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Introduction
The rapid increase in population has raised concerns about food security in the world. On the other hand, to
produce more food, in line with population growth, it is necessary to consider sustainable development goals so
that the increase in production does not lead to excessive use of resources and environmental damage. Therefore,
one of the effective ways to develop food security in line with sustainable development is to reduce the waste of
agricultural products, especially garden products.

Materials and Methods

This study aims to investigate the effect of chitosan and essential oil foliar spraying pre- and calcium chloride
immersion post- harvesting on Golden delicious apple fruits grafted on MM 111 (Malling Merton 111) in an 18-
year-old apple orchard. A factorial experiment in the form of a completely randomized design and in four
replications (each replication containing at least 30 fruits) was carried out in 2 hectares orchard located in the
Abistan region of Khorram Abad city in 2021. The first factor of pre-harvest and post-harvest foliar treatments
including control treatments (spraying solution with distilled water), foliar spraying of chitosan (100 mg/l) and
essential oil (2500 mg/l), and immersion of harvested fruits with Calcium chloride solution (2 %) in the post-
harvest stage, and the second factor is the storage period (in days 0, 60, 90 and 120 days after storage (which
according to the high storage life of the apple fruit and performing the pre-test and until the end of life) Fruit
storage was achieved.

Results and Discussion

The results of the analysis of variance showed that the effect of treatments and storage time on all desired
characteristics was significant at the 1% level. Treated fruits had higher total phenolic and flavonoid content,
antioxidant activity, vitamin C, and titratable acids and lower taste index, acidity, soluble solids, malondialdehyde,
PPO activity and weight loss than the control. The highest amount of total phenol and flavonoid content,
antioxidant activity, vitamin C, and titratable acids in all four measurement times belonged to chitosan + essential
oil + calcium chloride treatment and the lowest amount was related to the control treatment. Also, in the control
treatment, the amount of malondialdehyde, soluble solids, taste index and acidity increased during the storage
period. In the fruits treated with chitosan + essential oil, the lowest acidity and soluble solids were observed, and
in the chitosan treatment alone, higher titratable acids and the lowest taste index were observed. In general, based
on the obtained results, it was observed that the application of chitosan and essential oil before harvesting and

©2025 The author(s). This is an open access article distributed under Creative Commons
Br Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/ifstrj.2024.89420.1358



mailto:Ehteshamnia.ab@lu.ac.ir
mailto:Ehteshamnia.ab@lu.ac.ir
https://doi.org/10.22067/ifstrj.2024.89420.1358
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2024.89420.1358
https://orcid.org/0000-0002-7291-9572
https://ifstrj.um.ac.ir/

VP F Culigmdyl-(p05959 I o)lods YY) ulsr (ol pl (219€ 2slo g pole sledidg}y 4 s As

calcium chloride after harvesting improved the quality characteristics of Golden Delicious apple fruit. Weight loss
is mainly caused not only by sweating but also by breathing. By forming a membrane on the surface of fruits,
chitosan biopolymer acts as a mechanical and physical barrier to reduce gas exchange, and as a result, fruit
maturation and aging are affected. Composite coatings reduce weight loss by maintaining hydration and reducing
gas exchange and water vapor emission. Edible coatings can act on the phenylpropanoid pathway and increase the
level of phenolic compounds in plants, and the phenylpropanoid pathway includes the synthesis of various plant
secondary metabolites such as lignin, flavonoids, phenolic volatiles, and tannins. The semi-permeable barrier of
the chitosan coating limited the rate of respiration, reduced water loss, and delayed ripening and aging, which
resulted in higher total phenolic content during storage. Composite coatings delay the oxidation of phenolic
compounds, eliminate metals and free radicals and create a quasi-bonded structure that prevents the passage of
infiltrating materials such as O,, CO,, and water vapor.

Conclusion

In this research, applying a combination of chitosan + essential oil + calcium chloride as a coating on apple led
to increase the vitamin C, antioxidant activity, total phenol and flavonoid content, and reduction the weight loss.
In addition, the application of this treatment led to the improvement of other characteristics such as the reduction
of malondialdehyde, acidity, soluble solids, taste index, and increase of titratable acids. Therefore, it can be stated
that in addition to the fact that these compounds alone improved the quality of apple fruit, their combined use is
also recommended as a biodegradable and natural coating to increase the storage life of Golden Delicious apple
fruit.

