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The Effect of Postharvest trans-Cinnamic Acid Treatment in Delaying the
Senescence and Improving the Marketability of Strawberry Fruit cv. Monterey

ABSTRACT

Application of natural and safety compounds is an effective method to maintain the quality and improve the marketability of stored
strawberries. In this research, the effect of trans-cinnamic acid in delaying the senescence, maintaining the quality, and improving the
marketability of strawberry fruit cv. Monterey at the end of the storage (10 days at 1+1°C and 24 hours at room temperature) was
investigated. The postharvest treatment of trans-cinnamic acid in concentrations of 0.1, 0.2 and 0.3 g/L reduced ion leakage,
malondialdehyde and other aldehydes contents as the indicators related to strawberry fruit senescence. Also, trans-cinnamic acid
treatment increased total anthocyanin content of strawberry fruits approximately 12.5 %, 19 % and 14.5 % and total antioxidant activity
of berries 6.8 %, 10.7 % and 9.2 % respectively compared to control one. These results showed a negative and significant correlation
with senescence related parameters. Strawberries treated with trans-cinnamic acid had better color and taste compared to the control.
Statistically, trans-cinnamic acid did not show a significant effect on the firmness of strawberry fruits. Also, trans-cinnamic acid in
different concentrations improved the marketability of strawberry fruit 13 %, 20 % and 9 % respectively, compared to,control one. In
general, the results of this research indicated that the post-harvest application of trans-cinnamic acid,‘especially at the,0.2 g/L, has
considerable effects on maintaining quality and improving marketability of stored strawberry,fruits viaydelaying senescence and
increasing the antioxidant activity of strawberry fruits.
N\

Keywords: Correlation coefficient, lon leakage, Marketability, Quality indicators, Total antioxidant

N\
N

e 9 G 00 Wgy S INge U ) 3 il Soliww — ou 7 Sl 39 31 o) slowi il
S 990 p8 5 (5 Y09l 0 ga0 (G 4131

oS>

o ol 8B e gl 50 bl o Bl ot 0093 > (SSBC9 090 (i)l 392 9 e Lai> 3 o (39wl g (e LS 5l o3lin]
18) (S BEG 0gra SN ik 2952 NpsS (sl et Ls i (yizmen 5 Jgeane Jlgj g sy Sy BIN] 53E 4 5 Sl Sslipus — il il ]
sadale ;5 sl Kool — pu/BEES)S )18 )y dy90 (36 (slod ;0 el V¥ 01,5 il a0 VE Y (glod 13 50, V+) gyl )lil 090 (L 45 (55590
=il iz BB o 1T 0> (glle ¢S Culi i (S5 RC 0me sy b Laiye sloaSld oo case 1) p)S IV g oY o))
FIN i 4 (S &5 Blboses IS Slans1 5l b g 003 VEID 5V OV/D 0 4 S leosi] s (I g0 i 4 gl Sialives
Sobizr =g 250> G (53055 0900 5y b bai e STy Jlae 13 )P ine (Ko gl (] &5 48 Jald K905 4y Cupd 203 UY 9 V4V
V) el Sgolizes =yl 385 5 bogre (s 2 (5l gine 535 (o lel s 51 g bl (S g5 (slmoges pabo dgute 5 Sy ey Cate 13
oL 3yl ol cuils aald cladiges & Cans Mo )3 A g Ve WY 5 4y (S5,8005 ogxe (siann sl e )3 (St U (i) 2 pyS /Y g /Y
S 9 oS > SlanS1 T Clled (I3l s g5 5 sm b Baspe slostiSly Jlae )3 e 8B 5 28 1Y sl Sl — o8 s

sl 42815 (10,00 0yg3 bl 3 5 g5 (s il

i i o St i o 45l s L3 et il oSS ST T {0 31 g S

EVRY-T



.
¢y
A
€9

o)
oy
oy
o¢
00
o1
oy
oA
o9

A%
1y

ay
¢

"
1y
TA
!
Yo
\A
\At
A
A&

y1
A%
YA

va

CuiS 3y50 oz puoljus 53 03 1S Cjguody &S WSl o YU (i (55,1 b Gpuanyy sloges (Fragaria x ananassa) 30,8¢q5
oyt o 0393 3 e ol 8BS oo 55 5Le 5 (5555 SloSagl & Jpamee ol 5V ol Skl b 365 0 15
suo glod bulyd 0 (8005 090 (6)B ke S yskay (Sun et al., 2020) wil o Joasto cpl ddye g Adgi 1> pho OIS
.(Romanazzi et al., 2019) \ib o 59y Y= ¥ 295 10 3,8 il dod Ve YO lod Laylyid 3 9 595 V0 255 )3 01,5 il a5y
Pl (509 B8l Sl g oS bais I [ g S50 (saisyglis g laby) dawgi sl yotue GliioS (> (o &
I8l ul3Bl 5 S L (sl 55 sy ol 4 s Lage b S5l g oll Sl 5§l eolitl 3 sla JLu 55 258
wisn Bl Wl Sy les 4 sl Sl o (Peretto et al., 2014) coul a8 jl3 o Sigh dogi 3)90 (L OV gazs
(Shi etal., 2024; Wu et al., 2024) >)l> Claal -yl 4 Slowwdmgs (55550 it gllao

Y1 8 osmliels oo 31 5 il S s 5 85 el (o 3 Silogs] dpl SiluS 38 Sy b ol
08 dablona (Sl yus 15 ¢ 09,50 1 ¢ SISl (ols (gl sl Salivus 2945 o o SMgel (YT S o 5 Lo
g cege ol OY gane 3l g AT o JISuly b 09Ul claal Byl g 0k e (LINSG AN 15 s s
pilg) 3 slare odlo Sy s 4 Silogl ool > & sl Sl izmadlingd oo O3l sla JEG0I, (e, B65 (sla ST
ol Kol 51 ookl 1450 Jlo ,5.(Ugazio et al., 2008) 3,5 o 5,5 odlituhayge daiol)] 0di g dlgal g Bosims pabs ¢ il
3 Al Kol =il 13U oy csimghs ol 5l i (Limet al., 1995) cosModcsy FDA' 1l syl o o clizie o
P2 $590 08y S REG oga (Shkum il gntp 9 kS B> e, Ngaighan Wigy BN ;3L & g g5l L5 e
b o (361 slod o el Y ;l)fd‘&‘\;-)s VEDY Gl )3 gy V) ol o9 LU

N\

R 3 At
&ylew <(Lietal, 2023) couw L3 0 Llly SO (556 (olow J5iS )38 (550liS Lisu o o)) Gldiiie g duwl Seolipw Jamily
ol 00 535 puddoee lawgs (Moreno-Robles, 2023)  w 5,2 e Ay Hle g(Yangetal., 2023) yois5 Sljge wgpg
Y guao (5B silogial 8l § oS i By 51 Gy slaglon J5S sl 3 Jriliy o] litite g doad Siolinws pprizmon
Jsle Geotrichum citrisaurantii z,l8" glacan Slowdl Wi (v 50 5,4kl sl Seoliw (Zhang et al., 2023) W)l 1, £l
olyon ) s slow )8 S po &S 5t oo @n (sl JoSde dlox I n ol Clgizes Culi crge LS o ()5 (Shewy low
oS 3o GIELy i st BB pssle Jsbo L Colas 56 3ok 3] dpul Spolizs (Cheng et al, 2022) 515
Sl Spolins (Jbs s )8 0 (655 s> 0 Ll oSSl slaas 45 Botrytis cinerea g 8w jl paiivne job 4y Jlad oy 5uS]
Caglio il Blharago olS GO s > > (sl e 4 1auT 6 L 5 hasuSTy (slo il il Sulidl 3k
CuS baos )d sl Seliow Olitine jl oolaiwl pixed .(Zhang et al., 2015) cuwl ouds (6 S B S 5,6 (gylow plp 0 olS
2oyd "] Kol S 920 —F i )3 Jge 95500 Voo 3,08l atily isu cols, s £b &V game (o) Bule iljél g
a ) i S g dpSlge gl (635 JSS wiilled oalle lyme (S i 5 (A5 logtd i @ S (5L
(Hu cool 4l J5° a1l el 5 st (1 slom sl clld s cate 16 Jopus 10 g 03l (ilS (65K b
(Huetal., 2016) S5 )5 ohs (clogad Jlae » )] litio ¢t Syolinw 5,0)8 5T Logas 13 (3ast0 gl et al., 2015)
Dy 4385 ploil Clidss illas pires (Cuwl ol (1)155 cudld 5 s 093 45 (Xiao et al., 2022) ol ogu0 06 sla yop o
slod 3 )Ll 59y YA Sl g asl ogee (5)5le (yalj8l g S Lais )3 2lBlet 51 dal Solizw olpod 41 (0)e &ouo (ST)o5
i baas 3 1y 18l o ity 0o yd 1Y sl Soolinws olyod 4 3o d Yo oje Gows o aSy yshay ] asls 31,5 sl a3 VY

