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Abstract

Fresh cucumber and zucchini were packaged with low density polyethylene (LDPE) films incorporated with
several antimicrobial agents (grapefruit seed extract, Rheum palmatum, Coptis chinensis and Ag-substituted
inorganic zirconium matrix in 1%), and were stored at 10°C for 27 and 31 days, respectively. The perforated
control package and modified atmosphere package with plain LDPE film were also prepared and stored at
the same conditions. During the storage of the packaged fruits, microbial counts, decay, firmness and ascorbic
acid content were measured. O, and CO, concentrations in the packages were also determined by a gas chro-
matograph. Modified atmosphere packaging (MAP) of cucumber, which established the atmosphere of 0.7~
1.2% O, and 6.3~9.8% CO, concentrations inside the packages, suppressed the microbial growth and decay
when compared to perforated control. Antimicrobial plastic films had the effect of the additional reduction
in its decay and retention of ascorbic acid, even though they did not give pronounced reduction in the micro-
bial growth. The MAP of zucchini, which maintained the modified atmosphere of O, 0.8~8.9% and CO,
5.3~7.9%, was effective for reducing the fruit decay. No additional beneficial effects were observed by apply-
ing the antimicrobial films. The zucchini package of the film with Ag-substituted inorganic zirconium matrix,
had the CO, concentration >10%, and evoked higher decay than that of plain LDPE. The antimicrobial plas-
tic films in the MAP might be beneficial in keeping the fresh produce as long as the optimal atmosphere
for the commodity was being maintained. The effect of antimicrobial polymeric films on storage quality dif-
fers with commodities, when applied in MAP of fresh produce.

Key words: grapefruit seed extract, Rheum palmatum, Coptis chinensis, Ag-substituted inorganic zirconium matrix,
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(MAP, modified atmosphere packaging) 37 ol

2 ka9 w2 olibglRtAe] FRE AAFTLR
A ZEFEEE FAAIEL FEWE 58 Y F
lojA A A Ee) AA Lt (shelf-life)e GFA
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ascorbic acid?l S9F4 FFe] BES] {3l (Park
3 Cho, 1997), mashatad] ZEINANE 1% O, ¥
1~3%9] CO, ¥% x7°] 3F3 Jddl Iy 7
2ANAM FA7|A A £&o] HAUrhleest Yang,
1997).
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A7t EE Egt2E 9§ ARSR st ¥t
Aol vAE Al AHE FAY dedls AlEst
o]FoA L UhAEAE T, 1998a). FHH HES
3 AA Y] A Qs 714 EARCNME ddit
£ H9e] njAE 4 JAT s AR
gA1717] jEAE@TA 5, 1998b; UET T,
1998; Lee et al, 1998), 159 A2 MAPY A3}
o} A A HEfAlY &AE 7HE FeE V)
et gy B dFoM e dadERS At
ETtiE EoR Qojd Fubg IAT &t
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73 AdT olRolA AR 20)¢ A& B3l
ZYHoA A" Fulg ZujAte 2BE 29 k]
20l o] 35cm, FA 240g o], 38k 7o)
26 cm®t 7] 410 g7l ACEXA AA7F gl A7) &
Fo] #YT AL FEpA AP ARt

=5 5 M%

T TALEL AYx Eddddd FX|(Grade
5302, U= 0921 glec, F8IBEHEF), A3yl FwE
A2 M GFSE(grape fruit seed extract), TH3(Rheum
palmatum) FEE B9, - (Coptis chinensis) T&
T B, AEAVEA &-E Frlo| 2k (Ag-
substituted inorganic zirconium matrix)E 1% FEE
A7lsld A2 Roe2A(EE7] &5 155~160°C)
ZA7F 212 30 um, 55um, 48 um, 50um¢l A&
AHLEIATHeHE S 5, 1998; Lee et al,, 1998). &
4 EREENS] vZE sl FFAE H7EHA
%3 Az AU ZdEdow density poly-
ethylene, LDPE) 288 20]9 Fute] ol
AHEEATE R A" HEe MARHdEE £
9P (Karel er al.,, 1963)°] 2]3te] &5t t).

AEE Q0|9 sukg 74zt A7) 8X37 emét 10X
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3k 5714 daT ¥Foe e 72+& 3719] LDPE
HEEA A AR 6mmel THE 4 Tl ARMEsE
Ao ole AU NARAE BA 29 e
2 fAAEE E-oldt). 7 HEes X L
ol9} FuFe 2% 10°C, AUlsE 80~90%< =7
& e W3 AR, A" Ase 14
o= B4R Ao} FHWslE A

=4

Agd Tl disia Ehie ZAzA S A,
Rols} FHte] ZAHWSIEA I FHEF, FF0]
o} gwol 4 ascorbic acid &3, texture, FH&E
4t

