[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

00-£0 14z V60 L5 5 als 5 VY o)led N0 Wi ( aLE 5 SIS 5 dul b,
https://doi.org/10.22034/15.72.45

°.9‘.?°g_;"'.’.5‘>".'.“9.9""' ‘?-jjuiu\:.cﬁtgsst.ﬂ;' M‘M&UW}‘
sl o3, Ko

Sl S0 5 00353 3l o Pzl e

O‘ﬁ‘ (RS gl o&iils cdj)JL.'QS LA cd\.&b w%@.ﬁ}f}lﬁ BJ;

oS>

35 02 b Bl (B ) ealiial 5 el el SLEL SV guaze Dpas w3z WS 5 S s O S egm coiS
3208 s p sshie 4 gl addllas Gl cpl 53 3,8 0 15 OBUS U G a5 5,50 (S 0sme Smiee 3 ogm AS b S
T A s sl 28 8 et 05l 03,5 (K S0 g AS GBS R0 258 2 kel 5 SIS el s glac il
IS5 Sl 5o (Ml 5 cpen el Ygn e ¥ 5V 5 ST sl Vgn on £ 5 ¥ Slacle) lag gy b ol Sl sl ok
b plite oy g0 4 OLE (SIS 5l dn oS 035 oY deo 3 VO 5 g S S Ay YO Saledl opl 53 e3litul 5y50 s s S 1
4 by ol 31 g Bagen 38 plonil Lae g (558 Ok 51 S Sy St B s kS 400 WIS a 106 J gl
JS Jalowe el 3l g0 : Jals S gla el )y Lo g (80, 0a0 51 dny 5 Jatke 0 30n godgbdy S5m0 5 AUE (55 s oK LesT
3 F I s s, & by 5 JS A5 (DPPH) S SluST ST o b o JS 18 (TA) O gl 25 J6 bl ((TSS)
(IS Jshomn dale slgn (& bty (Ol 25 BB Al il slacile s ST Al 5 e el (slasbet 51 DL s
I eSS Ve 53 p S Jea VIO 4 0%/0 511, & cpalns Y ge ke \ ks el (P<O.05) imls s e AU AsgMN 5 s b
pf Ver g f)fdl':‘ VIOV ag HIAY 51 g S g M0 a5 O/A0 Bl i 5 a1y S GldemS T ST o b g slme dalom 5l ge 5 5
2 SIE dl 5 Lo /¥ 41/0) S 5 5 (VNN 4y /YY) O gomal 35 BB Akl 1) 31 o ity SIS Aol s G50 5 03
Dok (550 g Cmies 3 g kS (5 1S 5 Bl 5 Oy S SIS L Giod ol 55 ealisl 3)5e slge oils (p 8

RIS B TSI % RN 300 EFVRTS [ SN

AL S plie o0 kS (I 5 LS § (ALE A eSS 1 glS slaelly

VELO/ TNY DLaSl sl VB /AN 1 a ol VB8 V0 1 Sk V8T e tdlie L

J_hajilou@tabrizu.ac.ir :asUL| ;) (J stes ok 5 3

.©wz~v.;,.ﬂlguﬁlJagf&;jjﬁ)g¢@wwcwdbunymeA:

Wl 3ee 3 JUJ):C),\;.« Lyl QQ”L:)LJAJU.AA{CN:L;:M\ by e Qijléjb_u”ﬂb oslazal §5 A 5 edd fiZe 53 PSS cos dlis )
Creative Commons Attribution-Noncommercial 4.0 International license https://creativecommons.org/licenses/by-nc/4.0/


https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

] Cﬁ"f"ﬁ""‘ 3 ».(:.“}f‘ .\:.w| —ilisee duwﬁ ;‘ Z‘;:.hj}; —u.o.lﬁ Jlae

Q‘)KAAJ _,]fb/u’ £

Garcia-Pastor et al., ) 55 YL dals ol s slae s
G SIS ad b (S50 slaiy o2 ke (2020
SIB cmse AUS W s Ve e Y5 ) 2Bl
Anwar et al., ) As s 53 baege slhad 5 Loy, A
SIS sl Jgloes 5l oslizal 45 ol 0ls 3155 (2018
Cuglie Bl 5SS e e (xS Ol s
(Zhuetal., 2016) 15 5 Loyl dsb 5 (golew 4 Lao s
ogmn 53 SIS Al Ve Lot 5 Y laclale 31 eslaad
S AD 2053 0L Slosd ooy S5 A e
SRS e (e slid ol i s 4l
b s Lo 5 0 pelnST 20l (il 5T g
55 @olsull Jsb s (Peroxidase) 1Sl ﬁﬁ oeb
& 3 .(Zheng and Tian, 2006) 55 Jals 05,5 L awslis
0 SIS Al L odplas 550 Lo goe il Ol joe (Gaiosd
055 Glaesme 4 Cuwd OILL Jsb 5o s BB b
(Huang etal., 2013) sl ,ials Jals
ol QLS s e ol b L S s
o e 31 OWLS wx 5 L35 e 53 bl L
Som 3 o Mo (AU iy L) eloer (b
b S e B L s 35 S
by S Sl 5 gl G C e (S e
51 gl L .(Setia and Setia, 2018) 13 S o Ladila
Cgmme 03550 3l e S s (e el e
Alcazar et al., ) dzes oS A,y Koo 4 36 (Lpd e
ol bl L Jlas a5 s o 0L s 3155 (2006
U el a8 5 OIST BT a5 BB 158
Mostofa ) 3 33 o eud Lis s o o O salinS) s 5l
315 0L bagpel Ly ol Slalllae il (et al., 2014
oy arls gl S e il Cel bS5l WS
(Amorim et al., 2017) K3 o SSue 5 |y ¢y g
S el L Sl eslizal a8 ol 0T 51 Sl s 50158 = 5
5 oedd Lo o 5 Oy ul 3 ol el ool
QT4 0L 5 b BISD) &S o Lai |y WOT i