! Food and Drug Administration
2 4- Methoxycinnamic acid



A
A
AY
AY
A€
Ao
A1
AY

AA

(Gill etal., 2024) x5us Jobo o)l muan ;> 35 slaws 31 flgie a0 j ok o 5yl o piSS ¢Uo s SYE b (slags 3l

g3 sl gy

Bogmo slow 9 5397 9

olSutslojl 4 abolddly g b bl dnogl b )3 @Bly (5o SISLHIS ) JalS' (585, Al po 1 (6590 o8y (S5 ,B055 slmogee
Sl izren 9 5 g 03l sl ) LSy e (805 Nl S dneg)l oty (659l oSl culs 5l (535190 528
B85 s 3 lS 500 4 55 3y90 (sl Jloxe L o it 5 25 5l (ol ib slaes loxinl 5 (ol 455 n 5
flosn Ve 53 o3e gl ) a5 3p9m s Lnl 2y S 1Y 5 1Y ol (Sl 5 el Sl — S s 445
oyS Lol b g ags dlge cpl 5l Glas Jolore dids Yo Cide 4y ygamwlSiigu olKiwd p3 bolsto 315 5 wolg i > sado
3 g B g dbo ol i (sla Jole J315 13 aiE ¥ e 4 OB g5 (clbogue b 0biloy HaS 3590 oy shadie
Vo slod 53 joy Vo Cde g (gt (e Sl YoxVNOXNY) sl L slaass o 5b1 gles Ja.,.l&a Logee JolS fus Sis
2 I 9y Ve J) ey Bogre adsS 2L (sl 00 Hless e O oy JBkS (sladiges S8 lakal S 5l 42 )0 VE
wlondsn g S sl asls Sbj)l gly (61 pdises Luw TS ()l LT RLes o sl VY ids & adiges (ol (slod
85 ol jlas 3)90

o L duloxo g 0yoit i 8 Bkt cpH 1 Jglxo o> S50 o w0 (5 503150
N\

yo gl o oK) lawg (S 3Cg5 ogue I pH 4 (ATAGO, Japan) Ywd yiogSTy3, olKiws 5l edlatwl b Joloxe dols dlge a0
STL Y s 4 (5,805 slaogae O ¢yl 25 B as sl ) jue |\ Gnd (sl Ab (¢ xS 05105 (PH-Meter CG 824) Jbusus
o5 e ot I gl e 285 ool AT Ny gy B JUAE <1 g0 Jolons b el 55 Jac 5 00 355 e
Ol s b (S 8g7 (claogee pabo a3l Y(Bellincontro et al., 2004) s yo)l55 5 duobros oylas jid oo )0 dual S mn

A dwle ogee S dsseusl (5o 1 Jolre ol Slge

\ S (5 50 j1wl
o ¥ Cop 4 jeome (TexturerAnalyzer TA-XT Plus, UK) Jlusud o (st o) lawgs (35,805 (slaogue cély  gduw

88 ol yia e p BISOLS g 4 guls b (5 Sojlul yie e £ D985 Bes g Al g po e VS Ca o b e

Ky s ali g 5 03l

(Chroma- Meter CR-400, Konica Minolta,  Jlsl — awlSel yegeg)S olSiws jl oolaiul b onds jlaw (8055 (sbogue ST,
9 B ol oliwd Loy (635 =) D™ g (6308 —samw) @ (Sopi— olidgy) L (slaadls .L5us (¢ puSojlul Japan)
dusbro @7, b (sla a3 ls WS L (Hue angle= [arctan b/a]) s 46l5 o (Chroma= [(a™+h™)%%]) 5,y Loss (sl ol
.(Jiang et al., 2011) x4

(P90 303 9 (5 W CudS ilul 3 Jgameo (G 3130 (i 30 (30 3 5!



WY

VYo

RN
VY

AREA
Y4

Sy S35 Ol Sy i 6,0 S (ln g3 5,5 5 3L ol g9 ol 2 S5 slbogen (st i
Cigmd (3 1) g0 4 (8055 Aty o (13 V=0 (B3 0je5 9 (V Jgi> Ballas) slas g 0je ¢ Jgaze ()l Lu plonail b g (e

(Kelly etal., 2016) jlas 5 pabo ¢ gthos Sty (5303 Ol 50 el (S Glopadls bl yy (S5 BO55 000 syl e (Sbjsl S Y Jgr

S Bl 51 SO B med gl g (B 00

S0 WAyl e B Y I § IV 3 e
SxS S YT ()5 SS) Oy Jo 503 Jo 08 @y jo )8 R e 8 S5y & 05l )
9y 3008 g JolS S glrogre 9 2D jley (Sdey b olbogee
0w =mb
ol 5 o3 JelS Laogee N paise jlow oMo g9y i Sy e Hib b (SO0 Suis g Of S s | Sdpei
Lol sl b WSS 3 cugby (2ol g (S3yek  ogee 3 Cugh) ials WMo 903503 hogea
Jo il oS oSIE s g BheS WS
o)) yuo o > YO dio > O Ao YO o Ve | Sawg
sdalie BB Sl (9 raize glogd S5yl e b oS el ok U lawgtant; Sz @IS e e 00l
il o ST elalis) et Wy b g Stps) o gl oseo 5| ot b JolS
(S T \
T by b b s ibopyg b bl o 8l el o e Ba2 N SHsey et bl s e
oS
gephopb b Jle b goilliiop el GRAKTL (i Jp3 BB T L lmoges chind f aiblBgbl pab chind Sl b
RO ogee JuligS glhe oib >y 9 S ok o2 JB
LS AP Lalagl
e 5| Ly o Jle N> Jss L5 Gigns Syl Jhae i o hs
RO g pogae
\ 9 S (5 50 jINN

A odliiwl (8GN cBogwe o culs (liae oy ly (ELICO (R) CM 180, cell constant 1.04) ziw culia oKy jl
Jazo yladie O yio e Ve v (gl (glauind Cgyls s g o 0303 iy bawg 5l 010l o S5,8C005 0gue 34 Y .(Jiang et al., 2001)
(EC) (oSl colan aiid )3 5148 adds Ve ko dy (youmad] 1/ Hlid w5 il a3 VWe (glod) oMS g5l 0lSitwd jo bnainsds L0
Cosds 039 p)5 Vov ) ien) 955 e @l 5 A8 (S 0jlul 35 (ol 420 YO (slod 13 M1 Sl dms g [ lodiges
115 oalisol 15 Jgo i3 3l Sy el (liwe aslne (sl Cales 5 el
(2op) g et Giee= (595531 51 S EC — 5MSg 5l am ECY XS 31 51 LS EC)) x V-«

LUSWT Pl g WINT 88 (3a¥lo (5 50 31wl



VY
'Y
Y YY
VY'Y
AR
\Yo
Al
AR
YYA
Y Y4
kX

YEY
VEY

Yoy

Yot

\oo
Yol
YoV
YoA
Yod
Y.
ARy
VY

iy

oo SSo3ll (Sl 4 drmlona STy Joloxa 53 005 355 260 glle cline (e (sl 5 At (prelinnSTyy s
SR 000 28l )5 0 Sl stars = Jilgy =V 5 JBlie =) (JUISe =) ¢ JUbg =) (JUlgy —)) gl s 5 asle
Veree) Sonda il Sl g A3 6 pSo)las jYge (oo VIO EDTA g acp Ve sl Sl IS0 5 ol gl 5L 3 (e O L
S5 ybas (ol doyd Ve ol Siwlg IG5 51 i Lo Vb jglidigy 5 il Juo ¥ (4285 Vo bt 4 35 il a0 ¥ (glod 53 90
ploz lawgl Aol g o 435Sl 05 Sl a0 A0 (glod jo cslo ) Gdo & ool Jolore i baloes duoyd /5 sl
Jobo 5 eshaiie Of bauwg (gilosady 5l e B0d Sordytlo 4BB> Ve Ge 4y 50 Aree ) b 320 sladige b SE
OYY zgo Job y 254l 0> oyglle (bgelds oy .(Kosugi & Kikugawa, 1985) wuas cdlb jzagil $++ 9 YOO OYY (slazge
sosBlo p Jse VOF XV +2 s uly Y00 zgo Jsbo ) lagill lo ((dgols o s g st il 1 Jgo +/FOV XVP Lyl siogil
A5l e
15401 e> ygle= (Aszz- Asoo)/ 0.457x 105 M cm
a5l b= (Auss- Acoo)/ 1.56x 10° M cm?

