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In this study, the methyl jasmonate (MeJA) was applied at 0, 10 and 100 uM
concentrations for 16 h at 20 °C to delay senescence and maintain quality in strawberry
fruits during storage at 3 + 0.5 °C for 12 days. Methyl jasmonate-treated fruits showed
higher levels of total acids and vitamin C. The firmness of strawberry fruits treated
with methyl jasmonate was higher compared to the control after 12 days of storage.
The highest levels of total phenolics and total anthocyanins of strawberry fruits treated
with 100 uM methyl jasmonate were observed after 8 days of storage. Methyl
jasmonate treatment had a significant decrease in pH, decay and soluble solids
(p<0.01) compared to the control. The expression of genes of ethylene biosynthesis
pathway, which included ACO and ACS, showed a slight increase on the 8th day of
storage in fruits treated with 10 and 100 pM methyl jasmonate, and then decreased.
The highest level of gene expression on the 8th day of storage was related to the 10
uM treatment. The results of the present study showed that methyl jasmonate can
preserve the quality and postharvest life of strawberry fruit (Strawberry ‘Sabrosa’)
during storage, by stimulating the ethylene biosynthetic pathway only to the extent that
it can activate the defense system and the mechanisms involved in the enhancement of
tolerance to the biotic and abiotic stresses, as well as by accumulating antioxidant
compounds.
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Extended Abstract
Introduction

Strawberries are one of the most perishable fruits due to their metabolic activity and sensitivity to fungal
rots, especially gray mold rot caused by Botrytis, and are prone to water loss and mechanical damage due to
their soft texture and lack of a protective layer. Jasmonates are an important group of non-classical hormones
that are naturally produced in a wide range of higher plants and act as signaling agents in many physiological
and biochemical processes including ethylene production, defense responses against biotic and abiotic stresses,
synthesis of anthocyanins and other phytochemical compounds and product performance. The aim of this
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research was to investigate the effect of methyl jasmonate on the content of some biochemical compounds and
the expression level of some genes involved in the ethylene biosynthetic pathway, as well as its role in reducing
fruit decay and increasing the nutritional quality of strawberry, during storage at 3+0.5°C for 10 days.
Materials and methods

Strawberry (Fragaria x ananassa cv. Sabrosa) fruits, were harvested at commercial ripeness time (>75%
of the surface red color), from a commercial production greenhouse and transported to the postharvest
laboratory of Urmia University. Fruits were selected for uniformity in size and ripening, and lack of defects
then treated with different concentration of MeJA (0, 10, and 100 umol/l), and packed in polyethylene boxes
to store for 12 days at 3 + 0.5 oC and 85-95% RH. Fruit quality parameters and ethylene biosynthetic pathway
genes expression rates were measured just after harvest (control) and every 4 days until day 12. In order to
treat with MeJA vapor, the fruits were transferred 100 x 100 x 4 cm3 boxes containing filter papers impregnated
with MeJA (Sigma Aldrich) at room temperature (25 = 1 °C) for 16 h.

Results and Discussion

The results showed that there was no significant difference in the pH of fruit juice during the storage period
among treatments. Fruit TSS content was increased during storage, but the increase rate was lower in treated
fruits. MeJA significantly maintained fruit TA content. The strawberries treated with MeJA exhibited a
significantly higher TA content at the end of the experiment. After 12 days, the ascorbic acid content of
strawberries treated with methyl jasmonate 10 and 100 pumol/l was significantly higher than that of the control
(P < 0.01). Decay extension symptoms were seen in control fruits on day 8 and reached 2.66% until day 12
during storage. Compared to control, 10 and 100 pmol/l MeJA treatments significantly maintained fruit
firmness after 8 and 12 days of storage (P < 0.01). Total phenolic content in control and MeJA-treated fruits
increased during the first 8 days of storage and then declined continuously during the remaining days. The
anthocyanin content was increased in fruits treated with MeJA during the first 8 days of storage and then began
to decrease. while the control fruits exhibited significantly lower anthocyanin content at the end of storage.
Compared with the control, the transcription levels of all evaluated genes including FaACO, and FaACS were
significantly higher in fruit received 10 and 100 umol/l MeJA.

Jasmonates are the main triggers of plant defense systems against biotic and abiotic stresses. Based on the
obtained results, methyl jasmonate maintained the pH level and prevented its increase during the storage period.
The use of methyl jasmonate in strawberries reduced the increase in the amount of soluble solids compared to
control fruits. Methyl jasmonate prevents the reduction of organic acids by delaying the production of ethylene
and increasing the activity of antioxidant enzymes after the product ripens. Also, methyl jasmonate treatment,
compared to the control, maintained the amount of vitamin C during the storage. The use of methyl jasmonate
has reduced the decay rate and increased the marketability of the fruit. The fruits kept their firmness at the end
of the storage. The high firmness of fruits treated with methyl-jasmonate may be due to the effect of methyl
jasmonate on the enzymes that soften the flesh of the fruit. In this study, methyl jasonate treatment increased
total phenol and total anthocyanin in strawberry fruits. Methyl jasmonate causes ethylene synthesis as a growth
inhibitory hormone and activates some systems of resistance to biotic and abiotic stresses.

Conclusion

Our results show that the fruits treated with methyl jasmonate have the highest amount of organic acids,
vitamin C, total phenol, total anthocyanin, fruit firmness and marketability and the lowest amount of pH,
soluble solids and decay compared to the control fruits. Methyl jasmonate facilitates defense processes against
biotic and abiotic stresses through the expression of ethylene biosynthetic pathway genes. Therefore, methyl
jasmonate can play an effective role in increasing shelf life and maintaining the quality of strawberry fruit.



Fy %, b
Y ol Y 994 A LA (}" e

Var.—YFrY qff/'”f/u:
v

Homepage: http://ijhs.ut.ac.ir//

uﬁa& ’;JJJ@I

9 il (5 yw g g0 SS9 ol 2 OB gowla ko Suild g3 31 g jlowd

NP0 gI 0 gm0 AT (0195

sl loskes o o | iggo ol 135 58 L ke | g o L yosmo | i gl

s.vaeziheris@urmia.ac.ir :asbll, . |l cuog)l cuog,l olSuisly ¢ ¢jy9LiS 0aSisls ¢ SLEL pole 09,5 .
m.asghari@urmia.ac.ir :asbll, . |l cuog)l cuog,l slSuiily (55)9LiS 0aSuiily ¢ SLel pole 05,5 ¢ Jotme odims g .

a.farokhzad @urmia.ac.ir :asbL!, . )|yl cdeeg)l chuog)l oKl ¢ g5 y9lisS” 00Ksil> ( SLEL pole 095

n.mahna@gmail.com :aesbll, .l 5y 32 05 ol (65,98 0asiisly SLEL pole 0,5 .

soleimaniaghdam@eng.iKiu.ac.ir :asbll, .l ! (958 ¢ swed plol ol (s ol8iiils (65,5LaS 0aSsils SLEL pole 09,5 .

s

5 % 1 =t

oW

A4

o ol

Yo glod jd cels V8 o 4 i 0 Jg09,800 Vov g Ve o 0 Olgawnly e 35087 5l dslllas (ol 5o
Jobo 3 Lugple 08; (3095 sloogee 13 CudeS Lais 5 gy (3IN1 x30 & Caa ogpdes 42
L oad jlogi (gloogee 13,5 odlitul jo) VY Gde 4y pogpendes 420 ¥ E /D (glod 13 (5)lgSS 090
WY 5l s boges ol (st Cpiorod 50l LS |y & cpeling o JS atsnl 1 oYL maw Slgewls Juie
SR b oge 13 S lewsitl o IS 5 (je oy g1 st aald b duglie )3 (51005 g,
» SlgonleJote jlas 4b odalie (65l o) A jlam g Sl Jite )Yge9)See Vv b oad jlos
Oljee by (p<O/01) Joboro dols lgo g (S gl (o (iul8l 33 ()l gime inlS alis b dugldo
SeeaS 315 =V g olSmginel =) g (ACO) 3t Sl 928 =V g polSmsginal) (sloyj ol
s09,SeaVoe 910 bosd o (slaogee 1> (oS5 A jg) )3 il (S5ttugn o 13 (ACS) jliis
A gy » oes ol lise oyt il GhalS Gl 1 e Ll ol i Gl (oS Slisanls Jite
b Sl Slgouwls Juto & oly L5 polbe iagh gl g jVgeg)Sue Ve jlos 4 brpe (5SS
D5 Joo5 Bl 53 15 ) GlapanilSin g (2B s Lad &S (0 )3 (ST (SFwgn e S5 28
I om o 9 CusS Lais oo o pnST 8l S8 1B G 9 2187 S 1y 0 8 5 05 sl