Keywords: Edible coatings, Malondialdehyde, Titratable acids, Total phenol content



olnl 218 gl g pale Sletirgsy 4y
https://ifstrj.um.ac.ir

g

VA1) o VFF Ciigs e, o) oylad YY) uls

SIS 03 o 0 g S S Shy p ShsS Glaids Cdls l de 5 S 5,8

(Malus domestica cv. Golden Delicious) j:Jds

Yu".'b Lo ez —Y.Ux.ay * yon> = \,}r\.....:-“' | 4.“.&,.0 _\LSJU = Wbl

VE/ D/ B 5 gyl

CRVCCS

Age 51 (S5 slagiby «laS 5 cpl Aidl oo dlox jl laogen (Sloyll yoe (I3 (sl 5o () Mg ( S saiudgy ) oliul
ol il 5 048 cladlone 1L sl b g g0 485 S 4 ol (5Bl talj8l jglaiods Lablovo (sicay &5 i (955 5
ObegtsS cudloy SIS (odbglone Sl owpr ol 3 pglaie (e 4 imd GRIEN) Wogee CudeS Sl oo Bl (Sgy0 yhanel] s 9 (Sl
slod )3 (cedlsyy jl g 59) VW 58 Fv yho) lises (o )log ) G 0910 S SRy (B el WIS Sl ) g g 0550 eilil
S g 3 3 3590 sla S pled 2 Slojlil gloj g les BT 0l Lo il 455 @l .85 )3 byl 3)90 315 (Bl a2 ¥
5 PV Gl 25 B (slasl 5 & altng (a1l codld (S 455906 5 Jgtb (clgime gyl 003 slesd slbogis 392 o sine o)
Sl (lie oVl g 4l 5l 568 039 Gl 5 ST JgB Sk o3l clled 5 a5dlies piglle ¢ Jslone sale dlge ety oabo a3 LS
bl + plosiS loslost 4y 3late 65031l o Jla 32 53 sl B bl 5 & (ppeling (ST 8T ol (IS igisM 5 J5id
(Jgloes dal> dlge Al (63 (gl i Slojlsl loj e > waald jlas )3 (prizres 35 aalS jlast 4 bgipe (lise (2508 5 e IS )+
o 3 9 35 odalidie Jgloco dal> dlga g a5 bl + luwgisS L oad o lmogen )3 il Gl dbtpl g pab el
oS w5 onlie ool Cusd 4y gl ol (IS gty Bl 3925 el a3LE (S 5 sl BB slassl e e & s
WA > S 185 o 050 (S Clho D900 e el IS Cutly Sl g g uilisl g g il 1 S 3 )18

J5 Jsd s il (63 glle ( Shss slagidsy sl B slaseul 15045 (W23l

(223 VA) o 0 bgrye )9S (UL SV gae g5 o
30 05k 455 5 5 s ¥ 2305 VLo W5 U g (olee poe
Agricultural ) s)ls ;1,3 liwg) ¢ Wl A5 0l (o (slayguis
o ol g o Sdxe dlge 5l aae8 B xie uw L(Statistics, 2021
oyl Blogl ol b aib o JI sladewl g b piluwgs!] da Joid b
9 &uﬁ].))g u&)&é Lgtmwj Axlano 6UJLO)LJ| WV J9.|o 3 ogeo

ol Gl (2l cuiel dbul lp ol SIS 538, YU cege

Aodbo
»j 5 (Rosaceae) \Ls s ool 51 (Malus pumila)
YO oldlys (o,s 0dgiwe ) .l (POMOideae) -yl odlgls-
S5l g Cowl Jdize om0 S5 a0 ()5l 4 )0 AY b ax
o 5 oS 5 Sl ol s i gyl J) (S
Sload adlid st ol lasa & cwl onds S
5l ow Jlws (Forsline et al., 2003; Palmer et al., 2003)
Caiio ) 0lcws 429 3)00 o8l jg) sebar o cudly
ok 85l dla i slel bl )l 8 SLel,

Ayl bl g3 liw ) olSsly 6559l By ( SLEL pole 09,5 Lty 5 (655 (commaily i =¥ ¥ )

https://doi.org/10.22067/ifstrj.2024.89420.1358

(Email: Ehteshamnia.ab@]1u.ac.ir : Jyzue sty —*)


mailto:Ehteshamnia.ab@lu.ac.ir
https://doi.org/10.22067/ifstrj.2024.89420.1358
https://orcid.org/0000-0002-7291-9572
https://ifstrj.um.ac.ir/

