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Effects of edible coatings with various natural browning inhibitors
on the qualitative characteristics of banana (Musa acuminata
Cavendish Subgroup) during storage
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Abstract

Bananas (Musa acuminata Cavendish Subgroup) have a short shelf-life due to surface browning. This study aimed
to select the best edible coating agent including a natural browning inhibitor (green tea, Rhus chinensis, rice bran
and Morus alba root extracts) that can extend the shelf-life of bananas. Bananas were coated with 1.5% carboxymethyl
cellulose and 2.0% Tween 80 (CM), CM and 1.5% green tea extract, CM and 1.5% Rhus chinensis extract, CM
and rice bran extract, and CM and 1.5% Morus alba extract (CM-M). An uncoated sample was used as the control.
The weight loss, firmness, polyphenol oxidase (PPO) activity, browning index (BI), total chlorophyll content, and
color of the coated bananas during storage were evaluated. Treatment with CM-M exhibited lesser changes in the
weight and firmness of bananas during storage, compared with the other treatments. Moreover, CM-M delayed the
enzymatic browning of bananas during storage, maintained the PPO activity, and showed the lowest BI, compared
with other treatments. The changes in the total chlorophyll content and color (AE value) were lower in the CM-M
coated samples than in the control samples. The CM-M coated samples showed decreases in the total chlorophyll
content and AE value compared with that noted in bananas with the other coatings. Therefore, our findings indicated
Morus alba root extract supplementation to be the most suitable edible coating agent, which maintains the quality
and appearance of bananas during storage.

Key words : edible coating, banana (Musa acuminata Cavendish Subgroup), browning inhibitor, carboxyl methyl
cellulose, ripening
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oA S 44 % GEAe w2 918 Tt a0,
2 35K Dadzie®} Orchard, 1997). BULS] £AJo] A
FAE A vigtol] B Ye 24 gdo] YehA =4,
HEEo] ol Ax 2o g HolA Hi EXS 7R3
UK (Choehom <5, 2004). o]2{gt HijLte] ZHAL /-8 T4
of| ] wi-¢- Hl=A] XIePE7] whizof XAl F4 A5t= o]
oA, 2t F F4 9 JEkE WS 7 1] 24yt IS
9] A= QIS FE7HX7F AASHA DojAl= A= vy
L Abdof] loiA B2 A7 HaL Qti(Huang 5, 2013;
Kim} Youn, 2013). WepA] Bt A8 A2 82 2%
sk=d| o] 7HY F83%F 94= wekE & glo, ol 2
2 & Q= 71E9] /o] Eastth(Mendoza®t Aguilera,
2004). TJo] FE FAU 2 HAE Flof A 2L 2
o|EA| 59 35t E4Z A AFstA(Son 5, 2016), &
4 B4 28Z ol8sk= @A (Sim 5, 2016), B4 Tt
3 Alofsh= 71414 ZR A (Hur, 2015) H A7 24 7]
Al 24e WAsks A (Kim 5, 2017) 52 ®Rie] ot
FoHA o] &=L Ut

7RG FRE ThA, 571 2 84 FaE A" e
& Aol sAl0 94 He 8utE Fofshr] 98 24,
e, X, 25 59 o R TR 24 AE HHI
o SIo = d3l Ao & Aojdrk(Baldwin 5, 1995). 7}
AV IR S 29| o 7HA] PR T W, o F 8
I 558 AT AEZ Folo] AE T 452 FHA
<t =22 £ E3 2 71A mgof digk 2Rl
barrier®2 282 = 11, AEH7EZEHEIAA, FHANS
= W AEL & U= ARl AUrh(Debeaufort 5, 1998).
71 ZRAR ol&E= AAle T, T, AW 50l
Q1o ™, 0|5 carboxymethyl cellulose(CMC)+= thd5 7|4t
9] aA=A 7RgAolH 7 ARE 29 B4 2 E 7THLL
AT, 584 R & oleHolzie Ego] ST Chiumarell
@} Hubinger, 2012; Fernandez-Pan &, 2014; Hassan 5,
2018). T3 CMCE 7] Qo & 289t uf vty 4
Ho A9 488 o] 22 I 84 7 TRE oA
EN 5718 AT 4= ltk(Saba?t Sogvar, 2016). 315}
4 &0 HAo] AW Ao At Ao=E dHil =
N Camellia sinensis), T 5(Rhus chinensis), "&A(Oryza
sativa Bran), BU-5F-9] B)7A 20l AP (Morus alba)2} 2
° AAE 99 F2BL 2O SR 5| WA 4t
52 A5 28 AN 5 Aok AT Z2E He)
g 4= QItK(Chang 5, 2012; Jee 2009; Noh &, 2017; Park
S, 2014). 12y 714 FHof TRt HA 4 AsiAlE
A7keto] ZRPAE 29 Aol E3kE Bwe A= A9 2
ok 2 ek