295 6y 0)95 Jsbo 53 Lwg o 08 (S 3095 090 ity

o go

gy Al

VN ¥ el s b

VB Y510 35,805k U
VE /SN 1y iy Ea,U
VYV 3yl g,

ojlganls

=) g pslSspisel)
{ACO) jltrusT Sl
ACS)) jlites SebeaS3,5 )
S o s gils]

Ol S 3hgn oo (5135 (S ol 3 Sligowsl e €l 5l g st 1 (VF V) 5o« Slowb g poli diges Lyl @l 43 Ui yramo oyl foglus < Lacly 23]
DOI: hitps://doi.org/10.22059/ijhs.2023.343066.2028  SAM-Y-Y {¥) OF ¢ 3/ el pole 4 pii o i3s3 os S (olss 5

iy © o6 o8l ] duase 1 padl
T DOI: https://doi.org/10.22059/ijhs.2023.343066.2028



https://doi.org/10.22059/ijhs.2023.343066.2028
https://doi.org/10.22059/ijhs.2023.343066.2028
https://creativecommons.org/licenses/by-nc/4.0/

VPl o loz o)lass gz g oLty 6,90 ooyt o] Ll pgle 4 o FAA

Aodio
2 Wogo Bpne OlSl ilidl & (o090 U oyl g Canl aBl inl38l 5,800 GBpune 4y dBMe 8] sladnd j>
aS ol Calico (ol pualing g Ul 5T 51 5Us par S5 )35 0900 (DevoOTe et al., 2012) cowl by ylusdl CaoMs
sl Sws 4 Cawlus 5 ( Sdalic culd s 4 S58ce5 (Moreno, 2002) s ubo jlus ! oM (gl
28l bl 4 5 09 ool s lnoses I (S ez @6 5l ol (555l K Sy Lo
&,b ;5| (Hernandez-Munez et al., 2006) cul  SeilSe (slacuml § O Linls sstue o adlxe Y o oludb ¢ p
9 b glon S jolaie a4y sland dlge jl odlitw] o lae 5 (Slie CoMs p oliowds Do s il 3l s 4 500
WJL» 9 > LSLQU"'W) duu.u?., u.sl).»l.u ..\.wl.,@ 45-‘9.0 > dl.tbw.)s.\?u l.» cwl.)).» )‘ u~ 0)9) o Jy.a.’xo u...c.S Loas

(Asghari &  Libe 5y9p8 (K809 0 ()8 S Shwg (B (pizen 5 GBS (e (LIEN <lp
.Hasanlooe, 2016)

M55 o GBS | rpws 03935x0 3 s oo 43 &8 At SIS it lacigagn §f ge 03,5 gl
2 =l gl ol g Jols oledon 5 (S59l9 58 st b5l (ol > IS Jsle plgie 4 5 g8
Sl ply 3 (25 laguly mdal (olesbgid SluS 5 plu g boplugs] i X5 ué g 0k ot plp
(Heredia & Cisneros-Zevallos, 1)y <l Jaame 3, Slas g b e JWS 5 ds c udid jliwgid wlij puf g 045
oo 3D J3d slayi (B ol rdaw g9y Slgewls Juie 38U oy i opl 5l Ban 2009; Asghari, 2019)
ST Sl 92)5 V=g pslSogizol =) g sl SleuS91)5 V=g slSoginal —V aloz 51 sl (gjtimge
b ol s codS Rl 5 oge (St SialS ol B 5 (S AGH oge abedsn LS 5 (s
Bl oo 5y Vo Dde sl g 42> TEID 53 (6105
0uS Jlb g 43 0,35k (y90)90 S plgie 4 295 il &S 95 00 el |y s s Cspu 4 Slgenle Jite
Olgeuwls> o .(Kondo et al., 2007; Lvetal., 2018) WS oo Jos 0435 pe 90455 (sbd il 4y Cooglio (sl (> p
Cely pliS o 3,0 Sy oy S Jas 055 b (S5 5 ST 4 Cunglio i > Bl e a5l 0 ol 5
&S cuib dogr Wb Al b o oad Cudly p OV gazte (0 (Sdjlosw 4 Cuoglie sl 5 0nd (6,500 Mg i3l
Jloi doxsis 53 0ad Mg sl i Alds Jg )l ool ()55 ST VL lacdale 3 (bl (9090
(Asghari, 2015) 5,5 o sl slaguwl sbul el 52,135 by oy @ll & cuns slojlul 4 el gouls
1S Sl 5] o el 2 Ll (S 55 S lal 51 L el )3 s 31y ol 5 Sligansly Jite o
G yiis ply 40 olS Fwl Jaw o 1) aeyegnd pl ol sla yiss cldlles I 5y (Saniewski, 1997) aad o
9 98 o Suid iy slygle andl g pg g s pSL dagyB (gmen lisslan Jolge wlo 0k e g 00 cilisea
(Asghari & s> o lis olie OV game asl (]38l g slosdgnd (sloine g CutS deto 5o |y elgemwls (sYL
O90ys Slgie d ol i Cow Slgewls Juie (2007) Kondo et al. .Hasanlooe, 2015; Zapata et al., 2014)
Jlews (Kondo et al., 2007) 3gu o0 0035 pé g 0055 sla yid 4 Cuoglio slapimaw (S p 04iiS Jlxd o by 05,55
5 (ACO) jlagns] SebeuS 315 ) hgpestSamsiaal ) 05 ol aljél ol Sligansls Jito b IS 5) s (slooseo

1ACS
2ACO



FAR 150 g (Aiely /.. L (s jaw gt gano U0 T (Bt by 0 ligoanle o Caild o Iy slod ST (ciitrg 3y — (cale)

okl s el (ACS) liw SihanS'9)S =V 3bgpdlSmwginal—V olyon 4 w3l opl a5 05 o] 3] cled )38l
(Seo et al., 2001) K¢ o

SR gH wlwig )

S 3l 232 48,5 S, ogsn s 51 2o y> VO &5 (ke (6l Sty Aoy 13 Log b o8y S5 5gs (slaogen
09 Wl o S5 w0l (S i ) lgiy (clbogme Ly g $45 atd ate Ll il 4 aBly oylos LS
¥ slod 3 Linlol pbl oo b Waogee ol 0535,8 itk duog) olSutilsy SLEL pole 05,5 olSityloj] 4 g s ol
W (S pgrads a2y

Woguo ylowi 55557

F o b bt b & o il )3 JpogsSon Voo 9 Ve cllé )3 liganls o 50 b aogse o
Lo 8 s ) Slgowls Jito By 4 aniel Slo clalels b g ond Jie caSo yio gl Yeoe X Voor x
o b cdleSs 5 JolS ok b sss ool 418 celo V8 e 4 b1 (clod (5 g w35 L3 Jled 390 (gu,]
b sled b Sy S pd g adl sl sl b b 4 ol jles slaogee s L8 Hlaws Slgemls Jute
425 o yladio Ol j aals (slaogee 0 (611055 j5) VY Sk 4y 10> AD-AD uiish) § gmdus 423 VE
D)5 Jatie a4 b ds B celw VF Gno 4 38,5 51,8 5 s g

S i (6 50 1M
42 VO slod 13 joy N Lolpen clinpu )3 (510 5l dm oy W g A ¥ slajs) 3 &S el gSejll
435 plsl oS ol

ogeo T Tl (ot 55030
W (655051 o ¥ ol 8l b onds 0,8 AYY > o Jde Jlizud sie C‘ s o&uwd b ogue ;.;—l E‘ -

’ Jokro dol> S go
ogiS1d) g9y b1 sbod 53 ogee Ol 3l oyl i egiS1 ) (13503 0l ) ey Jsloe dol dlse (5 S o3lul (gl
)5 GBI S 423 ey Wmodl 9 05 318 g)de gt (G Sl abgrpe dae 9 285 8 ST Jue

’ gl 5 JB okt

Ve ol gy g b 4y plecdy) B )3 0ge ojlas I il e Vel gmesl iz BB (glasenl (5 So3ll (ol
Do 385300 basgd el 35 oo Jiiomd s gl (0 29550 O LB L g g 05 L3I oo O 1) Lo
(Zheng et al., 2003) ¢é,5 &joo MY gl o U (id 2 p,5 F) Jboy

1Fragaria x ananassa Duch. cv. Sabrosa
2pH-Meter CG 824

3TSS

4ATAGO

5TA



VFeF o loz 6 )lows yloz g oliy 8,90 o o/pt) oyl (ALl pole 4 #A-

(& cmolis g) S 598w T daws!

