VEO) kgl A 5 YT 3lad Ol 2l mlis 5 5o aloee

AN

ol #l S @lo g pols dlxo

www.fsct.modares.ac.ir :dows Culw

P o LS Bl S Sdew s Sl 5 ST sla iy S

05'»..\» b ‘iw o gan :&‘,Al..wad)gnﬁ o eﬁ“‘_g:ﬁa:&@&‘}# doallds X b 4 peans

Q]ﬂ] chﬁ)JuJ eulfjnjh ol.<.i.;\.> cL;’L.GLt 6# a;; ‘Q**:’"f)‘u“i Lg)jl..a 39 ngjlﬁj:ﬁ LgJ,IS) Lg_’>r_..2_»\.>\
Ol el sty O 5 oKl ( SLEL pole 05 S LY

3] Sl (Ol Olosle O a8 Okl b e 5 5uslES Slides S e (ShpelS Sl s LAy

Al bl (gioslas

Ol el sty D8 5 oK (UL ple 05 S Lot

5 el el Olajlae O 5e 8 Ol ach e 5 oslaS Dlidst S e 2l ol esle Dlid Sl lslislo

Ol e b s 858 s 5

a.\.;s."» dlae e
Sy IS ln e 2y K Olgen (S sl Ml aeb OLS 5 5l eslin e sla b

S gt Sa b addllas cplngdi oo a8 B B 50 g s 00 pAU s el Sl
AS B Sy s plems ks S (BU Sheg IS 65 S sy
Lo fomb ol Opmdbmsm b Laged ad pbul SL,UGH (bos @Y K586 o3, b5 5o
s HPMO) oo fie Jusp oS50 (CMO) Jo Jin oS 95 S sl ids
L b b do )3 10 5 ) /0 (Wald) jho chile mhu Hler 53 (ALG) e oy 531
590 VY Sdeny L3 40=00 od Susb g e 433 A Y Lo 3 sed (slae g e
GRS g Sra gy 2 Solssme S S Gl il g 45 Lol 0L ml Lad o)1
JS SeSI ST e b 5 b glgme @ (LF a5 bl sl (J e Ll sl g0t y3 (05
ChBlE b e foe S 1S led (S Gt s om 5o Sl 5o YY) ey A2
10 5 059 B TAY SalS ew KS 1 86 (Sdew gy IV alS Cmge cdald 4 o 71/0
ST ST Clad TN 5 25 U el UXY I Comge 5 o gme Jglome del 3l gs oo
2o Klg o TV/0 P Jto S 5 S 04 (Shg> S AS g 508 plply KA S
S Olgea Ol 1 pd Sised &S Sleogas Fp bis Cop (Sdey S

295 )84 Sl g5l Sl JalS  dsazes CodS bis cgr Wl S,

Veve /'A/'V:CJ‘J_)‘} éju

EAANALER- PR WS

(IS s
Skl

o5l oo o
S Jeto S 525
(S

&S S Sens

10.52547/fs¢t.19.123.243
DOR: 20.1001.1.20088787.1401.19.123.15.0

1l J sns :

mirzaalian@hormozgan.ac.ir

AEAN



S dew sy A S la d g

Ol)K*AJWL?"“}“M

sbls Dbs 5 sl (Shis Gl sy o)l (il pedle
Slagtis [0] il 5 Sondd 5 eS| AT (ol
o onig b JBLe L 05 5 a5l Vsems b STy
s il 3 a8 Wledd LS5 LT 5l WS 5L b
S ege o [ Lz JFse il glaege g5L
P Jo oS p S Bl By slathn S
S OS5 e ST sk fte s oS sk
D] ol ol oslid s g0 _sbeasd 55 53 Slows yoast i
S Cel AL b g5 Sl ey G e oS 52 S
slial S b Olgea 5 Cml ol 2ie ol
O s oml S Vb e e BL g s
5L Sl man S e alb o e | S,
il bl Slolil oyss dsb s YU (golerle celes
ol edins S8 Sls et gl wid O 53 Jslons
Wl G5 5 ks ST 5 L st (5 0358 b
3 03 mle S OIS o 1 P e oS s S s
Sespsl b n e 3 S oS L S il w saeS
o 2B V] S g el S8 e (28
5 BLle (L Eel lS e 0 ke fie S S
despsmSooka [A O] cul ald T kS i
Sliie Ko 5l =l Shsr sbgids o b Je
2y e a1 IS e STy s b s oS ol S
BB 5 e D) o sa 2 g ke e S S soda
23 s ke W Ll s o Bl 5 Glid (e
S Olgea 5 250 g0 eslizal (glos 1S b LI mls
35 gn oslizal iS5 Liles A3 S oS O e 5l
Sl b 1Bl Ry 55 e Sl 3T 4]
et Sl Tl el b logd s S 5 S
ool sl esdate o Sl s ISt ST ol
mCs s I3 B Uls b B e (S5
e Sl Sh i D] b e Sl
INT Kb slaese bl jas 2l 5 CosS L
S o0l 5ol ot VW] azew 5 [Ve] 1518 Y] ol