Ul 2 QAo Bipe] 2 Affe 4 Qs
=2 s §3t 712 ARE A7) fls HEEa
caket 2 S eelel Axet 1Y TEe A
9tk 1 % AR BU ] Eurag, 4
polyphenol oxidase(PPO) &, browning index(BI), E¥=
2 g, A1 9 O] B) JRg Asjo] B 54
Al 718 et 71 AR AuA S aE gRlIst

At

oo rlr XN,

i

Mz Y Y

A=

B K (Musa acuminata Cavendish Subgroup)= Hz|H
3] o] ApEIR o, 20209 19 TrEel
ALE AROlA] LIS S9to 2 T A] Q3 AEio] o
Gkl AA7E gl 120.0420.0 g9] BRpURE ATEEE 200
ppm 5=2] NaClO &Ho 187 JX|3t & SF7FE AlH
of1l, Ao &2 E7|E AlAst AFE Aot A
2 AofAl= =2k, FUE, 2, Addn) 2 7 100 g

109]] ZR4-2 H7lslo] 40TolA 12417 A 223 5
THE Pl 05 Brivv} HES SRR B4 22

< @U}Q1<5(Cheongju, Korea) O 2EE A|Z Wol ARESIH
o} g5 FE3 A ARASAIES 7 28419 Az
of o]-&stA

7MY 3EA9 A=

FEA= S5 carboxyl methyl cellulose sodium
salt(CMC)(Tokyo Chemicals Industry Co., Ltd., Tokyo,
Japan) 1.5%(w/v), Tween 80(Daejung Chemicals & Metals
Co., Ltd., Siheung, Korea) 2.0%(w/v)2} T}t AH 2
AACAL, B, A, S 15%(wh) A7Hs1e]
40(5)COlIA 12417 B2t 120 ipme] £=2 F3lsto] Az
SHTE Aol AMGE AEE FAESHCON)SF 28 A=
2 APAE H7FetA k2 F-A(1.5% CMCot 2.0%
Tween80)(CM), CMI} 1.5% ZHANAE A7ISE =4} +=
2% FYA(OMG), BUE 222 FIA(CMR), 87 22
= IBAICM-B), 3] 252 FGA(CM-M)E A5}
of Hitfutol Aj=jet & FHEA 9 AT S5kt

7Hald I”AIe] A2 ¥ HE

714144 FEA|9] A== hand brushing & ©]-835}9]
Pttt W BRO=E 722 F3l vhhte] thof &
HAS 13] EE5}T dryer(BL950903, Gumbok Stoke Co.,
Ltd., Seoul, Korea)E ©]-83] 20C oA 1587t AZXsl= 7
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Ao 2 3t Hof 23], 3t JJAE F 4¥9] ZHS XIStk
A& AL 13C F27](JSBI-300C, JS Research Inc.,
Gongju, Korea)of|A 1297t HakshH 3 7HA 0= EAIS)H
glom, A4 0ol B¢ Al im % 3] Azt
04 ARG wheE= 241 & BAS 236t Eum

5, 2009). 123 CM-MZ A|QJgt T T Aol A
XJ 1247} o] $-5E] AlZ9] o Zo] FAE5HCON)2}
FAFSHA K3 =]Q17] wiizell Aol ARgst7] FAgdsietal
wtElo] Ao A Lstirt.