Oliwe &5 S ygo oyl s A5 (63503180 ygmol s gy 5l oalitel b 515 ogme 0 )las (& el g) &ﬁ),ﬁ.ﬁ KV IR
s atolis @l ud i B Jlo g +/+ ) ol 10 bawgs diwlids ji) Lo ¥ & jgloe )3 0400 0)las I i) Jeo Ve
.(Cioroi, 2007) wx»>,5

Logm Fowsl ol wo

Sbroges =V Ojgumr (B30 yed a3l (230505 (B9 jlogse (8l (cwyp b ogee (Stwws (i bl slp
5 Moy YoVe o (Sauws sy slrogwe =V dojd Yo il jiaS S b slaoge =V Saws WM o
{(Ayala-Zavala et al., 2004) c.é 5 pbsl ao > Vo 5l (i (Saowes sl)b (slrogue =¥

S 5130 9 5 oW Curdg

Logse b o3kl (230503 (o) Sl (b))l 9 090 3l (cw)p b rogee ghin)lil g 6 plb Cundg b))l s
=0 o> =¥ Jod bB =Y 0=V Job bB e =) il ool olaidl gl 4 O UY lyed g ol (gl diuds atwd O 5o
(Yuetal., 2003) J

O gad (i
o & g S8 b Lo L 5 Sl e Slegil s i olSiwd ookl b ogae (i (g5 05l
A5 GBS 03l 9y p)S e i ogee (st JlAde 5 03,5 ol Al piedlie ¥ 98 Co pu g ke

J5 g
e g S dal Poleo bl o ST 8 o3l b oolisol 9IS guam 58 (B9 5 JS 8 oS0l sl
Waterhouse, ) 15,5 muy S ya 8 b b CSIEaaal 51 o0l b 5,5kl it 05 (5,503l y2d 55 )5 oo

(2002

J5 il g3 T

& laolas 5 23,8 05550 2oy ) (spul Jgia 5 oo Vo 55 ogmn €3l 31 2,5 Y (S (ol (e
AaBd Vo Gdo &y amBd 50 590 Free )0 Sauty Ol 8,5 418 wsmudi 4> 3 YO (sled 3 9 (SH)U p0 cel VY e
5 6 03Il (S5 5095 slaogee sl yio U AT zge Jsbo 3 Jols Jokore o i8S plonl (wgradis 423 ¥ 5
(Lee etal, 2008) 1,5 ol 5 (g 25 Vo 55 13s55lS Y= (s M o5 oo ol 5 ol

N P gl 00 Sl H (s ! 3T 1yt

23,5 03lizal CTAB ) 5l (ogee <8l J) 25 ¥ 3935) (w2 90 slo S58055 0gmn 31 ol ol ) glyssal g
.(Zarei et al., 2016)

1Texture analyzer
2TA.XT. Plus



PN G0 g (ely /. Gl (s jwgs puamno (s8GS By Hly g Slgawl Lo Sl g I g ylond 4T (kg fy — (oode)

2 sl (&1 51 3T CuleS' g CaoS (o y
ol W ylegighen Jho (s yiagighy yiSoml oSy jl (alpul ol of )l chale Jiovis g oS b)) caa
2 zoe Jsb) segl YA+ 5 (SiilSg5 (slasul (i zoe Jobo) yiogil Y5+ slagse Job o 150l Byguiy] <8y

8558 sy 3y90 5 3590 S5 pgliad iy syl ygi oj ST> S5 olKawd b s -4 5589 S0l

SOl 88 v Yo
da'-&»-»«-" J«le)wb LB""” &.»).n] )L.uo)s uf).w sl LS‘ 01 8D (o jow u.S )l LS‘ 01 & (e e e >
A edlesw! o.»')’Lw uf)w

v b By sty

s solaidl sba,S5kl joslinal b plall Guisluge <808 oS Jaalligios 3b ) oo 2 b iy 025
Sl Jloy Caz g y0 o5 Olsle 4 GAPDH (5 5. plosl )l L (g wol ) olawd 53 (S5 1,5 ds o (¥ Joa)
A ool

odls Juloxi g v 32

ool o g 4025 0 plosl S5 ¥ b ol SIS 25k B 53 (gylesd a5 A L iy g ool
auglio 9 05 03limal ¥IF ST 51580 a3 5l b ldges pusy gl 5 45 plosl A/F a5es SAS 133l o5 K8 b baoals
285 ploxl (S (slaiels aiz a3l gy 2 odls (Sile

g3 sadl
ogeo w1 &l

Vet g 53 605 olej 5 Sganty o ook 51 o a3 A5 (1 Js2) by 4555 Jpie gl
Slgodd gl (o ol B Cumw Olgowls Juio ool Candy guls olwl sl 039 Jb5 gize 0500 Ol 2l (o 31 S0 )

(1ASE) ool 03,5 55 (50085 0350 Jsb 5 o il

Jokxo wol> S g0

Jsloxe sl 3lge 5o 2 (53300 55T ()10 o g Slgale Jito slos (ilyly 4525 Jgie @l bl
Jolee sol> dlas e oy it gyl (6155 50,)Y (b jo dals slroges () Joio) nitily ()5S 59, VY (b o
S ) 2l o Jolne ol dlge (e (3268 > g 53 J5e9)Sue Ve e 9 Ve Sligoula e L 0 jlons (sloogse
(YA

1Bio Photometer plus (Eppendorf Inc., Westbury, NY, USA)

2RevartAid first strand cDNA Synthesis Kit Thermo Scientific, Fermentase, USA
3SYBR Green PCR Master Mix (Jena Bioscience, Germany)

4ABI PRISM® 7500 Sequence Detection System (Applied Biosystems)
SEXCEL



VPl o loz o)lass gz g oLty 6,90 ooyt o] Ll pgle 4 o Ay

RN TEREER

dg g 2op3 ) Sl a3 (el i BB ddel (lie 2 ()l oo g Slgemle it o lite 31
Sgole Juto b jlogs Lol (Y= B JS5) <l (2alS ()15 59,V (b 53 (TA) pogasl s’ JB dzdl Gliee oV J5i2)
Slgansl> e b 0ad jlasd sogee 53 (gl il B abdeul e (b 5 A5 Sald ) Cond (5005 ialS sy
A8 S MY gy g3 5 )3 JeesSee Vev g )

SA0g plosdan § (&S Slao Sy p IS Gloj 5 Slgenl Jite slo Sl Guilly 4328 @l LY Jgae

ke
okl B e Gl Shen ooy STl sk s de o @p Olyets oo
J}bu 63\}]
YEITVY®E O OYVY/EOR SAYNOM S /YeYY-T WAVEATE  AVAAYTE [OVYYEE VYANOYEE L [L000A Y bgauls Jizo
ACVAYN S A 4 //S R 8 VA A nadiR N VA VNN /NN /A28 0 A A VA 0 Y 2adiRY R S vAdNNRVA A 20 ARV A VA AR B ¢ SIS oo
OF/V-¥*  AYVNYE NS A0™ FAVFATS SEYEr B ivEsNT cfeeeaem Loy eant™ F lexcbgenls e
SIS
vIvS- YYE/NY sy AYY-AVNRERYAL 7N V- S A 7 SR ER T L SRV R PR Y P4 4 B A il ol
AV £10) AL a0 YY/oq y/vE AIAR YIEA AN ol pd o >
(+2)

bl sxie) o> O Jlain] pdas p3 )b gime gl g o3 V Jlain] pdaws j3 )b xe gl ¢ Iy Lime gl D 0ind (LS Gy 4y % g % (NS
( ,.“" -

