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ABSTRACT

In this study, the impacts of methyl jasmonate treatment applied by preharvest spray in combination with postharvest
immersion on husk and aril antioxidant system of pomegranate fruit during storage at 4+0.5 °C and relative humidity
of 90-95 percent, for 120 days during two years was investigated. Methyl jasmonate treatment at 0.2 mM displayed
lower husk and aril H,O, accumulation (36%) due to higher antioxidant enzymes ascorbate peroxidase (34%),
catalase (41%) and superoxide dismutase activity (26%), that evetually caused to higher membrane integrity in
pomegranate fruit husk. Also, pomegranate fruit treated with methyl jasmonate at 0.2 mM displayed significantly
lower husk and aril polyphenol oxidase enzymes activity (47%) than control fruits. Overall, methyl jasmonate
treatment can be used as promising technology for maintaining nutraceutical properties of pomegranate fruit partially
by promoting antioxidant system activity.

Keywords: Ascorbate peroxidase, catalase, pomegranate, storage, superoxide dismutase.

* Corresponding author E-mail: askari@ut.ac.ir



e ke 03, JUl e (SlawnST 5T cudlad  Sliganls Jute jlow il Ko § oty (5 S FA-

(Sembdner & Parthier, 1993) wigl oo adg 050
clloy 5l G e a5 Cwl el 0,18
5 SonST 5T cudlad a8l Corgo Dligoml> Juiie
(Mollar de Elche) axJl 65 Jlge o3, Ul ogme
Zhang et al., ) 55,5 4>45 «(Sayyari et al., 2011)
ol (Chanjirakul et al., 2007) 305 ¢ (2012
Oeizad Slgaml Juie iy 51 L8 5 )15 ol
5 ST byl g bapliwstl Gl s
Martinez-) ¢/l (Wang & Zheng., 2005) i
Moreno et al., ) 325 g (Espla ef al., 2014
(2018) Babalar ef al. 1,51 cuimmen a3 010
Sl e sy Candlys (5235 slacs a5 Wi S 5158
sbogee )3 1) (S i 9 (Sojleyw Sjlas e
Calleas A crgn b ol 5 am als
ol e e F slad bl g cewdgie slis
Cedyb 5o 052351 b o Jlad Ul (glmogeo gy
S Pl codlsd dopilwgil da 3« SlagnsT
Re s Y GlaSsn SlysSul) Gasl il
38T 8 o5l b 5 i (ligenns S|
5 Gae asly salis gleogee b awslio o (5
o 9 JB Slajles panilie aalllae i ol plos
iy Syl SISy Eliganle Liie s,y
Gl g 05 e ll L)l g Camgy (Bslogt L oS
ogbs (U25) oo o8y Sl ogee HaaST il s
axy T8 gl jo byl ol b g
50 Al oy V-0 od Cugb, g ol 5 il
p &S AL asie (Pirzad ef al, 2018) .3  ags,
chile Sg o Glie g (Soslopw pazle el
g I e ]Y (eld) Sho sl m S Ans
Y il 4 by Clgenl> it e Yoo e
dee Yoahe oIV las sl o0g Ve e
5 Sl Ojled (e Cudlys (95 4 Slgenl>
SN ey Ve (b U slaogee jo 1) (S 2ais
Pirzad et al, ) sos uals wals sloge 4 Cund
Sl olled e Ghmgly ol 5o cnlpliy (2018
Ot ST B il sl s Slas] ]
090 sald g Sligewl> Jio Vgolra -V cdile

85 18 adlas

400

Sogee il by g aiemsd Gl So U
Ol g CuiS g 0gdige Dgmixe oz 0 (Sl
ogeo ol Lo el dilaygls 14S ol 4y bogye
o )giS & ladwy oS 039y (leasladl 5 o pl (slo S
5 STy cpan S %) linae lo)eiS g ez win
dows slrogro aloz 3l (Ul cal adl b xS (Lol
e g i coaS bLld 5l as conl (65
Pareek et al, ) cunl 5,65 5 60b) s Cuwnl
@ e Vb gloles jo Ul gleoses (5 lo Ll (2015
OBl o)l 5 Camgy O el g 05 ()39 alS
9 ldss CehS Salg 0 g oad ()6 (S
lp Jodo e 4,28, dale> (5l ogae gty il
loles b alo | oolaiwl OMSw ol 5 alde
20 Bk sl e i (5590 Vb Cagh; 9 (ool
98B co b lales o U1 leogee (55l
Jgexe oDMe 0l walygs  Sojlew Ol Dle
SS9 wgme Cwgy (D Sloged Jold (Foslo e
S Ao S & Conles 2l 5
a0 Ve o @ albo,n l ogee Jatl 5l
ple g oo palls @Dle o) Tl G ol S (ke
oMb lesed 5 oyl (Swpi; Ojgen S
Pirzad, 2017; ) il e bzl ocauSlas lue
cled moldl ces eSL (Sayyari, 2009
Sloged 5 (Sojlepm sl lus als ( SlosT il
e slajless 1 lo)l Glay yo Ul egee o
(Kader, 2006) oo ]S ol b slo,lal alol
e Sl s asle U 51 3 sl les
Sayyari, ) SI58T aul (bl o «bigousl>
s (Mirdehghan e al, 2007a) lo el Ly 2009
oolawl (Mirdehghan et al, 2007b) les slo Lo
SO3leyu Sldilg (gogum b plaS o a5 el o