- =
SYLLAE 23

s $9F AAEe 4717 5 Hhe] HA) A
o] 2 HES MR ekl glol, 62 v 54 3

O Aol o8 AFESHIT-

Weight loss (%) = (wp - wi) X 100 / wy
wo: ZEAT A& =T

wi 2P S4

AL 23
el A5 29 ge AAA oL i s
o) 4ot F% 13 XY A (firmness)S 25t

Ar 2L rheometer(Compac—lOOH, Sunscientific Co.,
Tokyo, Japan)& o|-8slg o, Z+ H}L}b}‘ﬁi 33], & 189
=4 7 BEgo Yeolt B4 39 A 242e
sample type: cylinder, Table speed: 180 mm/min, distance:
6.80 nm(20%) ZZ°A] 3 mm circle type adaptorS AR5}
o] 24l

PPO il-kl ZZ'I

PPO E/JZ Yang(2009)2] WHHs W@sto] 4ot
v 242 5 go] polyvinylpolypyrrolidone(PVPP, Sigma
Chemical Co., St. Louis, MO, USA) 2.5 g@} 0.2 M sodium
phosphate buffer(pH 7.0) 45 mLE 7Foto] 3027t wHASI5ic.
TFAHS AAE]7](1580MGR, Gyrozen, Deajeon, Korea)®
10,000 xg, 4TOIA] 581t PR & AL J5Hs
aAadog ALESITE 24N 0.6 mL2} 20 mM catechol
(1,2-dihydroxybenzene, Sigma Chemical Co.)S X3}t 0. 05
M sodium phosphate buffer(pH 7.0) 2.4 mLE HF-A|7] &
UV-visible spectrophotometer(Evolution 201, ThermoFisher
Scicentific, Waltham, MA, USA)E ©]835}0] 420 nmojA]
SFEE SA5IGH PPO 42 12 0.0019] S-8% ¥

SRS 1 unit® 510 unit/g/minC 2 YERKSITH

i

Browning index(Bl) &4

BI&= Supapvanich 5(2011)9] WIS ¥HEslo] 4519
o}, vyt A& 2 g9l 65% ethanol -8-2(Duksan Pure Che-
micals Co., Ltd., Ansan, Korea) 40 mLE H..L_ 35CofA 40
kHz9| 2515 718to] 1A 3¢ & § oJ3H(Whatman
No.2 filter paper)s}it}. oJ1}e8-2 UV-visible spectrophoto-
meter(Evolutlon 201, ThermoFisher Scicentific)E ©]-&5}o]

420 nmof|A FB=E S5l 2 A= ABS(420 )t
oF LEY ME}.
£ HEA 3 23

FYE2 I 2HL Jatoi 5(2017)9] HHE HEPSlo]

2451} v A2 3 gof] 90% acetone(Duksan Pure
Chemicals Co., Ltd.)89 27 mLE 7|3}t T Shaking incubator
(JSSI-300C, JS Research Inc.)E ©]-&5fo] 20TCofA 180
pme] ST 302 ot 253 F A 2447 BN
t}. 3&5-2 o7 Whatman No.4 filter paper)oto] o7}
0.20 um membrane filter2 St ¥ ¢ oJ73t F 663 nm L
645 nmoj|A UV-visible spectrophotometer(Evolution 201,
ThermoFisher Scicentific)E 0]-&5}0] SFLE =751t
% Q54 RS 33 W 24 5 oG 4] ol ArEa)
At

Chlorophyll a = 12.7 x Ags nm - 2.995 x Ags nm
Chlorophyll b = 22.95 x Ags nm - 4.67 X Ags nm
Total chlorophyll (g/mL) = chlorophyll a + chlorophyll b

ME @ M3t 27

M) A 39S P AASA ohe vhht xR
9] 7kt I 1/3 AHE S75Hit. WMATH(L*=97.79,
a*=-0.38, b*=2.05)2 2 H A% colorimeter(CR-400, Konica
Minolta Co., Osaka, Japan)E ©]-&3] CIELAB 42 =7}

O, W (L*=lightness), 2= (a*=redness), AL (b*=
yellowness)Z LEFHCE Total color different(AE)= TrS 4]
of 9fsff At=Esioitt.

AE = [(L" - Ly’ + (@ - a)’ + (b - by )]
L, Initial lightness value of the source
ao: Initial redness value of the source

bo': Initial yellowness value of the source

M
AR 33) o4 ¥E 2lo] B BEEAR EAS)
At TS o4 AAS Yol SPSS software package
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(Version 25, SPSS Inc., Chicago, IL, USA) =753 A&
Sto] EAHLH(ANOVA)E AAI5H] p<0.05 sFoflA] A
AE 1L A DAF ZF Duncan®] S8 AAIRHA
o ZEAL A 129319 79 ST ttestE AAISHAT:

2 I.I:||

< 2 ZF

kd

sunse
EER

3} 2}

23t vipte] A% 5 SdAE80] WSk Fig.
FTEHAES AR 71710] T71e] wet ek o
2 37Ioke A ot £5] CON9| 9., A% 68A+
H FE5H| $7I510] A1 129 Foll= 42.45+2.45%= 7P
2 2188 B30, CM-M9] 7% 5.98+0.79-17.22+3.80%
2 Bz 3o A7E SR} Adeyemi®} Oladiji(2009)
of W= Hhhte] 8 RS oF 70-80%= T/dE] o] QL
on, U9 FF Trhe MY 24 YR Ro] i
HEA U7 e SAMEA B 5.8 IPgollA] LAYSHA| Fti(Cha
. 2008). Kanatt®} Makwana(2020)0] w23 FEJA|2] A=
Z CMCE Aol 259 o|Fo] tist Alghd A&
7 AL Q)AL vhue] ojRe] IRA AHElE Bl SArEAY
4 553 Alojd 4= AT} CMCet Bg7F 25 7|9
T8 g shoaH Qg opErtro] S3F TAS XSt
+ Saowakon 5{(2017)2] Ao FARE AIE SRIgH
= Qi 012} FASHAl CM-M A =& Bl Hivhte] A7
T F 14 @S AANFE Ao wdE.

—_—

0

[e)

[¢]
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50

uCON =CM d
40 CM-G CM-R
=CM-B OCM-M
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20

Weight loss (%)

abacp

Storage period (days)

Fig. 1. Weight loss of edible coating bananas during storage.

CON, no treatment; CM, applied only 1.5% carboxymethyl cellulose
and 2.0% Tween80; CM-G, applied CM + 1.5% green tea extract; CM-R,
applied CM + 1.5% Rhus chinensis extract; CM-B, applied CM + rice
bran extract; CM-M, applied CM + 1.5% Morus alba extract.
Different capital letters mean in a between groups of storage period
by different superscripts are significantly different (p<0.05) by Duncan’s
multiple range test.
Different small letters mean in a between groups of samples by different
superscripts are significantly different (p<0.05) by Duncan’s multiple
range test.

Means in a between groups of sample on 12 days are significantly
different (p<0.001) by t-test.

14

v A% 5 s/d3PgollA Alaxete] &40 = Qlg]
5 o] WsH =, o= v E4& Bk
o] Qo] 8% 84 F Slo|thChauhan 5, 2006). 7+
T A2et vt A% F 7= (firmness)9] $3}= Fig.
13} At} A= A7 717to] Zasto] wh 7Hasl= A3k
o] Jller, A% dat 7t 724 ZpolE RISt 4= QUL
E35] CON9| %, A7 3UARE A gho] 250,193.11+
3,222.63 g/em’O)|A] 114,470.35+24,319.85 g/em’E 28] 0|4}t
Taohs AS Hols ¥hd, CM-M9] ¢ A% 9837t
2| & 107,345.74+11,560.35 g/em’RE {JA|5H= AL 3ol
o 4= Qloh A9 B4 T, AlEe] B, Al d3t
9 Az o] o3t E A 5 o 7HA] 8210 95
WK 4= QlthMartinezFerrer 5, 2002). tfdH21 CMCE
AlzHof Q= HY gEd AT Zgsto] MEEe] 125
dstA skl 71A1d =g o)A Erk(Lara-Espinoza 5,
2018). T3 Kim 5(2010)0] W= )= v =2
ARtEE 7 QlEH, 7 28 AZE S9l 5% 59
AR} 282 A AAIFL, o] Bl ME I3t E Al 1}
INE AAAHAES AR oJAXI Alginate®} gellan 7]5H]
UFRE F8A o2 fresh-cut AR} HEE FAA|
X1t Rojas-Grau 5(2008)9] AFoA = AR 225 <
Qg o Atk wEbA CMCet AT F=EE 7IREY
CM-M A& &3l vl A=E 7MY 2 /A 4
AAUH Ao=E Hlr}