(595w T ) & oaolis g
Ol (VJg2) 392 s dme 2o pd V Jleisl o )3 & (paling ol 32 (IS5 ploj g Slgowle Jute Jlite ]
(Y=CUSE) 835 & el Gliwe S8 (611> ()10 j9y Y 5wy sl (slogee

LR

JSE (Vgi2) 292 53 ixe g0 (Sdnmogy (lise 3 b2 )3V Jlain] das 5 (6511655 (o g Slgauls Jite Jilite i
o 4 bagrye (Shewsy (line o yider (ool 4Bl GEl58] (6510055 0,95 Jsbo )3 (Sdsgy (e 8 e o (LS Y-D
(V=D JS) 392 (6 )85 39y IV 5l Sl

bl g 3 i o )l o o ml iy Jos 9 45 (sl o sl sl jeuly o Jlss Y Jga

Gene Forward primer sequence Reverse primer sequence Amplication
size (bp)
ACO TTGGTGACCAGCTTGAGGTG GGTGCCGGGTAGATAACTGC 139
ACS GGGACTTGCAGAGAATCAGCT CTGGAATGCCGTGGTAGTCTT 140
GAPDH CATCACTGCCACCCAGAAGAC CAGGCAGAACCTTTCCGACAG 128
S 5130 9 5 W Curdg

S,y lib g sl Candg p (6K ploj g Slgemly Jute ool 1 a8 amd o i il ylg 4 325 Jgan @l
(V=B JSs) wsly 1y (s )ib liae o YL Wogan 651055 595 ¥ 51 dm o(V gi2) ol 0392 jld gine



PAY 650 g (Aiely /.. b (5 jaw gt gano 0T (Bt by s ligoanle o Cuilo o Iy slod JT (ciitrg 3y — (cale)

09u0 (iw (ol a0

S92 o gme 0900 b Gliee p dopd ) Jlais] s ) ()l o g Slganle Jute Jlite p1aS b (i b
yudy i el Slgenls e slaylows b (galS ()SS 0)90 Jobo )3 ogme (thw lie 45 ek () Jo)
Sl 3 J909,Se Vo lasd 4y bgsye (6)MRSS 50y Wl dm (gt (e (i 0 (65105 0590 L 5 oge (s
(Y-E JS5) asb oo lgouls futo

J5 o

(V Jga2) illy 43 Jgdor ol .l (2ol s 9 (Al A 5oy U il (5)leS 0093 Jsbo 5> IS i3 e
V bl v )3 ) gloj g SlgemleJste blite Sl 555 o) gloj Sl g Slgewle Jute 1 a8 ol s
Ol Oyt (8L ials bajlass (oo 33 JS 8 (e 65155 0593 ()L )3 g0 Jlsine S S (e g 2o
@ bgye JiB (lie (nyieS 939 )RS o) A Sl dm Slgenla Jiie yid ) Jgeg)Sae Ver lo 4 bgaye JS i3
(Y=F JS3) 390 5)le o) WYl am sals glalas

J5 ol gl T

2o Y Jloinl g > JS obuwgsl Gl p Wl Jlize Sl 355 (6K gloj g Sbgeuly ita ol I
- it Yg09,Sse Voo Jlowi 4 bgye (655 1 G0y Ay S cysbostl (e it () Jgie) byl dne
(V=G JS2) 352 (511085 59, \V 3l a s & bogyyo IS ilssil i (e85 392 Sligousls

A B
4/1 d 7
- ! a
4/05 ] — b
4 2 2
e ——‘ 4 c
3 305 c }
W 3 3
3/9 9 5
3/85 1
3/8 0 L1 L
Control  MeJA10uM  MelA 100 0 4 8 12
lgousls e HM (92 SIS oo

(e (sloaidly sanin) Log plio 03 ) (S35 0gm (i lib e 9 0980 Ol &l (g 2 Slgewle Jute 136 .Y JSud

Sl 9255~ 39 9tSawgineT —1 9 (ACO) S| SkousS 9955 —1 g glSawgincT—1 o3 Ul O e
(ACS) sl

39 )3 gne 2oV Jlis] o 53 (o) 3j90 05 93 32 Ol g SIS (loj g Slgewle ite Jlows e 3]
gogSn Ver 9V Lo jlod (slrogee 13 (K A G 13 ST Stwam e (] 53 2 Ol Ol (W J5i2)
Vool 4 b ()5 A gy 3 o) ple olise oyt 8L (LS dm 9 3 (Lt Gl (oS Clgeule e
(Y=AB JS) 392 ¥ 909 S0



P osle Sylad yle 5 oLy 5390 ol 5yt bl gl 4 it Pa¥

O 7

IS i 035 8 9 0855 Sl blie > b (s> Sl ol (oS e | e bganls
(Asghari, 2015; Bisti & b o (SlnsSl 51 (clagias (13,8 Jld dajis 4 Caoglio sl )3 aygey9n oyl wieo
gl gl oloie 4 Jd 5S] cladiss ¢ ol cla SIS0l walize (sla yii5 Lalys 4> . Hassanpour, 2017)
=1 gl jop IS )3 wlboad cutlyy g 9 olS slaJobs b o @eas 9 Mg i bl > (sl
(S 5] Slopiu Co o 4y 2lg 1l et ol (sl 5 28 Sjlas o 311 (gl S0, pl Blo 4y pladl Y
3 Sl T ot lojen 3,5 b b aebgoumls (Asghari, 2015) soles Jd |y 393 o3l e 9 (cou 3]
WS (o S8 e ol (ol 4 paaS (2 bt plo LS

E 1200 3 a
ab D
1000 fom e d, 2/5 aa
:g h . ab
%3 800 o i % 2
5 600 o a s . b
2 400 o < bb b
) RO
200 b}
X ) 0/5
0 4 8 12 0
(395) £)1655 ol 4 (39,) s ey 12
F
23500 - a
) - al
- G L0 . 2 3000 be
3 35 4 2500 - g d
5 30 b b2 2000 -
v o bedg c 3 e
2225 d 2 21500 A
3 20 e 1000
2 315 ¢ ~
R 210 : 500 -
\3‘ 5 \ 0 T T T
3 0 3 0 4 8 12
A 4 8 12 (359)) eSS oo

(330) & I



PAD 310 9 (illy /... Gl (gt psno (L0 § (B Sl g Sligannle fudio Clilo g Iy jlond G (g py — code)

B
OControl EMelAI0uM  ® MelA100uM 0r7 A
A a 06 | a b
> b b b X c c
2 cc b D05 e de
4 dd 3 om f
3 4
i > o3
32 g 02
=1 = o
0 0
12
(590) 6,155 )le (590) 5)l0e5S o
- Cra cC cC
240 | M b ]
B p“ F‘. d
5 ]
¥ 5 1
30 4 -
34 A | B
< 4 -
3 % 20 4 o
T 10
R 4 -
: 0 [ P
0 4 8 12

(39) S ol

Logpls o8y (K555 ogae S cylumgil g IS S gt (S togy cdpmol SitygSsl (JS i nnsl ¢ Jglome ol Slge py liganls Juto 36 WY S
(G (sloadly pute)

A B
1/2
/ 1 @Control EMeA10pM B MeJAL100uM B Control EMeJA 10uM H MelA 100pM

T 172
2 0/6

b a
3 0y b b
60/4 c o/a C
d cd )
T G ) Moo B
0 0
0 4 8 12

4
(59) 625 e (39)) RS oo

S 01 | =

Lors

o

S~

oo
QU

]

<

L
"

o
oo

G 4

O mm

(Ju) Y u
SROG 3 ol SSug o S0 Ol y Slgeuslr Jite 136 Y JSS

Pl
N w
o o

(5 o psS e
=
o

oS o ) IS o]