Sraestwﬁ 25 031l

BY+ slazge Jobo ;3 9 ¥/0 5V cglite (slapH b osd gl seiwl gloe lae ClsSyldly (58005 slaoges S bl ()l
1Y 1) lty — 3] SIS 00 gt 30 2 ST L (5305 gt S (bl (A (S0l jieglh Ve
Qo Sl am o gyl slaoylas S0 630 5sen (PH: ¥/0) [ Yes ) Gl myiw —dowl Swl (8L o (PH: V) jYge
Voo g0Ve slazge Jsb j0 j580e (sl )8l b onds 2l sl (cladised .».\Vw)»lw 428> Vo e 4y bl glod p sl Y o
obwss] l5se (Ganhao etal., 2019) . ¢l s (Halo CB-20, UN-Visible Double Beam) yiogidg xSl ol5suwd bowgs yiogil
Foises Ve 2 RSl Y-pashe )5 (e Sygo 4 gl g dmble L1555 olS Y ppasls ((Bgeld ups jledlatal L

RO

AA=[(As10-A700)pH 1.0~ (A5107A700)pH4.5)]
Total Anthocyaning€oncentration = (AA x MWx DF x V X 100)/eL x Wt

059 W g (e 8l V) Juo Jsbo Mg (ol p yYoo s YAF++) 2558005 =¥ — sl (obgals oy 8 oy o) o,las
N\ {p.5) aig05

N DPPH" ol 33 JS (il 1 55T Cadltd s

Joloo 8,5 )8 ool 5yg0 oS 5l clld oo byl sly 2,2-diphenyl-1-picrylhydrazyl (DPPH?) slj1 JIGal,
FelgSen AFF 5 Y50 Lo ¥ DPPH" Jsloro iy Sin YA cao )3 Av Jilio Lawgs o gl Sl o5l iy Se VA (ggl> ST
Q@ (So,U bl g (B0 glod) o5 ol ax > YO (glod > (8,5 )3 5l amy dadiges Sl il culled e g (I 4Ll
(Caoetal., 2011) 15,5 81,8 1ogli OVD oo Jsbo 43 yiogidg yiSiml olSiwd 3l oolaiwl b dddd Ve ds

25 00l DPPH' g, 40 (lasasS1 T culled ke slys (DPPHY) JlSasly cusiles o ys=[(Ag-Ar)/AGIX100]) Jgess 5

(D905 Ll (500 1AL g DPPH® Jglee ol l5ue :A0)

Lod1d 5 boT Julwi g 4 32



V¢

S5 B ogme 3 Yo Jols tplojl anly y 48 05 plosil iloj] snlg VY Jolis )55 s by dslas MalS )b LB 55 gl

Ve oalawl b osly (ke dunlis 9 A oolas! SAS (Version 9.1) 138l o 5 51 sl ylg & 50 pbosl (gl g (il b sy 51
i A o3kl EXCel 51581 o5 5l o )loged masy (6l 28,5 plowl aoy3 0 g o yd V Jlois] prdaws y3 (S5l (glaiels dix 9051 5]
AR
A o9} sasl
11 i L g S At 00 Walo S50 (1 o 3 ! Suolinu— il
W lge o S anal @l (g (lipe 2 lsime 8B el Saligum i il 5l e sless Y Jgi2) eolsly 425 Jgde Gullae
A /Y glacdale ) sl Seoliw caiby p jl G Hles il dop V Jlois] pdaw (0 (5,857 0500 pabo (a3 li 5 Jolowe dols
WY e 4 Jaloe dols dlge i3l g (V-8 JS5) aoyd 1Y 9 VA /Y i &gl o o)l coge el g @) o p)S o /Y 5 /Y
WY sleogee JS didpwl olise 10 (60,0 VD 9 ialS yismed .0 Aald diges b duolde j> (V-DWSS) Lo ) SHAIY, 5 VA/N Y'Y/
YV A odalie (V-C JS5) i o p)S /Y g o /Mlacdale §d swheSiolinw Jhows 4 b )3 (S50 s5
WO Oieah nl 3 e B (K305 )3 (557 5eed) b bl sl (A8 plyis 4 JS el Jsbre salilye Cand
i 0y9 (b 0 (N80 slaogews Jolowe dol> dlgo yliee ]38l g abiuwl e (GBI 1> sl Kool juilyraS dﬁ.’;;ls Jb>
VY -0 JSs) asl ausly aals dges 4 Cuns (6588 pab 00 Hlowd (TR0g0dS Cunl 0 Lage Cuwl atily ()l Ll
VYA
yva I3l 0)93 bl )3 (5890 w8y (S BCg ogme lhesbgn 5 AN aSLE BPiy del Salis — i 15T Gl )ly w5 Jgie T Jgan
Slagyo lus » @
«
ppagly Koo @il SpA g oldy eDpeslE) wbole  JSdbawl gl )] Ot e
Jolewo
-0" o/ V/vans YIvs" AT VWAV AT [0 Ty Seoligws — /o
¥ <IN 55 <JoA -/ Ve e ofeeey ofens A
AZAN \A) FIXY viay \/Va FINS /sy AZAN <IvF Ol pdS oy g
«
ol 0 Sl @
[EXVERY| POy Wl ool S S J5 il g IS ol 5T gy l5b I VORI S H ) JUVES J o)
/vy e YA ov/eY” Yy Nirau [ooeyA™S oy Sl — il
S|
oAYS [++¥ Voo Wa! v/£Y /- [+++\0 A s
£y /-0 YY BIY v/as ol VIV KA JVES U0
(a2,2)
YA« Jopd ) 90 mhaw b gme (o)l pxe pie iy 4 9 * NS
YA
YAY
YAY



YA

YAo

YA

YAY

YAA

YAQ

YyY
Y'Y

Yo

(@ 34 - a (b)
3.35 - [ 5717 a a
l N 5.4 - _} a
3.3 b = 5.1 - _I_
_A.
43254 b b 3 481
_ 45
9] T b
32 1 g 1&) 42 -
3.15 % 3.9 -
36
3.1 = 33 ]
3.05 3
Control 0.1 0.2 0.3 Control 0.1 0.2 0.3
(5 15) dmsl Sooolisuo =iy (5 15) Sl Seoolius =yl
(c) 0.32 1 0 a (d) 21 - a a
3 B3l ——
\31 0.3 19 a _P
_ 3028 be 17 {‘
37 = 3 | b
3 \i 0.26 - ¢ g
\.ﬂ) L 13 -
N 0.24 1
4 11 A
g 0.22 9 -
0.2 7
Control 0.1 0.2 0.3 Control 0.1 0.2 0.3
(e 155 Sl Sealis = puily (5 /p)5) ol Salismsr =yl

S 095 Bl > (B o (A) b a3l 5 (€) JS gl (D) Jglowe sal> Sl (@) @l (o (e o] ol — il 536 Y SIS

\ iy Sl AL 3 el Sanlisw — i 3

023 Wy » s Bpstne BB A Salipws — iy bl 31 g e 453 (s (¥ Jg2) (eibly 455 Jodo gl
93,5 Slw 4> VE LSL"JN}% Vo) solaylil oygd (bl )3 4G ek 4 )b (S peg laoge S5y ogls g (s0,8 —(suw
plo g 2old & Cdus min oldgy olime j p )8 /Y sl Kol b oad jlas slaogae (361 slod balyd p> el YF
3 Al Seoliws —Juili cily 5l e o pimen (Y- JSKE) aiby (pd g ey o IY g oY) ] Sl slaclale
Bilhs 22,5 ol lis (S50g oy ) oshs g o)~ slouadls GIB e b dilie (slaclale
PR Glo A5 odalin 15 sl jasli ) sl Kol — il alisee laclale (gl dxe ols Y b, € sla S5
looge o drgls g (53)) — ol Slouadld 2 (sl sine ;8T dsl Sealives — il bl Sl g o (¥ Jgi) oibly 4328
ool a5y



Yy
Yy

Y'Y
YYY
YYy¢
Yyo
Yy
YYv
YYA
yya

Vi

27.5 A 28 -
(@ s
1 27 A
26.5 A 3 26
26 - 4207
j’\ 25.5 4 3\ 25 4
Y25 1 2 24 -
i N
24.5 N
24 - )
23.5 - 22
23 - 21 4
Control Control
(% /f)f) ol Sl —w»w (0 /f)f) ool ol -w’bf
32 A
(c)
30 A
A 28 A
-
5 26
\\3 24 A
22 4
20 -

Control
(/e ) sl Solias —w'//

&Il 0595 (bl 53 (SR 0500 (€) S5 ol L <(@) by 2 ol Saltpws — il 3l .Y JSU

Sk 313 9 (hwr 38 kel Saolir— il o7 il
23 by 435 Jo Bllas
5RO ogre (s il (6 sine 8B Ao 3 ) Jlats] s 52
b s 53 e il Gilise glacale 5 syl Sanliswm i cdlys )
A S IV Sl Sealirm il o slass Sy (80095 ) salil (e

35 -
= 3
3«,2.5-
E
915
1_
05 -
0_

Control

ool L..Ju_i 5 Lh}m
oe.fm:eswb uis)“—‘?’"d

w—w/)J wl.))J )‘

(= /f)f) ol Sl —w-/»
)11 0393 bl 13 (S5 B0 ogme (stmylil 2 ol Salizus bV JSS



Yoy

Yo¥Y

Yoy

Yot

Yoo

Yo

YoV

YoA

YoQ

Y.

