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SUMMARY

I. Project name
Development of Environmentally Friendly Packaging Materials of Sustainable

Produce Freshness

II. Objectives and importance of the project

Different from manufactured goodies, most of the natural produce from the
both agriculture and forestry is living creatures. Therefore the packaging
materials that the present project aims to be ready under the name -
development of environmentally friendly packaging materials of sustainable
produce freshness — are as to care the living things preserve their lives at the
least diminished vitality in the packaged state well as to have the produce been
looking so fancy as to stimulate customers interest, either for their circulation
or their storage duration with a few scratch if they gets negligible punch.
Further more, the material should have the environmental affinity to be
sufficiently degraded themselves even not fast but slowly when the materials
are exposed to natural light or are on/under the earth,

The focusing goal of the project i1s to develop the packaging substances
proper for Korean atmosphere, characterized by the integral complexity of the
prolonged furnishing time to users, with perplexing through path. The objectives
can be accomplished by the packaging substance that is functioning as the
keeper of the freshness with not so high expenses. The present project devices

to invent the functional packaging film that controls the gaseous concentrations
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of the package inside, the modified atmospheric packaging. The confirmation of
the invented material is performed to examine the freshness keeping and the

environmental friendliness of the matter.

1. Work scope of the research to being developed
The project, development of environmentally friendly packaging materials of

sustainable produce freshness, is assumed to satisfy the above requests having

the functional reagent fillers so incorporated in the conventional polymer film
that the produce preserves its freshness profoundly longer than the conventional
film does. The project has been comprised of three stages to process the
development; selection and preparation of inorganic filler that can prolong the
freshness of the produce in case it be incorporated with film type packaging
polymer, followed by inventing an inexpensive provision method of the filler
selected.

The first stage of the project pursues fundamental research looking for the
methods or chemical compounds as follows.

1) Inorganic fillers that have physiological activity on the produce. The filler
should have the property that may radiate weak electromagnetic wave if
there are repercussion light and heat.

2) Confirmation of the inorganic fillers for the ability of the activity.

3) Methodology that prevents infectious damage of the produce by treating the
filler with antibiotic silver compound.

4) Equipment and method of permeability determination for the functional
polymer film.

5) Mathematical interaction model relating the respiration of produce to its

_18_



physiological activity in the modified atmospheric packaging.

6) Improving way with which the produce in the package be shown fancy. The
packaging film is to be transparent to exhibit inner produce clearly although
the filler is incorporated with the film.

7) Increased mechanical strength to endure either the weight of the produce or
the light shock. This will be done by to have rubbery polymer be included
in the packaging film.

8) To have the filler be grinded to be small enough as transparent looks.
Wearing the filler down by friction in attrition mill will do this fining the
filler particulates.

9) To improve the film binding force of the filler by treating it with cold
ethylene plasma.

10) Preparing extremely fine particle of nanometer scale for economic provision
of the filler without mechanical attrition or grinding. The objective will be

accomplished by precipitating the ferromagnetic iron compound from aqueous

synthesis.

The second stage of this research is to provide advanced qualities to the
packaging material such as improved transparency, mechanical strength and the
environmental affinity of a couple of both bio and light degradability;

1) Preparation of poly lysine using the strain streptomyces species in two step
culture for use in high transparent packaging film.

9) Enhancement of lysine production of the strain mutated with chemical and
ultra violet irradiation.

3) Reduction of purifying cost by employing mixed culture with the strain that
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digests carbohydrates in the culture broth.

4) Pure lysine separation from liquid chromatography.

5) Computer simulation of the chromatogram for precise design of the
chromatographic column and its operation.

6) Improving tensile strength of the film by blending with rubbery compound.

7) Environmentally friend packaging material of blended polymer with the
extract of pine tree and zinc oxide for provision of light break down and bio

degradation.

The final third stage employs all above knowledge in applying the packaging
material to the real agricultural produces;

1) Packaging film applicable to Korean table dish 'Kimchi’. The bio active
ceramic powder coated with silver is incorporated in the low density poly
ethylene film abbreviated as LDPE here after.

2) Change of tomato and enoki mushroom quality in packaging film

3) Packaging film for strawberry. The LDPE incorporates chitin and the anti
biotic ceramic.

4) Tripled layer film for the fruit pear kept in cold garage in winter

5) Label type patch film controlling the fruit apple’s breathing as attached on
the top well portion of the apple where the flower had been.

6) Filter stopper for regulation of mushroom respiration at the cap of the bottle
incubating the mushroom.

7) Meat packaging dish and net preventing putrefaction at contact part between
meat and package. The net attached on the wrapping film minimizes the

contacting area and limits putrefaction because the net had been included by
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oxidation catalyzing reagents.

IV. Results of the research with comments for practical application
Typical result of this work is represented in three Korean patents registered.
The other two are now in processing for patent. Another important result is the
contraction agreement on the technical application of the results between one
company and the prime investigator of this work.
The list of the patents either of finished or in processing is shown below;
1) List of patents finished.
a. Ceramic composites sustaining freshness and process of its preparation,
Korean patents 0255111(1999)
b. Anti biotic composition of bamboo salt preserving favorable food tastes,
Korean patent 0278073(2000)
c. Effective disk of rotating biological contactor in waste water treatment,

Korean patent application No. 10-1988-0023229(1998), approved

2) List of patents in process.

a. Label for registered mark effective in regulating respiration and inhibiting
putrefaction of fruit at mature fruit blossom point, applied No.
10-1998-0044913

b. Environmentally friendly film for food preservation and agricultural
mulching, applied No. 10-1999-0022799,(1999)

Also shown is the name of the company of the contraction agreement.

Contractor name @ Mr. Insuk Kim, president, Taesung food company,

Chollabukdo Gochanggoon Moojangmyun Oksanree 1228-4, Korea
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Any farmer can use the result of this work easily. The process of preparing
the packaging material is technically difficult but the packaging film will
improve agricultural economics because the film keeps the freshness of the
fruits, mushroom and poultry meats if wrapped or packaged. We will proceed

further contraction of using the techniques developed here.
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Table 1. Results of germination of Korean radish seeds and growth
of soy bean sprouts

Radish seeds germination test o
Weight increments

C i f b t
eramic Germination Time of complete O S0y bean sprouts
. . after 96 hrs, g
Percent in 24hrs | germination ,hr

Control 90 28 8.32

A 38 32 8.30

B 30 30 5.31

C 100 22 10.27

D 100 24 7.98
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Control
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Pigure 1. Germination of korean radish seed.
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Ceramic

Tigure 2. Growth test ol soybean sprouts.
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Figure 3. Effect of the different ceramic concentrations in medium on
the growth of P. cepacia at 27C
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Figure 4. Effect of the different ceramic concentrations in medium

on the growth of S. cerevisiae at 27°C
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Figure 5. Population dynamics of S. cepacia at 4T
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Figure 6. Population dynamics of S. cerevisiae at 4C

_46__




1.4 11

1.2

o
oo
~q o

Log Number of (FU/ml

<
o}

&
NN
e

—O—(ONIROL - - - A--- 0. 2wt%

Absorbance at 600m

0.2 0 Ottty - X 0.7t f
I e

L ‘ ‘ ‘ 3
0 3 6 9 12 H VB2l A 21 D

Time(hr)

Figure 7. Effect of the different ceramic concentrations on the
regrowth of P. cepacia at 27°C which was stored 5

days at 4T
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Dy20s, 0.73%; RuOz, 0.23%)¢ B (Fex0s, 61.4%; ZnO, 26.1%; MnQs,, 5.6%; Dy20s,

0.62%; RyOq, 2.3%) ¥+ FTF
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AbgE R en, Kim 5[7] Wil wel §Adsted A
|3tk AEAEREE E AFHNA ug, fAHT JE Achyranthes japonica
(H 5§, Centella asiatica(8E), Ginkgo biloba(23), Scopolia parviflora(¥] X 3%
o|$), Platycodon grandiflorum(Xe}A]), Hyoscyamus niger, Hyoscyamus albus

(sl Aop &) o ABAE, FAH42, Bd B FAEAE ol &aArh

A 3] <
C. asiatica M EW %L Pack F[8]¢] Wl ek 02 mg/L NAAYE #7Fg MS
[9] QA Wi =1(3% sucrose, pH 5.8)°] Alzte] &2& 0.02%, 0.1% F=& Zz4 H7}t
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Hjxo] A5 05 g9 HEulF AEE 30m W7t FAUNE 100 me A2 Eets
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gtoll wickatAdTh MM EE WY 3F F @HAETE FHsA ARAR FUE
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B5[16] HlA) 9] sucrose 2 & ZZ 5%9 3%(pH 5.7)E 3dto] A&},
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Table 1. Silver contents of ceramic powder measured by Electronic
Diffraction X-ray.(JXA-840, 20keV)

Weight percent of silver nitrate Weight percent of silver in ceramic
in the solution impregnated powder after furnace cure at 350°C
05 0.34
1.0 0.58
2.0 1.23
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Figure 1. The weight changes of soy bean sprouts along with time in
250ml plastic bottles.

Upper dotted line .... designate promoted growth with ceramic powder
Lower real line ____ presents unpromoted growth with controlled state
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o A} H] A F(relative index)@ HFEFA/Z7NFAZA 1%9 2% AT
LA &3 AguEgdo]l FH ol AALE AIFE) FAAAA 1%

e s g g Mg Aoy 72X Fol 36.9% 4 FHx1A

b

oo olE e FhES &AM A ¥ AHgEgE JIUd TUHE 24%0l

Wal o 13%u W FAAZ A olslelw, B fES R mgol WM
Aon AdoiN AZE P2 AF ¥ F At A¥4L sdor ¥ T
9194 ek

Table 2. Weight changes of radish seeds grown on Petri dishs
containing different ceramic powders impregnated at

different concentrations of silver nitrate solution.

weight(g) 2 b ¢ d ¢
Initial 0.2534 0.2548 0.2578 0.2556 0.252
After 72hrs 1.1434 1.4269 1.4519 1.5783 1.5089
Relative index 45122 55991 5.6322 6.1752 5.9876

a) without ceramic

b) with ceramic powders without AgNOs

c) with ceramic powders impregnated at 0.5% AgNO; solution
d) with ceramic powders impregnated at 1.09% AgNOs solution

e) with ceramic powders impregnated at 2.0% AgNO; solution
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() (b)

Figure 2. DBiocontrol —activity ol  silver coated ceramic powers
impregnated  at - dilferent  concentration  in - silver nitrate
solution against 2. solani
() 0.6wL% b)Y 1.0 wit (c) 2.0 wt%
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Figure 3(b) Population change of P cepacia. The ceramic

concentration was 810 g-ceramic/m L ~broth(b)

_69_



Number of cells({x107%) /ml broth

wit¥ AgNOy in solution

Figure 3. (c) Population change of P. cepacia. The ceramic concentration
was 20X 10 *g-ceramic/m L ~broth
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Figure 1. Schematic diagram of a gas permeability measuring
apparatus
C: tube Gt gas bomb  M: monitoring system
P: pressure gage PC : permeation cell
S1, S2: perssure sensor SVi screw valve
V1, V2, V3. valve VP : vacuum pump
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Figure 2. Pressure response of permeability cell for a gas at 20T
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pressure difference

Figure 4. Diffusivity estimation from permeation data.
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sAskEA ngAdee sFete SEDE meksfortt drh 53], vingd 1
Baule B3k 714 Sk nhE9) 7147 2] 2Wd 8 F HE Fats
T, AGE wrgwel A 71H 7 eEstE 4 8-t E D (solution-diffusion model)°l
o8 dwryor FHAH D glow, o F LHRTILRE Henryd WAL AbEsho
s whAlol 9] <t Ayl AAEA FAE W AT £ Hg T Fito] o
ojuulE A oA FiwsE Aatsls oj&e] Bo] ARgH I THI3-6]

JQut o AREEE nEA BEFY LFoEe W& e HEHE
Henry's W34S iy £80]2(), ¥ 8 E Henry's H3 & 24 o4
o] Zy}somR 1ER BB SHE ol BE FasH I olF=
Langmuird &sjo]#&(b), 281 Henry &3lo]&% Langmuird &sio]l&<s &3
3 Dual-mode &310]&()E0] LA, ¢Foll W& £38 ¢S 1Ho=E =&

&8y Fig. 19} o
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(a) Henry’'s law £38]o] &

CF = sp, (1)

(b) Langmuir-type &3o]&

C . KP;
E _ max i
¢ = Tikp @
(c) Dual-mode &3&jo]&
E __ CmaxKPi
C* =SP,+ T+KDP, (3)

ARt nake] W &8 £ e FE7F dAVbE HdE He w0t
EA 8o sk, Henry's B3 o]y Dual-mode &3] &A= ¢elo] F71ET=
BEs=7F &4 glol Frlstn Jormg e dHAA Y APt gk &
sjo]golet AztEn. EE Langmuird &3ol&L AL FEWEst Frisiort
A8 gaste AdAZe HdsRd Egdhe Aolu, & = AH&E Add
i LE®A E 2AA H&F gAddS AT A, BaF] sigmoidd
FAE Yeri dof ool A M2e SRS Atst, o] & o] &t &

-84 B9 3 $ARd olgand savh 1AM B wRAE 17

=5
ofl
tlo

ke FrigdAdz e R 23" At e §ad AdxE EgdE

=

(LDPE)2] olg&ztxol tidk 7]1&9 Henryd &3ixdol} Langmuird $%
do] ol 2L Sao] 28 ety oz Agsln AAIE o2y wiiMFE T3}
A AT

olg HdiA WA LEAUEY VAFAEE SHY £ U A 4 Ho 24
R4 E ol gstn, HFHNAES FHPDE sl oPAstxo] dF &A=
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o} wlAASE Fate, AY Aol winste] o] R €FAHE FHIA I
A}
o] 2
o] A&E sigmoid £INF AL &y 2 HAHNAN FE2E F Utk LEARX
Hol| 7147 A& 288 & AE molFE ATEH gJom dgH A &3

g dE F omolFE 1 EUHLE Urd vEE 29 4 3 aeA 71d
o W9 ®uAG gHE F e HHEEE Cra®tl IO Ghadt 28 FA4
& 4& 7

Cmax = CV + Ci (4)
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XD )

S5803HIHS @

I X XA .
SEHRRHHN F 1
SRS 1m
SRR

‘0‘0"’0::"2/

i

et 5 Gl wdstn 2 xwe W ikl sFshs FECH vt
g3 9 ol AASY SASEE thed 2ol EAY 5 vk

Tgol = k+CbCV (5)
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Figure 1. Type of dissolved behavior in ploymer.
(a) Henry’' law  (b) Langmuir (¢) Dual-mode (d) this study
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AR h AATHENN FalE0)] 1ok BYSE ()t H¥ld) Lalg 7|49

Fxol nlElska, ®E gk Ry Eow BH7] YEo|H FHY wEt 2E
FE FUhE Qolug FyHsToly WA spgstn, B EARke] ¥ "
Helo] WANT ()G R gEgEe Ui 2o £8Y 5 Utk

Taes = & ijra ®)

gaj o] ol R BElH UeE SR(e)’t AR SAC] &
51 Qe 8GN () o] 9 AR FPHY, GEAFT ld B4
ol3= 1o wwEzre] vl Fug, @9 ANE, ¥EHE 2 g &
Ak g9l o s AzZsy gREA B thEAFd w EFo] ofrjHER &

e wsly) g8 yglgwAger FHEAT rM FHA BV ST

Fe wEAdzol) YrAse FUsd g3 FAN AReFE 4 ¥n e

INET ™ Tsol 7 Tdes
=k"C,Cy — £ C;/ (Cpt+a) (7
yboke] FgHl 71A7F whmEe] R3] wol Ay, &&Es SRS 2
ol u ol et Bgasl doluH k= FF el o2 "ok o] Ho
= A (53 (6)S e FEE HARE AR 2o 4 B)F 6)F 2ual ¥

W, E =00 HEE SE45 Kol B k9 ¥, F 9PA5E oed 2

]

KA = = = (Com— CHCH(Cot a) ®
o] Ao KaZ WA A (9 T EASE 4 ©)e] Bk,

Ci/(Ch+a) } ©

I'NET = k+ Cb(cmax - Cl)— KA

o] 4 (10)0] w&algmA ol
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Saiet 227l dojuA] FE HFEdHol o)2E ner=00] Hx A (9lA

g 0ozste] $8% 20 By BE Cll Bkl FelHY, G Yo Y

s
o

KAC me(Cb + a)
1+ KACb(Cb =+ a’)

CE= (10)

2 (10)1 4 KaCo(Co*+ @8l kol 18T wil$ AW CF = Crn@ 2AS 32
zHAl =¥, KaColCot @) ko] 18T AR ZFoW C = ChraxKaCo(Cot 2)7F 5

221419 P2 wEEh

4 4

A 238 LDPE 959 Az

T ALY A8 TYHE ol§ste FAE AR ARY F A2
U, AAE Z3Fd 0F I FAANAN VA E v ojeE AV v
mebA 2 =i A F[70 dste Fddoe] vt BauE SHAA 7z A
NARE SHAAMA AFE F F[8l TAAE AHEst] A8

of 7ol AbEd Akl e Mol 7pF HeshA gk, dXeld gt

2

ol AF8 wol A7 @4 S0l 2 FAT) AHE 428 I Mo F

i

AN de Al a 24 AFPAHQA FE THE FUbsle AR #AF ¥
A 2g Az Zojtt. o1 Fo 2L AsA o H (5Twt%), A3 T(10wt%),
Abslold(16wt%), AFahvl vl (17wt%) 283l 71e} S&5A3ER FAH glo
w, dFEE Brtey] A3t 2wt AL FEYo] JAAA At mri
24 FHAHES stflen, A2 €4 29 ¥EHd 10pem HHHA

38 £ m(400mesh € 3 3&-)o] 2t}
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e,
i
o

o] M&}=-& LDPE 100gol wate] ztzh 0, 1, 2, 4, 6g o2 Heks) A

Aapgom, A Bgel FAE 50umel FEF zAstgo, 44 FAL w

et

% vzog v BEv 7 e FAs] ASan. Ad 2 Ae

@ RWAIE Table 1o we} 383l

Table 1. LDPE packaging films filled with ceramics

2% T/ 5 4
ACO LDPE
ACl LDPE 100g + &t Algte 1g
AC2 LDPE 100g + sdAlehd 2g
ACA4 LDPE 100g + stA|eh= 4g
AC6 LDPE 100g + @& A= 6g

A 4 ANA AHEE NAFHERAE ol gstgrh SUAL HPA R

g da QE UEL /S Jeu FHAL F U8 F Fexd Yoo

|

Qg9 Lwst fAEH ABHLE ALge] R pale] Wyl AEE 3

=4, olm m% gtglo] 0.00latmP LA FFolet 7t I B ARl A &

& AEEt AUl MEE AL FAW e WHE Tl 2L Y SpaE
2

age vl EE F/MAE g9 Wzt glod ole BBl ¢H3 &
A7k Ewvia Bt A¥e But B A¥dAE duEdstad o ex
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20T 2+ AFE /A Sale SRS
A% 2 12

71 gal e Zhzbe] "Ee diElA 2% 20T, CHIMAE AMg-slo] 243519

o A U o) WEe

<]

157 Qe W gEe wAEE 234 Lt uh

& Fig. 200 GERAAT o] A B wieh o] A e ofo] A4

=
o

oz W ¥ qtEe 234 2u 5 A el gelo] Wyel muE yiix sgy
Bb oAl 48 F wel el Hid o Wel hEwsE TR Bba
0 AE M0 BPEATE ANSA Heh olZ wE Agas =W on A

Al A g8 ol Ayl WEG ol fABE taE

i

H
2
Lo
o
o
o
o
i)
p

Rolth, of¥A F& 7 A5 HIY LA TS Fig. 3o JehgAch. o] HH 43
FES A g Hol F/1EFE sigmoid 202 F7hsln d&S o F vk

o] HPLHAY ARE Z WEEE 937U Levenberg- Marquardt® &
ARt M2 SEde] SadY e ALl Fe Foe T aded g
sty AUl FEaAE SsEF A Holga S Table 29 Ve oH,

of visjWirE Rl thelste] 7 HEERE APl A 3 HPF M v ag)
K

K = 421, 300 X ceramic wt% + 1,248, 000

o] FEAH,ghol A UElY AOE Hol AgdE FEEY w8ISEE @Y
SERT SEEs AuHole} & £ gy Bwk oy} A o) St
= Ea&Ert oS A Yekth(Fig. 6) HoEaF £ At wet
APHo2 F7ete AL & F dey of #Ae o
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C ax = 0.0048 X ceramic wt% + 0.0012

Ak o] A g e Agueaol utel AA FUHEHA RS AR HO

_r,
i)

Zxwoliz A LDPER "ol Zoz Agtde] =&HA #&e & 7 UM

o e WY AdEEs Saude] YAy @Al st

csecli Thed 7 HAE YER AT

k*t =0.0204 - ceramic wt% + 0.2769

|

rt

o] Al 5 AoA K% o|Bo] BFFE FHAoEE, FHEE A ¥
Wyl AE meod vy 2l A 4 oM AHEERY FRe 2371 5 ol

AMse do ¥A4AS AUss 0 85 o848 & AL FAAA

Table 2. Equilibrium constant and maximum soluble concentration of

ethylene gas at 20C in films

Equilibrium constant, Ka | Maximum soluble concentration,
[(em®*/mol)’] Cunae [mol/cm’]
ACO 1450000 0.0023
ACl 1520000 0.0045
AC2 1680000 0.0098
AC4 3240000 0.0225
ACH 3685068 0.0292
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Figure 2. Pressure response for C:Hs gas soluble in ACO film at 20C
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Figure 4. Dissolution model curve for CoHs gas in ACO film at 20C.
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Figure 5. Equilibrium constant of CoHy gas at variable loading weight of
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Figure 6. Maximum soluble concentration of C2H4 gas at variable

loading weight of ceramic at 20C.

