls p 5l o oil)d o la
Loy abpd Oy iegh mbs (et al., 2010
Sl a8 sl yLas (Y- YA) Kamiab 4 Mahidashti
gl o5 o lac L (Musa sapientum L.) ;40 og.e
el (Gid o 0,85 Lo Yoo 5 10+) (Mentha spp.)
Jsloee sl dlge Lai> 5 0500 ()9 Ml 5l 6 25 ol
o b aS b g)lilo,90 Jsb 50 ogee <l (Slhw
RS ES PN IR [T PSS PN S S WP
oLS il o a5 1 Jgie sole B 0 g b S
31 Olgredr @0)l0 9929 (4295 BB et glin
o0 )lors sloogee (o)Ll joe Rali3l BYs (e
g NXUmMalo ,1535 bl auuils sals 4 o
SV gaze (59 oS £ 5 ook o8 (Vo TY) ol e
a5 @29 QLS Lulul 08 51y Slely
wo el ey Wlg o DVgame ol gon
Salgs o a5 wil dlse cnl (ST T 5 (29,50
5 S 1B 0 3l S Gl adg 4 i
0y30 Jsb 5 Jsame oyjs wpad alS 5l (5555l
Oliee b g8 S8l (s (e 098 g0 Sl 5l
St Qe rizen g o Lo Casb,
g Cughby yols caws 1wl bLs 1 o b el slis
55 93lmnST Jolge Jansgi o Jslos 6La (o o]
0,99 Job o S8l e JalS p fge odes el
5l Jol> s (Wani et al., 2010) sen ,Ll
olas 655,10 3l gy » Abpdy O)g0 adlas
SlaaSs g8 cilyy 5l Sleogas p Ly olS

Oley yd 0 05 la S )b 50 4y Gllejl ]
=255 5 Gay A g ¥ i) by ol ,eSB L)
Voo 5000 glacdale wald) bl sboles
2 (ki 0550 5 ilds) (rtas] SLalb glind ol sy
Losls .ol Tl JIS5 aw b Bolay DLlS #,b aly
&lp g ob BT Y ases SAS l58le 5 alwga
Jil o )3 (S35 o303l 5l osls (:Siloo annlis
g b She anlie guls ol oolatwl oy mi
oy Vo ases EXCEl l5ale 5 gy Jloged &g

Soler Olge bl (Hhw 39 ALy Lo 5
Ldigod 5 a9 Joloxo
E5 IS pley SRl as ol i i
Go 39 (V8 JS2) by (lalidl baaiged (59 (halS
e [y Jolore dalz olge (8l o l5ee ;500
sl e asa (V0,0 d JSi) ai zals > JS
sk el Voo sy ortasl sl (les]
5 o &igai 039 <315l 6pFsl> el s b
S5 el g Joloms aal> dlge el (b Las>
e 39, 50 aidd dal b ladigel 4 Cad
S (S 5 039 R Gliee (i IS
Slosd 4 borye JS aiapnl g Joloe > slse w2l
g 20l digad e 5 plmisr Vo e (2l ot
A5 2l —tasl plsin 800 cild iz e
Wgei b S ahaew | g Jolowo ol olge 28l stin
0,89 (! 40 uiored g o Jre M| W3l wall
Verr 5000 (yliBn 05,0 lalod 5,0
i g Ve g 00 Jalb glis g el
i e (p s 5 (39 SRR (n S il
sy S sl 5 Jsle sl olge wdly

S @5 g oS Rl s 09 Rals
aS ol oyl e 0y90 b o b w8
Mohammadi ) sas o Lis |y Jeame (5w %9,
, (& Khademi, 2016; Shahbazi et al., 2023



ra VfeY ulﬁwb 9 )LQ.Q Al o)Lo..'Za dY 099 Y JL»: ‘lb‘s}.:u» lo,.l.: Gols MM,J
olyes g oly 3 3¢

,o (Simon & Gonzalez-Fandos, 2010) ~zB A by e CL hw liee op 5eS &S ols ylas
0 Lig3 olS uill b (glanSs 7,8 Jles a5 Wi )8 log B Sl T cod b 5T L gy LS o lae
S5 » 56 L (Echinophora sibthorpiana) lodigos bl St L 4y i log)] Cogh ) Lad> 4

e (555 OYols zals 5 saidig 9y haes] (Mirzaee et al., 2013) o 5 Ll 0,90 Jsb ,o
ol j0 Gign g bz B ol lgoe Lai> 0,00 Job yo Jyame 5 ol Glgizme jo alS
ol 5o el Cawsts s b aS w5 Jgame 5 o0 Sleas b g ol T g g o, S5k (5, L]

