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Abstract

Background and Objectives

Apple has a long-term supply throughout the year because of its high storage capacity.
Sometimes keeping this fruit in the cold storage room for a long time reduces the quality and
marketability, thus making it unattractive for consumers. Recently, there has been an increasing
interest in the use of natural compounds to maintain fruit quality and extend its shelf life.
Salicylic acid (SA), a widely distributed compound in plants, belongs to a group of phenolic
compounds. It could be considered an endogenous plant growth regulator involved in the
regulation of physiological processes and disease resistance mechanisms.

Materials and Methods

To solve this problem, the effect of different concentrations of salicylic acid on the storage of
golden and red delicious apple fruits was examined at harvest, 45, 90, 135 and 180 days after
storage. Treatments included no washing, distilled water, and salicylic acid 1, 2, and 3 mM for
half and 1 hours in cold storage room at 1 + 2° C. At the end of each storage period, traits such as
fruit firmness, vitamin C, TSS/TA, phenol, mealy fruit, flavor (panel test), chilling index and
antioxidant capacity were evaluated in three storage periods (0, 90 and 180 days after storage). A
factorial experiment based on a completely randomized design was conducted. In both cultivars,
harvest index coincided with 170 days after full bloom.

Results

Results showed that chilling injury, mealy and fruit ripening reduced by salicylic acid treatment
and flavor maintained. Antioxidant capacity and phenol content increased by salicylic acid
treatment during the storage, but no effect on vitamin C and fruit firmness was observed. During
storage, maximum of chilling injury and flavor was related to yellow apple fruit and the
maximum of tissue and skin firmness, vitamin C and antioxidant activity belonged to red apple
cultivar. The use of 2 mM salicylic acid for half an hour was more effective than other treatments
in preserving the quality and storage of fruit of both cultivars.

Discussion
The results of this study showed that at the end of the storage period the amount of mealy fruit
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and flavor increased, while skin and tissue firmness decreased significantly. The effects of
salicylic acid include a decrease in mealy fruit and chilling injury, as well as an increase in
phenolic compounds and maintenance of the antioxidant activity, flavor and TSS/TA, which
ultimately increased shelf life of apple fruits. High quality and storage capacity were related to
red rather than yellow apple.

Keywords: Chilling, Firmness, Flavor, Mealness index



) 845l o) ol FY s ol Sl g

759335 i 0gm0 (A S T 39 » Shmdlocuw! §1 (ow)y
Sl eyge b JSUJ (Golden delicious and Red delicious)
TOlAS e i Ao 5% (6550 4kl | _Blus 18
Q‘,:‘ ‘[)lqr.'..ué) cbl?r-'-mé) (c&) s L?‘} eli.ﬁu"} q_;)'”l.:f a-\g‘i}b LGL‘FL (t}l& u\f.b)‘ ngu)lf bfTJJ‘J—\

(F.NAZOOTT@VIU.AC.IN 0 11 Ol Ol ) () e I3 ol 16535528 0aSKtdls ¢ SLEL et 03,8 (slikal 1 g Ok 97—
O Oloind s Olind s () pae 5 o315 0555128 0aSCils ¢ SLEL pske 05,5 colul ¥

VWAA/ Y/ F 0 o dy 'C_)U AARYZAN VAR SRt I 'C_)U

ol

OB 4 2t & Sl (55IMeS Lo 53 HT 999 o om0 SIS e BT 53 Fae elge ST (S
9 s 050 (ST yor 1391 9 Lok Lad> jebuo 4 1FAY Jlw 53 .00 5 o0 OT (A8 9 o5 Sl 39
PB Y  (SB05a0 (Silo !y bt bl CiliSeo SIS T 0ga0 o391 Cabld g 51y SMare S
Sl 3w 39514 917D A FO Jao Sy Olo) 58 Olmiudy O =819 Aol g dikaio I SUJ 3089 3))
Lo 0940 -39 Vg0 Lo ¥ 9 ¥ ¢ bt lodhpuo! ¢ oo T o(ABLE) g § S (390 ol B jloud ok sy
CBl w610 A3 VoD i gl s 9 wgmmdiwds 50 TEY (Slod b 40 g 50 Hlowd 31
0393 y8 OLb 38 (T35 (Sl Cmd) prbo 9 dae gm0 O (ST ¢ I (TSSITA & ymoli§ <o ga0
SLa sl 4l il (b 351 (G 31 395 1A+ 92+ (j20) 0395 dw 35 (Sl I BT Cud B g Slo il
9 ydae Lo Sl 903 57 WS 1) 090 Gy 9 O (83T ((FT35lo pw i) ALY 4 o bt b A
Soi L (Ao yd ¥e) Jid ludio 9 (Ao 38 e (Gl (BT Camid 3B o slil 3 Aty 395 A0 s b
090 (i 9O (polizg 10 (510 (0 il o (i (Jg Bl a1 Y g0 o 4w § 93 bt luhuns!
(S SN0 (2 ey 9035 oo 0920 41 g2 y0 A (35T 5 (F35o o O 0 (2 il (Slosbl (b adls
e 5 (i) okt 1+ + 1 5 st $Y) 5 Coaing (935 575 1Y) ity 8 (99 575k V1) o
4 3Y gm0 o 99 bl 3 95157 B slowd ymt 31.099 3098 08 o 4 Bhrio (0 )d 10)  Jlohas™l 5T
2w 9 0l Hlow 31 7§50 (Ul 305 9995 o 15 90 B 0gun (Jloylil Cudtes” Tado 50 daSS Te Do
9 Sl bl S slosd

