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Development of Preserving Materials to Maintain the

Freshness of Harvested Greenhouse Produce
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SUMMARY

Korean medicinal herb extracts (KMHE) were applied to the preservation of

greenhouse produce in order to prove their effective functions. KMHE showed
remarkable antimicrobial effects against microorganims causing the postharvest
decay of greenhouse produce, We have found that the extracts of Rheum palmatum
L. and Coptis chinensis Franch were the strongest inhibitors against the
microorganims causing the postharvest decay of greenhouse produce, which did
not survive at detectable levels when treated with more than 500ppm of these
two KMHEs. The activities of the two KMHEs were stable in the wide spectrum of
pH and temperature. Direct visualization of microbial cells by using both
transmission electron microscope and scanning electron microscope showed that
microbial cell membrane was destroyed by treating with the dilute solutions of
the KMHE. This change of cellular membrane permeability could be identified in
the experiment that 0-nitrophenyl- 8 -D-galactopyranoside(ONPG), the artificial
substrate of J-galactosidase, was hydrolyzed in the presence of KMHE,
indicating that the membrane was perturbed. The separation and identification
of the most antimicrobial substances isolated from Rheum palmatum L. and
Coptis chinensis Franch was carried out by using column chromatography and

NMR, which proved to be catechin & chrysophanic acid and berberine &

obacunone, respectively. Effects of Coptis chinensis Franch extract on the
lethality, the primary skin irritation, and the acute eye irritation
potentials were evaluated in rats. The acute oral LDsy of Coptis chinensis
Franch extract for Sprague-Dawley derived rats was 5.15g/kg with 95%
confidence limits. Patch application to the intact and abraded skin of rabbits

led to mild to moderate erythema and no or mild edema,

The two KMHEs of Rheum palmatum and Coptis chinensis were applied to the
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dipping treatment of the greenhouse produce such as cucumber, zucchini, green
chilli pepper, and strawberry, which were then packed with low density
polyethylene(LDPE) films incorporated with 1% antimicrobial agents and gtored
at 5C or 10C. Their qualities in microbial counts, decay, texture and
chemical attributes were monitored during the storage. The antimicrobial
agents incorporated into the packaging films were grapefruit seed extract
Rheum palmatum extract or Coptis chinensis extract. The dipping treatment by
the KMHEs and packaging by the antimicrobial film suppressed the decay of the
greenhouse produce and improved their firmness retention. During the storage
of the greenhouse produce, their pH's were increased and titratable acidity
and soluble solid content were decreased without any consistent difference by
the treétment solutions and the packaging films,

In the study of pretreatment method of greenhouse produce, chilled water at
5C was more effective than water at 20T in removing the surface
microorganism of green chili pepper, zucchini, cucumber. A 100ppm chlorine
solution had a higher efficiency than chilled water in eliminating
microorganism. Microbial load of washed produce was not greatly increased
after drying at 5C for 1 hour. Several plastic films with different gas
permeabilities were used to package green chili pepper and zucchini, and
suitable gas composition was attained for the retention of quality
characteristics of produce. Zucchini showed a good quality characteristics at
modified atmosphere(MA) of O, with 2~7% and CO; with 5~8%, and green chili
pepper did the optimal MA at 0, with 3~5% and CO; with < 5% during storage.
Greenhouse produce was treated with KMHE to reduce microbial load, and optimum
condition differs with produce. Produce was dipped in several KMHE solutions
with different concentrations. Optimum concentration was 500ppm for zucchini,
green chili pepper and curled lettuce, and 1000ppm was suitable for cucumber.
Dipping time for produce was 10 minutes. Storage temperature to maintain good

quality differs with produce, and 10C was suitable for zucchini, green chili
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pepper and cucumber., Strawberry showed a good quality at 5C. Produce was
treated with optimum conditions consisting of KMHE concentration, dipping time
and storage temperature. Whereas the treatment with Coptis chinensis extract
resulted in good quality preservation for zucchini, strawberry and cucumber,
that of Rheum palmatum extract was good for green chili pepper,

In the development of packaging system for fresh vegetables, antimicrobial
packaging films were fabricated by incorporating antimicrobial agents in the
blown-extrusion process or coating them on low density polyethylene (LDPE)
film, and then were applied to packaging strawberry, cucumber, zucchini and
curled lettuce,

When LDPE films were fabricated with addition of antimicrobial agents of
Rheum palmatum extract, Coptis chinensis extract, sorbic acid, grapefruit seed
extract (GFSE) and Ag-substituted zirconium or zeolite matrix in 0.1-1%
concentration, compared in physical properties, tested in antimicrobial
activity against some selected microorganisms on the agar plate medium, the
film containing 1.0% GFSE showed inhibitory activity against Escherichia coli
and Staphylococcus aureus in a disk test and the film with sorbic acid did
against E. coli, S. aureus and Leuconostoc mesenteroides, When the films
impregnated with antimicrobial agénts in 1% concentration were applied to
packaging of cucumber and curled lettuce, they showed the reduced growth of
total aerobic bacteria in the vegetables compared with control film without
any additive until it reached the level around 108/g. They did not give any
negative effect on other quality attributes during storage. The added
antimicrobiai agents changed the color and light transmittance of the films,
but did not affect their mechanical tensile strength, heat shrinkage and
wettability.

LDPE films incorporated with 1% antimicrobial agents were applied to
modified atmosphere packaging of 200g fresh strawberries, cucumber and

zucchini, which were stored at 5C, 10¢C, 10C, respectively, with package
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atmosphere, microbial growth and quality attributes being monitored. For
designing the packages, respiration of the produces and gas permeabilities of
the films were measured. The antimicrobial LDPE films in strawberry packaging
retarded the growth in total aerobic bacteria, lactic acid bacteria and yeast
on the fruits, and resulted in significantly lower decay. The degrees of
reduced microbial growth and fruit decay in the antimicrobial film packages
were more pronounced, when applied by hermetical sealing to produce the
modified atmospheres of low 0; (<4.0%) and CO; concentrations with 6.3~9. 0%,
The hermetically sealed packages of antimicrobial LDPE films also showed
better retention of fruit firmness and did not give any negative effect on the
physical and chemical qualities of strawberries. Modified atmosphere
packaging (MAP) of cucumber, which established the atmosphere of 0.7~1.2% 0,
and 6.3~9.8% C0; concentrations inside the packages, suppressed the microbial
growth and decay, and antimicrobial LDPE films contributed to the additional
reduction of its decay and retention of ascorbic acid. Zucchini benefited in
reduced decay by the MAP which maintained the modified atmosphere of 0, 0.8~
8.9% and CO; 5.3~7.9%. No additional beneficial effects were observed by
applying the antimicrobial films to packaging zucchini. The effect of
antimicrobial polymeric films on storage quality differs with commodities,
when applied in MAP of fresh produce.

As an economical means of producing antimicrobial packaging films, the
antimicrobial agents of GFSE and extracts of Rheum palmatum and Coptis
chinensis in various concentrationsm were coated on LDPE films. The roller
coating in wet solution state and subsequent drying produced the films with
coated thickness of 1-2 ym. The film coated with 1% GFSE showed antimicrobial
activity on the disk test against E coli, Sta. aureus, L. mesenteroides and
B. subtilis, and the films coated with Rheum palmatum extracts of 5-25 °Bx
concentrations had inhibition only against L. mesenteroides, while those

coated with Coptis chinensis extracts of 5-25 °Bx did not show any
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antimicrobial activity against the organisms tested. The film coated with 1%
GFSE, when used in packaging cucumber and zucchini, resulted in the reduced
growth of total aerobic bacteria on the commodities. It also gave. some
retardation on the produce decay and improved retention in firmness during
storage. Films coated with Rheum palmatum and Coptis chinensis extracts of 10
°Bx did not reduce or inhibit the growth of aerobic bacteria and improve the
retention of any quality attribute, The antimicrobial coatings from water
soluble solutions were dissolved with storage in contact with fresh produce
due to transpired water vapor, which may restrict their use in the actual
packaging situations, Thus a binder of polyamide solution was applied to
produce strongly adhered coatings with antimicrobial agents on the film, When
The films were used for MAP of fresh produce, they reduced total aerobic count
and yeast/mold count on the packaged strawberry, while they did not for the
cucumber and zucchini.

As another way of economical production of antimicrobial packaging films,
multilayer linear low density polyethylene were coextruded with incorporating
1% GFSE in the innerlayer to show antimicrobial activity aganist Microccus
flavus on the disk test. However it did not contribute to reducing the decay
of packaged strawberries.

Investigated conditions for the optimum storage of greenhouse produce were
applied to large scale. Cucumber, zucchini, green chili pepper and strawberry
were dipped in KMHE or GFSE solutions whose concentrations and dipping time
were already determined by preceded studies and packaged with antimicrobial
films which were fabricated with KMHE and GFSE, Quality characteristics of
produce were measured during storage to show that the treatment and packaging
was effective in reducing the decay of the produce. The data of decay ratio
was used to evaluate the economical analysis of the treatment. Cucumber had a
better potential of economical benefit by the treatment than other produces,

and green chili pepper showed the least economic profit among studied
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produces,
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Somogyi®i®], A4l Soxhlet F&Mow EMsla, g3 EHoz ARE

OswaldB =7, A& pH meter5] 7]71& ol &3lo] At

flo rx

t}. KMHES] =8 372 Z A (Piddock, 1990)

KMHES] ¥#8& FF3t7] ¢lsted FA] E5ol tiste] KMHES] <& 0 ~ 1000
ppm Helol Z7h =& Welste] ZAstAct. &, Tryptic soy agar 15~20ml &
petri disholl Fof 23 thZ, F3t JPAAe21E B A oA Fof Solrtd
A dHEEE KMHES] A3 HF paper diskE W4 3 37ColA 24~484] 2
age F, paper F¢lof F4H growth inhibition zone?| AF & FF3to ¥4Y

< ulastgich
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Table 2-1.
antibacterial substances

herbs selected for the extraction

of

Korean name of
medicinal herbs
(in Chinese)

Scientific name

ot
10}

iy H}%%g}}
Fré ol o R

=l iy
O o4
bl

BXE

Glycyrrhiza uralensis Fisch,
Cinnamomum cassia Presl,

Loincera japonica Thumb.

Rheum palmatum L.

Saussurea lappa Clarke

Angelica dahurica(Fisch, ex Hoffm.) Bebth.
et Sav.

Atractylodes macrocephala(rhizoma) Koidz.
Brassica alba

Paeonia lactiflora Pall,
Anemarrhenae apphodeloides
Epimedium grandiflorum Morr,
Cyperus rotundus L.

Phel lodendron amurense Rupr,

Scutel lariae Radix

Gardenia jasminoides

Coptis chinensis Franch

Polygonum cuspidatum Sieb., et Zucc.
Prunella vulgaris L.

Houttuymia Cordata Thunb.
Aristolochia contorta Bge.

Cassia tora L.

Akelia trifoliata Koidz. var., australis Rehd.

Lithospermum erythrorhizon Sieb. et Zucc.
Artemisia argyi Levl. et Vant., (vulgaris)
Polygonatum sibiricum Redoute

Syzyrium aromaticum (L.) Merr. et Perry
Sophora flavescens

gl. KMHES] A& B{A 3] F=FUS5E

KVHES] 3@ Algold REdo] £

3t KMHEE 21eYs}e] membrane filter(0.2



im)E A FA|F|5L, tryptic soy broth(TSB)oll &Fo| 43 KMHES o8 71#] &
ECI2 e F, 4 FA] FFY slanto] A wigB FF 1920l E Tls}@l 10ml
TSBoll A&, 30TColA 24417 HQF wjaFA| 7|2, o] vkl 0. 1nl S 2]5) I:}A] 10m1
TSBoll HE3lo] 30°CollA 24417 St vioFgt vty 0.1nlE o8 %= KMHEZ}
¥ TSBol FFI F wigsiach. yFHo] ¢3¢ KMES A7 =24 dFaY
= ¥ E BLHEE spectrometer (620m)E FHEE ZH3la stFYo] o4
KMHEE 42 TSBE blank® AMg3tch. o]ot 2 AY AE o] &3l FAF
Fofl thste] KMHES] B A E &3ty $l3le] BEA =TS FAsieict

e

ol KMHES] & & pH ¢Hg o] 74}

Paper disk methodol 2]3}o{ KMHES] ¥#¥& FA3dlo] o] 71% 4%
KMHEE Eigt &, o QbMAS Z=A317]) 918}e] 40, 60, 80, 100, 120, 180°C7}A|
0E ¢ AT F A HE YFYo| $43 KMHES 1000ppn =7} E A
oo ¥EE AE HA 5YEA paper diskd o ulm ZFstdct. ®F pH
188, bufferglg o]§3lo], pHE 4, 6, 7, 8, 1008 2P ¥, sFHo]
F% KMHEE 1000ppn 527 AT thg, FA FFE HE3}T 37CHA 14]2
WA thE ThA] pH 72 FAA AU A 2 WHes geAs) B

2. KMHE?] 3312}

7b. Heju] B EL] ouix] el x| KMHE?] oA &z}

1) AEZFY] B3 ol wj

A aatEY AAE wbdsh el winlolA 22|38 Collectotrichum
circinanse 7373ti¥il uldEete] 4£3ZF < FF(Chungs, 1993)& Hokubo}

nutrient agaro] Alth wie¥sle] RA3}9d 3, nutrient mediao] wjoks}eit}

e Az

Collectotrichum circinans& G vix|ofl A 20A] 7t wjokslsr QA Ba|ste] A
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S ST HMEE 100M EDTAS S 10aM Tris-HCl (pH 7.5) $% olo]
YEAZISL, 2E3t SR712 shaigt F 3000 xgol A 1587 94 Eeste] ArEa
= Hop ZAdo7 Algsict

3)  Glucose-6-phosphate Dehydrogenase (D—glucose—G-ph_osphate: NADP-1-
oxidoreductase ; G6PDH, EC 1.1.1.49)2] &4 =3

Glucose-6-phosphate Dehydrogenase?] 4L tj2z & W (Lees, 1987)0)
wtet SEstgeh &, Ea WY (A By o) ZY(HE S5)S 30mM
Tris-HCl (pH 9.0), 6mM MgCl,, 0.24mM NADP', 1mM Glucose-6-phosphate?} oj& 7}
2| 5= KMHES} ZA oot &4 ¥ige 71l Glucose-6-phosphateE 7}5}o]
AFstedn, Aol wheh Monold FFEL] WS EPslo] Tael BHE AR

staich.

4) Hexokinase (ATP : D-hexose 6-phosphotransferase ; EC 2.7. 1.1)8] 84 &3

Hexokinase®] 4 gL #HA o] glucoseE 71AE st A
glucose-6-phosphate dehydrogenase& ¥ 7}slo] =3 324" D-glucose-6-phosphate
S coupling assay 'Y (Bergmeyer, 1974)0.% Bakste] Agsigct 7L wrgo
(AA] 23] 1ml1)9) RE(HF %5)& 40mM Tris-HCI (pH 7.6), 222mM Glucose, 8mM
MgClz, 0.91mM NADP', O0.64mM ATP, lunit] glucose-6-phosphate dehydrogenase, o
gl 714 BEe] KWHES} Fagdo|gdr) FA 3L glucosed 7tsto] A zbslada
340nmoll A 2] FH =2 WIE St ARSI}

5) Malate Dehydrogenase (L-malate : NAD' oxidoreductase : MDH, EC
1.1.1.37)2] &A=

Malate dehydrogenase?] 4 ¥4 ZHL palated 7] Sto] A4 ¥ NADHo|)
#J3} 2,6-dichlorophenol indophenol (DICPIP) )7 RS E S 620mmol| A FRE o)
MRE FHse] FAsIGCh wgel(AARET In)Y ZAH(HE =) 20mM
phosphate buffer (pH 7.4), .0.43mM NAD, 30mM nicotinamide, 10mM Na-malate,
0.86mM KCN, 0.0034mM DICPIP, ofg 71 & =2] KMHES} FaHolYdr}



6) Succinate Dehydrogenase (succinate : oxidoreductase : SDH, EC 1.3.99.1)8
wy &

Succinate dehydrogenase?] B/d-& t}&3} 2 W (JooSs, 1976)0) ule} &H st
gt &, Rk (AA 3] 1nl)9] Z4(HF 5E)L 50uM phosphate buffer (pH
7.6), 1mM KCN, 0.04mM DIPCIP, 20mM sodium succinate, oJ&]7}2] S52] KMHES} &
aglolgith, BUH DIPCIPY) & 620nmol A ko] TA BHS FAstalr),

L. KMHES] 3pg2of] o3t nFEAM XS] AxduZ Y| W3}

FHol Fold KMHES] HeZ Q3 FA] 3o AEFe) ¥ 7|54 wzls o
otE7] fls) AxlHu|F L o] &3l AAF NEIZE BASIAT. YHEEL
KMHEZ A 2|3t Zlzh, A2)s}x] o2 iz FA AEY AxAn AL GAAE 1
i BESI ngE MEZ2A] HHE 53 (Bendayans, 1984)31%ct &, EA
AE 0] Z(TEM : Transmission electron microscope)] ZAFE Fz2e 0.1IM
phosphate buffer(pH 7.2)2 ©%A]7 2.5% glutaraldehyde &% 0 & 4°CoA 2-44]
¢ daAsladclh. 22l 1% osmium tetroxide(0sOs) 2 4TColA 2A]7F S0t
¥, 2Fs1Eon, 130l Tyt 2fF = 0.1M phosphate buffer® M& s} ethanol
= o8] UALoA 158 A 08 hAEE Y4l epon 8120] Enmjsigict =
e 22L FA 0.5m] semithin sectionz} 70mme] ultrathin section& 3dlg e
i, ultrathin section® copper grid(200 mesh)o] && uranyl acetate2} lead
citrte§ o2 o]F HMslo] FapAxIn]Z(TEM : Hitachi H-600)0.8 Has}ey
Tl gtH, FAPEAPE0] 7 (SEM © Scanning electron microscope)?] ZAFE 23}
B F AN 4P TEM 2 FEA 2} FAsA HelHyn) g4H 23

critical point dryer® ZXZ A]Z1F ion sputter& ©]-€3}e gold ion particle

3@ Mo rlo

7 20mE ¥ehg 3l F FAPAxPED]Z(SEM : DS-130C, ISI ABT)o.2 zks}

t}.

Th. KMHEA] 2]o]] o3t Wisjjul dEe] gEu} 7]5H 3}
1) B-galactosidase( §-D-galactoside galactohydrolase ; EC 3.2.1.23)2] A=k
(Miller, 1972)

KMHEZ} n] 8 &) MZufoll nxE Ag doliy] st MES wpafsln] o,
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toluene, chloroform2} KMHE &zl FA|2] B -galactosidaser} AE = 71 o
& AR} Al FF7} B-galactosidaseE 7}A| 3 U2 IPTGE} X-gal &
AT uiAelM HAstgrh. WIlY  AldAj2atBold Ee® E coli W
Pseudomonas syringaeE @ Yuizloll FE ¥, 37TolAM 2442 wjoksl %= Mg
mediun® ® FAFIL 600nmol A FHET} 0.2~0.70] EHEE v)ok3t e 0TCoflA
BAIst GRS AAslgdr). wjde 0.5mlo] T Hule] %xele slslm 10z 7
A ZEo°] toluene, £HF4, KMHE, chloroforn® Z& %8 Ae|sla, thA] 10x
T AIAl Egol Frt. toluene HMAE 2I3) 37ToIA 4087 Wxs13, 28Co|A
57 © ®xsln ONPG(o-nitrophenyl- 8 -D-galactopyranoside, 4mg/ml)S 0. 2ml
' o] Fi of 2047H5 ¢t 28Tl A uH-2slTt. 1M NaCOs 0,50l S 7}
e FANY F, AABeIHD YA FREE 20molA Zgstaith

=5
SHTE Y2 3 FE 02% 313 toluened Pol& ZLE 1000 3tod KMHEZ} o]

KMHEZS &atejo] Eld3l 358 2 HAF2 2SNy AYFYNER
chromatography & ©]-§3te] 314 £2[8l2, NRoll 23t FFYPER e 3%}
TZE v go| i - st}

7t B3 2EZ YFYE) Bl 9 53

AZEUSY of ¥ 5058 2004 BEhg 200nl & 33] 23} Hge 228

@t o] FEEL FF/4 300mio] HE ¥, ethyl ether, ethyl acetate,
n-butanol &XME ztzh 334 Buj - 324310 ethyl ether EHE ethyl acetate
Y&, n-butanol EHEL Agr}. Ethyl ether w8 E& silica gel (70-230
mesh, Merck) column chromatography (petroleum ether/ethyl acetate=99 : 1 — 80
20, gradient)3}o] 579 4¥E(FE1~FE5)S dglch £3E FE1S Sephadex LH

20& AF&-3t column chromatography (CHCl3/MeOH = 30 : 70)3}] Compound I-& Ea]
sttt ethyl acetate EHES silica gel (70-230 mesh, Merck) column
chromatography (CHCl3/MeOH = 98 : 2 — 70 : 30, gradient)sd}o] 97)2 AEE
(FALI-FA9)& doth. 483 FA4E sephadex LH 20& A3} column chromatography
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(CHC13/MeOH = 10 : 90)3}od Compound 11& +2]3}%t}. Compound I3} 11E ztz}
H, PC-NMRE EREU} 448 vlmsio] Zzte ¥HYEALS st

U BAFEEFY AR #2534

Az 2Ustd F9 5082 2ol HEhE 300ml 2 3% F&dlo iy £5E
=3 silica gel (70-230 mesh, Merck) column chromatography
(CHCl3/MeOH = 99 : 1 — 70 : 30, gradient)d}o] 107]¢] AEY (F1~F10)2 &4
ch A% F1 (CHCI3/MeOH = 99 : 1 £¥)8 £% 8fu}E CHCl;E A3} silica
gel (230-400 mesh, Merck) column chromatographydte] w-zhMe] 3}3tE S olglo
H, ©]Z& tT}A] Sephadex LH 202 A}&3} column chromatography (CHC13/MeOH = 30
: 70)3}%] Compound I11E He]s}gich. AEE F8 (CHCla/MeOH = 9 : 12%)8 22
€Ul 2 (CHCla3/MeOH = 95 : 5 — 9 : 1, gradient)& AMZE} silica gel (230-400
mesh, Merck) column chromatographydto] ZtA1e] 313188 dojom, o]AL T4
Sephadex LH 20-% A}&3%t column chromatography (CHCl3/MeOH = 10 : 90) 3}
Compound 1VE 2]3tgit}t. Compound 1119} IVE 7}z 'H, “C-NMRE& EZEAI} u

2ste] Zzte] B ER S FAslych
4. KMHES] ¢HA A A A}

2 dFolMd ¥ AAYIA AxA L EF APATelN FARXZE
(Coptis chinensis Franch, extract), th¥3&E(Rheum palmatum L. extract)
Grapefruit FA}5&8 (Grapefruit seed extract: ©]3} GFSEa} &)L L elst
919 H9Y L Yoy oldEel iy FRY YRYS Holk oz Hasye

o, I ZEHU AERI 9rh o]E A YLAEFZE(KHE)S A Az

o gE ¥

P, MILEA, AERER, oUE, 40okE 502 Algdl7o] ey o] 2
o] Ay 4 E AL et s AL wdsic) uleld B Aol of
5 KMHES, ¥Fo] flojual 38 o 4713 E4d0] ey P22 Ee obaA
HALE o|ystaiat £ HFE PO E FF T BAX2Ee 4 AL EA
AF-E dolRuzt stgon, 3 E7E thgo s 189 fo Ut 24 BN o

_37_



7t 398 BT 54 A9

FA7F 150-200g 7} E|%& Sprague-DawleyAl ¥z 60 nje]2 129 @& 7tz 5
aeld 622 hrol, 12RE 579 ol FAXZEL ) TA | kg @
0.9ml (1.0mg), 1.9ml (2.1mg), 3.8ml (4.3mg), 7.5ml (8.5mg), 15.0ml (17.0mg)%
$l ¥ (gastric tube)E B3l Ztzt Fojsliir}, A 622 vzZoTA Ha Ex |
kg & MET 15.0n1 Mg Fosigrt. GEL Foi3hy] 18 A7 AREHL HolE
TA WUt AES FoIU F HAHNEL U4 % FHUE AISE] Y1 APETA)

E(HFRAANR)IE Fo 14 YT 1St FES T3t G szE 42 3
A

ot FAU E o] B A, o|4d¥ mele) 9)Al, righting reflexd] &
4, 7183, 29, WA (trenor), WEE| W, +W, Elo) W £E FE oro] W
BouidE gdel st wol skl W, Wl dojM E3} Ze Ay E
4 Faol UBhbs 748 BTl edves shol 2 W o4 BAE B
sidth B Hom B BAZ 0 Fol Faste] ek Wio] gt A8
HAdsta s,z WA, A, 9, FL YEsiel Ao st 8 o
Fol dotde AHE9 RAEZ 25182, 14 € Fof abo} Lo Ha FAE
il HAgAA nhavlz] wyog Bt Fo 378 Aaslo HuPos uy
Sttt LDse2} 95 % confidence ranges Litchfield®} Wilcoxon(1949)8] wiHo g
A tstodch.

L2 L B i = R

TAZY 2-3 kg 71 HE 43 UET] 6 nielY 5% €L BT AAsy oBL
=X 749 4 ZdE A5t 23 ¥ Zool FAXZE g 0.5 12 g o]

2 FA] 2.5X2.5 cn?] AV|E AE JlolAE Y3 o}Ee) Zug uly Hlay 2
€ 2719 HdE WL U2 HolZE st E @ Zut 3 ujuE ol
U7h Ul ek delueld ATl A AHE W Ho) npusixe wHos wd

FEE 8BNS =X oA £ Fol: Zzo] iyt fzZosd WAz
Al HETE =Xt 24 A1 Flof MY} AZE HASD GE £X oo
Brol BZEA, dZchd duh AAS WASKATE 1 F 14 A7 ALt A
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ol
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o¥,
>,
il

3 e Be 1 W, BUU I0e 2 P, o4 Ay W
234, FT Fdel Bde Holb AU FVL 4 WO stk ¥Eo sy
£ ol W8 gt FTE 0 B, KU2E AP AUY FEY o}F s ¥E

89 39 The 5L 2 A

ok Y A5 Y

FAZL 2-3 kg 71 EHe VE 9uje £ 6nfele] £ fo] HIAXZE Lo
0.1m! %] Holmgl ¥ njal sl ojm gt Ho] duh} AsiA FAEXS =}
stgr}. 2% £ gzFos Agsidrl. Uz 3 nlele £ mon Baxa
E-8 0.1 ol Bojmal T} 20-30 X F n&42 1 27 AMst npul] w

AGAAT oAF A10Z JAE 5o 54

30

o2 @it HHe] Bt YR
A8 712l oAstTt &, Zhet Zebe ol tisjAl sbsolu Eelo] g

0 H ZHo] ot B wrlo] HYs| AMFHE A9
1, WEPY FEo] A BEE Faje wlo] oz EuEgt AL Ztato]
AFgloln] Fajel wrho] WA=z ¢tn 2 7|7} 7taAz Ja‘%il% =g
3, Zufo] ERWste] Tay} AR G ALE 42 sz, Y zhwe) g
of thsfX= 174 ©|8t5 1, 1/4 o]4 1/2 u]2& 2, 1/2 o|A} 3/4 n|akS 3, 3/4 o]
BE AR sto], Ztu} ZElY] BE g A, Tete WE BE YUu) zZtule WS AXB
X5 2 st silnh Aol diside A4S 0, AT 20U 58, £39
Lot Wof thdt vk e FLE 1, E¥olut A3 Ts BHE AL Wof o)

T gl gl AE 22 sjo} of7lo] 58 B Zke FA WHe) W4 shart

r

L, B2 AN MRE Holk B9S2 92 A¥Nozg Wi A9E 308 57,
Al F-Fof thsiA I gle B8 0, 42 E%o] A& #2951, 47
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] H ool 2 o] FHol e BLE 47 3

EE] chaiMe vlEEo]l gl A$E 0, U wjEEe] gt HLE |
S EAES Are MEEol de 2SS 2, £330 AW RE A=
HjEEo] A ZE 32F dlo, WA F=E A A9 B Eo HEE B, vEE
4 A=E CE Yo ZAute] ¥HE (A+B+«C)X28 H43} slgct. Fof tj3t Faix
S22 542 gloige] A v, Fal, A yHe F4E RE gil grog

stdch.