309 0,8 COo, ¥=& &3 HalA =%
WH 713 1mLE #3le Alltech CTR 1 ¥
(column)?} BAX%E ZZ7|(TCD, thermal conducti-
vity detector)7} Z3E 7] A A 2 v} E 8] E(Hitach
Model 163, Hitachi Ltd., Tokyo, Japan)® <3}
ot EAHZA0ZAN 7] A (carier gas)= Hed 30
mL/min®] FHOE =4 3%y, B =& 40°C,
Z9 B (injection port) =¥ 70°C, HZ7](detector)
25 W0°CE AU

Lot} ute] v|AE ZFA-E st ZF A5 ¢
A 2oleld XH Smme) 23 10g2 FHelod ¥
#5 10 mLet EFet v, o] vkfiE AF
<€ A =R ST 57148 Fe 3
Me mE AEE SR F43le] PCANIA
(Difco Laboratories, Detroit, USA)Y| =3} 25°C
oA 37 i3t § S| AR FHo] &
9] EXE HAsiMe eAHoE M dFE 74
2bell olsjA pH 352 ZA € 443l PDAMIA (Difco
Laboratories, Detroit, USA)ol|l =28} 25°Col|A] 54
ZH a3k 3 24 3 o} (Mislivec et al., 1992).

Ascorbic acids= AlE 20 g€ metaphosphoric acid
8ol 20mLE FHEl 28 F GAXE o3
o 50mLE 34§ 2 26-dichloroindophenol-&Y
o2 AHATFATHAOAC, 1995). Texture: Rheometer
Compac-100(Sun Scientific Co., Japan)l &7 5mm
o] Y% adapters A St FHEFOE Wigd A
29 #9 10mm7H] FAHLE 60 mm/min®] £
2 3dNE o dojRl= FEH(yield force)ys 3
3l o]& 7% (firmness)E XA 3} T

il g 2o ol Tyt thete] 4zt 21749
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Fig. 1. Changes in gas compeosition of the cucumber pac-
kages stored at 10°C. O : Perforated control, @ : Plain
LDPE, IB: LDPE with 1% GFSE, A : LDPE with 1%
Rheum palmatum extract, 4 : LDPE with 1% Coptis
chinensis extract; < : LDPE with 1% Ag-substituted in-
organic zirconium matrix.
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EAo] 1.5~2.7%% thg EZ7 vlg] 7 w3
N, 3, 2§ oA & "5
0.7~12%=2 H2|77t A ®lsdnt. 282 A
Z 1990] AuEA 27hie] F7H(free volume)l] &
oA EAo] £EFOR e MAREE &
BE & AU Kanellis er al.(1988)2 20]2] 37
A &L FETe A9 0, 3=t 05%2 B
g glon, E Ao o dEEFHE 20§
A 27d U AHBEe KU FHEE AHEY
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o} w2 2 Ao 0l9) AE YR F A
% 0, 0.7~2.7%, CO, 63~9.8%2] FEHAE L
olg] AHFHE FUAIIA Ge 7IAREY =4
& FAAZ Aoz AzrErh K3 olgdt A=A
2 AA FAFY FGAQA MAP XM HgA
o g A AFE= AR AR 2~5%
O\ 3~8% CO, Fx¢ vl3 77k Wl Aok
(Day, 1993).
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Fig. 2. Changes in gas composition of the zucchini pac-
kages stored at 10°C. O : Perforated control, @ : Plain
LDPE, I8 : LDPE with 1% GFSE, 4 : LDPE with 1%
Rheum palmatum extract, 4 : LDPE with 1% Coptis
chinensis extract, < : LDPE with 1% Ag-substituted
inorganic zirconium matrix.
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Table 1. Gas permeabilities of plastic films for packaging
of cucumber and zucchini at 10°C

Gas permeabilities

. Thickness at10°C
Film (um)  (mL/m’atm-hr)
0, Co,
Plain LDPE 28 1208 5185
LDPE with 1% GFSE 27 1412 5921

LDPE with 1% Rheum
palmatum extract

LDPE with 1% Coptis chinensis
extract

LDPE with 1% Ag-substituted
inorganic zirconium matrix

55 96.1  462.5

48 1183  499.6

50 1029 4229
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Fig. 3. Changes in microbial counts on the packaged
cucumber stored at 10°C. O : Perforated control, @ : Plain
LDPE, B : LDPE with 1% GFSE, A : LDPE with 1%
Rheum palmawum extract, @ : LDPE with 1% Coptis
chinensis extract, <> : LDPE with 1% Ag-substituted
inorganic zirconium matrix.
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o] MAE S "X JFS o2A § Qo=
F&dd.