AR

Yy

¥y

Ya¢

Yio

¥y

yYav
YA
yi4
YV
YV
YVY
YvYy
YVv¢
Yve

yvia

JF 1T g U5 ol giT (o300 3 el Saalis — oy
20> B Jloi s 13 (613 im0 3 ol Sgolis oy Sl 31 g Jlos o8 305 (Lt (¥ Jgiz) il ly o5 Jger ol
5 i e Voo 3 pSedee AR (lie 4y lewsil (i oty ol 2y (S35 slaoge JS ilewsi] (e
Lo jlos (S35 (slaogee cylumgis] 5o 46 ooy ol Camddy sl Sealiw =i 1 2 28 21V b 0l slmogee
JSCs) wsly el diges b dwolie ;3 (sauo > VF/0 9 VA AY/D iulidl cus 4y id o p,S /Y g /Y o) dn] Seolin — /i
(f-a

2 (Spog lmoge SlnS| Bl Clld (5l ime ;b 0oy ) Jloin] a5 dsl St — gl izen
Oliee cp i (¥ Jgda) ol lis (U1 slod Lol )0 caelio YF 9 01,8 o do o V 2V glad 15 5o, V)b bl 6)50 LU
i 5ol 5] stz 5 5 oaalie 1) S <Y el Kbt < b 0 sl (claogiy S ] 5T il
(b J58) 05 oanli (S350 ogmn JS (a1 1 ol o 2 Bl SKinlipns — o il Bloc e b 5l e

60 a

@ 75 - a ab ® 57 ab i i

370 A ab _} =, 54 b z * T
j% g 5] . + 7, 15
w 360 A g 2 48
E 55 - 33: W, 45
v S 50 AT
3 2 451 DT g
3 5 40 - 2 36
P2 35 33
' 30 30

Control 0.1 0.2 0.3 Control 0.1 0.2 0.3

(520 p5) Aol Sl — (520 19,5) Sl St =

12,05l 0)9 (b > B A5 aghe (D) S ST 8T 5 () S obomnsis] line 2 sl Solizmo sy b € JSAS
N

BT b g WWT (5 y¥le (o juo (gt Caid (SUBLASLi 51 el Ssliw— il o7 yoil

s ey SIS caligh = i bl ) g e Jlastae 5B Sile (Y Jga2) by 4528 Jgie )3 0nd )18 s
b (55,5055 sladese @151 s 5l s Jlosi -2 JS5 illas il oo doyn ) Jlazs] o 3 sl e g a5l o3 oyollo s
2o VgV AW e 4 (K P0g Glaogee (Sgr Culi (lie (il Cage cui 4 3 3 05 I g IV /) el Sioliges
V) gl ol glgme 5 25001es gl lime 3 o ine (RIS cago ol Kol =l (e 5 Jald diged 4y Lo
oo Sy oSyglay 0 (5,505 (clmogsn 3 (JUED =) 5T JBligs =) 7 Jblgyy = I Jbiel Jite (3 Jblgye - 2 Jbizn
— il o g 392 Al e yieS o yd YUD g ;D yid 13 £S5 oY sl Kol Lo 0 Gl )3 (5365 ogme 15T 6
5 V5 A e 4 basdll plo Gloe ialS Coge 4 dxe Sygo il 13 2,5 /Y g /Y /) Glacdale ) dl Sl
(b, ¢ JSs) i sl dged dctud Juoyd V)

! 1-heptanal

2 1-propanal-dimethylacetal
3 1-propanal

4 1-butanal

5 1-hexanal



YVv

YVA

yva

YA«

YA

YAY

YAY

YAL

YAo

YA

YAY

YAA

YAAQ

Y4.

@ 47 - (b) 1.6 A
46 4 8 a
45 - 15
44 ~ . ab b
:3 43 1 3. 1.4 ‘}
342 A = &
‘3{ 41 A b 5 1.3 + b
. i b Do
> 39 ] b = 210
~ 3 a7
\3; 38 A 3 3
37 A 2y 11 A
36 -
35 ~ 1 -
34 1
33 - 0.9 -
Control 0.1 0.2 0.3 Control 0.1 0.2 0.3
(52 /5 el Salisws =y (5 15 sl Ssolizus = pilyy
() 9.6 -
93{ @
9 .
’;_i 8.7 1 b
$ 84 1 b
% 8l
=3 v, 7.8 b
T 2751
3 7.2
2 6.9 A
6.6 4
6.3 1
6 p
Control 0.1 0.2 0.3

(5 [p)5) Al Salizws = oy

039> 0kl (S5 ege (€) gl plo e 5 (0) 251> (B (@) (g e i 2 el Seolizus sy 3 0 U

)2l

N

oD o 3o TS

5 (learisSe3d oS 5 xSl 9 e (Shen (1 J312) (Shusor o Uy @l Silao
Joloxo dols 3lga €(F2,0.72, p<0.01) ) yogls ¢(r= 0.71, p<0.01) (¢ 50 ,8— (s juw LasLd «(r= 0.59, p<0.05) o lide, sasls
s e 5 oxtighib o (o)1 e 5 hie (Siuwod (pisted O)ld 3939 (= 0.60, p<0.05) pab jasLi 4 (r=0.66, p<0.05)
JS ST sl cdld ialisl a5 cadls 13 ol s dg3g (1= -0.58, p<0.05) ausill plo e ¢ (r= -0.90, p<0.01) g
il 4S5 gk A5l 4l (S50 55 (slmogeo (5 b oo pie Aoy Sl Canlon )3 (5l e b Wl o (S50 (slmoges
(1= s i iwe b JS G|l clld o 2oy ) Jlois!] s 53 (gl sine 5 (oo (Siad 1 Sinusod pd Jpi
203 3935 (1= -0.75) laasill plo xess o (r=-0.73) wsull e olle a0 0.80)

10



¥.q

s gl o 5 45401 alle gy e (S a1 5T g iliangtl liondsS b (sloadld syl o (Siasod (s Jpir Y Jou

»lo o Smed olest El ol b ol dlge il o e Gy, )l
gl gl 5 5 Jsle 5 ) s g
) eIl
) IS g,
) /50 . S50y & s
3 v -5y N Ky osls
) A AL /Y AL JS 4ty
) — WP AT YT ey 55" Jsloce el Slge
\ SN — v AT AT AN N b
) Y | A A RY rL Y| AT (L N oy JS il
) VT AT JEET ™ ey ™ T T JS st gl
) —I” Y YA S Y oY) £ & )\ R LW EPORY
) -/a" - Y S L N /S \/90* — ¥ 08 wles oslle
) N -/o" - A L P Y | Y 1'% S Y (7 N | gl b
Y. 1oy3 ) 5 0 s )3 3 gixe o5 lopgihe pie s 4 %% 5 * WS
¥V
Yy -
I el 3 5 033 olyen J5Sge 5 alomninn Syt b 45 Bl ool | Su5olys asby 2k S pane Sl 5 cpm
TVE g lagesn csady s JUSw «S8f plas Som 9 5900 Jolge, (3 Lawgs 45 39500 (LS ol Spe g 435 @
YAS il Cuaglin 5 Jgamme CutsS sl Cubldp Y BB 13 (6w Mgy Byl (Anwar et al., 2018) d4 o pulais  Jae byl
T ey Joase iy il g CuiS (il Coga cols g e g5 b cos ) Sl Gl Sl 5 awre b i
vy 2 pSokS p 0SSt gamyid oo Vo YO) YU Gl @i b wlws (clogre (S5,8¢045 . (Pott et al., 2020) dgu oo 0l
YA gy Cd iy 50 wiee Jelgensl ailinas] yis (Castello et al., 2010) sl o 0bsS (5,50 4 (31,5 Blw a3 Ve slod > celw
YV (o595 .(Alos et al., 2019; Fenn & Giovannoni, 2021) 4l o 55,85 090 )3 Cuildp 5l Ly slas)loual 5 s 5 (5w
Tl el b b e GASIEEl e dplie co)55 (Sl p sladl (e (siWan lam ] colld e,
YY) (Corpas et al., 2028), il 3o, Jo@amxs (pl (gym 4 bape oMo dlos jI Jobo Lic 5Slas 5 (S j0 M 5 Slas]
YYY S50 ogee (5)B0le bl g Cuns bais 13 (550 (il Llgv oo golinST 5 e s wlle iS5l eslatwl ol ol
FYY Mo dnwg gl St S alS 5 (ophe (i Sl Seolimo— i o inlojl ol ) osel s ol wlly sl 4l
YYE sl felle g s sl Seolisw — il b ok e sla 55,8065 6 )I0)lil 0y93 LL 4> g ol anils ol b Lye
TYe Aisly Jls diged duslie 3 (658 A5
YUl sl olaie & 45 55 o pld Jsbo 2l (sl 4 o el i) s (sl |y Ll ko el (sl nlS
YV g My ok Lie o] (gmulannSTy 515 asillies oglle (Yang et al., 2021) 9 o0 Lld (65 89y olise (L))
YYA  emelinsSTy (Dhindsa et al., 1981) 34u oo blod aulinnst (55 5 by oy omoliansSTly il oLy (lp wadls olge 4 &S
TV ol (Sjdeid slacalld o M a3 9 ok Lid cunled diis o (liee 3 0 carge Joho Lis laned]
TV b Jole Salul plo 5 plewdl Lid & jitn ol cage jgye 4 180l (glle b @es ] egdle 9 e
T (Tao et 20 il (Safelsn 3Slos 5 M cago g ool 28Ty S5 (slasasl § iy b Wl oo 3510n (iglle 4S5 pgboa,
YYy

al., 2007)

11



Yry
Yve
Yro
YT
YTy
YYA
Yra
Y
Y
Yy
yev
Yet
yio
Y
Yev
YEA
Yeq

Yol
Yoy
Yoy
Yot
Yoo
Yo
Yov
YoA
YoQ
Y1
AR
vy
vy
A}
Yo

v

b 53 s 5 mibolin] ysb 4 45 At (CHO-) cosill (glaog ) osls Loyl ol 5 51 S dtod dossill 355 o
am ,d ki gde ©luS 5 laasill &8y 4> .(Huang et al., 2020) wgu o g5 aliseo 003 Sldgge p3 Jobo pandgilio 9 13,
g o1b A5 lalS ) er Tt L g oor sl sl 28Ty (b oS bl e gludl it Cpp ladsl (ogad 4 ot pilinSTy
B (slo b 3 gl 592y o an3 o o 0 ol Slilllas )5 B (Sl 5 Seioleid slo STy J o
Shoaidle pre (B8 polie 39008 5 (alod «6)g (St il (G jpd SRS Elgl 4 olS Gl ) canlie slacdale 5 4
» basdll )5 38 e alS claJole ;5 laasill Lilisl a8 el ool olis 43,3 plul cla yiulojl ,od )b
548y Jl gle g 02,8 Jio 1y (LS (sl Job ' S 93, Sliogen ol SS9 (slal g g 4 ol CBge YU o lal
&y 33 g g a3lid oS (sl po 5 sams S8 )3 lsie 4y csliol cocdale 3 Lol Jlls (ol 18 BLS b 05
b plogl Sy Clido Bl Wgd e 4,5,k 50 oS oM iy b)) slp TBies LAY sk Waasall
355 5 (S bl se 53 550 o1 sl 035 ol G BB oSS 5T S i S slo oSl
.(Liang et al., 2022; oPachin & Gavin, 2024) ,l> LS el