B A GolM AHMAANER PAED gl Q0] Fuh £ S AEL (2
L A Fol mlgBo] osiel WY 4ole AE) KHEA Y Fol £ AW
CAZY Y BPNAYOE EHeln 10T RAHE A
o} & Egl3 Atel 9 ascorbic acid@rad

5tg AAAeR EWsl] ARE, A

»

B o
>
2
X
o
o
(B

=R
r
g
o

2 W
N
lo
o} ©

!
oy

|l

4
lo

rE

7 NALNEe) 2y W AeAR

FEA AN FEY FEEY yFAYTANY ALISHI FUSae
synergy EIE 7H53E HASH] $Aste]l Zul, Qo], 3o tisle] TP L
T Frt Qo] 1RE IS Aol I7|7F dFstT Eo] AN} ¢
£ ZE& AddEstdoh AdAANEL] HERAE 9sle Hey IAFFg==
KMHE®} o}gd], MERA A7} AW A}EEx}2ZE (Grapefruit Seed Extract :
o3} GFSEe} ) (RAHS, 1991,1993,1994) S HL3lgdch =, Fu 3o o
3l 4= 500ppme] GFSE &, HAFZE U tFF2E &odof, 3, Soje] AL
= 1000ppn] 2z} £&F §ool ztz} 1027 A A ¥ )42 Egio] 2o £
£ %7 wiglol] oa) Wit Zutzt Qo) Ax] Melsix| e Az WA Ha
T AE Lo LAHA shy iz syl 13 ZaAEd Egoj(18

x 13cm) ¢lofl Z2 Yol2 Atd TAWEL 7 thd 315 200 + 5g8 © o] F



40 x 30ce27)e} EFUE R TF Iz UAEA Y3 H2 gHolZz EelAE[d
Edlols} ojo] Bold Tgsiaich oldtt TPZAL Ak BB WHAWA 9
2ol 2E9 B4 AAN TR JAzYe] ALY PES ¢ Ty
tlolth. ol@A AW AL 10CHH AHsEA BYsE 54 =
AHE WEL Table 2-29F B

Table 2-2. Treatment and packaging methods for cucumber, zucchini and green

chilli pepper

Symbol Treatment and packaging method
A Wrapped with plain LDPE film (Control)
B Dipped in 500ppm or 1000ppm GFSE solution and wrapped with plain
LDPE film
C Wirapped with 1% GFSE-impregnated LDPE film
D Dipped in 500ppw or 1000ppm GFSE solution and wrapped with 1%

GFSE-impregnated LDPE film

E Dipped in 500ppm or 1000ppm Coptis chinensis sclution and wrapped
with plain LDPE film

F Wrapped with 1% Coptis chinensis extract-impregnated LDPE film

G Dipped in 500ppm or 1000ppm Coptis chinensis solution and wrapped
with 1% Coptis chinensis extract-impregnated LDPE film

H Dipped in 500ppm or 1000ppm Rheum palmatum solution and wrapped
with plain LDPE film

I Wrapped with 1% Rheum palmatum extract-impregnated LDPE film

J Dipped in 500ppm or 1000ppm Rheum palmatum solution and wrapped
with 1% Rheum palmatum extract-impregnated LDPE film

U @8 23 R AeAg
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ﬂl

Y, GG EoN F2T FEEY FFAANEAY o8I YFUS
synergy B38| 7Hsd & Uty g8t @rlol thste] TRAE L Sstoct
"@rle BAFEEZ} GFSE(Grapefruit seed extract)?] $E& 500ppnl.8 Z A
Sdol Z}zh 1022 HAF Wrle] o] Bojgle E7E ¢ WM AUsE
ol WFol BAFEET GFSES Ix5 52 H7lstod A2y WEo] WA elE
S5 5C A¥A chambero] ARstAA Y 7|22} nPE Q¥ S}
& SAsdch. 23U 0, 2 €0, == A 7N L 2|5l A2 ZEntE
2l Z(Hitachi Model 163, HitachiA}, Tokyo, Japan)ofl &]3j4 ZAs}dt}. Carrier

a

gas= HES AHE3IE e, A8 column CTR I (Alltech Associates Inc., U.
S. A)olglen, ZA&7l= TCDETh Q& 2l 40°C, AAEE 70°C, AEI|L
0°CE stgom, W JIAZ A8 WEY olF $EE 0ul/minZ St =
7l 2 nBEFE 5387 fiste] "ol By 2RE Zo| smzix|e 238 5g
& T IUF2E Hle] RBFoE 100Le] HF4 Tt 387 npaysiel
th o] mHdE EXH o2 FHsie JyuiAle] =unjdsiact, IE 2FSE
Plate count agar(Difco Laboratories, Detroit, m]Z)E& A}&3}] 25CoA 37t
migstaict.  fAbdt4= MRS Bi=|(Difco Laboratories, Detroit, m]2)E& AM&3}o
30T ¥@7l &IloA 5Uzt wjdstiaitt,. JR4E A8 £9YL chloramphenicol &
Z7HA17 PDABRR] (Difco Laboratories, Detroit, m|<t)o] =ws}z 25ColAl 54zt
ujgstalet. w718 Z27E-2 Rheometer Compac-100(Sun Scientific Co., Japan)oi
85to] 2% 5mo| UFEF probeo] A FUHFOE o|SEH Ty EHE Lo
10mn7t2] 60mn/min®] =2 402 FYPAZ of ol FEYPL ZAsla o
= BEE siglth. 78 1B EL ZATEA(Atagort, LE)ofl 2BiA Brix %
=2 FAsidch "o 2% w2 Table 2-32 t}

ZAE Lo ¥dE TFUES o83 WY BAINZATY AP
= 18 x 13 cm 37]2] E2|AE|Y Ego] glof 22 Yolg Aoy gy »WE =
< th2F LOPEUEE 7 TS 20015 go] ©71& ©glth, o] & 25 x 22 co 27]9)

FE Uz7 AUusdelodd UE Bxo] Yz Tty st ol
7_1-_1‘ J

Y24 YB3 W7t U Yoz AxFE 20l

~42_



Table 2-3. Treatment and packaging methods for strawberries

Symbol Treatment and packaging method
A MAP with plain LDPE film (Control)
B MAP with 1% GFSE-impregnated LDPE film
C Dipped in 500ppm GFSE solution and MAP with 1% GFSE-

impregnated LDPE film

D MAP with 1% Coptis chinensis extract-impregnated LDPE film

E Dipped in 500ppm Coptis chinensis solution and MAP with 1%

Coptis chinensis extract-impregnated LDPE film

A3d A} LI

1. 34t QA EZF &5 (Korean Medicinal Herbs Extract : KMHE)2] ZAj
J

Tuiat BEABFEE(E)S AR AT TUsk] 2% - 5HHL 522
ZAY KHEY 3& $82 ThE Table 2-49 Pt 3 482
SlolH ThshA Ushton Bl 46,742 g

QIH )2 16.2%, AL 11.9%F vz

<o g%
+
e
N
lo
t
&

ul
>x

=z
2
%
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Table 2-4. The extraction yields of Korean medicinal herbs as dry weight basis

Name of
medicinal herb Scientific name Extraction yields{%)
(in Chinese)

' B Glycyrrhiza uralensis Fisch, 10.9

B & Cinnamomum cassia Presl, 2.9

S417E Loincera japonica Thumb, 26.3

X #H Rheum palmatum L. 16.2

X & Saussurea lappa Clarke 40.9

B Angelica dahurica(Fisch. 17.2
ex Hoffm.) Bebth. et Sav.

=N Atractylodes macrocephala 37.9
(rhizoma) Koidz.

BIFF Brassica alba 12.3

IREEE Paeonia lactiflora Pall. 9.8

o B Anemarrhenae apphodeloides 13.2

BXE Epimedium grandiflorum Morr. 8.2

&M F Cyperus rotundus L. 7.0

- | Phel lodendron amurense Rupr. 6.7

S Scutel lariae Radix 29.2
B OF Gardenia jasminoides 21.8

B O Coptis chinensis Franch 11.9

"’ Polygonum cuspidatum Sieb. 10.5
et Zucc,

BEHE Prunella vulgaris L. 13.8

e Aristolochia contorta Bge. 8.0

AT Cassia tora L. 2.7

A B Akelia trifoliata Koidz, var 9.6
australis Rehd.

L 1 Lithospermum erythrorhizon Sieb. 37.6
et Zucc.

T o= Artemisia argyi Levl, et Vant., 14.0
{vulgaris)

- Polygonatum sibiricum Redoute 46.7

T & Syzyrium aromaticum (L. ) Merr, 16.1
et Perry

%5 2 Sophora flavescens 13.5




W KMES] 2207, shetn Sy 24
%‘_'ﬂ'—?_ g@él}oﬂk] RAsTa=1d| ol Ao E vt 2] 3, 2 o] KMHEo]] . Ea)

4 .33ty 548 ¥4Y 23 Table 2-59 ok,

<

Tl KMHE?] s5=¥ a9 &3

Table 2-60l4 H= uie} Zo], £ A¥E AEE M3 KMEF HS g9 )
04 & (Gran YP<E, Graw SHFE, BE, Fol)ol tistd ZZo] Fojyt e
B A#L Bd, 3, 0bRY, ¥ 502 yelgon], staxel Fatoe

S e UL Bt olE 3, URFEEN VA2EE YRYo] Yus)

™ paper diskdell 2J3te} doj ZAzolN JH 2 4§ oA AV Bl Fg
th ob&d o]E2 FAl FFol tisidE sxol Hlasle] gFeo] Zrlels AL

2}, KMHE?] n]@E WA 3] I H05H

KMHES] F3 AlfolM gFEo] 439 P2 EE FAZFEE A 73
o] B5GAE B st ZFE AN L=THLE Fig. 2-1 @ Fig 2-2
o} Zrh. &, % 2@ 3 ol A Lo} Bacillus cereusol A& 100ppn o] Abofi A
Ago]  fH3]  JAHE o' UelYOn],  Pseudomonas  syringaest
Corynebacterium xerosiso| A= 500ppm o] Aol A #A&] o] AAE = Hog L}

st

ol KMHES] & 9 pH 4349 A}

Paper disc methodo] #ste] HFHo| 713 48 2o Uehd ciuxzE3

BRFEEY ddBY U pHYEEE HEY A3, Yo dde dxee] 254
0~1807TC)2t pH U (pHA~10)ollA AT YFEL Ro2H Az} pHoll Y%

Be=s yepy
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Table 2-5. Chemical components and physical properties of Rheum palmatum

L. extracts and Coptis chinensis Franch extracts

Dry weight basis(%)

Chemical components

Rheum palmatum L, Coptis chinensis
Franch,
Moisture 4.8 5.8
Ash 19.2 11.6
Total sugar 12.3 -
Fat 4.0 3.8
Total nitrogen 6.8 11.4
Physical properties Fheum palmatum L, Coptis chinensis
Franch,
Color Brown Reddish
brown
pH at 25T 6.87 6.85
(aqueous soln. )
Flash point( ) 195 192
Viscosity (Centistoke) 6.3 4.8

( 10% aq. soln)
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Table 2-6. Antimicrobial activities of Korean medicinal herb extracts

expressed as inhibitory zone diameter (mm)

Name of Antibacterial effect

medicinal herb Scientific

(in Chinese) A B C D

W Cinnamomum cassia Presl. 12 10 11 14

&8t Loincera japonica Thumb, ‘9 8 9 9

.1 Rheum palmatum L. 18 17 17 16

REEE Paeonia lactiflora Pall, 12 14 14 15

p2EX Epimedium grandiflorum Morr. - 10 11 13 12

O Scutellariae radix 16 14 13 14

B T Gardenia jasminoides 14 13 12 15

o & Coptis chinensis Franch 17 19 20 18

i & Polygonum cuspidatum Sieb. 15 15 14 16
et Zucc,

TR Prunella vulgaris L. 11 12 13 11

HES Houttuymia cordata Thunb, 10 10 11 9

Eoés Aristolochia contorta Bge. 13 15 14 12

A ® Akelia trifoliata Koidz. var, 9 9 10 8
australis Rehd.

T ¥ Artemisia argyi Levl, et Vant., 11 10 13 14
(vulgaris)

T & Syzyrium aromaticum (L. ) 15 16 14 16

Merr. et Perry

* A @ Bacillus cereus ATCC 11778 B : Pseudomonas syringae ATCC 19310
C : Candida albicans ATCC 28366 D : Fusarium sp.
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Fig.2-1. Microbial growth curve in the medium containing Rheum palmatum L.
extracts. A: Bacillus cereus: B: Pseudomanas syringae; C: Corynebacterium
xerosis, O: Control: @: 100ppm; MM: 500ppm; A: 1000ppm: 4: 2500ppm; [J:
5000ppm, )
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Fig.2-2. Microbial growth curve in the medium containing Coptis chinensis
Franch extracts. A: Bacillus cereusi B: Pseudomanas syringae; C:
Corynebacterium xerosis, 4p: Control; Hl: 100ppm: A: 500ppm: X: 1000ppm: *:
2500ppm: @: 5000ppm.
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2. KMHES] 3}t 2}-&

2 AoME Tt FEANEFEZE(KME) 2V E YIPLELL 223512, 8
w30 Hold tHFEE Y FAFEEL A, 2

UX] griAto] njxle o T E= A2 {340 nxe 9%
< ARk ¥, FAuZE ol &sto] Hy) n]Ee] MY © s usE

AT Eo RN ORREE L BAT2E Y2URS BASYLE

7h. ds] mgE] ofyx gAcialel nAL d¥IEE T FAZZ S
oA &3}
HEFEE Be FAFEEY A7 wix] ol n|PBEATY M8o] AA oy

ke HEZAE Bol2, nAdEo] oyt 328 YA golraxa}, o 7}

x| Bk Bgoll nlAlE dye zAbstdnh Sel oyl Al BT RAS o
TIPS AWM Ss ol s RN 2T UL e Eaa

hexokinase, glucose 6-phosphate dehydrogenase, malate dehydr‘ogenasei}
succinate dehydrogenaseo]l gt od3rg AW Rt} o]|F hexokinase?] ¥4
glucose-6-phosphate dehydrogenaseE |83} coupling assay nethod& Al&-3}2
2, %A glucose-6-phosphate dehydrogenased]] gt UFFEE = FAREE
o L3k ABEYTh hRFRE Tr VAFZBE A% Ee 184 FEE

Zlstel H7IR ¥ FABHE FYsich tRTEE olE EAL Mrbsix] o,
BEHA ELEHE Vel e AMgstgdon Fso Xt H8e iz
2 Bantge] ul&E Atk Table 2-7oA R ulg} Zo], mjAE o
VX cfAL #HAFTAZF, glucose-6-phosphate dehydrogenase?] #HdL 322 E g
T BUFEEY B 5527h 0.01%9} 0.1%00q ztz} eizre] maATA =Y,
BEHEOl T FAFEEN fe4o] s TAYA oA Fst TaE g,
Succinate dehydrogenase &4 #AFL |2z Z A7 A9, UEFE2E z
FEE7E 0.01%2} 0. 10| A 2hz} obzbe] TAWA o] JAH PO G gAT)
BIAFEF /Mol 22 iz ol ulstel 8oxs} T6x2 UEh oizte] HaAY
4 A8 VAL 4 UUr]. Malate dehydrogenase TLBHE JUEZE 3
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7He B, FE2EY HZ 5L 0.01%2) 0.1%0) 4 Z2 FAAHo] oz oA E]
dout fefdol Goln, BAFZE HIITOINE ZHzt 87ae} 7% Urpiten,
succinate dehydrogenase®} Zro], TCA cycleAte] ollzx] BAcjile] njx|s g3
g€ Ex FIFEEY FIY "LYY JAENE iy 4 gt U,
hexokinase ZAH/Je] Z-¢, tBFEEL HEES7} 0.01%2) 0.1%0) A thZTof
B|sto] 2tzh 80%et 75%2 UtEhl, FaABAo] dAFL A WUY £ qglon,
BIAFEE MY B9, 27 65%2f 6052 UIER} E=53 §4280] AR EE
T gk o] ANE HFEE T FAFEZEL d¥ oux BAtire &
Yol ¥¥L nAEs ZAoE uehd, UFFEE L HAZ2EEo] HE U=

3
o]
5ol membraneol] EAste 49 B JAsH: Aog 23 4 Ydrh

B e

¥

Table 2-7. The relative activities of Rheum palmatum extracts and
Coptis chinensis extracts on various metabolic enzymes

Conc, Glucose-6-phosphate Succinate Malate Hexokinase

(%)  dehydrogenase dehydrog- dehydro-
enase genase
Control 100 100 100 100
Rheum palmatum 0.01 90 94 96 80
Extract 0.1 85 90 92 75
Coptis chinensis 0.01 74 80 87 65
Extract 0.1 70 76 77 60

* Enzymatic activities were represented as percentage assuming the
control as 100.

U UBF2E 5t $AXSEe Y3l 4T AuPE HEe] Az}
dulgety Yo s
Yol Hold tiR U FAF2Ee AT AT AMH2AE Asju ALl
AZZE] 9 J)5d HEE Yoti] 918 AAHUA L o|&se] HelATY ME
FZE TESHGTE iYW U WAFEE 1000ppne] HEE AP R, Helsix

Ue 2T FA) NEZY AxHNZ BAYARNLS ¥L - AESI njHE 4Tz

rk

HE SFstgch oY U BAXZEo] nPEMEEN oA gL =

ALSE7] $13te], WHIi® A MdxjAAI RN EBaH E coli, Peudomonas sp.,



Corynebacterium sp., Enterobacter sp. W Candida sp. & A}g-3to] o 0 ey
28 5EE 1000022 Aol e Helokd UL tlzT FF9 Rl AxY
U7 HAARE ZAte] SEMI TEMS BT F3H: 22} Fig 2-3~Fig 2.6 U
Fig.2-7~Fig.2-113} Zth SEMe] ZAz}el Fig.2-3~Fig.2-60]4 B uje} o],
Gram ¢/d+ U Gram 47, YAFol o|27|712] wPyE] PP EL2 7%
ol otgtEln MEY EL MEuto] mlEse] UEISo] AUEOT A nuEe
AEZPeR7t HEE D, o] gEe] Helrt FuEn, Mgo] dAHe AL B 2 qldl
th. EZL TEMY ZAIHe Fig.2-7~Fig. 2-110]4 B nlel Zo|, Gram QI o
Gran g@&, PAF, BRol o277 ol Bt thE U BAREE o

=30l st} FA MEE MELY 70| st Eo] MELULEEC] ZH oEE
FEF o ZA AFo] AAEn, FA VJEI} ¥l ghost FEje] ZAST} Zrjee
& o U%th o2 UHUFEE U FAFEEo] nPEY NEY BHEAL
ZVee oEAFIL, O A, nREY MEY W MEare] 7o) AAE A Eu

88 24 502 AT ¥4l At Fow zEn.

ol WBFEE T FAFSEA A B AN RE Y] Xy} 7|55}
HEFEE 2 BIAFEES nAE HAT Hesae o, AZge gge =
T7HE Yol fidle] UMREEE U FAFZEY ol HTY B
-galactosidase?] /ol HAH E coli U Pseudomonas syringae®] A8
-galactosidase®’d & &8 Az}, Fig.2-12 @ Fig. 2-130]4] B n}e} Zol, F
FrE 7BIE t2Te] S 022 3} toluened 713 & AYTE 10022 319
= W, E colif] 7%, URFEE U FAFRE A= 247 40%, 43,
Pseudomonas syringae®| 739, Ztz} 50%, 43%2] o] A&E| et} chloroforne
TP AZEHg sl 98 gl 1WA L, o F ErlE Y, jBEE

SATEES chloroform®th MEg o] &AIAFIH, MZu}t vjgo] AlstA o
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Fig. 2-3. Scanning electron micrographs of Escherichia coli not-treated
(A: Control) and treated with Rheum palmatum L. extract(B) and Coptis

chinensis Franch extracts(C).. (Magnification : x 5,000)



Fig. 2-4. Scanning electron micrographs of Pseudomonas sp. not-treated
(A: Control) and treated with Rheum palmatum L. extract(B) and Coptis

chinensis Franch extracts(C).: (Magnification : x 5,000)



(€)

Fig. 2-5. Scanning electron micrographs of Corynebacterium sp. not-treated
(A: Control) and treated with Rheum palmatum L. extract(B) and Coptis

chinensis Franch extracts(C). (Magnification : x 5,000)
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Fig. 2-6. Scanning electron micrographs of Enterobacter sp. not-treated
(A: Control) and treated with Rheum palmatum L. extract(B) and Coptis

chinensis Franch extracts(C). (Magnification : x 5,000)
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Fig. 2-7. Transmission electron micrographs of Escherichia coli not-treated
(A: Control) and treated with Rheum palmatum L. extracts(B) and Coptis
chinensis Franch extracts(C), (Magnification : x 25,000)



Fig. 2-8. Transmission electron micrographs of Pseudomonas sp. not-treated
(A: Control) and treated with Rheum palmatum L. extracts(B) and Coptis

chinensis Franch extracts(C). (Magnification : x 25,000)
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(C)

Fig. 2-9. Transmission electron micrographs of Corynebacterium sp.
not-treated (A: Control) and treated with Rheum palmatum L. extracts(B) and
Coptis chinensis Franch extracts(C). (Magnification : x 25,000)



(A)

Fig. 2-10. Transmission electron micrographs of Enterobacter sp,not-treated
(A: Control) and treated with Rheum palmatum L. extracts(B) and Coptis
chinensis Franch extracts(C). (Magnification : x 25,000)
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Fig. 2-11. Transmission electron micirographs of Candida sp. not-treated
(A Control) and treated with Rheum palmatum L. extracts(B) and Coptis
chinensis Franch extracts(C). (Magnification : x 17,000)
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Relativity activity of B—
Galactosidase

R
Toluene Chiorotorm Daehwang

Hwangryun

Tig. 2-12. The effect of KMHE on the membrane perturbation of E. coli.
The cells were treated with the reagents including toluene,
chloroform, Rheum palmatum L. extracts and Coptis chinensis
Franch extracts.



Relative activity of B—Galactosidase

Toluene Chioroform Daehwang

Fig. 2-13. The effect of KMHE on the membrane perturbation of
Pseudomonas syringae.
The cells were trcated with the reagents including tolucne,
chloroform, Rheum palmatum L.extracts and Coptis chinensis
Franch extracts.



7}. tj@3E 2 NMR-SPECTRUM

1) catechin

tH322E9] colum chromatographyZHE #2]¥H compound 12] 'H-NMR spectrum
(Fig.2-14)oll M= §2.3634- §3.2027o0| 4] d2] signalo] LtE}Wtom 2708 proton
couplingste g ztzt doubletz} tripletE LIEpiT}. & 4.55090) Ve f signal e
AEA §4.295900 4 LHEI H09 signal wfEe] 3214} phenolic OH2] protono]
o e2?] proton?} couplingdlA doubletE LIERATE  §3.9256- 8 3.959101 4 &)
signal & e2} 1 $]2]2] protono]™, coupling3f#] doublet& v}eEbWlr} §5.7756~ &
6. 74820 A= 5702 aromatic proton®] signalo] L}E}ICE (m.b.k.j.g) a.c.h.ig]
signalS §9.1726- 89.77560) 4 eI} aromatic OHE] protono]t}. h,i7} Wls=gt
A UOR T §9.1720- §9.201500 A ZH A signalo] Lehdth AJSE=7 2
AAQAHE 7ML 9l protono] B2 proton?] AAPUET} Zadte] AapgolA
Etytct.

BC-NMR  spectrum (Fig.2-15)o] UEld C-12( 828.181)% aliphatic carbon?]
signalo|t}, §38.873- §40.1340f 4] L}eE}d signal S solvent® A}&H DMSOo]C}.
OHZ|&} A¥stT & Cc-113 C-4= §67.1192} §81.5830)4 jelytct.c-471 1A
gt Atao) o3 AAPUEIL ZASIEZ C-118Th AApge] vepdoh §95.113~ 6
131.44106]| A 8] signal L oA} Q= aromatic carbon (C-2: §95.113, C-13:
896,268, C-15; §100.367, C-5: 8115.320, C-6: §116.302, C-7: §119.693, C-10:
8131.441)9) signalojt}. &§145.584- 6157.01900 A= oHZ|2} A¥st = 5702
aromatic carbon (C-8: 145,584, C-9; §145.584, C-3; §156.143, C-14:8156.931
C-1: §157.019)°] $x|stx, C-12} C-149] carbond OH F9/8 UAAIE uwiwof AR}
wxol AR E}E— carbonR T} A=x}AbolAl FHelglgtr), €-92F C-82) phenolic
carbon §145.5840)4 LiE} oM, o] EAE catechino @ SHF T}

2) chrysophanic acid

th#$EE89 column chromatography25¥ &2¥H compound I112] 'H-NMR
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spectrum (Fig. 2-16)o A& 71 1A}2e] peaks 7]& EAQ ™S signalE § o]
Ttk §1.597100A4 2] signal> CDCl, 2] H.00lA] 7]Q1¥ proton®] signalo]w, &
2.45610] 4 LEI}E= e signal methyl®] protono]t}. §6.8761~ §8.4981 <o)
A EQlx]= signal2 do} cofl 3lYst= 5709 aromatic protono|t}, &11.9875-¢6
12.85008] signal-> phenolic OHQl a.b®] protonojt}. xt4e] & AJ|SAHTE 7}x|
bz Az}l 9|23kt

C-NMR spectrum (Fig.2-17)0] UEhd §22.734% C-82] signalo|t}, Rujg A}g
H CDC19] signald 877 #2olA triplet2 & UEIYITE  §114.201 ~ §137. 4140
A] aromatic carbon (C-10: §114.201, C-12: §116.336, C-7; §120.392, C-9; 8
121.820, C-13: 5124.825, C-14: §125.017, C-4;: &133.739, C-2: §134.112,C-6:
8137.414)8] signale] YElWT}, Phenolic carbon®] signal2 149,814~ ¢
192.9860l 4 UiEltom, OHZ]7} 2F £o gE C-1 (6163.186)3 C-5 (o
162.891)7} C-15 ( §149.814)K.c}t A=x}7| koA Lielytct. C-3 ( §192.986)3} C-11
(6182.418)2] =3} 1e|33E2] signalo]m,C-39] carbono] o] &+ AkAo] &0
2 o AAPFoA Urtkton, o] 4 chrysophanic acidg S3E ¢t}

. FdAF&E NMR-SPECTRUM

1) berberine

FHFEEY column chromatography22E] Ea|% compound I112] ‘'H-NMR
spectrum (Fig.2-18)o 4= §3.19202] signalS solventl DMSO2] H;02] protono]
Tl §4.00352}64.0915= 72} 69 protone?] singlet singlojt}, utdog
methyl®] proton §2%-ZolA FEAEL} A4S AJISAH T ostog §4 ZtoT
olFEH T 691219 protond N'9] @¥goz AUEIl ZAF A A=A ¢
| gtet. §4.48262] signal2 DMS0S] 73t &4 wl&o LlelU: signal® RE §
34RO AZEHL 7] §4.8FE0lA eyt old HUL EZFLT
whet ©iR|Al 40 AL zo| wiel Yeldich BE AoA M@t 7))o
wret 1 24 g2bAnh 84,8352 signale 37H2) ©rA A proton?] signalo)
H, o]Z-& MZE couplingd 4% o1} & dataoll i 7| AH QAIZ tripleto®
UEhtAl @3 singlet®2 urhta gtk o2 §4.4826004 EAY H02)
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signal®] FFolAU, AE A2 &= Wl A2 AAHTE §6.099= 1 914
2] Atasof QISIaL A= proton?] signalolth. itiol o3t 73t AJ|ZAHE W&
of AApAollA IX|Fct.  §6.813-89.664004 LIElL}= 670¢] signal® aromatic
proton?] signalo]t} (2,11,8,9,10,5) 53], 8,92 siganl& coupling® E doublet
< UEhdch 8] protoneo] UM 4t HIZAHES FYo T AxUEI} A
3|A A 9K} A x}3te] 9] x]jict.