i bl oladl age (slae s aborsl (S0 (550

\§22

dodlo —)

e il 5 0T 03 58 D35 e ies Jse DS o o s
Lo ol 53 (6oL Compome 3l (pakan @ab 5 dide 1S
ol DS 50 g S S 51 5 sed D] el Sl 5
b Aised el VL eolal Conal slils Lis s S
LY S5 3y W sl s e ke pU L Clised
b grnelS gl G e 5 el s 6151 3l L
Oeamed o g ol AL e o35 S A5 LI e
fll pl 53 L b ok & cl GleS| 5T sl (sl
F 5 B bl Glr s esse Chi O
L3 Cages L DUS o 000 [V] ol Ao Sl
Jyamme 53 o35 Sluls con Bgolan Jolse Ll azils
&l Sobes 51 (S IFT 60 5 e Sl 5 Y8 5 Jo b
S Wpe g6 il 15 s S e il Sl gy
e S5 UES Gl il Coslimms pakmi i) 5o
Il b o slinal glard GLESEG S bias
s Bl 5l sla ST LUy 3,50 3 LS
05k o6 SN Gl (e LT 4 e 0L
23> DS o Cms 3 Ay el s plecd SO0
e 0l Skl (gl S Hsba Olexr el
Sl 5l Soben U5 S oseae slaiSEl
5 OB Gl Sl ool Plus oS il s
S day 3 DU e Glaese [E] AL wdls Caglaes
5 S S b Shsn plEl dates il
038 S Vsb e Ghpe Ay Sos s (S5
gy 308 g oS L= 5 Sl Ol S
D] ol oge sl s C2ES 5 OlE S
e 5l SO0 Y s v ) Sh gl
Y Dlpea & das g PS5 ) iy A5 b
iz o 5 LS e Jer s S L) s Bl
3okt Gm s S Ol Rl s ZodS 5 ok

w]ﬁejy\& kﬁweﬂ)@}éﬁfuww@)J

1. Citrus aurantifolia cv. Mexican lime
2. Penicillium digitatum
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1. Chromameter (Minolta CR400, Japan)
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3. Microplate reader (Epoch Biotech, USA)
4. 2,2-Diphenylpicryl hydrazil
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Table 1 Analysis of variance of qualitative and quantitative traits of Mexican lime fruits

M.S)
. Antioxidan  Total phenol
Weight Deca . TA
loss é’:%) (%)y a* L* t activity (mg GA/100g (%) TSS (%) pH DF SV
(%) FW)
7452%*  1258.3**  5259%%  ]985%* 5124%* 159785%%* 63,;7 12.23%%* 0.937** 3 Time
132.3%* 182%* 12.3* 174%* 82ns 16524ns 1.1% 0.85%* 0.002ns 9 Treatment
3 X
26.1%%  442%% 2] 2%%  D)5wx 236%* 11352ns 1.2%  0.98%  0.018** 27 Time
treatment
0.6 0.8 5.6 22 115 10752 0.4 0.14 0.002 80 Error
24.1 18.6 17.4 8.9 21.4 22.1 6.9 8.5 3.2 C.V%

" * and **: Not significant, significant at 5% and 1% levels of probability, respectively
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Decay (%)

Storage time (day)

Fig 1 Effect of coating treatments and storage time on decay severity (%) of Mexican lime fruit. Similar small
letters indicate non-significant difference at 5% level of probability using LSD test. Uncoated (Control),
Carboxymethyl cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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Fig 2 Effect of coating treatments and storage time on weight loss (%) of Mexican lime fruit. Similar small
letters indicate non-significant difference at 5% level of probability using LSD test. Uncoated (Control),
Carboxymethyl cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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Fig 3 Effect of coating treatments and storage time on L* of Mexican lime fruit. Similar small letters indicate
non-significant difference at 5% level of probability using LSD test. Uncoated (Control), Carboxymethyl
cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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Fig 4 Effect of coating treatments and storage time on a* of Mexican lime fruit. Similar small letters indicate
non-significant difference at 5% level of probability using LSD test. Uncoated (Control), Carboxymethyl
cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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Table 2 Effect of coating treatments and storage time on TSS (%) of Mexican lime fruit

0 Jsloee el slge ke 0581 Crge 05 ;j Osls
ogen 55 ol 555 o 05 TSS Usys Jiulbl 5 o5 oslas
Sgh e Sl oge (A Cewd ;j ol sl iy
e Silsl s Lol o SLs R 38 D]
INT 5,5 15158 0 sme (61345 0,55 Jsb 3 Jdhoms el