VP F Culigmdyl-(p05959 I o)lods YY) ulsr (ol pl (219€ 2slo g pole sledidg}y 4 s AY

slas 5l S Satureja khuzistanica Jamzad _ele pU L
ST g Sal K Gl g laaylangS > a5 ol Satureja oq
S. bl Jld dlge Hlade b 0 il olpl o Cgin
(Alizadeh, 2013) cuw! ysie a0y & UV ;I khuzistanica
dex jl (SSiedse yoles sl S. khuzistanica oylas 5 juils!
Zarrin ) z,6 ws (Saei-Dehkordi et al., 2012) Jb =Ll
o) 5l (et al., 2010; Sadeghi-Nejad et al.,, 2011
Ahmadvand et al., 2012; Saei-Dehkordi et al., 2012; )
bl 1S g Cobs s ol ws (Rezvanifar et al., 2010
Cul 555 Ll b S lwsns (Alizadeh, 2013) ¢!
chbd &S Wl cants S SUWB ol el w0l aS
(2825 AL ol g olbord S0 4 LS sl
So glogtsS b JoyiadS aS g Sl pw 25 (2L SL S
oS il Jobs o sl Jsoms SliingyS parly ite
Conl 50 g Kin 3 Wl iy Cow dtwgy Lol s3> o
2 eoko i b meandlS oyl 2 09Me (Szlachta et al., 2020)
Wuetal, ) &S oo 53k CutsS 5 oge M58 2 J5e S0 Ol
oo |y ol o pdideii o Jolo slaolges 45 b lan (2023
(Zhi et al., 2017) uS o cladle on3] )59 j g 45 o
lasslon 9 (BRI ¢ Joho 1595 9 (e Lain 4 laogeo )5 mandS
Jain et al., ) WS o SoS" So5elanied OYMBSI Gl 6Ky o
Ol 35 9 i (liee 5 ogee (B () 3 pais (0] (2019
3 oges iS5 05 Jgb (ljél ol aoniti 3 9 3138 n b
ol » (Michailidis et al., 2020) 395 0 (gilwoysd Job
2l OloyS gb cilyyy Sl e 3 (dingh 3 pegad
U 08 03132 03 s 5 S Sloguad (S g ol Cled
o codlainl 5yg0 (gl jlows yur 31 48" A 001> LS g oy 7 judiadd
L& gpaling b )3 1) 36 o it dop> <N clale b o e
Mo b g 8l sioy g SapsSsl sl p5 Lo FIAF ke
Asghari et al., ) ol ol o)l e (b jd doyd Y6
Callsd oy g lord S Shy N ladlas > (2017
o SIS 9 3d Jols slag b Ak (S8 5 S e
Salvia) &5 je (ol 1 ooliiw] b cams ogme cuilyy
Sogee &8 Dy L ol .ol H18 b5l )0 |y (Mirzayanii
Ao 5 S 98 lgie (VL gl il (pl b oad jlas
DPPH il (cla JISe, oo s st 1B oty 5 S92 JS
356 o)y (Rahmati Junidabad et al., 2022) x5 ABTS
Clld g olendsSuid b Shy p olestS Shs pide
clale w@s ol lis Wl g byl > (6558 18, 165l 0900 ooy 3]

p3Y Canen 43 b Stinles ¢ Fte gl Wy il (B)b 5l .l
e Mer il 38l U g a8,S el 0 55 Il dewgy Clual cul
Sharma ) 53,55 Cuws jlaxe 4 cawl 5 glio s 31 i o3zl &
ol 5l .(et al., 2020; Ashtiani et al., 2020; He et al., 2021
drngs clioly 3 45 Llie el sl 5o cela Kal, 51 S o)
oo iyl S¥gaxe Clule iald wdl g5l
Miraei et al., 2022; Chauhan et al., ) col £l &Y game
$hr9kiS Sluls woie Jlo 65)5Li8 9 )b g Jlss lojl (2021
Jypame CudS 3 olerd 9 (S0 i S5 2 Ojgons |y
LS e Gy dal Cuwd ) 058 Bpae bl &S ook
355 Sl 5 Woges 803 B 3l (i eolojls el Jlol ol
& 00 B deyjo 5l a5 0005 1 drwgs Jlo )3 (slygdS ) 0
g JB w2 nl (a5 L (FAO, 2021) 358 0 ot luls
drwg loyguiS Wiled By S ooie 4 ol guiley 9 Oluls
ool 1y 535 yadee 03 Wis (Sl3E 3o ko> £ 10 Do 4> asdly
Teuber & ) el p slie couiel slool Caa 3 S5 o g 3505
Som s il dlp S50 sl g, 5l S .(Jensen, 2020
e Shes ks o b ide ;) odlitel Y game cudlyy
o it (93,95 JB dlge I (3L claidy (Sl clapisy
daw S5 0bul B b g 5 oges pdaw (5 adle lgicay
Ol pslateds )8 oSy g S Ol Sl 4 Iyl aey
eMas! (Misir et al., 2014) x4 0 43,5 )5 4 o)l g Bl
o1 4l Y adgl g S (a4 " (Shos slaidg"
Jlosl &Y guazxe (69, lagiits g3 g0 45 3,15 0,L31 STys3 lge 5l
Sgdiee Jlasl 5355 soabol g Syl b Jgome jobosr &5 58
9 bald (cblie pyinte aes I .(Abhirami et al.,, 2020)
Sl Gl n )3 9 (Sl 58 S ( S slasis
P 2 g Sl (S85515L 5 > 4 (6l o (3Bl ¢ gt
o g g Whogse s JpiS ot )3 9 CO2 5 Oz (oS sajl5
g S 5 s 5 JU S35l g o s nlS
(S Sloso Jlio 3 g cllis uipan 5 b 5
4 SaSg Sl a1 g Cagb) 9 Ol ol s I talS
Albe smylil (lBl g 0gee (1jg LS gy by JEl
Sob> ol e slaplil ojlac 5 wilul (Misir et al., 2014)
295 0 B iy 0o o ) daadsy Sgige
ool agggde b oohen (Jeib OlS5 g ese P
b )ile 5 oxiSibpan Jipd Jda LS gl
P 2B Gliclen Jolos S8 lp wlge Conjlae
lwjss 0y (Zhang et al., 2019; Khaliq et al., 2019) .l