- 100 -



Nomenclature

Cy : Gas concentration of bulk, mol/cm®

Cy : vacancy concentration of film surface, mol/cm’
CE : Equilibrium concentration, mol/cm®

C; : Gas concentration of film surface , mol/cm”
Crmax  Equilibrium soluble concentration, mol/cm’
Ka : Equilibrium constant, (cm®/mol)*

k" : Dissolution rate constant, cm’/mol sec

- . 3
k : Desorption rate constant, mol/cm” sec
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A2 E2AA W 7 ARAPE 248EE MA(modified atmosphere) X 3o] 54319
t}2], o] F MAXZEL A "WEE Fa oFoxx 7A FiFE -},
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rco,= k1 Co,— k2Cco,+ £3C (5)
—10,= RCo,— k5Cco, T R Cpi (6)

o] 7] A, rco,s 10, o| At Bl ek A AbA4 HEE& K,

kl9 k2v k3’ k49 k51 kﬁ: !_:T-E)bl‘_%]:

E4A HallA 71 zg M3k 2l

EAAANA Z1AzA Bee FAF EF 8 AdA FEE AL o|qta}
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0217]}\—11 rnet, rads; rdes; *)\L:%'Z}’, :S—Z}-, %Z}é?E-
ANVEE T S
Cmax' ZEANA H) S5,

Cy: HAo A FE
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Start

ky ky k3 ky ks kg ka ks Do, Do,
k+C02a kt)Q- k—COgs kBZ, Vpac. Venv.Vﬂl.
Ccog, max , Coz, max , Cpol,Y[i], Sfur,sm,z

l—
h =ho
o
>
YExplicit[i] = Y[l] + hxf(Y[l]) l
YImplicit[i] = YExpliciL[i] l
1:
b= h, Tol getp Glil = ~Yumpictli] + Y[il + hX£(Y[i])
~ Y accerr Jac[k] = deltalk] - hxdFdY[k]

AY[i] = Jaclk]™ % (-GliD
Yimplicit[i] = Yimplicieli] + 4 YTi]

I AY[ 1 < Tolnewton
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accerr = |l Ylixplicil[i]“Ylmplicit[i] [ ’

accerr < Tolstep

J' Yes
Y[ = Yimpriciclil
t=t+h
m No
Yes

STOP

Figure 1. Flow chart for solving respiration model by implicit Euler algorithm
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Change of gas compositions in inner package

25

20

=®,
5
2
3
=
10
o 2
o
'*\
L 3
5 A \
P ° *<
o
D 2 o °
0
0 5 10 15 20 25 30
Time [day]
Figure 2. This figure compares the result of computer simulation on

real lines with actually measured dotted one, where the
change in carbon dioxide is convex shaped line and the
oxygen concave for packaged pear respiration during

storage at 20TC.
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Figure 3. Experimental data for change in glucose of packaged pear
during storage at 20T
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Table 1. Gas permeation of packaging film.

Gas Transmission rate

Oxygen

Carbon dioxide

2.520

9.011

Pm x 10"“[ml(STP)cm/emHg.cm® s] at25C

Table 2. Parameters employed on the computer simulation to predict

gaseous composition

film of storage pear.

of inner package in functional LDPE

Parameter value

A1 Reaction constant 1.15x10“[cm/day]

b Reaction constant 1.10X 10 [cm/day]

A3 Reaction constant 7,50 % 10'{cm/day]

Ay Reaction constant 9.45x10 “{crm/day]

s Reaction constant 2.25x10 “lcm/day]

4o Reaction constant 5.25x10“[cm/day]

ha Reaction constant 9.25X 10 “[cm/day]

As Reaction constant 9.20% 10 “[cm/day]

A o2 Adsorption rate constant 1.00x10™'[cm/day]

A con Adsorption rate constant 2.36% 10'[cm/day]

£ o2 Desorption rate constant 1.98 %10 {em’/mol - day]
£ coz Desorption rate constant 1.62 %10 {em’/mol - day]
Crax,02 Maximum O: concentration at film  898x10 “[mol/cm]
Crnax,c02 Maximum COg concentration at film 231X 10 mol/cm’]
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Tigure 4. Change in carbon dioxide concentration of packaged pear during
storage at 20TC
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Figure 1. DSC thermogram of LDPE film containing ceramic particles.

CO : 0 wt% ceramic AC2 © 2 wt% ceramic
AC6 : 6 wt% ceramic
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Figure 2. Oplical microscopy of LDPE film filled with ceramic

particles.
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Figure 5. Elongations and tensile strengths of LDPE film according to

ceramic contents.
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IMigure 6. Optical microscopy ol stretched LDPE film filled with ceramic

particles.
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Figure 7. Light transmittance of LDPE films containing
various ceramic contents after having the
transmittance modified to that of 30 micrometer
thickness.
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Figure 1. Schematic diagram of ceramic separation apparatus by water
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Figure 2. Particle size distribution of Gray
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Figure 2. Schematic of plasma reactor for surface modification of powders

A
: motor(30 rpm rotating speed)
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monomer and gas container

. pressure gauge D @ vacuum pump E : electrode
: RF power supplier G : power sample H : ground
¢ air inlet 1 : stop valve 2 . needle valve
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Figure 3. Schematic diagram of a gas permeabhility tester
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igure 4. Schematic diagram of a water vapor permeability tester
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Permeability( X 10*%cm® zm/sec cm? atm)
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Oxygen/HMDSO Flow Rate Ratio

Figure 5. Oxygen permeability of a silica film deposited polyethylene
film as a function of oxygen/HMDSO flow rate ratio
(Monomer : HMDSO 0.60 SCCM + Oxygen, Discharge power
: 40 W, Time : 10 min)
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Permeability( X 107%cm® «m/sec cm® atm)

—

0 10 20 30 40 50 60

Discharge Power(Watt)

Figure 6. Oxygen permeability of a silica film deposited polyethylene
film as a function of discharge power (Monomer : HMDSO
0.60 SCCM + Oxygen 9.0 SCCM, Time : 10 min)
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Permeability( X 107%cm® z m/sec cm?® atm)
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Discharge power (Watt)

Figure 7. Carbon dioxide permeability of a silica film deposited
polyethylene film as a function of discharge power
(Monomer : HMDSO 0.60 SCCM + Oxygen 9.0 SCCM, Time
: 10 min)
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Figure 8. Oxygen permeability of a silica film deposited polyethylene
film as a function of plasma polymerization time
(Monomer : HMDSO 060 SCCM + Oxygen 9.0 SCCM,

Discharge power : 40W)
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Figure 9. Water vapor permeability of and silica film deposited
polyethylene film as a function of discharge power
(Monomer : HMDSO 060 SCCM + Oxygen 90
SCCM, Time : 10 min)
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[1] H. Biederman and Y. Osada, "Plasma chemistry of Polymers in Advances in
Polymer Science”, Springer-Verlag
[2] Hynek Biederman, Yoshihito Osada, “Plasma Polymerization Processed”,
Elevier(1992)
[3] D. Satas, "coatings Technology Handbook”, Marcel DekkerInc.(1991)
[4] D.L. Cho, PM. Claesson, C.G. Golander, and K. Johansson, "Structure and
* surface properties of plasma polymerized acrylicacid layers”, J. Appl. Polym.

Sci., 41, 1373(1990)

- 155 -



A 10 A A zmY AE 24 ¥4 Be A4 B

R BEYA

s

Bl 4 8dol A BRAW A B4 A%l Y Ago]l Y ¥g Adaln A 9 oAl o
Ae mehznk qe Aol FANA WAAY $RxA) AGEe W B vo) UomE ohE

4

AR AAFI 9 4 =, A ANE S4A A T § glow FAHeRE A

o

7 dnta #eEs 24 AS A AR vleg olgdE AREE Yo o] WEe g ykmulg
A7\AA A JAE A £ e 7leRA B He e WS U AR gEXN ARt
A A = 2o,

- AEY, AET, 4@y, A3 vy AgE 3 EFUEY NAH B4 FFEREAT, e,

36/2, pp 300~304, &= 8}st3t3), 1998

rh

A

FaAlgolyt Ae g Aoe EE-g EFUE FAANAAM ALAFY A=
FA71E AFA7EE A7 A2 @) JPHR Q1] ofd @ 71 Ak
S EFYE FAANIE Adan olidsgs e dEd g2 VS dE 7AF
FE7h FEAA A FAE Tl At VIR SAIRH2] ol AlEd dAEE U
FrgAdo] golAa A=y Adeo] Holxe T ¢

flo

T AX 549 958
o] A[3] wetA ol dHE B FdHoly JARARE 2dT T 7

=)

r—{u:

o) Sl AN 2rYAR Dol THRE] FWAAE Bk 27 P
G Ze AN PEMleE Brhsse] AN o §d ARH Fol AF olg
Arh Jeht o5 giE 582 nEHl YolAl St ASsIst olHrhis] 0
B B QATAE 4 YdHoR ST & A A4 A=PHElE WYAA
Az wgnd sk o WHe olv zmYRt A ¢

4
AFA GE2 iy 2 BAAE olgstn vl Wi mEXQ LDPESHE #

- 156 -



s Ak A 7 S % Sglel s aFHdEd g JuAY

vt

F2E e Ag] A7k MRS 48 44e HINNTGD sk 2 ol
£ AP gabs o AU UE A 2 S310) nudeis 2o Azd TREE
o AAA Brsh BEEA Fol RelAnE B AFdME o] AzH 4RE 2

8 slo] TAUE ZAAF A ik Ay Axte) vAsE oA HAAT

= QAo Mg olgalth o W 27t B 37F F&FC Ll AE At

Sl ARSI FASNAES ASATIE PHAIA L T LEE, MHEE, BAA

h =

FEof whep oL FAEY AV A dEAA Y= 2A]

[=A

rEE 2
it
£
2
Rch
>
e
rO
-4

A dug 4 v=rlE ouig 4] s He =4
1B A7) 98] xR o)gA HEo)W JAES LDPEY FAXAZ v

H 3

Mol Azd WEEe] AWAE, NFEH 2o AAH BAS FFYHE B 503

n*‘

N
0

N

o] ZR% BAEN vw PESTH

i

¢
A

g At e

Rimers S[5]o] Al¢tet whe] w7k =& ofds e V15 AFTEHEE HIeto
o WA A Z(spinel structure)7t H =2 APt 2ny AtEdAE wEAH
(Fig. 1). WA 2750 98 AYd 0001~018%%E 28 A3t AH# 7%

He A #4592 47 ALA vl 15 2 1 EvE 5 v 28% AW G

[eJ U T sy
Jolss sk wom ofF F&oleEe] fasiEel 44HWA FAdwk °)
A4 THES AR AAG Jletesl @ dg AEATe WD, oA 5

Yol mpae] ewulolE MolUy|E 3WAESE gEUel WA gl &

&
it

Y
g a4 WAR o YAEL LN AFAZE HAY 10T AxAIY
AsEel EA wao Bolzt A@AMTEE 2E 2viy M 9Avt @24

o Ax ewd uwe T AgAeldel HrE i AadsEe] HIE FE=

5 qlem 100C olsh® fAsHE Aol T

Az Tk

it

- 157 -



FeCl, + FeCl; + ¢ + DW

NH,OH

Precipitate - W ashing
Decantation

Oleic acid or
Ammonium oleate
solution

Drying

Heating

Ultrafine particles covered with Ultrafine ceramic
oleic acid + Water particles

Toluene

Ultrafine ceramic particles
(magnetic liquid or ferrofluid)
for packaging film

Figure 1. Schematic flow for preparation of ultrafine ceramic particles
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Figure 2. Structure comparison of synthesized ultrafine particles in the
magnetic liquid with typical inverse spinel Mn-Zn ferrite by

X-ray fraction patterns
(A:Pattern of inverse spinel structured Mn-Zn ferrite, B:Fe

Clz+FeCls, C:FeClz+ReCls+MnClz)
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ol
ge QapnT Aa 1/10 olste) Ae AslE e Az dAe)

Ao g |yl

e Azt 24k

248 MBS 23% 25 AFY JdAE T2 B F ey xvd
AEree FogE gIAst Holx ggtor] WEEWE o8 WAR ARt
2 w72 4 9. A2 F 7k LDPEEE S FFAvA oz BT AWE
Fig. 49 JERISth Fig. 49 A%& 243 Aze FH4ES 1009 st
AF Aldeln ¥ 2vY AzY FATES 5008 G BEF Apxlelth
209 e 248 WA g & YAV F ImA Rl M 2WH A

ehe Ak WEWOA Babel F olRolHeE ¢ F AT

HEe] 7|AH FxE
= Jlx 28 Aty YAE 4§ LDPEREY AFZE AdEd
A3 Table 1o YeERTh FEZEE ks LDPEZF 11.3MPadldl H] st
11.IMPast 108MPa2 2 #to]& Holx &gttt AFE&H JFZEE Fd M

naad A AeEe 2AA0 G A&l 500%H e 2 HE Fole
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580% %2 Z7}sle X7 HE9 635%¢] tiste] slE&o] 10%olHan AZHE
T BEH% MEte FAYE 11.8MPadl vste 142MPag F7hste]l Aebel 4=

o] "Mz A 71AH EAol dwt LDPEE & W3t 10%clHE E40°] &

g AeEe FAF GBS AFNAL W olA(fish eye)el WAdE AR
skl Astee] Ao g7l Moz Aety vlAs

F1EEQ A gz}

_’;:
7F oltel AVl A st WE B4l Ayt wold Hoew AzEn

Table 1. Physical properties of various ceramic filled LDPE films

Break point
. Stress at yield
Films . . .
point(MPa) Elongation | Tensile strength
(%) (MPa)
LDPE film 11.3 635 155
Ultrafi rticles filled ,
Itra mf: particles fille 111 580 142
LDPE film
hed fi rticles filled
Crus eq ine particles fille 108 500 118
LDPE film

age) FEHY

Fig. 5514 2019 Algbd 29 989 A3 FHEE 500nmol A 650nms
Aol B A £4 BERT Bobd ¥ FAES ANHALE R
Eg el 44T AN ARNAFS F FoEsF FAS gaste] A

A A9 Aol RFHE E OE §E09 80 sissitn 4zan
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4% Mgk LDPEES

(i

S AT AEAEA THLE Mg = 9
B8 108 Fot dEAR FAE #H8 Table 20 A3E GErsit AE 2
3poonk ] AE)e Wb 9= LDPERS] A9-9} & AbelE HolA] ghgto
oy Aehaas $4% 49w LDPERT ¥ 38 Bt ojud 2

Pz A2y Aue da xwHel #H4te] LDPEFAY] f84dE& 9 Aoz A

Ztg)w] Aehy) ol wE FH G f2ARE gl AR adEn

Table 2. Results of melt index to ceramic/LDPE conposites

Composites Weight(g/10min.)

LDPE only 2.483

LDPE + 2wt% crushed fine particles 2.520

LDPE + 2wt% ultrafine particles 2.812
ol Aol A¥E g w fH HAYE ol &t FH YA 10nmA7]S 27 F
A 4E Suitor EWE Aelsti LDPEA $Rste] A} 2 #abd X
4uEe A% 5 AUk £ dAol 2 A A% Ao A% AL B
A AstE Ay 99 zuPstE dwt LDPEE S 10%We 71A3 &4
Aols Hew BEPHE ANBAGANN AWAED T FolE oA wske

Wep 2md Aeedas 298 LYUE) sl dd €47 gitin we

Hola w2l Aetegiate] wAste 9x 22 s AxvF oY e d

E9] Azt 7Hestrh
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Figure 3. Photos of ultrafine particles synthesized in this work. The
upper shows SEM photo of dried particles in the magnetic
liquid. The lower show TEM photo of ultrafine particles in

liquid phase treated with oleic acid.
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Figure 4. Optical microscopes of LDPE films  filled with crushed fine
particles  and ultrafine particles. The lower represents the

LDPE fikm filled with oleic acid treated ultrafine particles.
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0[0

27|= gty O A3

AL A 2 gA Wkl o3 ZEAy diFAA
A 2 Az R e Me] Streptomyces albulusTd ZEEAl Aatel wixE 48k

A3 A EFMERE o] 8F e -poly-L-lysine 8 E& T

¥

A 43 44 aznEaGYda FaEE &4 Fgrle
Al 5 A e-poly-L-lysine 2] BAS 91§ o]ud AZvfEIHY Y FXRA
A 6 A FAE AR H7 g9 AFAE AM

A 7 A AsoldA B¥al $r18 A % ARAED W) 52

oA 3Ae A 2NN N2ATE B3 2 ZAv AFE Fd=EE

polylysine?] AAFE EE Wk

g Al W Mg o] §¥ WHoR EdWOE FEATIE W@

mobilis$t St. albulus® &% WE 2715 A glycerololH glucose® =
Hxoz AA% polylysin®l Bel B FolmAd HRTER). HAE
polylysin®] #=8 Eolsl ¥ oz AANATrEIANE 8T HE
4o AANE ATHAO(AH), AFEEAE Fhel 2 Pe] BI4L A
ZeohGd). FTEA EFos A¥ ¥

EPDMS HEel E£ste] ARREES EqoH(6d), 8o BFARAL ¥
olat7] glste] Aol ¥4 HrhEa

shobat gl ot
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AL A 2 @A wFEel oF Al o gL

AL FdAE uFgtate Az ARt 53] 71 2AAE LDPER G} A7 3 o
Ak 1AM ARt 4DE AdE Aelng B Melde §7) gEEAL nARREE Adas 7
& EREHAUL 2 A wAEe] 7 EAL AastE A dAdME dE A "Bag dars

DANAE vk EL AFoEN EFA F2AES UM Adsed d2F A%E BoF A,
A8

obn| Al FRHAIQl Fejolrl A whilde] A& odlsty] HE 2B HE-E
AFEolE Edolg[1] ol & oluxdt IEAER & Z8 84 (e -poly-L-lysine,

e -PL)2 &2 (lysine) &% A7} 2570 A] 30707 Add Fdd Ny & A (linear

w

homopolymer)& A o|t} [2] o] olnjical F3A= AA A A (compatibility) <

T QoMM ATNE FE FTYL vehddn nusel 4EARE daAl F

EANES HZA(cell adhesive)[3]E o8] §E2 A& glom 53] 2F U}
AZE WFLE AL o] &FH I vt [4] o2 g Folv|=AtS MAFAE Y %

Az Az WEHE A9 A9 9oy YR Shoji Shimaso] EoFo @it
B] E8% Streptomyces albulusitv E¥ A& APt AR Eujdoia

B 138}k vh[5]

| EYEAd 2 Z2EELES MAEE o] &89 Al (metabolites) 2
Ak w mAEo] o] BAE AAEE AlVIZE AR tjFr] Nl A FA] 7] Apol
o A o]FoiE R Aol wi- FHuln & & Uk wEkA FAEA S G
E aadAdAE Aol & olFoi gifrle #AE Sl MERE FHE
AR WA ol A FF s nAEe] AFEEFS FAAIL FH7E A3t AR
Ae T2 fFE FA43HA st WHE Bl A&EA Hed olw ARt 23