AT TAE EARQl B4R dEA
on, a4d AW FAY AEE &&E 5 Uri(angd}
g A2gt vivue] A% 5 <9
WSk= Fig. 23} 2o, PPO €/d9] H3l= Fig. 33} Ztt.
PPO &/ 7k AAF 0LA} 19.1140.42-22.17+1.20 unit/g/min
o A 122710 31.50:0.21-62.170.27 unit/g/min©.5
S=| Q. A A 5 A 6YA}F ] A3} Fho] #
OJetA A deh=T, o] 717t 53t Ba B9 a2
Eroh, A% 9dAEE ] 2ol Aol FAsHA %1
Y HA B B9 Fho] F4 7] STk oA Hivt
Uko] o3 WsKFig. 2)9F AXKTable 1)ZkT} SARSH A2
= RIT &= glor, o] AXE Ff| vyt o] o]
CM-Mo] H|sll CONOJlA| &3] Bl=A] T332 LrERdT:
ol 24 S geoto] APt vve] I WS &
A3t Jeong 5(2016)] A+ Al FARE AiE IR
o ok E3H ZW Aofo] a3t Qe 7 I"E AE
o] 283 39 o-quinone SIFES diphenolZ 2HAA|A

<
o

o

A=

o
S
—
J—
~
N
1
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Fig. 2. Appearance of edible coating banana during storage.

CM-G

DI I

CM-M

0-12 days means the storage period of edible coating bananas; CON, no treatment; CM, applied only 1.5% carboxymethyl cellulose and 2.0%
Tween80; CM-G, applied CM + 1.5% green tea extract; CM-R, applied CM + 1.5% Rhus chinensis extract; CM-B, applied CM + rice bran extract;

CM-M, applied CM + 1.5% Morus alba extract.

30

= CON uCM
CM-G uCM-R
= CM-B o CM-M

(Unit : Million)

24

Firmness (g/cm?)

Storage period

Fig. 3. Firmness of edible coating bananas during storage.

CON, no treatment; CM, applied only 1.5% carboxymethyl cellulose
and 2.0% Tween80; CM-G, applied CM + 1.5% green tea extract; CM-R,
applied CM + 1.5% Rhus chinensis extract; CM-B, applied CM + rice
bran extract; CM-M, applied CM + 1.5% Morus alba extract.
Different capital letters mean in a between groups of storage period
by different superscripts are significantly different (p<0.05) by Duncan’s
multiple range test.

Different small letters mean in a between groups of samples by different
superscripts are significantly different (p<0.05) by Duncan’s multiple
range test.

Means in a between groups of sample on 12 days are significantly
different (p<0.001) by t-test.

PPO &S 1A 0w AAohe TAAEN A= SHA|
Z k= Tinello2} Lante(2018)29] A+t Axtof wel CM-M
Aol B W] S ASkHE A0E etk CMC
7199 39 AYE B3 AFY PPO BHE ==t
Ghasemnezhad 5(2012)9] o 29} GARE A1kE B
on, CM-M AHZE &9 PPO B4S =& 4 A

Browning index(BI)

HRe] A & AW IS € 4 e 892 2
2 oy} HE ad 24 5ol /lon, £9] PPO %
peroxidase(POD) 84-2] B/dZ F3f| o] SXETHKader,
2002). 74414 3E A2 vhjve] A% % Ble] Az
Fig. 49} rom, 7o) ZAAS A4 233)0] 245t 25
£ T 4 71710] ZRo] wet vhbt EHEY BI 2
o] MHOR F/k AFS HYTh AF oMl
CM-M 2 CM-R Xg]79] BI ZF2 0.474+0.017 L 0.410+
0.017= CON AzZ|7tof| H|sf Foj2 oz dyfon, A4 7]
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Table 1. Changes in color value (CIE L'ab’) and color different (AE) of edible coated bananas during storage

Color Storage Samples”
value  periods CON oM CM-G CM-R CM-B CM-M

0 643244541949 65 61+4.13%4 70.132.02%° 65.51+1.66** 70.79+2.55"" 70.29+1.83*8
3 61.99+8.25% 70.67+4.25% 67.72+6.63"%  68.89£8.94F  68.56x7.38™%  67.53+6.09""