AT S 85 s 0900 S S (S 2 (Tys5 Sy cadlo 5l mg 9 JuB 25 (K0 5 5)U (s

olply (Ehtesham Nia et al., 2023) aas als so 3 As G o+
OlogisS 228 gy B b 3l (g clio (ow)p 4 293 L
renedS 2518753 (6y9ebg g B Jolpe p> Sliwjgd 05 il
2 7S A G G B slated cudlyy ey d> e
tbordsn Cliogas Sy plagl 51500 MM LT Ly, 4l

5 el )Ll )3 (S5 Gloj )3 s ogne

L iy, 9 2lge

olsle )T sl ) Jas g dasl i

cuslby Gl g8 obdgle S qwp pslaieds addlas ()
Ll Cutlayy s 5y9abol 5 (Sliwjgd 0550 uilil 9 logiS
ol Lge (Golden delicious) )5 8, cuw sbrogee 5 s
YA caw Eb S 5o (Malling Merton 111) MM 111 &b (<o,
3L o3 b o il ddlaze )3 @dly S ¥ colie 4 @l
50l MalS o B 15 g oy giSTl inloj] gty VF++ Lo
29816 plosil (ogee dae e Johis Jolis 1S5 y2) 51,55 e 53
als glajloss Jobd cudld Sl 9 B (o8b gl (slaylos Jl
2 ke Vo) plugtS bl sl {phie Ol b i Jslow)
Cubly sogee (5)9abot g (il p p)S e YO+ <) bl g ()
2951 g el 5l g Al po 53 (120 V) ansdS IS Jglowa L 00
Fom 592 e 98 & o glajy) ) Slo)ll loj e pgd
~Ula Pl g o o9 VL Slo)lsl jes 4 i b 45 ()l
(1 ool (s l3L) o5e Sloylil yos bl oo b g ialojl
9y 1) olo s e 9 35 )3 dag dls e d )3 (3L Jglone 25
229 Sly cslio gl S g oyp bl (e 0900 (1S
$bjgy gue gl Slelo )3 (6yud V0 Sileows S oalisul b (S
mogee «uldy Jl y slaisygabogé plosl sl b plosl oad (g
ok (s IS cede iy 5l s lan 5 ST 51 oyle g b sla
I g g 4 i ity Nk s 5ol gy ¢l |
e 9 St gt jlaie O b 1l Cpd O b adgl (gguditans
WHAd Hedboe 4By A Cdedy 3L (slod ;3 S W) Jglors 4o
sshaiedy S5 (glgn (b Spglme )3 oY ey (66518 5l
Sasr (Sl (e cogb; Bl Gliebl Jyas
A DA s Cugby g 42> ¥ slod Jlosy 9 ogee (Sl
A5 ) Bl (S ojlal (loj b oy