Ao dle
Sl SV g 53 a5 (VL slaan o @ ax 5 Loyl
GLols e OEWSG e aidhe daese Lo pasis
W5l 5l de Sl Jials Vb kS L slae e
Sl oy oYL el GE VL S L gl s
Fragaria x ananassea cv Albion. .l ol L e
s eab s o8 ol s 53 5 by (slee e 51 S
M s 3 b5 D O VL Gladis ol
UK O ala el g 3 g alb AS gla, oSG s
(leds 5 alesd 5 00 ol 5 Ty C3lid oIl &5,
Sybge Jalis L Ozl 5 Osmesl (e e
dagolan 51 S0 cllb 31 18 el slac )l
5oy Olde il U g i S 08K,
(Sepd Osr else G cd Shs eyl Ol
4 Shs CobS b ke 3L (SNSL 5 (K5 n s
S Sl 5 el Bl L g daas il L gy
S Sars ol DS 5 Bl 4 035 e 5 (0355
b o odre olge dauln g Ol a4 ladis ZudS )l
yls ui,.w P R e L™ - PV R IY- FER PS
Al s e S glaese SIS OIS e S, 5ba
s kS ccle qab g ke glls VL Gle )
v phie =S) 5 Al sy ge 550 s 5 Ll
35 o328 b oS el JT el S SIST
2 b SLS S s s DL e Sy
b ool (o8 0l asite pomes (ool OALS Sl (ke
S O w0l s Sl slaidld 2 S
Ozet) &S oo Jos aosen 5 5 S5 s Sln F5e oo
SIS Al 2L e .(al., 2016; Ahmed et al., 2021
R g o N
LS b e kS s e
Ogzman b 5 LS 5 (Martinez-Espla et al., 2019)
» S s el 5 S ebessl (S
4 S SIS dnl bosiles Ol ys UL (glee e


http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

1A% [)b&w‘; }\f‘? )"*’

VERO VY o led /10 M/ alE 5 SIS 5 anl bl

ol Ji 5 5 (63558 edSUl 6 sne gl gy (6550 0

SNl gl (TA) S Ogml i3 BG4yl
YAl s b Osenl 8 R S Ol 8 BB Aol
(\Y‘/\i c&}u 9 d?j:mmﬁ) L ealaial JLAJ.;

)‘J}.& 6}50)‘,\4‘ LS‘J" :(&J O?‘L"d_’j) &ﬁ)_’i«ti J.:..o‘
Jos S 6o =NV 5V L Ol 28 s Sl b gee & el
> g L4<.:J‘)}§w1 J.:wl )U.E.A 5 A& oslazul JJ)J»..:\
.(AOAC,1984),\A:4¢.~L>=.¢J:;UJCJ§\~~ );D?JLQA

J)laﬁ Jol> J\),c Q\J;:.a :(TSS) JS J}bu .Ml? bbﬁ
(PAL-1) ujl.’l.:}r_lb JZ'A)IS‘J.%) Kas .b.sz 0 g0 JS
Mdbﬁj“).ﬁ@)ﬂ@jd;a)\b\

PP oo el S 8 Gl 1S S 6l g
S 10N kel Gl s (g Seslul IS
G IY e DS Jsbe gl le Yol es sdiG)
VAR SER Wt A $GUI gles s adds g5 e
5 Lol OF w (100) W 3 S 2STy 51 2 e
el VY C),adj.\a 3 oslas Cde Ol (BUI Gles
Sk Doso h g el ey xSl oS g
Dennis, ) 4s Oy oslas 31 1 Joe a5 SIS
(2000

b e e i S u;l.\,msh,si b b
A% esleww! DPPH U’i’j) )‘ uo_}:/a a)L.a.G J\J%...‘S\L;j
Voo lade Hke pl sl (Brand-Williams et al., 1995)
ke YA L ezl gl Sk ojlas 5l s S
BE) 4.2.:537"' C).,\AAJ)J&‘).LzA (rJJJJ}AJJgtﬂ-\')DPPH
2 e b G S Bl s s s SUL e
oBaws by by ke mgl 00 zudb
Laoslas SlonST T b b s S oilys e gib s 2K
A dewlee DPPH S350 Ao ys & s

O S eslaal b IS A5 5D (gl gme 1 JST AS 43920

s nl sl s SN p e JT LIS e S

« sl Ol (V) Anjum Lug eddplsl Dl
GLdle 5 e el el L Ve LoV Clale 1 eslinal
o Slse Spe el (o S L oS e
3 Sl s8OS 055 50 Olsee 5 S s IS
W2l 3l e s cpdee el Sl &S ol O
Ll oz o Ghalsl [ 3laeST 5 SVBE lan 5T el
35 50 s deeS Ty s 5T C b e 5 LB GG
.(Koushesh Saba et al., 2012)