BC-NMR spectrum(Fig. 2-19)ol Al = Methyl®] carbon (C-10)8] signal& §27.5310¢]
Al LEIKTE  638.87- §40. 141014 DMS0®] signalo] UIERJT) §56.690 2o
signal & TtUZA§e] carbon (C-5,C-6,C-1)2] signalojt}. C-60] N'2] (+)A3} wj&
of AALEI} 43I ER C-5Rct Aatate] $1x]5}3,C-12 2/08] 2bae] dygo
o b2 2Pl fIx¥ch §103.222-§151.5322 aromatic carbon (C-4/C-14/C-8:
103.222, C-3: 8121.176, C-18: §1212.493, C-17; §124.802, C-13: §127.586, C-12;
0131.477, C-11: §134.046, C-9; §138.431, C-19; §144.581, C-2 : 145,837,
C-15; §148.793, C-16 : 4§1511.009, C-7:¢8151.532)2] 157) signalo|d, C-72}
C-162 N'&] (+)33le] 9322 r}Z aromatic carbon®BT} 2A}o] ¢x]3t}. o]
E3Z L2 berberine® EAE v}

2) obacunone _

BHAFZ2E column chromatography2FE] £2)3 compound I1Ve] 'H-NMR
spectrun (Fig.2-20)olX+= b signal®] H3u]e] $£x71 2 212 APA}7} IHE 10H
2 AT ofEolth.  §1.126-81.5068] 4709 signal methyl?] protono]
Tt} (13,14,15,16,17) o}71x& 4709 signalgto] Uelgb=dl, A& 5709 signal
o] Hojzjo} dirh o] oW 2747t ofF FAlgH BAL JIA I YOEEF wiy
signal 2 LIEICH o2 AZpYch HAu] 64.6102 UE: signalo] THE R BT}
I X7 E RoR ¥ 2707 AFA Ao® Ecoh §1.890- 63,0222 tHAAZ}
< °JF3 9+ 5,6,7,9,10, 8 protono|th. 58} 62 couplingdA =t} triplet&
UERUAL, HEu]7} 400]oof Bl o] dataolA = 312 UElyth o]AE 7]71e] A
Aol 2xtg2 2l 99} 10% couplingd]A] 9% doubletS 102 triplet& L}E}L

th 10 AF2| 2709 ita wiEol o Hzprjate] $Ixigtch. 72 62] methyld
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coupling®iA] triplet& LIEIWiT} §3.598 F-29] peaki= AR 2|4 AHSH &uf
o] Yo g Azt 429} 89 protonlF 47F 8ETL 4Atdol ¥ AIUZAH =t 2
of (tole AAIA, 8el: a4 2747 AMsm WUckh) ZAReld epdct
1,2,3,11,12%= o] 2A3%4}t2] protone 2 12} 2% couplingdiA] doublet-& LER|:
113} 12& o|F Ay o[ F HAYUR Atae] Fgo e HAMUEI HasiA Az
glxgiet. 87.27004 HVHAEE signal A §ulE AHEH CHCL:Y signal 2
AZE T}, (CDCLs X /A o= 1%A £2] CHCL:8) signalo] LIERITE.)

BC-NMR spectrum (Fig.2-21)ollAls §17.122- §27.4869 4= methyl?] carbon&
Lleh] = 570¢] signale]t}h (C-24: §17.122,C-22: §17.672,C-25; §20.129,C-26;
§21.801,C-23: §27.486) §32.711- 8 65.7330]| A{ = aliphatic carbon?] 107] signal
o] ¢|x|3tc}. (C-8: §32.711, C-7 ;. §33.431, C-9 :§38.116, C-15 : §40.580,
C-6 : §43.812, C-10: §49.886, C-16: §53,.631,C-18: §54.131,C-19: §57.987,C-14:
§65.733 §38.1162F §40.58000 4% 2702 proton} ZA$E C-92} C-152] signale]
Tl C-15& AT thE FHo] ATl SRR a9 F AVSYEY ¥
2 C-9HCT}= Ax}RolA 9XFTh.  §43.8128F 549.8860]A= methylel Zgigh
C-62 C-109} signale]c}. C-102 42 o|FAYUL FFLE AHAPFolM Lehd
Tl §53.631-865.73300A AT TFolM Atdol AHE carbonEo] ¢1x]5}
gith C-16,C-182 vl BACE wfe AT 3hA signalo] LEIRER, C-19& 6
57.9870A ulElLiE ®riof HEUZL 20 U= FEloln, T4 A, P4 o]FF

7

gto] oo AzpAbef LIEILICE C-14 (865.73)= BtA: go) xtag QI

A7 SHE wfZo o] 2EoA 713 A=}RollA Leldrt.  §77.410- 8 78. 67301 A
Hojx signal2 CDCL; £nf signalo]t}l, &84.668.-8208.119 signal-2 Abiof ¢l

]
A&t carbon?| siganlelt}, §78.6733} §84.6682 (C-5,C-20)2] signalelt}, C-11
(5110.441), C-3(8120.760), C-2(§123.627), C-1( 5141.69), C-4( 5143.86)% o]
FAYE OIFAU Atag} QAT PAo|BER TIE ©ARUIE HAPP] $]Ast
=3t BA0|RE M2 Qs r) C-12(8157.47)= o]FAYLS stz 9orn},
e abA wiEol C-48c} AMxpRbel] ¢]x|gich, C-17( §167.33), C-21(5167.61),
C-13(8208.12)& itao} o|FAYL 311 & HAEA AL HaPPol ¢x[Fct
C-173} C-21& F9l2] E=}ete] BAT vl HFO|EZ signalo] Ao AAA Lt
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Table 2-8. The mortality rates of rats during the 14-day observation

period with administration of Coptis chinesis Franch extract

Time of Death

Dose Hours Days

(g/kg) 6 12 1 2 3 4 5 6 7-14

1.25 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
2.5 0/10 0/10 0/10 0/10 1/10 1710 1/10 1/10 1/10
5.0 0/10 0/10 0/10  2/10 5/10 6/10  6/10  6/10 6/10
7.5 0/10 0/10 6/10 8/10 9/10 10/10 10/10 10/10 10/10
10.0 0/10 2/10 7/10 8/10 10/10 10/10 10/10 10/10 10/10

% Values are number of animals dead/number of animals tested, cumulative,
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FIDRES 0.221142 Hz
o 69.0 usec
R6 45
NUCLEUS iH

D1 1.0000000 sec
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Fig. 2-14. '"H-NMR spectra of catechin isolated from Rheum palmatum L. extract.
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Caron Spectrum from

Current Data Parameters
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s

Fig.2-15. ">C-NMR spectra of catechin isolated from Rheum palmatum L., extract.
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Proton Spectrum from using Probe
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Fig. 2-16. 'H-NMR spectra of chrysophan

L. extract.
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Fig.2-17, Be-NMR spectra of chrysophanic aci

L.

extract.
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Proton Spectrum from using Probe
Current Data Parameters
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Fig.2-18. 'H-NMR spectra of 'berberine isolated from Coptis chinensis Franch
- 74 -

extract.
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Fig.2-19. “c-NwR spectra of berberine isolated from Coptis ch

extract.
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extract.
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Table 2-9. Primary irritation scores in rabbits following a patch application

of Coptis chinesis Franch extract
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2-22.
kidney(D) of a rat treated with 10mg/kg of Coptis ch

Fig.
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Franch extract.
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( Hematoxylin-Eosin stain, x 100).
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Table 2-10. Eye irritation scores in rabbits following application of

Coptis chinesis Franch extract

Time Cornea Iris Conjunctiva Total

(day) Opacity Area Hyperemia Swelling Discharge score

Not 1 4.0 4.0 1.0 2.0 3.0 2.5 100.0
washed 2 4.0 4.0 1.0 2.0 3.0 2.5 100.0
group 3 4.0 4.0 1.0 2.0 3.0 2.5 100.0
(n=6) 5 3.67 3.5 1.0 1.83 3.0 2.17 90.2
8 3.67 3.0 1.0 1.83 2.5 2.17 73.1

11 3.0 3.0 1.0 1.5 2.33 1.5 60.7

14 2.33 3.0 1.0 1 1.5 1.0 47.0

Washed 1 3.0 2.0 0.67 1.33 3.0 2.0 46.0
group 2 2.0 2.0 0.33 1.33 2.67 2.0 33.7
{n=3) 3 1.67 2.0 0.33 1. 2.0 1.67 27.7
5 1.33 1.67 0.0 1. 2.0 1.0 19.1

8 1.0 1.67 0.0 0.67 1.0 0.33 12.4

11 0.67 1. 0.0 0.0 0.0 0.0 3.4

14 0.33 1. 0.0 0.0 0.0 0.0 1.7

5. A dA44HES] KMHEA 2] @ HAY EZANLo]A ] A}F FA U

. 3, 9o, 2% A% F EUUY

BT B YR synergy B YRS okl s A2F Fol
Bk, 9o], nRg YFadlel Ax Hes WS Tyste 10T L2 44
Aol AgstEA B2 HEE &3¢ AE the 2ok

0

il

1) A=
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Table 2-11 W Table 2-120 M= A& & Fut, Q0|8 FEE Zz RF Q)
t}. Table 2-116]4 Zute) AE 7 A2 PR FEA Aol Molx| Ux
B2 Aelsl o wFUE wes TPY AR(C F, Dol tizTol ua
Bz ZoT wolAT ort. wRLAel WAl Adstl gFUSToT THY Ae|
7 F 0% 222 AA0)IA AT 2o} dst AdsE Res yehy,

Table 2-11. Changes in the firmness of zucchinis film-packaged and stored at
10C

Treatment and Firmness for storage time in days (gr)

packaging method 0 7 15 2 39
A. 3274 2540 2500 2376 2212
B. 3274 2618 2616 2496 2236
C. 3247 2522 2478 2420 2356
D. 3274 2414 2340 2296 2248
E. 3274 2482 2254 2182 2182
F. 3274 2442 2436 2408 2398
G. 3274 2374 2336 2236 2170
H. 3274 2594 2410 2392 2302
1. 3274 2592 2574 2416 2370
J. 3274 2612 2592 2508 2394

2L} GFSES} 2 2Eo PFAAE ARY dFYEST ZAH A LoA
L oz} xjo]E Holx] oloir}. Qo]e] AEE Table 2-120)4 K ujg} o]
2T vlma|A He|oa] ofte] xlo|E Hola gltt. 53] GFSELt tie) ¥
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Table 2-12. Changes in the firmness of cucumbers film-packaged and
stored at 10T .

Treatment and Firmness for storage time in days (g)

packaging method 0 10 25 40 57
A, 5681 2654 4582 4228 4100
B. 5681 4830 4664 4480 4384
C. 5681 4682 4470 4442 4303
D. 5681 4754 4664 4550 4456
E. 5681 4592 4410 4146 3926
F. 5681 4582 4560 4290 4268
G. 5681 4640 4534 4418 4202
H. 5681 5086 4887 4712 4220
I, 5681 5110 4980 4222 4054
1, 5681 5140 4684 4652 4502

2) Ascorbic acid ¥

Fu}, 20|, 315¢] ascorbic acid 3852 Table 2-13, Table 2-14, Table 2-15¢f
Al zZtzt RS 9l 3abe] -9 (Table 2-13)0] ascorbic acid ¥&k& =z
(A)oll v]aL3]Al GFSEol tiafrli= 500ppm GFSEo X =z|3to] LDPER X3t #2]-7(B)
o)A ascorbic acid?] TI7} A A= AT HAAH, FAFEZE Az Lode
BIAFE S FXIsle] B YL UL ZHY A F(G)old BHE Bych 2
G2 tigFEE Hel ol tRF 2Rl AA Azlsiel LOPE Eol Ty A
2] 2(H)ol A Z83Q JIE Rola grt. Qo]9 ZH9(Table 1-14)o]= A|7te] 7
Tof met AMHO R Zasts AW Holw YT Futel B¢et npEs = Gt
Hol A Zh22] A7l 713 A el Jga 1328 Z$(Table 2-15)0l% 3
gt ol mpxtyix|E B, G, H Aal37t chR(A)oll vlaslA] ascorbic acide]
¥} 7} 1]0=lﬂ‘_ Aoz Ljelytr}, wlelr] ascorbic acid®] HEHojA = 3hFg A3
of H=] Aelste Zlo] AU ALeE BAHL]



Table 2-13. Changes in ascorbic acid content of zucchini

film-packaged and stored at 10T

Treatment and Ascorbic acid for storage time in days (mg/100g)
packaging method 0 7 15 26 39
A, 25 20. 61 18.50 17. 46 15.81
B. 25 18.37 17.66 16.73 16.14
C. 25 19.44 19.37 19.18 13.53
D. 25 21.02 20.01 19.20 14.94
E. 25 20.27 16. 59 15.68 14,85
F. 25 17.38 16.74 14.75 14.59
G. 25 19.17 18.15 17.29 16.25
H. 25 23.89 18. 64 17.31 16.55
I 25 23.26 18.99 18.97 14.26
J. 25 19.72 17.39 15.14 15.12
Table 2-14. Changes in ascorbic acid content of cucumber

film-packaged and stored at 10C

Treatment and Ascorbic acid for storage time in days (mg/100g)

packaging method 0 10 25 40 57
A. 6.5 5.29 5.27 4.29 3.54
B. 6.5 5.85 5.54 4.73 3.79
C. 6.5 5.7 5.68 4.94 3.93

D 6.5 5.14 5,05 4.15 3.72
E. 6.5 5.07 5.04 4.72 3.41
F. 6.5 5.40 4.77 4.66 3.86
G. 6.5 5.97 4.67 4.41 3.96
H. 6.5 5.80 5.68 4.19 3.98
1. 6.5 6.16 4,61 4.46 3.23
J. 6.5 5.53 5.02 4.55 3.58




Table 2-15.

Changes

in ascorbic acid content of green chilli
film-packaged and stored at 10C

peppers

Treatment and

Ascorbic acid for storage time in days (mg/100g)

packaging method 0 9 24 39 56
A, 53 42.13 41.54 34.41 11.25
B. 53 42.84 38.79 35,10 23.77
C. 53 48.18 46. 48 40.55 28.09
D. 53 44,16 42.28 42,07 39.07
E. 53 41.58 40.90 38.19 23.92
F. 53 49.63 44.20 38.24 35.70
G. 53 43.94 37.75 36.72 23.98
H. 53 43.57 43,15 33.99 22.94
1. 53 41,07 39.60 38.68 25,91
J. 53 39.74 39. 00 37.65 29.55
3) FAEAE &3
A AF] FAEALS Table 2-16, Table 2-17, Table 2-183} T}
Table 2-16. Weight losses of zucchini film-packaged and stored at
10C

Treatment and

Weight loss in % for storage time in days

packaging method 0 7 15 2 39
A, 0 0.4 1.2 1.7 2.6
B. 0 0.2 0.4 0.6 1.0
C. 0 0.6 0.9 1.1 1.2
D. 0 0.4 0.5 0.6 0.9
E. 0 0.1 0.2 0.5 0.6
F. 0 0.8 0.8 1.0 1.1
G. 0 0.1 0.3 0.5 0.8
H. 0 0.1 0.2 0.3 0.9
I. 0 0.7 0.8 1.0 1.1
J. 0 0 0.2 0.6 0.8
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Table 2-17. VWeight losses of cucumber film-packaged and stored at
10C

Treatment and Weight loss in % for storage time in days
packaging method 0 10 25 40 57
A. 0 0.5 0.7 1.4 2.8
B. 0 0.6 0.5 1.2 1.0
C. 0 0.7 0.5 1.1 1.5
D. 0 0.9 1.2 1.4 L.5
E. 0 0.7 1.0 1.4 1.5
F. 0 1.7 1.1 1.4 1.8
G. 0 1.0 1.0 1.2 2.2
H, 0 1.0 1.0 1.6 2.0
I. 0 0.7 1.4 1.8 2.2
J. 0 0.7 1.1 1.1 1.4

Table 2-18. Weight losses of green chilli peppers film-packaged and
stored at 10T

Treatment and Weight loss in % for storage time in days
packaging method 0 9 24 39 56
A, 0 1.5 1.7 2.7 5.7
B 0 1.0 1.6 2.1 3.2
C 0 1.3 1.8 3.2 3.9
D 0 1.0 1.5 2.2 3.5
E 0 1.1 1.5 2.4 3.8
F 0 1.5 2.1 3.5 3.7
G 0 1.6 2.5 3.1 3.5
H 0 0.7 1.2 2.9 3.0
1 0 1.2 2.2 3.6 3.7
J. 0 1.0 1.5 1.8 2.8

olE Z7}9| Tableo]M HojFRo| apgizfo] x| Aejsia FFUEe =3ts}
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Table 2-19. Changes in microbial colony counts on zucchini film-packaged and

stored at 10T

Microbial count for storage time in

days [log(cfu/g)]

Treatment and
packaging method

Item

39

26

15

9.60
9.30
8.20
6.30
8.50
9.20
8.70
7.30
8.80
8.00

8.40
7.39
7.41
7.33
7.51
7.32
7.45
7.39
7.38
7.34

6.00
7.00
5.63
5.73

5.73
5.70
4.70

4.81
4.81
4.81
4.81

Total aerobic

bacteria

o)

5.74
5.34
5.68
5.40

5.73
572
5.84
5.60

4.81
4.81
4,81
4.81

4.00
4.60

934 2.30 2.64
159 252

2.60

2.18
2.18

Yeast and mold

)
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Table 2-20. Changes in microbial colony counts on cucumber film-packaged and

stored at 10T

Microbial count for storage time in
Item Treatment and days [log(cfu/g)]
packaging method

0 10 25 40 57

A, 440 494 512  6.82  8.52

B. 4.0  4.46 463 470  7.60

C. 4.40 435 529 562  6.50

D. 4.40 410 400 496 566

E. 4.40 420 564 535  6.90

Total aerobic F. 4.40 4.90 527 5.68  7.34
bacteria G, 4.40  4.66 4.76 521  6.42
H, 4.40  4.44 450 504 7.44

L. 440 434 52 569 7.21

J. 440 460 506 560  6.52

A, 2.50 4.60 530 58  6.95

B. 2.50 2.60 3.64 52  6.58

C. 2.50 2.52 2.99 400  6.13

D, 2,50 3.00 3.20 3.20 5.2

Yeast and mold E. 2.50 2.46 4.50  4.80  6.49
F. 2.50 3.06 4.00 4.30  6.49

G. 2.50  2.68 3.50  3.95  6.12

H. 2.50 2.65 3.68 520  7.00

L. 2.50 2.71 3.44 361  6.60

J) 2.50  2.97 3.5  4.20  6.00
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Table 2-21. Changes in microbial

film-packaged and stored at 10C

colony counts of green chilli

peppers

Microbial count for storage time
in days [log(cfu/g)]

Item Treatment and
packaging method
0 9 24 39 56
A. 2.85 459 4.65 598  6.66
B. 2.85 3.23 396 4.56  6.00
C. 2.85 4,06 4.82 541 559
D 2.85 3.59 4.34 452 530
E. 2.85 3.76 4.13 538  6.20
Total aerobic F. 2.85 341 368 4.76 5098
bacteria G. 2.85 3.81 4.33 558  6.10
H. 2.85 338 4.08 4.12 6.05
I. 2.85 4.36 4.18 4.95 588
J, 2.85 353 306 3.74 559
A, 1.30 3.64 319 556 6.23
B. 1.30 200 218 520 5.60
C. 1.30 3.54 3.72 3.66 4.77
D. 1.30 2.55 2.89 329  4.20
Yeast and mold E. 1.30  1.25 4.30 4.5  6.55
F. 1.30 1.31 3.48 3.8  4.51
G. 1.30 2.85 4.00 4.10  4.20
H. 1.30 3.10 3.45 399 520
1. 1.30  3.24 402 423  5.00
J. 1.30 3.00 2.5 4.50  5.30
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Fig. 2-23. Decay ratio(%) of zucchini treated, film packaged and stored at
10°C for 39 days.

100¢”

80

Decay(%)

Fig. 2-24. Decay ratio(%) of cucumber treated, film packaged and stored at

10°C for 57 days.
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100(

Decay(%)

Fig. 2-25. Decay ratio(%) of green chilli peppers treated, film packaged
and stored at 10°C for 56 days.
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Fig. 2-26. Gas compositions in the strawberry packages at 5C. O:
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Table 2-22. (Quality changes of the strawberries stored at 5T.
. L Storage time (day)
Packaging Quality item 0 7 14 21
Total aerobic bacteria
[log(cfusg)] 4.31 4.85 6.31 8.57
Mold & yeast
A [log(cfu/g)] 4.05 4.69 5.69 7.06
(Control)  py : 3.3 3.60 3.68 3.84
Soluble solid {°BX) 9.0 8.5 7.9 7.0
Acidity(%) 0.92 0.79 0.76 0.74
Hardness (gr) 270 182 108 88
Total aerobic bacteria
[log(cfusg)] 4.31 4.65 4,64 6.05
Mold & yeast
B [log(cfurg)] 4.05 4.79 5.45 6.08
. pH 3.34 3.46 3.62 3.65
Soluble solid (°BX) 9.0 7.8 6.2 6.1
Acidity{%) 0.92 0.89 0.78 0.72
Hardness (gr) 270 234 230 224
Total aerobic bacteria
[log(cfu/g)] 4.31 4.02 4.61 6.01
Mold & yeast
c [log{cfurg)] 4.05 4.26 4.43 5.13
pH 3.34 3.45 3.51 3.65
Soluble solid (°BX) 9.0 8.2 6.6 6.4
Acidity(%) 0.92 0.92 0.84 0.8
Hardness (g:) 270 258 240 230
Total aerobic bacteria
[log(cfu/g)] 4.31 4.57 4.67 7.34
Mold & yeast
[log(cfu/g)] 4.05 4.13 4,25 5.7
D pH 3.3 3.48 3.54  3.63
Soluble solid (°BX) 9.0 7.0 6.9 6.7
Acidity(%) 0.92 0.88 0.83 0.81
Hardness (g:) 270 228 210 204
Total aerobic bacteria
[log(cfu/g)] 4.31 4.66 6.16 6.18
Mold & yeast
g [log(cfu/g)] 4.05 4.79 5.72 6.18
pH 3.34 3.41 3.55 3.57
Soluble solid {°BX) 9.0 7.3 7.1 6.7
Acidity(%) 0.92 0.9 0.87 0.78
Hardness (g:) 270 246 240 228




Decay(%)

Packaging

Fig. 2-27. Decay ratio of the strawberry stored for 21 days at 5TC.
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A3 & AMAALo 8T Ne| K8 =2 &g

A1d A A

Aol it Bol goldlof] whet AafFe 2HE AHHoT Loy 1Y
£H|= 19890l 128, 7kgol ol oL} 1995 o= 158 5kgo & oF kg = EHojylr}
(DA EA21997).  ARaF 4671 dF 715312 317] 9IsiA] tima] 33
8 sEoddE AL udIeAE ol 839 oy A N4E uisin Yt}
ol AlduY Ve WHE PAEE AaFe FFY Po] Hojstm glon,

B Aol =2 Ao Parare] 4oxo] siRsls Yol AlHALE MAE T Q)

K

th.

Aafe AU 544 +8F A3 & 55 5o 528 Zazg &
o Agol sl 1t ohyzl FYolE v R 2B n]PEe] o T A
22 FuEYE dola MAF AN FEsl AsfEHE, £8 wEl, §7)4
e, MaUY Fol BolAA o, g, ANE To] AT A e L7} g
A A2 5, 1994; LattanzioS, 1994).

Al AT gakge] Bolrtal U ABolM $8719) B4aslel LA A
Aol mlusl7] wiZel 71AR|7t o3& #nt ohel BY|EE @x Agsith A
=oll ARRHRE Al ddle] ©hrlo] A ZAES 2t A &3} A7E 2Pl A
= 2A AL 3 wpEolu olAE oy Ao e ofs) AU dy glong
Z7%o] fA vk EY ALAFALE |7t AMS| It oa e Byt oz}
B8 Wol 3, 29 ZAn7t Wol =X 5o Byt Al uweld ulSe] ®
CF st ARSSEMNE o 7|5t A&FE AAT Hez N, SEAT)=
S He Zo] nigtzsic

Aafe] HEE FAIA77] AsidE A8 7Aool Hsslxnt s S 3
Y o AR Il wlaA EHA 4 gk Wl £ sl MA (modified
atmosphere) A %oltt. 3t AAYZAE Aeishd PAH YA F REHo) =

il
tiE B ohet YPREE] st LnlxIEL ARZLE YY oz yhuigc

19
o
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wtetd 2 dFolde B AHelA nlay Pitge] doemMs £uAtEe 7%
E7F 22 AEALMES SHOE AT AR 23& d¥cle, uF ¢ 3dF
Ael 27& AETPOEA A2 Y

=Yg A
U S Zol Yolups BUWARE Hasly £ Qe 2AL AWstLA s

1. A=

0% 9 RAFRBES &7 5(1998)8 PPOE Axstgon, T Cucurbita

pepo L.), L90|(Cucumis sativus L.), E315(Capsicum annuum L.) X *+3(Lactuca

sativa L. )= A8 9 ot AjFoA st AMgstgch EJF B (Fragaria
Je uhb Aol sl gherel A} Blld AW P Ay s

ananassa Duch,

o AHgstoitt.

2. A% % Fd 28 Aelzd 43
WE U BAFEEL] FEYE ot ¢I3te] 100, 500 U 1,000ppn> 2 ZFH

o 2Le] FHol I}, Ro], XuF o AFE 7 5E Tt A slgden,
Ashs ¢ 7Hg Aol F4Hrh. olwjo] Fut Wl Q0] #AZ 1A4ME, XaF U
E 2 FAstedct. A7 B¢ F1F W AFE salad spinnerE AR
o] 127 Edigien, 3 9 Qol uhpuo] HolA 1E A= Yx|ste] Ed
g E718 PR AAY the Fd4 FHol AHgsidch. =y Ad Az
AZbE AR flste] Ae] vEE ARH U 2 FAFXESE Lo A2E 7
zt 10, 20, 30 B¢t H=Astgch

3. 3459 53

Al 50gS #% thE I VWaring blendero] Y3, BF 284 150al3} 7
opaf gt Fof 500nlLZ 3T °J%‘°ﬂ*‘] InL-& 2|3}l 0.1% peptone=£4# I &3} ol
2 3AMstact. FMA 0.1nLE yeast extract 3go] o] & tryptone glucose

extract agar Wix|o] EWsto] 35°Co|A 48217t MjIY CHE FAH colony?] £
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colony forming unit (CFU/mL)® FEA]3IStHKing 5, 1991: Priepke &, 1976).

4. X7 ¥ Mz =3
Y 2 FAFE2E2 A5 EH M= MTA(Minolta CR-200, Japan)S A

3to] Hunter?] L, a, bt =As}ac).

5. &9 23X &3

Tub gl wr]e] MyE xz2zke] HILE dolR 7] 25} Rheometer (Compac-100,
Sun Scientific Co., Japan)& A}&3lo] Tl Ze z2ASE zAZLS =434
th & ARE FWUYoE olFESIZ FF 5mo UEY probeE A}g3}o
60mn/ning] £EF 22 10mn(E7]E 5m) FLAZ of dojxE= Hozgt v

hardness® Z 327} g HA|st4t},

6. vlElY C ¢ &3

HEIR] C 538 A8 AZE 918t A& ztz Sgoll piellatzl xal Egley
150L& ¥ viARt ohE A Relsle 45de Eejsigdon, A tiA] o
EfQlatzt 2AF Z3el 10nl Hola YAl Eejsle] A AtEele gle] A ur =
o 50mL7}x] E]A3toict). o]RojlA 20mLE 2)3}e 2 dichloroindophenol 2 & &
g LS BUY vitamin C 3O 2 FAFslaltHA.0.A.C., 1984).