10°CoA 274 A" Qole] Ruj&g B §7)
A4 W=7} ¥ LDPE BEo=® AW A$ 7tz
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Fig. 4. Changes in microbial counts on the packaged
zucchini stored at 10°C. O : Perforated control, @ : Plain
LDPE, l: LDPE with 1% GFSE, & : LDPE with 1%
Rheum palmatum extract, 4 : LDPE with 1% Coptis
chinensis extract, <> : LDPE with 1% Ag-substituted
inorganic zirconium matrix.
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7t 81.0%2] FAHE&E YoM B4 dizxT
2] 71.4%8 0 AL 43S JeR A oHFg
5). &-x]3 Frjol2u A Hrt WEe AT
7P ¥& 10.0~11.1%2] CO, F=& ¥ Ho| #
EE(Fig. 2) ©]2 A% szt Fukg Bz
veld oz siMEr). sure AW Co, 38 ¥
o g AR7E Q7 W&o @A Elele oHe
o] lou FAVAZEEG FFAH ES ol
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Fig, 5. Decay of the packaged cucumber and zucchini stor-
ed at 10°C after 27 and 31 days, respectively.
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Fig. 6. Changes in firmness of the packaged cucumber
and zucchini stored at 10°C. O : Perforated control, @ :
Plain LDPE, ll: LDPE with 1% GFSE, 4: LDPE with 1%
Rheum palmatum extract, 4: LDPE with 1% Coptis
chinensis extract, <> : LDPE with 1% Ag-substituted
inorganic zirconium matrix.
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vlE el 2g AS S B F Aok v B
% LDPE ¥ U}E 34 HES ARSSH 2% =%
& B4 dRT 2 vsiM e RgES B
ox MAP7} Hilg Ao} FZH e &
UE-g Holw Yok et s AT Hoke ¥
o2 AT 797t 25 LDPEY HEiA o W&
Fo&-g Holx Rihe sute] XA s EE
o] MAPS| Foleld] thE F7HHQ] AZA e
B3R Zatgd). 23518 GFSEX7F €98 XL
HE IDPEZART o 22 Fu&E YA

ZE 3 ascorbic acid EI2fe| 3}

ERE AEY Az wglAe AT o)
7t Eolr Al F=33 JEe B ATk Fig.
6). Aoz Qojola= tid, &-Fr|o]2gA]
E H7I 398 AW AR F 5L AR #4
& HoAFRA, Sutox = FHIF GFSEE AH7He
YEY TA| 2 AZE AT AF HFA
Aol Azl Fgld e B o3 zz2e o
3o 71208 Aog B 5 gt

ERE 20M daAd HE XFHo| YT E B
% LDPE ¥& ZEART £ ascorbic acid EE&
Yehligion}, aupdae &-fr)o|2uwgHE Ao}
3 98 ¥A7}F B2 ascorbic acid?] BREALS H

QA So] FAAF AT AolE P FHE A
S5 2 < Qodth(Table 2). ol= 74 FES 9]
43t FA/AZHEER 93] Jehd Ruge F
ole} w3t Hol god, 2oldMe i EAA
o o3 dEFAgo] Rull& 749} ascorbic acid B
o] B7HAQ AR g Fx=A17] e Fut
oAM= 2#Ex] EsHrh 238 XA 10%°)
Ao & CO, & FAYAF 2-F7]0l 2 @A
g #7138 "E o] N Be EAEZ 2y
A7 L ascorbic acidBEE Bl HL As 4
#EAE 4 & Aol

AFH oz FF3H 0, T= 0.7~12%, CO, %
6.3~98%F FAHAII= 2019 FAFINZEEGL
U AE Aot Rolg ho) E3E 7Y, A
59 AMgL Hr1¥ Hulg gAE S o)
£ ascorbic acid B9 7|odsl¥ct. oo g,
3ute] XFAME O, % 08-89%, CO, F%
53~79%2) WSS Holg FANAZHETZL 7}
o] HlRE A oAt g TAE A eA T
gt el 9% FrpEel AR e s
4L Fe g oy EaE i L o8
AM FAF 2L o FE AHES MAREYES
fFA S Aol AL ATl ° 79
Ao, L metd Ao "B ade A

Tai)le 2. Changes in ascorbic acid content (mg/100 g) of packaged cucumber and zucchini stored 10°C

Cucumber
Storage time (day)

Package

0 5 12 19 27
Perforated control 7.6 5.8 3.6 1.6 1.1
Plain LDPE 7.6 58 43 32 23
LDPE with 1% GFSE 7.6 6.5 6.4 4.7 24
LDPE with 1% Rheum palmatum extact 7.6 73 5.7 34 22
LDPE with 1% Coptis chinensis extract 7.6 6.7 4.6 39 2.6
LDE.’E W?th 1% Ag-subsﬂtuted inorganic 76 70 51 3.7 24

zirconium matrix
Zucchini
Storage time (day)

Package

0 10 17 25 31
Perforated control 6.6 6.4 6.8 8.6 4.6
Plain LDPE 6.6 7.0 74 8.7 3.7
LDPE with 1% GFSE 6.6 6.6 7.3 7.1 5.1
LDPE with 1% Rheum palmatum extact 6.6 7.0 8.0 7.1 6.4
LDPE with 1% Coptis chinensis extract 6.6 73 75 72 6.8
LDPE with 1% Ag-substituted inorganic 6.6 57 49 59 65

zirconium matrix
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