Lime (day) Time 0 7 14 21
Treatments

Control 5.80™Pd 6.87%EN 7.18%¢ 7.67°
CMC 0.5 5.60° 6.67"k 7.01°T 7.40%¢
CMC 1.0 5.40¢ 6.43"K 7.50® 7.53%
CMC 1.5 5.47% 6.43"K 7.17%¢ 7.30%¢de
HPMC 0.5 5.77mmerd 6.47"K 7.47%¢ 7.10%¢
HPMC 1.0 5.57%f 6.43"K 7.60° 7.50®
HPMC 1.5 5.70"r 6.602"k 6.90°%e" 7.00°™
ALG 0.5 6.00'™°P 6.43"K 7.40%¢4 7.63*
ALG 1.0 6.27kImn 6.6.8k 7.10%¢ 6.97""
ALG 1.5 6.20/m 6.73°en 7.20*" 7.40%¢

Similar letters indicate non-significant difference at 5% level of probability using LSD test. Uncoated (Control),
Carboxymethyl cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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Table 3 Effect of coating treatments and storage time on TA (%) of Mexican lime fruit

ime (day) .
W Time 0 7 14 21
Control 8.93%° 9.10™° 7.84° 455"
CMC 0.5 9.15%° 8.850¢de 8.45"de 6.73"
CMC 1.0 8.580¢ 9.40% 7.92° 6.42%
CMC 1.5 8.530¢ 9.18%¢ 8.65% 6.82"
HPMC 0.5 8.67°% 8.90" §.520¢de 6.13'%
HPMC 1.0 8.28%e 9.17%° 9.18%° 6.67"
HPMC 1.5 8.95°d 9.98° 8.550¢de 6.65
ALG 0.5 8.9pbede 9.17%° 8.65" 4.87"
ALG 1.0 9.00" 9.27%¢ 8.450 5.60%"
ALG 1.5 8.90" 9.43%® 8.97%cd 5.82%"

Similar letters indicate non-significant difference at 5% level of probability using LSD test. Uncoated (Control),
Carboxymethyl cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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Fig 5 Effect of coating treatments and storage time on pH of Mexican lime fruit. Similar small letters indicate
non-significant difference at 5 % level of probability using LSD test. Uncoated (Control), Carboxymethyl

cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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Table 4. Effect of coating treatments and storage time on antioxidant activity (%) of Mexican lime

fruit
ime (day) .
W Time 0 7 14 21

Control 28" 384T 69.6° 4167
CMC 0.5 398k 40.2%0¢  66.1  35.8"N
CMC 1.0 49.2% 40.5% 6160 44.9%%
CMC 1.5 29.4" 41,18 70.1% 465
HPMC 0.5 39.65¢ 34.4™ 72.9° 34.3™
HPMC 1.0 46,7 477 682" 4120
HPMC 1.5 49.3 363" 67.1%  44.6%F
ALG 0.5 45¢% 4720 g 10 21"
ALG 1.0 530 33 66™ 424k
ALG 1.5 65.3" 343 55.sbedele g3tk

Similar letters indicate non-significant difference at 5% level of probability using LSD test. Uncoated (Control),
Carboxymethyl cellulose (CMC), Hydroxypropyl methylcellulose (HPMC) and Alginate (ALG) coating.
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The use of natural ingredients such as edible coatings is considered as an
environmental friendly way to control post-harvest fruit rot as well as delay
fruit senescence. The aim of this study was to investigate the effects of edible
coatings for controlling fruit rot caused by Penicillium digitatum and some
qualitative characteristics of Mexican lime during storage. Mexican limes were
inoculated with fungi suspension and were immersed in carboxymethyl
cellulose (CMC), hydroxylpropyl methylcellulose (HPMC) and sodium alginate
(ALG) coatings at four concentrations of 0 (control), 0.5, 1 and 1.5%. Then,
Mexican lime fruit were stored at temperature of 8 ° C and relative humidity of
90-95% for 21 days. The results showed that edible coatings showed significant
effects on fruit rot, weight loss, percentage of soluble solids, titratable acid, L *,
a *, phenolic content and total antioxidant activity. Among the edible coatings,
CMC at 1.5% reduced the fruit rot caused by green mold (77%) and reduced the
weight loss (80%), TSS (5%) and increased the titratable acidity (33%) and
total antioxidant activity (10%) compared to the control after 21 days of
storage. Therefore, the use of edible coatings, especially 1.5% CMC, can
maintain qualitative characteristics of Mexican lime and reduce the rot.
Therefore, it can be used as an environmental friendly method to maintain fruit
quality and reduce post-harvest waste.
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