A E HFALE AFAE ATEdE H7MEAU pHS S wMiAzAE A
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A HEAAZ ANLS ZUAIE S AMESAE.
ek B dPdAME SAFEAS i e EHANE Streptomyces

A FAE & AR

o

i
o
o>
L
i
do
o
24

albulusit390) WA RHE UFo=

o
FAME B AAS AREAS vhhsn FoAA dAdA EHd #E e

rO

gEet pHASOIA obvlicite] ATEAY TS Y A2e wWHAA

Fowe dgos Yusauz sk
SEREIELE

Za)u] S AAEE Streptomyces albulus spp. lysinopolymerusE dE A

p a4

Fabel t4  (NIBH, National Institute of Bioscience and Human Technology,
Tsukuba, Japan)oll Al ¥ o} AM&-3FSAH

szt pjokal ol 05met BEFY FYAY 05mE A= FHol| o}
d &t 70°Colslall A Rus T

Zap sz 25omE eI AE 50 B nFEA A woid & A
o] e A@TolA 48A7+ sjFslel F A T ImE HITsL 30T,
120rpme.2 Z=A¥ 1w %7 (Shaking Incubator, KMC-8480S, Vision Inc.)ell Al

&

flo

=
O

W eka} 9l el W& 7] (Jar Fermentor, SY-series, Korea Fermentor Co.,, Ltd) H
4709 baffleo] ZH = o} gl 5LE& 7 ogute 7)o A 3LE FASL Fs

o deps #o) 150mE AEste] WStk WAEEE @A skl sheter

aro Awel 204 30mpmE, F/FUEET lvwvme = o waE FAY
A Azxy FAEFHS A ARG

% Streptomyces albuluse 37l web o 1WA odglule Z7)9 TAA

gaeA Hed, AAEAT 2 ARS 5 FAF 43HAD Ag F

il

oyl Awiere] R ERFT FAS AHs] shASAT

W g o] A% W]X= Shoji ShimaSol AA& wjx& AL&sG[6] Fehsa
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WFe GaI el A ALgg WA E pH6BE 247 KHPOs9 NazHPO, ¢34
ol 1000meell Glycine 50g, Ammonium sulfate 10g, yeast extract bg, MgSO4 0.5g,
FeSO4 0.03g, ZnSO4 0.04gE =< Azt AR FAL WX E Zggd dae
FEHoR 7] o ofrlxit AFEH FHA 2%E H7Fet3 IN NaOHE
d& ALg-3te] pHE 422 253t

Hj kA Fe] A FL Itzhakid] B0 S o] gatATh[6] BA FAS A
g e 2meel 1mM WERWA 2mE Y oF 3087 Ao WA s o)
EHAE WdLdA g FAE Hol HEHe EFAE 3000rpme 2 1583k
fAEYste] AASL FE5HE A 465nm FFe FHE AEE AFRA 3
At ol WS ol &ste B4 EeAdS Sigmartd] XEANER AT A

Aol Azl wwste] Ash
A% 9 1%

Streptomyces albulusdFE FTet2Ad A Aujeksle] ther)e] wjgdd 5%

e

dazlel HEsHTh Fig. 12 pH6.89 Wi oA wigsd wf A -A o] wpg )
o] pHe HAxTATH 28 Middq] A8 ZeAe Wies debd 1Y
ojtt. w7} AGFel whel wigA e pHE Zz7)¢) 718 =7R] Frrsitirt Zae
Ao g A FA3 e HFHog 324 ol2Ich EE AL wU
o pH7} 458 ZANA5H wgFdes A7) AZste wjFele] pHalete o &
o] §43 F7tstAch

9 e EAT 22 234 gAEAY gFAAd Yude ATERS AseA
th, pHY &% 59 8dg Az wAEe Aug =ddte] HF Al
BEAYE F7HA7IE S Wol ARESHA FHEd FALE oln =AY HATER
Z[7] obrlxete] FAAE FUEA & & Adka oaHel EeEal AFAA dix
o H7tstAdt.
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Figure 1. Time course changes of pH, dry cell weight and
polylysine production in fermentor cultivation

- 175 -



6.0 4.0
% -1 3.5
(o)}
& 130 @
= £
> 50 P 3
E= 125 =
(&] (@]
Y— je
o —
» 45 420 ©
% 8]
= 5
b 415 ©
O 40k g
I
o 410 +
+ 35 |-
45
3.0 1 1 L 1 0.0
0 2 4 6 8 10

Time[day]

Figure 2. Production of polylysine by washed mycelium at constant
pH in a medium with 2% citric acid
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A2 d E2EHYET & Xo] Streptomyces albulusit
o] ZE 2|4l AAlo] m & of &

B Ae A 18N A3 EAS PVt BEE AN UG $& 22 APl Seine w
Ag FRsAE AR H1 doh NN AR FATAL WHE A7) 22z wawd o
%o AN Fo A Aol di FFE WoldA oW oh Atk B HelN A AEE o F Ay

B3 A @30 7] 4F 208 oF ANUTE 2EA mastugeld gai EQ 2 A

s

WEtd dxg sk

qe

e
m&
"
2
30,

Streptomyces= WATOEA o2 712 FHPYEIS wEi= Ao
T}, Shima %[1]12 ESvAEA ¢ -Poly-L-Lysine( e -PL)S wHEo| =
Streptomyces albulus(S. albulus)%-& ZolUifth. ¢-PLE& 25~30709 &4l
(lysine) A 7} #dstA Ate® Y522 (inear homopolymer)o] 1, 250C
AA dell vy FAF BRo|th2l T (Gram)¥A T A Fol e Hxa
AR FEE 1~8ug/molATH3l EF AL FE Ad4 @AY FEATL HIA
of o]&5x lem[4], dBAME sk 7AFAFE BREAZ zhhda QluHs),
oj2g o] Hojd e o8& AFAY 2 JE S A8 Fol gL =
YA &gt ot @A d¥9 Hiraki 58] o] #FE EAWo] AAA
YAy S A FFEY 208 o) FAANAT L Rusgvh aelan
Sun  F01& AEAL g% EdWeldd  NTGN-methyl-N'-Nitro-
N-Nitrosoguanidine)& ¥ yst A HATe Txe FRME 3 AL o
FOTF EAWOF WSS FANAYL HusAT GEy B aFdAE S

albulusvt 9] 4723 Ezlga Aol A F2HdVEd AgHe dFg 2}

o

3ttt Hiraki 58] S. albulust-& 383 SdWo]nrg AzgEd), £ A
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B ol7)o] AN EdWYS vate Eeleldl AR WEHE A B

48 A% % 9

B gto] AFR3F #3FE Streptomyces albulus spp. lysinopolymerus® U5
2) Al g 38} o St A (National Institute of Bioscience and Human technology, NIBH,
Tsukuba, Japan)ol A #¢k wo} Algslgon, MlILrs RE ALl 30TE #
23R WYL 130rpme R AR 28] %] (Shaking Incubator, KMC-84805,
Vision Science Co., Ltd.)oFell Al 8latdth, wl %ol AF&% ¥ix|& Shima F[1]°] Al
A A E Abgslgon, 7 ARE 688 A% 0.02M KH:POsNaHPO. 58
odo] Glycerol 5%, (NH4)S0s 1%, Yeast extract 0.5, MgSOs- 7TH20 0.05%,

FeSO4 - 7TH:0  0.003%, ZnSO4 - 7TH20  0.004%°] o

gerEavol Al fi
sotsdme] §0 Aoz FAA FrAMUIL Aestdn. sSEdd

o] Gt AEe WA pomEgaI 448 FuF F A Fepxaae 1INV

¥

2 BAS O XS omy AY BEstach A mAeA VAT AT

1

o ZHls) ¥ 7t Tebaz e djAd FES g 1,0V # Fs
ole] wjxo] ZzAAZ Fg th2A o Iy AZISHLH, I ATFEE Ous
/mb, 10pg/ml, 50ue/me, 100pg/molth, E2@dUZo] M7t wA d< 55A13HE
oF A wWFe T 7t TepaIolA 50u A AW nAWAC = 3o

30C e A% 8-&7)(Incubator, Model 2930, Dong Yang Science Co.) <tellA] ¥l

FalglTh, @) QrolAl 65A17HESE MgE F 2 mA A A T (colony) 27}

ol

2 wzolz 3ol 0mAdT ¢re] 10meuf Ao HF sk RwFT|eA wjFst
At} W r|ctel A 36A1ZEESE wjkE F 7 AlFdA 1y FHet 250me
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A AR W Ay EYyA FE AAE
A3 2 2%

e pHYste E8Al 4& EAY AF}E Table 174
2 Fig. 1o] vebuigith 250meZ el aa <re] 40m A A Al HF
30T, 130rpme 2 2R AgujgrlolA 72AF ¢ Mgd F Itzhaki

w7l TP Fe 2t AR

Table 1. The change of polylysine and pH according to adding

chloramphenicol.
Sample I a m \Y
Chloramphenicol (zg/mé) 0 10 50 100
pH 4.12 5.35 421 3.05
PL(gf/ £) 0.185 0.053 0.059 0.196

szanuze A7 Sdwe LAY & Ay F=FAUE Fol I

o] wal AFPeon E

g2 pH7F Wol AL 100pg/me H7HE WAl A

JL\L

e by wol ysith Zrawuzol @l 43w e A 9%E F

& @ & ANk
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Figure 1. The change of polylysine and pH according to adding
chloramphenicol. Cultivation for 72hr in shaking incubator
(30C, 130rpm)
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Table 2. The change of polylysine and pH according to the times of
UV-treatment

Sample I 1 m \Y A% Vi
UV radiation time
0 5 10 30 60 120
(min)
pH 5.57 6.57 6.42 5.10 5.88 5.81
PL(g/ &) 0.211 | 0224 | 0.168 | 0.089 | 0.128 | 0.170
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Figure 2. The change of polylysine and pH according to the times of
UV-treatment. Cultivation for 64hr in shaking incubator
(30°C, 130rpm).
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AN ZALA g wE pHW S ZE] 24l $& Table 29 Zo] FAHHIL
M, 21 25 Fig. 200 JeElRY. OOV, V,VI'¥ SAHZ 0, 58, 108,
308, 608 1Elx 1208 B¢ AME ARG 47 AEY HA AN TH 2
AN S Hote] 30mAI AT okl 1omeui Aol HF T F AR FTItN A 64 HE
oF wnf 3}ttt

Al x 2ALE B EdwWol HES AP A ZARAZRO] P #gkd I
W A golA Zalglalo] 0224/ 0 2 7HF Bol U, tgogE YETOE AL
£ 1A EE@alo] 0211g/ 8 7 Ytk A& A ZARAIZ] whE pHW S
=308 ALEARE wEA o]t 608 o] zAE A EdAE pHESF &
38 o =k welbd A FZARA el Fo] A EEA A Fel 9

F& Atk Ae ¢ & AN
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pH7F Wi wojdvte AL o] auhd waA ARtk zelw, ¥ W
2 Qe Zaeglalg wol #E Aog g gch 2|, ol 2 =AMLY

2 ou, AAg 3083 FAE MH AEA pHIE 7HE e
AL L Bystn EHENGe HF AA Usgtn AgAE 58 2AE T

NE7l pHE 714 A 2elgAw Feaue /by ol Aud 29E B
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A 3 EFLFHE o] 83 e -poly-L-lysine #8 & &

==.
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g Ae %7 $F2AE ANAE TF WOE ANY welk Uvx JARL AASE W =t g

of Hujgtnz o ¥ HA HSE Fol7l AY WAL PR 2WNYE AR wrolE

2

AHoz Mg WIFLRA MAR 2227t AAE St YA ANGe] FAAY FFBA 4

Al Bge Fu Aok

A 2

e —poly-L-lysine( € -PL)& Streptomyces albulus(St. albulus)?} AArsl= =}
AAe HF olrid L-A(L-lysine) @HAE o]Fojd #d My uFx
(linear homopolymer) @ o™, @A 8 Y& vEF AAZTAA HA A&
ANE FAEHE FFHo AuEHR itk e-PLY #e @A S 0 R3 AE

FHAE Al Qo] Bel - WA FAL ANATLY FPRES FAHE2, AF

0%
2

Al 2 - BA &S dFAEe AL AAAVtE @ee A%E el

A

AFNAE e-PLE §F3 LELYE IdE Ax - 2t AHAI}AY,
e ¢/t 9ad -PL B33 A2vEIHRAE o83t AAS T 22y
o] W& AA Wgo] Wol SR ofyT HF Y4g adE AxAF FS )
Ao glycerolo]tt glucose A&°] ol 3o} BEe g FHo B/sjnZ F 7}
A o) W AEE LEe] o] &5, & WAYEo] YA ELE ©E vAEe] 9
£EE T F HEF AUAES doAY, 2 WFde E g g A
FEE 3t EF dlg HE AMEE dojith WA Stoalbulus o T WG

F Q¥ FFE e-PLAA Q&L wXA FowA glucoseE: EEXHOE HA

o

AN 4 AdE A& Attt wakd ¥ glucose A& ¥ pH A FA
2+ Zymomonas mobilis(Z. mobilis)dF & St. albulusst &3 WF & adF=2 A

A8t A}r. Z mobilisE gram-negative TFEAN 718 27 @ 371H 23}
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7 ojel we pHel AYHE 2 2] £9

2=

Al glucose®E olet&Z TaA4
yeast BT} glucose HzF&o] Fol AT #Aol IFFHI A2H[3-5] Y24 AL
A Acetobactors} &3 W) %ste] glucoseE 955%°]4 acetic acid® HAFA|7]|&
T el o]Felxa eHsl

B AR AE e-PL By AHAAMA EAS HE glycerol oY glucoseE St

albulus$t 7, mobilis & W<k A718 -t glycerol ¢|Y glucose §#F& £

Aslil e-PL ¥ &85 FAA7I A A

A9 A 2 P

ARt g A

B Ay Al4¥ e-PL A #FE dE I49 Y I A+2&(NIBH,
National Institute of Bioscience and Human Technology, Tsukuba, Japan)i A &
o} wre Streptomyces albulus spp. lysinopolymerus[No. 3461(St. albulus)& A&
3l .o glucose® WAoo gRE AAY TFE Zymomonas mobilis
subsp.[KCTC 15351(Z. mobilis)E &390t} St albulus Wl AHE3 A x=
Shima $[6]0] #A|Algt T A4 4R (glycerol 50g, (NH4)250s 10g, yeast extract
5g, MgSOs - TH,0 05g, FeSOs - 7THO0 0.03g, ZnSQ4 + TH20 0.04g, 0.02M
KH;POs~NaHPO4(pH=6.8) 14 & A}-&3t Apauf R oA 30CE 4841%F Bk vl
g % om A wigste 5CE B@EATh Z mobilis FAE yeast extract
50g, glucose 20g, ZH%F 14& AH&ste] ApRujx|olA 30CE 24X 7 Ft v g

s F 5CE REs

3

E
St. albulus WS 500me AHzHET o] FA A4 A 100mE A$3 A

ok3l St albulus 1%E HEstd 150rpme® 2P I %7](Shaking
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Incubator, KMC-8480S, Vision Inc.)ellA 30CE 24417 vjeksl & |47 #Hol
T 7€ AG3l T FHFFE 33 AHI St oalbulus MATAESE vE o
ol St. albulus M TAE e -PLAAA] (glucose 20g, (NH)2S04 10g, citric acid

20g, 55 140 (pH=42)) 100meo] 343sle] T A4 x| S8 zHaoz v

Z. mobilis& 250m¢ 47} Febxzo) 50miAE AL F 150rpmoE A g
B E71E ARl 30CTE 2442 W e &, 3000rpm o2 1587 422 s}
o Z. mobilis TA TS FolA St albulus$t E37F wjudd HEdog ALY

T g =1L St albulusE ¢ -PLAMIRO] HEF: T A wjgawy Z
mobilis FEYLE FA AE, 14F HE, 549F HF, 109%F AFst vkl

Fobal glucose 33 ¢ -PLEFS Z33Arh

Ay

M

St. albulus %Y el BAE ¢-PLE AHEN37) 98 Itzhakiel 249 &
o] &8t AFgIFHNE WEJEU[7] B AlEE Poly-L-lysine(Sigma Co.}& 5
Fol =ol FultATh ImMe] WE WA 2miet A8 2meE ZFZ HubE A4
30%3 WA e & 3000rpmoE 1083 94 EEsted JAAAA L AE HE FHTE

& B335 A (Spectronic 20, Miltron Co)E o] &38}o] 465mm bdeolA §3F= H

88 ZAs St albulus MFRl ol glucoseF & DNSAM([8]e2 A
AT
Ty

Eguek A 717F e -PLAAR 0-15U7F viX& <3

Z mobilis BEA 717t e-PLAA N 0-1597 mXE FFE 2AMSAC St
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albulus®y 7. mobilis AEAN717F e -PLAA 0-1597 v|X& AFAE Fig. 19
el Q. Z mobilis® St albulusE A1) HE3 AL e -PLEH Fo] 1044
7R St albulusivs M ¥FE 7 $(control)9} ®sd HA o] o} 15U A o=
214 e -PLAIXEO] FA3] A8} Controld e -PL F3 o] wjd 154 Aol
545mg/mld otk B4 HES A9 404mg/mlE oF 36%HE ¢ -PLAAF ] AU
o}

Z. mobilisE 197 FEe R ¥ 5d# ] HoIEWA control® T °F 28%
AE o We ¢-PL AMNZFL BHPoy 1085 e control® #& FolAL 1569
Ao control BT} 17% A= AUt ol& St albulus7t ¥ 2719 e-PLE A
AsbE FANA Z mobilis?t e -PLE ¥ Bol ALEHEE e AFGA=Z Fgat
o] 5AF A T e -PLE AAG Aog welvh 2 Z mobilis7h AHE S
= HAoA Shimag[ole] Rud T FHGoz wjx o] AiE e-PLo] Z

mobilis AMEro] gelEola] e-PL ko] ¥a ga® A 2ok E3 Z mobilis

3
2
=
o%
~
[
e
2
T
=2
rr

7 wjek 50 A 10d9A Akolol glucosedE Ao AEA
St albulus?) glucose® e -PLZ A@AI|A £F Aoz oA Fig. 14 12
= nle} o] 1UA 7 mobilisE &% wl%¥e AL Mg 108 FHE Z mobilis7t

Apd gy o]y =38 WS glucose FES} L ¢-PLEEE st EF

a8 59 A Z mobilisE HET AL x| Z. mobilis7} A=A E 2835} o
e -PLO| Z mobilis AX Fdel A71A FAE& sto] AxHg WANE 2
249 Sx8t7] 98 St albulus’t e-PL& @13 AAstirt Zo mobilisE
=AY, 194 g2 A vpA AR WG 108 o) Fel= Z mobilis &
= Amadvd. wekA Stoalbulus WA ol EA3HE glucose AEFO] Z. mobilisE
AR ESAY, 1954 HFS Ande YoFoez H}Ar| WEd St albulus7

e -PLE controldt e & AAE F W Aoz AR
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104# Z mobilise AFE Ae WF 154474 control® & ¢-PL A
S BAE ol ¥ e-PL ¥ W Z mobilisE 1084 HF3AvA}
E5 Abdste St albulus #F7F £ -PLE AMNSEE AFE F7] 2Y0) WE

R 2.