VP ¥ o yloz S5l o lgz g oloxiy 590 (o lat] yla | (UL pgle 4 il aYd

sl (S Blge o L )ame S i wsSs o I gl Gpas g (5 oty nd gl @ oI
imd ol 1) o Copu oS Jelge g Mdloo il (b 3 iSasS sladaly 4 by B LugSLS 4525 5 b
Sbganls Lo el vt gl wlol ,» (Ayala-Zavala et al., 2004) 15 xinlgd 2l o (iol3bl ce yw ialS cel
ol @) o 8 ol 018 IS sl 03,5 (S5l (50085 0390 Jobo 5o o I3 3 9 005 &) (o e baks
Sldpl L g s )8 )3 Slganls e Jloisl 13U 4 Wlg5 oo SUgonle Jito b oad Jlogi (5,805 (sloogse
Slgewls Lo b aS” J5 5 9 wIS (slaogee 13zl (o o)lje Laés .(Eynalladin & Hajiloo, 2016) sl asls b,y JI
Bisti & Hassanpour, 2017;) ail o gued yobs Guiod zols b a5 Cuwl 00035 odalie 0 Ldg odd e
.(Mohammadrezakhani et al., 2017

2 Sgyien Slyis b g wlioo 31 () Jsbo 13 &S Canl (o slodsy Sl ol Blge (slgizee 53 s
Srogee )y Sy (Sammi & Masud, 2007) >, bls,l cuildy 51 s 090 50 dawy Job )0 diwlis Hlase
(Gransayeh et woly Sl ol Jolowe dols dlgs jlade yide,Seo &+ clale b Gligauwls Juio b odds o [S5,80045
Huang etal.,) (spob » Jolowe dols g inlS 4y oo Cuildy 5l o )0 Sligowls Juio 350,85 e al., 2015)
58 &dly )d Al o igh opl bt 0aiS Ul &S cuwl oas (Ozturk & Yucedag, 2021) g8 (S o (2014
oS b o0 Wl lmoges b duglie )3 Joloro dala dlge line Glaljil gy ialS Cage (K05 > Slgewle Jute
Al oo (Il o)) (sl oy (bS5l 6yl 4t 53 5 il W g i (el ol L

Byo ubi (o 53 g 0del 9250 (S s Sl 45 2 4 )3 o5 A (slaygil slacplio JI sloal iy
JB slaal bas Coge yi) 3 Jge9,8ue VWY 5 slaclale 3 Glgewls o sl (Shaetal., 2011) Lo oo
9 998 555 s pok (NS relde @l 4 (i S Sald 4 Cond (URSSTY o) )3 bogee (gl i
Bisti & Hassanpour, 2017; Huang et al., 2014; Ozturk & Yucedag, 2021; Sarebani et al. ) xxdl, cuwd (3845
cdld il g sl ader 55 3l sbul b JT cladwl jalS g, 5l (65 sl Slgouwls Jsie aidsg oyl ply (2019
Al Jpame ) 5l o (oSl slaws 5]

RS S Cer gt 4 sl ey plsie 4 ol Bpae > 4 & by (e 6)MaS5 090 (b
Lis cel Wgb o Jow Hi3lo bis el g ool il 1) o copw oS Jolge b o ialS ST cla I,
By (e 0y90 Job 0 & eling bads diad lid 0 pols adllas ol (SmImOFF, 1995) ws )5 o & yelisg
b 0 5y Se VY 9 VA L onds jlawd Ul (glaoges j0 aS” cuily opl <Y 55 Ranjbar etal. (2006)  yi,l55
S8095 5 Lwdlly J5 5 LLL 59y slosd ol 0 Lo ()b ine jslar dald 4 s & ppeling e Slganla e
Gonzalez-Aguilar et al., 2002; Mohammadrezakhani et al., 2017; Sarebani et) 1>, & yolig Ol el
.@al., 2019

oo 9 ST 5T e ol 38 Gpb 3l (Sdws ol Ll el Gligauwls Juieo 35 a5 cunl 0uds aseiio
LLL (slrogee 3,5 5,5 a8 ol ool Ui ©lalllae yiscen (Chanjirakul et al., 2006) cul oss 3131 cla JIol,
S5l £989 3l Gligewls o jl5w 5,20 ,d (Ding et al., 2001) 5,345 55 4 (Gonzalez-Aguilar et al., 2003)
Slgawla ito 328 335 0 (35S yos Gl el sl (i 9 03, S ole a1 Gy (258 (Ses 9
,» Penicillium digitatum 4 55,855 )5 Botrytis cinerea  »>,L 38 sla S wy jl by il ooy 5o
.(Gonzalez-Aguilar et al., 2006) &S o (55 gl ;55
Stpwgy ( S3I pMle B8 1 3525 5 Cal o (4ol Cumdy Jpao (it il ()] a3l o yege
ol yyl58 (Esna-Ashari & Zokaee Khosroshahi, 2008) 544 o gz (sdiun )il Lials el g yad p ) g
P GRAOG ogre Ghylil (s00)d YYINY [hl3dl cage Cliganls Jiio j¥g05)Sue WV low & (2019) o5 o



FAY 650 g (Aiely /.. b (5 jiaw gt gano 00T (Bt by 0 ligoanle o Cild o Iy slod JT (ciirg 3y — (cale)

O o2 )00 Gladss )0 Slgemldie 305 b (gaiw 5L 5ul581 Sarebani et al. (2019) L salé oo b duwldo
2ol 3 ol el a8 canl (o3 sl ol )b o ol 5l (SO egue ibw (Asghari & Hasanlooe 2016) cuwl oab el
buwg Culane g 6yl (gl b asld oy siens jl g (Hong etal., 2014) 535 o odliiwl sgeo yduw) 5 b p 3
oil38] gl Clgewls e 5l a8 s 4o (Valero et al., 2003) cuol SLel Y gasto (ghia )il 9 048 puno
00,8 bags (£)laSS e (L jo 1) 06 e Wogee cul oid odlaiinl Lug pluw o8, (S5,8e7 Cudildy I L jes
ol jlowd (glroges (w09 YUl o )l 55 55 wlddod plw )0 (olise guli (Asghari & Hasanlooe, 2016)

By oo vgme CabgS b py el & 2bL olam Bl 59y » SlgamlrJite 3l b 4 cosl (SKas Slgamly e b
.(Perez et al. 1997; Concha et al., 2013)