Sl Sealizus S st0 =F by ] oy 2,008 4 ol o0 25 lle o5 RS, Mol Salips 8 (o908 )5
2520163 ollo oot LS 5 UjanS g 2 3T llad Slige 53 (6315 me US55 0B ol Saltls Sl I (S0 loie &
(Huetal., 2020) cusl o330l yan STy zgB 235k Ltaldl o CuisS Laios |y a5 ol azily
5 Fye B 5 031 1 ] Carolh s 355 (oo 0 IS0 05,5 il Loy il Sinlinw gl
i S5 Carge (2B S e lgieds sl Soliw 1 oola] 5537 b 51 .(Sova, 2012) 3,0 3151 clalonly 0,8 s
(Singhetal., >l  Siuser LS ) gt (lNials b ShuasSTws! cdld o (ialibl cpl a5 598 0 30 oS Sl ]
7 o 3 (S5 a3g0 5 e Ao olS g sy a5 BV 55 gl nlS > oS S ol5e ol 2013)
505 Sloogse (SIS TG wia S48 salGrzeat il Sgalloar ol (GlpnS 1l Caols p ogMe sl Spolius
SS9y 6 iy G Lidreles i 511 5 oo g o5 ol s ] Saoligw =y o 4 ol
ole e il S Kol BN gt ool sy ol gl b ol () 45 sl o0 S5, (sloogsn 53
.(Cheraghi et al., 2021) 3> Slysxen STys5 7,8 5 asul e

A5 5le 2l 5 Ol gy I IT Lulge 1 eIl i o0 5 a3 (slacalylin Figm > il
2l o (S5 BC05 0ga0 4 o'\&wu S L CuS 5 oy yiene b pluwgs] (Koyama et al., 2022) wib o (S5530e5 (slaoges
b 5 ST Nhome SIS kS g sto Ty oMl 5 09 (5 ECS o 13 308 5, Sl ke 45
e Ll galelS Coglia (I3 )3 oqe i acyilimgsl ol 2 ogdle i o )8 b o8 55 1) ogme (Sl 5]
58 b5 Laaogs 0 (K5 il (sl 3 (6 Kizlon e g1 5T Colled oy 3] Gilien 3, & 5 35,0 1
(Naing & Kim, 2021; Zhang et al., %)y id olS e i oulald )3 1w jolis 10,8 NS 555k I oomen ¢ Jled
i 4 01568 9l5 ¥ = 5 a5 Ml ond bl (55,8055 ogue 53 piliwgis] slaailiSS, 5l eglite g4 YO I yiiy .2018)
= Cplowgil oy yiene 253 a5 wimd o LSt 1y JS cplwgi] 5l ao 3 YA = Vo /8 lise 40 01568 oS —F— pailiw 5 dop> A= A0
26 (25 gt 4 sl 53 baoyliwgi] dlox ) a5 (slaculplio oo 5 jitmgn bl (S5 BC5 ogee 53 S350 sl
0,9 i bulyd iy 3 Jgame Cungli Jal381 > o 86 ogdle g )l Jpamme SasnsST 5l Collad 29100 3 poritins
NS g ek 3 1y Jgamme (slandas 35 eIy (2L ¥ guamme (o) Bnle Liul38l g cuiS ais > e 3l aS sl jl

' Redox homeostasis
2 Biomarkers

3 carnosine

4 glutathione

12



vy
YA
¥4
YVe
AR
YvY
YvYy
Yve
Yvo
AR
Yvyyv
YYA
yva
YA
YA
YAY
YAY
YA¢
YAo
YA
YAV
YAA
YAQ
Ya.
vy
Yay
yay

Yo
¥4t
Yay
FaA

3900 9 JS owlewssl lime Gial33l 5 (o)l ne g st 3l sl ol il sl Buis oyl 5o .(Sirijan et al., 2020)
SRIBl 2 oS 6l G 5 dsl St (2B o G5 oped Jilb )3 sl il (S5 )8055 (slmogee JS Sl 5T colled
e Clad (L33l Crgo il Wnadgigd e ol (slop il jhuge cian 5 a1 Bl slo T collad
copo Joto s slae g yols gy .(Lin et al, 2020) cul odd 6y (5 plp p oS Caoglio 390 5 (ShnsT 5
sitlss poll i i clisn b (6 ocsnn 5 e (Komrad (K338 sloogn IS ST e Y Jpi) (St
Lo yo (sla 88Ty oo x5 a1 5T Cdld l33l 3 duasl Kol iy e 555 ]l el a2l ol yles
el 04l (58057 (glaogee (s Il S9ske 9 CudeS Lai> crge (g sy b

SRS o9 3 39390 I il SapysSl dl 5 SeaSd glail (SISt (SIlo sl (S s S
RROF ogse JS ditpl (lyme Sl ao)d A dga 53 5 039 (KO ogae > LS sl (S o Bl Sl L kil
b Jpame wab p esiias (36 JI slaawl (Sturm et al,. 2003; Montero et al., 1996), 1L o Syyidis Aol 4 by yo
(Montero etal., x> )3 15U cov |y als cdb o baliss, jub wly o g od Joho gl o wddil cage Jblme 5 .50
ol SLE)S 3o g )l (Stsod gl g (e GRIBIL £l Y game > I slosl Pielnls IS il )5 .1996)
€95 L .(Igamberdiev & Eprintsev, 2016) % 5 o 5,5 odlitul 590 s cBES )3 |iusgw Gloie 4paline job 4 ]
3280 =63 5 2,8l gige 4y (e =y LS5 silgyden el Sl ey Bygd SNpmizren 5 (L&Y gz (i) A1
(Rahman sl anlgs (£l Y gamo pabs 2 peitin 15T 550 (et 45 35 Jouaccs Joloro GBS (510 15 s e
Gl 3 6l sine L daw] Saalipmw — iy il Sy low WS BB gy ol jl Jeols ol et al., 2016)
Slasges oo S5 s cnge ol i o sl el (SHE 5 (slnoaille 1o Syn e 38 5 JS 4 e
2 (B Gd) pb b)) Gln a3ls plgie 4 JS antasha Ygldte dol> slge s a3 (6)1a)ll 0593 (L 3 (S50
&S ol s & Limgh ol o (Ikegaya et al., 2019; Zhou et al, 2018) 34 0 Lld (S5,g5 ¢ Jip plas 5V guao
Okl )3 &5 Cusload crge 3,15 (S 305 (Slaogsa Jslowo dol> dlge (38 al33 5 dbpusl (e (LS 53 Sl sl
Al sl Aals gl 4y Cuud (6 iy pab 00 Hlow slroges (5)5)Lil 690

S il 2 et 5T 47 L3b o o) s 5 laogaal 6l EES b5)) 3 e slopadls I S
omb glod bl 55 Jgae cpl (6)I05ks] 2955 Lloduw) (5,855 s00 ) yuuss .(dO Nascimento Nunes, 2015) 51> Jgazs
Gglite iliste (Saeains] (m 53 Ky s il Oliwe D950 (KR0S 0900 S0 (M 0385 9o 9 W30 &) (b b &
o s l5b g g Jpamme (6,8l BuS Lais cas ) pllo g anb @S 5 5l oolitel oplplo (Lee et al., 2022) wl e
Shs sl g b Sy 1 big oot 4 o) Slittie g dol Spolians (385 Ab o pogad pl 55 (52l sl Sl 51 (S
(ShArMa & (I 03,55 ANBSD opme 53 2, S gama 5| 5 0 cslod J 63l 5 iy cslamdls i g
ol y)l;5 (Cheraghietall, 2022; Hu et al., 2015) S5 z,B o (Xiao et al., 2022) o, 03,55 yoy ;U 090 <R@0, 2015)
O3 Gl 5l el g ST B L g STy el (0 (Gloged slam il Culled s s Bsk 51 sl ol
oexed ((Xia0 et al., 2022) d¢ o0 (5 I5)ll 0)9d (b > Eb SV game cusS ialS 5 S5y i ) wle SlawnS] ol culled
Orizan g AdgigMe g il ( Jobo Lié (sladed (0,55 g (igraliansSTy )3 8 oy ol (2ol 53 el Sializs b
gt o5 ogmn 5 (slad ] Calan 5 S5, (sla bl B 55 dpul i Jus (slaunslSin | 095558 tmger el
(Wang et al., 2024) cusl oids ylo 9,5 0395