s s Ll ol Ul egue
(Shgonle Joio) o i ito b Sipanle s
S gl €3l bilsanly Slyiet; gyamey
Soseye Sugen GbLS o anb jsba
Sgsly plp 3 a5 W)l 3szg wd) caSelas
Oy 2izld 5 5 5 0 s ol s ol iliee



28 VPR 5l o 5yled ) 890 ool nl SLel psle

w08 Jlesl aido Ve Doea (g pabst O g0
30 oges olawi wae VY e Jlos 12 slrogs S Slows
Sl o )3 ead Sy ogee Slawi g S5 2
(O Sl Gy Boges (g O S0 A b))
[ g o0 (5,5 o] slga o el Yo oy
2 ilesl axly o gly sas A sl 4 leegee
L albboyw 4 g wod aslds  Sodl slbass
VA o gy 5 9T s Y slas
bz slagle; jo Slao bl jshie 4 wsye
Soslopm als ulol il Jll ool
G5y 8598 9 Sy b ol (sloged Jel)
SlgonlrJite gy chle Sy s g (Cmy
cdale g aals s gySolal Slae 4y g ol s
o5l colled (g5 0jluil glp w05 alie aige
il s 0 e o 5l e las slacwny ¢ o]
S S gl azyo —Ar glas b 558 10 5 dezmie mibo

s (6, )l (S0l ey b

Jeboro Gl p (g pSo 1ol
Bradford  jig,a Jole (slocptign (5 uSo;lal
<d 8 bl (MPR4 o), 00y L (1976)

(APX) oSy b ygSuw] a3 31 g 031051
Sl GlbysSwl mpl el lade (g puSeslall
& plxil (2003) Ranieri et al. g ,4

(CAT) YU o 31 cdlad (5 S0l
& 505l (1965) Luck jsg,a CAT 51 cudlad

gmunsd dpnSTygu Bl Clled (5o jll
(SOD)

Beauchamp & 9,4 SOD oyl cullad jlaie
A (6 Sl (1971) Fridovich

(PPO) oS Jid oy o 35T cadlad (g o 5100
Kar & Mishra s, ;| PPO cudled )i oo
3 eolaiwl (1976)

b 9 9 319
Ml 4 glis s (g9, Jse Jlo 5 50 Gialesl ol
U Sladon o] o ogles (L 5 35) udo 3
ot b Jsne 0l ogl gt 53 el
il Al e yo iz log dw o Sligewsl> e
FShe) gyl cdlsy 5l B8 5g, 7o g B Ve el
ol dlge Blas g duo,0 VIO-Y yaunl s BB ol
alold s plxl ogee (oys VO-VY > LB
995 o Vocus; g e Vo) 59, LS
10 Soedy aiae o 40 glaiy g9 O eed (g L
B 45 5T &gty ialog] i e bl el
ol WY (59, LS Y L Bolar JolS slassl )b
ol sy 990 (6l s plowl Ul ogee oy
wald glpea jio) chle ¥ oo Slgenl> Jite Lo
alize slagle) 5 (Ygedeo /¥ g /Y /)
(5105l g9,8 ley) wldo,m o Slas (s ,Sojll
ssbieds 392 (6 o)Ll 59, VYe g e Fe Y Gl
S 0,15 s ol 3 gl Jize Sl il
15 e el s lal cals b s Jsbee 4
A hlel asly lieay cope S S5 e
Ao yo U oS 5 bogee (55, (3L Jsloo g 000 2285
Sar SShdsbee ol 25 Sppe Seol
(Tween-20) Y- y.545 5| Jolore (oaw Ol 2ol
olge Blaz) (g, oy oy 4o Woges .ol oolazuwl
=Y S awl iSlas g e ,0 VO-VY ST Jale dals
IS8 S Loyt sloogee 5 wias il (Ao ye VIO
Sl o 5 (o slacal Sl gl 5 o5l S
b Wogeo izl il olfiilojl 4 alolidl 5 wins
ool obb Jole Culls dl> e o a5 e len
258 SIS 5 el 5l ey al> ey o
2 slesd Jlesl 518 el jgabge clile les
i olawi Ul glvogree (g9, Clloy 3l ey al> e
)l sk 5 0o )S la 1S5 g e 2 5l ogee
3> Sliganler Jito Sty I 5 ol Jsbxo o
5 o e S 1B adllan 390 il ol
walds b jao) clale ¥ oo lgewls e il y
Ot b &S olrogae (59, (Vgaidheo /T 5 /Y /)
Adg oad i Jolore il dl> e o lacldale