b 9 sae ( Fhw ( T35k g (Od (53T o jlguauls”

543 /P L 5804 by e Y40 Ul s 2L oo

OT a¥lo ud 5 a8 550 Ao )3 VP L o OT Sl s 248 el (2l Y e o Segr 3 (SS e
.(Ahmadi et al., 2017) L 5L o o5 O b Y/F 51 i S09liS OV seames Sle oy Sl 6oL i Al
OLaj 53 i Ay il ols 1,8 515 Connds il N gz ¢155 Olos 53 s oo olaistl 3 5 4

S RE 0N £ 5 A LS 0 5n Oy DM 5 s i 558 3 el 5 SLSL



s S eSladladand 31 0L Sen 5 Bl FY

Lis 5 )5 s Sty ¢ S35l ol 2l
s (Wang etal., 2006) Las e 0 p 5 Sy 207
Qin et al.,, 2003) S uw sy 2ol o WS
AL G b Sl a5 ) E s S
D55 e gn Gl s ¢l 58T Lol 5 (6 s 5 o
~\ (Shafiee et al., 2010) cul osls 215511, 553
Hr o Sjlew Sl 2l s SChdlatd
20T oUls a0 Coal e 5, slos 5 ,UI I gb o
S b o s 5 eS| ST (gt & o
23 ogme bode (o 5 ,b pl S48 55 esls s Hles
Wang et al, 2006) 5,5 o olas s o,
LT Il W5 2l L Sl
Ml L o (I 5515 A o) il 5 Il
Mirzaaliandastjerdi et al., ) dus S ail s ye )3 sLis
slad 75l Ol (Dl I Jol s (2014
32 s ST o g 55 6 T Sl

3yl 50 e 31 il o b (slaosue s
Cnslae LAl 5o b 51 e (Sayyari et al., 2009)
35S, L;LA(.{_}_STC,._J&.‘S Sl s a5 EL s s
A (I Sy 2l e U S Ly
Gk 3 eSUewdlud ! (Davarinejad et al., 2014)
e i St T e s ialS
555K 0 g 0yl placs LialS ( JT (sladu —
5 oobewssT 0355, Li> 4 (Asghari and Ahadi, 2013)
Jalili Marandi and ) a8 6y (5 all i
0 3o Ll S s DU e o 5wl (Shafaei, 2015
3 S ds ol G 0 T (A3 s Sl
Babalar et al., 2014; ) c—ul g alb CiS ials
4 L (Shafiee et al., 2010; Sepahvand et al., 2016
5 oS Do pas i Sl St 51
o Pl 3B 395 s GLEl DY s (A4S
© s oL S50 d e cpl Slol!
Ll 1 osle ol Calibes Glaclale 1 gy ) shite