Lo plomuil g b () )1 Jpaze cnl gt il lipe (2L 3 eulel (A5 (K805 0900 (50l
Jyaze gaiu)lil plise g o8 witen syl Jgame Cgllas wab g jlas (53,05 pis ((Shpwg @M il (392 )l < Jpazme
o 2l llas (Kelly et al., 2016) 15,15 paituwe ,b cisS b Jgamma <Ko )5 (gl EAES Cbyune maanss 1 doms 3
1ol 0393 (Ll 3 (KB ogme (st il 9 g CarksS Lai )3 ke g 1o tme 5 el Solio — il il g

13



VY

IARY
YA

AR

AR
£YY
VY

¢Yo
AN
IARY

EYA
AR
Y.
AN
Y'Y
Y'Y
£Ye
tYo
A
IARY
EYA
Y9
£&.
¢y
£Ey
ey
£ée

5 Joame 60lb cuiS b iy slajasls bais )3 cuildy 5l G o)ed 3 o) Clitie § ] Spolinw 31,8 131 sl azils

(Huetal, Sl z,B«(Xiao et al., 2022; Wang et al., 2024) 4, 03,95 oy 055 (slmogas ;> o o Bwle yiul3sl ass )
Cuol 0ad yo)l33 (Sultan et al., 2024) ola 4 2015)

ol L ge (65)9liS Camio ) G bawme Hlngd 5 o SluS 5 5l edlatul Logad 3 HBaS G pae BT il38l

S Sk 5108 Gge Jgae Gling)lil 5 cutS bis lp @l 5 (g sl jl edlatel )3 gy 4 gy Jiled o5 ol

S amlgs by 5l gy Slals 1 b oolaiBl slagly pials p S,EE Jele Jpame (sdiag)lil S0 g S Lais

ol =il jlowd 45 €85 dos g oo Liolej] opl 5| Jeols ol 4 4595 L .(Aghdam et al., 2020; Sirijan et al., 2020)
ol aily Glaal pla oliwd )0 (6550 (i Al

S Al
2o 5 1341 (iglle (S s i Solipns — il b b o (Sl S35 4 dmgee L iagsy cnl Il b
b oad Jlos (glaoge cpizmon Al (g0l 090 (bl )3 syt Ml T b g JSNelsssl 5 (<28 slaasall
ORI sk 3l sl ol — il aizils ol (gladiges b dulio )3 (g Bikn il o S uab qeh Solins =l
Ol A8 oo (68 sly bl Sl L 0)93 ) Uz Syl b ye wde andl llaS] A5 s 5 SnST il b
5 lordsSid laadll S50 )3 e B LY pS/Y Clile ogasidin] Seelisw —gadl ity Sl e o
Dyl il Sl e 0)93 9> Jaaoe (ol Il GBI 5 CodsS” bais (S5 8055 0900 (olierdon

N\
N\ &b
bl ) e 0593 53 (g1 @) CuS g ()L 1 dl Sl ) 31T Y) (gdge csho g (10,8 s pB > (£l
WE VPE (V)IN olul (e glio 5 pole (loiingy 4yt

REFERENCES
Aghdam, M.S., Palma, JM. & Corpas, F.J. (2020). NADPH as a quality footprinting in horticultural crops

marketability. Trends in Food Science & Technology, 103, 152-161. https://doi.org/10.1016/j.tifs.2020.07.002

Alos, E., Rodrigo, M.J., & Zacarias, L. (2019). Ripening and senescence. In Postharvest physiology and biochemistry of
fruits and vegetables, 131-155. Woodhead Publishing. https://doi.org/10.1016/B978-0-12-813278-4.00007-5

Anwar, R., Mattoo, A. K., & Handa, A. K. (2018). Ripening and senescence of fleshy fruits. Postharvest biology and
nanotechnology, edited by Paliyath, G., Subramanian, L., Lim, T.L., Subramanian, K.S., Handa, A.K., Mattoo,
A.K. WILEY online library. 15-51. https://doi.org/10.1002/9781119289470.ch2

Bellincontro, A., De Santis, D., Botondi, R., Villa, 1., & Mencarelli, F. (2004). Different postharvest dehydration rates
affect quality characteristics and volatile compounds of Malvasia, Trebbiano and Sangiovese grapes for wine
production. Journal of the Science of Food and Agriculture, 84(13), 1791-1800. https://doi.org/10.1002/jsfa.1889

Cao, S., Hu, Z., Zheng, Y., Yang, Z., & Lu, B. (2011). Effect of BTH on antioxidant enzymes, radical-scavenging activity
and decay in strawberry fruit. Food Chemistry, 125(1), 145-149. https://doi.org/10.1016/j.foodchem.2010.08.051

Castello, M.L., Fito, P.J., & Chiralt, A. (2010). Changes in respiration rate and physical properties of strawberries due to
osmotic dehydration and storage. Journal of food engineering, 97(1), 64-71.
https://doi.org/10.1016/j.jfoodeng.2009.09.016

Cheng, X., Yang, Y., Zhu, X., Yuan, P., Gong, B., Ding, S., & Shan, Y. (2022). Inhibitory mechanisms of cinnamic acid
on the growth of Geotrichum citri-aurantii. Food Control, 131, 108459.
https://doi.org/10.1016/j.foodcont.2021.108459

14


https://doi.org/10.1016/j.tifs.2020.07.002
https://doi.org/10.1016/B978-0-12-813278-4.00007-5
https://onlinelibrary.wiley.com/authored-by/Paliyath/Gopinadhan
https://onlinelibrary.wiley.com/authored-by/Subramanian/Jayasankar
https://onlinelibrary.wiley.com/authored-by/Lim/Loong%E2%80%90Tak
https://onlinelibrary.wiley.com/authored-by/Subramanian/K.S.
https://onlinelibrary.wiley.com/authored-by/Handa/Avtar+K.
https://onlinelibrary.wiley.com/authored-by/Mattoo/Autar+K.
https://doi.org/10.1002/9781119289470.ch2
https://doi.org/10.1002/jsfa.1889
https://doi.org/10.1016/j.foodchem.2010.08.051
https://doi.org/10.1016/j.jfoodeng.2009.09.016
https://doi.org/10.1016/j.foodcont.2021.108459

¢¢o
¢en
eeyv
$EA
£¢9
£0
o)
¢ov
oy
to¢
o0
¢of
¢ov
$OA
¢09
£
£
€y
ey
e
¢vo
¢
¢y
£TA
¢4
SV
[AA
£vyY
EVY
Eve
¢yo
¢vi
¢vy
¢YA
¢vAa
SN
£AN
EAY
EAY
EAE
¢Ao
¢AT
LAY
EAA
¢AAQ
£9.
£9)
¢4y
¢4y
£9¢

Cheraghi, H., Ghanbari, F., & Saidi, M. (2022). Effect of cinnamic acid on shelf life and quality of button mushroom at
postharvest period. Iranian Food Science Technology, 18(2), 264-276. (In  Persian).
https://doi.org/10.22067/ifstrj.2021.70214.1041

Corpas, F.J., Freschi, L., & Palma, J.M. (2023). ROS metabolism and ripening of fleshy fruits. In Advances in Botanical
Research, 105, 205-238. Academic Press. https://doi.org/10.1016/bs.abr.2022.08.024

Dhindsa, R.S., Plumb-Dhindsa, P.A.M.E.L.A., & Thorpe, T.A. (1981). Leaf senescence: correlated with increased levels
of membrane permeability and lipid peroxidation, and decreased levels of superoxide dismutase and
catalase. Journal of Experimental botany, 32(1), 93-101. https://doi.org/10.1093/jxb/32.1.93

do Nascimento Nunes, M.C. (2015). Correlations between subjective quality and physicochemical attributes of fresh
fruits and vegetables. Postharvest Biology and Technology, 107, 43-54.
https://doi.org/10.1016/j.postharvbio.2015.05.001

Fenn, M.A., & Giovannoni, J.J. (2021). Phytohormones in fruit development and maturation. The Plant Journal, 105(2),
446-458. https://doi.org/10.1111/tpj.15112

Ganhao, R., Pinheiro, J., Tino, C., Faria, H., & Gil, M. M. (2019). Characterization of nutritional, physicochemical, and
phytochemical composition and antioxidant capacity of three strawberry “Fragariax ananassa Duch.” cultivars
(“Primoris”,“Endurance”, and “Portola”) from western region of Portugal. Foods, 8(12), 682.
https://doi.org/10.3390/foods8120682 \

Gill, P.P.S., Jawandha, S.K., Singh, N.P., Kaur, S., & Kaur, P. (2024). Role of gum Arabic combined with cinnamic acid
coating on quality and cell wall degradation enzymes of mango fruits at low temperature. International Journal of
Biological Macromolecules, 259, 129088. https://doi.org/10.1016/j.ijbiomac.2023.129088

Hu, Y. H., Chen, C. M., Xu, L., Cui, Y., Yu, X. Y., Gao, H. J., Wang, Q., Liu, K., Shi, Y., & Chen, Q. X. (2015).
Postharvest application of 4-methoxy cinnamic acid for extending the shelf life of mushroom (Agaricus
bisporus). Postharvest Biology and Technology, 104, 33-41. httpsi/doi.org/10.1016/j.postharvbio.2015.03.007

Hu, Y.H., Chen, Q.X., Cui, Y., Gao, H.J., Xu, L., Yu, X.Y., Wang, Y., Yan, C.L., & Wang, Q. (2016). 4-Hydroxy
cinnamic acid as mushroom preservation: anti-tyrosinase activity kinetics and application. International journal of
biological macromolecules, 86, 489-495. https://doi.org/1081016/j.ijbiomac.2016.01.070