o 98 LS 529
oy 55 L5l iy alS 6 Seisl ly & laize
P A5 )l ol Sz Bk Sy 3 el g bl

iyl GRS > (o1 o Sl sl 8 4 logiS 103 )
10 il g sla S8 1) S psSaslugul alS g el s J8
O Slosed 9 Gy Rl ) xSsly c j8 plugiS Moy
Shokri et al., ) 15,5 sals diges g edale plo 4 Cons bas
9 olwsS by Sl g8 ap)lS Sy dagy > (2023
S8l 5 (S (olordan Cluogad » Jo)S19) b (a30de
Lot jle slaogee o5 ol (LS ol 9 4 (qwyp (K ©g
& Opelig bl (b jlaops fF S5 S19)8 g lusiS oS 5
Camd 63302 6Nl g 5 Jglowe Sl dlge luie 5 (Jg8 dlge
» (Ghasemi Arshad et al., 2023) 13g l3)55 p 2l &
bl J5 5 plosiS’ (Sss sloidsy 5l oy 4 368 sty
ool g ad Bl ©peY 08y S Slo)lil yes 5 oS
o] s g > BB sl Slgo 50 05t 0t 1)) ol
Juoyd L ol pen ygdsell J5 do s YO 2,8 s jd IS s
¥0 o Te elbcdale U gl (o 5 5 A5 Jools lgisS Lidsy
ly ogeo Bl s Miuiles doyd VOY 9 ) lwsiS b ol jor dusyd
Sles bis g bjles plo 4 cawd Sloll anld (b
N gh sge CutsS  wyp o(Shokouhian et al., 2024)
o (lbtigas 13 48 313 Lt o Sla ST g b 015 I3 ,tibsy
039 bl wald 4 Cund 1oy WW/DY 5 WWIVA gy ol
Ao 5 C8L (gt oz Sl a Shg plo (wyp g 830 Ui (50
s sy cpl g Gy Cute 5B odimd S 55 Jsloe dal
ot oM ogue 53 mualS (slaie (b5)l (Pizato et al., 2022)
QU a5l am g B Jolye 53 el 22,1873l g U
OS5l 8 Jsbo 53 maenlS )l cale o YL oS0l
s s adllae ] copmizman 3,8 @)1 1y Jglome clials JS laie
Ol Bogee 515 )3 1) epndS” (glgime ccuiloyy ) U8 jlass oS
JB slajles ogdle plgicen ) cudbyy Sl (9ebge Lol ol
N 4 ogme CudsS Gl g (Shewg Sl xS ol sl iy
0,08 51 obs)l @ 58 slasllas jo (Pessoa et al., 2022) »,,
A5 4y VB 08 o ogpe Cudldyy Iy Sl 2 S
by 3l g S (glylos 4 0ls LS gy ol (sloaiily
oS )1 Jlosd )3 (39 GERL 5 03,5 (S ol ogse (A5 p 3
(Beiparysa et al., 2023) ai onloy Jolo 4 wwp S
ool —logiS” ool il 1 B 20 (gw)p (pizmen
b L (KR05 cudS p Jolugl ctly 5l w9 2590
(Bodsle slp puilel —glogtS Cuojonels g 5l eslital
Oy «JS g 5 Jgib slgime Wil olondsn sl S
Oy Bogee 9 (Al g (Bl Jolowe del> dlge 5 (b



VP F Culigmdyl-(p05959 I o)lods YY) ulsr (ol pl (219€ 2slo g pole sledidg}y 4 s AY

G903 3l o5V e sl (o3 ppglle i (spS0ilul (sl
oS 5 (o 3y o> B) el Sty lS (55 Jsono b o550
39 F e G b aBBY VO iy a0 ¥ (slod > ladiges )5
ol solisy Jtone 5| oo ¥ (s 03 53k 5l 4855 )5
A5 039381 ol & dl SSgmybigs 0> & ol jtd oo ¥ g b
aaBd Vo Odody 3,8 Bl a0 A glod o Jols oS 5w
290 Voo S b g odd djw bolsee L b o3> &yl
20,5 5auty ySlu 3,8 Sl a0 ¥ (glod jd 4idd Ve oy dddd
Cud Jagli Fee 5 OYY K0+ (slagge Jobo 5 diged o oled
dol Cawd 4y abaly ledlatel b asill o0 dle (glyime g
:(Zheng &Tian, 2006)

MDA = 6.45(0D532 — 0D600) — 0.56(0D450)

5 3550 50 Jgbo 3 ol oljze :OD

9 ¥) N3l Jusaly (SuS (5 ol ) a1l e s
wlas awg ly bl 8 e (b JpSom) Jebes ¥
s ool > @le ey Sl ekl b ogee <L 5l oSV jlade
AB) Jsise 3 JSCitto il JSlo | i o ¥ s 5
bgdsto 3l a2 8Ll )] 4 (403 V0) sl ol g (o
A ol ax ¥ gled o celw Y ooty bdiges ¢S
G b didd Vo Gdody L 5 (6)0SS
Wl (6yglidg) Ceond ) g Sun Vo v g KD Soud il
FogsSee ¥ J8le Jlb Ly (Spuy Spas )L Sl
J(Lister et al., 1994) 1 oxil)38

O+ wjas Sl 5T cld ¢ So5lul (glyp dn dls e )
e 5 5 iy S sS alef] sladly) S eyl 51 s oo
e 9 L5 bl 4 Jloy +/V DPPH gl yidy Se 20+
ol alaise 5 0 A a8y Ve Gdedy i dl> o 13 .05 ST yg
ko 1) 2805 Gl el 55 5 45 (5,085 31 slos
oiwy I edliiwl b &ged g (DPPH  Jloy +/V  Jolxo
» (UV-3200, MAPADA, Shanghai-China) jieg:dg xSl
Wo)las GlanSl gl bl g (s ol DI gse Jsbo
dplee g5 Jg0,8 5l ealaiiwl Ly g DPPH S5 135l do 3 & yguoay
.(Brand- Williams et al., 1995) .