7. AR A=A

U W BE FEES AR 4 T 9 33 MA ARl AR %

30 um low density polyethylene (LDPE, Daelim Vinyl, Korea), 20 um perforated
polyolefin (SM250, Cryovac, U. S. A.), 30 um cast polypropylene (CPP, STC Co.,
Korea) W 15 um polyolefin (MPD, Cryovac, U. S. A.)gt} Zu} ==& X3 3
715 27 X 13 cn Hon, £33 EAL] F7] 25 X 20 co GTh o7 o Fute

171e] #707} o 600gel AE shby Yu wsglon, TnA: of 20084 Y
UL o 1004 Aslaiet
¥ L BAFEES AP Y, 0o], FuF W Wk T 2718 AAY
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Tl ZASIgch ©=r)E 18 X 13 co 37]8 EelAd trayol ¢ 200ge] WS
e 2 PVC WO E stretch wrappingdteith. 3wz} Qo] 30 um LDPEE 3
A& AHgstgden, Futel XA A7 ¢l A UEE St 20]E 40 X

12 co 7|8 EASIGC 1%—3—5: 5C,10C @ 20C Ag AzE vllog A
2of uigtd HAYT LEE Auste] A Asigct

8. ZF UK A =4 53
ERH AR AX F E2X UEY A 23 HEE ol ¢35t gas-tight
syringeS AR5l EA U9 7)|AlE 1oL #|3}o] gas chromatography (Model
860D, Young-In Co., Korea)oll F£Q13te] Atag} o|ilaigtAe] = WHIHE A
T}, A28 columne CTR I (Alltech Associates Inc., U, S. A.)olglen, A&7V
£ Tt 289 & 40°C, AdAEHE 70°C, A&7 90°CE 3stgom, 2ut
71N 2 2183 EQ o]lF 5= 50nl/ninE SPTHSE 5, 1998).
9. T #4829 53
S A8 T
of EAJtdch

A 34 244 a3

1. A& E2] Al 4 MA AgzAe 13

7 AAALAES HY AP 2d 43
$ol Uetel ALR 20l AGHoT FAekn glow, Audels YPT At
D EY FoZlE Qrh B AT Foy A9 Buxde Adals dupe

Table 3-12} Zc}.
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Table 3-1. The production amount of vegetables cultivated in greenhouse

around Kyungnam area (year:1995)

Produce Area(ha) Production(M/T)
Chinese cabbage 540.5 23,987
Cabbage 23.9 1,172
Lettuce 133.7 2,903
Spinach 6.9 99
Radish 208.9 8,145
Carrot 3.6 95
Cucumber 801.9 35,438
Zucchini 804.9 24, 685
Melon 699. 2 15,724
Water melon 5,098.5 139, 639
Tomato 433.6 19, 393
Eggplant 24.4 574
Green pepper 1,457.4 42,463
Strawberry 1,486.3 34,473
Others 457.7 20, 551

Total 12,181.6 369, 341

HaFe T3 AU 2N F28 UE 471 A B9 ohe} Edo 2oj9l
= BHE Y AFHE L nAEY YF¥E AAY 471 schPotter §, 1995).
wtetd ALFE AFSAY K3 ol FF AHE Yoy FEHL AAY
F7F gtk uF FeMe AMFE £ g odsts AAYL vlzF 2 5ol
QAT 2 oby FEHI Agoleta iEo| AH42 AgY B LEE 5C
ot 20°C2 st} Abgstddch Y MAY wo] @45 YL MH4E AHgsls
BE7t Wons A28 Y2 AFFY Ne TR Ao AEsIATL. ot Al
A2 AMALMES MHT ohE $249 HIE £ A2 Table 3-29 2
Tt & AET AJd2E 270 Histe] 33471 Sokel, ol MHAle] A4
- AMaabEe] Eio] ole njAEY 447 BAAN AAHYS] wiReleln BzHch

AT 5ColA AlFshs Zo] 20°Co A AFsh= ZKT} 3F4E Yl
a3yt & Re= uehdth Iy ol 5T} 202 AL wle FF4st
2o Ueht HH4e] 2xo] e njdEe AA &3e arix Ax] ¢

2
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< o Azdrl Park F(1996)2 Axt MAFE MHE oo 5°C M7t
20°Ce] MFsRel FFFE WL ol EapFolel syt o]Feg Rol A4
AN2AES ARY wole A4S AHEShe Aol 2R 27] ndESFE £9|
= &7t A, ols A £8E AT dE FFHeE ALY Zog W
. RAFE G4F ARE Bl 5°C YA ET n]AEY AA &3} Do

Ao Uelstont Iuta} Qo Y& AMgsHe AR nyES AA
F37t o & Zes ety

o

C

—_——

N

s

]

l

rr

Table 3-2. Effect of water temperature or chlorine on the total microbial

count of produce during washing

Total microbial count[log(cfu/g)]

Produce
Control 5°C 20°C Chlorine 100 ppm
Zucchini 5.18 5.09 5.37 3.98
Cucumber 6.51 6.15 6.20 5.56
Green pepper 5.28 4.97 5.27 5.22

Azl dstel LN 27 ngE4st ZATTD striets Ewo] B
7 e A2 uie TS ™ A% © 454 3 Uiel it 8548
REA H32, ol nl4BY 34 FUREH FUe M Yo sl
otk whebd M Fol SColH 1417 Bet AZY The 7} A4l Edel Ak &
F4E 44T ATV Table 333} Pt} & 5C U 2000014 MY o A=R
AR B0 B2 W Ao st A3 T3t 4R AEle Az
Fol= X&H Zloz Aot 3 £ 2204 AJHALAES Ao 2%

Ee 2% 23} 24W Jhe4ol dome Y Azd) vy Aes @
<hei),

ojae] A3 Ho} AUMNLAEY AHAelE AL FE AYucis Wt
£ AgsHE Zol 279 3348 WRL o ARHY oz oL W24l
Aol olfg Aot Aa4E NG} AR $F4E Bolk i EHHY
o2 etk I @4 Helao] U& 4ok aulAlBe AR APNLULE

il
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o] MZAF 271 Ut Y42 AHT e Y7 delE AR}
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Table 3-3. Effect of low temperature drying after washing on the total

microbial count of produce

Total microbial count[log(cfu/g)]

Produce’
Control 5°C 20°C
Zucchini 5.78 5.28 5.63
Cucumber 6.72 6.23 6.16
Green pepper 5.30 5.04 5.16

* Produce was dried at 5°C for 1 hour.

. AldzjaabEo] H 3§t MA (modified atmosphere)A| 3 27 d3

B3 U E2EE FAES O o b WEOE ERsll Agsiaa =3
el 37 243 AR B8 549 ANE F35e 43w XY 238 AR

1) Zake] M A3

A W ojabEigtAe] REUl TIE WELR Iukg EASl 10°ColA A &Hs}
AA 2 USR] F7] 24 HIE £33 A3 Table 3491 ¥l & CPPE
ERY ARFE AT AETES AR 10¥0] Aoz F7] 2o BEAE
of =ddlen, o] 30d7HA] Mo A&E drl. CPPE ZAT APTE A
b 20l 2 5] o]atigtA %t 27.2%2 UER} @rHd 2ol HAUL
Zolelil Azthrt oleldt ¥UIHU 24 " o] T U] Qe 32 ¥7F
d ZTES Yo, A Fz dojuts ALoE zitkHrh o3t A
B2 QUsl CPPE AR Tk A 200l o] (off flavor)E UAslgch
Kader (1986) 2713 3 FolA 8713 TEoE AFIHE AL 1] gsiye 4t
£2] FE71 1-3% o|4}o] Eeojol gttt st AA 40YolE SM2502} CPPE %
g AR TE A3 AF BN JIA ZAo] FASHA WHsiPE o, oA 3
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2ol A mlZted Al Ae]Fe Wy} o] dofity] wiFe|eta FzZbHtTh A
10°Coll M= Zute] A3 7|3to] 40 olvfd Zlojz}al wigtdct

Table 3-4. Tried packages and their gas composition of zucchini during storage

at 10°C

Packaglng Gas (%) Storage period (days)

fila’ 10 20 30 40
05 6.6 4.0 2.4 11.1
" LDPE
' co, 7.3 5.8 7.6 6.5
0p 20.9 20.1 20.3 20.9
SM250
0, 0.0 0.1 0.0 0.0
0; 13.9 15.8 15.5 8.8
P+PP
co, 8.9 5.7 6.6 12.1
02 0.4 0.2 0.2 1.5
CPP
0, 15.5 27.2 24.7 28.7
0 13.0 12.6 13.6 14.0
MPD
C0, 7.2 5.8 7.4 8.1

*Abbreviation: LDPE: 30um low density polyethylene; SM250: 20um perforated
polyolefin: P+PP: 53um P+ microperforated polypropylene: CPP: 30pm cast

polypropylene: MPD: 15um polyolefin: PVC: 14pm polyvinyl chloride wrap,

371 vl JlA 28& Kol sM25002 R AlEFTE Wi 7ol gl
2ol F4 T o Udstd Fupe] FAIL thE AJEFol vzt FABHA
ZTH(Table 3-5). olagt BA 2ot Tute] A% 7]zte] LI ojarg ] o
2 3tchsEch PVCE stretch wrappingdt A|ETE Hl2E RA7L wol &9&d, o
A2 ZEta Uio] AEY FES Bl ITuto Qe £Eo] gEE AYEG)
ojZoleta AZtEch AR 40doll= MPDe} CPPE A3} Ao BAZ 431

k

[

9 dl, oA2 2Zo] FR|L ANEel FAE A of Fute YFI} ol
L2t7] ajEojtt.

A3 v o A% 104 BE A2 vlehul co ¥go] IA Zr}
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(Table 3-6). % 717H5¢t CPPE Y AP ujelwl co) gae = Al
Toll Hlste] @AstA wgks o, ol WA TRV 24 mEo|atm e Ragi!
th o A¥TE AR 104RE 3027k wlElel co] Feko] ulLsiA 2= ol
Ch. Zefub LDPESE PVCE ZARY APTE T @7 vjsto] A2 409 71A] H
HHCQ§H®I§%G.ﬂ&%LWEE%HWﬂ2%%Ei%£w&t%iﬂﬂl
Bl CE fAI3hs o] ©28 FY3, 9] o] 45kia SEolNE Tuto] A g3l

7},

o
2
(]
ind
)
82
32
N
E=}
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Table 3-5. Weight loss in percentage of zucchini stored 10°C

. Storage period (days)
Packaging film

10 20 30 40
LDPE 0.1 0.2 0.4 0.6
SM250 3.8 52 7.9 12.2
P+PP 0.2 0.7 0.6 1.0
CPP 0.2 0.7 0.7 7.9
MPD 0.3 0.4 0.7 4.0
PVC 0.6 1.4 1.6 " 2.8

* For films refer to Table 3-4.

Table 3-6. Ascorbic acid content in mg/100g of zucchini stored at 10°C

Storage period (days)

Packaging film®

0 10 20 30 40
LDPE 9.1 6.3 6.9 5.9 6.4
SM250 9.1 6.0. 5.7 5.1 4.5
P+PP 9.1 5.3 5.4 5.7 3.0
CPP 9.1 4.9 4.9 4.1 0.5
MPD 9.1 5.6 5.3 4.8 2.3
PVC 9.1 . 6.2 7.4 5.3 5.6

* For films refer to Table 3-4.
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CPPE ZAY AIWPE Aol T2 NYFES A5 Ao|7} 3] YUTH(Table
3-7).

Table 3-7. Hardness in 10 dyne/cm2 of zucchini stored at 10°C

Storage period (days)

Packaging film"

0 10 20 30 40
LDPE 128.3 125.1 138.9 122.2 137.6
SM250 128.3 126.9 134.4 128.5 97.8
P+PP 128.3 123.7 132.2 156.3 30.7
CPP 128.3 120.7 92.3 65.3 13.5
MPD 128.3 122.7 149.0 125.6 2.3
PVC 128.3 120.3 148.9 132.6 139.7

* For films refer to table 3-4.

M 209 ol Fol CPPE ZAW NBTY st WAsA wolHA 4EAol
HolW AT PTHT AP L0Uoli S50, PP T WPDE TAY AUIE Z
Yol AsE o, ol AF 0ol T WPe] AW s)A 24 Hw
A7} Qe ez A7V

ol F3tE Mol TolM B H4ol oo SXY 49 UEL LIPEYS
B, o474 @& 4ot M 2ho] e ARsts ol g APY ez molw,
B3 R a FEE 27%, oA FEE 585 AET sl Zo| AWY

FIAFE Aras) ojalsigiae] Balyo] thE WEOR TSI AASHAM 3}
Ui5e] 714 =& £33 A3}E Table 3-82 Zth. & T3 xiFof wlali A2
The 714 24& vehiglen, T 2o o xlol&= alou} A2t 20U Ao &

Sefoll =estdttn AZHTh o] AlHoAN E13e

Aol AYsitii A i BE 3-5%, o|4tEEl: B E 5% oS Urhy: X
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B A 2& LDPEATE. EZAR|o] o] ot SM50L E3 5ol Az ujad =
FEA A% BY 97 wiBo] AF 717 Fo] T U] Jx 24| t)y
242 A ulssigdth. T8 CPPE EAT AIPTE HF 59U o] TR Atae]
FE7H 2.0 BZojgon, thE Aol AlgTol ulsle] atae] Sy} vbolth w
g olatgielae] SEL AY 1090 HuFeS B Fof AL woldol} ghE
Aol vlsle] £ kS UrhIQTh o2& PP Zgj7} Ab4 W o]alajeia
of tigt £3=st the Tabalo] wistel Wr) wEolzln gzETt  o]ebze] A
o FETF W3 o]absElae] HEIL oW RuFe] TFo| YL Fo] Mg
MEHE Zelslol ol U 4t & Ho® AZHLh  Kader 5(1989)2 Aba
o BE7} 2-3% olst Zashd VrIF TFHol T WEI LolubA o]2]7} wad
grin STk WPDE EPF A7 SN 2ALS AR 0U7HA T2 Taaye}
15T A8 Uehigd ol 0o 48 H3E Urhigich. oA X3 30

d o AT A At FASA dojwtr] wWiRoleln Wzt

E

o

24

2

_‘_br‘_

Table 3-8. Tried packages and their gas composition of green pepper during

storage at 10°C

Packaging Storage period (days)

) Gas (%)
filn 5 10 20 30 40
05 7.8 3.4 5.1 4.2 5.9
LDPE
co, 3.4 4.5 3.5 3.7 3.9
0 20.9 20.9 20.9 20.9 20.9
SM250
C0, 0.0 0.1 0.1 0.1 0.1
0, 2.3 2.1 2.2 2.1 2.0
CPP
C0, 9.7 13.7 10.3 9.1 8.6
0 10.8 4.8 7.7 6.7 3.1
MPD
Co, 3.7 4.4 3.5 3.6 2.1

* For films refer to Table 3-4.

A% 7105 SM2502.8 EAR A|Ppe] Fu Wil C}E AP To] vlsto ©A
slo] A& 5Qof FaF 7+A7} 9. 3x0] @tedth(Table 3-9).
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Table 3-9. Changes in quality characteristics of green pepper packaged with

different films during storage

L Packaging Storage time (days)
Quality index .
films Initial 5 10 20 30 40
Weight LDPE 0.2 0.3 0.7 1.1 1.4
loss(%) SM250 0 9.3 14.6 26.8 42.9 51.5
CPP 0.2 0.3 0.7 1.1 1.4
MPD 0.3 0.4 0.9 1.5 1.8
recorbic acig  LDPE 51.8  44.0  56.4 47.8  44.3
SEOrpie 31T Smes0 555  68.9 564 61.9  62.1
content 60.6
CPP 62.7 58.1 54.6 38.9 21.2
(mg/100g)
MPD 51.8 58.4 45.6 46. 4 42.6
Total micro- LDPE 5.84 5.94 6.35 6.72 7.28
bial count SM250 10 5.70 5.75 6.15 6.37 6.05
[logio CPP 5 581 58 662 7.25 7.6
(cfu/g)] MPD 5.90 5.96 6. 36 7.07 7.48

* For films refer to table 3-4.

O}
-

vge] AgAol $& Z4Tl 5% Fxold uigtsia] B3 Azrt Acia &
Bussel 5(1975)2] ZAz}E zicts) B 9.3%8] F3 Zba= AEH T 43S
Ao wichrh  o|8} o] SM25002 EAE AP XaF FAZ AR 7]
Foll BASHA FolE ZL TH & FTEE Tl TaFol A& £Ho] F
S22 AA AAH 4 AL Aol wiFoletn FZHel  ulheta] smes0 =3
2 2 UFe A 201y 3 oM tlE 2F AMEE AR AJF o
Histo] @A zpol& Vel on, 53] F HEE Xaie Fdo| R o
& & 2 0% ¥kt umety o] g A8 dol:s 7 A7)
E HAsHA 2-sjoltt FAt ToE Q3 F3 AU} AIlFHo] Eui EALS
A5 dol feld 2es Azt

A% 59 olFol= hAIF SR ascorbic acidd] o] ZastE tlo] ued
SM250L. % EFI AYPTE A J|ge] wE Z 4L E Holx| goten, =& 30

(AT Y

2

d ofFoles 238 F7I8tHtHTable 3-9). o]RE SM250L2.2 T3 L3 B
A7t E47] el ascorbic acid® FA317] flsle] 3T A& Fel=
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@aFol Wotzlil, o]Zlo] ascorbic acid 32l 718 Ueldch wlela 48 @
B7HA] St SM250 AJ¥ 72| ascorbic acid?] §aro] ThE AJF Lo uste] ut
T BZpEch & A% 40 sM250 EAe] X i LAY} 51 5% 2= o
Histe T2 ZH XI1FE 1 FE7F 4aslgct.  olebA sus008 Eag
3152 ascorbic acid Y& thE EAfo] Sojole EFn3e} ujsyt 4Rt
g Az}t ohef 30mg/100g =Y Zow AMztgch XA A]@ 7o ascorbic
acid®] §efo] EAsEx] o2 A|Fof nlsled LUl BI1S5(Lee 5, 1994: Watada
. 1987)& & wjol] SM2502 ERslx] b2 AJE29 wlsE B Ay A3
10d=jo]] CPPE XA+ ¥ 2] ascorbic acid®] ¥ako| LDPE XA A& Lol u]s}
o ETh= A2 Lee §(1994)9] A2 uissleint. & o]59 Azlold: A3}
1494 7}] CPP E&e] F 3137} LDPE XA ol u]3}o] ascorbic acid?] §ato] kot
H, olZe ZH UFe A4 w27t Y olabgstad] S &7} & mEolzln
stgch ey £ duel Aa 09 olF AIFE By PP =AW AW
ascorbic acid?] o] FZ3IA FojE4Th. uleld TR U AA 57} U
AL oolatEtela: BRIl w2 el A&HoE a3 3EL A48 olae A
Ei7h =51, olZle] MelFl WHE fusted A2 309 o] Fof ascorbic acid?]
A% a2 Ueigcin gz, B Age] Azz 3y cep T %
ascorbic acid?] B& FIE AA 1093} 20 Alojd Aoz AMzbHc).

A 71zl ZBjtel wel el FF4E Zulstaledl, S50 XA
AMETFY FF571 o2 Alg ol ulsle] WaltH(Table 3-9). Brackett (1990)9)
elshd EYSHA] o2 me AZo| 23t 33| So] YFFHE o] EA Aste A
Al 2102 vehtbs e ZAY mne njdEe o3t Hn)s) 3y & &
Hrl A vehths &2 Ast fdolela siadch. o]Rog Kol sMes0e® E3
e RAFE oE AP T Histe p] 9Fo] WA Vel ZRsx| ok Ald
o v BA4E vrhigon, EAI AEZEL = R 42 Fako]
SM2500] u]3te] £7] wjEol MY 7|zto] H3ite] ulel mAlEo] ZAsls|o] o
g 270] ol 3T A Urldtiaz gzbsc)
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Table- 3-10. Total microbial count treated with different concentrations of

KMHE" for 10 min.

Total microbial count [logo (cfu/g)]

Treatment® .
Cucumber Zucchini Green pepper Strawberry

Control 6.10 6.54 5.68 4,84
R-100 ppm 5.79 6.28 5.43 4.68
R-500 ppm 5.80 6.08 5.01 4,52
R-1000 ppm 5.67 6.06 5.04 4.54
C-100 ppm 5.87 6.23 5.25 4.83
C-500 ppm 5.84 5.70 5.22 4.64
C-1000 ppm 5.62 5.72 5.08 4.56

Y Korean medical herb extract.

' R means Rheum palmatum L, and C means Coptis chinensis Franch,

193 22 Aol 7e 2R W$e 3248 Ushis o, olZe o
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Table 3-11. Total microbial count in logio(cfu/g) treated with KMHE' solutions

at different intervals

Dipping time (minutes)

Produce Treatment
10 20 30
Control 6. 40 - -
Cucumber ~ R-1000 ppn 5.98 5.93 5.92
C-1000 ppm 5. 86 5.90 5.89
Control 6.60 - -
Zucchini - R-500 ppm 6.19 6.17 6.04
C-500 ppm 5.92 5.90 5.85
Control 5.76 - -
Green pepper R-500 ppm 5.29 5.21 5.18
C-500 ppm 5.34 5.29 5.24
Control 4.53 - -
Strawberry R-500 ppm 4,27 4.19 4.07
C-500 ppm 4,21 4.23 4.14

Y Korean medical herb extract.
? R means Rheum palmatum L. and C means Coptis chinensis Franch,

- ! not tested,

il

1% 9 BA2ZEL AP suol wlE T3S W 1000ppn A7 E 22
+o Z2EATL A4BOR Uehdrh  ALF A7 TR B4 7
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T R Zo] vy oz YzEo] 9ol 1000ppn, THE Xt 500ppn A
B7h ARy oz wggglrt. olg} ol AYH BEE HA A Welste
MafFE A2 Fo FF4 d5E Table 3-113 2l & ALFE AASIE A
4
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ol wheta] Fdae] Zav Zoh 23U AR A 302712 Lold
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Y oz AUk g} o] AMaFo| tiet i FAFEE Helsx
o Al At "elslel A3 22& ZARE A3 2ol& 1000ppn, EE, Fu
R YFE 500ppn FEE Ak Zlo] HAsielrh. Ed Az ATe 102
st Zlol HAsiglch of% U BAFEE Aol AAFY 74 24 THE
Eo]7] 91T Pt SR oY U HAXEE oo 255 40T sy 1

A3 Fd52] HEHs Table 3-129} 2t}
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Table 3-12. Total microbial count treated with different concentrations of

KMHE" for 10 min at 40°C

Total microbial count [logiy (cfu/g)]

Treatment®’

Cucumber Zucchini Green pepper Strawberry
Control 6.74 6.48 5.71 4.59
R-500 ppm - 5.95 5.20 4,21
C-500 ppm - 5.66 5.13 4.17
R-1000 ppm 6.28 - - -
C-1000 ppm 6.19 - - -

D Korean medical herb extract.
? R means Rheum palmatum L. and C means Coptis chinensis Franch.

- ! not tested.
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Fig. 3-1. Changes in 0; and CO, concentrations of green pepper packaged with

polyethylene film during storage at different temperatures. @: 5C: H: 10C:

A: 20C.
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Table 3-13. Changes in quality characteristics of green pepper packaged with

low density polyethylene film during storage at different temperatures

Storage Storage time (days)
Quality index temperature
. Initial 5 10 20 30
(C)
o 5 0.05 0.29 0.32 1.42
Weight
10 0 0.35 0.33 0.64 1.68
loss(%)
. 20 0.31 0.70 1.20 2.21
Total micro- 5 5.74 5.88 7.00 - 6.67
bial  count 10 5 54 5.87 5.88 5.97 5.89
oz 20 | 6.11 615  6.60  7.38
(cfusg)] ) . . )
Ascorbic acid 5 33.8 28.8 34.2 31.2
content 10 23.7 33.5 31.5 33.0 32.7
(mg/100g) 20 36.9 36.0 33.0 31.5

X5 @ HEHE JE0E slo] BILS 23 AN Fig 3-29
oh & e eEote el 20TolA AT APTE A 1500] 24, 4%2] Huj g
& UYEhdgch.  Jeuh AF 2040l 5TelA et £33 o] 2hRo]
Dol Ueht g0l "olxle 2og Ueldrh & o|Re Tazy}
AL E L) oBol dojt Haolatn gz
o8 o3 71| ARE Eci2 B ule] E22E Aysls g A Lxe
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Table 3-14. Changes in quality characteristics of strawberry during storage at

different temperatures

o Storage tem- Storage time (days)
Quality index —
perature (C) Initial 5 7 11 15
. 5 3.05 3.57 6.63 9.05
Weight loss(%)
10 0 3.45 4.83 8.11 11.17
_ 20 3.47 4.33 9.26 -
Total micro- 5 3.44 3.65 3.78 3.91
bial count 10 4. 38 4.14 3.67 3.79 3.84
[logio (cfu/g)] 20 4.11 4,34 7.13 -
Yeast and 5 2.60 2.80 3.9 3.07
molds [logio 10 2.54 2.91 3.04 3.40 3.35
(cfu/g)] 20 3.77 3.92 7.13 -
5 9.8 9.0 10.4 9.0
°Brix 10 9.9 10.0 9.7 9.8 8.8
20 8.2 8.9 6.6 ~

-! not tested,

HRZ7Ide FBolst ARIL XA ste vlgo] atkA| £2] Ysrout A 11
Bolle Sd5e tifEo] AR FFold ZOT Urhdr} phE 3.5%3ojglo
M, ARUEE 0.8 FEJoU NI U APLTo| WE o] Irix] Ix)
Usteh(dolete A=), 7H84 AFEL AR s|o] Aol wrety BRpyes
Badte Zlog Urlgton, A% 257 £S45 ZAsks 32} 2 oz 4
Bistth olRE AZshs Bl ©I1Y tia} B80T Qs 7} QR am
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th & 5Told AT Wit A3717 £ Aol T WHE UrhhA ool
R 10Tt 20CollN A e Dol AYrze] Aol wel AEst AstE Ao
EY 257 2248 FE7 FAA AslEden, 0Tl MR W A3
HYBoEs 3&480l ol Zez wotzdrt. A3 =wrle) 23)&L Fig. 3-4
ot Zth & 5Celd A3 Wil A% 7247 ¥uist €A gror}t 20T A
ABRE wolls A% 5870l F3l&o] 40% oj4tolgl o, Ewol To|s} xpa}y
AlAstel BE7d0l g ZeR wetEgnh 5ToA AR Ty AR 15205
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Fig. 3-3. Changes in hardness of strawberry during storage at different

temperatures. @: 5C: H: 10C; A: 20TC.
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Fig. 3-4. Changes in decay of strawberry during storage at different

temperature, []: 5C: [M: 10C: W: 207C.
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Fig. 3-5. Changes in 0; and CO; concentrations of cucumber packaged with

polyethylene film during storage at different temperatures. @: 5C: H: 10C;
A: 20TC.
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Table 3-15. Changes in quality characteristics of cucumber packaged with low

density polyethylene film during storage at different temperatures

Storage tem- Storage time (days)
Quality index . .
perature (C) Initial 4 8 12 16 20
Weight 5 0.07 0.10 015 0.24 0.29
loss(%) 10 0 0.23 0.71 1.23 1.98 2.47
20 0.12 0.98 2.47 3.56 4.92
Total micro- 5 6.58 7.25 7.42 7.85  7.94
bial ~ count 10 6.67 687 7.16 7.30 ° 7.26  7.19
[loguo
(cfu/g)] 20 7.17 7.25 7.32 7.40 7.45
Ascorbic acid 5 1.9 144 156 11.4  10.1
content 10 9.2 11.3 15.0 15.9 16.2 12.2
(mg/100g) 20 9.3 14.6 16.2 15.0 11.4

AL FE ZaE TIE JzRc s &
TE 2294 I IESEI wE) ool XY e s kTI} =
AlEol vt whgldd Zeog Btk Jau 129 Folk 20ToH MR A
B Aa FEIF CRE AP0l nisle] &3hom, o]atsirire] ki r}2 4
ol uistel whokth ol Zutel T Fof o3 T LY AL =T 7ra9l o
Agel: w2o ZIMETHE 98] Z7)7) A YRS o]Esls ol wWor7] w &
olehi BTk 5CelA APY Fwhe tlE 2xoN AT APTSE Uy
Y 3FUTIA] ojakzriag] o] AgAHog Zrlsignl, T WEo 2EE u
Blste Trbg ARSHAA J1A 24 53T F2H(Table 3-4)ol s Ala =57}
2-T%, o|AIBIRtE 5571 5-8% AER sl Zo| Fute TAEXY Fxjo] FA A
S2 Uebdth  whebd chad] xlol glou} abas} ojatsietae] k% Wels} o]
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Fig. 3-6. Changes in 0; and CO; concentrations of zucchini packaged with
polyethylene film during storage at different temperatures. @: 5C: W 10C:
A: 20TC.
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Table 3-16. Changes in quality characteristics of zucchini packaged with low

density polyethylene film during storage at different temperatures

Storage tem- Storage time (weeks)
Quality index .
perature (C) Initial 1 2 3 4
5 0.05 0.35 0.73 0.58
Weight loss(%)
10 0 0.02 0.10 0.25 0.41
20 0.17 0.87 0.98 1.16
Total micro.— 5 7 02 7. 12 7. 39 7. 64
bial count 10 7.01 7.42 7.27 7.61 7.47
[logw (cfu/g)l 20 7.53 7.66 7.82 7.67
Ascorbic acid 5 15.5 14.8 13.2 10.2
content 10 16.5 15.4 15.2 14.3 13.2
(mg/100g) 20 15.0 14.1 14.3 11.6