E3F 717 glucose FEFl 0-1583F M A& JE

St. albulus$®t Z. mobilis EFMWE A717t glucose FFl 0-1543F WA= 3
&F& 2ASAY. St albulust Z. mobilis g %o] 0-15U3t glucosedt #oll 7
e 23F Fig. 291 YeERRAE. Controle] A9 %7) glucose %] 20g/Lth
7} MA Ao 154 A e 7.6g/LE AA 3 At

Z. mobilisE FA HEFFAG 144 FHIFF AL ETTMYE 5YA7A
glucose ¥ %] control# Hld FFE 7oy EHYG 107 ol=22] 57
8] glucose T #Fo] 74z} 21g/LY 25g/L7 A A FTksE 169 #o] ol28 0.3g/L7t
A AT AE AE 5 ANTh o AHAE St albulusst Z. mobilis7t FEFEE
M2 ZAF7) S AAHes Hol APE & sHeR Holw W ¢-PLER
A Z. mobilis7t 104 A7HA] dobdgo2A tEe glucoseE £EF BoR A
e,

5UA Z. mobilisE HEH AT 5-10dA o]22] 126g/LAA 6.5g/L7A &
289t 158 A e 26¢/L7HA #A R olE Z mobiliss FA HFEHAL 1
dA) HEF AR AdAHSRZ L -PL 2R AdA Z mobilis TF &7
F7F AEHe] w90 AAEE Aoz A

1085 Z mobilisE HEF A& glucose o] control? ¥=d ¥z

2T ol MY 10dAd HAEHA L ¢-PL $EE U8t Z mobilis &

»

F ool AEd &48 4o FA Hol glucose FFoll= JFE FA &2

Zo},
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Ccontrol
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[Oinoculation after 1day

Ainoculation after 5 days

B inoculation after 10 days
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Figure 1. The effects on production of

culture of St. albulus and ~Z. mobilis.
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O control

Olinoculation after 5 days
M inoculation after 10 days

simultaneous inoculation
Ninoculation after 1 day

A

A .MMM
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Figure 2. The effects on glucose concentration in a mixed

culture of St. albulus and Z. mobilis.
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A 448 NH ARtz AN FARA AN G FHE

F4 E8le

®oAe A 3AAN o)HF AAA 7] BF TA AWNEL 1FHNE WAE BED 53 4R
amnfEady] W Akl Bol B AM@e]l He o] WA o] YFEAY £E& wYOR

T P R i Sl I I R A R

A 2

Ak o YR FAEAL AL g I g &
Zok 8} A E A (antitumor antibiotics)olY A& HAT S Aoj, T AF HukAG

FEAR 04 59 558 BHoE ASHIE oI
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o[ ¥ AF HMAE AEHE FAEALS AEY mud Ay AHLsAY

TEY 5 HFY AGRE ALED EE QM 7, JMEHY ANEE §X

&t7] $jste] dEolv FHEo] Yol Argslrx ),

A7 FAF F7hek A EA ] W AFY AEs} @ UBLES A
ool QI AEe WilE W BAE oA Ao Be %o ggEAo)
AFEok AREEI YE ARtk AF Rk vl PEo] 7 WAL WA
A FoA-gS A& (Bactericidal action)®} & 1+ 24 (Bacteriostatic action).2.

2 A4 vw £ Ao 2EuEe ZAY ¢A4e mestel dAE wyle) b

A el g s Yo dol &g 2%, Fv] W R ANES} ke T2
she AE BYY 2 I B2AIEA APANNL AR A 2HF BEA

E AHSEte] mAES ARTA F& HEg Axsta o2l
Tt o] REALE B FAFoR 1 qhHAe]l HPol gl BAE
aoglew hE) awabe] s fAFE did V9@ r HAA FABH U

@ waol wzHn Yok 53 AFRoplNE AL Age) A 7]

= 2 AL Q7] el AF7AA fhol mimTtE olf 2 AMEHA Ralu o
A HIHES AAgol M2E ZlEd 8 moldowl A AHEHT Y dR
=9 A Fol o2 gAE F Avn AW F AH3]

e -poly-L-lysine> =} ¢] " opw] Akl L-2] A (L-lysine) A& o]

e

s}t

AU TRl e ZE Fol&g HER o] IMNH L Fol2g Y

7 ZFAA oFE ALE vl A (microcapsule)4}E AZSAY B2 AE H
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-+

24 (cell adhesive)[51E W= o] &3l7|% gt EF

o
ox

2}

o

4l

O o)
+4-&

“g{_l‘

P
T

>N

Y ojuicale) 4oz HFEL AAY JgoRm ARZHTET. ol

Eye 57 A AL &9 g4 2ol ZAvEn BT 2 94

AV

o ¥
g71azs AAs77 W$ ol 28d F 19773 Shima%e] H&o2 E
kol A Streptomyces albulusE AEs I MFAFT Zegal s YT olFE 9]

o] et we A7) o] FolAHTHB-11]

“‘(NH*CHz"CHz—CH2‘CH2‘C|H-"CO)n“
NH2

(n=25~30)

Figure 1. Structure of € -Poly-L-lysine from the Streptomyces

albulus lysinopolymerus.
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Shima%e E%olA g#@Zo
DragendorffA] ¢foll wh-g-3tE B AMdse TTE Bastged ol WU B
U more) Fo] Eagldo] o 3hHE R FAse o FE FHAR Ak
= paee dudi o T58E Streptomyces albulus spp. lysinopolymerus
2} 389l Streptomyces albulus spp. lysinopolymerusol Al Aat=Ee @A
= Zogae stdon FAHE oo FYAUHe 8 Fig 1% 2ol opr] =

Abe] otm} 744 7]( @ ~carboxylic group)®t YAIE obv] 7] (e —amino group)AH©l

it

Zz3 et dANE F

o] ®Eelo]= A (peptide bond) S st YE FET 7=
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g2 41-& L-lysineo] Ao 257) Wz 307/ A=l 24¢8 Ay #3 2823 &
Adx, Z% Fdgs Y vt g 7@ 9 olv] =4 Homo poly amino
acid) g% W72 a9 S 29 S vAEY mF oF 1~8uwd A2
dozmx FEI FWHL Zi dve Aoz ZAHAT0,11]. EA LE 93
of ANHE FHAL A HFHYE zn JouME A wiolie] il
e FAAHJ EZ0Z Aste] AF /AR iF A ol &HL jlon B &
HES zta Zg849 £5& 0% g Aes 4449

AA g B ZEAde 4 gy FaEse i AEs] HdM:

A9 g7Ee 2n Qo A543 AF4S P4 wE FYE 20 Qo) BAA
Q FRANE Az W AEE BAo|BTL ud FAEAY) A8sE el

of W¢ BAHTE Fo¥ A7FY s TRES B¢ FIIUY AHYH 4

d@3A8 £ 4y

@

e

22l

o

B Ao AET #FE AAYSL e Streptomyces albulus  spp.

2
lysinopolymerus24 X A F &< 4 (NIBH, National Institute of Bioscience

ro

and Human Technology, Tsukuba, Japan)olAl &4 wol AL&3iudh. &% W

3% Shoji Shima$ o]l AH&% Glycerol-Yeast extract -~Ammonium sulfatedl] 2]

|

(GYA medium) 5mE & v/} 28 Addo] a5 dHEE HF8ho 24AHE <L

i
i)
o
o
l:l
=
X
£
=
o
=3
ol

wjFste] T 48U BE olE A 18%F

Ak nYMANN fetez sl B @ o 2L WFZ Hojua



AN ZFF O W oke Fole Fekazwopol AHgEI
WA ) e maAlAe] EEetel 4T WRRBm 250 FAA A
stglon], AR 15m §3¢) WEZEFu Fof 05mst Y FMY 05

S Q9 el 70Ce]stol A Bastgeh

1} #] (medium)

Tl szl wEy] Wkl AMS-E A= Shoji Shima$o] AAE GYAWA
= ArasloHg-11]. Mok 2eA WFe ANsgm oW AEF FA AEFE
GYAW| R 9] ARzAE Table 10] YERAATE AFE wfAolA 2447 W) ek 5} o
7)ol olE wATe FAst FYAe Aaste 23 ¥R Ea R Ry
A AEtel = ol AL&d 23 WA vAde 14 A9 Glycerol 50g T4l
Glucose 203 A143l9la, 253 @2dE o=t AFEAQA TN 20go =

WA oA ARAE FEFEE STk £ g4 F4& AEAIVI

918 0.IN NaOHEZ A48 pHE 428 248U

A A 3 A (washed mycelium)
15 WixelA 24xzE AE Mgste] g =Ed 3 Streptomyces
abulust= AAel < 1 2me TH FAAE FAsH, o] #AE 8000rpmS

2 om0 QARHed FATE A5n Mgy Aidel AFFHFE T A

it
o
R
2
Sk
2
N
0Ol
ok
£
=
2
£y
2
=2
_c:_{_:{
3R
huk

Azt A el JE L

¢ -poly-L-lysine¥ 2] %4

Streptomyces albulus W%F9 F ZgglAl Bal= Fig. 200 YERd vieh 2
Aoz WYt
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Table 1. Composition of the culture growth medium for Streptomyces
albulus(GYA medium)

Components Concentration(g/L)
Glycerol 50g
(NH4)2S04 10g
Yeast extract 5g
MgSO; - TH20 0.5g
FeSOq + TH:O 0.03g
ZnS0q - TH20 0.04g

0.02M KH2PO4~Na;HPQO; Buffer solutionpH 6.8
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3 liters 3.6g-epl/1
Streptomyces albulus broth
from washed mycelia

fermentation
Centriguge
- 8000rpm, 1
2.5 liters i
Filterates min .| Mycelia
L]
ﬁ PH 8.5 by
Ultrafiltration membrane 0.1N-NaOH, 100 ml CM Sepharose FF
Cell Cut off 1000 | > Ton exchange column
Gelchromatography Dialysis
For molecular weight <_—_| for small fraction
& &
Amino acid analysis Desalting
by ultrafiltration

Figure 2. Isolation and purification Flow-sheet of & -poly-L-
lysine from St albulus fermentation
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gand

A

=4

rlo

NFHe AFEAE 947 widsta mgedx EHygos Eddae
Agete] wige 128 E¥Al 36gel TE g 3EHE AU Wy
3gEle 1% AAEHVIE AHS 8000rpmel A 1587 AR sty wjgo g
B #AE AASAG TAE AAT widd 38E F 254HE @YX
(Ultrafiltration membranes YMI1, M.W cutoff=1000, Amicon Inc., Beverly, MA,
USA)E F3% Ade AHEste Mgt e sttt $58 wdode oF 8ome
A 0.IN NaOHE AH83}o] 852 pHE A & Hu& of 100m= A& vl
FAE 26W 2 FHSFAT A AAHAM AR TH2 EHULEY AFLF don
Hegk AARE IdE AR F glou AZvteadgy] dY A ARFH

TUAEF AR e¥E Z2FAY Bl AHYE F Aol FFS AHSAL

WFdgFe E2EAE Itzhakid] WR12]E ol &3t Itzhaki®] EADEHL

&

S

THAE AAT i 2me ImM WELAA 2mE ¥ oF 30w A2 ¥

o

itk olwl E2 A ME A} EFATF Hol HEHH KA 3000rpm
o2 1583 ddEeste AAs FE S HAste] 465nm Ao FIFE wEE
#¥ Sigmarbe] EFA R(polylysine hydrochloride, P2658)2 243 B AFA
Hlasle] wjFAe] FAGE AT £ AP oY dd FY

e durAd dgde)l F33g 2B4nmrt 280nmel A FFEEA] Frlel WA

7t FE% 220nme] FREE AFEY vk

AzviEaYy 4y

Ao A&7 ZYe  upa)o}Al(Pharmacia Biotech, Uppsala, Sweden)?]
C10/20(D=10mm, L=20ecm)Z ¥ 2.2 Z 77} Id o] duldo F o] WA 5=
2 A" #8 gHPoR olgud AZvtEIHYE AHolrt o Fi #H of

HE & AL&ste] ZY9 "HolE Ho 3em7tA] €49 + YEF AT
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Witoh grEAbel, ZW T BAAEA Afole 97 Imme) F3E BoldA ®
uw b3l AAFAUT

oemBrAs AEPANA v BEA Felpreswelled) 2 AFH slel
A Qe volA e ol gFe] Fof Byl #UA FANAT £HE F
A% BRe AWE At AP 2P FuwsE sy, FAE 24

a7 87 sl AgelN FAsA d AR I5MAER w4 T AL

Fob gEole FA F Yol AgstAch

Ay azvEadgy A

mokeo] A EaulAlg Halslr] fate] olenst ARvEINIE FIAHA
o}, Agst AANAAE st AER 15k AzvEIRY FXHPLC, Vintage
2000 series, Orom Tech, Korea)= ¥ 719 =7t e & 749 ngPze HY
A Belg amae 72X 5 dE A9 BFFEAUV detector) 2 T4 = ]
gt} wak ke ARFYS 98 ABFY7)(sample injector)E ARTIEL Y
Az o)Bo] AP, BAREA £8L et AFHE FAAHA AUk

azvEagy Fx F A9H BRPEA JYRAT 9pl 83 FA
(flowcel)o] A& o] &L A7E ZPozRy £2d did 58= AAT
2 g w® Mol Atk B 0olA 1omElolM fFEFS T e IS
Azolz (sal)e FE F e WosRE Azvieadd g 2XEH 43}
o Sxw AN AARAS FAR] do FEE AfR] THYE & e,
W o se] ghEdn @ AL AFINAE AL WES 4T FNE AAG

v,

olend amvtEIdy AW F BPozE §2E 9WAe Bad o



%8 £3#71(Fraction collector, KMC-2000, KM.C., Seoul, Korea)& A}43te] A
BE EE 0g 2% AlgE Wzie] ¥ T4 uH(Dialysis tube) o2, thZe)
ARE FAFRAE AR5 E9(Desalting)dt Atk &5 AAT Zegae A
ARENE A azvleadsd 9%

A} FAOE ARG AL The

r
S
=
o
il

of obmlwAt B4 g mAlsle] EAsdoh

2% 9@ 33

FaEdd 2L 23 dAEEDY dFAN DA E Agstax e EHY
ATEAL A, pHY £E 59 ade WsANNeRA vYRe 4o
z4dste HF UAMEAR Fe SIS RS Bol AMSET wEN ¢
-poly-L-lysine WZA1+& FE=8t7] H8t9 & -poly-L-lysine 44H-8 23 #j =]l
TS 2% M7kt pHE XA AL wiAdlA wdd FAE AAsta
e -poly-L-lysine AJ4+8 23 wjxlo] HF3Ach Fig. 3 MIFAF F 99 <
vk o] pHW S ¢ -poly-L-lysine FX &g #ae Adolch wjdde pHE
Tk fFHel o) 42614 45AL0]E A2 e -Poly-L-lysine %2 %
< 9¥A Hi 36g/Les BEAW olFedxe wigy el oF A4+
e-poly-L-lysine2. 2 13le] Fofe] Wzol @& HAow Wty FAE F2479]
APE 3k A

ol AuE ulel Zo] MATAE o) &3kl WMIH wixe pHE A1
A FEEHJ FANE Hrsd  19Ag ZE7) gl HE e
-poly-L-lysineo] 6 ©]4 A2to] 78t tl. ©]& Shoji Shima®l Z#HQl ¥HT
5ge A ol vld HL oo A HEFH vEE HFPoE FYANH F
AE AolE AZFE Y.
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Amounts of polylysine(g/L)
pH changes of cuitibation broth
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o
13
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Figure 3. Production of & —poly-l-lysine by washed mycelium at pH
in a medium with 2% citric acid.
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Figure 4. Chromatogram of fermentation broth of streptomyces albulus

with a nonlinear salt gradient elution
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Ol enE ATPEIYNE Aol BRAL LT W mHsIoF T WFE
Fz99 pH, 9 A7 9 AAYY Fol 9ok
4] pHSt 4 AZ1E 2] AuAYL AN st] $FA 9 pHE 852 AH

shalth 71X JhatE e vk 4§ Agste) oj2uEE duAd S de A

q\ﬂ

T 2E pHZF HAH oy 3= ¢ ~poly-L-lysined F&& et ok7ho)

Aol 34 FAAYPE B85z = e -poly-L-lysined] =

A

Lo
=
FET pHE AASAY ¥ 4592 pH3SNMY F2¢ 4FH& 1

>
)
X
2

23te] Tris-HCI® MAstglom dwido oj2usg Witz ae ¥ $xl
20mME ¢ Al71E dA3E 9. CM-Sepharose FF A& A& wl=9 4ol(Bed
length)& 6.8cmE Wl =H3)(Bed volume)E 5.34meo]Ath. o) Zado] Fugh wjek
g Alg 20plE FYI}L o) 2P AREIHRAE HAFA ZEAWRE

DA F AENe WA ARE ST HE 15ED AHse] FHEA

ok

Ue AEES $H38] AAs T 2MY NaClg ol &3t A8 AAAME AR

Ashi: ol spshot Ma AAAA A &

>
ro
M
k)
N
N
o
4
w2
a3
A
)
(o3
K=
4
Ak

HX e AREI F wase) £E 6 AAAA 712718
AL F43 49 719718 £ MAY FAAAE SR Fig. 49 At
A @ & el F WA olde] JRe] JHE TYHY ol wBH AA w
W grol 571 FANUT om Fe® HRS Y BAJE Agsel ARE
we tg A ARTEIYY S 4 AFRAEY obulxy BAS AAstel BYL
23§55 vehbs u WA A7) epoly-L-lysined ¢ ARk A

AMA Z48 220nm #ge] FFEE 12 W e -poly-L-lysine A &<

oF 81.2% = wjdA o] o] g -poly-L-lysined & & & AU
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Figure 5. Molecular weight of purified € ~PL on a gel filtration column

was developed with 05M sodium chloride at flow rate
Iml/min. A. Bovine serum albumin (M.W.66000), B. Cabonic
anhydrase (29000), C. Cytochrome c(12400), D. Bovine
lung Aprotinin (6500). The &-PL was eluted at the

position marked by ‘O’(same molecular weight as
cytochrome c¢)
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Figure 6. Amino Acid analysis of acid hydrolysated of & -polylysine

which was collected fraction on the ion exchange

chromatography
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£3le] I THE AU EF EFEo] & THHJ=AE AA FAF %
Al(Differential Scanning Calorimeter, DSC)E o|&3%o 8 Ao *X(Glass

Transition Point, Tg)E #&A oz st

243 9 3%

€ 9 57 g o Azt £ EANHY o v 459 VAH s

Fig. 1% LDPES} EPDM/AlEE] M/BE E@E o Eo wiEstd FAAIE
3148 103 (Fig.1A) 233 203](Fig.1B) 303 (Fig.1C) %£¥ 503] (Fig.1D)E 3}A1 A
MEZ uigte] FEA & b, YT IF XHE FEAn AR H2 Ao,
2Pl A oJFE BEES EPDM, ¥e R8-S LDPECEZ dwtdr} F2 ofF
Bol AZHA de AA FES AT oo A YAEoit. EFAAAN
A9}z EPDMS WA E38A7] Wiol M- Aol A9 EPDMAd] &)
sttt &§o] WAHW LDPEYLE HAUZbA doh. 8 EPDM 94 &30
APd5E A4 =AM LDPEYCE EAHA "ot 28s 45Ed oY dd
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HE4E o]F2o] XA ZWA B¥&IC D), AL YAE HH o FHopx
1 FnF ¥} USE & F A

- 220 -



(C) 30 times mixing (X 100) (1) 50 times mixing( X 100)

(1) 10 times mixing (X 400) (F) 50times mixing( X 400)

Figure 1. Optical microscopic ol film reinforced with rubbery polymer

LEPDM [or various roll passing time
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Figure 2 Effect of roll passing time on tensile strength of the

film, LDPE/EPPDM/ceramic=90/10/5.
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(A) EPDM 5 wt% loading (B)EPDM 10 wt% loading
(X 100) (X 100)

(COEPDM 15 wi% loading (D)EPDM 20 wt% loading
(X 100) (X 100)

UDEPDM 5 wils loacding (FYEPDM 10 wt% loading
(X 400) (X 400)

Figure 3. Morphology of ceramic loaded LDPE films reinforced with
different EPDM content
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Figure 4. Tensile strength dependence on EPDM loading ratio for

LDPE packaging film incorporated with silver coated

ceramic
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Figure 5. Dependency of gas permeability of ceramic incorporated
LDPE films on EPDM loading weight

- 226 -



olg m|Fo]x EPDMd] Azt=& &£ w EPDMA Ateel EHE 2 ¢
1B) A7} HEE st Ao £& Ao dddr) Fig. 48 EPDM %ol o
2 Aty g% LDPE "H&¢ AAZEE vehd Aol A HeE AAMHE
EPDM& &8sl @& 5wty Agtel &4 dg9 7143 Z=7t o 102kgf/cr W
o)gwl Aol n)ste] 5wt% EPDMS E@ste] Az swi Ake $F LE9

k. 8 ¢% LDPE 2

+
3

J1AA AEE 146kgf/cr o2 R Folx AL ¢
29 o 158kgt/et(2@)olE % FAAT 2A AHE gelth ¥y EPDM9
ko] Z7Me 4 E AFAEE Yolft. EPDME Hd9E PES 71AA =7t
vl = AL Kim S[6]50lv Plaza 59 A7l B3 & A 2L FFl
v} ol & wFo] EPDMY & v &L Swit% A =7t AP Aoz dchdEn
EPDMe] o] Hojud QAAE7F Rolhded® swtk BEdA = EPDM
o HrstA ¥ ART ARFEL AA FAE olfE EPDME EFLE
LDPES] 7|A% ZEx ol A EPDM3} Aty g WX &3t LDPESH o
A BEE Aetd e ¢EoR LDPE £F & wgro AzE Huld o 714
¥ 7% sgg A AHAA FE A YEoZ Bt F EPDMo] A

Bate RolZ 3 LDPESH Alghe] Ato] Aol &l wtA] AZIAAYE 2E3)

EPDM & %ol uw& LDPE "&9 7|4 F3&=

Fig. 5% 3243 o] EPDME 001A 15wt%7kA] W 3kA121 Swtds Ak g

i

LDPEF ¢ 714 £35S Jebd Aotk 2ol RE nis} Zo] olidgags

Wl £ 8 47}A 714 25 EPDM€ #7184 &2 LDPE €853 ztol 7} gk ©f

#3 Aske EPDM A4S melsA ¥u F7) FAAS ZEA ExmIo R

5

A4 EREE 2ARES AAT £ d&S HEHD.