T b B Y EESSIS R SR E

2 RS 5 AT e 4 e Sl ol e
ps 35 oo Jpmame (ol (Gl yl5L 5 (AST Sliw
5 e Sl (b mleo b 5 0y 5 s
OS5 e o 48T el IS 1L SU
42 5 o YU LUl 015 At sl 50 OT L o
el b Sas Jle b ples 5315 0T Sote GV
Wbls el Joad (bbb g e e 4
ot Ve a5 g S U Ll 5 JE 5 Jor
bossie o 3l Sils g 5l ey Sluls s 4 J suames
BN 3 o Sy 503 2 pae a0l JilS s
5435 o 5l GBIl (b o g S 5 (o5 Dlio pdl s
SIS ol o (6l 3 0 iS s e (g ol
g3 dama b 5l 5 b DS 5 ) s b
st B el 8 305 3y S bl Lo
Lsls (GLEL DY suamee il p 5l ey DAl J 2875
.(Kader, 2013, Kazemi et al., 2011)
Sl 53 e 3 6yl oSl
LS (U e a5l a1 SLEL Y gaes
o3be (2l 3 )8 5 il o 000 LS Lok 5 ST A 5
Sl s Uy JalSTL s bgbels (glae s s
B I Ny S A NV g LgLar.‘y.jT [P
AT s 3 503,85 (6,8 sl L 5T ol s
i J Sy 0 e O (Slo g 5 (6 O
ST oS 55k 03,5 ils s 4y &S bk
S 05 87 6N 4 536 &S5 ol w53
Fi 2 e 5 JMSTACC 0 5T55 5 5 50 o T aler
355 e 6 Ny 53 B el ol 3 oS sk k!
3l eslawl .(Asghari and Soleimaniaghdam, 2010)
50 050 33 3V o e S b Sl
b 5 055 LS I Ble ()l ime 5 by USTL
s-b (Kazemi et al., 2011) Cwl oii Slaylil o9
23 Y o B Sl jlas a5 ol
S s 5 S Sy Sl e 2o el St
Eeb 4l 5> «(Zheng and Zhang, 2004) Oy alS



£ 845l o) ol FY s (ol Sl g

Mebw‘mﬁjjv\f_buﬂ\ﬁ&j))\g)w@)
O St Ol 3 BB ol 0 gloes sl 3] g0 o
M‘a—)‘}.ﬁwbuvblaéui.wlrﬁli;@)d&u
c..»uua&.»u}d:.wjﬂ:w‘)éwja(Tss)d}bm
(\L?al @61 sles 4> (PAL-1 Atago, Japon Jus) Jlee s
M‘d&%b@‘wjaﬁyﬁwlu\ﬁ.u
(o /) bt g5up b Cal 050

(2014
(1) a5
SERWRN IS 1D QS D S SN I
l,(g\:,,.1= X Yoo
l Gp i X e
b J—f J— sz &S o3l 6l —

FENPE VL D TPSIUE.J TS C W KN g
o 3 8 Rn 5 L) 0T s s 3 Ar Jilse
03042830 S ay Hea Vrrre s Lol 5o
290 ddoes 505 i Sl | & Sl dm y5 F (sles
ST 5T s b 5 ST s (6,810l (sl
B s Slie o Ses 6l s S o3l pr
Ayala-Zavala et ) & sslewl g s I G, )
G b ) S e g SIS =T s b (al., 2004
o DPPH 53T JLSCsly Sas’ o ool

(Brand-Williams et al., 1995) .5 &

¥) o,
Q}QAJ&XC;‘A?%FA.\;

A0S AT e = () - ) x1he
st T el J].S;.Lc—

5l Ol il S| iy Lo 5 J5 O ST

aj_:a.ﬁ..\._cj.s..\._irl_qd\@‘]}i.po:bajqjuij)j\
A onls 13 Sawdy o gades 5,5 3 4SS
5ok rhe ;B 5 Lae s L5 Sl A e il
..k_b}aja.su.:_..«\o.sbo)_ajui))le.a\_&L;:)To\H
oo b s sl o o o b (Jle Sl Condy
aﬂ@%&écwaﬁl{bﬂgba}ojl{gfc&
w3 8 515 b)) gm0 e b Camd Sl 5 ler
sesLs g -Sojlusl )~ .(Nazoori et al., 2017)

by w9y 9 3lg0
AU ) ssbie 40 VAP JLa ys Bash oyl
3355 e 3L 2B Syl Sl Lo
W2 B ol Ol 5557 L 53 32 50 G 50 3
(J8 plas 5l dm 5950V o o5 93 8 s s
% Fo 5 2L oSNl 4 e e Oy b o3Lae