Hu, Y.H., Zhou, Y., Liu, J.A., Wang, Q., Lin, J.C., & Shi, Y. (2020). Effect of 4-methoxycinnamic acid on the postharvest
browning of mushrooms (Agaricus bisporus). Journal of Food Processing and Preservation, 44(10), e14735.
https://doi.org/10.1111/jfpp.14735

Huang, J.Q., Lin, J.L., Guo, X.X., Tian, X., Tian, Y., Shangguan, X.X., Wang, L.J., Fang, X., & Chen, X.Y., (2020). RES
transformation  for biosynthesis and detoxification. Science China Life Sciences, 63, 1297-1302.
https://doi.org/10.1007/s11427-020-1729-5

Igamberdiev, A.U. & Eprintsev, A.T. (2016). Organic acids: the pools of fixed carbon involved in redox regulation and
energy balance in higher plants. Frontiers in plant science, 7, 205704. https://doi.org/10.3389/fpls.2016.01042

Ikegaya, A., Toyoizumi, T., Ohba, S., Nakajima, T., Kawata, T., Ito, S., & Arai, E. (2019). Effects of distribution of
sugars and organic_acids on the taste of strawberries. Food Science & Nutrition, 7(7), 2419-2426.
https://doi.org/10.1002/fsn3.1109

Jiang, T., Zheng, X., Li, J.,, Jing, G., Cai, L., & Ying, T. (2011). Integrated application of nitric oxide and modified
atmosphere packaging to improve quality retention of button mushroom (Agaricus bisporus). Food
chemistry, 126(4), 1693-1699. https://doi.org/10.1016/j.foodchem.2010.12.060

Jiang, Y., Shiina, T., Nakamura, N., & Nakahara, A. (2001). Electrical conductivity evaluation of postharvest strawberry
damage. Journal of food science, 66(9), 1392-1395. https://doi.org/10.1111/j.1365-2621.2001.th15220.x

Kelly, K., Whitaker, V.M., & do Nascimento Nunes, M.C. (2016). Physicochemical characterization and postharvest
performance of the new Sensation® Floridal27’strawberry compared to commercial standards. Scientia
Horticulturae, 211, 283-294. https://doi.org/10.1016/j.scienta.2016.09.012

Kosugi, H., & Kikugawa, K. (1985). Thiobarbituric acid reaction of aldehydes and oxidized lipids in glacial acetic
acid. Lipids, 20(12), 915-921. https://doi.org/10.1007/BF02534777

Koyama, R., Ishibashi, M., Fukuda, I., Okino, A., Osawa, R., & Uno, Y. (2022). Pre-and post-harvest conditions affect
polyphenol content in strawberry (Fragariax ananassa). Plants, 11(17), 2220.
https://doi.org/10.3390/plants11172220

15


https://doi.org/10.22067/ifstrj.2021.70214.1041
https://doi.org/10.1016/bs.abr.2022.08.024
https://doi.org/10.1093/jxb/32.1.93
https://doi.org/10.1016/j.postharvbio.2015.05.001
https://doi.org/10.1111/tpj.15112
https://doi.org/10.3390/foods8120682
https://doi.org/10.1016/j.ijbiomac.2023.129088
https://doi.org/10.1016/j.postharvbio.2015.03.007
https://doi.org/10.1016/j.ijbiomac.2016.01.070
https://doi.org/10.1111/jfpp.14735
https://doi.org/10.3389/fpls.2016.01042
https://doi.org/10.1002/fsn3.1109
https://doi.org/10.1016/j.foodchem.2010.12.060
https://doi.org/10.1111/j.1365-2621.2001.tb15220.x
https://doi.org/10.1016/j.scienta.2016.09.012
https://doi.org/10.3390/plants11172220

£40
£41
£ay
£4A
£44
O
o)
o.Y
o.Y
o0.¢
0.0
0.1
o.Y
oA
0.9
o).
AR
oVy
AR
AR4
oo
o1
oy
oYA
AR
oY .
ov)
oyy
oyyY
ov¢
oYo
oY1
oYy
oYA
AR
oy,
oy
oYy
oYY
oy¢
oYo
oyt
oYy
oY A
oyq
0¢
o¢)
oLy

Lee, C., Lee, J., & Lee, J. (2022). Relationship of fruit color and anthocyanin content with related gene expression differ
in strawberry cultivars during shelf life. Scientia Horticulturae, 301, 111109.
https://doi.org/10.1016/j.scienta.2022.111109

Li, C., Jing, Y., Cheng, L., Si, Z., Mou, Z., Niu, D., Ma, F., & Liu, C. (2023). The antifungal activity of trans-cinnamic
acid and its priming effect in apple in response to Valsa mali. Plant Pathology, 72(9), 1595-1603.
https://doi.org/10.1111/ppa.13786

Liang, X., Qian, R., Wang, D., Liu, L., Sun, C., & Lin, X. (2022). Lipid-derived aldehydes: new key mediators of plant
growth and stress responses. Biology, 11(11), 1590. https://doi.org/10.3390/biology11111590

Lin, C.Y., Chung, H.H., Kuo, C.T., & Yiu, J.C. (2020). Exogenous cinnamic acid alleviates salinity-induced stress in
sweet pepper (Capsicum annuum L.) seedlings. New Zealand Journal of Crop and Horticultural Science, 48(3),
164-182. https://doi.org/10.1080/01140671.2020.1765814

Liu, L., Hudgins, W. R., Shack, S., Yin, M. Q., & Samid, D. (1995). Cinnamic acid: a natural product with potential use
in cancer intervention. International journal of cancer, 62(3), 345-350. https://doi.org/10.1002/ij¢:2910620319

LoPachin, R.M., & Gavin, T. (2014). Molecular mechanisms of aldehyde toxicity: a chemical perspective. Chemical
research in toxicology, 27(7), 1081-1091. https://doi.org/10.1021/tx5001046

Montero, T.M., Moll4, E.M., Esteban, R.M., & Loépez-Andréu, F.J. (1996). Quality attributes of strawberry during
ripening. Scientia Horticulturae, 65(4), 239-250. https://doi.org/lO.1016/0304—4238(9@00892-8

Moreno-Robles, A., Cala Peralta, A., Zorrilla, J.G., Soriano, G., Masi, M., Vilarifio-Rodriguez, S., Cimmino, A., &
Fernandez-Aparicio, M. (2023). Structure— Activity Relationship (SAR) Study of trans-Cinnamic Acid and
Derivatives on the Parasitic Weed Cuscuta campestris. Plants, 12(4), 697. https://doi.org/10.3390/plants12040697

Naing, A.H., & Kim, C.K. (2021). Abiotic stress-induced anthocyanins in plants: Their role in tolerance to abiotic
stresses. Physiologia Plantarum, 172(3), 1711-1723. https://doi.org/10.1111/ppl.13373

Peretto, G., Du, W. X., Avena-Bustillos, R. J., Sarreal, S. B. L., Hua, S. S. T., Sambo, P., & McHugh, T. H. (2014).
Increasing strawberry shelf-life with carvacrol and methyl cinnamate antimicrobial vapors released from edible
films. Postharvest Biology and Technology, 89, 11-18. https:/&i.org/lO.lOlG/j.postharvbio.2013.11.003

Pott, D. M., Vallarino, J. G., & Osorio, S. (2020). Metabolite changes during postharvest storage: Effects on fruit quality
traits. Metabolites, 10(5), 187. https://doi.org/10.3390/metabo10050187

Rahman, M.M., Moniruzzaman, M., Ahmad, M.R., Sarker, B.C., & Alam, M.K. (2016). Maturity stages affect the
postharvest quality and shelf-life of fruits of strawberry genotypes growing in subtropical regions. Journal of the
Saudi Society of Agricultural Sciences, 15(1), 28-37. https://doi.org/10.1016/j.jssas.2014.05.002

Romanazzi, G., Elmer, P. A., & Feliziani, E. (2019). Table grape, kiwifruit, and strawberry. In Postharvest Pathology of
Fresh Horticultural Produce, 141-186. CRC Press.