5> (53b5 el Lol (Sijglen 3 Sl e @y o sitn olS 5 Jol gl lacplis I (S Ji S
9l scdglie zess 4 oo o5 WIasnlys 5 S Hloyely @luS 5 olgie 4 laclisewls (Steyn et al., 2002)
claedglio i ¢ jWgel ¥ i w51 69y » 1 b Slgomls o (Cass et al., 2015) Klods  B5yxo dgus oo
Vo slad e 6 2 Wogme 4> (Concha et al., 2013) 34 0 b yluwgsl o JS S olime (il el a6
&lles (Wang et al., 2009) ol iol58l sals b awslie 1) S L8 ol gyl bixe yokay Glgewls Juio ;¥ g09,800
Zhang et al., ) Cul oads (5,135 Clgauwls Juto b o jlow (5,805 ogm0 JS Ji8 10 I dize yiul38l yimgs (ol b
Guan) S, 5 (Ayala-Zavala et al. 2005) S5 ,3cq5 (Sayyari et al., 2011) bl glaoges jd olie ol (2005
Foee pallgamd o LSy oto 9 Sy 09)5 adgioMs gl OluS 5 ey wCowl ool Cuws (et al. 2019
25l il 45 0ud (Lol 0 5 il daJ5igM daadgigMigl dagyg)l s suigisd S5 €59
31 (o3l slacglas cdlisre (slaogus 1> (0S99 ME LS 5 l5u0 9 £43 (Gould et al., 2006) W)l 3959 Jle LS
LIS, o ylghd g o sieten | sl (Jaakola, 2003) ssl o b yiluwgs] (e g5 Wmogee i j> oS
9 by bylyd ey Jls 2 4 (Cristina et al., 2011) Ll oo adgigMd 4y 3laio 09,5 5 b 51 (S g (oruib
aoll cudloyy Sl x5 )uaSS 0)93 Jobo )3 o psilssi] 32 S5 536 Wogee 5 laseilhusgil i 4 Wlgi oo g3
& pob «(Ayala-Zavala et al., 2005) 55,5055 cogeo ,d IS cpslwgisl oo Lial38) (Fawbush et al., 2009) b o
o0 ol b oS 00,5 sdalie Wdgy 0 jlewd Clgewls Juio b &S (Sayyari et al., 2011) ,Ul 4 (Wang et al., 2008)
S calas yobs
3 g0 il Wogee () (b 1) ) dungi g (bl S (A5 P Al ey Ggaygn Olgis 4 ]
ogs0 yduy £y 3| e ol adgr iol38l el 1)351,8 (claoges )0 iy Sl 48 S e )L51.(Singh & Khan, 2010)
o9 »d VAA- an> blgl .(Oeller et al., 1991) coul 1,551,5 (claogae 1> sy 2ulyd Symo il g 3945 0 odmlite
AP RO 050 oy 3 (ABA) duasl Syl (50050 &8 15 (3155 2l o0 1,531,86 0g0 S &5 S5 By
5590 Gyl 4 (Pilati et al., 2017) WS o pulais 1) 08 9 Sy mood (b p 9 (Kano & Asahira, 1981) cuwl
o yo a4y il 31 a2l desl S sl b dugllio )3 (B 000 (ysms) 53 sl (1B ] &S el s ety
Olee 4 1y il st Slgewls e .(Monsalve et al., 2022) 5,  Siws 55 (5,855 10 odd bl (sladisS 5 A,
(Kondo et al., >g oo el 005) puf g 055 (g (il &) Cuoglie (slapimmmn (S 0058 Jlad g Ay 015,I05L a0 )9
b b JsSge cul (S wop &5 S0 Wy 1) (alaJUSw QI 15 Wl o5k 5| Clgemls Jute &ly 5> .2007)
018 s i1 oS ol o 51 &8 A8 o Wy )0 85 o8> slagenly 10 &5 o) sk o (sloosi S

. Chinese bayberry'



VPl o loz o)lass gz g oLty 6,90 ooyt o] Ll pgle 4 o A

&S G slojluil & bgauls jlaws does )> odd Ay Wl o)liee aliseiod g (Zhao etal., 2005) il o Ll
D)5 o (£ ozl sl cely Jg 0)3 sl G il

RO 090 3 Ol S5tsm S) Ol 2 IS loj 5 Slganla die ot 1 Guilly 4o @l Y S

Sl po (pSSlbe :
o &35 423 .
Sl gle

ACS ACO
<[YYOA-Y 0% FAAANATN Sy \ Slgawls Jite
RN AL ot FYVRO/YYAs* v &S ol
<[ ABYAYY Y VS -¥/araY ¥ G o X Sligawls Jite
o[ e ebYYYY AISYAS A sialojl oLzl

\Ard TAraN (CV) &lyis Gy

oy ) sl pdass )3 )y dme ©old g 4l (pae ©glds 395 odimd liS a3 4y itk g NS

S 5 4%

Jb i e ol ‘L,’Jl ol e o pidas Glseuwls Juio bodd jlowd (sl ogu0 &S d2d 0 i Lo ol
Py Shmog g Jslme dale Blge gl o Gl (258 K05 By g (et b g ogee (Haw (JS buegsl (JS
Ol Bk ) 055 50055 glaiis ply pd gl &4 bgyye sladl)d Slgauls Jute aiidly dald (gloogee b dulio
PSPy G g e (BLS (gaygn plgie 4 Clganls e plplly S o St s (s5tmg o yrme Loy
Al bl (58085 ogre S Laas g (6l jee Job inli8l bl p il cluls ials

&bo
chlasl ighes Jol Qb by Jf g (JslsiS 5 il pd (WAY) Lo) dooo o aldgpud (oI55 5 g0t sy (]
olen oSl
Apog | oSl il il eyl . Jol Gl (KIS id) s 2LS L) (clooliS il g Lo 50,80 (VYA Lo jdazes ¢(g yrol
;))Lo)w 4 W9Lo.o <l 2 ULWBJ‘”’" )»L (\YA;) ul.c ‘L)"?)‘“’ 9 dgeno s.)‘)J ML‘) HNC R TEw ‘_g)LS.O.Ib.J VS )]
5l g STl b o jmges 5 ligonsls e p3 (1Y) slg dasea cg3eds 6155 5 (swrgn edibyl 5T byl
AY=NY (o8l g ooj Y pamo 5515 5 A7 4yl by | g 0393 (b (S5 BC5 0g1e
MYV Y Y5 e mlio ola ing}

REFERENCES

Asghari, M. R. (2015). Novel (Non-classic) Plant hormones and growth regulators. (1th ed.). Urmia
University Publication. (In Persian).

Asghari, M. (2019). Impact of jasmonates on safety, productivity and physiology of food crops.
Trends in Food Science & Technology, 91, 169-183.

Asghari, M. & Hasanlooe, A. R. (2015). Interaction effects of salicylic acid and methyl jasmonate
on total antioxidant content, catalase and peroxidase enzymes activity in “Sabrosa” strawberry



PR G50 9 iely /.. ] g st g 180G (B 50 Gl g Sligewnle o Clils p I g yland’ JT (intg o — (code)

fruit during storage. Scientia Horticulturae, 197, 490-495.

Asghari, M., & Hasanlooe, A. R. (2016). Methyl jasmonate effectively enhanced some defense
enzymes activity and total antioxidant content in harvested “Sabrosa” strawberry fruit. Food
Science and Nutrition, 33, 1-6.

Ayala-Zavala, J. F., Wang, S. Y., Wang, C. Y., & Gonzalez-Aguilar, G. A. (2004). Effect of storage
temperatures on antioxidant capacity and aroma compounds in strawberry fruit. LWT - Food
Science and Technology, 37, 687-695.

Ayala-Zavala, F., Wang, S. Y., Wang, C. Y., & Gonzalez-Aguilar, G. A. (2005). Methyl jasmonate
in conjunction with ethanol treatment increases antioxidant capacity. Volatile compounds and
postharvest life of strawberry fruit. European Food Research and Technology, 221, 731-738.

Bisti, A., & Hassanpour, H. (2017). Postharvest application of methyl jasmonate on antioxidant
capacity and antioxidant enzymes of sweet cherry cv. Tak Daneye Mashhad. Research in
Pomology, 1(2), 56-73. (In Persian).

Cass, C., Peraldi, A., & Dowd, P. (2015). Effects of phenylalanine ammonia lyase (PAL) knockdown
on cell wall composition, biomass digestibility and biotic stress responses in branchy podium.
Experimental Botany, 19, 1- 26.

Chanjirakul, K., Wang, S. Y., Wang, C. H., & Siriphanich, J. (2006). Effect of natural volatile
compounds on antioxidant capacity and antioxidant enzymes in raspberries. Postharvest
Biology and Technology, 40, 106-115.

Cioroi, M. (2007). Study on L-ascorbic acid contents from exotic fruits. Cercetari Agronomicin
Moldova, 1, 23-27.

Concha, C. M., Figueroa, N. E., Poblete, L. A., Qate, F. A., Schwab, W., & Figueroa, C. R. (2013).
Methyl jasmonate treatment induces changes in fruit ripening by modifying the expression of
several ripening genes in Fragaria chiloensis fruit. Plant Physiology and Biochemistry, 70,
433-444,

Creelman, R. A. and Mullet, J. E. (1997). Biosynthesis and action of jasmonates in plants. Annual
Review of Plant Physiology and Plant Molecular Biology, 48, 355-381.Cristina, L., Aizza, B.,
& Dornelas, M. C. (2011). A genomic approach to Study anthocyanin synthesis and flower
pigmentation in Passionflowers. Journal of Nucleic Acids Article ID, 371517.