FaEA

[1l. Kang, Y., Sun, H. and Park, C. : HWAHAK KONGHAK, 36, 2, 257(1998).

(2] d34, 287, AFd, 23, vrdq A2 FH53) A, 30 811(1998)

[3]. Scolaro, M., Piergiovanni, M. and Fava, L.P.. Rassegna dell. Imballagioce
confezionamento, 13 4(1992).

[4]. Matsuo, M.: Jpn. Patent, JP 62184035(1987).

[5]. Schreiber, H.P., Viau, J M., Fetoui, A. and Zhuo Deng: Polym. Eng. Sci., 30,
263(1990).

[6]. Kim, K., Cho, W. and Ha, C.. ]J. Appl. Polym. Sci., 59, 3, 407(1996).

A7 A AsterdA FEs FU1d HAtEY R AEsed
M7 29

2 Hole BENRAY AL AEANY LS At 87 Aol sle TEAA Ao =¥ & 2

37 A= gl
AE

HT FHEAZE A4 EAZ dFHEM EF2HY AR tE A5 1
AZEA7F AQHIL ole] met Y St A 843 Agol HH FuiH
i vk ZEAE AA B st 847 EX & | FEs), 4B =E AE
8 59 23/ APE. FEAE NG Fol g5t xEFH FEo EHHE A
olm] Ut o £ ARFo] EEtt ® ARHE WAAE] EulgeE AL
o ostd FHE RoE @HoEFE EFxHo] &) AAHE Ae ¢

th.[1,2]

- 228 -



FRoE BEP Aol Ax HolFHolLol} WREA, FFLA & A
berel ma BA7) RS AgAH ouAe] gstel BAALEo] AeEol U
otk @Al Agssol Q= BEH /L2 Feuk NiSd HolF& ol&3 43

224 9 4 204 5% ARAY nEA FTA JUFVRE Yol FTRA
A FEAE Hojshz Aooh[3] ARAE AEHS PRAT rol ¥ & e
4 AR & Frstd LBEAE FAAA vASA BE] UFel 413 AL

)

7} AA YojUnE 3 AR PG, PCL, PVA 53 22 AR &4 &y
Holi} A g HAY AAnEAS Zo] AAAA HAA EAHAE Re wEOh
2} 544 £ BE B A2 12 SddA BEHE LEAE AHES
= AL EAV sl

B APgME JA4F 59 AARE FA & £ v TF 54 F2A4 H
AR S Bodsug g B d3aEe] Awd YFL g5 AFSE °)F

A ®o) At A 47 FEAE FHD Qo) ool TF BE FEA

ol

ARHAAEI)E 20D Aoz AT, a2 B4 Fride o8 7HA
wo] glo) B AFoAE WE A7} obd Faly WEoE e Aol oty
0% R% LDPEE 7|®oz ste] 1 £3 £E7 wi$ =gE2 gt 2E5% 7
W WEg 747k AP 49 717 =EEAUY, EFl AN HEE F ol

X Z 33

*

Mo dAvFez BFAAY NAH FEE FHTLEHN AR

Ag 2 4ERY

A5

Aehal e ArsA o] M (65wto%s), AHeFzH(15wts), Arstetd(10wts) R AsThL
Qe 10wt%) e A8E sto AxI o] ARE A ALIAT =T
REIMERS® KOBAYASHI® W#¢ Eul2 dta] oaelx nlAl Aet=g Azs

of Argatgirh. At vd Ags FFAuILE Hste] Astord(62wtde),

~ 229 -



Abakel 1) F(18wt%), ABHT A(12wt%), AHe g 7H8wt%) e Y ® &9 Arstola

A At g Azt AEF E2EE 20wt AL F8dd @i @x Az &

B
o

Shal Este] ALttt XA BAABNHE EolV] sl opat
AM A AuF(HF) d& AAs dmeE AEAA dARY|E B

Zota FHA £YFEES AHEEAT

HEo £ JAFHE & AegdgE 1¥
Odd F59 d&& A=zt &L LDPE,
LDPE 100gell FRAAZ Z+7} &A1 8] ceramic 2g, &A 8 ZnO 2g, "4 M&t9 lg
aga SUFEE 04T S EFT 5TY ¥ES Az

HE2 4% 7] (Randcastle, microtruder RC0625)& o] g8l Alzxstgon, gta
7l A%-2 £EF 180T, P9 22+ 190TC, s X% 200C 8]l thol

%Y
9] 5 200CTE 39 z#t WEE AzxsAnh

ZEe FEssH e AN

FEs AE A9 AAFE T A2 559 ES 7FE 10cm, AZ 15cm
ol A7I2 747} 634 FEHste RE @ #HA e RS 1, 2, 3/Y 38e g,
Z4 g2 FHEE 474 23y aAHAY. EES AT B 2o AdAFol
HIX = Roll AAAZY. 7 &2 UiE 992 3+

tE EE HES B Zue ##Esy AR EE A

—|—‘

ato] o] F& Fo| F R#H

eI AEE 2L HEE FUsA AEE Azste] FFA & Lol EF
€ AFHzA A2 3 & LA £33, £HE &) oF Semel BEFE 2
T FHE AEE Rl HA 2 vE oA o beme EGE Hol 6TE =4
® A B#Asr. EYUe AEd 58 FAY] fstd 14 134 &5
712 2& E5%d FAv olEA REdE AL UiE 99E AFHS] A &
A Z1AY FEE S AT

- 230 -



A Age MAHY FxEE dFZE A7 (InstorntAt, Model 6021)& AH-&-

sl #2318 25T olA head speed 50mm/mine2 7433, BF 35 =
Aspo] -1 Wit TEhe] AlLsgr)
a3 20 aF
A A1E )
Fig. 1> ¢ul LDPE 983 /g 285 F9 s 4558 & 259

B R 0w Fo KW A4 Abdolth ageld B npe} go) ANUE

o] WstAurl (A-B) £9 FEES 5T 2859 WC-D)7F &dd] HE
AL & 4 vk weldd 9¥og of $4 vaE A7) #Hel FEo] BT

Fig. 2% ¥7] A8 H71e 989 9 ARRAd afoA RE 8kel o] &
g IAHB)E kel RS Bma, &y Agde ¥d d84gFe] FEAHL
2 a2 R wkdle AFerd i dEMFELS AY YEA ZUurt ol 4

ke By 24 GAE RHoR AR Bdo] ofuUXw X A Ae

Ak
i
oX.
rlo
L
‘o
E
o
o
.4
of i‘
ri
i
2
S
st
il
e
=z
iz}
gl
.
£
to
ok
M
=2
ox
fuj
N
S
0%

Fig. 3¢ elgde] 2197 ¥&A2 F =FAN7A G2 L&EF I W& ¥

O

wE Aok, 17 F (A)E €4 LDPE¥Eolx, B)e 2/€ F9 FEFoH, (O,
D)e ex7 A B S =% 1% 283 (B), (HE 238 idstotd &
AN HE
ot

i
ol

F9 =& AF Aotk AN BE wieh Lol FI1FTE AR

o
e
32

A
T

o] ¥ A gdo] YAE FAHLE HY A X LEINE

- 231 -



(A) Fresh film(control) (13) 2 month later{control)
(X 100) (X 100)

(C) Fresh film(pine) (D) 1 month later(pine)
(X 100) (X 100)

(E) 1 month later(pine) (T 2 month later(pine)
(%400 (X100)

Figure 1. Biodegradation pattern of LDPE packaging film incoporated

with extract of pine tree needles
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(A) Tine particle loaded fresh  (B) Fine particle loaded 2 month
[ilm later

(C) Silver coated ceramic loaded  (D)Silver  coated  ceramic  loaded 2
fresh film month later film

£

(I2) 7n0O loaded [resh film (I)7n0 loaded 2 month later film
Fgure 2. Biodegradation pattern of different LDPE packaging films

incorporated  with  fine ceramic, silver coated ceramic

and ZnQ.
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(B)LDPE film 2 month later

(C) Silver coating ceramic loaded (D) Silver coating ceramic loaded 2
fresh film month later (ilm

(E) ZnO loaded fresh film F) ZnO loaded 2 month later
film

Figure 3. Optical microscopic of various films comparison two month

later under natural solar exposed

- 234 -



Pine film

O LOPE fim
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20% -

10% [-——
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Figure 4. Turndown of tensile strength and elongation after degradation

in soil
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[1]. R.Chandre, Renu Rustgi, Polymer Degradation and Stability, 56(2), 185(1997)
2. Rl nEASH, nEARety 1<, 25), 319(1991)

[3]. Al8<d, Al84, Polymer, 19(2), 247(1995)
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A1 A e AeE T3 LDPEE & 9]

This figure examplifies the effect of functional packaging film
for Korcan Kimchi. The left most one keeps lavorate taste, (he
second medium favorate and the last the worst. The [irst one
was packaged in LDPE incorporated with [ine ceramic silver

coated particles
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AU EAEQ 7RG 8i9le] ofoF oA ofA)7) vl @yl 7)o
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mPt}t FFEF0 2= EFGAR] ascorbic acid(Junsei Chemical Co, JAPAN)E AL&-3) 0.

o] ¥FE 9| Chromatogram} H]male] A #slac)

Table 1. Ingredients of tested Kimchi in gram unit

Chinese cabbage 100
Onion 4
Red pepper powder 2
Garlic 2
Ginger 1
Sugar 1

AXNE Hsted HTF3 PeptoneFE % 94 348§ & 1mL¥ Pouring
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o AAAE, AFEL agete A4S ek 53 AC30EES] W&ol &
A3 512 olfE ZHE AILAAs A 38 mol 22z FAZ 30 md
AC30¥ 9 A% Aebdo] E& #Fst QFo] MPHHAM Ade] F2HI
A= EA QA FHol A71HAM F4% st APE e Aoz FadH
olo] wksled ACE0E FAZF 60 mE JFANFA FHol LAsE FFE IO
%) grol BASEe] Hma Aok BAsEE T A AR
< ds AHA @ "art vz Asdd #8 Z 2ZAe) dE o] AFEs, At
gea stxe NAETRE AFAE Table 294 2o] Yelwth 5 LDPEZ
2o uste] Al@lulds LDPEEES AC60L 37HX] 7k BT 3t F7hsisl e
AC30& ACE00l W&t FAlE Aol NAFEREE 3714 714 EF & ¥
2 g olaksleka ACE09 HlEl AC300] oF 2mie] VAFHEE F7 ol
whul st oM AbaE oF 20%, J"dMstAE ofule] ERE FIHE R MR
e 9 Ban. ol Aid AS WEURY MAFETE FEXVY I
Ao 2 oJgke B Aoz woxXn Wy e F$E LDPES Ak
o] ARG B9 Bist dojur] o FEFAIL skeb M=ol FFHA U=

AC3091 A 7tA%R e 2o Aeg FAHFHAAZT

Table 2. Gas permeation of packaging film

Kmf:l of . Thickness(zm) Carbop qlomde Oxygen transmission Ethylien.e gas
Packaging film transmission rate rate transmission rate
LDPE" 60+05 9011 2520 4543
AC30? 30+0.8 13.336 2945 14.445
AC60” 60106 9278 2551 5453

(Pm * 1010 [mi(STP)em/cmHg.cm’s] at 25°C

U Eiim made of low density polyethylene with film thickness of 60 fm.

? Film made of LDPE filled with 3 wt% ceramic powder with film thickness of 30 /m.
¥ Yim made of LDPE filled with 3 wt% ceramic powder with film thickness of 60 tm

- 245 -



Stress [kg/cm?]

0
50
----- ACRD
— LDPE
....... ACH
0 .
0 50 100 150 20 20

Strain [%]

Figure 1. Strain and stress curve of films.
LDPE : Film made of low density polyethylene with
film thickness of 60 um
AC60 : Film made of LDPE filled with 3 wt% ceramic
powder with film thickness of 30 .
AC30 : Film made of LDPE filled with 3 wt% ceramic
powder with film thickness of 60 tm.
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Table 3. The changes in lactic acid bacteria of packaged kimchi
during storage at 20°C

(Unit: cfu/mL)

Pgiclﬁgg?gg storage days
film 0 2 4 6 8 10
LDPE" 4.2 53 4.7 3.8 3.2 3.0
AC30” 4.3 50 4.6 4.2 3.8 35
ACB0” 4.2 52 44 4.1 36 3.2

" Film made of low density polyethylene with film thickness of 60 zm.

® Film made of LDPE filled with 3 wt% ceramic powder with film
thickness of 30 /m

¥ Film made of LDPE filled with 3 wi% ceramic powder with film
thickness of 60 /m

Table 4. Intensity of sensory evaluation of packaged kimchi during
storage at 20C The taste of the kimchi is more favorable if
the intensity is high

Kind of storage days
Packaging
film 0 2 4 6 8 10
LDPE" 4,2 5.3 4.7 3.8 3.2 3.0
AC30¥ 4.3 5.0 46 4.2 3.8 35
AC60” 4.2 5.2 4.4 4.1 3.6 3.2

Y Film made of low density polyethylene with film thickness of 60 um.

? Film made of LDPE filled with 3 Wt% ceramic powder with film
thickness of 30 im

P Film made of LDPE filled with 3 wWi% ceramic powder with film
thickness of 60 um
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concentration [%]

4 6
Storage time [day]

Figure 2. The changes in carbon dioxide of packaged kimchi during
storage at 20C.
LDPE : Film made of low density polyethylene with film thickness of 60 um
AC60 : Film made of LDPE filled with 3 wt% ceramic powder with
film thickness of 30 gm..
AC30 : Film made of LDPE filled with 3 wt% ceramic powder with film
thickness of 60 ym.
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3.5

0 2 4 6
Storage time [day]

Figure 3. The changes in pH of packaged kimchi during storage
at 207C.
LDPE : Film made of IN with film thickness of 60 um
AC60 : Film made of LDPE filled with 3 wt% ceramic
powder with film thickness of 30 .
AC30 : Film made of LDPE filled with 3 wt% ceramic
powder with film thickness of 60 m.
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Figure 4. The changes in titrable acidity of packaged kimchi during
storage at 20C.
LDPE : Film made of IN with film thickness of 60 gm
AC60 : Film made of LDPE filled with 3 wt% ceramic powder with
film thickness of 30 gm..
AC30 : Film made of LDPE filled with 3 wt% ceramic powder with film
thickness of 60 um.
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Figure 5 The changes in vitamin C content of packaged kimchi during
storage at 20C.
LDPE : Film made of IN with film thickness of 60 ym
AC60 : Film made of LDPE filled with 3 wt% ceramic powder with
film thickness of 30 m.
AC30 : Film made of LDPE filled with 3 wt% ceramic powder with film
thickness of 60 um.
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[1] Lee, S.R. : Fermentation food in Korea, Ewha woman’s Univ. Press,
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first one that was packaged in LDPE film incorporated with silver

coated ceramic keeps the tomato well, The others are rotten.
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Figure 1. Weight loss change of tormato packaged with various film at 20 C
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Figure 2. Carbon dioxide change of tomato packaged with various film
at 20 C
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Figure 3. Oxygen change of tomato packaged with various film at 20 C
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Figure 4. Titrable acidity change of tomato packaged with various film
at 20 C
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Figure 5. pH change of tomato packaged with various film at 20 C
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Figure 6. Soluble solid change of tomato packaged with various film at
20 C
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Figure 7. Hardness change of tomato packaged with various film at 20 C
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Figure 8. Hunter L value change of tomato packaged with various film
at 20 C
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at 20 €
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Figure 10. Hunter b value change of tomato packaged with various

film at 20 C
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Figure 11. Vitamine C change of tomato packaged with various
film at 20 C
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Figure 12. Hardness change of Enoki mushroom packaged with

various film at 20 T
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Figure 13. Springiness change of Enoki mushroom packaged with

various film at 20 C
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Figure 14. Germiness change of Enoki mushroom packaged with

various film at 20 T
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Figure 15. Hunter L value change of Enoki mushroom packaged with

various film at 20 C
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Iigure 16. Compare the WC30 film with the custom packaging

film for the Enoki Mushroom
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g e awk wabdolu @geld AHEER Qe 9 ¥ F53% LDPEEEE
gz T2 dte AW WE AME §A T wa Frpskdch WA dwk
LDPEY &, LDPES A o] &aAzt=g st g5z AE=END, WC0EE,
a3 ) AERI) o} F wowA Zhzh FHA7F & FCA(R 22 A4 30 WA
2 z3719 A A Ag 2% 3§ 9Eo) A 4Fd dx I upg FFl
LDPEX 20] A gl 3% W), FCG(Loz Asx & 30 w2 2719 4
g @A Aekel Bag Sae 8o 7Y 4Fe iz 1 ¥pg 4%l LDPE¥E
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Eo] AAYE 3% IEB), FPT(G0 Yxerel A7)e) uA Aol 714 ¢F
Q3 71 owpg FZo| LDPEZEe] HANE 3% ¥E) UF 3FTFE A&t W)

A3 2 A AME 44 5 95E wasd.

1

A2 FelA AuEn de e FHAFA “Wavvk dA Audd e 70%
ol Ag A BT g WFEAHQA FFolth. 108z FEE ALE F-Eol A

4 ¥ 2aET Jon U9 AHEES A /A AT A7)

iy
e,
]

-4
rr

%ol o|FojA got AFIAAN 3 Fo 2, & W wHE FHEF FHA
o] e AT 2 #F AAFT FA FAE A dAY HES A9 oA

Az gom goz Ak & F8F HAolth. sHEANN HA FHL

)

S8 3A AR HsE £ F AR 3, adn HFHOR 7% A T &

Dol ostel ARHE A % FF AR YolA A FAL AAE

N

Zg9 8209 FHe Ax L F FF #Aae 2= FRAEY 9FE AA ¥
A "Bk @A FUdME A 3 F BrES A2AF FEd HEn 9
= Aot Y §ERFAMY @FzHL A2AF A A A9 F2
422 93te] 2adth B AFdME o e FAMHS HEY HHoE AF
3 $E 34 2 wAdss HA FAG A4 Hgs Ad ¢ AN 9%
AR ARe g5t B AAFHE FANAN L FEeHE AL e A
ghe](Kim 5, 1997; Kim %5, 1998)& Zgdgx Agd 444 d59 714 F
FEE 2H3 3ZH(FCA, FPT, FCG)e BEXZAE /Este] “An” wje #-%F
3

Z 44 nAE 9T dotrdn.