(SosWS o p3 g Olsl P Dlulb sy 4 a5 L
FB el 51 Cils 5 Olej s Wese CodS 35 5 Lais
ASlgn S SLS 5 6, Sl eslizal ol Slsy 5 5 g
350 Ol o5 el s Rl Laese 03 1 S Sles
Sle ik ole sl G b pl 516 cl g
2l ol G5usliS dsel glily s A8 ol
Cilizee glaclale 3 ) cpl 5L Gus goepl 5l s S
e S S Sk Frop pde el 5 ST A
sy 0l 035 S pos

L pss s 2l
Sy s iS5 S 05l 3, S5 sl
SIS 53 5w Vel passsb 00 i Ol gl
5 Cusby (GLS Sl am s WWYY) Loy edsd 28 Lol 5
o oilesl ol 53 eslinal 35 5e i A3 plnil gl SIS 5
B8 5 e aS e Y VO 5 g SSIY0 Oy se
Yoo Jliie 4 LS sy 53 e ol s 4 OIS
ol L gl S ol Jdowe g 2 e
A Las osll Yo g 2 s 6 SY 5 kil b lad ylows
oS el ELd o dae g ()lad Oy 51 S )
e bl JolS Gk - b ose 4 bl
5 Go) ol ol basles s S 1l Sl oy 5 1SS
e ha Y 5 5 SIS dend Ve ba £ 5 Y slackile
5ol Bl S LB laeses Liss ndos el
g Olgee 5 Sy Latls bl ) Cldls 5l e (S
5 AW s Kbl 4 b (sl wils


http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

] Cﬁ"f"ﬁ""‘ 3 ».(:.“}f‘ .\:.w| —ilisee duwﬁ ;‘ Z‘;:.hj}; —u.o.lﬁ Jlae

I

O ol 25 BB atdond 4o 53 5 005 S badkesd ) G e
:}J&MML}} ajﬁ@%e,\.i)w (_QLAej:AJJ

S8 slasles sl Ol Waesls ibjly 4 1 mel g
Sl gme 700 Jloz| Cb..nﬁ Jif;)}; o se 53 54 g0
om0l beesls Sl awlis () Jsd) ol
J}Jdn oy 6)‘>6M e aals E) alises 6\.&)\.4;.:3
L}&J) L& OML.::.A (5.)‘;&“ &J%—‘ b)Lq.:S J:J 45;;[7-‘)3
bl 31 &S cl ank OlaeST 2T S SIS al (Y
g AT 3 g 038 (S sl b Oslist
Razzaq et al., ) s5d 0 & melus OsenldnS) alS
C}Lc«\ AYa) o, o Slalis w a g L (2014
e (Sulslae Hsbay e ol Calies (gl jlag a5 Wiy S
ST 53 pamea Lledd 4l 53 & peln g Ol Sl 531
oolS SIS el b Sles 5 & sl s Ol il 581
05 & oelu g laie 1531 (Zhao et al., 2025) el i
&j) “ Sl u&u u.j..k.:ﬁﬂm‘ alsea 6&% k.' Lha_xﬁ
A5 S S s GlaeST ol Sl el s
LQLJM}:A e J..ZL: U,MAJ ULAG 9 09 62_4..,4 u:“i‘ﬁ\
ST OMWl 5 g8 sl b ol (S pdos ol Lol e
.(Mirdehghan et al., 2007) il ol

J».?L:)b @ @\b :«(TSS) JS J}lm ol 3l g0
OOl Sl IS Jslows ol slge Ol &0 by e slaesls
Gesls Kle awslis () Jsd>) ol 7Y Jlaz> c]a_.d
3 JS Jgloes dalr lge Olgae oy i oS als OLAS J.pL?-
Logpdon el 5 o0 J¥50 e )V Clle b e ol L
LoV e b clale b SOIST il 5 Ve L ¥ bl
Sl Jil5sl (7 JK2) sl OLES (g5ls oae D] dals
Sl il s 4 o gee Oy dsb 53 S Jglons il
GJLAQ_SLAJ.:%M\)Cmﬂm&sw‘)wﬁ')w)‘)gbﬁji

Oy A3 55 o 5Tl (S o s Slid SIS e

10 ke s Seo Vor LIk oslae s Koo Yo
Ty R O ALIE'S PRSPy LRSS
b el 2 de VAT 5 Vg0 Gy Sl
V0 msedsb 53 (Sl 3 IS aids £ Sl ey
Shoslizal b5 el e sty Sl olSaas L e sl
Aol e S s e e 55 5l e
.(Chang et al., 2002)
Sl Sl Olaabl 5 g 2 S e resls bty 452
dglie anslie 5 plnil SPSS 33l 3 5l eslizul L Laesls 055
W23 8 bl Sl (glanals dim O g3l Sl eslizal b s Sle

A V.w) Excel )b_%%f )‘ oaleiul L’ Lé)‘.)}a.»