Devore, E. E., Kang, J. H., Breteler, M. M. B., & Grodstein, F. (2012). Dietary intakes of berries and
flavonoids in relation to cognitive decline. Annals of Neurology, 72, 135-143.

Ding, C. K., Wang, C. Y., Gross, K. C., & Smith, D. L. (2001). Reduction of chilling injury and
transcript accumulation of heat shock proteins in tomato fruit by methyl jasmonate and methyl
salicylate. Plant Science, 161, 1153-1159.

Esna-Ashari, M., & Zokaee Khosroshahi, M. R. (2008). Post-harvest physiology and technology (2th
ed.). Bu-Ali Sina University Publication. (In Persian).

Eynalladin, M. S., & Hajiloo, J. (2016). Effect of methyl jasmonate on qualitative traits and vase life
of strawberry cv. “Camarosa”. Journal of Food Research, 26(2), 277- 288. (In Persian).

Fawbush, F., Nock, J. F., & Watkins, C. B. (2009). Antioxidant contents and activity of 1-
methylcyclopropene (1-MCP)-treated ‘Empire” apples in air and controlled atmosphere storage.
Postharvest Biology and Technology, 52,30-37.

Geransayeha, M., Sepahvandb, S., Abdossic, V., & Zarrinniad, V. (2015). Effect of methyl
jasmonate treatment on decay, post-harvest life and quality of Strawberry (Fragaria ananassa
L. cv. Gaviota) fruit. International Journal of Current Science, 15, E 123-131.

Gonzalez-Aguilar, A. B., Buta, J. G., & Wang, C. Y. (2002). Methyl jasmonate reduces decay and
maintains postharvest quality of papaya 'sunrise'. Postharvest Biology and Technology, 28, 361-
370.

Gonzalez-Aguilar, A. B., Buta, J. G., & Wang, C. Y. (2003). Methyl jasmonate and modified
atmosphere packaging (MAP) reduce decay and maintain postharvest quality of papaya
‘Sunrise’. Postharvest Biology and Technology, 28, 361-370.

Gonzalez-Aguilar, G., Tiznado-Hernandez, M. E., & Wang C. Y. (2006). Physiological and


https://www.researchgate.net/profile/Fanja-Fawbush?_sg%5B0%5D=h4pghjI2Z65h4zdpXwXLpagpVRwCreth1K-hnU5iaKbbk8pKD8o-bm2onlHujL3tTXINfdU.5xJgSMLWiP22wHySZWg6GJzqX66P_-wKiV0lTH5z8jvP-eSWgEekf8mZ8qZn0hjBUvJvlMhiG70NCX2G6m1FZQ&_sg%5B1%5D=8lpTA8a6gmBwiMt2ck88F6fI1RqUJ8XAHawR1GJnnTjksqVj5pI8HKkGvraVYk_TgMFRMU0.tF3GEOdCJEcEQ8knXVGNmUWkZV6mepn-rRA0iTQIRQURBHX3jCZA7Q1UhGZB24cH39C2c70Uo6f79lPO0e1fBA
https://www.researchgate.net/profile/Jf-Nock?_sg%5B0%5D=h4pghjI2Z65h4zdpXwXLpagpVRwCreth1K-hnU5iaKbbk8pKD8o-bm2onlHujL3tTXINfdU.5xJgSMLWiP22wHySZWg6GJzqX66P_-wKiV0lTH5z8jvP-eSWgEekf8mZ8qZn0hjBUvJvlMhiG70NCX2G6m1FZQ&_sg%5B1%5D=8lpTA8a6gmBwiMt2ck88F6fI1RqUJ8XAHawR1GJnnTjksqVj5pI8HKkGvraVYk_TgMFRMU0.tF3GEOdCJEcEQ8knXVGNmUWkZV6mepn-rRA0iTQIRQURBHX3jCZA7Q1UhGZB24cH39C2c70Uo6f79lPO0e1fBA
https://www.researchgate.net/profile/Christopher-Watkins-6?_sg%5B0%5D=h4pghjI2Z65h4zdpXwXLpagpVRwCreth1K-hnU5iaKbbk8pKD8o-bm2onlHujL3tTXINfdU.5xJgSMLWiP22wHySZWg6GJzqX66P_-wKiV0lTH5z8jvP-eSWgEekf8mZ8qZn0hjBUvJvlMhiG70NCX2G6m1FZQ&_sg%5B1%5D=8lpTA8a6gmBwiMt2ck88F6fI1RqUJ8XAHawR1GJnnTjksqVj5pI8HKkGvraVYk_TgMFRMU0.tF3GEOdCJEcEQ8knXVGNmUWkZV6mepn-rRA0iTQIRQURBHX3jCZA7Q1UhGZB24cH39C2c70Uo6f79lPO0e1fBA
https://www.researchgate.net/journal/Postharvest-Biology-and-Technology-0925-5214
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjD6oGRpp_3AhXmhv0HHTC7CUIQFnoECAUQAQ&url=https%3A%2F%2Foaji.net%2Fjournal-detail.html%3Fnumber%3D1540&usg=AOvVaw2Py54jq0S2DBH3r9ey23Ug
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjD6oGRpp_3AhXmhv0HHTC7CUIQFnoECAUQAQ&url=https%3A%2F%2Foaji.net%2Fjournal-detail.html%3Fnumber%3D1540&usg=AOvVaw2Py54jq0S2DBH3r9ey23Ug

VFeF o loz 6 )lows yloz g oliy 8,90 o o/pt) oyl (ALl pole 4 Ve

biochemical responses of horticultural products to methyl jasmonate. Stewart Postharvest
Review, 32, 52-565.

Gould, K. S., & Lister, C. (2006). Flavonoids: Chemistry, Biochemistry and Applications. In Q. M.
Andersen, & K. R. Markham (Eds.), Flavonoid functions in plants. (pp. 397-441). Boca. Raton,
FL: CRC Press, 55, 32-42.

Guan, Y., Hu, W., Jiang, A., Xu, Y., Sa, R., Feng, K., Zhao, M., Yu, J., Ji, Y., Hou, M., & Yang, X.
(2019). Effect of methyl jasmonate on phenolic accumulation in wounded broccoli. Molecules,
24, 3537.

Heredia J. B., & Cisneros-Zevallos, L. (2009). The effects of exogenous ethylene and methyl
jasmonate on the accumulation of phenolic antioxidants in selected whole and wounded fresh
produce. Food Chemistry, 115, 1500- 1508.

Hernandez-Munaz, P., Almenar, E., Ocio, M. J., & Gavara, R. (2006). Effect of calcium dips and
chitosan coatings on postharvest life of strawberries. Postharvest Biology and Technology, 39,
247-253.

Hong, K., Gong, D., Xu, H., Wang, S., Jia, Z., Chen, J., & Zhang, L. (2014). Effects of salicylic acid
and nitric oxide pretreatment on the expression of genes involved in the ethylene signaling
pathway and the quality of postharvest mango fruit. New Zealand Journal of Crop and
Horticultural Science, 42, 205-216.

Huang, X, Li, J., Shang, H., & Menga, X. (2014). Effect of methyl jasmonate on the anthocyanin
content and antioxidant activity of blueberries during cold storage. Journal of the Science Food
Agriculture, 95, 337-343.

Jaakola, L. (2003). Flavonoid biosynthesis in bilberry (Vaccinium myrtillus L.). Academic
Dissertation. Faculty of Agriculture and Forestry. University of Helsinki, 65, 57-95.

Kano, Y., & Asahira, T. (1981). Roles of cytokinin and abscisic acid in the maturing of strawberry
fruits. Journal of the Japanese Society for Horticultural Science, 50, 31-36.

Kondo, S., Yamada, H., & Setha, S. (2007). Effect of jasmonates differed at fruit ripening stages on
1-aminocyclopropane-1-carboxylate (ACC) synthase and ACC oxidase gene expression in
pears. Journal of the American Society Horticultural, 132, 120-125.

Lee, J., Durst, R. W., & Wrolstad, R. E. (2005). Determination of total monomeric anthocyanin
pigment content of fruit juices, beverages, natural colorants, and wines by the pH differential
method: collaborative study. Journal of AOAC INTERNATIONAL, 88, 1269-1278.