AR % AP

B AR AR wiE BE 3F 597g9e Ang ALAF 09 F Fsh
o] JHAA FERASAAY AFHE HESY] A5t 10TAM AFstaivt A

o] o]4® zt P2 72 26cmx A E24ecmE Awsle ZH A #FL FAE
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3, ¥AF W 194 9L ¥ AdHFAVE o83t 4 dEsHth. 7ha A

22 989 septal WE Fo] BFsch. BE FTHE ALE FF

¥ & (LDPE) F7 45m® LDPEFA o A8 AL I 2 FETHS

Axn 9= Aty Kim F, 1997, Kim %, 1998)& 3wt% &g, &3
o2 E WA S Blown typed) BEFE/E A&ste] Az T4 BHme] ESEE

WC30= 23 Blown Type 4&7)8 AH¢ ¥d33 WP 5ol LDPE 185 47+

20ime] FAR Az, FHEol LDPESR| o] &FAlets 2wt%g FHAA 20¢m

1 wE2e JHAAZ T4 60me 3% UYE FCAYE 3FFE S

o.r

of FAE AS

o

A 53§ BeraEanl

rlo

st9itk. U= (Contro)E FE EFE A &
go #Ae o435t "EY sl FHEE American Standard Testing
Method (ASTM) 1434-81 (1982)e &3l A" 7hA E20g FxE AL

AzE WEo] ek COp CoHy 7h2ol dWd 7ba ¥34EE Korean Standard

Method (KSM) 305244 (1990)e] &=3te] ZA sk
AR Aol EAWME 8570 AFsAA 2E W 7124 wakol A =
Aetglh. AgA BEY A4 A FEgas AAAEE oE ato] 159 2

Ao 437 =433 JAHAEE malic acid®= gabsled FAEFH T pHE pH
meter® ZAsQdon, 74zt drt ZAYEAR 4 /4 13T
qatar). dale AEE A9 AEWS EAEAY] (TA-XT2, SMS, England)
= olgslo] ZAstqrk. Fue] MY Color difference meter (Model CR-300,
Minolta, Japan)& ©]& 3ol Hunter color®] L) a(AAE) 283 b(FA%E) %
z=xg9d. A3 UBpE daAg AF JIad A}l &

[}

o

4

NE=\ (AL+ Ad*+ 4692 deiagich. oiged gAZe Wstg 2Ae]
)M 159 pAS2  gas sample ImLE st Gas Chromatograph (Hewlett
packard, Model 5890. FID. Porapack-Q column, 100C oven temp, 120C inj.

temp.,120C det. temp., 40mL/min. flow rate, Helium carrier gas)® ZFA3H 1L
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CO2¢t 029 W3 #E Gas Chromatography(hewlett packard. model 5890. TCD.
Porapack-Q column, 80C oven temp, 120TC inj. temp., 120C. det. temp.,

40mlL/min. flow rate, Helium carrier gas)& o]-&38}o] =43} c}.

23 9 2%

dEFFHE 71Nz W

¥l climacteric type A ER Ao mal COe CHyuel R o] Zrlete
RAox ¢EA doem §% 5 WEWY CO: € CHisxe W3l Table 174 2
o 8% W CGHisEE &5 T/ @AY £F F §% 159 Alel7k F473]

Fsgon 1 F 604N asts APk FPT BE TATE ¢

rl
rv

3k

[}

7taste W FCA, FCG, LDPE % WRAP 9§ ¥37%& 743 24

1
-

1.
e

ol

CO; =& FCA, FPT, LDPE ¥ FCG & ¥& 3 & 4HA7AE F7139
om I ¥ ZAsg™. 28U WRAP ¥£%L 1549 ojFRE 7Z4dte Ao
o} Kim % (1995)& 48w 3719 A4 mAE alo] F4de 385% IE9
te B 5ol we gebdvin Rusd £ Ade e 98 &5 7}

2% Bq0] JFL we Ao AZHEY (Table 2)

Table 1. Changes in C:Hy gas of pears packed with various film(ppm)

. Day 15 30 15 60
FCA 6.1 22 17 0.7
FPT 35 22 10 05
LDPE 45 23 13 0.6

WRAP(L-LDPE) 43 2.8 06 0.4
FCG 56 18 18 07
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Table 2. Changes in CO. gas of pears packed with various film (%)

Day 15 30 45 60

Film
FCA 30 33 44 o7
FPT 30 30 34 28
LDPE 28 3.0 31 22
WRAP(L-LDPE) 28 19 16 13
FCG 36 42 52 41

$45% sl

So %] FEAAI} Wol7] AAeE AL YNHOR FRPLE
F%e] 5% Wt W5 E e HLee, 1974). FERT Wt 4% 159 Atolo] 533
2g0] 25% WolH7) NAS #F 600 Fol 529%7A Fase] FEAA
gojgov BE UE ERFE WESFI A7t glo] £F 604 IAAE 33

A&7 1.0% olate RSt Hdo) FEAL A ZH7 A Table 3).

Table 3. Weight loss of pear packed with various during storage time(%6)

- Day 15 30 45 60
FCA 0.3 0.6 06 0.9
FPT 05 0.8 0.9 1.1
LDPE 0.2 0.3 06 0.6
WRAP(L-LDPE)| 08 13 13 16
FCG 05 0.9 1.0 1.0
CON 2.3 31 48 5.2

E3 AlFol ®ol AHE3E WRAPY % 609 F9 #AEE 16%°) Hlstd A
glejo] ZAFo}x LDPE FEA Y HEE] 06XBFF2LE YT ATt

UE o] TF7ALE ARHoR AT AL £33 W Foig=7F wof 3y
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EREH FESEE A7 A5 Aes A7dr

34 2 AEe) Wz

AAAE o183 FHY 2NN FE7I] ARASE AAT EF 44
UERNE Hunter a %8 FAART 5 & $Aagon dud 39e vehe
WE L as% 348 UehlE b e o WolAth (Table 4. BEFHY F1
A HAA §EAF ABAFE A9 A9 Aot AHLER dEhATh AE
4T REGTO wate] §F 602 FAA H34 Wstsl QUK Table 5, 6,
7. WA QIAe] Hse] AgTIe] ARTS4F Aust BePg Yu G

0

M ety BEAEREA7] (TA-XT?2, SMS, England)E ©o]&3F AL A

23 A AEE 153INIYeY §F5F ZE7F A 8HE A HTable 8).

Table 4. Changes in Hunter L value and 4E of pear packaged with

various film

Film Day 0 15 30 45 60 AJE
FCA 548 | 538 | 537 | 523 | 521 33
FPT 540 | 537 | 534 | 528 | 524 33
LDPE 538 | 531 | 522 | 518 | sl1 3.7
WRAP(L-LDPE) | 538 | 532 | 529 | 516 | 515 3.3
FCG 539 | 535 | 534 | 527 | 519 33
CON 529 | 521 | 515 | 514 | 489 5.0

Table 5. Changes in Hunter a value of pear packaged with various film

. Day 0 15 30 45 60
Film
FCA 5.2 58 59 6.0 6.1
FPT 47 5.1 5.7 58 6.2
LDPE 52 52 55 62 6.7
WRAP(L-LDPE)| 438 53 5.4 55 6.3
FCG 47 5.1 52 5.7 65
CON 5.0 6.0 6.3 65 70
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Table 6. Changes in Hunter b value of pear packaged with various film

. Day 0 15 0 | 4 | 60
FCA 36 | 20 | 25 | 225 | 220
FPT a6 | 27 | 27 | 27 | 21
LDPE 099 | 21 | 28 | 215 | 208
WRAP(L-LDPE) 037 | 226 | 22 | 29 | 218
FCG 237 | 226 | 219 | 219 | 217
CON 36 | 22 | 21 | 218 | 214

&% 602 & FCA, FPT, LDPE 181 WRAP FEojM9 Axx Z+7 132

135, 133, 11L.7No & zFAso] FCGEATY 142N22 A g To] Hstq A=

=N

Aa7b oAE YY) w3 28 EFTE FEFTY 1L6NET Y g A5 9
ALTE Vgl olgh e AvE A AE7 259 COp, O ¥ ZUF
wol 9§ Jag wonm duirog 3%FEY LFE CO% 20%°13te} A%
v 270N AEe grawo] HojA e FelsrhE Yangsh Lee(1997)9] X

o gol W Ul O, R COp o FE7 dol AP RoZ Az,

Table 7. Changes in hardness of pear packaged with various film

. Day 0 15 30 45 60
Film
FCA 146 | 142 | 137 13.2
FPT 151 | 148 | 141 135
LDPE 5g | 144 | 139 134 13.3
WRAP(L-LDPE) ‘ 143 | 135 | 133 117
FCG 152 | 147 | 142 14.2
CON 133 | 123 | 120 11.6
pH 2 7443 %E §% ug
SE7|7 = pHe WEE 2NN F A #hste BT IRoey BEFFH
7 Soe g we A4 nFE FFE 23 Al 120 Bx%&=H 713



T Fadte gt olg} e AWE 184 nFPEo] 3F A 7R AR
HolA A F dWH oz Fadt) (Lee %, 1996)E Bus FAE 272 By

t}(Table 9).

Table 8. Changes in soluble solid portion of pear packaged with various

film( “Bx)

il Day 0 15 30 45 60
FCA 113 108 108 107
FPT 116 114 11.4 114
LDPE 120 12.1 12.0 114 109
WRAP(L-LDPE) 12.0 116 113 112
FCG 11.4 114 11.1 11.0
CON 11.4 11.1 11.1 106

Table 9. Changes in pH of pear packaged with various film

il Day 0 15 30 45 60
FCA 58 58 5.8 56 5.3
FPT 5.8 56 55 5.4 5.4
LDPE 59 5.7 5.7 5.4 5.4
WRAP(L-LDPE) 5.6 55 55 55 5.4
FCG 5.7 56 56 55 5.4
CON 5.7 55 55 5.4 5.2

I3 QsWET BA4S

W) 3l ASWHA BAL obH7EA BALAN AFWAR A UF AT
7oA YA Fom ARINE H&AE FHatd AFHYL W BARGE 9
A3k A F70e vehde e B Aes ded g B 49 A% Y4EE
77k REATO Wate BAgo] Wetes S8 LDPE T377} B e T v
o] WAEol Tk ol AuE WEEPY = @ grlzgel IS

@A AHE BAZE e Ao AZEv.(Table 10)
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Figure 1. Pear image in packaging film After storage.
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Figure 2. Surface Image of Pear in Packaged film(After 7 days, SEM
(X 35000)
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WC30

)

Figure 3. Swrface Image of Pear in Packaged film(After 60 days, SEM
(X 3500))
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Table 10. Fruit skin deficiency ratio for different packaging films
after 60 days storage

Film FCA | FPT | LDPE | WRAP | FCG COE
Deficiency ratio(%) 85.7 83.3 93.5 80.8 91.0 33.3

WA A ZFA] whe ¥ g3 W

Az XA e AFF w0 F2A8E Avunx v gywss A48
U (SEM)S A&3te] #@aslth. wle] oA Ewsts Fig. 1, 2 (74 )¢} Fig.
360 F) & = A%l Aol Auztel wEt ENMEI Sy Ee) e welx
Reow 22t X3 7)AFAEA o whet vl EWAEI T2 MeEe B
TR EAAE AEEA & tzTd A% R9ARY syges g 4
3t32e.m FCA, WC30, LDPE +2.2 nje] EdAZAE7} Gsste HoFolr
olelgh o nol A JNATEHAYE FYstn we FF o] Wi wY
AE AHEE W WE LRTS AHeA FAY § AL S HFYT}. o T
AR ZFAE AHEEA g @AY Agubdel] ws TFAES AL v
AR710E AFY F LS BAFJen v sFF] FIdd FCALAAZ W)

AZEZAZ A TFAYE BaFch

N

R

[1] American StandardTesting Method(ASTM) 1434-82, "Standard method for
determining gas permeability characteristics of plastic film and sheeting” In
annual Book of ASTM standard.

[2] Chung, D.S.,, Y.K. Son, K.D. Cho, LW. Yoon and P.J. Han, "Studies on CA

storage of pear(Pyrus pyrifolia Nakai)”, Res. Rept. RDA. 30, ppl25~132(1988)
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[3] Hong, S.J,, M.S. Kim, S.W. Park and 1S. Shin, "Changes in contents of
souble sugars, organic acids, and the fruit taste of season pear cultivars
during maturation”, J. Kor. soc. Hort. Sci., 39, pp408—~411(1998)

[4] Kim. C.C., KC. Son and J.Y. Ko, "Influence of various films and low ethylene
CA conditioner on gas compositions and quality of 'Fuji’ apple fruits in plastice

bags during short-term storage”, J. Kor. Soc. Hort. Sci. 36, pp74~82(1995)

A5 A NS g sEzgeae FA AR AFE

A g

Absel 2o mole melo] Wy AE $% ehue] @ etk 1y of
ARE B4 SR BolW A% wshsh =gtk A THE AHETL 29
SAE b 2 HNE ANE GXW U Ave) ARt BAR R
A3430e W Alghe] 5Fo] oA WHHH FAN oW FgL MHE SE
oo} Wt}

As 2 A3

b

B AFHYASL HAASY FupiAs F2d ARt Qe SEAEE F

o

=

A”, ZYHE 10-1998-004913 ,1998) E31E £UFU AM=E #X9 zpde FF
& Alxle] 3EFEAWIE E2Hsy] e, B4 SFAs FRAAZ] Aget 2R
A e ALTE 1000m ZEFAEE7) Qo] Wi 30T Fe&xd 3ATEFN AF

3 % 1CCO) FAZ1E AFgste] Fetxegy] g 24dE 2E AR WA
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ojatzterael EEFEE A 98 3% olAFEAE leccE  Gas
Chromatographd]l F<3td EFHEE A% F  AFHF 712E  Gas
Chromatographe] Fste] B4 sl old@dzl~ 97ppm & XE7M2E FY3he
EEFEE B § T4 P2 E43Add. 24xHeE2M odde FID
detector, ©|4t3}ekA = TCD detectorg® 2tz AM&3tth

2 gpdg BAG Al FRE g 7718 AREE ] HAREH G

A} ERH FAEF, 350280g%5)
EH Gas Chromatography(hewlett packard. model 5890. TCD.
Porapack-Q column, 80C oven temp, 120°C inj.temp.,120°C.det.temp.,

40m¢/min.flow rate, He carrier gas)

FARE-& Blances(Explorer, OHAUS, USA), 27|% %o & FFdx
e ZHYEA (AT-400, ATAGO, Japan)

pH pH meter(Model HM58, Hanna, Korea)

AE Texture Anaylizer (TA-XT2, SMS, England), probe:3mm
A Color & Color difference meter

(Model TC-3600, Denshoku, Japan)
A e Wz HAde dd F AL 8
HeAA g AME YA EHs, FoAx
Ag= 30*2T
e o s 159

ARESAY AL RAA Azte 3FSAUNE FP8 ¥ A e
BRAFA g AT 5FFT AolF WPt oldstetae] A4 Fig 1904 w
© A o] HEolE okhe) Aol molthrt Alzte] AVpAEE ol4tsiea
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Figure 1. Changes of CO» gas concentration of labeled apple
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Figure 2. Changes of CoHs gas concentration of labeled apple
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Figure 3. Changes of COz gas concentration of apple packaged in

different functional film
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Figure 4. Changes of CsHs gas concentration of apple packaged in
different functional film
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WY olsk AR 22T 390 AFF Fol olashera wAF FeA
01 WAFE HATE BFT. DA FSE Fig 204 2E AAF o4
Suae) F99 uae ez AYAYeH Bug RAAD AT A5l of
Qu WA g 4 BAFA. o T A% vFol Mot Azte s ¥

FI

Aue e RANAFOZA A% £F A A% 35 2IT F &S
Q%gth. EAPAIAE olel@ Avhel Agstel ALY A% xRN 2
& BANZ AR £ B JUE RAFYG. Tev pHY BEE 2 Aol

7} w e sk,

LA qF A BEEAZA

AAENE g T4AS st Ang A4 o LS shad W
dg BEaa JAERE 2- g Ay FLUsE Bux stk WA A
go] BAs MRS 4% F TAAE AN g FAATG A4 2EA

(LDPE(thickness:60m), FCG (LLDPE/ceramic(2wt%)+LLDPE/LLDPE thickness:60

d o

um) FPT(LLDPE /fine ceramic 2wt%+LLDPE/LLDPE, thickness: 60mm) ° %<
NEE 30T Bezd AR F 3AolF lecd] FAVE NEE AHT F
Gas Chromatographol F¢18te] olAtgietxst ogdalrtx WaE EX8 3t (Fig.
3, 4)

LA Alte] $EEAL AP AF Ane BEEFAL JNAFAAE @
a zAgo|Ae B & Aok olstgay duaRHEst 7 A2 FPTS 73
o olAEeast oldastast Wol WAt TFA il EASA 7] A 53

£7} %3 #¥= FCGY LDPEY A$ 2& A&E RAFIUTh Fig. 494 BE

rl

o
o
2
ol
32
o
=
5

wpe} o] olgale A% oldsierad Afsh vlm¥ Y

2 Apmhe 2706 280 E/HETE ofn dRAz] AYY AFFEE IBE

T

r—‘ﬁ
[
L

oX

o
flo

$x8e HAZT o AL Bt Ane ojitstgha LR B
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gAY 1A FaEst 2HE WAV Y& B FYU) o)HT HE A ol &
sto] ABEFEAA e ERAE MLFoEN ABE SHPFG AMAFTA £
g 7 ASS BAFU A & A BAsE slae 2AWEE 2AE 2 2
% FCGEZAZF 7 $2 F48 #AEE BdFdor t&o2 LDPEX A

7} oHl%d A3E wel o

a2EY

u}L

[1] Y.S. Hwang, I. Kim and J.C. Lee, "Effects of Harvest Maturity and Storage
Environments on the Incidence of Watercore , Flesh Browning , and Quality
n ' Fuji ' Apples”, J. Kor. Soc. Hort. Sci., 39/5, pp569~573(1998)

(2] H.J. Kweon, HY. Kim, Y.H. Ryoo, J K. Byun and Y.M. Park, "Influence of
CA Storage Procedure on Quality and The Incidence of Disorder in ' Fuji ’
Apples ", A Temporary Meeting and 1998 Fall Conference / Abstracts 134,
Kor. J. Hort. Sci. & Tech., 16/3, pp448(1998)

[31 H.J. Kweon, HY. Kim, OH. Ryu and Y.M. Park, "Effect of CA Storage
Procedures and Storage Factors on the Quality and the Incidence of
Physiological Disorders of * Fuji ' Apples”, J. Kor. Soc. Hort. Sci, 39/1, pp.
35~39(1998)

4] C.C. Kim, "Influence of Heat , Ultraviolet and Ethylene Absorber Treatments
on Storage Life in 'Fuji’ Apples”, J. Kor. Soc. Hort. Sci, 38/2, 153~
156(1997)

[5] C.C. Kim, K.C. Son and J.Y. Ko, "Influence of various films and low
ethylene CA conditioner on gas compositions and quality of ‘Fuji’ apple

fruits in plastice bags during short-term storage”, J. Kor. Soc. Hort. Sci. 36,

pp74~82(1995)
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A6 A WA WAue Qe e Eam A e E

A

rh

H oA vhdd HAEE dste 8] SAEE 94 ge WsE A n
Aok 1 F WAL drele] aste 1 9 A B2 HFoR NEE FES
whan glok, oA o wste] e g TR HAS AustA Ha AuEdy
g obF kAl wdsta o

ole]dt WAle & Hd WREH 283 ofgoz AREHA fow, FHds
HAte] ol@ Fart FAHEA AdEAuEe] dTFH, oF FE T AFAM
of AFatdar, thaFd Fol tate] e ATE] AFFoITH12]

@ ARE A4 ofgo o]EHJY HAL AL Fo Fovt S o
g o odE 28 FF3) 98 @40 2Ed dUldA JdFeE AuEn. o
#3 AT Al ol sbA Wyl glew, sutdAE 19699 F 8 &

of Fuhe mAE o] Aulolr WAL A Aol Hx9 JFT AW LA

sk

QUL Rk RAR oF AT A A=e 1974d0] o] Fol Ak FAol

1

71 edT e FolFolMe FHLVI we Fol AAHE H A

O

9

o

AMarate] grbel wWEsklth 1980 FEH EAAA W AHs AFHAAL, °lE H
WA shE ke AEjr|Eo] FEER Fu2a ATH2L

olgl gk QlFAM ulel He ML vl$- FFE vtk YA A7
) AFEAMsE AAssas AAAel dE wWAezE oM (Flammulina
velutipes), QM B A (Grifola frondosa), & ©]¥Al(Auricularia auricula), Tt7HEH A
(Lyophyllum  ulmarium), "l E%°](Agrocybe aegerita), o :=¥}2](Pleurotus
ostreatus), 9 A8 Al(Ganoderma lucidum) So] ATH1L

o] WAl H7 falMe TAAILE FAse SEATH ALAU AR
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AP Z2AEL B F g odd AR 2%, FE, F, A, olistgs
Bol T Aad A AT I FolA A, olastvie WANAGH ofF &
4 Fof =3 L) FA ARl NAHAY ApdEE 447 e ol
B AL o] Ayjdos REF ALolrh WuFuAe F¢ dHd &7 T
A vjFstd FAZE AgstA g B v ol WA A ALAE FAEA X
gy, z2elz X vbw A (Schizophyllum commune)®] ZH-S-ol%= ¥A A} d5&
B 4~8%2 oA E2E FAds TV FoAAE TAEAES F olFojAL Y
Ao wrAsA geo. =3 P dutdez A FHIde =g MAT
(Pleurotus spp)= HIEZZA COxel Whd WAL zZzn Jed =gdHAP.
ostreatus)& 15~20%¢] COEoNM TFAHGAo]l 714 w2, P. eryngile 20~
25%0) A 7k w2k 2% EF 30%01AM CO:E FRIA &L TV FAM A%
d A FLEA Hy 2ol¥Y TRAANE BFEEI A4

o]Bg BW, #A AFFH AMA HAYA 0 & COFE FAo] FFl met

Ak JAART AAAR] Be 4 FE AL ¢ + Uk 292 de =

rr

AL BE FARFLEE 20~25THY, WMAFEE F 66%0loloF s, F=

& A g fAsdorgtt. £ A} dAste At FE 80~120%

L2
it

rl

22w zaEg gy SAPAACT F LxE 15~25TE ¥F 1, 55
0% Aoz Ay A =As Fojordt) o AAAA ) CO: FE7 AL A
Ao o}FE Z43 Age sted, AR A e WX HEe] ¥@a