DPPH (%) Al - Az _AZ] 100

= *

° Al

s olie AL olfl U], Sxysjk dop DPPH
oylas Lis osse A2 DPPH

Folin -Ciocalteu s, 4 o)lac ;o S Jsd e
g Sao YVB wylae j| 5ty Sua VYO 4 izl 1 (5,05l
Y 4By £ il a9 ah Lol aoyd Ve opded i) e YOV

48,8 43 jgd Voo

GE120 Juo «/++V cd3 b sojly L boaigas adsl 09 «Jsl js)
Ol SNB] 5 ol badiges (g b )3 ) 2 9 xS0l
Oi9 0Bl Gliee S0l (SLL 9y b e (slajg) 5 ladiges ()

(anetal., 2012) & by (s ialS dopd ©ygods g O

Weiaht wi-w2] o
= %
eight loss wi
sl jd wges 597 W2 islos] (il (5 &g 59 WL

il

PH olKwd | o3kl b ogee Ul (PH) atsdwsl (6 505183l (gl
b oolSiwd Tl cpslaio ol 4 ad (o080l (YYYY i) oo
0315 )13 ogu0 T I35 083 39 5l s 9 0, SV 9 ¥ (sl 3L
20,5 <l PH e 0dd 03l inled dae ad <ol Gl ey
.(Khan et al., 2008)

o5 3 5 e & ygmul 5 B (slotgl 5,53l g
o3l B¢ e 4y slaiie Ol (13,5 LS g a5y e gzl o
okl Jloy +/V podas denS g5 SIANY @ pH by (ol i
Ol Sdlesnwl o pd @ ygoay i LB sl coles jo 9 008
.(Said et al., 2020) .5

Lo ol S Bl axp Vo slod o adiges Jglxe dol> dlge
yogiS 8y dunl Wb cdl,8 (ATAGO, Japan) ywgs 8, il ool
SogiS By B 4y il )l ya ) ey 5 10,5 oIS jlaie I
3 55 o300 b b Sy sl 335 (65l s 511 05 oo
135 dsole gal s BB atisgl 4 Jolxe dols dlge s
.(Rocculi et al., 2004)

oS VE Gamlyis by 4 omluy lyome
oo sl oo B 53 03em 1 g2l Lo 0 112) 5 551, Jsiba
sl (g 5 (Ko SNl Jolons oo 3 5 /Y
(31,5 Bl ax > ¥ o glod p> 4@BoVD Gdedy jg3 VA v e ) A
58S 63V wopy IV L (ke V) emmle s
g b & ooy clale b 15 (W (J)ge SOy 4 Jgidgi
@9 pj daly Bb JydrnlJeidg 5> Y Ganal i oo 4
Heetal, ) ud ol ogwe oylac yid Lo Voo 3 p)5 Jio Ojg0
12021

AA=(V XxFxY x100)/(W xT)

;U 090 0ykae jid Lo Voo 2 10 sl gfw)}fwj oo :AA
Jsbgsil Jole F gl 55 3 005 e Jyibain) il an
Yol YO L ply S yeSalaml )kl oo (gl oS
T g (yjg £S5 W SISl g 0500 bolses poes i oo
Bge o> Yl e