o g mls
Laesls byl 5o s (TA) Ol 5 JU 4ol
ool 5 ST sl Cilisn clo e 2B S 5l 0L
1Y Qo mlaw 3 e Ol 55 BB e Olge
bosls Sl anslio (pizman () Jsdz) Sl Jls sms
AU ot Ve oo £ Chale U SIS deud oS sls oL
L oo ool sles 5 (G/V) dalis L aS (s sbay ool azils |
Ll sls OLES (gyls sme Ol (+/AY) Ve Lo ¥ clali
GAY 5107 Naa b ¥ 5 ) lachile U rpdie ool o0
Gl (1/08) Vae ke ¥ ochle L SIS
ekl Dlais s () I8 A sdalie (gols e
Martinez-Espla ) 5.5 s (Razzaq etal., 2014) il s,
SIS sl 51 slizad a5 ool o 5153 (et al., 2014
s b oaslin 55 TA Olpee Jilsl Sel cdls 5 U3
Sl G ol slaal b mls pl oS ol e sl
4o Sl cale el g cpdie el Sl ol
Sl 5 ab) 15,5 Jiss5 slaese 53 IS endenl Sl
o Slanges 53 Ol 5 BB el BI1(OTA4
Sl W 5 i Sl S il Wl 4 el S
oS Gl g Ol w0 JT ol Gy sl

Sl Cxge bl LSl eslimal a5 Jls s


http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

4 Ol e _9]‘_?\, grers

VERO VY o led /10 M/ alE 5 SIS 5 anl bl

85l (155 SO G 0 gon it Dlis 555 p ke el 5 SIFT sl i gaclale S bl 428 ) s

Sla e ke
T b L s G T 1 L
solee ) . ol 5l _ 28 A Ao - Sl s ml
, BENT Js g & el s _ ) ]
JS Glas! JS Il O geoed 25
oy A Ve y" V/o.ms OA/NEA™ /e Y Al 0SS
o0 /v 0¥ /g Y/09%* VAR o/eqr ¢ Hles
o/ o/ v/\o «/01 OV/AY4 o/ VY o
VoY Vo4 ARVARY Vesan VV/AV AR - (L) &N s o
J‘}‘;'QMJ;.'F :ns cM).S \ 9 0 chw BL J‘é‘;'dﬁ ssesk K] L
_ 1.4 - a
¥ 1.2 ab ab
’J' be
L) 11 [
D108
—;: = 0.6 -
2 0.4
¥ 02
0 T T T T
control spl sp2 0x2 0x4

Blis Sy gl 03, (K S0 5 0

b
-~ A
-’{:
30"
hy
N
X

80
70

50
40
30
20
10

control S

Yot bl o lals

il

(Vsak) bjleg clals

O gesl 75 JU ksl Olppe s el 5 SIIET sl Cilities glacdile 56 ) s

ol S5l 3051 5 eslizad b Ao s o) c1=.~ 25 15 gme VS o okl

ab
be ab
I I |
pl sp2 ox2 ox4

okasOLES AA.U'.G J}}’- Q}:ﬂ r.;) Lﬁf;;;‘,}' [ X S < WQJ 0‘}7‘45. 0-1-*:‘14“"3 &:ﬂ}fﬂ .X:.w‘ ilises ‘_;Uhg';w ;‘ -y JS,:

Al 313 3051 51 e3lizul b des s T g 53 Jlsgiae SN pus

ErOgUl et)bj.&d/a L§)|.L@.<J 093 v.]é Uéo_}:./a BE JSJJ.XN

Tavarini etal., ) 555 o Jbd sl Osapn 50 o 050

s 3l e sles &S Wlesls QLS iy Soladllee (2009


http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

] Cﬁ"f"ﬁ""‘ 3 ».(:.“}f‘ .\:.w| —ilisee ‘5LA¢J§.\5 ;‘ Z‘;:.hj}; —u.o.lﬁ Jlae

O 5 Pl inr o

9 - a
8 I be ab be

_3* 7 A c % 1 .

& o~ 67 T

4 ke 5 -

3 by

iy ~— 3 -
2 -

w, 7]
0 T T 1

control spl sp2 0x2 0x4

S| rJ& ok olis QLS.A d‘gf ‘;IJ.;A:J‘}I o gm0 3 J")au J..Al> :‘y Q‘J.:ﬁ 2 w’J.:A}:J K ‘S'-'-'”)§| .L_.'.u‘ alises -V Jg.::

Ghobani and ) <ol o3 e il o35 dsb 53 OS] o
.(Najafzadeh, 2022

Sbesls Suills 4 mls bl 1 JS Aigs
5 oo el il glasles U (g )l S el
Jlazl mlass 55 0500 IS A3 5500 (glme  SUIST Al
Wesls oSle dslis cpiaman () Jsdr) ol ls sms 07,
Sl ore Ol Calisee slajles 5 dals y sls OLAS
sdalic (g ols sme Ol Lyl o oS Sy g3 St
U el sl Plsss e s (00 JS8) ax
5 ab) spde LSS Ol Rl o pe 3
aS ols QLS e 50 8> S5 p Ges QAR S FPUPESE
0 IS S5 gl Bl el e el 158
Slege 5o (V0T OLKes 5 P rl) 5500 baeye
Ghasemi et al., ) J.Lx «(Shin et al.,, 2008) S i s
L 740 OLKen 5 Ssbemassl soxw) Osu5 5 (2012
Olpe odlsy 3 b 5 Saw, s s,y
A3 e g S eslinal Al e 1Al ST sl 5 gD
4SS o S S LSO el 5l e ge D - e
315 54 Jiuui)ljf 2l Glggeen ol G C—LL’JL
Fonme 5 Jb olse i s |, SIS sl e O S
(Ozetal, 2016) das o Ol 15 LS50 55 Land 5500