23t 88 k5o W Fol FAUL WolsE COE Aol AHAE olFed 2

l-

= AAY 2ok 28Bz 444 FA7dE A FEHE dagE oA
W} Agsth MAERe) w, g FAFE COk O FEE Fo} 2AS 1A
Fojof F& ol ol wEeIn{14l
ol N Am B ouiel Zo] MY 4G 20 RPHe 20 A 224 F
B

= a3 ¥ FoK 5FE 2AFoRR ojFd £ dn. olF i
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AWM AE WAL 55 28 @ & & Weblsh Ba g, of Wl o
Hpg WEeEA WAL 53¢ 24 ¥ 5 A AEY Aug EoplE o

Bhees o AYH AU, ARAE FUT A FL T BE £ e
F28 WEolRe RA 2A2 ANRE A Aedn Ao
A AHEHT Qe folt ARAZ AR oRRE ddo] BE WA £

FHo R Adsopsty el WFE oEy] Wi B8 @ol AbgstE wAlde
A @t ol¥ viAE AR A9 HAA M Be AFo] A8HNNE Xk
A7l Heto] A Aol wE Frislejol s § AV i, ® W o=

Fito] L= 247 dddtt ¥ WA B FEE AEFE AR Aoz

Iy
b
(o
o

O B8 HAol dAsAl Fotd FE Ldol Wstde H I Ao

=S 25 A AdAE 2 5 e QA Rl 2 &5, 3E 2 8y

it

b2 A 58 A& MA AL W 08 HEAF $ ¢gE dAde AAx
Atk

upebd WA AARE ERFHes FET F AE ANEQ Y E4F AE
LEs WA AsAME Tol WEE JFHA X8 A2 7F(pore)o] F ¥

FAEE HARE Shelop Brh mG Fuel

)

XrEo] WA Ao FEI V)x
LYo RRE 222 RIFE FHYS AL e AS2ZA HF Aakd fe
SIS Aol 2 RHo] 5 mREA IR side] Besgs]. a2

Aoz VA7 FE AAAE Lol GEL g 27t BR o & AWE Weirel

o] A%&7] A& AEY & vlolmaE AV 7FE ARV dad] oJH
B AFoM e olHd EAES sAstnA AFAZES £l Hojd A4
A A2 methylmethacrylate®} 2-ethylhexylacrylate 71213 acrylic acid®] &%
&g 98dte] H3e AHEY @ F e LEA FEAE e Y Th

g AE 7IEe F4387] fdkd, g AR HdYgste zER FEAY &7
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S, 2 AAe] I TS FE) dstel, A6l Az FuAlee 2o

st odgute Axsn, 1 232 A=Y

As B ALY

EA gFA "2 AAA
2 Agol A&F methylmethacrylate(MMA), 2-ethylhexylacrylate(2-EHA),
acryl amide(AAm) ¥ acrylic acid(AA) ©#3)+= Junsei ChemicalA}e] #|E& A}

g3 om FFFAAE AMAS7] A3 10wt% NaOH Fgdo=z 33 =&

EN
i

38 AHIE F 5CE W¥F BA% FHdx  Agsd. Az

Hydroxycyclohexyl phenyl ketone(HCPK, Aldrich, USA) Al ¢k& A}-4349H7].

<& @A & AgH

B Aded AHgE g MEHe Okutanid) A8E A2 A[B1FO
Fez03(56wt%), MnOa(10wt2%), ZnO(155%) 2 MgO(125%)9 Y8 E Al-&3le] 2z}
Z+e] FAE AFIIL A 42 F 1200~1300 ColA AAsta, BES AL&3}o

B3 2 A= deA 9 @77t 10~60 mQ Algte) B 50 g3 @A & g
F 2wt =S 2T F o] Aty W] nE2 FAHEE ulriz F
T A 24A T FIAZ AEEE 110CAA 2417 A=A F gA =

Zhdel Wi 350 TolA] 4A13F &< 248

A8 7HSi02)

et 74 BHEE B FAISDE S AR Y AT, FANQ

it
i

37HA BH R #E B, ERol= RY Ao &HA glvh ArEAZ Y EAHE

|

FHsle 2Z¢eE 4999 98 (polymorphism) T2 & 21 glow 4¥ A7 02

A TRt 334 AdEAES A (silicate) o). £ Ao AL g® dste
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Jeosil 1752 §&F&0] 6.7~Twtxol™, £EE 94% o4, B A7) 12 m

Zrjol @ o} AFE AHEsA T

Ay FA

3% $H(photopolymerization)& & 4 e FAE 7tE 90 cm, A2 60 cm,
®ol 10 cm7t HEE F7 1 cm §Ho2 AFEHPen UV FA4HE  200~455
mE X 4 AEE argon 3 UVE (philips Black light, Holland)& &%
shgrol Zhz)h 371 AxslErh £388 120 watt/emPF oW YA = 36 mJ/min%l

ot EL B FFFAA & F v AXE ¥Y Lamps} < Lamp AOl=

Ay

7k7F 10 en® "ol Rl AR W7t AN EE dAstded A" F T FA
£ Fig. 1o ®Ag A

gt

WA FF 5% AR A F v FF FTE AEAE FHs] A6

S
of

x
T

HE ceramicd silica® ©&E B EFToEE FA AH F {FAE F A
o Axo HE(1,200-5000 cps)7t Fest12] oled HEE 7] A
MMA/2-EHA/AA S & 30/70/9wt% s B8 Z3& stgow o Evle o
g% A 74g FL Tensile strength® Rtk o] EFEA FAAAMHCPK)

2 Q3 5087 faHdgE o) gdte] EHoR WAt FE FEFWEAME

“

FANA el wel HE WAzl FHA Aoz JAA Table 13 ol

AMA A (HCPK)E 0.1~0.7wt% HH ol Mt 7|wA Aot

AgolA] AL RE 2FA 10 g HFT F okZHovo]=(AAm) 1~9
wt%, Silica 3~ 15wt%, Ceramic 2~10wt% ‘#¢lelA] Table 2% o] E3sted

223 wud F $4e) PET Uil Aol &AL Fof 150m FA= vy
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U.V. Lamp

Py
P L

o e e e = —-—— 4
10 cm - =%

A
A

60 cm
90 cm

Figure 1. Schematic diagram of U.V. polymerization apparatus.
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(bar coating)¥ ¥ 3027+ #3538t WEL Az3P) ol UV Axe =%

& 200~455mm, ¥ 120watt/cm, oY A]E 36m]/mine] 9 T},

A Fae &4

Az 7} ofstete] VA BHFL Fd ANE o) 4H JAERE 2HLAE
Abgstel SAsY. P ANE Akl 0 min 4 W 2 A5 x1 mV o],
t min & W WA AF7F x2 mV oW t AZHEt A ¢+y wWssl Atwst
2 yehde] o] M E AQ)eZNE tEoR wSatsta oy A A4
CRFEH HA FAF Qe I a% by AR @9 747 ¢E(atm)F A
FmV)E& zt=v9l.

4PR = (x1-x2)(a/b) (1)

of etel 1% AlE

Azgr 7} o Fukg AFA g7 (Instron, Model:6021)& AM&3le] &% 20T,
F% 50% ZHAstell Al load cell 50kg, cross-head speed 5.0mp/ming A]H-E @7
WA QA7) E(tensile strength)9} 3t A8 (elongation)S AP A 8=

UV. $5%e2 A8 ANE ASTM D638 FHol F3te} wEo) A5 ATt

FAF #1734 (SEM)

A e Ih(silica) B AlEkelo] MMA/2-EHA/AA 88 o974 X HoEeXA
& dotrzy] A8 JoelAl FAMEW Z(SEM, JSM-840A) Ab&3te] wi& 100 ~
10,000 Wiz ofdete] SEM 4 & A3t Alae UV. FF5F22 Azxd A
He 943l jon-sputter® 5keV, O.ltorr |3t ZAdA 687} sputteringdt &,

°F 300A FAE Tl Yt AEEAT.

TGA #4
AE 7hsilica) 2 MEE 43 MMA/2-EHA/AA FEE9 94 d443
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A7t Agtg e Hrtz gE 43 549 WEy) QdeA 2AEe mA A e g
oA} AR eSS FAEAT) YutHo R wAA UL HEe FHL He A
BE 121 A 1.2 atm3le A 16837 ddstoof stea Azg onote] I o

34¢ ZAEE,

of3teke) iy Al
Azg ostete] FFdg APy 8 F AR HE 3emx3em AV|E A@
gt HETH Ba 24N 3Ed UVHZE o] &&ie] Baaigivh Age AL

d 5= AT (Escherichia coli K-12 : IFO3301) 2.2 12A]7+EQF $=2= w]aks

ol
24

b

Aok MgE oATE 7x10" B H 297 FHFE I T A7 93

_LcS

o] e HEIHYHM In¥ EFHUAT. o5& AF ol B (KMC-8480S,
Vision Science Co., Ltd)dlA 2¢7F 30C=2 wge & Z+zk 200w E AN FH s
o =2 gtk dFEE JFE AAGS BT Fo T AFE 2AE T
THE AgsA

A3 9 n@

F AANA 2 24

FAANAY FEe wel FE A TFE FA EAo] ¥ HEketEA do}
B7) YA FAAA FEE 01~0.7 wt%7hR] BStAF|HA] 2ALE T
7} A 8EL HCPKE 7HAJAZ AHEste] 108 A= UV.E ZAMRE o iyl
velstour AR 2 Mol glejHh olHF W AL Axd oAFTe] B4 IF
g PR @kon, ol o|[18]F Ril Adet A3t

Table 39 7AAAQl HCPKd W& HF 8] ol&2% AIR-E Yehiigich A4

o ol F/EFE HIFTH ol2e A

flo

Aash90m, Fig. 201 e uhs
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2ol 1 FashE e AF FrFor Fads & F AN 01~03 wt% EF
AlE #HF Tl ol2& Aztol 1h o) A8F AAE EAVE A R H
Aorn] WhiE 06~07wt% EFAE 202 o} FAL w A Hoxl: Ao
ALk oliz F AAA HoE A A BaFe] FHA APz A FoE HY
At oledt datg Bol HEE 1000~1,200 cps A o2RE BRE FFE I
T 571 XA EFe) feAe 3 AANA TR 05wt AEEE & F AN

o, webA olFe] Asle BANA FEE 05wi%E TASA

Acryl amide® &§}38l o 39
kAl AFF U2 BE 3" MMA/2-EHA/AA=30/70/9°1 3 AAIAE 05wt%
2 Hybe R 234 10gS I T Acryl amide 1~9 wt%7tA] G2 A Hrts
o B8 Axe T, PE9 tensile strengthE =43 Table 49 HE s o
1A FEEE AT R

Acryl amide ¥ o] F718+ 2 tensile strength7} A9 A¥FH o2 Frstde
g o] Acryl amide®] olw]=7]9} o]FHAF o] & W§I|E 2FE8l] Acrylic
acidoll 28l A FhpEEsEAA An Age] FAEHM =T AL die] AREA

8% 7w A4S ¥Asle tensile strength’t 718 Aoz Al dAdh(Fig. 3).

Table 1. Composition of monomer and photoinitiator

Sample MMA/2-EHA/AA HCPK conc. wt%
A 30/70/9 0.1
B 30/70/9 0.2
C 30/70/9 0.3
D 30/70/9 04
E 30/70/9 05
F 30/70/9 0.6
G 30/70/9 0.7

* MMA : Methylmetacrylate, 2-EHA : 2-ethyl-hexyl-acrylate
AA @ Acrylic acid, HCPK : Hydroxycyclohexyl Phenyl Ketone
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Time(min)

30 -

20 T T T T T T
0.1 0.2 0.3 04 0.6 06 0.7 0.8

HCPK Conc.(wit%)

Figure 2. Plot of MMA/2-EHA/AA polymerization time and
photoinitiator(HCPK) concentration.
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Tensile strength(MPa)

5 T T T T
0 2 4 6 8

AAM(Wt%)

Figure 3. Plot of Tensile strength and acryl amide(AAm) concentration.
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Table 2. Composition of monomers and inorganic fillers

Sample MMA/2-EHA/AA Note
S1 silica 3wt% 30/70/9
S2 silica 6wt% 30/70/9
S3 silica 10wt% 30/70/9
S4 silica 12wt% 30/70/9
S5 silica 15wt% 30/70/9
C1 ceramic  2wt% 30/70/9
C2 ceramic  4wt% 30/70/9
C3 ceramic  6wt% 30/70/9
C4 ceramic  8wt% 30/70/9
Ch ceramic 10wt% 30/70/9
Al AAm 1wt% 30/70/9
A2 AAm 3wt% 30/70/9
A3 AAm 5wt% 30/70/9
A4 AAm Twt2% 30/70/9
A5 AAm 9wt% 30/70/9

* MMA : Methylmetacrylate, 2-EHA : 2-ethyl-hexyl-acrylate
AA : Acrylic acid, AAm: acryl amide
HCPK : Hydroxycyclohexyl Phenyl Ketone

Table 3.

MMA/2-EHA/AA  polymerization
photoinitiator(HCPK) conc.(wt%)

time along with

Sample MMA/2-EHA/AA|HCPK conc. wt%| Time |Note

30/70/9 0.1 2 h
30/70/9 0.2 1 h 20min

C 30/70/9 0.3 1h

D 30/70/9 04 40 min

E 30/70/9 05 30 min

F 30/70/9 0.6 30 min

G 30/70/9 0.7 25 min

*MMA | Methylmetacrylate, 2-EHA : 2-ethyl-hexyl-acrylate
AA : Acrylic acid, HCPK : Hydroxycyclohexyl Phenyl Ketone
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Table 4. Variation of tensile strength and permeability on acryl

amide(AAm) concentration.(wt%)

Tensile
MMA/2-E .
Sample strength | permeability |Note
HA/AA
(M - Pa)
Control 30/70/9 6.061 X
AAm
: 608 X
Al L% 30/70/9 6.6 *MMA2-EHAAA
Az|  AAMO sgm0m | 7007 X ~30:70:9
3Wt00 12
AAm X @ Pe {1X107
A3 30/70/9 7.786 A
5wt A 1x107 <Pe
AAm
A -12
A4 Twto% 30/70/9 8.224 1x10
AAm
VAN
A5 QWi 30/70/9 8.527
MMA: Methylmetacrylate 2-EHA:2-ethyl-hexyl-acrylate
AA:Acrylic acid HCPK:0.5wt%
A% 9wioso) Aol i AAmo] HEHH o o o4 =x| dstch EF olw s

e WA (2F 120-130C)el

ol
rr

EeEe BAS BRA7 UV, % 34 Tl 24

g8 zwamA MAEE 4 Aes Arad 2dd AAFREE T8
8 27} o] molx el Acryl amided) FHRORE AFH Aug Az
g 5 9% Aow wuA

Silicas &§3gk of 74

2 A71e BE SPA 10gE AT F silicad 3904 15wt%7HA o2A &8 oS 3
A

7 g

Bl

zghste] AzE WEge QFFE A FAES YEPHITHEg. 4). 4
o}d4E Bl dgely, MNATHEE FUlstdon, ol 10wtk oldeld wEE
ek Z)ATEIEE el 2d 12%014 BHE de devtel As ddel o
oL} EAIE olr|sigich wiEel e EYPHE 10wt%ATh ol A HET
A7HE S0y network FE7F o]FolA.oH 0.012um A2)7t Y&k ¢ FH eF 2,000
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AEe) Sol=EAZ O B Qo olaYe] FH2EACOOH7Is F22%

)

(hydrogen bond)& %t} A#]7= H4A domaing HAdste olad4ile] sl2E47]9
3l Uiy S SUMAReH, ddldes A4 domain® wpgREoR
AFAZ|(ANE A7 BEEA "ok ool wet AeEgbh Hoke

AR FRAAN HFAo] F7tE Aoz Yzhdr.

Table 5. Variation of tensile strength and permeability on silica
concentration.(wt%4)

Tensile
M - -
Sample EII;/[ij\ZA strength permeability Note
(M - Pa)
Control 30/70/9 6.061 x *MMA2-EHAAA
S1; silica 3wt% 30/70/9 2.136 X =30:70:9
52| silica 6wt% 30/70/9 2182 O X : Pe (1x1072
R -6
s3| silica 10wt% | 30/70/9 | 3537 © O # 110" <Pe
Ix10
S4i silica 12wt% | 30/70/9 2,517 © O : 1x107 <Pe
S5| silica 15wt% 30/70/9 1.771 O 1x10°°

MMA: Methylmetacrylate, 2-EHA:2-ethyl-hexyl-acrylate
AA:Acrylic acid, HCPK:0.5wt%

Table 6. Variation of tensile strength, permeability and antibiotic on
ceramic concentration.(wt%)

MMA/2- Tensile strength . Antibiotic
Sample permeability
EHA/AA (M - Pa) (cfu)
Control 30/70/9 6.061 X 700
C1 | ceramic 2wt% 30/70/9 6.120 X 500
C2 | ceramic 4wt% 30/70/9 4312 x 400
C3 | ceramic 6wt% 30/70/9 1.120 X 100
C4 | ceramic 8wt% 30/70/9 1.273 X 10
C5 | ceramic 10wt% | 30/70/9 1.228 X None

Permeahility: X = Pe {1X10-12
MMA: Methylmetacrylate, 2-EHA: 2-ethyl-hexyl-acrylate
AA: Acrylic acid, HCPK: 0.5wt%
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Tensile strength(MPa)

O T T i T 1 T T
0 2 4 6 8 10 12 14

Silica(wt%)

Figure 4. Plot of Tensile strength and silica concentration.
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Ceramicg 8§3+ of 3ot
FE SEE FEE A5 A8 HAFAER J)5 D HE HE §7 &
H7F o =3 A HdAS A EE Azxy &A8 gt Agge] I

H FFE AA57) At Mg S 2wikol A 10wt%7hA B2 A Hrbete] Az
¥ HEY AAAES VA FHE ARE Table 69 e, Aaolx B
Hpel ol 4wt% oSHE HIME C1# C2 9 A% 2% Agtulo] HIbEo)A &
dAol AA FolAA FATt 8wtk ool F S FAF FAHA® 8~
10wt2% H7Fg C49F C59 A9t d39E wesd 285HE A7) 3Azko)4
430 E. Holy[10]52 @tz wh&elA A7t S3-& dafdvta ssded o
A= At e FHEE FeOb dFstn e o Atast UV, $8& W
o] @A AFRHE HesE Aol Ad dH Ao
= Wy g e dFE

=
T
H &S 6~Twt%sl Re 2 s At

Acrylic amide, Silica® Ceramicg 3 7}3F o 3t
ol Ao A AWE Aol o] Acryl amidettg H 13 Jupete 7] E(pore) S

A 38X 83 Tensile strength™g F7FAIR o8 silica(SiO) S H7HgE o3

e 1A BoEE FokAY E40] &3, Ceramictte H7bE v gt

e

E%0] sty A8 ZlFE FAA Ko VAR HA Fsk wet

A AER Ar)s £XE e 7] F(pore)e WEIL BA AE JFTow Ag

oll
tlo

7}5 3k Tensile strengthE ZXo WA FF AT Ze 53 gt A z807)

AaMA o' AZIXE §A EFE Az wigEE IR oebs Az}

B

A 3AA 37-Ee] HAMIRE o8t APtz sk
Table 7& QA7 Ee thgh B4 248 & diolrt. HolA B upeh o

AFBEA 74 2A FFL MAE ARE ¥ AY A Acryl amides] o



o] F7}d4 % Tensile strength?7b 5713t} Table 8¢l 17472 SNuJof| w3t

it 0 el

o

e Ed 9A Acryl amide’t 718 & BT Y xolE BY
i1, silica(Si02) ¢} ceramice AdlH oz EA 2 9888 X 2S¢ 5 IR

G (Fig. 5). WA A 29047 BEobd Acryl amide?] S Eol:E Aol £

e A 9 5 A

Table 7. The result of tensile strength, permeability and antibiotic

through factor analysis

Tensile S _
Sample | Silica | Antibiotic | AAm | strength Antibiotic Per:n;eab
(MPa) (CFU) ility
Control | None None None 6.061 700 x*
M1 6.0 3.0 4714 110 o
M2 8.0 4.0 5.0 5.245 380 AT
M3 80 7.0 9.397 34 A
M4 8.0 3.0 5.985 38 O
M5 10.0 6.0 5.0 5414 124 O
M6 40 7.0 7.189 410 o™
M7 4.0 3.0 5.601 275 Over™
M8 12.0 80 5.0 7.615 42 Over
M9 6.0 7.0 8.436 110 Over
MMA : 2-EHA : AA = 30 70: 9
X Cx Pe << 1x107%
w0 (O 1x10% < Pe < 1x107
sxx 1 A 1X10°0 < Pe < 1X10™%
wkkx 1 © 1X10° < Pe < 1x107°
siokkk 1 Qver © Pe >>  1x107°

MMA: Methylmetacrylate, 2-EHA:2-ethyl-hexyl-acrylate
AAAcrylic acid, HCPK:0.5wt26
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Table 8 The results of analysis of variance(ANOVA) for signal and
noise(S/N) ratio of tensile strength

Factor | PgAse of Sum of| Mean of sum| Contibution| oy p-value
Silica 2 3.1882 1.5941 89944 | 239782 | 0.0384
AAm 2 22.4894 11.2447 65.8150 [169.1395 | 0.0047
Ceramic 2 8.1580 4.0790 236249 | 61.3552 | 0.0139
Tolerance 2 0.1330 0.0665 1.5657
Total 8 33.9685 100.0000

Table 95 VAFIE AE7} o =2 A%
A8 2 A8 BME ARZ VAU B8 wEe A9E 12 AFS & o,
].