¥FA AEAEFESE FolM AUR UiF U AL 20], T 5 A
AbEol Azd 4 = 2L A3 oF TS, AFo] HYsitii ZPH
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Z3tol mhel 2 R AL FEE ZAL4slR, ojiduetxd FEE FIle A
o2 Jeiktth.  AA 23] A2 Aoz} 7B} IA uUettey 3 ol Fols
Z Aol & uehAA Qkoket  mlebd 2 R JA w27t ARE FE 540

ojX e GRS IohA] 23] 4g e HYch
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Fig. 3-7. Changes in 0; and CO; concentrations of green pepper treated with
Rheum palmatum L. and Coptis chinensis Franch during storage at 10C. @:

Control: W: Rheum palmatum L.: A: Coptis chinensis Franch.
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Table 3-17. Changes in quality characteristics of green pepper treated with

KMHE"’ during storage at different temperatures

Storage time (weeks)

Quality index Treatment®’

Initial 1 2 3 4 5
Control 0.25 0.76 1.29 1.82 1.65
Weignt loss(*) o <00 opm 0 0.27 0.76 1.27 1.81 1.67
C-500 ppm 0.31 0.67 0.8 1.78 1.56
Total  micro- Control 476 595 613 6.60 583 608
bial count R-500 ppm 4,45 5.34 5.21 6.08 5.31 5.70
[logio (cfu/g)) c-500 ppm 4.31 531 517 605 522 5.35
Ascorbic acid Control 56.7  50.0 47.1 45.3  46.2  35.4

content R-500 ppm 56.7 58.1 55.0 49,7 46.5 45.8
(mg/100g)  C-500 ppm 58.1 57.4 51.9  48.2 45.6  44.2

) Korean medical herb extracts,

2 R means Rheum palmatum L. and C means Coptis chinensis Franch.

18 1 Ll—ijmL

1 2 3 4 5
Storage tirre (weeks)

Fig. 3-8. Changes in decay of green pepper treated with Rheum palmatum L. and
Coptis chinensis Franch during storage at 10TC. [J: Control: [[I: Rheum

palmatum L.. W Coptis chinensis Franch.
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Table 3-18. Changes in quality characteristics of strawberry treated with

KMHE!) during storage at 5C

Storage time (days)

Quality index Treatment®’
initial 3 5 10 15
Control 0 2.79 3.25 6.75 8.35
Weight loss (%)  R-500 ppm 0 2.72 2.61 6.50 8.14
C-500 ppm 0 2.36 2.58 6.53 6.84
Total  micro.  Control 390 451 432 4.8 505
bial count  R-500 ppm 3.58 4.02 4.32 4.59 4 .89
(logw (cfu/g)l  C-500 ppm 3.50 3.81 4.14 4.21 4.63
Yeast and molds Control 3.45 3.87 4.10 475 5.04
 [logu R-500 ppn  3.17  3.49 415  4.50  4.87
(cfu/g)] C-500 ppm 3.04 3.52 3.98 4.16 4.63
| Control 3.71 3.76  3.83  3.71 3.42
pH R-500 ppm 3.66 3.69 3.79 3.65 3.69
C-500 ppm 3.7 3.91 3.75 3.70 3.57
Control 0.78 0.75 0.86 0.69 0.77

Acidity(% as
R-500 ppm 0.74 0.79 1.03 0.75 0.69

C-500 ppm 0.79 0.76 0.94 0.75 0.71

citric acid)

Control 260 261 217 180 104

Hardness (g) R-500 ppm 259 265 235 191 110
C-500 ppm 260 263 241 205 123

Control 6.4 6.7 6.5 6.2 5.1

°Brix R-500 ppm 6.4 6.3 6.6 6.1 5.2
C-500 ppm 6.5 6.8 7.1 6.5 5.6

Y Korean medical herb extracts.

2 R means Rheum palmatum L. and C means Coptis chinensis Franch,
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Fig. 3-9. Changes in decay of strawberry treated with Rheum palmatum L. and
Coptis chinensis Franch during storage at 5C. [: Control; [: Rheum palmatum

L.: I Coptis chinensis Franch,
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712 Tl tiY U BAXZHELS ALY AP TY SN 2HL fgrIAE e
=5 gl =< AT APFY 44 = A
27 3 3FA0] FrstTkst 3 ol fe] Zastdo) R HA 7 ot A
oz sl =Y oY o FAXEZES Helg AP olatyuis
=< A% 279H dastgloy dzre A% 377 Z/13F the pAstant
ABS T FYL Zashes J0F URlgoy Hg 7)zte] 430 dlell H3}o]
THTable 3-20). ulalrd Aol Alg3F Zule] Rz}
600g BEQ HE ZAYUrhd FAJ Fol=t AL o] A AL x| ok
Aoe Uk ol Y HAXZE S Ml 3o 2242 A 725
ZFof vjste] YA Lelyith oA L olE -’}‘—éaoﬂ =°1%Us ¥ Edol A 4
T 5 2o Eodof glowdd nAEe S| ode AL WSS 7H7
mEoletal ¥z = iz Eg i‘lElf& ATl v HeraE

fr
o
rt
1
o

o
oY
)
B
o
Mo
)é—el
§§

o



A2t Al 3257 o W2 ZAeE Ushy Ao aaEy oz st

t}.

25
20
15 \
10

02 (%)

O | i ]
0 4 8 12 16 20

Storage time (days)

CO2(%)

O ] L ! 1
0 4 8 12 16 20

Storage time (days)

Fig. 3-10. Changes in 0; and CO; concentrations of cucumber treated with Rheum
palmatum L. and Coptis chinensis Franch during storage at 10C. @: Control:

W Rheum palmatum L.: A: Coptis chinensis Franch.
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olge] AT Hol Tue BAFHE s00ppugelol U Mz che 10THA
Agshe Zol BUEYS Aok ol Y AT sgHn)

Table 3-19. Changes in the quality characteristics of cucumber treated with
KMHE! during storage at 10C

Quality index Treatment?’ Storage time (days)
initial 4 8 12 16 20
Control 0 0.20 0.70 1.19 1.65 2.10
Weight loss (%) R-1000 ppm 0 0.31 0.75 1.16 1.61 1.98
C-1000 ppm 0 0.28 0.69 1.19 1.60 2.01
Total micro- Control 7.23 7.60 7.43 7.87 7.86 8.11
bial count  R-1000 ppm 7.04 7.24 7.26 7.57 7.84 7.78
[logio (cfusg)] C-1000 ppm 6.72 6.95 7.05 7.34 7.51 7.73
Control 11.1 12.0 15,5 14,7 14,7 13.8

Ascorbic acid

R-1000 ppm 11.2 13.5 15.8 14.7 15.3 13.7
(mg/100g)

C-1000 ppm 11.4 14.0 14.1 15.2 14.3 15.2
Y Korean medical herb extracts,
2 R means Rheum palmatum L. and C means Coptis chinensis Franch.

25
207
15
10 |

02 (%)

o

CO2 (%)
O - N WO

0 1 2 3 4
Storage time (weeks)

Fig. 2-10. Changes in 0; and CO; concentrations of zucchini treated with Rheum
palmatum L. and Coptis chinensis Franch during storage at different
temperatures, @: Control: WM: Rheum palmatum L.: A: Coptis chinensis Franch.
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Table 3-20. Changes in the quality characteristics of zucchini treated with

KMHE! during storage at 10C

Storage time (weeks)

Quality index Treatment”’
initial 1 2 3 4
Control 0 0.17 0.20 0.28 0.42
Weight loss
(%) R-500 ppm 0 0.11 0.20 0.21 0.46
C-500 ppm 0 0.13 0.22 0.43 0.42
Total micro- Control 5.71 7.15 7.17 7.59 8.08
bial count R-500 ppm 5.63 6.99 7.08 7.79 7.98
[logio (cfu/g)]  ¢-500 ppm 5.52 6. 40 6.94 7.47 7.69
Control 13.2 11.9 12.9 12.2 11.1

Ascorbic acid

R-500 ppm 19.5 14.1 12.6 13.2 12.2
(mg/100g)

C-500 ppm 19.2 13.4 13.4 11.6 11.3

D Korean medical herb extracts.

2 R means Rheum palmatum L. and C means Coptis chinensis Franch,
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BASIH, 20]= 1000ppn FEE 108 AH2lshs Zlo] njAEA £2L x5l
doll Hgstgdet. =3 Y A2 228 4Asy] 9lstd Z AMARE 5T, 1
0T % 20TollA A stHA FF%, HulE, ascorbic acid ¥are] W3t 53t g

d 549 WEE 3T A3 Wl 5T Fddsigdct. Ty £, st
R 20l 5TolA AHYY Aol B A3 502 sl 2 Wasl 10CHT}
o 2] dojues e vetygrh  ®3 Hgsitin 23Y ofF U BAXSE
Aels= o Alztof wlet HAFE BA A2t} Azsle] Tysta AFY 2
EollM MFstmA W 54 WE 53T A} F3FE BF2SEL 500ppn
FEOlA 102 T HAl AMel¥ oy LDPE WESR 23l 10T ARsts
2ol FA58E FAste dol 713 maoldrt. Wrle #AXZE S 500ppn &
ol 102 A A2t b 5Tl ARsHe Aol TFo|glon, Qo
FEE 1000ppn Eol 1027 A Hz sl 10T AAshs o] EBAEHS
frAlshe ol TpHolgleh. Fuhe HeAR2E 500ppng o] HA A T

0T A %sh= o] EAEYE RISt ol Z}Fo|Yr}.
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BEZ. °15A, FRY, USE, olFM, ZEY (1998) AMALNES] Mg
J

= AT A A EFEEY PFEH. YIHUENFREIA, 5,

28%, AW, RIT (199) 2 LIAANE HEY HAFY 2d A
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(1984) Official Methods of Analysis, 14th ed., Association of
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microflora and quality of fresh of fresh bell peppers. J. Food Prot,, 53,

- 138 -



255-257

Bussel, J. and Kenigsberger, Z. (1975) Packaging green bell peppers in
selected permeability films. J. Food Sci., 40, 1300-1303

Kader, A.A. (1986) Biochemical and physiological basis for effects of
controlled and modified atmospheres on fruits and vegetables. Food Technol.,
40,99-104

Kader, A.A., Zagory, D. and Kerbel, E.L. (1989) Modified atmosphere packaging
of fruits and vegetables. CRC Critical Reviews in Food Science and
Nutrition, 28, 1-30

King, A.D., Magnuson, J A., Torok, T. and Goodman, N, (1991) Microbial flora
and storage quality of partially processed lettuce. J. Food Sci., 56,
459-461

Lattanzio, V., A. Cardianli, and S. Palmieri. (1994) The role of phenolics in
the postharvest physiology of fruits and vegetables: browning reactions and
fungal diseases. [tal. J. Food Sci. 6, 3-22

Lee, K.S., Woo, K.L. and Lee, D.S. (1994) Modified atmosphere packaging for
green chili peppers. Packaging Technol. and Sci,, 7, 51-58 |

Park, W.P., Cho, S.H. and Kee, D.S. (1998) Effect of minimal processing
operations on the quality of garlic, green onion, soybean sprouts and
watercress., J. Sci. Food Agric., 77, 282-286

Potter,N.N. and Hotchkiss, J.H. (1995) Food Science. 5th ed. pp. 420-424,
Chapman & Hall, New York

Priepke, P.E., Wei, L.S. and Nelson, A,I. (1976) Refrigerated storage of
prepackaged salad vegetables, J, Food Sci., 41, 379-382

Watada, A.E., Kim, S.D., Kim, K.S. and Harris, T.C. (1987) Quality of green

beans, bell peppers and spinach stored in polyethylene bags. J. Food Sci,
52, 1637-1641

- 139 -



EZE A A2 Eol ool 2 Aeld Wl g njAEHA Rujs} A
BEE AE3te oY Yool wE RypHA g AdAsts] gisld $EF
whE Bz A2l )7t d4Aes ey E, AFIU EF o Aata
W aoAtRlA: FEE A o TFLEY Y UNE LA Huje}
A3E A F ol o8 dFAtol Yste] BaFD Yt TFL st o

= HAT 71A RH=E e SelaE EOR T sy 2THE A

=
U SoJAERIE S2E I ol fAY £ 9lon, ol AN A

o

2
o

E AEAL4HEY FIPHAS JAHE] A $BF PFH ZL dast A
A2 59 o AET W BFeol 4EHe2 ARHAL ol&ET r}.
A ol B A FolMY njdEe] 23 WS WAty $isle, ajRel
Este R YIFAE H7BBRe A=7 o]Foj=z gt (Miller 5 1984;
Ben-Yehoshua, 1989). XEFol F71d ¥FALt BEAE TR Y Yol 2w
L A Ee] Edof 2hg3le] ol FAshe W) ndEY 2AL JRsts Wl &
MY Ro2 HIE D Q) (Hotchkiss, 1995). WojahEe] HijE J4 52 A

ry,
o
M
X
N
H
o,
2
2
Clo
ind
>,
(r X
o2
N
2{_1'
r
B
2
I
joil)
N
r0|
(g
o
N
X,
By
32,
i)

H ZHUol F4E= Aatae} dojitsigr
K=
=

A
Baoll st O ARPE IA BHAZ Ao JtiEch. &£ AFolME AlAdx)

- 140 -



Zoll 713 ol o] &3 A

ThE, °ol& LEE °ol83dtoq AMLMES EHSNE ol I AP oA %S
Blagto gy o]t 3t Zeloddd 5 A AAIXH ol o]&7tsdE B
7bslddcet.  slFA A2 gh2al FtekEZE (Korean Medicinal Herb Extract,

KMHE), A2 zlolEA 2x]HE7[o]2 24| (Ag-substituted inorganic zeolite

i

matrix, Ag-zeolite), ZEIAVULSA xR I|o]22¥A]  (Ag-substituted
inorganic zirconium matrix, Ag-zirconium), A}EEA}FESE(grapefruit seed
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FEEE TRBA ZZA o] EUET] HE E
ol 2 BA| (Ag-zeolite), XZIULA 2XBTs]o] &% (Ag-zirconium

EFAFEE(CFSE), sorbic acid5E AU Z gl 8l(Grade 5302, WX 0.921

N
s

g/ce, UHI(F), ofd)o] Esto] 27~55m FAe] WE o Azsin FA
< Al8stgch. EF gk Ay I Al stekazm (KMHE) % 3}d4& 712
A detA Mol & 2 HAJH (Rheum palmatum)z} B (Coptis chinensis)%.

2313 FEPE APt iR R 4849 2252 SRR Luy

2 A7isteh. izt Fee AzW el 1 ke 4 LY H]@E EL W3 100C

ol 3212t F&Z(Model REMP 828, ml77|dd, HaholA 2258 LS o2ty

£ o3 ¥ FHAZI](Model TD 50704, LA, Ng)o|A 48A1ZHE e Az 5}o]
=} L

TUGEE FE2ES AAth  BIYFAZA Ao EA LAy o]
= 42, BAHE AMEsIe Zl"-il—]ﬁﬁ] SR RI|o)| 2a
A SULEN Kingeide MPA (Ziaa), b AJSIAT}. GFSESHE H5
70%2] glycerine &2l Citrex™ (Quimica Natural Brasileira Ltda, Sao Jose dos
Campos, Brazil)E AHE-s}gich ol¥, al, SAHEsjo|2a3ha), GFSEY 292
flsiA d HEUET] (BUVA, NR)A 7 AAEY S 10%d
masterbatch H(pellet)& A Z38}It}. o] masterbatcho]] 9u] F-A2] LDPE =)=l
& TUAA ©HUAE7] (BUNA, )0l 1% P 5o wEog 285t
th d&7]9 &dold J1FH 2=} 155~160T W SAFHEE Aol skt
1% sorbic acid # 7} LDPEX &¢2] A ZE 93iA= 20% 5 %2] LDPE masterbatch?]
Polyalpha BN (Towa Chemical Co,, Japan)of 198§ FA2] LDPE e HojA g
ZAolAN gh&stach.  ohet 0.1% GFSE %59 LIPE B2 9t gojyi 0.1%
sty HE
of 713t B 9ole 7zt §FE pasterbatchS 3= v g wet E§so
22 WYPeg A=xsiert.  LDPE ~’F—X]°ﬂ obFFd H7iglol $YUT RZolA 30um F
o] FAZ 7}gstd tiz? WEL Aot ob&?l 3fedollM HIFH =L
Ui ofay] 3 AER Qlgsle] Ty gL Attt

EY Azd Y98 THUES ol 8dlol A3} 20|18 B4 Auz msin
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o WP FUYHEEC IA RS F= TFEEE 2P}l Qo] Fute
7Colloll A ARG e AjLojmR 5
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A7 6 md THE 7] FoAM Algstgon ol Tihe] JHRYE BA 27
ot 225 FAATIEE BFoddct. 2 HEoT ITHH Qo9 It 2% |
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Tt L UBE HahfolA Halstac I EL} (corona) | 2]¥(Cason
Eletrotecnia, Busto Arsizio, Legnano, Italy) F71 43 ume] LDPER E(LD-10, .EH%I
e, o) flel, APMA A2 B rollo] ejste] ofd HEE 3l AE
B FEE 4L FYsiglrl. IBof o]&H A SN2 AFFEA2EE(GFSE)
ETESEEA o8 nABe usiy gFHS 2= Aoz oy o

(Rheun palmatum)2} 3% (Coptis chinensis)®] &g o]83}gic GFSEY =AY
& fsiMe 505 FEHES 713 Citrex™(Quimica Natural Brasileira Ltda, Sao
Jose dos Campos, Brazil)& 50% ethanol @ At FAPEY B2 1%, 2%,
¥ 4%, 5% T HEF T kg, 2FE 70 mE 2HY T Ao 3Y rollApo]E B
HAAXN ZYstATh. iR FA 2z IS 9sas 100ColA 3x|2t%
U 22 IIEFEY §UL HYslolM FUEZAAM Qe 25 By &L 50%
ethanol 2 5°Bx, 10°Bx, 15°Bx, 20°Bx, 25°Bx2] S22 I AAAA, 100 um 7vH-& =zt
7he] ¥ rollAte]l & BAIAM BWE 9)of TESIATH olgA IYH W

fr
4

St A HFA 2Y BB P ste] 22| (binder)} A 2L
5 AhUS H3si) 9lslel Al E5e AxtAo] GFSES 1% TER ZYAA
LOPEY §of ARl 1 Q34 RSt UM A=Y 24 ujal(binder)
=2+ polyamide, carnauba wax, polyethylene(PE) wax®] Ro1g A}g3}gicy.
polyamide®| -§o2] HZE $]3]-%= isopropyl alcohol/n- propanol E3§h-ge¥(2:1)
of 40% == (w/w)e] polyamide TAE 54 8L HEAL}  carnauba wax-2-of
= 18.3% 529 Provax™ (ZA, ZAHE AESHATh  PE vaxg U Exja 100
0~1500 g/mol o] Helofl 9li= 4b%} polyethylene (Vi3 AL) 60g2 98T
FH4 200 mLo Sgc). THE 57 3isto 12g9 polyoxyethylene-sorbitan
monooleate (Sigma Chemical Co., St. Louis, USA)2} 15 mLe] morpholing A 7}s}H
A AR AA 26% (ww)2] EEE E At (Hagenmaier®} Baker, 1997). AHzH
AR godol 1%2] GFSEE H713t ¥ %) 43 o) LDPE (20 x 60 cm)oll # 5 bar
coater (RD Specialities, New York, USA)Z TE3}1, 2ol 24A1 7t x| B}
AzAZeh. 29T Fo BAZIE 24813, 2olo Lsue 535171 13t
15T Zofl 24 A1t ©2 Fofl Ao} 30TolA 4847 A=A AT A2 HE

- 146 -



=2 5o 0T FAY v2A &3=F Al ez AR 7Y
H 43 71A T & FFsto w27 "WE} vz
@e] AdyolA vlaa tHdol A= Ao HAH polyamide 4220 GFSE 1%,
e U3 FEE 105, Z <dIL FZE 10%9 =52 295t #5 bar coater
E

2 LPER g0l 2Y3ha Bahlx AolN w24e Frlstact.

1. 374 t}E LLDPE wrap?] A2

T3 LLDPE(MEAUE Zgjoelal, linear low density polyethylene) wrap®] Lf
Soll GFSEE HRAIZ BES A8t 1 434S H3t nAE wix|dold AZs}
gtk 7 15 mol LLDPE wrap% i3 20%o)l thsiA] 0.5% £-& 1%2] GFSES X7}
A U242 WES Azsdrt. USHe 24 s WA 1% S50
GFSEZ LDPES} Z8t8lof master batch U248 AZY ¥, HEHQ BYUS FYol4
5%2] cling agent2} WQA| F7i] LDPEE #7}sle] LLDPE W& A ZXstgch RE
4&L2 °]F extruder (Modern Machinery, Q&)E o] &3}l4 5, cylinderol A die
o =& 160~190CE ZAstgrt.  GFSE: glycerined] &2 50550 Ab &

Elel silicast EEE 50% S50 Bt seje] RS A}Lslac}.

4. A=7A 2F X252 AL LB HEAY

= 2 FAE 7R A7} gz AW 2L Ay

of AMgstgth Tute AR B3 2w A 520g Uigle] 377 o
LA Rt gle A& dslad}l. 1% GFSE, 10%Bx )3 222 o 10%x ¥
W FEEE AYAUY UEL AES 2ol e shbW WHEA A3 ol
o 8l FES FHeolze A4T sy, 272N FYH|EA| b LOPEY
TOE oolet Iutg AEE TAsgch ZAH Qo9 Ik 10T A

StHA AA7|zidE 37) =S 7o FA<A, 37148 &£F4, ascorbic acid
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o
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oX
o
¥
g

ek texture, H3j

. d3A o] & yIA 1Y WEE ol8F W, Qof, Tute] x3

AR Pf ZLo] s AU FIFY WES o] L3l "Wy, Qo], T B
BrIMzETRe] 2A0T A EAHUEOTLE 1% GFSE, 10% t) =&
=, 105 Y F2ES polyanide A2 o] E¢sto] AT T2 43 uno] LDPERE
& AHgslglnh. Brle ZY ddeld A odF EE8 Aol Z2Ystd A
Poll AMg3tdrt. 13 x 18 cnd] Ze|AE] Ego] ¢o] 3FA B LSS
190g Ui2]e] B71& €& the, ol5 24 x 36 cn A9 2 WEL] Bxo] Y
@A dyslddch. waE ¢lsle] BT LIPELECR e zhoT ZAs)
ol2} A T tiRT THOE 27 6 me FHEL 4N B
Asiglch. EAY Wk 5CHN HAstAA Eaje) sz, EdolAe
A BE 5 S35t
= BE AFolA gatd Zoz AFo)d Tste Zo] 35 cm, TA 245w
29 Z21& 37 8 x 40 cnd] FX|o} Y Wiyt Fube HE gLatoz 7o)

B FA 245 g ZE& 11 x 40 cnd] FAo] T3 WAt o]}

2te] o= FA 14 pn] PVC WEOSE W2 yrapo 8 A5} tz1E
Sttt ol B o2 Aol o] 8EE wolx o]yt 3 TAL AL
€ 2% 3"l A2 Qo9 Zute] EAL 10T HAsEA T
ABZE Fsta, AdAMLAES] By, 33ty nyBstd £ wslz

H

il
LS

& LDPE X3}

B ot 2 M K
o N
o
ok,
:tlo
o)
T
ofv
™

ok

N ox

N

t}l. ciZE 8474 LLDPE wrap §E& °l-8-3} =712 wrap X%

GFSEE 3ol &-RA1Z1 ths 37/d LLDPE wrapE AlE3}o ©7]|E stretch
2 2Rl 5Told MAstEA nRAEY FAustel Hulg 5 Ut PVC wrap
U5 =} vlastdch.  golM AEI o2 A2E 1% GFSEE ¢-53F T4 15
m2] LLDPE wrap ol &3] ‘§R’' £Fo Wi ZAsln 5Co] ARt
EASEE stden, T2 14mo UW PVC wrapE A I AAAHS vlasiar).
7= 180g TH9IE 7] 13.2 x 18.2 cnd] ZE|AE|d Egolo] wx 7 WEog
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2EHA] L stolct. EF AFoll BlEE Ag-zeoliteE HIMAZ T 14m
o8 PVC wrap(¥< ALY, (F) LGEE, UR)E Po] EXof AHEs1 2

g wlastadeh.  wrap BE Wriete] UWHE Hcl w©A 3P fiste] el

Bt

e[l Edo] gloje e F7Y wrapUES ZUACH
24 Wy
7t. % Uge ¢4 d &%
HzHAY 3" ZFUE] FIFEALE AP 98t nldEel HEH F
Hiz] ¢lof 1 x 1 cm 27]8] BFE 93 F27]elA 3¢Fo] dojal= uldE A=
FYL |HAsAcE. 0@ Eol ulely YIFALE BHII] sty AHEH nix| e
25 ZAL2 Table 4-13} ZHot}
Table 4-1. Experimental conditions for antimicrobial disk test of the
packaging films
Test organism Medium® Temperature (C)
Escherichia coli
LB A 37
(1IFO 3301) gar
Staphylococcus aureus Nutrient Broth Agar 37
(1FO 3060) 8
Pseudomonas aeruginosa Tryptic Soy Broth Agar 30
Bacillus cereus Nutrient Broth Agar 30
Bacillus subtilis
(IFC 12113) LB Agar 37
Leuconostoc mesenteroides
bacilli MRS
(ATCC 9135) Lacto a01}11 MRS Agar 25
Micrococcus flavus
Nutrient Broth A 3
(ATCC 10240) utrient Bro gar 0
Saccharomyces cerevisiae
(IFC 2044) YPD Agar 25
Aspergillus niger
Potato Dextrose A 25
(ATCC 9029) otato Dextrose Agar
Aspergillus oryzae
(ATCC 22787) Potato Dextrose Agar 25
icillui
Penicillutum chrysogenun Potato Dextrose Agar 25

(ATCC 10238)

"Media were purchased from Difco Laberatories (Detroit, MI, USA)
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L Aol FA53
ZHUL] 0.2 €O, BEF &3

CIR I Z2]&(column)} HAEE ZAZE7|(TCD, thermal conductivity detector)7}

Ol

171 1A ZAhE 714 1 nLE 2]3}e] Alltech

A" JIAZEntE T Z(Hitach Model 163, Hitachi Ltd,, Tokyo, Japan)&
steict SHRALEAN EuEJ|A|(carrier gas):= Hed 30 ml/mine] §og 3=
A s, 28 & 40T, FYH(injection port) &= 70C, A

(detector) 2%

fr
(Yo}
(=]
@
]
Jo
)i
;é
k)

AaAge nBE 5L Astd 24 A8 dFY BolN EH 5me] 23
10g& 33t Ed4 10 nlo} Este] mialsigdz, o] niyd AFE 7Ixa =9
gt 2718 F25Y FHoAL nlHH AEE &5 o M3t Pcan)
Z|(Difco Laboratories, Detroit, USA)ol =atsle] 25ToA 3zt wjokst & =4
stgich.  fAlE4= MRSBIX| (Difco Laboratories, Detroit, u]Z)& A}&sto] 3