s s b bl 1S SlenS T BT b b
o SIS sl i sl s ) 3 slales Waesls

ol S5l 39051 51 eslizul b dus s T g 53 s

L ocdls 3l m Ll .(al, 2023; Shi et al., 2025
JS dslome el slpe Slsjime (I Crmse e el
SSaee o pl A3 e Jsb s ek esm s (TSS)
Slaslp e b 5 bad g el Sl st el
Colak ) 1S oo KaS 0500 CutS L 4y &5 ASL S sl
(et al., 2025
RS sl 0L laesls Guilsly ap mls 1 g8
IS 8 Ol 2 ool 5 SIST Al il (gl e
deglie () Jadr) Sl Jls g 1Y) Sl mlans 53 6 e
ali p ocilie glajlad o ol 0L laesls ke
Ot Layles w45 Jl s 305 34m s (5513 ome 3D
2 Lol L als 2l (8 IS2) i sdalin (gols e
b EalS s Sl b b 0 b
S|P N P VOSSP T Y e PP PR (KW
ST el oo sbasha 5 baogon 3> S 15 Ole
WLl VI sl oadls s 4 ol Ses
Hajilou and ) .l (phenylalanine ammonia-lyase)
S plaose sls 0L 15 LS5l s i3, (Razvi, 2016
Lzl W 5 sl i b les SIISST A |
Sl Sl e el L Sleg (Y44 G sls 5 Sle)
L Bl aysn 4w b 5 laege 53 IS L Ol
e oS 3 e bl OYR8 a5 D)

Slap 31 Clad o (51531 s 4 Jb LS 5 48


http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

0) O 5 J > o \i‘O/VYe,M/\O.L\a,/"ghl_f:;ﬂ.fj.\'.:i)éq,:.}

3_

a .
jjq- 2.5 -
30

- 1.5 4
“,
.
3 2 05
A N ‘

control
¥ bjles clale
phe e a0l wlie Sy O gl =3 SRR 53 0 g JS B D5 cpides el 5 SIS el il glacdals 31—t IS
el 5313 O 051 51 eslizal b das s T g 53 Jla e VS

1.2 -

1 -
0.8
0.6
0.4
0.2
0 -

control

F35 dalas p 5 ) 155505
Cogoe O3 {t; Yor g e

(JY_,-‘L;L:‘) LﬁJLn-:-TLL-E-Lb
sk olis A.a\..‘.a ujf g_,..M VJ) ‘é.uéuy PL) ay‘}s.\.oy})\a d‘,ﬁjd.\—dﬂ‘}&ﬁ‘}‘ M‘MG\A;.H.FJA‘—O JS.‘

sl S5l B 051 5 eslizul b dus s T e 03 Jla e O g

%1.2—
T
R D 08
_13; 0.6 -
!1;?0.4—
w 202

5

control

alie By Oaedl 3, (KPO5 oge eSS S b Ol ol 5 SIS dl oo glaclile b s

ol 5313 0 051 51 03lil b Aoy N LR PR D REPRIIES

M s s el Sl e Syl ke Sine 1) el o 53 oge IS ST 5T g b

Ot Kdes 4 Cond Ll il 3 Sol> s Laesls wf;l.:a awslie ol o () i) ol


http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

] Cﬁ"f"ﬁ""‘ 3 ».(:.“}f‘ .\:.w| —ilisee duwﬁ ;‘ Z‘;:.hj}; —u.o.lﬁ Jlae

San 5 Jmle i OY

& S domi
il gkl Lol 5 SIST dd sl sles
O3l 03 (R AS 5 o5 AS Sl Sis 2 sl S
6 Ve e Yo ) slaclale U s el les il
Wals L oS 00l 0L ope IS Sl BT e B e
LB ol cble sl Ll ol (ol pae D
L SUIST dd lajlas « Jlie L3 A2 sdalin g5
SIS b gl e sl &= Ny do b 5 Y glackle
Vo oo £ clale U SIS doad o el aals L
R A P I YRR W PR [
5 Y5 e Y5V Gl lale b s el Sl ealinal (2ulg
Sl e Ve e £ 5 Y glackle L SJIST ol
oy 03 S S S lgee Al 5 o see Doy Do
Olpe 0 Llg e S5 ol A 05l (3, S 3s
S50 53 Wo s oS 25 5 Lo 5l J5e (5 8,