B3 o AL 3054 e S ey S
e BEN SPY-_ L IS PevIeRy A
il (o g iy 5SS 58) 1SS a b bsbas Sl
(S 503 5355 o o) Joli ST sla) 5576
(AM) i OT (AD) als b 5d 5 Cand O3b) Hles
a5 (A2) 55 (AD) SG glacbile L eShadludu
Sloliloygs 5 (aads v g ¥ e 4 )Y 5o s (A3)
94— 55 Gy YA 5 WD A FD i )
455 SAS g, LT N 5le 5 3l eslinl b Laesls Judows
Jlot elas 55 LSD 03037 L s ke anglie 5 /¥
ab g m SLalased 5 Jgliar Al plsil Lo 53 0 (sl
Jles! 3l dw b = Excel ,\}_é|<.,' Sleslaal b
L il SSTL 5o 000 oo ey 0012513 5 ajles
Gt gkes /0 Cales 5 e (Sl Y XY slal
5 g A 3 YN Glas U (glailsts o 4 LS go
o093 AOLL S 5 Jie do s D i b
3 53 et Gla sy osm A4S 5 08 s S 55
oens Lo 5 0 g i (5 S 0jIU1 A (5,8 o510l
<=L Lutron FG5020, Taiwan Ji) T e
gy i (5,5 0311 6 s plos) (Ol 528
IS oml 6l m s 03l 15 oKaws 5 JolS 6 gee lnl
Jrate o8 15 o oo VY ) sy 5o s
Caglin (535 53) Sl 5Lad ¢S5 Jloel b o 003 S
(e dmlous g s (5,8 o3I S ok 4 2l
S35 Lo gy 5 M 050 gy Ml 8 8
b i 155 a8 (6l Ol e i asls 15 s S
5ol domio (555 Al 31y i OS5

S o3t sl ks 8 anlonn 55 0 5 AS



s S eSladladand 31 0L Sen 5 Bl FF

5 SLbl Joeily (RI531 53 s by (2w
S s 5 SO lacanT 4 i Caglie sk
e e oSzl 5 DL K5 b 1 als 2K 0
3 (oh D e 0 5m Sl )l 5 LS e S
93 05mn Cdb S lie b (S35 b5 0 gee i
Sl Y Cotle 5o ST a6y sbas 55ls £ 5k 0L
e 2 IS S, i 51 e
e 0dS e Jale S Ol e an S5l
Sl 485 s S S S 53 S
(Wani etal., 2014) Coul ol a2l

bl 3l e o &8 5 O 5 ST ol el
s Vol 430 513551 3,55 ot 44 S (65 Tk
3 ol gl Bl e ST i 035 Y bl
pd;ugu‘y\fvsjwwjaﬁcwwM
ssba s SOl (i SLe)LI OLe e 155
opn Sl i o5 6y sb 3 5 Iy 2alST (615 e
ot 4 Ay 3 45 e 208 4 eyl sle D o
Sl b S2alST (Wanietal., 2014) 55 s ol b
Gl 8L b 45 s 4 Sl (s JU1 (b o s
Syt o 53 ol pon 5 55 05 4 Sl
.(Damyar and Dastjerdi, 2014) 5,5 s &5
Gk Sesle J53 oS 5 6 Ol oShadlatd
ACC , ;.. ACC ﬁ;,JT);;;_» sla 05 0y by
Sl =T 5 Ghsl A 5 2alS s 3 5 jlusST)
5 3V sho 5L SYEL dsile Jobow o)l 0dSTp 5
>3 0 g O 5 SRS Esl LSSy
.(Shokrollahfam et al., 2014)

Do) g 4 0 33 (15 2 50 Ol a3 (S35l
Slas a5 43 8 Ol H1L,SS 5 ks 65 sl
Coandy Solw YF 5l dm 5 i (Y0 °C) o8t le 3T
eSS 5 gy Liy3 8 g o ol Lo 5 1o 0 e
NPEEPPIRICE. J g Tl )2 ) slosgd 435 5,5
L Sajle e ot 8 8 5s Sajle o e

(Wang et al., 2006) 3 5 auloes () alasly 3l o3lizal

¥ (nixi) / (Nx6) (F) kol

S35l e 4S5 o laosn 3l N calasly pl
Sl 2 53 S slas s Sl N cisls Ol 151 4 s
33 Ol gn ol ) (S 5 S35l a5
Wl iy U s 510 (Slo g 5 Ty (S35
U oS (S 5 (S35 e O3k 1o
INUCSTE JN R SN UE SR SV CEPCRRWRTR £
el Loy Ar )'\u:,.:.::@jwﬁlv G&e Ll
o g b

S anlllas 5 30 Dldo ST ) opl moli b
J%SCJJA_!A_{A_:EJ?JUJJ&:LA}TL;L&)LQJ;KU
IRCA R
i

Olej S 331 L codaT Cmsasy s b
o5 085 93 A 53 0 Loy 5 3L (i Syl
e Sl i () Jd) 35 Iy 2lS” (13 ime
e Gl Sl e 590 WY 53 e B 95,5
SalS 6 g il Ol 4 Cd Loz 3 O 5 ¥4 550>
oA e i Syl A 50,80 B STy

353, e ) i

Table 1. The effects of storage period on tissue and skin firmness of apple fruit cultivars