e ke 03, JUl e (SlawnST 5T cudlad  Sliganls Jute jlow il Ko § oty (5 S

pos 30l jlesd b avslie jo )T Cond CAT o5

csiS b gulsl el 5 e 58 bles

5 shels ol Jg sl mals gl leyoae
Slasne yobas Sligonlr Jiie b ond Lo (slaoges

Gl 4 e (S|l bS5 o b
Colgs ,o 4 ab bl sleoges yo CAT (o3l

i plp yo bogee olie pbrudl jiulidl 4 s
Zapata et al., 2014; ) o Sojloym Ol alex
(Sayyari, 2009

Sgd o 020 F g O b S o 4T gl len

Ol Glogime Heba Slgewl>  Lie

aalis e 4 s Jol Jlw ;o Ll osae

Ao ;o gyl Ll 5l 5e, VY cldS L opge Jl
O o 09 cllon ploj yo (Jy 28l el bajles

Jie b ooad s loogue 5 Sl

Collad lie (o in )l gre jbay Sligel>

il ol )Lo..u [) A.A.,.’:‘La-o 5 |) SOD

Gk 5l Slgenl> e (F JS2) 09y a0l 3l eSS

oA
O

Sless

Sl

ol

w25

15 SOD a5l el Ll (8 5 0 oK)

U‘ﬁ"(j" ‘) ubwb JMA L: IR W) )Lo.a.) )L:‘ LgLﬁoe.uo
Sls Cus o] o u>_31A,,....Slu;‘;.ﬂ o ]33l 4
.(Zapata et al., 2014; Wang & Zheng, 2005)

FAY

Sy (3593008 e

Patterson et g, 3l eolazwl b oSy 59,008 )l 5ao

A g S o3Il (1984) al.

g b

GLDM‘}JT cadled ol g Slgowls Juk )“L

ERVNC

2 53 Shiganile iite Ctloy Jf g 5 5 Lo 3G
ORI cage (g logine jsbar Slaleil sl Lo g0
2 APX) SlarsTy SlbyeSul @ pl el (e
b ogles ule o3 56l 0500 gy 5 )T sloeans
APX 5l codlsd e (gl lal lojmae uids
0I5 ol a5 o33 Jlo 55 Gy 5 o)
IV e @l Glagley aes s (Js wdly
Ole ldsre jsbay Slganly Jite Yoo oo
clls dals b auglie jo (g i APX o3l codled
oot Sliganl> e Jlod (T 5 ) sl JS2)
Oliee o psbar Jsl Jlo 0 Cangy 5 )l
aals e b anlds jo (g APX o5l cudled
Ul 2 lsin Ty ol al 7 5 ) sl Sa) aiils
SaST sl el mlBl s Slgeml>  Jite

Bl Cd 0als e Ul sloogas

0,8 Canloals ools las ¥ S (o aS b ylen
Jol el jo Sligal> Jute cels 5l 9 5

b e syl sme jebay Glesl sl pgs g

250 Control
First year
a
s 2001 b 653 g M
Ed P’Q’C P‘O“ ]
g = (%% e 22 a
z E o2 0% £ y
g e KX KX g2 R
£ 5% &3 2t 7
o E 5 PRI
i 5 & £ ¢
¥ poo% e 2 =~
=3 %% 154 2 100 /’0’4
£ b 808 T X
2 2 o
P
K &3 =
. o e L
0 0.2

Methyl jasmonate treatment (mM)

(=%
SRRRKIKKKKIKKES]

o2

X

X

AllIIRIIIIX
X

24
30

XXX Methyl jasmonate 0.2 mM

o

S

9
X

2!