T PBLLY

s & SIS sl Sl a5 J 3 A sl (613 ns
OLES (gl s u%lﬁ»bb&ﬁ@mw
5 GUNduz Law g sdlelsl Sldlas (T IS) sl
53 Slst w5l e b Ol oS sl olis (YY) 0K
odisdh el G LS5 o Bles biogs
T N A L]
Aros oGSl sl el L Y s LU
3V Woses pmad 5 diteus Spslie il Jaoms (sla i
LUl sl e Sleser 5 slads Cls
Olanst 5T VL e b 51530 (Lata, 2008) X505, 55
Sl et WS e el 5 SIS Al L
G a5 b sl S wab s Je glad S
Razavi olualie 4 4> 5 L 55 o fol= PAL lag 5
cble U SUIST aal Jgows 3l eslizad (Y+)1) Hajilou
e I L R
Sl o g 53 A g GlAS oS S 5 OS] ST
Corgo edld 31 e Lol o Sl oS ol 0ds 5,158
Razzagetal., ) s5,5 » IS SlasS| sl e b xiy bis

(2014

c\:..a

Lo X3 JJ.:AJ.:M\ CMS:\JJ.: )\ J.é :J_UlS J,,:.'?‘L':' (\i'Y’) J.M;-Jw cder} Jﬁ.:l& 9 43@@.«: ud.:b-\.@)u\w cjw c}f"'
10.22034/FR.2024.60120.1918 1\ Vo) +) (1)1  oLis wlics (sl tns ko o3 55 53 Gloslil s 35 5 Sk

WATLSLi g.,.JJDJJ )‘ o Jﬁ)ls (Y4 le ‘osbmﬁ\ﬂ‘ 5 odge cw; ‘LS‘ZTJ'“'\?“ ¢§Mb sl Ql}f g

Sl s psle 4l (Mangifera indica L.) 45l 650 glaeid jae 5 Syl CdS 0 (gosabse Ll o 55 il
https://doi.org/10.22067/jhorts4.v31i4.60625 V1o-VYVV (£)F) ;(‘;jjjuf@wjvip)

CJLMSJ: Q‘J.J (S$I) 090 CMJ\JJ.: QLA) j:J‘U (\Y"\O) BVYY ué)ﬁ)pﬁﬂ L;’L.,aﬁ) 9 3 sawe LJ\}.}V-\A’L; M.E{M ‘L;?jlz‘))‘ &4..:...4)

£0-Y0 ‘(oV))r‘“ﬁué@L;,ajf,& s 5l adlas > (Oleaeuropaea L.) Oy ool 51 & 0 855 ‘};\J%MS\Q;;T

‘;tubfdjtﬁd_’-blﬁ» V-;) ¢}ﬂ 0 g0 L;lﬁ)u‘jd:n]t;li t}_v J:Jt' (\VQi>)ﬂJ3 4&.\*@4 @‘)}gjw- cjjfb- cLu.& s(’lﬁ Allbg.&

E4-T0A (96T

il e (b 535,80 035 155 0 CokS e el s slac kil U OTA) Jaar sl 5 e b
https:/doi.org/10.22055/ppd.2019.28168.1703 £ VA-£+4 (¥)£F( alsS coli) s . uils

($33S s 5 el DLl iz Gl 3 (65050 e (1T4) al ol o oS


https://doi.org/10.22034/fr.2024.60120.1918
http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

oy O Ken 5 o b jan VEVO VY oylad /10 Wi / Al 5 SIS 5 T b i

Qb.@.}' amb Q‘)L:..b‘ JL..C«L) (:jl& B d\@.f:; Q;AK.:‘.&LG‘)T 6@02‘)) (\Y’/\i) 4.:‘)]3 cdtl.>u 9 ‘d""’ﬁ cdﬁjl..wd
ErIObOtrya ) L;i‘j JS‘)‘ ajﬁ.d &W}f 9 LﬁA»S (.;LAL;J”'.{} J.) .,\.:.w\ ;‘<Z‘.j\j§‘ j:\ (\Y’QQ) )Jj.:‘ g)j.:('..;u 3 ‘JQM} sLS:Lx:A
DOI:10.29252/fsct.17.12.09 N+ Y-4\ (\+Q) 1V /e o s psle ool sl ¥ (japonica Lindl

Ahmed, M., Ullah, S., Razzaq, K., Rajwana, I. A., Akhtar, G., Naz, A., Amin, M., Khalid, M. S., & Khalid, S. (2021).
Pre-harvest oxalic acid application improves fruit size at harvest, physico chemical and sensory attributes of ‘Red
Flesh’ apricot during fruit ripening. Journal of Horticultural Science and Technology, 4(2), 48-55.

Alcazar, R., Marco, F., Cuevas, J. C., Patron, M., Ferrando, A., Carrasco, P., & Altabella, T.(2006). Involvement of
polyamines in  plant response to abiotic stress. Biotechnology  Letters, 28, 1867-1876.
https://doi.org/10.1007/s10529-006-9179-3

Amorim, T. L., Medeiros, D. D., Oliveira, A. D., Paes, R. D. A., Junior, W. S., & Moreira, D. A. (2017). Gibberellin
and polyamines in plant growth, development, and postharvest senescence of ornamental plants-a review.
Amazonian Journal of Plant, 1, 1-13. https://doi.org/10.26545/B00000X

Anjum, M. A. (2011). Effect of exogenously applied spermidine on growth and physiology of citrus rootstock Troyer
citrange under saline conditions. Turkish Journal of Agriculture and Forestry, 35(1), 43-53.
https://doi.org/10.3906/tar-0912-563

Anwar, R., Gull, S., Nafees, M., Amin, M., Hussain, Z., Khan, A. S., & Malik, A. U. (2018). Pre-harvest foliar
application of oxalic acid improves strawberry plant growth and fruit quality. Journal of Horticultural Science and
Technology, 1(1), 35-41.