Lv, J., Zhang, M., Zhang, J., Ge, Y., Li, C., Meng, K., & Li, J. (2018). Effects of methyl jasmonate
on expression of genes involved in ethylene biosynthesis and signaling pathway during
postharvest ripening of apple fruit. Scientia Horticulturae, 229, 157-166.

Mohammadrezakhani, S., Pakkish, Z., & Saffari, V. R. (2017). Effect of putresine and methyl
jasmonate on antioxidant responses in peel and pulp of orange (Citrus sinensis L. var. Valencia)
fruit. Journal of Plant Physiology and Breeding, 7(2), 41-52.

Monsalve, L., Bernales, M., Ayala-Raso, A., Alvarez, F., Valdenegro, M., Alvaro, J. E., Figueroa,
C. R. Defilippi, B. G., & Fuentes, L., (2022). Relationship between endogenous ethylene
production and firmness during the ripening and cold storage of raspberry (Rubus idaeus
‘Heritage”) fruit. Horticulturae, 8, 262.

Moreno, C. S. (2002). Review. Methods used to evaluate the free radical scavenging activity in foods
and biological systems. Food Science Technology, 8, 121-137.

Oeller, P.W., Min-Wong, L., Taylor, L. P., Pike, D. A., & Theologis, A. (1991). Reversible inhibition
of tomato fruit senescence by antisense RNA. Science, 254, 437— 439.

Ozturk, B., & Yucedag, F. (2021). Effects of methyl jasmonate on quality properties and
phytochemical compounds of kiwifruit (Actinidia deliciosa cv. ‘Hayward’) during cold storage
and shelf life. Turkish Journal of Agriculture and Forestry, 45, 154-164.

Perez, A. G., Sanz, C., Olias, R., & Olias, M. (1997). Effect of methyl jasmonate on in vitro
strawberry ripening. Journal of Agricultural and Food Chemistry, 45, 3733-3737.

Pilati, S., Bagagli, G., Sonego, P., Moretto, M., Brazzale, D., Castorina, G., Simoni, L., Tonelli, C.,


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwirr6zhpp_3AhVsi_0HHeWXBwcQFnoECAQQAQ&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fjjshs%2F&usg=AOvVaw0A1OUUwJO52NIZERfHo_Dp
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwirr6zhpp_3AhVsi_0HHeWXBwcQFnoECAQQAQ&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fjjshs%2F&usg=AOvVaw0A1OUUwJO52NIZERfHo_Dp

VoV G650 g (kg /... phd] (6 jbwrgs o (sloL 5 (B g0 by Sligausla Lo il Il yuy sload’ W ((itrgfy — (ode)

Guella, G., & Engelen, K. (2017). Abscisic acid is a major regulator of grape berry ripening
onset: New insights into ABA signaling network. Frontiers in Plant Science, 8, 1093.

Ranjbar, H., Zolfegharinasab, R., Ghasemnezhad, M., & Sarkhosh, A. (2006). Effect of methyl
jasmonate on inducing chilling tolerance in pomegranate fruits (Malas Save). Pajouhesh &
Sazandegi, 75, 43-49. (In Persian).

Sammi, S., & Masud, T. (2007). Effect of Different packaging systems on storage life and quality of

tomato (Lycopersicom esculentum var. Rio Grando) during different ripening stages. Journal of
Food Safety, 9, 37-44.

Saniewski, M. (1997). The role of jasmonates in ethylene biosynthesis. In Kanellis, A.K., Chang, C.
Kende, H. & Grierson, D. (eds.), Biology and biotechnology of the plant hormone ethylene (pp.
39-45). Kluwer Academic Publishers, Dordrecht.

Sarebani, A., Arshad, M., & Nazari Delju. M. J. (2019). The effect of postharvest methyl jasmonate
treatment on ethylene biosynthesis, antioxidant capacity and shelf life of strawberry. Journal of
Crop Production and Processing, 10, 93-107. (In Persian).

Sayyari, M., Babalar, M., Kalantari, S., Martinez-Romero, D., Guillén, F., Serrano, M., & Valero,
D. (2011). Vapour treatments with methyl salicylate or methyl jasmonate alleviated chilling
injury and enhanced antioxidant potential during postharvest storage of pomegranates. Food
Chemistry, 124, 964-970.

Seo, H. S., Song, J. T., Cheong, J. J., Lee, Y. W., Hwang, I., Lee, J. S. and Choi, Y. D. (2001).
Jasmonic acid carboxyl methyltransferase: A key enzyme for jasmonate regulated plant
responses. Proceedings of the National Academy of Sciences of the United States of America,
10: 4788-4793.

Sha, S. F., Li, J. C., & Zhang, S. L. (2011). Change in the organic acid content and related metabolic
enzyme activities in developing Xinping pear fruit. African Journal of Agricultural Research,
6, 3560-3566.

Singh, Z., & Khan, A. S. (2010). Physiology of plum fruit ripening. Stewart Postharvest Review,
6(2), 751-753.

Smimoff, N. (1995). Antioxidant system and plant response to the environment. In: Smimoff, N.
(Ed.), Environment and Plant Metabolism. Bios Scientific Publisher, Oxford, United Kingdom,
217-243.

Steyn, W. J. W., Holcroft, S. J. E., & Jacobs, G. (2002). Anthocyanins in vegetative tissues: a
proposed unified function in photoprotection. New Phytologist, 155, 349- 361.

Valero, D., Martinez-Romero, A. D., Valverde, J. M., Guillen, F., & Serrano, M. (2003). Quality
improvement and extension of shelf life by 1- methylcyclopropene in plumas affected by
ripening stage at harvest. Food Sciences Emergency and Technology, 4, 339-348.

Wang, S. Y., Bowman, L., & Ding, M. (2008). Methyl jasmonate enhances antioxidant activity and
flavonoid content in blackberries (Rubus sp.) and promotes antiproliferation of human cancer
cells. Food Chemistry, 107, 1261-1269.

Wang, K., Jin, P., Cao, S., Shang, H., Yang, Z., & Zheng, Y. (2009). MeJA reduces decay and
enhances antioxidant capacity in Chinese bayberries. Journal of Agricultural and Food
Chemistry, 57, 5809-5815.

Waterhouse, A. L. (2002). Determination of total phenolics. Current Protocols in Food Analytical
Chemistry, 3, 18-19.

Yu, Z., Song, C. K., Jun, C. Q., Long, Z. S., & Ping, R. Y. (2003). Effects of acetylsalicylic acid
(ASA) and ethylene treatments on ripening and softening of postharvest kiwifruit. Acta
Botanica Sinica, 45, 1447-1452.

Zapata, P. J., Martinez-Espla, A., Guillén, F., Diaz-Mula, H. M., Martinez-Romero, D. and Serrano,
M. (2014). Preharvest application of methyl jasmonate (MeJA) in two plum cultivars. 2.
Improvement of fruit quality and antioxidant systems during postharvest storage. Postharvest
Biology and Technology, 98: 115-122.

Zarei, A., Zamani, Z., Fatahi, R., Mousavi, A., Salami, S. A., Avila, C., & Canovas, F. M. (2016).



VFeF o loz 6 )lows yloz g oliy 8,90 o o/pt) oyl (ALl pole 4 vey

Differential expression of cell wall related genes in the seeds of soft- and hard-seeded
pomegranate genotypes. Scientia Horticulturae, 205, 7-16.

Zhang, F. S., Wang, X. Q., Ma, S. J., Cao, N., Li, X. X,, Wang, Y. H., & Zheng, X. (2005). Effects
of methyl jasmonate on postharvest decay in strawberry fruit and the possible mechanisms
involved. Acta Horticulturae, 712, 693-698.

Zhao J, Davis, L. C., & Verpoorte, R. (2005). Elicitors signal transduction leading to production of
plant secondary metabolites. Biotechnology Advances, 23, 283-333.

Zheng, Y., Wang, C. Y., Wang, S. Y., & Zheng, W. (2003). Effect of high-oxygen atmospheres on
blueberry phenolics, anthocyanins, and antioxidant capacity. Journal of Agricultural and Food
Chemistry, 51, 7162-7169.