SRRXXKK

RS

24
60
Time (day)

X

%

b

R

SO

24
90

(e}

RRXRRY

XXX

KL

X

ey
RS

%

Second year

”a
Qe

%

%

R

5K

5

&K

6%

&

AMLLIDIDBIDIMN
&S

2

24
120

Sl Eeond (APX) STy sl @l Codled (o 2 Sligamslr diie bl 31 o 5 o8 5 (Siloo gl ) IS0
Ol;‘sub a>,0 /0 LgLo.b L ch)] (w‘) Comn Jiw) £9° 9 (s./? Cown J&u) Jj‘ LgL&bJL..J BN OjL..J U‘J'° pé) )U 040

e Ve oy a0 e

Figure 1. Mean comparison effect of pre and postharvest methyl jasmonate treatment on arils APX enzymes activity of
pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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Figure 2. Mean comparison effect of pre and postharvest methyl jasmonate treatment on husk APX enzymes activity of
pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4 + 0.5 °C for 120 days.
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Figure 3. Mean comparison effect of pre and postharvest methyl jasmonate treatment on arils CAT enzymes activity of

pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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Figure 4. Mean comparison effect of pre and postharvest methyl jasmonate treatment on husk CAT enzymes activity of

pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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Figure 5. Mean comparison effect of pre and postharvest methyl jasmonate treatment on arils SOD enzymes activity of
pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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Figure 6. Mean comparison effect of pre and postharvest methyl jasmonate treatment on husk SOD enzymes activity of
pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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Figure 7. Mean comparison effect of pre and postharvest methyl jasmonate treatment on arils H,O, accumulation of
pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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Figure 8. Mean comparison effect of pre and postharvest methyl jasmonate treatment on husk H,0, accumulation of
pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.



e ke 03, JUl e (SlawnST 5T cudlad  Sliganls Jute jlow il Ko § oty (5 S FAS

SloanST BT sl pl cudled e Sl L Sewcdlos sl b ooy Sl U1 sla k)]
ROS o o 31y sl oblg iolisl o Ol Ligh (nl 5o oo Hled (Ul sloogrs aiilen
03 S Sl e b A e ol ,o g end 33 Syie SOD § CAT APX eyl cudlsd
Juie cails 5l e Lo el o T (slaogas ol § il axy0 F o glos jo el g b awslas
).o..la.) ‘_;o)La)u LS uuL.u.> LgLﬁo&.uo )Q ubwb O )‘ LSN)"—‘ )A-C 9 ‘50.));‘ W uﬂ.)l)ﬁ‘ decisls
syl cdld ol G,k 5l Sl g ola Sl b ooad s LUl la ] 0 ROS snip
sogee oilen SOD 4 CAT APX lawsT sl g asaleondle ol yo Lrels L Slele
Soled Gl Giegh ol e el Sles LU Dokhanieh et al., ) <ol o0y oo g il
Cao et ) wols ol bogeo () jo 1) (Sojleym oo SYL S8 gy owl o ol ply 2016
& ogs 4o (al, 2009; Jin et al, 2009 Jeo boonds Jlows Ul slroguo o u;sl..s..,....Slu;‘;.sT
Slom ! clled Gl (ial3dl Goyb 5l Sligenl> CobeS Lds o ash cl e endhg
) Sy ad)le 4 ogue Cuaglie ¢ Sl T W ol gl U sle T ladss
(Chanjirakul et al., 2006) ols _zo!38! GOl slads,l SlonsT ol el g bagyuslowgs]
Syl Gl GiE o2
w3l e ol p Slsels e iU Sbloy 5l g Bk (cmesk o
(PPO) jlowst s L Y og ) /) Slgemls fie calisee slaclale
ouls oals lid Ve g A G JSG jo 4T jsb ol Splender ) ,ailewl SL pB)1 g9, (Yool
S e Ve cldS b oinlesl Jlo g0 2 50 il sls yLas T egue (Royal Rosa) 135, Jbg, g (Black
Coomd 93, 50 PPO 3] e e (5,ls,L00 s 55 sine ygods Yse sho /0l oS
Ol Ol S opSoslal lagle; asa o Ad g lylal e, 00 by el ey o (POD)
9 Slgomlr Juio b ool jlas sloogeo 43 bgyye Zapata et ) o,lo cillae iogh pl mlo b oS
ol 03gs anls Jles 0 boga e )] yliee (o yiien Slgemls e jled 53,5 oMlel oyl (al,, 2014
60
Control " Control
s0 7m Methyl jasmonate 0.2 mM First year 50 1 Methyl jasmonate 0.2 mM Second year
3 g 40
- \¢ 2E | S N\e
El) N\ < £ 30 d \ N\
sz N\ 22, f N\
Y N\ £ ] s N N\
ze \& - h S\ N
Z N\ g2 L BN\ N\
10 N\ <0y <N N\
N\ SN SN 5

C]
w
=
=
=]
o
=
—
I
=
E

30 60 90 120
Time (day) Time (day)

Ceomd (PPO) jlocnST b by o250 codlad ey Slgounla e cuslo 51 o g Jud 31 uSoles dumlia A S
5oy VY Doy 4l s ol 5l

Figure 9. Mean comparison effect of pre and postharvest methyl jasmonate treatment on arils PPO enzymes activity of
pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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pomegranate fruit in the first (the figure on the left) and second (the figure on the right) years at 4+0.5 °C for 120 days.
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