Mo o oL 5 a3 5 enbie g 5l 5

~

(b) ¢
_ 4 &
.‘?g S 25 %9 £ 5
2 20 2Z 4
2 8 3 <
2= 15 38 3
25 3 €
3 g 10 HE 2
= K =
2 5 =
:{ ©
0 %2 o
{2
T1 T2 T3 T4 T5 T6 T7 < - T1 T2 T3 T4 T5 T6 T7
By L PSP B e g, u c“‘:"‘)ﬁ PN L e S L D 59,
At harvest 4 Day 8 Day At harvest 4 Dav 8 Day
©) & d) 2
&
2
& -
3 4 R
i3 !
38
2 n 2 Y
IF \
% 3
3000 -
3 TwW T2 T3 T4 T5 T6 TV TL T2 T3 T4 T5 Te T7
Wby, B lz 5, B ie 5, Wby ,s  Belyzsy, Beie,,
At harvest 4 Day 8 Day At harvest 4 Day 8 Day

(d) 9 Jolmo solr g0 (€) «dly (thw (yl3m0 (B) (y39 GBS Gliae (B) 32 (29,10 HBLS Luilul §I ) S
ol (bl ygus) wall o A T7T B TL (5 )loeSS g, culid (b glaass 7B sladiged ;o U5 aiy gl
Pl 1000 2B93 gl el ot B0 (293 gl plisrr Voor (63l 03 50 ol (2 B v (55l 0 50
S ko By S Puo glyls g ygiw aipd 0 (LG 1) pligt ot Voo (oS gl g plot o B0 (AAlS gL

Al o S 9031 bl g duo s T Jhosa ] mhaws 50 410 oo SIS 0B
Figure 1. Effect of essential oil of medicinal plants on (a) weight loss, (b) tissue firmness, (c) total soluble
solid content (TSS) and (d) total acidity (TA) in button mushroom samples during 8 days of storage. T1 to
T7 are respectively represent control (without essential oil), essential oil of Satureja bachtiarica at 500 ppm,
Satureja bachtiarica at 1000 ppm, Thymbra spicata at 500 ppm, Thymbra spicata at 1000 ppm, Mentha
piperita at 500 ppm and Mentha piperita at 1000 ppm. Columns with at least one same letter are not
significantly different at 5% probability level according to Tukey’s test.
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Figure 2. Effect of essential oil of medicinal plants on (a) cap opening rate, (b) organoleptic properties and
(c) morphological characteristics of button mushroom samples during 8 days of storage. T1 to T7 are
respectively represent control (without essential oil), essential oil of Satureja bachtiarica at 500 ppm, Satureja
bachtiarica at 1000 ppm, Thymbra spicata at 500 ppm, Thymbra spicata at 1000 ppm, Mentha piperita at 500
ppm and Mentha piperita at 1000 ppm. Columns with at least one same letter are not significantly different
at 5% probability level according to Tukey’s test.
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Figure 3. Effect of essential oil of medicinal plants on (a) total phenol content and (b) activity rate of

polyphenol oxidase enzyme (PPO) in button mushroom samples during 8 days of storage. T1 to T7 are
respectively represent control (without essential oil), essential oil of Satureja bachtiarica at 500 ppm, Satureja
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bachtiarica at 1000 ppm, Thymbra spicata at 500 ppm, Thymbra spicata at 1000 ppm, Mentha piperita at 500
ppm and Mentha piperita at 1000 ppm. Columns with at least one same letter are not significantly different

at 5% probability level according to Tukey’s test.
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Figure 4. Effect of essential oil of medicinal plants on (a) H202 content, (b) radical scavenging activity and
activity rate of catalase (CAT) (c) and peroxidase (PPO) (d) enzymes in button mushroom samples during
8 days of storage. T1 to T7 are respectively represent control (without essential oil), essential oil of Satureja
bachtiarica at 500 ppm, Satureja bachtiarica at 1000 ppm, Thymbra spicata at 500 ppm, Thymbra spicata at
1000 ppm, Mentha piperita at 500 ppm and Mentha piperita at 1000 ppm. Columns with at least one same
letter are not significantly different at 5% probability level according to Tukey’s test.
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