0TollA E7] &71ol 5U7t wiekstdrt. ER4E= AZL29S chloroamphenicol

ﬂll

& 74+ PDABNR] (Difco Laboratories, Detroit, m]at)ollA Ewutslz 25ColA 5
A7t wigstolrt. BReF Fuo] $2] EAHL gL ¢xoE MY gzg
FAAtoll 2JsliAM pH 3.58 ZAE A3l PDAB|X|(Difco Laboratories, Detroit,
USA)oll E=wksto] 25CoA] 5Lzt kst ¥ 243t

ascorbic acidi= A|& 20g& metaphosphoric acid £ 20uLE wjsle] &3}
F oA 2 of2sto] 500l -3 TS 2,6-dichloroindophenol €40 2 A3}
s |

CH(ACAC, 1995). texture'= Rheometer Compac-100(Sun Scientific Co., Japan)o]|

N

%3 5 md YUY adapterZ Fsle] 2ugroT WYY A Fe] ¥ 10 mtx|

O 2 60 mn/ming] £ET BPAZY o dojx] 3B (yield force)S =35}

ke A

o] ZAX(firmness)E HE A5t ).
o8 532 Edol FHol7l MAAY dRH RS Zerd, Ao ti3t A
o] H]Z2A Yepfgch &Y BE AL AW HEL] A Fo] )zt

Tyt
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1. A5fA 71548E Ad 23 &4 A

7t A= FEE Ad 2R 279 @Y

Zae JABAS 2AS] $lste BEAT TR WES FHst 10T
A 0, I 000 EHEEZ ZAsGom 1 AE Table 4-2014 EoF3 gich o
A2 EE3} LLDPE wrapB Eo] & $AEE Holi 9lon, LIPEUES] Z+E
St e ASe] vlad 2 FR=E Vehia ok 223 EZ2EUR A
a2 SQ'IE—::O.] ‘5%%"'15‘" EE Ro|i gict EI]/‘ﬂ:‘“"'(mic.roper‘for‘ated) 2o 0%
B5of thet coEE] w7t AL 1.00] JI7RE %L BoF= Wl polyether
block amideZ 2L 150 717}8 &2 H|E HoiF3 Qrh. HH3 Zelodd ¢
Zozzgad B Tz A 3~69 Helol dged, oy It I1E
A} WE] ALt A fApsith. R it A= vlE FAMFE X
st mlof UjFol @ojd 4 ol Ata @ ofalsls o] AT T8 F
are x| Qlzjolm(Yam3} Lee, 1995), Table 4-20j|A Uity b 9let g2 2
£ zxo dAA FLH 4 ok 53 A=Y W E YHiFE dnE zeTh
olg3t AR TP 0 W 0, L5 8 AHojsl: dof AxF ZFuolE et A
o]-£d 4 AUrt

. 3tad 3] ©@y 2L sy

LDPEo] &34 EA& EYsie ¢aste] Azd #EL 3™ o] FEE
g atFd TR FFELS AYE] ¢t nldEol A Bt
1x1cn 3719 LES €3 PE JAFYS DAY v}, 2 F3}e Table 4-33
Zokrl. Aldof] A}2H WEZo|M sorbic acid®} GFSEE EH HEo|
Escherichia coli % Staphyloccus aureus®] wrejglote] thsir -34S 715 ol
Rog Uehia glem, ’%:1@01] AHeE BE WEo| Folet AR e

RN
L
2 49 Lehf®] B3tz gt gl sorbic acid¥F HE

)
0w
=
X
oX
2
X
02&
).

b0l Leuconostoc mesenteroidesol ThElA = AslsE S 717 HoZE Liepkt

flo
do
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Tl UBFEEYN FAFEE0] 2 AAEBE FFEY dPFEE IRE o
UEREARE (H2%

28] P40l WEMZAYAN & ex2
Aste] WY 4+ 2ee AMNFE AT MAUCL}  EY ag olee ThY
ceramic ZJ&Q] Ag-zeolitel} Ag-zirconium% AlEX Ao o] &A] FFAHL = A
22 H3¥3 9louk(Hotchkiss, 1995), & 7 disk testo] 4 RAo] Hal
A oot o)y 2 wahjx|ge WEY 374 disk AJPoRE SE3 g
w8 Udo| oL 4 AUk JHsHE Atk ubHo| GFSEE $¥{AIT %
9 AzAFFAME sdgdo] I REHT YL HFAr)

)
i
rlo
e

Table 4-2 Gas permeability of packaging films at 10C

Permeability
Thickness 2 Co. bili
Plastic film® (Maker) (oL/m° h atm) 2 peﬂmw.{lty
(Um) /0; permeability
02 COg
LDPE (Daelim Vinyl, Korea) 30 132 645 4.89
LDPE (Tesco, UK) 20 376 1350 3.59
HDPE (Clean Wrap, Korea) 10 324 1341 4.14
CPP (STC, Korea) 30 41 127 3.10
anti-fog CPP (STC, Korea) 30 43 128 2.98
OPP (STC, Korea) 20 42 120 2.86
LLDPE (Clean Wrap, Korea) 11 616 2399 3.89
PVC (Lucky, Korea) 14 290 1844 6.35
microperforated PP P+3000
(James River, USA) 55 1382 1572 1.14
microperforated PP P+600 35 793 1027 1.30

(James River, USA)

Microperforated nylon/PE
(Sumimoto Bakelite, Japan) 52 a7 929 1.01

Polyether block amide (Elf

Atocehm, France) 40 97 1439 14,83

Pol})'olefin PD 961 (Cryovac, 30 109 424 3.89
USA '

*Abbreviation: PE, polyethylene: LDPE, low density polyethylene: HDPE, high
density polyethylene: PP, polypropylene; CPP, cast polypropylene; OPP,
oriented polypropylene
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Table 4-3.

Antimicrobial activity’ of the packaging films observed by disk
test against various microorganisms

Film

E. coli

Sta.

aureus

L.

mesenteroides

Sacch,

cerevisae

Asp,

Asp. niger

oryzae

Pen.

chrysogenum

Plain LDPE

LDPE with
0. 5%
Ag-zeolite

LDPE with
1.0%
Ag-zeolite

LDPE with
0.5%

Ag-zirconium

LDPE with
1.0%

Ag-zirconium

LDPE with
1.0% sorbic
acid

LDPE with
1.0% extract
of Rheum
palmatum

LDPE with
1.0% extract
of Coptis -
chinensis

LDPE with
0.1% GFSE

LDPE with 1%
GFSE

++

LDPE filled
with wasabi
extract

PET® coated
with wasabi
extract

s, . .
- no reaction, +:

mm,

Table 4-4ofA: 3}

Faae] Mool wlE WS o

A 8BAI7)E delle o &ol AdolM F7 50umFEe) B
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clear zone of 1.0~2.5 mm,
*Abbreviation: PET, polyethylene terephthalate.
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Table 4-4. Physical properties of low density polyethylene (LDPE) films
impregnated with antimicrobial agents

Physical properties

Thick- . -
Film ness Tensile Contact Shrinkage Transmit color
(um) strength angle (%) lightness
(MPa) (°) (L value)
Plain LDPE (Control) 28 11.2 100 76.3 93.7
LDPE with 0.1% GFSE 27 9.5 79.4 84.5 93.3
LDPE with 1% GFSE 26 11.6 76.2 85.4 93.9
LDPE with 1% Rheum
55 12.0 87.4 86.6 90.2
palmatum extract
LDPE with 1% Coptis
. . 48 12.1 91.8 87.5 88.3
chinensis extract
LDPE with 1% sorbic acid 49 13.0 27.8 86.3 90.5
LDPE with 1% Ag-zirconium 50 12.6 51.8 87.1 85.8
dad 248 AUEBeloUde] 1x SEE PRAVE AE AYRED 239
o .

b
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oX,
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re,
o%
o
o

F2] okolt}t, E3| Ag-zirconium
& 7 UM AAF ZAHA
a2 g

TG S $HE

ERLUES FH7t th2F LDPEH Eof ul3)] &2
oA GFSEelje] of2] ¥i’d £ H7le UEY L AN, F o 4
He HASIL £EEE LAl R2E Uelylth, GFSE H7F 982 ofzte) A
AulS Hou FEEE ¥Fdglen, oY 2 A F22EL JAAY T3S
2N Z-E Vel 23, Ag-zirconiumz} sorbic acid7} B H LWEL F=sigt Al

& UshiAE giont o7ty FHE Z4E f¢teg 17 4 otk mety
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HI S Table 4-30fl4 48] Wgo] AFHE 717 H o2 Vet o8y &
gol A Aldajae] ZAFol n]EL HAE AAlst EARE sdY 4
=77 E8% EAolvh.  mielA o]& #Isty] ¢lsto] A disk testoq £

I

UHY GFSEE 74171 52 A3 E, 155g th9]8 22 x 24 cnd] TWE

eV

32

rS‘-

Bxlo] T%(Y% 6 m)e 2/ & 5714 el Wkl 5TolN AgsEA o
Wit ST A5} Fig 417 Zh 1% GFSEA/IE LOPEUZof E3Y
£

A5
N
Yk
[e]
e
i
o]
ne,
lo
X
oX
N
3
o
0
s

X
lo
b
ke
f
i

4

} elc} (Priepke &, 1976).
Ballantyne 5(1988)2 5¢3<Ql ZAjo] Uelhe AHE 7|&02, Ao s
F71%8 EBY ml 5TolAM 7~999 ARIE zH= RS BT u} Yrb 1%
GFSEH7He LDPEH Fol 2J3t 2 4bFolAe] ngE Aeeda] Tae A% 1590
Ae gz glem, o] wi: o] HAIMs7|Zte WS wolth. 0.1% GFSEE
71t LDPE BE2 tf2F Yo ulsjad T3 3o ofE nWE Agoxe] &}
= B2 it} chlorophyll ¥zt RME oM LW EL) ZHo| u}
TR o] E LAY = Qct (vlolE& g,

0.1%8] A Zolxs Hat nJAE wjz]Ate] disk testo A= stFAo] WA
sollE AA 43 TN E FRT FUE HdFA] B3 BE disk test?] &
Aol U&E Holx, wheld ¥FA ' MAF e THZANAY AP
T sh= 2% AAMr) ol 1% GFSE &4 HWEo| disk testo s SAHF

\’m

rlu

Q! L. mesenteroides®} ERQl Sacch. cerevisiaeol tisjA= 3@ S Ho|z| okt
ot GFolAe] falds RS ALS AT FoME Uehdch oiEAQ )
BE FFof iRl disk testTo g EAH oMol n]YE Aty WL oEs
€ o3 Fo| o ZoE AzHc

Fig. 4-20]M= GFSE0]9]9] clE 34 EAL TUAAA Az2Y "oz 42
= floldet 22 A0 ZAs] 5TolM AAsHAAN ZHH PR o) o
F AAE AAlel ok ZAR AFolMe] 2740 Z1ATOE B o, A
BEI7ole N2 Holzl gxmt A3 5%}%&@]*‘]“ H¥rEE, HFHFEE,

.
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sorbic acid, Ag-zirconiumE& ¥-FA1Z] ZAz7} thRFT ER o] dlsfA] njAaE 2=
< AT Aoz eyt gy 3 o] A AofA nAE Zalo] ¥
FElE ZZRATY FdFol= E zlolrt ZBastAYU gojFr). 34

B BOAE A% 12U71A] FH &f Wl BY 3o ngES

Zo
i)

3 W2 JelE fAIS2 gt nlAEFQ JFoA M 24l
F24 10'~10"/g8] $FolA Eris] f2oj(0'Beirne, 1990), WLEZE, Laii
&8, sorbic acid, Ag-zirconiung 1% $EF /Y LEL njPEZale] ute
ABzT)ol AFolMe uAE FAL ANYoT MY 4 9= RAoT mighc)
ol2¥t A= GFSES A od4 Lol T 45 TyoMY njPE ZAlof
thaliAl LEhd Fig. 4-19] Ao} wlsesicy

B 28 YRAY BELR Q0|2 spEFos WA ZASIA 10THA
AL o= FFF 1078 ©l8tE |Asl= AR 15871%] iz WEo
2%t ZHo] HlsiA ABEA WS n]AE FA1E Bo] AU} (Fig 4-3). A9}
2olo] dPZAzIN & w), Fatulz] Yoo Prpx] FFo Tt BFHL Ro|x|
UE BFEE, BBFEE, Agzirconiun® FIMAZ THET ATH WeoMs
Fdre] SHE AAsiH 2 AA A A oA sorbic acid I WEI} Z xjo)
7t 9l ol F5dch. BEahlx|ate] 53 njgE F3o) thgt disk tests} Az
AMaERAL] n[PE At H=A] AxEA] ¢k 4 QLS HoyFa Yr}

Fig. 4-1~Fig. 4-3o]A Uepd, 34 o] s A 32 Q0jo)Ae] n)
e B85S HWE o, 1% GFSE FJ} WEL vlay =iy ZAE Ushug

lia —

5L tzTo) HslA e Holxwt 1

&

Gotd, A7zl Aol sload wE FESIAE WS HOT MATh  mepy

2 27 s
ofl Wyt 2oz AZEAD B A7zbAeld A% o BAES si@stuxt stach
5 U5 7I3F ULELY o] A HEFHTA AHEY] R EHOET FE
ol & o8y 4 ot 4y W G el AU st = FY T
Yol A% FAY w3le) WA ML AP Ao} W FEL 242
4 e EAYes} vl o PUET, oF st 2B Yo} 4

FEBI d2 GHEY o] &3} WAl B3 Y Folde Ty as £
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Total aerobic bacteria

Microbial count [log{cfu/g)]

3 1 1 1 1 1 1 1
o} 2 4 5} 8 10 12 14 16
Time (day)

Lactic acid bacteria

Microbial count [log(cfu/g)]

3 -
2 A 1 4t 3 1 1 L
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Time (day)
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0 2 4 (5] 8 10 12 14 16

Time (day)

Fig. 4-1. Effect of packaging film on microbial growth of curled lettuce
stored at 5C and relative humidity of 90%  All CV < 10%. @, Control LDPE;
[, LDPE with 0,1% GFSE; WM, LDPE with 1,0% GFSE,
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Microbial count [log (cfu/g))

[} 2 4 6 8 10 12 14
Storage time (day)

Fig, 4-2. Changes in total microbial count on the curled lettuce packaged in
1% antimicrobial agents-impregnated LDPE films and stored at 5C. @: Control:

(J: Rheum palmatum extract;: M: Coptis chinensis extract; A: Sorbic acid;
A Ag-zirconium matrix,

~

Microbial count {log (cfu/g)]

(=3

Storage time (day)

Fig. 4-3. Effect of 1% antimicrobial agents-impregnated LDPE films on total
microbial count of cucumber stored at 10C. @: Control: []: Rheum palmatum
extract: W:Coptis chinensis extract; A:Sorbic acid: A: Ag-zirconium matrix.
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U222 FAREE, sorbic acid, Ag-zirconium 33l WEo g Y]
o 5TolA 12d7 AAH 45 chlorophyl1@#z EEAojA A 3F 2 W
7b glglon, TRRADE A2zt exte] HE Y R AolE RoiFH|
okglth.  10Cold AZH olo EAMle] glojME iRy i vla] ¥4
02 ¥A Ae| 77t £438 ascorbic acid EEFHE Bojn, ZZoM AHzlFzt
o ungt zfolE UAT 4 ¢rh (Table 4-5).

Table 4-5. Effect of 1% antimicrobial agents-impregnated LDPE
packaging films on quality changes of cucumber stored at 10C.

Storage time (day)

Film Quality item
0 2 6 10 15
Ascorbic acid
Plain LDPE (mg/100g) 4.9 3.1 1.9 1.0 0.7
(Control )
Hardness (kg) 3.51 3.20 3.04 2.92 2.78
Filn with 1% As“’rbifl:;“’ 4.9 42 23 1.3 0.7
Rheum palmatum (mg 8)
extract Hardness (kg) 3.51 3.29 3.06 3.00 2.63
Film with 1% o
Ascorbic acid
. .9 . . . .
Coptis (ng/100g) 4 3.9 2.1 1.7 0.7
chinensis .
extract Hardness (kg) 3.51 3.24 3.17 2.92 2.77
Film with 1% Ascorbic acid 49 37 21 1.7 0.5
. . (mg/100g) ’ ’ ’ ’ ’
sorbic acid
Hardness (kg) 3.51 3.06 2.95 3.00 2.70
Ascorbic acid
Film with 1% (mg/100g) 4.9 4.1 2.2 1.2 6.7
Ag zirconium
Hardness (kg) 3.51 3.24 3.06 2.91 2.77
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2. AAALABo] 2§ JHsd XFRALAA U AA 2Pl HE

7t AAdA LR 3F 54

Table 4-60lA AAF 2zt THo m}a}/q ZAY 3FZ2Y parameterE HAFI
olch.  @o|A T FREY parameter?} TFRWE H-GAIFo oJ3to] 2 A d2j4e
o] 7 zZAMY TFEXEL o Fo] e, ol 5 FAEE ze St
28 LE TN 0, @ Co; HEE olF3te ol o|&€ 4 gtk & delA

olglgt Alda4] TEEHS 5BY EelxE UFY JAFIHEE Lsto

Zpd Al ol-§starzt stglrt

rlr

Table 4-6. Model parameters of Equations (4-1) and (4-2) describing the
respiration rate of fresh vegetables as function of 0, and CO;
concentrations.

Commodity Experimental Respiration Vo Or Vic Kuo or Kac K;o or Kic
& Temp. (C) replication expression (mL kg’ hr) (% 02) (% COz)
Cucumber ro2 10.915 0. 050 16.979
at 10C ! r'coz 7.359 1.563 6.743
Cucumber oz 19.809 11.859 6. 802
at 10C 2 ooz 6.534 3.262 4,564
Zucchini o 22.990 5.585 47.202
at 10°C ! Fon 47.293 6.826 1,072
Zucchini oz 36.227 13.174 2.174
at 10C 2 Ccoz 8.879 0.027 10.745
Strawberry 1 oz 13. 343 0.265 18. 009
at 5C coz 11.966 0.164 11.293
Strawberry o2 18. 080 0.016 11,209
at 5C 2 Coo 14,752 0.007 9.910
Strawberry Fo 20.962 0.303 11.766
at 5C 3 oo 12.490 0.182 35.934
Curled oz 25.138 5.088 1.632
lettuce at 1
5C Ccoz 37.299 16. 553 0.776
Curled ror 50. 131 12.508 1.093
lettuce at 2
5C Coo2 15, 383 2.025 2.800

- 160 -



o AR £Ee] FARALS AT B AL HA

S22
g 2

U

R

ol

k1

!l

o

144

>

Ny

M oot
AT
ok,

X,

. o2
il

i

LS

2

sl

e

i1

2

B

S
o
ud
oY,
N
2

ol SRsiach KWHE BT L YFY 2AEF 1v $EZ YRAAN A2 L0

t2] T 71E 7N FUEE Table 4-7olA B33 Qlv), Eusiglz 3

)
|t
lo
ra

Aol QoM = 733 M4 Usle] FA 7} 40 um o]} 2t

oo
)
rir
o
el
ok
B>

AzY + otk @Y TYUEL FA=L JuHel LOFE WEL welol 9o

O

o, LDPE HEol 34 TFLANE LYAZLL ol HJIglE 2T LDPES vz
steE o, tAlFeR 0, W C0; & VAFREE F/MIIE Ao Uehtz g

th ERUFOlA HIPEFA(filler)d] Lol YNt o JARAEE Y45

rr

S she A nlIAR FFd L2 Hks LPE e £35S o

Ze= olsi¥rh Table 4-7¢] Zold WES FAZ UrolFw sy WY

fr

A TIAFAEEE @& + 2tk olE A FAEE 919 Table 4-6 oMY 3
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g W7IE ©3, ©ol& 25 x 22 cn A9 I F2 gz 7 AuzZaloga
HE BXol ¥i Ugshe 2P0z AFsldry. Zo] 35em, TA 2408 FEQ
Lol 7] 8X37 cn®} LDPE WEEA|o] ©31, Zo| 26 cno} £ 410 g0 Tute
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Table 4-7, Gas permeabilities of low density polyethylene films impregnated
with antimicrobial agents.

Gas permeabilities (mL um/m’ atm hr)

Thicki
Filo rexness 5T 10C
(pm)
02 CO, 02 Co,

blain LDPE 28 2508 10640 3382 14518
LDPE with 1% GFSE 27 2747 11515 3814 15986
LDPE with 1% Rheum 55 3769 16724 5283 25439

palmatum extract
LDPE with 1% Coptis 48 3834 17254 5677 23980

chinensis extract
LDPE with 1% Ag- 50 3416 15267 5145 21144

zirconium

LOPE with 1% sorbic acid 49 3407 17910 4879 22961
LDPE with 0.5% Ag- 39 2872 12804 3871 16473

zirconium & 0.5% GFSE

LDPE with 0.5% Ag-
zirconium & 0.5% Rheum 35 3057 14187 4698 19159

palmatum extract

0.5  Rheum  palmatum 40 3155 15495 4668 19036
extract & 0.5% GFSE

0.3% Rheum  palmatum
extract. 0.%% GFSE & 43 3430 15401 4676 20881

- 0.3% Ag-zirconium

T}, KMHE 3+ S o] AJdAALLHE X oo &
KMHE, GFSE, Ag-zirconiumg U&E7}1EA] 1% 52 H7}A|Z) LDPE YEL 0] L35}
o], IR, =7 5o AEALAEES UBEAEE =St ARITEHA =AY 7]

Az FAEE FAsolch

1) "] E3teje] A&
o EBEES ol 8T 200g ©He] B719] EF Aol Fig. 4-4ollA Hof
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F%0°] PVC wrap X732 UgE o] opd FOo g Qlste] A 3¢ o]Fo] EFH 7]
A zgollA 15%0142] & 0, 59 2.5~3.7%89]9 & (0, 3EE Ro2=7
olch 1% iR Wi UES Jd HZE TS 2o 93 57149 F7=
Aste] A% 13U71A] HlZA & 10042 0, BEE Holu, €0 5= At
miel Fxt F71ste] 23 139 Foll= 8.4%o] @etdrt, ela o RE LDPE X3
U 4 LDPE BE ZHLE A% 3Y o] Fof 4.0%0)3}18] 0, HE=2} 5.4~9.0%H
218 CO0; s=& UEhlo] N2 7ol vl v JAZAEE B4HAIZc UEA
23] ol ZAIARYL Hrlo] AR Ego] HIloe, 0 FEE FET)
FEOIU C0; B2 FuiE A Ao 2T 20x4Fol njx]x] Bl YA
tHZ &% 5 1986a: Kotecha %, 1995: Woodward®} Topping, 1972: El-Kazzaz &
1983; Ke &, 1991: Harris®} Harvey, 1973). utAel BA7INZFZT AL HAY
& we ul, 2 FUAL ZAAIAY ZRUYL WP FAIE &
0 EE €& F oY, o] F% 0; 5=} Oxol 2Hs= 8713 27| A
7] wiZol vigtsta] ot (Yanm3} Lee, 1995). mwlalr Fig. 4-40A4 @ojz|:=
ERHE L LDPEA LEol osliN 713 2AE& FUA7IR] godA 1338 &
< C0; FEE YAshs 8AAA VAR B2, o7} Wil Ao ozt

oA 2AER TR Yl Y njyE5 HIE RojFa Q)

th FEe, RAES, RS, BERolAN ¥4 LPERECE XY @iJ A%

6d o] Fof dA3d] W2 nYE HAE BoiFI girh. 2T LIPERFo] UEH

Bdd HE(UIBUER, FAUR, Ag-zirconium ¥F) WE Tl o ws
=

(Fig. 4-4) A% 64 °l-‘}’-°ﬂ A3 w2 nBE S

HQl S Fd48 ZH uBE oz &S EY3] RoAF: oz umtcigr)
BUS LSS AMET M4 BE Ao EHZ:-T" LDPEX ol Hls) AFZF &2
0, =&

Z|StAME (Fig. 4-4) VA e nPE 43 2 FLe, =3
ndE AL Holq g¥Fg il F& BYst Acke A
UERASL itk 20% o] 4o &2 €0, $ES = HYI|AI ol HAYS &

A7V (BB 5 1986a: ‘Kotecha %, 1995 Woodward®} Topping, 1972;

o it

El-Kazzaz 5 1983; Ke &, 1991: Harris@} Harvey, 1973), oA A3t uje}
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o] £& 0, 355 @& LDPEA U9 EA2AL FaAlol 713 2ol 77k
0, 52 7|3, ol o]E WALt (Kotecha 5, 1995: Woodward2}
Topping, 1972). wetd A ZetAaE] ZAo|A 2xol4de] 0; T 20%0| 4

& 4 9k TARAL @& o] A Ytk F, LDPEA
WE YETPOT AL 4 gl 0.8~4.0%2 0, 5 5.4~9.0%89]2] C0; B &

L mRe} e udBe ASeAE @k o

M(
i)
=)
lo
fau
fr
l.oll
N,
ok
i
o
[
M4

c},

A% 6U7A BE TP &
MZd gy oz BrHgen A% 1
Q% 4 ololth WFAES YHAIW LPEUES
W AR 13Y0IH SUHOT ZHH YIS WASA wro] FAT (Fig. 4-6).
LDPE WEZAE E7142] PVC wrapZ ol Hlshd $o1&e $shA Yol & +

elrh. ciEIH WES AST AT WE THL TU4 A, K42, 2R

[9%]
e,
2
1
o
N
N,
2
g
rl
4z
=
1o
e
3
e
1

Aol B PIHOT 3] R LIPE WREPHCE Bt
(Fig. 4.5) ¥3jold w4t 202 Uehdeh, 434 0E TPl Aeja
0% B TR HAEE} £ ANl dojAN, TFUS FIHoE B
2512 A6 o Fol BlnAY BE 374 nBB(AF, ER)Y A4S B Hol

FEHA &, oY AeldE Wr1Y Fule %S nAEs F%0lY BBE

% 6.3~9.02) (0, SEF 2= YP4 B YBIFo|(Fig 4-4) A4 3T
e ol ulsly WAs] WE FuEE Bold, Fulg oA Weldt WyA
o @aje} w@d WES NAE MR} HE¥oE HEY AT AW
AR Wl Rrpaae Bl 2ol elste] o] Folxlt Z97t WOER (Ryall
3} Pentzer, 1984), TIAE 433t ¥uioke) AU ABYE BI| AshHE B

ole] 4 T ATE Basl gow ok F7H8Q A7t Way Ao Az



Hrh 223 TR IxsEE H7H 22 E, FIFEE, Ag-zirconiund H]

AEZA 9 Fujo] g HolA HEZt] zte] glo] ul=d TS LIERASITT

Oxygen

20

O, concentration (%)

0 ) 2 4 6 8 10 12 14
Time (day)

Carbon dioxide

CO, concentration (%)

0 2 4 6 8 10 12 14
Time (day)

Fig. 4-4. Gas compositions in the strawberry packages at 5C. (: PVC wrap:
@®: Plain LDPE; A: LDPE with 1% Ag-zirconium: €: LDPE with 1% Rheum palmatum
extract: <: Perforative pinhole package of LDPE with 1% Rheum palmatum
extract: W} LDPE with 1% Coptis chinensis extract. :
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Lactic acid bacteria

Microbial count [log(cfwg)]
w

Time (day)

Microbial count {log(cfu/g))

YeastOO
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Time (day)

Fig. 4-5. Changes in microbial counts on the strawberries packaged with
different films and stored at:5C. O: PVC wrap: @: Plain LDPE; 4&: LDPE with
1% Ag-zirconium: €: LDPE with 1% Rheum palmatum extract: i Perforative
pinhole package of LDPE with 1% Rheum palmatum extract: EM: LDPE with 1%
Coptis chinensis extract.
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Fig. 4-6. Decay of the strawberries packaged with different films and stored
at 5C for 13 days. Bars indicate standard deviations of the data.
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S 1986a: Burton, 1982). ulz}lA
ol xAANEEE IFI Z2 AeF ded njYdEF Fuirt dAFHE
CA(controlled atmosphere)*]AZ ZAollA A3 Yolx] Qo] BAE T QrHLi

pu |

2} Kader; 1989: El-Kazzaz 5 1983; Ke &, 1991). Fig. 4-80jA % m]A N80

= (]
=
dAHAE FFd U5 AN F=7 & fAEded, dgYS dd 2

EZTFEANAE H3E UE ZA vl W2 09 &2 C05EE ST UE
8 EXo] 48 F=HAE Rt

" Weight loss (%

Time (day)

Fig. 4-7. Veight losses of the packaged strawberries at 5C. (O: PVC wrap:

@: Plain LDPE: A: LDPE with 1% Ag-zirconium: €: LDPE with 1% Rheum palmatum

extract: <: Perforative pinhole package of LDPE with 1% Rheum palmatum

extract; Wl LDPE with 1% Coptis chinensis extract.
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Fig. 4-8. Changes in firmness of the strawberries packaged with different
films and stored at 5C. (O: PVC wrap: @: Plain LDPE; A: LDPE with 1%
Ag-zirconium: 4: LDPE with 1% Rheum palmatum extract: <{>: Perforative pinhole

package of LDPE with 1% Rheum palmatum extract: El: LDPE with 1% Coptis
chinensis extract,

EZE W& 134 A F, /M8 THELS 9 BrollA 8 BxREZoE 7
£85I, pHe 3,904 4.25820= A5sla FARS 0.8%0A] 0.5%FE2 A
grh AlZtol] uwlE ol¥ sty Fuwsle] ZFyL  ZEul S(1986b)ol 2 shA
2CollA F7] & CAstoll A AH rlofre] et} Adxjstz gl shxgt Aty
A WP PN FABIAU FHRY A2 7Y Ajolgt YL wAY 4 glgr).

w719 BHIAzE RG] ¥EE HES o83t o dojM= AEHOT uyP

_|_4

=, Ag-zirconium & I¥5EE TFA|Z LDPELEL Al&3te @
718 WE TS 0]AE AL dAsln &S 24NN oty AEE &
BEY 4 %k A &R UEY LEE A 23 "IN 2EE Huf o)
ol #213ed EE HojForh uleld ol I TALWE] 23 wWrje] =
Bol @719 AdERA Lt A7 Aol AAAA $rhe] R ALY £ 9
Zlez FriEldch
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2) Q0] W Ful Tofo] HE

EZUES o|8F 2ol BAJARATY AoAY XL JA=
£ Fig. 4-99A4 R Fa gl 3714 diz3 22 oidd 7142
Asle] 7)o A3} v, LDPE WEMN 37344 EAL HJ1gE LDPE UEol
ozt L2 AR 5UOIFHE 4.9%0]51e] W2 0; 5= AHH LT FIIE = O
SEE Bt ANFo= T JAlsEs AR 12 Foll Bl =il
3, 0, $EE A BB ZHoM 8.9~9.8%F 7} EUIL LDPE EA oA
6.3~6.8%% 713 Ygtom, ciE UFY UWIERFL olE F WY Alolof 4
t}, 0, 55 LDPE UE2} GFSE -7 "WE XAo]| 1.5~2.7%F TIE X Ao
H)a] 7 ok o, e, Ag-zirconium H HWEL 0.7~1.2%F A 2|77t
A wlzstadrt. el AR 19Ygo] AUEA TR FZH(free volume)o] &
olgolA XFo] £HULE Al JAREE FHY + Tt Kanellis &
(1988)2 20]2] E7|13 3&L2 FuUr7le ¢AY 0, =7} 0.5%2 RI13 v}
om, 2 A7 o7 LWSEAH 20]& A 27 F¢ /st FUHA FXE
A EONE wl ofE o[l el H|E UAY 4 Uk umiebr & AFolA
2ol ZjAE LRI o)A dolF 0, 0.7~2.7%, C0z 6.3~9.8%2] =ML @
olo] MHINE HUA|FR| AU ALY AL FAPAN ReE: AzHcl
EZ ol JIAIRAE S A AAFY FEAY VAP ZA A Mg FAAE ¢
3] FAEE dulAel J|H=AQ 2~5% 0; U} 3~8% C0; =9 v]2d 77t
2lof elct (Day, 1993).