AD e S (85 s 0300 S S S 2 (TTys5 Sy a5l ng 9 JuB 0yl (K0 5 55U (s

7 paedS aaulS a5 9ab gt g il Hlugias A
ad9 hals

Sl gloj 5 le Jlize 51483l (Lis il ly 4520 gl
cadld 59 Gl ey do ) S Jleis] pdaw 3 (o)l Sxe ]
Olej @aa il 45 ol (LS bla (565ke aulie () J5i2)
5 o3kl 350 (gl jlows 5 31> LEul38l Ty 5 LilS s > o Sle, Ll
e 2 BAS Sy ol Gl cage iyl 5 S Jol e
59y 2 s jles )3 (120 WWIFY) (59 (ials o igsier el
¥I20) (i3 Gl iz i el sty Sloylil 3l am pIVY -
Jol 0lej )3 S 2 )5+ (bl + lugiS” (oS 5 o 3 (30
ool by 51 35 A8 el bS5 () US8) 5 oamlite ol
Xing et al., ) asl soges ()jg L2 1) pdicn P9 o g
Rokayya et al., ) as| Jl&; 4 (Liu et al., 2021) o (2020
WLy o e & Baes 59 Lials ulesly ol ) (2021
Uie o St b plogisS yodkign 298 0 Sl 5 s 31 5
slp i 9 Sl gl Ko plgisa daogee daw (9 2
U Cot om0 Sy 9 o 4 )3 9 A8 (0 Joo S s als
(0555 ) osmb o i U 2 ilS sy 2565 o 15
2SSy Bl &S sy eyl 4 (Ehteshamnia et al., 2021)
i w3 Gl ) ol e el 13U gy SalS
9 Ol 5 (AU ey ool o ol U odg (Ul 558
JS 5 by oS 5 ilply Bl 136 4 gy el
.(Rokayya et al., 2021) cul 350 o3l (slbogme 5 (il

52 padS aayls a5 9ab st g bl s gias i
O30l FisS JB slasacd g disasel

Ol p )les Jlie S a0l lis uib)ly 458 gls
Lo S Jlinl ghaw 3 el JB gladel 5 anspl
Sl Gl cage Slo)lil gloj LRl () J5i2) 392 o sine
380 2 28ld log )3 005 Al Gials cage b idsy 5 )8
3929 Bjlosd plo ay Cos (FYF) atl (lie i VY
oS e Gay > bl + lugiS (S5 e 3 5 il
(Y JSC5) ol cawday (V/+V5) andul e

o 33,5 Ll by 4 55 o yd VIO i il i) e
eSS Gl slod > 9 (SO, p0 celw VD Gaedy Ladiges
UV-) jrogidg xSl 0l 3l odlizl b il e of 5l dmr 9 1505
yogil Y&+ za0 Jsb 55 (3200, MAPADA, Shanghai-China
P55 > Sl o5 oo cans p JS J38 (lise 9 S0l
D Abrosca et al., 2008; Drogoudi etal., ) 15,5 -l 5 ¢l
.(2008

ol (o8 (ZRwSS) () I asgiaNe (gySojlul (sl
35 5 Sen Voo olas il Seo Do pgite ool &
Yl )Sao Voo aiBs B S I Ly A A8l Mo > Vo pguines]
e A 8Ll Jade Ol g Sie YA#+ 5 Voo ) pawlis el
s b (Jke SOU) yusb FIO g Jib ol
s (UV-3200, MAPADA, Shanghai-China) yies:ds Sl
Ole 036 (g )5 ¢ p)Sshee e JS 2389 e s 4
.(Pavunetal., 2018) 15,5

(iang & Fu, 1998) g, & a5 b Sl 58 el
3 B SO o gl sy cul 5 45 (555l
UV-) jiogidg yiSml 5l ooliil b el ¥V- 55 jlaas] Joid Ly
aady b > ods 158l (3200, MAPADA, Shanghai-China
Jsidily ol 5 apule i 3 i S (e 5 S
5 Gle osSan p)5 53 1y O)ygods jlags]

Solel 3ulT

s (olas WolS ) B )3 )56 & pgoty Shalo]]
O 3 sy 250 Ssless il (Jgl S plosil 1SS Slee
:Jolis grbans

(slie I b ¢ 5 Caws) aals = Control

(cudlays 5 8 (sl Jsbs) olosisS=CH

(cedlsy 5 I3 (2l Jglxe) (Sliwjos 050 (il =ES

(cetly j) L ol Jglone) il + Loy S=CH+ES

(el ) g 8 p9es) andS 28 =CaCly

I8 absbee) uleh lusns= CH+ES+CaCl
(Cedlsps Sl (9498 ) prdS 0 IS+ (cals

Jos g wes sl EXcel ey I bajlges ey sl
PROC GLM in SAS V. ) SAS l33le 3 jl ol cssay cleM]
55515 (i9nfl ) o> i b 3 oilhe (st (sl 5 (9.2
A5 oolawl



9 a AP

VP f Sl sl 20598 ) oyl VY ale> (4l ol 2188 2 luo g pele (o

"K1oanoadsal ‘yueorjiudis-uou pue Ajiqeqold Jo S[AJ] 9] PUR 9/,G J& JUBDIJIUSIS SU PUB 4, 4
w0 w6 gu: 6<bc K q.-._.an_« ¢ Q.d_.U _41?;; 0 (1 \ o 6 ovd <K q.-..\ﬂn._«.