Cultivar Golden delicious Red delicious
storage (day) Fruit tissue firmness (KgN) Skin firmness (KgN) Fruit tissue firmness (KgN) Skin firmness (KgN)
At harvest 2.80° 4.98° 3.75° 5.78°
45 2.24° 4.21° 337" 5.54°
90 1.98f 3.61f° 2.45° 4.53°
135 1.85" 3.43%" 2.02" 4.11°
180 1.72¢ 3.33" 1.779 3.77"

Mean within a column and row followed by the same latter are not significantly different at p < 0.05 according to the
LSD test.
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Figure 1. The effects of cultivar type (A) and storage period (B) on ascorbic acid of apple fruit
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Figure 2. The effects of salicylic acid on the TSS/TA ratio of apple fruit

(A0): No washing, (AM): Distilled water (0.5), (A1-0.5) and (A1-1): 1 mM salicylic acid for half and one hour,
(A2-0.5) and (A2-1): 2 mM salicylic acid for half and one hour and (A3-0.5) and (A3-1): 3 mM salicylic acid for
half and one hour
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Table2. Interaction effects of cultivar, storage period and salicylic acid on antioxidant activity of

apple fruit

Cultivar Red delicious Golden delicious

Treatment At harvest 90 (day) 180 (day) At harvest 90 (day) 180 (day)
A0 23.5%9 11.6" 9.5¢ 14.8™ 11.8" 7.3
AM 11.6M 9.5 15.47" 10.3"
A1-05 19.01" 12.8" 29.7% 12.86"
Al-1 22.15°" 13.3" 15.5M 9.7¢
A2-0.5 46.06° 12,57 34.06" 11.01
A2-1 38.6% 17.5% 28.77%° 13.1"
A3-05 45.8° 22.27"" 24.26"¢ 13.6"
A3-1 39.04° 21.86% 25.08"" 9.6

Mean within a column and row followed by the same latter are not significantly different at p < 0.05 according to the
LSD test.

Table3. Interaction effects of storage period and salicylic acid treatment on phenolic compounds of

apple fruit

Treatment At harvest 45 (day) 90 (day) 135 (day) 180 (day)
A0 1.43%9 1.34%9 1.08™ 0.98¢ 1.08™
AM 1.35%¢ 1.44%9 1.29%¢ 1.08™
A1-0.5 1.43%9 1.19%¢ 1.83>¢ 1.82¢
Al-1 1.47%9 2.5° 1.92°7 1.83¢
A2-0.5 1.77°9 1.93" 1.42%9 1.85>¢
A2-1 1.75>9 2.110¢ 2.37° 1.21%¢
A3-0.5 1.91°" 1.34%9 1.38%9 1.83¢
A3-1 1.97°" 1.36%9 2.08"¢ 2.14"¢

Mean within a column and row followed by the same latter are not significantly different at p < 0.05 according to the
LSD test.
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Table 4. Interaction effects of storage period and salicylic acid on the mealness index in apple fruit

Treatment 45 (day) 90 (day) 135 (day) 180 (day)
A0 1¢T 1.25%1 1.58° 15®
AM 1.25%¢ 1.16" 1.25M" 1.47™"
Al-05 0.66™ 0.58%" 0.66™ 0.66™
Al-1 0.25" 0.58%" 0.58%" 0.83%¢
A2-0.5 0.41™ 0.66™ 0.75™ 1¢f
A2-1 0.41™ 0.58%" 0.83%¢ 0.91%9
A3-0.5 0.25" 0.58%" 0.66™ 1t
A3-1 0.41™ 0.66™" 0.91%¢ 1¢7

Mean within a column and row followed by the same latter are not significantly different at p < 0.05 according to the
LSD test.
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Figure 4. The effects of cultivar of apple fruit on chilling index

TableS. Interaction effects of storage period and Salicylic acid treatment on chilling index of apple fruit

Treatment 0(day) 45 (day) 90(day) 135 (day) 180 (day)
A0 0 0.2%¢ 0.22%P 0.22%® 0.24°
AM 0.14" 0.21%° 0.18%¢ 0.22%
A1-05 0.13%9 0.1 0.1 0.14°"
Al-1 0.02" 0.1 0.07%" 0.1
A2-0.5 0.07%" 0.09™ 0.03™ 0.09™
A2-1 0.07g-i 0.1 0.1 0.11°9
A3-0.5 0.07%" 0.07%" 0.1 0.1
A3-1 0.09™ 0.09™ 0.13%¢ 0.14°"

Mean within a column and row followed by the same latter are not significantly different at p < 0.05 according to the
LSD test.
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