Fig. 4-100]4 = 3219 o] ZA4Ue] 7IARE S HoFa glon, Wegd £3
FollM & Ag-zirconium H7} WE ZFM 1050142 71 &2 Co = W2
0; =5 HQl ®bH, LDPE A3} GFSE 7t WEY ZAIAM Hl2d U2 €0, &
2 0, 58 Rl Park?} Cho(1998)7} Zute] Z oA EARFR|o] 33
o2 BIF 0, BE 2~7%, C0; BE 5~8%2] Helo] 2 MAREE B

32

e LOPE, GFSERHS WE, Ul 222 6 UE, %l 222 94 »s
of 2% TAoITL oSS M 1000 FRE (0, SEIME 5.3~7.9%2] |5
+2& BoL}, 0; SEo|A LDPE, GFSERH Mo TAL 6.5~8.9%¢] &2

2 HolZ % W P FBE TR WS FTAL 0.8~2.4%8) W ¥slo]

ul

N

32
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Fig. 4-9. Changes in gas composition of the cucumber packages stored at 10°TC.
O: Perforated control: @: Plain LDPE: M: LDPE with 1% GFSE: A: LDPE with

1% Rheum palmatum extract: 0:‘ LDPE with 1% Coptis chinensis extract: {: LDPE
with 1% Ag-zirconium.
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Fig. 4-10. Changes in gas composition of the zucchini packages stored at 10TC.
(O: Perforated control: @: Plain LDPE;: EM: LDPE with 1% GFSE: A: LDPE with

1% Rheum palmatum extract: €: LDPE with 1% Coptis chinensis extract: <>: LDPE
with 1% Ag-zirconium.
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Fig. 4-99F Fig 4-10004 @old el AMZHE Qo Bute) 3FH =

U2 AAEAEel] 4T Aol o5l ZAT Aotk LOPES} GFSE A7} ¥
S y7-28me) e SAZ skl FAI 8~5Hmd THE AP WERT 0
D o8] S FohEl oul, wied AHACR e 0 SEY WS 0 FEE
el RAAZTH ORI B F2E, Agzirconiwg /Y WELS T
& 722 dsio] o5 Wl we) ATiHoE AATHES weten, o2 s
of WE 0% BE (0, HES BAAAT
249 eolel AH 2 EolA ulAE FAllM) HHE Fig. 4-leld HoiF
Tk AAMAQ APl BAH 2P Zgel ulshd UEERY VAAAZ
Bgol we BAM B34, THold} BEe] 4+8 Uthidth 24 Lo
2 eole] Tho| Folo] HAE ARE AAS AYS HeFA Rotdrt ol
Agre TRY Toe A% 2 GAE 4o WSINE Uehton, 374 &
Fao) 2ao] QolAE AF 1WA BRAMZEIg] B4 )27 Eo)
Wato] Xol® Holx| ottt (Fig 4-12). ol AYS Yolal & 5CoA 27

v L Wkl
nllo

o

o] BAINZAZA A 3FA Yol AT nE FAGAY BAE EA A
e iz ot Wil EdoA Y njAdE FAlo] w2 2AAHS} TA Ty
7} 73] Uehls o] ol Futzke tiE2n, oy 549 Ao} ¥ E
£ o RBE Ao nXEe S ct2A ¥ Aoz F5Hr)

10ColA 27¢ AZE ol Rul&S B F7|4 27l BF LIPE Fo =
xAE A9 74zt 95.2%9) 61.9%5 Kl Wi, g o] HUIE HEY XS
o]& EATHT} W2 £F(23.8~42.9%)& UEehlHdCt (Fig. 4-13). HSF 4
T2 EFUe JAHZAY g3l o3 Fujgo] deld 4 gldZlen}, EF LDPE
T} AL L NAZAEE B GFSER7L ol oJF LAo] HAxtHrt w2 #

Hee B AE BE, ¥F4Ae Edo] Frig Ao dF 7% Ao g

ilo

Hl
SHR| e Sure] TAOA = Qoo Mt W] Ag-zirconiunE FUIE WELoET X
A3t BL71 81.0%2] Huf&S LERjolA T4 iR EAe] Tl.4xHct FX|&
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gt Az}E Uehlgith (Fig. 4-13). Ag-zirconium H7} B2 ZAToA 713 &
2 10.0~11.1%8] CO, 5=& R Aol FEEM (Fig. 4-10) o] Q¥ e 33|
b BUY BT Ushd 2oE HHHUTh e Hof 0, 88 BEol oy A
87} Q7] o] wAslol old ol 9o BANNZAT R YRy UES
ol g3t %ol HY Bl Y NAZHEL AL Ho] Way Zow A
ZET ol UL Y JATAEE 2 UBe AFol FRY Folth %
£ 1068 2348 0, SEE Aol widPei B AL 2R 2 £
of. qhEel BE LDPE L OIS 334 WES ASY DL BRE B4 fz7
ol waly We E3jge Hold WP7H ¥u1E odxlol 2PHY g ¥ 4
8¢ Mol: gtk ey WEM Ay AAY BEST ERY A9} uE
LOPES] Bl3lA o W& $3)&S Holx BYE Tuel LaAo] Y24 BEo| MAP
o Zjololo] T}E ¥rHel APH By LSt Rk osla GRSEN
7 UE TRS BE LPEZYET O 2E F38e WA
Y9 422 AES WAL ALY Aol Wobd HelTe) Eag dnre

g T fUATHFig. 4-14). ciAld o8 QoloL: tf#, Ag-zirconiumES H7}gH

)

7 EZ AR F 52 ZEY fAE B4R, Iubolde YA} GFSEE
71 "EL ERo] 2 FEE FASKAh. AR HFA AN FE2 TR 2

4t ol g3 279 Astel slelg oz B 4 gt}

¥

o

Z3Y olold Y24 UE TRl 2T Y RE LPE YT Tguc) £
ascorbic acid B&E& LUEehig oy, Fuloi= Ag-zirconiumE F71gF WE xA}
7t Y2 ascorbic acide] HEGE Hel o] EAp o] A xlo]& W&
FRY FYS & 5 o) (Table 4-8). o]l= s34 LSS o]&3 HA/NA=
Aol o) viehd Fufge] Fole} nlsegt Mol wWadl, Lo ¥IFH =
2ol og "WEEFo] K& 7429} ascorbic acid HEQ] HEItAQl A AA skal

EAZ] didof Fubel e asla] Bl 938 EAU 10%0]4e] &
< 0 FEF FPAY Ag-zirconiumg H7IT BE o] Ttollx w2 HijE

UABAF| 5L 2 ascorbic acidEE S Bl 2 43 ABEA $ 9l Zolth
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Fig. 4-11. Changes in microbial counts on the packaged cucumber stored at 1
0C. O Perforated control: @: Plain LDPE: W: LDPE with 1% GFSE; A: LDPE
with 1% Rheum palmatum extract: €p: LDPE with 1% Coptis chinensis extract: <:
LDPE with 1% Ag-zirconium.
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Fig. 4-12. Changes in microbial counts on the packaged zucchini stored at 1
0C. O:! Perforated control: @: Plain LDPE; B: LDPE with 1% GFSE: &: LDPE
with 1% Rheum palmatum extract: 4p: LDPE with 1% Coptis chinensis extract; <:
LDPE with 1% Ag-zirconium,
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Fig. 4-13. Decay of the packaged cucumber and zucchini stored at 10C after 27
and 31 days, respectively.
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Fig. 4-14. Changes in firmness of the packaged cucumber and zucchini stored
at 10C. O: Perforated control: @®: Plain LDPE; @: LDPE with 1% GFSE: A:
LDPE with 1% Rheum palmatum extract: €4: LDPE with 1% Coptis chinensis
extract; <: LDPE with 1% Ag-zirconium,
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Yol HgS IANHLE FYSNH, 0, FE 0.
gA71s 2olo] BAZAZAEHL Yy) Tl
A, B3d BEY gL )

olet= ¢
3}

g, 3ute] T o= 0, 55 0.8~8.9% (0, 55 5.3~7.9%8 HYE Hol: #
ZAAZARGL ofzte] n]gE 4ol ozlet ¥ulg BAE sAHeAU FFA
Lol AT FHH ARY gL EAE E& & gk FFE Eelay
YEL o8 A AAFe TR 1 EEo HAY JARYE fASlE F Sl
AL BAATE o 7% 4 dom, BB nleld g7y LE aze 2
A Aozt & 4 gong FEo 548 2o ofgHolol & Zow yztElg
t}

Table 4-8. Changes in ascorbic acid content of packaged cucumber and zucchini

stored 10TC.

Cucumber

Ascorbic acid content in mg/100g for storage

Package periods in days

0 5 12 19 27

Perforated control 7.6 5.8 3.6 1.6 1.1

Plain LDPE 7.6 5.8 4.3 3.2 2.3

LDPE with 1% GFSE 7.6 6.5 6.4 4.7 2.4

LDPE with 1% Rheum palmatum 7.6 7.3 5.7 34 2.9
extract

LDPE with 1% Coptis chinensis 7.6 6.7 46 39 2.6
extract

LDPE with 1% Ag-zirconium 7.6 7.0 5.1 3.7 2.4

Zucchini

Ascorbic acid content in mg/100g for storage

Package periods in days
0 10 17 25 31
Perforated control 6.6 6.4 6.8 8.6 4.6
Plain LDPE 6.6 7.0 7.4 8.7 3.7
LDPE with 1% GFSE 6.6 6.6 7.3 7.1 5.1
LDPE with 1% Rh 1
with 1% Rheun palmatun o o 70 80 7.1 6.4
extract
th 19 . . .
LDPE with 1% Coptis ch1nensz§ 6.6 7.3 75 7.2 6.8
extract
LDPE with 1% Ag-zirconium 6.6 5.7 4.9 5.2 6.5
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3. BAE A& ¥28 LE A=Yy Ay

. 2ol Y 34 BB 72

B34 BES JHEste ool oA PR 129 dxeAYS 3
of o3l WES HYSIEE o] AHolMY B 2ER UslY FZA
M3 glon], o qstel MzY EHUES nAE Aol AstUr). wee
Hejel =287 g 204 BFH BEL /IBY 4 A Wl Auho
ARE AL 4+ 92 Zos AYHUrh  Suiy A2 (binder) ol

23t &
Fad 22 55U v UEol AWt {ulE IUAIIE ol Ho] sjAH

LDPE WE2] RS A44e HBE ITRE 48401t A4y B9 2ol
oFrh webd $84 YFEAY o] FeHES T2U AelY 43 w T
AU s S Yol GFSE £, Y F5EB 89, HA 328 842 2% 10 m,
100 um, 100 pm ZHA2) roll Aol F3alA TYE the WES A=}, 1 £

2 23192 o, YA S99 TYL WEY FAS & 1~2 m A= EH
& 2og Uehdth $23 ethanol 4] FWol 93] 1E gaAo] HE
402 Yol Wi HEE AzY *JEH«I o] T Wstol nXE Fare of
F ojujgh F=olgith CFSESYCE TYY WEL AS AZ ¥

Fol=
o1zt WSl et Ty B %“—é%ﬂ] o3 TUYSe) AzFol= Eelof

PN =3 el TAADE @ao] gt I WEHeMe 38 B
FEol §315)7] ol AoAHEe) BAAo] £EFUOT Qsjo] EETAS
FASHE BHIRPY 80l W VB Tdel xEdAY ¥2Y W, U§ =H

fr

oMol &2 FelfAl= 2ttt ole FFELL o]y g £ol3A 3F
2394 wol Qb tE, AZAQ 2HoE H8Y 4 Arh Y4 29 LK
uE -1—101]*‘]-4 BEEE F7H717] dsiMEs 3 EXS AR} A¢AA I3
T West dom, AV AAAL YIS  HA the Fo) Aystach

= dFoAM ZAEH A 71A #EAY 5=
3t iAol A o7 n]gE 3o sl Z#
GFSE® Mo g FEIE HEo| 1~5%8 RE X%o|AX Fscherichia coli,
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Staphylococcus aureus, Leuconostoc mesenteroides, Bacillus subtilisol th3fjA]
P@de Holm,  5~25 B« ¥E % F&E2E 2¥d Bl L
mesenteroideso] ThShA AROIAE Uehjolcth whde] Ade] A8Y RE-UE
o] Pseudomonas aeruginosa, I%o|(Aspergillus oryzae, Aspergillus niger,
Penicillium chrysogenum), R R (Saccharomyces cerevisiae)oll T3l S 3ujzx] A4
oA} A S RoJFA| Bsladrt. 5~25 Bx = Ul F&E §Jos IF
gt WEolME Aol o] &H BE FFol thal /gl vehtA] Qdglct %3

x| Aol el A2 & o GFSE -§oof 3t I¥ o] TFUF ¥F4E Folste
°F BHuEN, I oo FY FEE AT oste] dF9

Table 4-9. Antimicrobial activity of antimicrobial agent-coated LDPE packaging
films as observed by disk test’

) Coated with
. Coated with Rheum
Coated with GFSE Coptis
palmatum extract

Test organism Uncoated (%) (°Bx) chinensis

avtrart (°Rv)

1 2 3 4 5 5 10 15 20 25 5 10 15 20 25

E coli - +  ++ 4+ 44 - - - - - - - - . -
Sta. aureus - + o+ 4+ o+ - - - - - - - - - -
L. mesenteroides - + 44+t H+ - - - - - ottt ++ 4
B. subtilis - T - - - - - - - - - -

Pseud.

aeruginosa

Sacch. cerevisae - e - - - - - - - - - -
Asp. oryzae - - - - - - - - - - - - - - -
Asp. niger - - - - - - - - - - - - - - - -

P. chrysogenum - R - - - - - - - - - =

*-, no reaction: +, clear zone of 1,0~2.5 mm: ++, clear zone of 2.5~7.0 mm.

»

1=
e
1ol ¥ E 71 Zes Hrhdrh o]k IV B oM PP AER F
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&Eo| 71dglel A Hal 94%}04 3 o] vz A fAHd wE RAeZ
F&5dch. weld 3¥Y2, FEs] ol &Ea siudchd, dol 4 A FHEA

£ ZRYUE FHAITIe 783 Wl E = A& oz Frihrh

202 PFEEE ABAHOET LDPE FEO IAW3II] ¢13t LYY viAE
Atz stach. 8 EZS LPE Lol I wiAE AAsH7] ¢i3to
FElo] 7158t M 712 uwlAH|EA] carnauba wax, Ze|of®(PE) wax, polyamided
ZEY A3, A2" L&Y I¥o 48 FAS/ ¥ LYY 882 Table 4-10
o ] Bo{F gitl. polyamide’} €9 £ %7} £ TAZE sl WEo 7}
B 52 AY 1Y BoFn, xI Fo tEiME =2 ¢ dFsHATE o
o] BH|3}lo] carnauba wax®} PE waxi= GFSES®} ¥ I mf, L& 4848 &2
th EHHo R A4&F MEL TRl WL ZF9U UFelER ¥
IRl 2 §2oF AMSSHAE o, $8&40] oW o3t AT o] HMAAA
gl 7Ix] EAE obl1d 4 otk I®o] WARH, T UL FLE3

Uzt olg E3o] AFLZ ol o 83U EAE o/¥ 4 Adrh. upet
A Fad EFE ERAIA Y E A 2= polyamidest FEF Z o2 zheiy of
o| & o|&slto] GFSE W KMHEE ¥ 3tz stdch

Table 4-10. Solubility of coating binder medium with GFSE on the low

density polyethylene in the water

. . Weight gain by coating Solubility of coating in
Coating medium

(g/100 cu’) the water (%)
Carnauba wax 2.43 x 107 30.4
PE wax 5.45 x 107 33.3
Polyamide 8.74 x 107 1.2

GFSE U KMHEZ YT Wl oizl Bl tigt YA Table 4113} B3
r}. GFSER 3H7}¥ polyamide® A®H HEZo] E coli, Sta. aureus, B
subtilis, B. cereus, L. mesenteroides, M. flavus, Sacch. cerevisiaeo] T3]l
BESHA BEEE 7HAA 7R W Eele e tEAN #dEEE e

o2 Jelton, 10%2] #& £&E (Coptis chinensis extract)2 A IJIAHAA FHE

91
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g B M flavusol] i EE3 YIHE HAAch  wbdol 1059 ofF 3

25 (Rheum palmatum extract)Z B7IAFA FEIZ WEL Ao AILEH 10730
theliA FdE& UehiA] Estddch  olg F& ze{Prid, Ald doirEe
(=]
X3 6

AAY 4 Ut YF4 TAUBOSL FEE ANA 2
e

Table 4-11. Antimicrobial activity of the antimicrobial agent-coated
packaging films® as observed by disk test®

Coated with Coated with
Coated with Coated with polyamide + polyamide +
Test organism Uncoated polyamide polyamide + 10% Rheum 10% Coptis

only 1% GFSE palmatum chinensis
extract extract
E. coli - - 4+ - -
Sta. aureus - - ++ - -
Pseud. aeruginosa - - - - _
B. subtilis - - +4+ - -
B. cereus - - + - -
L. mesenteroides - - ++ - -
M. flavus - - +4+ - +
Sacch. cerevisiae - - + - -

Asp. niger - - - - -

P. chrysogerum - - - - -

*Coating was done #5 coating bar of 1lpm thickness with GFSE or KMHE,
*_  no reaction; +, clear zone of 0.5-2.5 mm; ++, clear zone of 2.5-7.0
mm,

polyamide +x\9} LFH £4E LYl TYY LPELEY 714 FHES &

3E A= Table 4-120l4 RojF3 At} ol38t I8L ¢ 3 e A 27
=
=

2
FEe WelE ALFY BAVAZIER o] SHE ol Ralst g Ao

= FaEE QuHe LPEUES HHE RolFy 9l
otk weld oldt BFA Y VES o} @I, o], Tl BAVHZ
A E 3ol o] g3teir}.

al
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Table 4-12. Gas permeabilities of the coated LDPE film compared to the
uncoated control

Permeabilities (mg/m’ h atm) at

Film Gas
5°C 10°C
02 94.9 132.1
Uncoated control
C0, 649.8 716.2
Film coated with 0, 85.3 98.4
polyamide + 1%
CO, 497.6 640.2

GFSE

1. 3vFA )3 LLDPE wrapl] ¥d 54
A2 4o 8 LS AHESHEA HAFY ZHo 2d + = ¥IE 2H
YELS A= W] 3Lt E A Tt} LLDPE (linear low density polyethylene) wrap
& A xSt st Az "] A E AAE A Table 4-132 Zgk
th i 729 ol qite] GFSEE UYAIA A ZF LLDPEE I GFSEY] &%
7} 0.5%0l M= AlEE 1045 BTl thsid HFEES Rolx| o, 1x9] 5
SolHE M flavusol thsAut o33t stFAHS Vet 23 silicad} E3
H TUPElY GFSEx 12 uidel H7IE e of, A¥ol AH8d F5o tjsl
&4
AHgShe AEE 7R et 12 FUE 3 E F7] del 7HEgel

[*]

A BFBAYE Bo{FA] gith.  thE LLDPE wrapo] H| & A2 oo ¥F4

il

A| GFSEQ] 3d/gol nlz] £AEE 20 HAch Wrap¥eje] WES 2L Fol
=z

ox
fljo
N
N,
2]
123
]
lo

o Eagol HgAlol WL FHol YonT oy Y7
HeY & 9k PobE 32 4 vk mehd olag S st ¥ Aol

€ thEol ©719 93 Ayo] F44& LLDPE wrap2 HEA|7122} shich

iy
Pl
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Table 4-13. Antimicrobial activity of the coextruded multilayer LLDPE
packaging wraps™ impregnated with GFSE in its inner layer .
Filled with Filled with Filled with

Test organism Plain film 0.5% GFSE in 1.0% GFSE in 1.0% GFSE in

glycerine glycerine silica

E. coli - - - -
Sta. aureus - - h
Pseud, aeruginosa - -
B. subtilis - - - h
B cereus - -
L. mesenteroides - -
M, flavus - Co- * h
. Sacch. cerevisiae - T

Asp. niger - -

Pen. chrysogerum - - -

*.  no reaction: +, clear zone of 0.5-2.5 mm: ++, clear zone of 2.5~7.0

" mm,
*20% of 15um film thickness was filled with GFSE in the coextrusion,

4., A={A 2 A2 AdALAEN Y] FHE

7. wEA 9e 29 UES AT 2ol9} ute) A%

glojl Al Table 4-99) AFE eistel P74 U WasA ALY THUSS
9ol Bure] Eao] WS w, T Eeh 7HsdS B #stel 1% GFSE R 10
BxsEe thgz ¥ F2ES IYY LIPEYEOE Qo0)9 Tupg AAEE Uy
ZHD 10CoIN AFstaA BUAE FPstGTh Fig 41504 dFA 2
9 WEo] st TAY Solot Fuke AR 3 A FwoHY £24E BAF
2 gt FVHez ¥ZA uY YB AT Lolsh Tuke] THL R ITYTo|
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(A) Cucumber

Microbial count (log(CFU/g)}

Time (day)

(B) Zucchini

Microbial count [log(CFU/g)]

4 . 1 ] 1 !

] 5 10 15 20 25 30

Time (day)

Fig. 4-15. Changes in total aerobic bacterial count on the (A) cucumber and
(B) zucchini individually wrap-packaged with different films and stored at 1
0C and relative humidity of 90%, Vertical bars indicate Turkey’'s HSD
(honestly significant difference) at a=0.05. (O: Uncoated LDPE: A: LDPE
coated with 1% GFSE: 4: LDPE with 10% Rheum palmatum extract: Hl: LDPE with
10% Coptis chinensis extract,
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(A) Cucumber
40 N
30 5
S
&
3
8 20 |
| .
0 L i L
¥
Uncoated GFSE-coated Rheum palmatum Coptis chinensis
extract-coated extract-coated
50
(B) Zucchini
40 |
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>
3
g
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10 |
0 I
Uncoated GFSE-coated Rheum palmatum Coptis chinensis
extract-coated extract-coated

Fig. 4-16. Decay of the (A) cucumber and (B) =zucchini individually
wrap-packaged with different films and stored at 10C for 24 and 28 days,
respectively.
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Fig. 4-17. Changes in firmness of the (A) cucumber and (B) zucchini
individually wrap-packaged with different films and stored at 10°C. Vertical
bars indicate Turkey’s HSD at a=0.05. (O: Uncoated LDPE; A: LDPE coated with

1% GFSE: 4: LDPE coated with 10% Rheum palmatum extract: Hl: LDPE coated with

10% Coptis chinensis extract.
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Table 4-14. Ascorbic acid content of cucumber and zucchini individually
wrap-packaged with different films and stored at 10T

Ascorbic acid content (mg/100g) for storage
period in days

Packaging film Cucumber Zucchini

0 4 11 18 24 0 8 14 21 28

Uncoated LDPE 8.9 7.4 5.1 54 2.2 7550 4.3 5.5 4.3

LDPE coated with 1% GFSE 8.9 6.6 4.9 40 20 7.56.55.1 7.7 6.2

LDPE coated with 10 °Bx
Rheum palmatum extract
LDPE coated with 10 °Bx

Coptis chinensis extract

8.9 7.0 4.6 3.3 2.6 7.56.3 3.6 3.0 3.4

8.9 7.1 4.1 49 2.6 7.56.3 4.2 6.7 3.9

U, 43 ol § ¥FA IY UES o8¢ °r], o], It xF
polyanideA] XA & o]&3to GFSE 1%, th¥ F2E 10%, 3 FE2E 1xS I
Bl5}e] 4| ZF LDPE WEL (Table 4-11), o]&3le o], o], Iutg WEAE]E
ZAst, @rlE 5TolA, 209t It 10ToM AAsIEAM FARIE FH3)
of TRFUEL] BHE A EIrL
Fig. 4-180]4 EXo] A3 AR L File §7148 AL 37124 E& FAs4

DPE WEoll 23t Hrle] ERFFNE 5ColA AX 5~ Tl 0F

[

ElA

—

e 1.4~5.5885 #A3193, O sEE 5.7~7.9%2 HHE 44t ol

Qrofl Al gt oste] 7hEH ¥FAd LDPEo] J3iA ZAuUollA R/=IH L

B3} wsstolen (Fig. 4-4), ole ©rle EAfA =& & + e 71A=2

dog oAZCL

Table 4-150)X4 & W& E%ﬂloi AZE ©@r)e] Azi] we nBEAY FAN E
H

g)zlely ZAMEE Bo{323 gth. GFSE, Ui $&E, ¥ FZ2EE I¥Y
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Fig. 4-18. Gas compositions. in the strawberry packages of antimicrobial
agent-coated (in binder) films at 5C. (: Perforated LDPE, @: Plain LDPE,
A LDPE coated with 1% grapefruit seed extract, €: LDPE with 10% Rheum
palmatum extract, WM: LDPE with 10% Coptis chinensis extract
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Table 4-15. Effect of antimicrobial agent-coated (in binder) packaging film on
quality changes of strawberries stored at 5TC.