L 6 54.22+10.67"4 49.31+5.48* 72.37+2.52% 71.20+8.39* 64.49+6.28"" 65.04+8.50°8
9 4546727 56.31+8 42" 69.14+7.23% 78.18+2.54°0 57.73+7.26% 69.42:+3.02°
12 46.93+7.22" ) - - - 56.16+8.01™"
0 -16.68+3.32* -16.614231%  J12.7542.19°5C 114324167 -10.8142.33°C  -14.14+0.73%®
3 0.59+2.28"C -9.75+2.91% -7.08£4.358  1529+0.90" -0.5343.67 -6.78+2.02°48

a’ 6 453+2.11¢ 5.91+1.75" -5.7242.50" -2.18+0.76% 2.28+2.41P -8.81+2.61%
9 8.07+0.75% 4.5342.04 3.96+£2.28 0.22+1.11% 7.30+0.99° -1.9741.73%
12 8.30+1.64% - - - - 1.49+1.94°
0 43.02+1.80°* 45.0942.17°48  45.80+1.77%5C  44.43+130M5C 461543305  46.44+1.05°C
3 38.85+8.14" 49.36+3.41"" 46.41+£7.59"™8 44.85+2.73"%  46.94+6.45" 45.04:+4.84%AB

b’ 6 42.14+4.99"8 27.3245.20 49.97+5.40%°  51.88+4.25" 43.00+£5.69" 45.43+5.79"5¢
9 24.26+7.58" 32.98+9.82% 40.34+9.33" 51.54+5.02% 36.51+8.18" 56.23+7.38"
12 26.306.66™" - - - - 56.54+8.69"™
0 0.000.00** 0.00+0.00** 0.00+0.00** 0.000.00** 0.00+£0.00** 0.00£0.00**
3 22.06+6.00° 11.41+5.85 10.34+8.20° 12.85+2.80° 15.42+4.33% 10.49+4.90°

AE 6 26.95+6.92°° 33.9147.03 10.37+3.20°4 18.11+4.23<C 16.07£5.60™¢  12.63+3.71"8
9 36.07+6.96°C 29.60+7.98°8 20.6147.42% 21.4241.92%% 25724764 19.37+5.00°A
12 37.67+6.49°" - - - - 23.47+2.08"

L, lightness; a’, redness; b, yellowness; AE, color different.

JCON, no treatment; CM, applied only 1.5% carboxymethyl cellulose and 2.0% Tween80; CM-G, applied CM + 1.5% green tea extract; CM-R,
applied CM + 1.5% Rhus chinensis extract; CM-B, applied CM + rice bran extract; CM-M, applied CM + 1.5% Morus alba extract.

»Values are mean+SD of triplicate determinations.

“Different small letters mean in a between groups of samples by different superscripts are significantly different (p<0.05) by Duncan’s multiple

range test.

Different capital letters mean in a between groups of storage period by different superscripts are significantly different (p<0.05) by Duncan's

multiple range test.

“*Means in a between groups of sample on 12 days are significantly different (‘p<0.05, “p<0.01) by t-test.
"Samples were determined to be unsuitable for use in the experiment and were excluded from the experiment.

7r Bt HEs] 2 3 Holoh E3F CM-MY| %, BI
Zo] A% 1293714 0.458+0.0100.2 JA=|Qik. o= 7
HAAAE ol-&otd B EHY At 54 &S &
4= SIth= Sabadt Sogvar(2016)2] A+ ¥} ZHo] 4l w]
FE=0| x3HH 7P Z-HAIE Sl vy 2 9
T FE 7 USE Aol oJAZIL. 7|EAY calcium
propionate =3t TRFA2E Fofl vhie] 4 JrE =3
th= Mirshekari 5(2017)29] oA % SAGE AalE g9l
o 4= 3iEh WA CM-M A E B9l A9 == 5 AU

onf, A 717k S BRLLte] AME(b* valueyS ZHT 2
Hoh glole] 7ke] JEAE BT 4 rk

£ 934

FEAE AEC FEA URe = ARCE JES
A3l & oUAE F53= AMAolth(Canjura 5, 1991). &
EA7FABIEA 24 mHe R AR ot 4
< gojza)y] o], T AEA T2 ALY AEE §

7He 4 gl AEE AGE % AeHLee 5. 2001). 7H44
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Fig. 4. PPO activity and Browning index of edible coating bananas during storage.

CON, no treatment; CM, applied only 1.5% carboxymethyl cellulose and 2.0% Tween80; CM-G, applied CM + 1.5% green tea extract; CM-R,
applied CM + 1.5% Rhus chinensis extract; CM-B, applied CM + rice bran extract; CM-M, applied CM + 1.5% Morus alba extract.
Different capital letters mean in a between groups of storage period by different superscripts are significantly different (p<0.05) by Duncan’s multiple

range test.