Sharma, S., & Rao, T. R. (2015). Xanthan gum based edible coating enriched with cinnamic acid prevents browning and
extends the shelf-life of fresh-cut pears. LWT-Food Science and Technology, 62(1), 791-800.
https://doi.org/10,1016/j:lwt.2014.11.050

Shi, Z,, Song, R., Zhang, L., Jiang, H., Jiao, L., Yuan, S., Zheng, Y., Chen, L., & Meng, D. (2024). Para-Coumaric Acid
and Cinnamic Acid Enhance Resistance of Agaricus bisporus Mushrooms to Brown Blotch Disease Caused by
Pseudomonas tolaasii. Food Control, 110859. https://doi.org/10.1016/j.foodcont.2024.110859

Singh, P. K., Singh, R., & Singh, S. (2013). Cinnamic acid induced changes in reactive oxygen species scavenging
enzymes and protein profile in maize (Zea mays L.) plants grown under salt stress. Physiology and Molecular
Biology of Plants, 19(1), 53-59. https://doi.org/10.1007/s12298-012-0126-6

Sirijan, M., Pipattanawong, N., Saeng-On, B., & Chaiprasart, P. (2020). Anthocyanin content, bioactive compounds and
physico-chemical characteristics of potential new strawberry cultivars rich in-anthocyanins. Journal of Berry
Research, 10(3), 397-410. 10.3233/JBR190487

Sova, M. (2012). Antioxidant and antimicrobial activities of cinnamic acid derivatives. Mini reviews in medicinal
chemistry, 12(8), 749-767. https://doi.org/10.2174/138955712801264792

Sturm, K., Koron, D., & Stampar, F. (2003). The composition of fruit of different strawberry varieties depending on
maturity stage. Food chemistry, 83(3), 417-422. https://doi.org/10.1016/S0308-8146(03)00124-9

16


https://doi.org/10.1016/j.scienta.2022.111109
https://doi.org/10.1111/ppa.13786
https://doi.org/10.3390/biology11111590
https://doi.org/10.1080/01140671.2020.1765814
https://doi.org/10.1002/ijc.2910620319
https://doi.org/10.1021/tx5001046
https://doi.org/10.1016/0304-4238(96)00892-8
https://doi.org/10.3390/plants12040697
https://doi.org/10.1111/ppl.13373
https://doi.org/10.1016/j.postharvbio.2013.11.003
https://doi.org/10.3390/metabo10050187
https://doi.org/10.1016/j.jssas.2014.05.002
https://doi.org/10.1016/j.lwt.2014.11.050
https://doi.org/10.1016/j.foodcont.2024.110859
https://doi.org/10.2174/138955712801264792
https://doi.org/10.1016/S0308-8146(03)00124-9

oLy
o¢¢
0¢o
o¢n
oty
o0¢A
0¢q
00,
00}
ooY
ooy
0o¢
ooo
oot
ooV
00A
009
o
o)
o1y
o1y
ol¢
oo
o1
o1y
oA
o114
oV
oV
ovyY
ovy
ov¢
ovYo
ov1
ovy
oVYA
ovQ
OA«
oAY
OAY
OAY
oOA¢
oAo
oA
OAY
OAA
oAd
o9
o9
o9y

Sultan, M., Hafez, O. M., & Saleh, M. A. (2024). Active coating film based on gelatin/trans-cinnamic acid for cold
preservation of peach fruits (Prunus persica L. Bastch). Journal of Stored Products Research, 106, 102286.
https://doi.org/10.1016/j.jspr.2024.102286

Sun, Y., Asghari, M., & Zahedipour-Sheshgelani, P. (2020). Foliar spray with 24-epibrassinolide enhanced strawberry
fruit quality, phytochemical content, and postharvest life. Journal of plant growth regulation, 39, 920-929.
https://doi.org/10.1007/s00344-019-10033-y

Tao, F., Zhang, M., &Yu, H.Q. (2007). Effect of vacuum cooling on physiological changes in the antioxidant system of
mushroom under different storage conditions. Journal of food engineering, 79(4), 1302-13009.
https://doi.org/10.1016/j.jfoodeng.2006.04.011

Ugazio, E., Carlotti, M. E., Sapino, S., Trotta, M., Vione, D., & Minero, C. (2008). Photodegradation of cinnamic acid in
different media. Journal of dispersion science and technology, 29(5), 641-652.
https://doi.org/10.1080/01932690701758491

Wang, Y., Ye, H., Lin, W., Wang, G., Luo, T., He, J., & Wang, B. (2024). Cinnamic acid application inhibits the browning
of cold-stored taro slices by maintaining membrane function, reducing flavonoid biosynthesis and enhancing
glutathione metabolism. Postharvest Biology and Technology, 218, 113180.
https://doi.org/10.1016/j.postharvbio.2024.113180

Wu, M., Deng, Z. A, Shen, C., Yang, Z., Cai, Z.,, Wu, D., & Chen, K. (2024). Fabrication of antimicrobial PCL/EC
nanofibrous films containing natamycin and trans-cinnamic acid by microfluidic blow spinning for fruit
preservation. Food Chemistry, 442, 138436. https://doi.org/10.1016/jxfoodchem.2024.138436

Xiao, Y., Zhang, J., Jiang, Y., Yuan, Y., Xie, J., He, J., & Wang, B. (2022). Cinnamic acid treatment reduces the surface
browning of fresh-cut taro. Scientia Horticulturae, 291, 110613. https://doi.org/10.1016/j.scienta.2021.110613

Yang, B.X., Li, Z.X,, Liu, S.S., Yang, J., Wang, P.Y., Liu, HW., Zhou, X., Liu, LW., Wu, Z.B., & Yang, S. (2023).
Novel cinnamic acid derivatives as a versatile tool for developing agrochemicals for controlling plant virus and
bacterial diseases by enhancing plant defense responses. Pest Management Science, 79(7), 2556-2570.
https://doi.org/10.1002/ps.7433

Yang, L., Wang, X., He, S., Luo, Y., Chen, S., Shan, Y., Wang, R., & Ding, S., 2021. Heat shock treatment maintains the
quality attributes of postharvest jujube fruits and delays their senescence process during cold storage. Journal of
Food Biochemistry, 45(10), €13937. https://doi.org/10.1111/jfbec.13937

Zhang, W., Jiang, Y., & Zhang, Z. (2023). The role of different natural organic acids in postharvest fruit quality
management and its mechanism. Food Frontiers, 4(3), 1127-1143. https://doi.org/10.1002/fft2.245

Zhang, Y., Jiang, L., Li, Y., Chen, Q., Ye, Y., Zhang, Y., Luo, Y., Sun, B., Wang, X., & Tang, H. (2018). Effect of red
and blue light on anthocyanin accumulation and differential gene expression in strawberry (Fragariax
ananassa). Molecules, 23(4), 820. https://doi.org/10.3390/molecules23040820

Zhang, Z,, Qin, G., Li, B., & Tian, S. (2015). Effect of cinnamic acid for controlling gray mold on table grape and its
possible mechanisms of action. Current Microbiology, 71, 396-402. https://doi.org/10.1007/s00284-015-0863-1

Zhou, Y., He, W., Zheng, W.«Tan, Q., Xie, Z., Zheng, C., & Hu, C. (2018). Fruit sugar and organic acid were significantly
related...to  fwit™> Mg of six  citrus  cultivars. Food  Chemistry, 259,  278-285.
https://doi.orgl10:1016/j.foodchem.2018.03.102

Extended Abstract
Introduction

Strawberry is a common fruit with high consumption that is widely cultivated all over the world. However, due to its specific
structure, strawberry fruit is sensitive to postharvest handling and has very short shelf life. Cinnamic acid is an aromatic and natural
carboxylic acid that is synthesized from phenylalanine. trans-cinnamic acid is a safe compound with antioxidant and antimicrobial
activity that can be used in postharvest managements. The purpose of this research is to investigate the effect of trans-cinnamic acid
in delaying the senescence ad induce antioxidant activity of strawberry fruits in order to maintain the quality and improve the
marketability of strawberry fruit at the end of the storage for 10 days at 1 £ 1 °C and 24 h in room temperature conditions.
Material and Methods
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Strawberry fruits (Fragaria x ananasa cv. Monterey) were harvested from a commercial greenhouse in the full ripe stage and
immediately transferred to the laboratory. Healthy and uniform strawberries were selected and divided in three groups. Strawberry
fruits were immersed in the trans- cinnamic acid solutions (0.1, 0.2 and 0.3 g/L) for 3 min and packed in polyethylene boxes (20x15x12
c¢m) and stored for 10 days at 1+1 °C. Control samples were treated with distilled water for same duration. After 10 days storage at low
temperature, all the fruits were kept at room temperature for 24 hours to simulate the commercial situations, and then sampling was
done to evaluate quality traits and biochemical compounds. The experiment was conducted completely randomized design with three
replications.

Results and Discussion

The results showed that postharvest application of trans-cinnamic acid (0.1, 0.2 and 0.3 g/L) decreased ion leakage rate (12.9 %,
16.2 % and 8.2 %), malondialdehyde (10 %, 12 % and 24 %) and other aldehyds (22 %, 18.5 % and 26.8 %) content of stored strawberry
fruits (p< 0.01) respectively, as the most important indicators of senescence. Moreover, total anthocyanins content and total antioxidant
activity of strawberries increased in response to trans-cinnamic acid treatment. According to correlation coefficient analysis, there was
a significant and negative correlation between total antioxidant activity with the electrolyte leakage rate, malondialdehyde and other
aldehyds (p< 0.01). These results indicate that increasing total antioxidant activity has positive effect to suppress the activities related
to senescence of stored berries. Moreover, postharvest application of trans-cinnamic acid (0.1, 0.2 and 0.3 g/L) had pesitive effect on
organoleptic quality parameters and improved marketability of strawberry fruits (13%, 20 % and 9%). Treated strawberries with
different concentrations of trans-cinnamic acid had lower titratable acidity, more total soluble solidy better color and taste. Statistically,
trans-cinnamic acid did not have significant effect on firmness of strawberriesyAlso, Postharvest treatment of trans-cinnamic acid
influenced the eating quality and marketability of strawberries. These findings suggest that postharves%plication of.trans-cinnamic
acid, especially at the concentration of 0.2 g/L, was most effective in maintaining the,quality and improvingsthe marketability of
strawberry fruits. This research showed the significant impact_of trans-cinnamic agid onypostharvest quality, antioxidant activity,
delaying senescence and improving the marketability of strawberry“fruits.

Conclusion

The findings of this study indicate that the senescencenof strawberries delayed in'response to trans-cinnamic acid treatment.

Therefore, trans-cinnamic acid can play an effective role in increasing storage Ii%nd improving the marketability of strawberry fruit.
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