Storage time (day)

Packaging Quality item
_ 0 5 9 14 21
Total aerobic
bacteria (cfu/g) 2.8%10% 5.5x10° 2.2x10* 1.6x10° 3.2x10°
Perforated Mold & yeast 3 3 4 5 5
(cfu/g) 3.0X10° 4.2%X10° 1.7X10" 1.3%X10° 4.3X10
LDPE pH 3.64 357 363 3.5 3.6l
Soluble solid (°Bx) 8.9 9.1 9.2 8.3 7.5
Hardness (gr) 173 164 159 164 151
Total aerobic
bacteria (cfu/g) 2.8x10° 3.7x10° 1.5x10* 2.1x10* 1.2%x10°
Mold & yeast
Plain LDPE (cfu/g) 3.0x10° 3.2x10° 1.2x10" 2.1x10* 1.1x10°
pH 3.64 3.64 3.62 3.59 3.67
Soluble solid (°Bx) 8.9 8.3 8.1 7.8 7.7
Hardness (gt) 173 178 218 190 187
Total aerobic
LDPE coated bacteria (cfu/g) 2.8x10° 7.2x10° 8.1x10° 9.5x10° 1.2x10"
with 10% Mold & yeast .
extract of (cfurg) 3.0x10° 5.8x10° 5.8x10° 7.6x10" 1.1x10*
Rheun pH 3.64 3.60 3.61 3.57 3.69
Soluble solid (°Bx) 8.9 8.1 8.1 7.7 7.2
palmatum
Hardness (gr) 173 217 196 192 239.
Total aerobic
bacteria (cfu/g) 2.8x10° 5.4x10° 6.8x10° 1.3x10" 4.2, x10*
LDPE coated
' Mold & yeast
with 10% (cfu/g) 3.0%10° 4.3%x10° 4.3x10° 1.0x10* 1.6x10"
extract of pH 3.64 3.74 3.64 3.66 3.69
Coptis Soluble solid (°Bx) 8.9 8.2 8.0 7.9 7.1
chinensis . dness (gr) 173 187 219 206 226
Total aerobic
bacteria (cfu/g) 2.8x10° 3.8x10° 8.7x10° 1.0x10* 1.2x10"
LDPE coated Mold & yeast . s s s )
with 1.0% (cfusg) 3.0X10° 4.5X10° 4.5X10° 9.3x10° 1.1X10
GFSE pH 3.64 3.72 3.64 3.58 3.72
Soluble solid (°Bx) 8.9 8.2 8.0 7.9 7.5
Hardness (gr) 173 211 240 211 222

- 192 -



2 AXA o] 8 2% FId Tl A WY BRIAzIEZE NS
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Fig. 4-19. Decay of the strawberries packaged with antimicrobial agent-coated
(in binder) packaging films and stored at 5C for 21 days. Bars indicate
standard deviations of the data.
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4-10), Fig. 4-2101M FEH 7IA2YLS UolA ABE 2 Iute] TA{A
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Fol&of AME AA o

& YA 2Y WSO THL PVC wapEH U U LIPELE FRuC) 2] 2o}

lo

A e ZAeE Bl A 22do] &Y I}

A3 (dolEls ), THE BAHICINE A2l 7ze] FW AolE & + ogl
T} (Table 4-17).

ANHoE AHAE olgalN WFEUL LOPEO] 2T W) ozt Ty, ©
of, Zute] UAVAMZPLYL AYANE FZol mel s34 R T7} Aol
b oston], @Eel oa) NY YFY BEETHE APY Yol £2E 7 Bg

Ao Uehth  Huhaix] golael ®rhx] 04 FRe] iz w@H WelHds

b
o
=
lo

ZaA olg $FA =W Vol $4U AT Ushou, Ad AMLF
HEHol e 134 R AL 999 AR Solg WAoT AAHYUY). w
S LEd TR H§S LAY Wt wEt Y2 WP ojz), Ax

o2 gzEt.  ¥Rye

B
u
HH
N
2
g
rl
J
ox,
i)
oX
fot
n)
>
N
oY,
olN
i
L 2
2
e
>i

_&-'._1_

Fad, ZFU JAzE, BF

YENe 4EHE 5o ofd BYHA 245 FUHOE Tasie o] Way

N

lo
ku
rH
rf
i
O
[
o
iy,
N
2
s
olp
o
41
2
fu
e,
il
o
[
X
24
B~
r)v
i
1o
oX
i)
3
A

Bofl mlAlE el diside ¥ dEgdE d77 Yot Aeog Wzt

- 195 -



25

Oxygen
9
=
2
=
S
=
s
=
g
=)
—a— —a
0 5 10 15 20 25

Time (day)

10
8 -
9
=
L 6
E
§ 4
S Carbon dioxide
2
O !
0 5 10 15 20 25
Time (day)
Fig. 4-20. Gas compositions in the cucumber packages of antimicrobial

‘agent-coated (in binder) films at 10C. @: Plain LDPE, A: LDPE coated with

1% grapefruit seed extract, €@: LDPE with 10% Rheur palmatum extract, @: LDPE
with 10% Coptis chinensis extract
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Table 4-16. Effect of antimicrobial agent-coated (in binder) packaging film on
quality changes of cucumber stored at 10T,

Storage time (day)

Packagin ality item
ging  Quality 0 8 15 22 28 35
Total aerobic bacteria
(cfu/g) 5.9%X107 1,7x10° 1.7x10° 4.3x10" 1.1X10° 1.0x10"
PVC wrap Mold & yeast
(cfu/g) 3.4x10° 4.6X%10" 5.1%x10" 1.9X10° 4.4x10° 1.8%x10°
Ascorbic acid (mg/100g) 11.8 4.9 2.1 ~ - 1.4
Hardness (kg) 4.0 3.7 3.5 3.1 3.0 1.3
Total aerobic bacteria
(cfu/g) 5.9X10° 1.0%10° 3.8x10° 2.9%10° 4.3%x10" 2.5x10°
Mold & yeast
LDPE 3 4 3 4 bJ b
(cfurg) 3.4%10° 3.4%X10° 4.6x10° 9.1x10"° 1.8x10° 3.0X10
Ascorbic acid (mg/100g) 11.8 7.3 4.4 3.9 3.4 4.7
Hardness (kg) 4.0 3.5 3.7 3.2 3.1 3.1
Total aerobic bacteria
LDPE coated (cfu/g) 5.9xX10° 8.5X10° 3.6Xx10° 4.9X10° 5 1x10° 7.8X10°
with 10%
! 10 Mold & yeast
extract of
(cfu/g) 3.4x10° 3.1x10" 4.0x10" 8.6x10" 1.4Xx10° 2.0x10°
Rheum
palmatum Ascorbic acid {mg/100g) i1.8 8.1 4.6 4.7 2.8 2.7
Hardness (kg} 4.0 3.7 3.7 3.4 3.2 2.9
Total aercbic bacteria
LDPE coated (cfusg) 5.9X10° 7.1x10° 3,8x10° 2.6X10° 4.5X10° 4,7x10°
with 10% ‘Mold & yeast
extract of (cfu/g) 3.4X10° 3.2x10* 4.5x10* 6,3x10" 2.2x10° 3.2x10°
Coptis  Ascorbic acid (mg/100g) 11.8 10.1 5.8 5.5 4.9 2.2
chinensis y, qrecs (kg) 4.0 3.6 3.7 3.5 3.3 2.7

Total aerobic bacteria

(cfurg) 5.9X10° 7.4X10° 3,8Xx10° 1.7X10° 3.5%X10° 3.4x10°

LDPE coated Yold & yeast

11 %
with 1.0 (cfurg) 3.4X10° 3.1X10° 5.0x10'° 1.2X10° 2.8X10° 3.8x10°
GFSE
Ascorbic acid (mg/100g) 11.8 8.3 4.7 4.0 4,1 2.7
Hardness (kg) 4.0 3.9 3.4 3.3 2.7 2.5

- 197 -



[N
w

_ 20 Oxygen
&
S 15
E
s
g 10
g
© 5
I |
—= ——
O 1 1 i
0 5 10 15 20 25
Time (day)

10
_ 8
q
=
2 6
g
g
g 4
S
=)
02 Carbon dioxide

O I

0 5 10 15 20 25
Time (day)
Fig. 4-21. Gas compositions in the zucchini packages of antimicrobial

agent-coated (in binder) packaging films at 10°C. @: Plain LDPE, 4A: LDPE
coated with 1% grapefruit seed extract, 4: LDPE with 10% Rheum palmatum
extract, W LDPE with 10% Coptis chinensis extract
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Table 4-17. Effect of antimicrobial agent-coated (in binder) packaging film on

quality changes of zucchini stored at 10C.

Storage time (day)

Packaging Quality item

0 8 15 22
Total aerobic bacteria
(cfu/g) L1x10°  2.6x10 9.1x10"  3.1x10°
Mold & yeast
PVC wrap (cfurg) 4.9%10"  4.8X10°  2.2X10°  4.4X10°
Ascorbic acid (mg/100g) 8.4 8.3 6.9 7.0
Hardness (kg) 2.9 2.9 2.8 2.4
Total aerobic bacteria
(cfu/g) 1.1x10 1.3x10 1.8x10 3.1x10
Mold & yeast
LDPE (cfu/g) £9x10'  3.8X10°  1.2X10°  1.6X10°
Ascorbic acid (mg/100g) 8.4 6.2 5.8 5.9
Hardness (kg) 3.5 2.9 2.6 2.6
Total aercbic bacteria
LDPE coated (cfu/g) 1.1X10°  1.7x10 2.4X10°  2.5x10’
with 10% Mold & yeast
extract of (cfusg) 4.9x10° 2.8x10° 1.1x10° 4,0x10°
Rheum palmatum Ascorbic acid (mg/100g) 8.4 8.7 6.6 5.6
Hardness (kg) 3.5 2.9 2.8 2.3
Total aerobic bacteria
LDPE coated (cfusg) 1.1x10°  1.6x10"  2.2X10°  2.7Xx10’
with 10% Mold & yeast
extract of (cfusg) 4,9x10° 2.8x10° 1.3x10° 4.1x10°
Coptis  pscorbic acid (mg/100g) 8.4 7.7 8.7 7.0
chinensis Hardness (kg) 3.5 2.8 2.7 2.5
Total aerobic bacteria
(cfu/g) 1.1xX10°  1.6%10 3.1%10 4.5%x10°
LDPE coated Mold & yeast
with 1.0% GFSE (cfu/g) 4.9%10°  3.0x10°  1.0x10°  3.5x10°
Ascorbic acid (mg/100g) 8.4 9.8 6.7 6.9
Hardness (kg) 3.5 2.5 2.5 2.4
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o] wrle] mAE HAL FsA dAsAdY Fae cfE Zolth. FFol
A2 sopaRso] EAATL A8 tlEA StAS & UL Ao A
W, 58] Fig. 4-220]4 %71¢) ndE QEET} obF e ol ¢ Fig 4-59
A3tel thEn waE Aggel Fobd Hol W)

o]t n|AE ZFolMe FYO2 wrapEHH ©I|9 FrjEo)M = GFSE A7}
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Fig, 4-22. Changes in microbial counts of stretch-wrapped strawberries,
O, Plain PVC wrap: <, Ag-zeolite added PVC wrap: A, GFSE-added LLDPE wrap,
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Fig. 4-23. Decay of the stretch-wrapped strawberries stored at 5C for 35

days. Vertical bars indicate standard deviations of the data.
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E712 A3 wal thg 0], Iuh LDPE U Eol FAFEEF CFSES 1% 552
A7lstel Mg W2 o T Ey|Ado] QA EAST FuA| pie] AHPEE Yol
10C A& A& AAstEA nyE o B2 - 5eta FAHUE sl 2
o], Zutol tjzt ZaH.E Table 5-13 Zrh

Table 5-1. Treatment and packaging methods for cucumbers and zucchinis

Symbol Treatment and packaging method
A Wrapped with plain LDPE film (Control)
B Wrapped with 1% GFSE-impregnated LDPE film
C Dipped in 500ppm or 1000ppm GFSE solution and wrapped with 1%

GFSE-impregnated LDPE film
D Wrapped with 1% Coptis chinensis extract-impregnated LDPE film
E Dipped in 500ppm or 1000ppm Coptis chinensis solution and wrapped

with 1% Coptis chinensis extract-impregnated LDPE film

2ls) ZelAeld Edo](18 x 13cm) $lof 2 Hol2 Add TRUES 2 the
T2 200 + 552 B o]E 25 x 22379 A FL ulRF LDPE EZUS
Balo] Y3 wEste] Tgsiqlrt. E tiE TAANTE LDPES FAFEE 1% ¥
a9 wee ¥ 270 tistel T Aig A7 0.5 me) VL o} eRoke §7]

38 Z7M7 TS AT EFOE A2ste TSt oA EFH R

Y
_

L o@ukx] Alxjo] A PEE Yoli 10T A2 Aol ARstEAM ZR Jta
243 EAWEE ZAstATt. £330 it X S Table 5-29F Zrh

2. =7 A2 H-E&

o) = GFSEZ} 1% ¥-/¥ LDPE UE3} FAF &S0 1% 4% LDPE BES o] &
sty Table 2-3¢] whilo] &jste] T3 o] E AHe|FHE IA] ARte]l gof 57
2 SAFHE 5718 AL ATl AFstEA T Ax2G 21 ndE o

Ee| - sty EAHRE SAsIgrh

@]
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Table 5-2, Treatment and packaging methods for green chili pepper

Symbol Treatment and packaging method

I Perforative pinhole package of plain LDPE film

I MAP with plain LDPE film (Control)

m MAP with 1% GFSE-impregnated LDPE film

') Dipped in 500ppm GFSE solution and MAP with 1% GFSE-impregnated
LDPE film | |

Vv Perforative pinhole package of LDPE with 1% Coptis chinensis
extract

VI MAP with 1% Coptis chinensis extract-impregnated LDPE film

Vi Dipped in 500ppm Rheum pa]matqm and MAP with 1%

Coptis chinensis extract-impregnated LDPE film
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Table 5-3. Quality changes of the cucumber stored at 10T.

Storage time (day)

Packaging Quality item 0 14 28 35 T
Total aerobic bacteria
[log(cfusg)] 473 6.20 6.66 - -
Mold & yeast
A [log(cfu/g)] 3.59 4.69 5.10 - -
(Control) y.dness (gr) 3313 2876 2783 - -
Ascorble geid 9.64 671 601 - -
Weight loss(%) 0 0.10 0.35 - -
Total aerobic bacteria
[log(cfu/g)] 4.73 5.44 6.30 6.50 -
Mold & yeast
B [log(cfu/g)] 3.59 4.12 4.54 5.40 -
Hardness (g:) 3314 3176 2813 2263 -
Afggl/"i’;g gf)md 9.64 892 4.37 3.83 -
Weight loss(%) 0 0.09 0.37 0.47 -
Total aerobic bacteria
[log(cfu/g)] 4.73 5.17 5.96 6.1 6.73
Mold & yeast
C [log{cfu/g)] 3.59 411 4.18 4.44 4.84
Hardness (gr) 3314 3130 3100 2960 2960
Ascorbic 319 9.64 9.63 6.8 4.80 4.48
Weight loss(%) 0 0.1 0.37 0.43 0.49
Total aerobic bacteria
[log(cfu/g)] 4,73 5.50 6.26 6.30 6.78
Mold & yeast
[log(cfu/g)] 3.59 4.12 4.14 443  4.81
D Hardness (gr) 3314 2780 2683 2670 2470
Ascorbic scid 9.64 7.64 589 566 5.0
. Weight loss(%) 0 0.14 0.37 0.42 0. 47
Total aerobic bacteria
[log(cfu/g)] 4.73 5.33 6.2 6.52 6. 84
Mold & yeast
E [log(cfu/g)] 3.59 4.18 4.34 4.71 5.07
Hardness (gg) 3314 3190 2950 2930 2656
Ascorbic scid 9.64 869 7.38 555 3.62
Weight loss(%) 0 0.15 0.33 0.36 0.39
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Table 5-4. Quality changes of the zucchinis stored at 10TC.

Packaging

Quality item

Storage time (day)

0 14 28 35 42
Total aerobic bacteria
[log{cfurg)] 4.88 5.79 5.84 6.41 6.67
Mold & yeast
A [log(cfurg)] 3.37 4. 35 4.52 4.70 5.00
(Control) p,rdness (g) 3302 3036 2660 2543 2540
Af;g’,‘?ég g";‘Cid 23.03 19.76 19.29 17.34 14.32
Weight loss(%) 0 0.06 0.21 0.24 0.31
Total aerobic bacteria
[log(cfu/g)] 4.88 5.79 5.99 6.29 6.52
Mold & yeast
B [log(cfurg)] 3.37 4.18 424 4.24 4.34
Hardness (g:) 3302 2996 2846 2786 2600
A?;gl;tl’j)g g‘;Cid 23.03 21.63 21.16 19.06 15.46
Weight loss(%) 0 0.04 0.12 0.17 0.28
Total aerobic bacteria
[log{cfurg)] 4.88 5.05 5.57 5.62 6.19
Mold & yeast
C [log(cfu/g)] 3.37 4. 00 4.24 4.34 4.41
Hardness (gr) 3302 2996 2740 2710 2690
A bic eid 23.03 21.74 20.27 19.59 16.15
Weight loss(%) 0 0.02 0.21 0.26 0.32
Total aerobic bacteria
[log{cfusg)] 4. 88 6.04 6. 14 6.2 6.61
Mold & yeast
D [log(cfurg)] 3.37 4.36 4.38 4.61 5.17
Hardness (gr) 3302 2933 2780 2656 2410
Agcorbic gcid 23.03 2279 20.81 18.73 15.42
Weight loss(%) 0 0.01 0.21 0.31 0.33
Total aerobic bacteria
[log(cfurg)l 4,88 5.69 5.87 6.00 6.15
Mold & yeast
E [log{cfurg)] 3.37 4.17 4.18 4.22 4,35
Hardness (g:) 3302 2710 2693 2580 2470
Agcorbic geid 23.03 21.39 21.04 18.95 14.82
Weight loss(%) 0 0.11 0.16 0.32 0.36
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Fig. 5-1. Decay ratio of the cucumber stored at 10T.
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Fig. 5-2. Decay ratio of the zucchini stored at 10T.
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Table 5-5. Quality changes of the green chilli pepper stored at 10T.

Storage time (day)

Packaging Quality item 0 16 30 37 44
Total aerobic bacteria
[log{cfu/g)] 2.50 5.67 5.80 6.10 6.45
Mold & yeast :
I [log(cfurg)] 232 460 521 563 509
Ascorbic acid (mg/100g) 48.85 47.60 40.68 40.32 38.56
Weight loss(%) 0 0.11 0.46 0.55 0.70
Total aerobic bacteria
(log(cfu/g)] 2.50 4.78 5.28 5.94 5.97
n Mold & yeast
[log(cfu/g)] 2.32 3.94 4.90 5.18 5.56
Ascorbic acid (mg/100g) 48.85 46.50 41.47 39.34 35.00
Yeight loss(%) 0 0.10 0. 36 0.36 0,50
Total aercbic bacteria
[log(cfu/g)] 2.50 4.57 5.24 5.53 5.90
m Mold & yeast
[log(cfusg)l 2.32 4.20 4.78 4.20 5.56
Ascorbic acid (mg/100g) 48.85 47.86 45.52 43.80 42.58
Weight loss(%) 0 0.14 0.30 0.37 0.46
Total aerobic bacteria
[log{cfusg}] 2.50  4.74 5.18 5.4 5.53
v Mold & yeast .
[log(cfu/g)] 2.32 3.74 4.30 4,34 5.52
Ascorbic acid {mg/100g) 48.85 46.94 46.10 45.32 41.22
Weight loss(%) 0 0.14 0.19 0.22 0.31
Total aerobic bacteria ‘ ’
[log(cfu/g)] 2.50 4,76 503 541 5.84
v Mold & yeast
[log(cfusg)] 2.32 4.07 4.56 4.98 5.79
Ascorbic acid (mg/100g) 48.85 45.85 44.92 41.50 40.63
Weight loss(%) 0 0.14 0. 43 0.50 0.58
Total aerobic bacteria
[log(cfurg)] 2.50 4.72 4.92 5.13 5.36
VI Mold & yeast
[log(cfu/g)] 2.32 3.9 3.97 4,81 5,64
Ascorbic acid (mg/100g) 48.85 46.67 44.21 41.80 42.50
Weight loss(%) 0 0.10 0.31 0.32 0.36
Total aerobic bacteria
[log(cfu/g)] 2.50 4.54 473 5.01 5.30
VI Mold & yeast
[log(cfu/g)l 2.32 3.87 3.9 4.17 5.70
Ascorbic acid (mg/100g) 48 80 46.45 44,60 42.62 43.25
Weight loss(%) 0 0.09 0.10 0.16 0,21
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Fig. 5-4. Decay ratio of the green chilli pepper stored for 44 days at 10TC.
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Fig. 5-6. Decay ratio of the strawberries stored for 21 days at 5TC.
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Table 5-6. Quality changes of the strawberries stored at 5C.

Storage time (day)

Packaging Quality item 0 7 14 21
Total aercobic bacteria
[log(cfu/g)] 4.31 4.79 6.0 8.2
Mold & yeast
A [log(cfusg)] 4,05 4,72 5.82 7.38
(Control)  pH 3.34 3.49 3.56 3.79
Soluble solid (“BX) 9.0 8.5 7.8 7.1
Acidity(%) 0.92 0,92 0.87 0.86
Hardness (gg) 270 260 154 110
Total aerobic bacteria
[log(cfu/g)] 431 4.67 4,88 6.54
Mold & yeast
B [log(cfu/g)] 4,05 4,26 4,32 6.47
pH 3.34 3.42 3.49 3.65
Soluble solid (°BX) 9.0 8.0 7.2 7.1
Acidity(%) 0.92 0.89 0.88 0.85
Hardness (gr) 270 228 194 190
Total aerobic bacteria
[log(cfurg)] 4,31 5.02 5.02 6.47
Mold & yeast
c [log(cfurg)] 4,05 4,78 4.95 6.32
pH 3.34 3.42 3.51 3.61
Soluble solid (°BX) 9.0 8.2 7.5 7.2
Acidity(%) 0.92 0.91 0.9 0.9
Hardness (gs) 270 270 262 240
Total aercbic bacteria
[log(cfu/g)] 4,31 4,92 4,97 6.67
Mold & yeast
[log(cfusg)] 4.05 4.43 4.9 6.38
D pH 3.34 3.37 3.45 3.54
Soluble solid (°BX) 9.0 8.9 8.5 8.1
Acidity(%) 0.92 0.9 0, 88 0. 85
Hardness (g;) 270 232 230 204
Total aerobic bacteria
[log(cfu/g)] 4,31 4.47 4,49 6.39
Mold & yeast
E [log(cfu/g)}] 4,05 4,22 4.52 6.12
pH 3.34 3.44 3.52 3.58
Soluble solid (°BX) 9.0 9.0 8.1 7.8
Acidity(%) 0.92 0.9 0.9 0.9
Hardness (g;) 270 270 234 226
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Table 5-7. The change of extraction yield(%) in Rheum palmatum and Coptis

chinensis extracted with water for 5 hours at various temperatures,

Extraction temperature (TC) Rheum palmatum Coptis chinensis
50 5.5 3.1
75 10.3 8.8
100 15.0 11.0
125" 15.6 11.7

% autoclaved

W, FELEE 10CE 233130, 3B £5 £88 53Y ATE Table
583 2tk & & 142 ¥, & $8L U 10.2%, B 8.3%0]n, 3242
o ol AW o, ThY 14.7%, el 10.8%
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Table 5-8. The change of extraction yield(%) in Rheum palmatum and Coptis
chinensis extracted with water as time elapsed at 100°C.

Extraction time (hrs) Rheum palmatum Coptis chinensis
1 10.2 8.3
2 13.5 8.8
3 14.7 10.8
4 15.3 11.1
5 15.8 11.8

. Bakd
AUV i, BAel oisted 100TAHA AT FL FEF HF T2 1Azx¥
Huop kgg AAsled £8FE FulE J|EL0E T ZOE ThE Table 5-921
ch. thgt Fde] F&o ol FAAA FE2 thgo] 14.7% o] -2 10.8%
olgitt. wetx, FEHEL ¥of, B lkelZ A=Y 285 FHH= B
o] 7% 35,625%0]3 AL FHPo= 69,2958 2 F o] tF KRt UIH7t ol
205 elth ol xjzujoA] 2B (62,00091/9.3kg)o] th3(28,330%4/6.8kg) BTt o
2.28] o H|#7| wj&oltt o714 FEL FEUYY =7} 5 BrixdujE JIELE
stod Zgaldot ¢, §Iat FLAES Uizt YA FEF, Y w5
AS ANA = 52 AZ BHIE kg® & 10% 24AE lg 202 47Tt

U 9 FAXSEY A4FY AR 2ot de ALeE HAH AFFAF
& E(grapefruit seed extract, GFSE)(Z¥ 5, 1991: ZAE T 1993 24

»;

E, 1994)& A AdAAxEL] HA] LAoR AEEAL o]E P ELE T Y
F BEL 9tEo] 0], I}, 13 9 BI| Aol S we BALS A=

o

A3} Table 5-103} Zt},  oluf A}&3F GFSEE kg@ 198,000 (&% 100%)0] &
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Table 5-9. The cost of unit operations to make extracts and powders of Rheum

palmatum L. and Coptis chinensis Franch

(unit/won)
Materials . . .
. Rheum palmatum L, Coptis chinensis Franch
Operations
Cost of material 28, 330 62, 000
ost of materia
rans (6. 8kg) (9. 3Kg)
Cost of extraction 221 221
Cost of centrifugation 74 74
28, 625 ) 62,295
Subtotal
(13. 6kg) (19. 5kg)
Cost of freeze drying 7,000 7,000
35, 625 : 69,295
Total
(lkg) (1kg)

ch. BAg 24

A EEE B7HE AXAR I ARSEA AY HEY] UYL ¥ eL
71&(Ro]: Fig 5-1, ¥uh: Fig. 5-2, £33 Fig. 5-4, ©7]: Fig. 5-6)22 3}
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N LAE] THHol Esligol] wE 1A YFEY Helu LS sy, 7
7} 100% $oiEA] e Bl tzxTe Ye sAnEe W o sgoh 4
AaEL] FRol mel Aol FEE Aes] Wiks o, So)s} b AxA
ol E3ter, Eu27t s Aol Witk oA 20le] AS t)RTIt 100%
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Table 5-10. Economical analysis of antimicrobial substance treatment for green

house produce

Cost of Gain by
. Price for Loss by antimicrobial antimicrobial
Optimal Decay
Produce . Pproduce decay substance substance
treatment %)
(won/kg) (won) treatment treatment
{won/kg) (won/kg)
Cucumber D 4,000 38 1,520 12 2,468
Zucchini E 4,000 19 760 86 1,834
Strawberry E 4,000 46 1,840 99 1,581
Green
chili 111 3,000 38 1,140 47 703
pepper

* Treatment is same as Table 5-1 for cucumber and zucchini, Table 2-3 for str-

awberry, Table 5-2 for green chili pepper.

By GFUBFEE FolM YFYol W ZOE Wi R W BAFEE
AT Aol B3} ok Ro® Yeldl GFSEE 20], T, FiE 2 |
b g2 AMALNES AV HAY ZASE AT T 78 AL
SolH AR B HEE ZFSATE EY oYY Azl AN RE o
obu7] $istol Zol 3 thPAA A ARG ol8stod thE W FAFEE L AT,
Mg ZASGTL /g ALARI AN AW ole Ax BURHS
B ofgolit BAFEE U CFSEY} 2L FTEAS MY AT Aol o

Zof Hlste] gobr FAEE M & o2 elylch

248, o|dE, HMdd, AL, YA, AxY : GrapefruitFAFEEE o] &3t
mzke] MAEI} BAE}EH R 23(5), 614-618(1991).
248, AU, o123 FAYTAA] Y AT A=hA L Py
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