AOAC. (1984). Official Methods of Analysis of the Association of Official Analytical Chemists. 14" Ed. Association
of Official Analytical Chemists, Arlington.

Brand-Williams, W., Cuvelier, M. E., & Berset, C. L. W. T. (1995). Use of a free radical methods to evaluate
antioxidant activity. LWT-Food Science and Technology, 28(1), 25-30. https://doi.org/10.1016/S0023-6438
(95)80008-5

Chang, C. C., yang, M. H., Wen, H. M., & Chern, J. C. (2002). Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. Journal of Food and Drug Analysis, 10(3), 178-182.

Colak, A. M., Peral Eyduran, S., Tas, A., Altun, O., Gundogdu, M., & Ozturk, B. (2025). The role of spermidine in
postharvest fruit physiology: Effects on quality characteristics and metabolite content of sweet cherry fruit during
cold storage. ACS Omega, 10(10), 10567-10578. https://doi.org/10.1021/acsomega.4c11222

Dennis, F. J. (2000). The history of fruit thinning. Plant Growth Regulation, 31, 1-16.

Erogul, D., Kibar, H., Sen, F., & Gundogdu, M. (2023). Role of postharvest oxalic acid treatment on quality properties,
phenolic compounds, and organic acid contents of nectarine fruits during cold storage. Horticulturae, 9(9), 1021.
Garcia-Pastor, M. E., Gimenez, M. J., Valverde, J. M., Guillen, F., Castillo, S., Martinez-Romero, D., & Zapata, P. J.
(2020). Preharvest application of oxalic acid improved pomegranate fruit yield, quality, and bioactive compounds at
harvest in a concentration-dependent manner. Agronomy, 10(10), 1522. https://doi.org/10.3390/agronomy10101522

Ghasemi, Y., Nematzadeh, G. A., Ebrahimzadeh, M. A., & Dehpour, A. A.(2012). Influence of harvesting date on some
physicochemical properties of nectarine leaf and fruit. Journal of Medicinal Plants Research, 6(43), 5552-5556.
DOI: 10.5897/JMPR11.1207

Ghorbani, B, & Najafzadeh, R. (2022). The role of melatonin on postharvest properties of sweet cherry fruit cv. Siah
Mashhad during storage. Journal of Horticultural Science, 36(1), 71-85.

Gunduz, K., Saracoglu, O., Ozgen, M., & Serce, S. (2013). Antioxidant, physical and chemical characteristics of
cornelian cherry fruits (Cornus mas L.) at different stages of ripeness. Acta Scientiarum Polonorum Hortorum
Cultus, 12(4), 59-66.

Huang, H., Zhu, Q., Zhang, Z., Yang, B., Duan, X., & Jiang, Y. (2013). Effect of oxalic acid on antibrowning of banana
(Musa spp., AAA group, cv. ‘Brazil’) fruit during storage. Scientia Horticulturae, 160, 208-212.
https://doi.org/10.1016/j.scienta.2013.05.041

Koushesh Saba, M., Arzani, K., & Barzegar, M. (2012). Postharvest polyamine application alleviates chilling injury and
affects apricot storage ability. Journal of Agricultural and Food Chemistry, 60(36), 8947-8953.

Lata, B. (2008). Apple peel antioxidant status in relation to genotype, storage type and time. Scientia Horticulturae,
117(1), 45-52. https://doi.org/10.1016/j.scienta.2008.03.011

Martinez-Espla, A., Serrano, M., Martinez-Romero, D., Valero, D., & Zapata, P. J. (2019). Oxalic acid preharvest
treatment increases antioxidant systems and improves plum quality at harvest and during postharvest storage.
Journal of the Science of Food and Agriculture, 99(1), 235-243. https://doi.org/10.1002/jsfa.9165

Martinez-Espla, A., Zapata, P. J., Valero, D., Garcia-Viguera, C., Castillo, S., & Serrano, M. (2014). Preharvest
application of oxalic acid increased fruit size, bioactive compounds, and antioxidant capacity in sweet
cherry cultivars (Prunus avium L.). Journal of Agricultural and Food Chemistry, 62(15), 3432-3437.


http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

] Lﬁ'\:‘ﬂ;""-’&ﬁj‘}f‘ J.y‘&h?'ud‘.&dlﬁ ;‘ ZL;:J}}:—L;AJ& Jlas b‘)&ﬂ})ﬁbk 33

https://doi.org/10.1021/jf500224g

Mirdehghan, S. H., Rahemi, M., Serrano, M., Guillen, F., Martinez-Romero, D., & Valero, D. (2007). The application
of polyamines by pressure or immersion as a tool to maintain functional properties in stored pomegranate arils.
Journal of Agricultural and Food Chemistry, 55(3), 755-760. https://doi.org/10.1021/jf062985v

Mostofa, M. G., Yoshida, N., & Fujita, M. (2014). Spermidine pretreatment enhances heat tolerance in rice seedlings
through modulating antioxidative and glyoxalase systems. Plant Growth Regulation, 73, 31-44.
https://doi.org/10.1007/s10725-013-9865-9