Different small letters mean in a between groups of samples by different superscripts are significantly different (p<0.05) by Duncan’s multiple

range test.

Means in a between groups of sample on 12 days are significantly different (p<0.001) by t-test.

T Azt vie] A 5 & d54 T Halk= Fig
501 2tk & d54 g2 Be HECA A 3G
FAH Aaohs A BloH, 53] CON9| 3¢ A%
6YXFEE= 0.017+0.004-0.050+0.004 mg/g HIE 5214
Q1 o7t glglon e W2 S FAIF ¥HE, CM-M
o] AL AR YA 2 FEA 3FFo| 0.047+0.006
mg/g T2 FACIACH, T AE4 ] At A
ZP=| et L2 5 & FAh} 55 283 oA Tefst
B4 Zgo] dojub, 11 Axf A4 AJEo] o, 21E9 4t
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Fig. 5. Total chlorophyll contents of edible coating bananas during
storage.

CON, no treatment; CM, applied only 1.5% carboxymethyl cellulose
and 2.0% Tween80; CM-G, applied CM + 1.5% green tea extract; CM-R,
applied CM + 1.5% Rhus chinensis extract; CM-B, applied CM + rice
bran extract; CM-M, applied CM + 1.5% Morus alba extract.
Different capital letters mean in a between groups of storage period
by different superscripts are significantly different (p<0.05) by Duncan's
multiple range test.
Different small letters mean in a between groups of samples by different
superscripts are significantly different (p<0.05) by Duncan’s multiple
range test.

Means in a between groups of sample on 12 days are significantly
different (p<0.001) by t-test.

3t A8 AaRl ASA AR Bl 5ol X6k "o
(Lopez-Ayerra 5, 1998). CM-M9] & AE4A 3F Hol=
2 A S U] 22 H2E o) P
AZA) 28-S Sto] A4 ARo] shujeh o] ABhE =
FE Aolgtal Akt E3F 3Hdof FASHA A2 E B
FEAY B ST I9TL2 ok A E AASHL,
82 o] BoSs A SANILE Lee SO0 o
7 238 vhkom, (MM A2} ol Rt B B
ofs A2 HIF 4 YT ZLHOT CMM HelE 5
M) B QR4 B HEHE Y e 4 ik e
Fch

Mo 9l M3

vh Qo] AL Ao wE vhke] B4 A
£ g% 4 9= 293 94 F sho|thMendozadt
Aguilera, 2004). 7}/ ¥ Agt v A% F &
M(CIE L'a’b")2t MAHAE)2] HSH= Table 13} 2t} Am
ol 49, Aoz A 7|7kl Wt WL value) FE
A5k, AL (" value) FHS Z716k= HFS HgoH,
A% Azt 7F 794 AlolE I 4= U E5] CM-M
o] AL o] A%, A% 98AHA| &9 gZ A5k,
FAE Zro] Ao tE ME0] vlsl] =A Uehhe A
Boll, A 717K vihe] Qi Aol oA H2 &
Ao JAENS A= Al MIKHAE) E3H A1 12
Aol A CM-MQ] 7S ZFo] 23.47+2.08%1 ¥FH CONQ] 7t
2 37.67+6.49%2 Ueht= 2 Hol 7M1 IQPAE &
S A 71710 W Bhbke] ot S o fAAE &
ANA A SRISH 4= QU vhht A M2 =] F =4

RS
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ofjAf Lgho g Walal, &4 L7|ol= 24 wigo] WAYSt
Al =o] A= AAE 94 He A #s S HolA =,
ojZfgl Hak= 54N 24 F 24 M40 Mo RHE 7]
QIR K Gomes 5, 2013). HRLRS] &/g0] whe 2 &40
olsf| A3 FFE & 4= AL CM-MEZ AT A5 bt
o] a4 7S WAsto], A% T7]0A4 9] Fro] CONO
Hjof] 2 g ERI% 5= otk Am|o] B¢, g44 &
H B3 AfA= LA tyrosinase?] 733t Ao /44 U
ERfith= Choi 5(2015) I+ AXE &9 ol& AHT 4
Art.

N
Xan

o OF
g = =

2 A7 ot 2o = Qlsf 2§57 7M1= B
U] AAdE 717171 Slsl ohdet A 48 #|siA]
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CM-M A2= A% 717 52t e 344 WS A
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dhof, & FEA g M Aijo] Qo= CM-M #e] ¥
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