. . . . . (%) "AD
S0 Iy (A LES 6L'1 = o (o ()
1001
7081 1000°0 061°0 9%0°0 910°0 L -

. . . . . Qs®
w1€879 ,.c00°0 ,.966°0 SLEP1O WYILL Sl Forl o

; ; . ’ . (q) oy,
LOO0LLYL ,920°0 WSLOTT LL8T1 LOST'I0L € @2 (q)

) ) ) ) ) () Juaunear],
LO0°ELOE 11070 ,.0L99 €90 34844 S & ()
VI/SSL VL SSL Hd EXTETEIEYY Jp ‘A'O’S

e e [ i Sl O e fov b |y e 660 v ({5 MR Ko
sd.aenbs ueap|
A e

iy apdde jo syredy [BIIWAYIOIQ UO JUIW)EII) PUE JWI) JO JIIJJI YY) 10) (sdaaenbs ueaw) yAQNYV -1 4B L

S6) |- 0y A (£ (0 6 ol H 6 O iR #7 i iy



AV e S 85 s 0300 S S (S 2 (Tys5 Sy cadlo 5l amg 9 JuB 235 (K0 3 55U (s

25 ~

= = )
o (3 o
1 1 1

Oss el
Weight loss (%)

ol
1

OControl BCH BES ©BCH+ES

Time (Day)

OCaCL2 BCH+ES+ CaCL2

s 8980 (339 IR ol 2 (Sloy Ll o g slewd’ Jilie 51-Y USG
(St I3 ixe b )3 gy Jloin] o 13 LSD (905 Lolusl o 9wy 53 S yiio g > (sl (sl uSilee)
Fig. 1. Interaction effect of treatment and storage time on weight loss of apple fruit (LSD, p<0.05)
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Fig. 2. Interaction effect of treatment and storage time on pH of apple fruit (LSD, p<0.05)

olply (Vieira et al., 2016) s’ o odlawl ool yiy lgicay
Aol 2l (g3l i3S Jobo > Yoemo (ygmwl i BB slasewl
Cosme Silva et al., ) cul gy sty lis ( ials” xSl o
&S Caol ogro i Laas 1> nroe yol)b G 58 auswl (2017
Gaoetal., ) s ol e I slosl cbale b ouditue bl
ogso Abdwol 5 i B claawl sloe (cplpls (2013

oL pials Slo)lil lej cudS (o (gl 5 JB (sl

BB lasosl Lildl ond Hlos gladiges ;5 ¢ blie ;0 4 ol
slow 4 laie (Mo )d +/IYR) i 508 el Canndds ygumanl i
o (Y JS5) Ad eamlie jho gy 50 plugiS Hles pd (Mo
ST sl 5 i > s ol g conl e il a0l S



VP F Culigmdyl-(p05959 I o)lods YY) ulsr (ol pl (219€ 2slo g pole sledidg}y 4 s AA

eVl clale plpls 0gd el Cepw LS & e Cul
5 bl ¢ ylwsns . (Hong et al. 2016) 2o o Lo JI slasuwl
&P 9 w3 en GRS |y udiS (63503 by o Al S )8
9 CO2 I3l 4y oo a5 (55 ol o dgdme b sl wdgs
Spae Sl 4 e 4l 3 ad o (B 1) 398 0 Oz ialS
Salvia-) 95 o ogee Al il 3l 5 pSels 9 JT slasl

(Trujillo et al., 2015

0.4 -
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Oselys BB ol
Titrable acidity (%)

B A

o Slgi e o5 sl gy oo Sl I ogme Cumdg oaimd L
w3l a4 Lol g g i a0l 0 I del Gy
UiblS Coge (Slyed sla yide o 8,k .(Vargas et al., 2006)
sy 3 cblis wagb) Sl (il i3l Clled 5 udS 5y
5 ) el cladlons (9,5 1) 5 sl Sl (S gl (Sl
IB slanwl ili8l (Mahajan et al., 2014) $ob o0 o2k

Ol s w@‘f Judoay s o3l Y d‘.hb%n 5 u%“*")“’
oS Sglio o5 bl o 0 9CO2 4 JT clannl Sglio

‘fi
g
g
g
g
g
g
g
g
g
g
g

B

OControl BCH BES HCH+ES

90 120

olej

Time (Day)

BCaCL2 ®@CH +ES + CaCL2

ot 09a0 Cygam] i BB cbanw! o Gloslil yloj g slow Joliie (31 -Y JSUS
(it o sine o oy gty Jlan] oo )3 LSD (y90] bl 2 (ygtas y > S e gy (sl (sl S0Les)
Fig. 3. Interaction effect of treatment and storage time on titrable acidity of apple fruit (LSD, p<0.05)
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Fig. 4. Interaction effect of treatment and storage time on TSS of apple fruit (LSD, p<0.05)
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