Oz, A. T., Kafkas, N. E., & Bozdogan, A. (2016). Combined effects of oxalic acid treatment and modified atmosphere
packaging on postharvest quality of loquats during storage. Turkish Journal of Agriculture and Forestry, 40(3), 433-
440. DOI.10.3906/tar-1509-12

Razavi, F, & Hajilou, J. (2016). Enhancement of postharvest nutritional quality and antioxidant capacity of peach
fruits by preharvest oxalic acid treatment. Scientia Horticulturae, 200, 95-101.
https://doi.org/10.1016/j.scienta.2016.01.011

Razzaq, K., Khan, A. S., Malik, A. U., Shahid, M., & Ullah, S. (2014). Role of putrescine in regulating fruit softening
and antioxidative enzyme systems in ‘Samar Bahisht Chaunsa’mango. Postharvest Biology and Technology, 96, 23-
32. https://doi.org/10.1016/j.postharvbio.2014.05.003

Setia, N, & Setia, R. C. (2018). Polyamines: An overview and prospects in crop improvement. Punjab Agricultural
University, 21, 376-393.

Shi, Y., Gong, Z., Cao, Z., Hou, F., Cui, W., Jian, F., Jian, J., Zhou, Q., Wang, W., & Wang, Y. (2025). Mechanism of
oxalic acid delaying browning of fresh-cut apples mediated by synergistic regulation of phenol metabolism and
oxidative stress. Postharvest Biology and Technology, 2257, 113609 (article preview).

Shin, Y., Ryu, J. A, Liu, R. H., Nock, J. F., & Watkins, C. B. (2008). Harvest maturity, storage temperature
and relative humidity affect fruit quality, antioxidant contents and activity, and inhibition of cell proliferation
of strawberry fruit. Postharvest Biology and Technology, 49(2), 201-209.
https://doi.org/10.1016/j.postharvbio.2008.02.008

Tavarini, S., Degl’Innocenti, E., Remorini, D., Massai, R., & Guidi, L. (2009). Polygalacturonase and [-galactosidase
activities in Hayward kiwi fruit as affected by light exposure, maturity stage and storage time. Scientia
Horticulturae, 120(3), 342-347. https://doi.org/10.1016/j.scienta.2008.11.013

Zhao, Y., Xu, C., Shi, W., Huang, T., Yuan, S., Yue, X., Xu, X., Feng, B., Zuo, J., & Wang, Q. (2025). Effect of oxalic
acid on the postharvest physiology and enzymatic browning of fresh-cut potato slices during storage. Scientia
Horticulture, 350, 1-12.

Zheng, X, & Tian, S. (2006). Effect of oxalic acid on control of postharvest browning of litchi fruit. Food Chemistry,
96(4), 519-523. https://doi.org/10.1016/j.foodchem.2005.02.049

Zhu, Y., Yu, J., Brecht, J. K., Jiang, T., & Zheng, X. (2016). Pre-harvest application of oxalic acid increases quality and
resistance to Penicillium expansum in kiwifruit during postharvest storage. Food Chemistry, 190, 537-543.
https://doi.org/10.1016/j.foodchem.2015.06.001


https://doi.org/10.1016/j.scienta.2008.11.013
http://dx.doi.org/DOI: 10.22034/15.72.45
https://jispp.iut.ac.ir/article-1-2222-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-13 ]

[ DOI: DOI: 10.22034/15.72.45 ]

00 O Ken 5 o b jan VEVO VY oylad /10 Wi / Al 5 SIS 5 T b i

Effect of different concentrations of spermidine and oxalic acid on some
qualitative characteristics of strawberry fruit

Jafar Hajilou®, Ali Javadi Dodran and Mehri Saadati

Department of Horticultural Science, Faculty of Agriculture, University of Tabriz,
Tabriz, Iran

Abstract

Fruit quality is one of the affecting factors in the production and consumption cycle of horticultural products.
Nowadays, the use of some chemicals to improve fruit quality characteristics in the fruit industry is of interest to
producers. In this regard, the present study was conducted to investigate the application of different concentrations of
oxalic acid and spermidine on improving the quality characteristics of Albion strawberry fruit. The experiment was
conducted in a randomized complete block design with 5 treatments (concentrations of 2 and 4 mM oxalic acid and 1
and 2 mM spermidine and control) in 4 replications. The substrate used in this experiment was 25% cocopeat and 75%
perlite, and after planting, the plants were regularly fed with Hoagland nutrient solution. Foliar spraying was carried out
8 days before the commercial ripening of the fruits. After harvesting, the fruits were immediately transferred to the
laboratory of flowering biology and fruit growth and development physiology, and after extracting the fruit juices,
quality parameters including total soluble solids (TSS), titratable acidity (TA), total phenols, total antioxidant capacity
(DPPH), total flavonoids, and vitamin C were evaluated. The results showed that vitamin C was increased from 52.5 to
76.5 mg/100 g, and also TSS and total antioxidant capacity were promoted from 5.85 to 8.05 brix and 0.82 to 1.07
mg/100 FW, respectively, by using 1 mM spermidine. Oxalic acid had a greater effect on treatable acidity (0.76 to 1.16)
and total phenols (1.5 to 2.35 mg gallic acid). The materials used in this research can be used by producers in the
modern fruit industry by slowing down ripening and maintaining fruit quality.
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