AL silica(Si02)¢] dteke] AFow AHSHE RAE G F 4

L
=4

gom B BAL AAS Aol HelA HAFE upst o] 7|¥ EIE
A3 Table 39 SN
dle) Wl et AN 1 T 10%7 7P & e ¢ & AN
o Whale] o] B4 AxyE AetHo|r} Acryl amide2 7|H F3 EAd FFES A
o] FA @& Ao Yent=d AAR Silica?t EFF AL Mg Zol E

e Afe v1Fol Avle Fdel We d2A yehd Fig 69 dxets A H

Table 9. The means and contributions for S/N ratio of tensile strength

Factor Average Contribution rates
Silica [ 8% | 15.7742 -0.4246
Silica [ 10% 1 15.7817 -0.4171
Silica [ 12% 1] 17.0405 0.8417
AAm [ 3% | 14.6581 -1.5406
AAm [ 5% ] 15.5662 -0.6325
AAm [ 7% ] 18.3720 2.1732
Ceramic [ 4% ] 15.4979 -0.7009
Ceramic [ 6% ] 15.5536 -0.6451
Ceramic [ 8% ] 17.5448 1.3461
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Tensile Strength{MPa)

10
Ceramic{wt%)

Figure 5. Plot of Tensile strength and ceramic concentration.
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700 -

500 -

400 - ®

200 -

100 ~ °

Ceramic(wt%)

Figure 6. Plot of antibiotic(C.F.U) and ceramic concentration.
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olel 4 A= Aetulo] A FFE ojMolW, F B AY A= Ay
ARE FEold silica(Si02) 8 AF& 3 Ao AV|E & VB E EH32E Fgo] 2
8 AoAl VIRAe Aoz BeAT)

ChAl Zato] 71 g-& 28] Hstod e ALEEHE Ao %L 4% HEEE
TESAN AgtEE E9E & e 5 EAEy Aetd s AgsirzA A
A TN & mEste Aty AL FE AA=Hoof T AR BTY
T},

Azt o]l AFE o R silica(SiOn) e AHEE A9 2 7)Fo] AR&EIlo] HBE
AR Aol e AL Ao F3 AdzEE A DAE 727 gL

AP o fE WHolFo2A He 7T E UEUA WA Ue F IEE EoFe

Aau)gel os dgAdAe wix 2 2 A¥ ZA3E Table 791 Ve 2
oA B vle} ol silical(SiO2) 9] o] 12wt% o) Aeld 7]Fe =AV|7F &

8¢ B¥ o999 B35t 7}

rr

AN A RIS FA) ool ATt o] S
a7 Wil oFony odge £aA Bk ol& Fd A48 Awus) g
o o5 WEe AA WrAew BIAAT

Fig. 7Zkzkel AAdw A A7E B Rolgh ¥ F (A)e A7l 228 ¥A

ui

R
frit
A
™
£
o,
o
o

28 B4 AA AA B EHL 1

&2
rlo
i)
r{'u

208 o

rir

e Hw$ =¥ VAFAEEE 47 dEo 48 AL FEF oisg s H
Zo] dojux ¥ A A B)E AztuHs EF AR HOE V1F3E A%
X Bati Q1ge HoFEr (O)F silica(SiO) e &3+ 442 7139 A7)7F 100
mz S AX 2990 f4A AFY F UA Ho| Aoz FAHAS . o]
wate] (D)E silica(SiOy), Ag® 28ln ZFEE 2387 98t Acryl amideS
Arste] Az dEFLR 71%9 A7)7F 5m ol HE dEHol QlojA F2 AR

& HAAAE R Ldd Ad Tl gl Futez wigAsA AHEd

i)
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% 9

o

Aoz dadr)

Table 7¢] M3, M5 ¥ M69] -9 Fig. 791 (A), (B), (C), (D)ellA] H=nte}
o] silica(SiO) 2 Aste] A3 100~300um pore sizeE Algtd] Ax7F WA
2~5m32 719 71F&¢ FAHAL AL JFFoez HHF Tensile strength
= Acryl amide® E¥FoEA A& S Ak = FTAE IR Q1S
g a¥el ¢r¥s ¢ F A

Fig. 8& A71x M2 o& 498$ 45% 4% 2435 B4 Zoiw. Idd
A Bluel 2ol Acryl amide® H7be Aol v wkg E@o| st 27| #HF
el okt wam B AR =7t 9 AdHE X e A Y silicalSiOz)
U Acryl amided] #7t2 o8 93 E4& JYehlAE 4t ol 39 A

7}7F Ao e EAE fe S geEEHA

mlo

FEd Az A9 A

Table 9 oA A¥F AodE 7t HAY v@vA silica 10wt?s, ceramic
4.0wt%, Acryl amide 3wt% & & & JARNeBE I HWFguE HAL HES A
zad gaEH g A FHE B

B2 A2 e v ada Fo|HWEHE MR vu AE 7 H HA
WAL 8719 ARG Az WA Hrle R REE &3 Fold
Bz "o ol mAAZ g EAH oA HAHE gl silica 10wt
ceramic 4.0wt%, Acryl amide 3.0wt%& 7tA 3 Az ES 2749 AFHF v
o #23tgloh(Fig. 15).

A7y mlAE Az FH wA FAE Y] A8A 2FS §3 28ked &Y
3 1 Bu] BA20%S BATE04%, EEFED 04%E MEviE EEHEA )
AEE7t 6%/tE 2 AT 88 EgE FHdA e ATl M

SUSES FEF 4& $oIFT ETY AE o RN ojgel Fth
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Figure 7. Scanning  clectron  micrographs  of  made Ceramic,

Silica and Acrylic amide
()  MMAZ THA/AA, (b)) MMA/2 EHA/AA + Ceramic
©)  MMA2 FUAAA b Silice
) MMAZ2 BHA/AA v Acryl amide + Silica + Ceramic(VD)
*MMA: Molhylmetacerylate
2 BN cothyl hexyl-acrylate
AAACrylic acid



Weight(%)

Figure 8. TGA graph of each polymers (weight[%] : temperature [T])
-------- : MMA/2-EHA/AA
——— ! MMA/2-EHA/AA + Acryl amide + silica
- - - : MMA/2-EHA/AA + silica
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ligure 15, Respiration Filter for Mushroom Growth in Bottle
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Figure 16. Respiration filter and bottle for Mushroom growth in bottle
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)
it
2
off

Wopslel M7 Sds ANAW, £ 23 FoldE gt Fo] *A

Abd A7)

tlo

el WAl wlE etk I del Ejxge) Qe EE FE
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e AdstnA adth olE fd FEYE z2te ¥l HWEQ & A Ay
I A IHSIONE EFEAAL, WREHHE F7HA1717] 98] Acryl amideE 7}
33tk Acryl amide@Fo] I EAl &9tS 9 tensile strengthi= 6.061(M - Pa)o]
Aot Acryl amidedr®Fol 9wt% =& W tensile strength® 8527(M - Pa)ol %l
o ol¥ A Acryl amide® #Fo] F718E tensile strength?} Fig. 99} #o] A<
AEgd o Frtetedl, ol€ Acryl amide®] oW E7]9k o] FA G| Fa WHE7)
& #gslo] Acrylic acidol QsjA sheRaiEdA Ztuddel e w3 A
249 AARA 2FE MR AT FAEY tensile strength7t F718F Ao
B ATH(Fig. 9). AT 9wl del = AAmo] A X3} Hol o ol 2 Ik

2

EI 2 AT AgEe EF8E T B FUMEIRoH 3T tensile
strengthE® oF8t7 QL F7] FREQ] SiOE EFsHH 718 (pore)o]l FAHHAL L
2 pore sizeZ7} 100~300mol o]22] o] o] HA oFAAE AIFE AU

222 Mg E98t AEI Eo] 124105t LBHA 50mle] ¢4 wige ¢

Poe=sec?

At (Escherichia coli K-12 : TFO3301)

o

TR 1039 34ste] 4x104 AEx FHA
qck BT FHTE JMT TS HEYS el Eoldle o o] vt
o223 A& AHgEte LBHAAN wigg e 42 1m¥ EFsA &
157 # o] B (KMC-8480S, Vision Science Co., Ltd)ollA 2€3F 30CE wigFst ¥ z4z}
2008 AF et T wiXo] HF =2 Ak WATE HFE s 4843

%) 7€ 7}4(CFU : Colony Forming Unit )& ZASIA =], Aake-g @x|ge

o,

£ Colony<=7}F 700(cfu)-& YeEbAEd Mgty o] 10wt%E Eolud 3B(cfu® F
A3 #olE5E& &

Aejgte] Ae REFHE TFEACd AdIE A @S W  tensile
strength® 6.061(M - pa)el Rz, A&7} 12wt% L tensile strength?} 2.517(M - pa) =

A A gte] o] &7} E tensile strength7} ZAskE AdS BYck Table 8ol
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A REurst o] AEFt Hrbgol 10wt%dd 3537(M - pa)E 7HF F2 tensile
strength® B4l

olu] JAFIEE AYNE HIA & o FrIUF AE FHEA Esided
e A7bE 10wt% Lo ) ASIEE Table 87 o] 1x10° (Pe (I1X10°% o}
T+ FL FHRAEHE YEbRT

wpkA] & AE A Frhsle) 89 Pt TS Eoln 71FE FAH] A
a Bl 22EQ SIs EFste] oaure Azsch £ oFe] R SHH
o FAAT A AT m2%S #E FE Faux OFA A4Y AGYES o]&5o
Ao wguE Fux st o] HAF W= silica 10wt ceramic 4.0%,
Acryl amide 30%%-2 & 4 AUtk EF olIFgnE AAn BES A=IHUE
pore sizet 2~5umo)QLL tensile strength® %713tz Ao WHe] &S & + UM
o, Fitel] thgl i FFol M B ARE YepdozA HA A ¥ v
2 A 7PsAe gag 4 At olgA Azd Hehg Fig 133 Zeo] #4
HZo) ulel A2 YEL JFAT SEM AHKe g 1 AHg Bt 28 (A)d
He 2A8¢ B78kA g3 Az ggoz 7|¥9 e/t d8 oA ¥1, (B)
o) Mebele 4wt H e A Agmel 2¥xEE 127 g4 HAoy JA 7§ ¥
e Ba gk (O Agshure dristged Aesty BxEy Jedde 2
golort 7189 @77t 100~500mE ojFHete 2N 7)%%E B & BE UF AAX
g1och N AEtEe Wrkske gEde FdswA 1¥9 F71E 2Es A S
ad. 1dMe A% (A),B)CEFE Aeteg 4wty A7} ste2A «3ere 7
TANE 2~5mE U5 AATh

Fig. 1604 Biulel o] A F@yel 24 A&ste] FAte] 4§ Fuieh I
g.e A8sdrh Fg 16004 @ 30ds FFHo] B APdA Axd dFola v
o o) 23 FolWE Y Foz g YrH 1084 TAZHE AT UE 2

ol WA grkom, YAEE oA A HE FFOE AT dee ¢ & Atk



Fig. 165} o] &9 Azte Fud 43 =2 B4 & 24X Az dFe] A
& EBA7F glowAs wig 5 FHE BoFa gtk =8 Fol] dEHS & whlE
1~23%o] AT o giE A& & 4o Az I ASKHH € & 3=
Aol Ao Zol Zatr] Wi AAEA MHL st ALE b vk ol @

Z20& ZFo2X T qFHARoEA AEVMEAE AHY E F AUk

Fa 8
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2] 47 A '98. 8% 80P olg9] A7«

3] AFE7<, HAWA FFA L=, I AT 3,(2000)

(4] Adf, 333, | ST ol&x 4, d,(1998)

(6] &A : HFILHEHRE : 19953 114 074

6] A, 454, WAL, 439 =&A512(1), 35-39(1996)

[71 D. D. Perrin & W. L. F. Armarego "Purification of Laboratory chemicals
3nd Edition (1988)

[8] AAA, “vA Aghg 4z &F LDPE @& 7|A FH=e By FHIF",
Addgn 4Aeke =8 (1997)

[9] F&5¢, "A#5E 34 Adx Eddgd ¥4LEY 7RG 297, ddd
gt WAREHY =& (1998)

[10] olAF, “AdH Fitol g ofad HFAE HFAANMY A7 &4, &
FHerlad H4AEH =5 (1994)
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ol b Fel gln 2 wpg 4% LDPEZUEol AAUE 3% TE) TE

5fel EAANE A7 20y FHlste 10719 APl Leto]2d AR E

[o]

oh{(

Ho] Xy XA F 5CE FAHE &271(BI-1000M, JEIO-TECH, Korea)odl
1297 AAsHA 39 A2 Qe olge wHoezr FAL Wit n

NS R

Drip% &4

EZE 59 F TF TR NE F FEQ FHE YEEE EAGA

A EFE FEY NE F FH(e)

B: X3 A% F FF49L AAT 39 AuFTH(@), C: xFA4 T @)
TBA (Thiobarbituric acid) value &7

% ZAWY APAs AEE dolrryl ¢l  Salih(1987)% 9 extraction
method$& AH&3te] ZFASUT. A& 10ges AR ET2I Heta 3.86%
perchloric acid 90m¢E& Y& ¥  100m¢ BHT solution(112.5mg BHT/m
¥k¢t % whatman No.

ethanol)g % 7}3 1 homogenizerE o]&3d< 30%7 auh

42 AFH}A G o] gl ot oo 5me 20mM thiobarbituric acid$ % 5
- 334 -



mE E¥3lo] 100ToA 3087 HAMAF T Mg & 48 spectrophotometer
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43kt
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2 53ImoA EAEE

VBN(Volatile basic nitrogen) value &4

971 d2%e 487 A8 conway "IF FAWEE AHEEHAT AE
10ge #H3d ZF4 30mE 7F¢ F blenders o] &3t 287 wuken
whatman No. 42 & #A& o] &ste] sttt 944 1mE conways7] 9
of @3 uldel 00IN H;SOs 1m¢t conwayrlef 1mE ¥ BdEE
(K2COs 50g/100m¢ Z74) 1 WA 4o Fdstn BEod odF 242
AA E5olFx 37CTHAAN 08D WMt wFel B F7]<] 0.0IN

NaOH& <} o 8 % A &,

MAAE T 54

%394 swab method(Mirinz, 1991)& AH&3t9) EA AT WA Als &
o] 9erre] WHS 717 templateE WT BTEE WE S ol & 103 AA dA
o wakow 3e 78 AT 28 9A AEE 90CTHAAA 22 WY

o FHS EXE & Ads dFF 0.1% pepton Fol B F dAHEER
A5t olu] A} WA E plate count agar®] ™, 35C w7l A 4841zt
wj oFslo] colony® A8t

| aae 2959 2L WHEoeR ANsE AMFH, F45ta plate count

.

agar¥] 2| o] spreading 3to] 35C COz# %710l A 48217+ vl Eted colonyE AT

&kt

=

AFEE 275 2 FHoE NEE AF, 431 dFETY A9
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Figure 1. Changes of pH of Korean native cattle meat packaged in

different functional films
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Figure 2. Changes of Hunter L value of Korean native cattle meat
packaged in different functional films
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Figure 3. Changes of Hunter a value of Korean native cattle

meat packaged in different functional films
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Figure 4. Changes of Hunter b value of Korean native cattle meat
packaged in different functional films

- 340 -



7 .
—e— Control
61 —aFCA
—— FCG
5 - WC30

—*— FPT

Drip(%)

1

0 3 6 9 12
Storage time (days)

Figure 5. Changes of weight of drip of Korean native cattle

meat packaged in different functional films
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TBA(Thiobarbituric acid) value
S5 W Ao Ad Axg JelllE TBAZ Y W= Fig. 69 YeEbA
o EE EZFACNM AZND F F2rteE AgS Jelled, gz2TE &

ol A &9 AAolE APHA B Ao ARHY}.

VBN(Volatile basic nitrogen) value
EFAE VBN#Y W3E Fig. 79 YUY, BE 40604 A2 7k
% F7hte BFES JeUden, 2T RO FIlZ0 A 89 AAoE A

gatA e Aoz AZ4E.

EZAE o5 W¥3E Fig 8 9, 109 YeElRAT Fig. 8& T4AE ¢4
o AFA} F FTF WA, AF 3UAAE 2 ¥93tE Holx @rist 39
FRE ME S8 Bdod, AF 99Y 7AE dEFo] HE] WC30S A9 @

E XAAAAN 22 F5E Udeddoy, 9 o FREE BRE A A
dxFEY £ 58 YeEdiAdC. Fig. 95 EFAE 59 A7 F &
714 #4e WEdd, A% 647X FPTE AYY BE LAY ¢FolA
HETED §& 48 dHEdi, 64 o|Fe FPTE d2FRd & F
& YEHRAT Fig. 102 A 59 A7z 3 dAdE 59 HgE 4y
Bt AQEl, WC30# FCG ol 8% $5& dixFo ns) A 7|20 s

HEFTE BAIL, FCAS FPTY EZT 8L 69 old7AE dzyrd

BN

f

%2 %S UElort 6d o FREHE dE2FRUY & & JEhen,

HETY & EAY £ $Fquls W 7|3k

flo

WC300| =3& -5

44 g2 AT

i

LHERH L
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Figure 6. Changes of TBA value of Korean native cattle meat

packaged in different functional films
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Figure 7. Changes of VBN value of Korean native cattle meat

packaged in different functional films
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Figure 8. Changes of micro-organism viable cell count of Korean

native cattle meat packaged in different functional films
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Figure 9. Changes of anaerobic micro-organism cell count of Korean
native cattle meat packaged in different functional films
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Figure 10. Changes of E.coli cell count of Korean native cattle

meat packaged in different functional films
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#5AA
B A A 88 Y Hdode] 94 AxHow &Ase ATE Table 1, 2, 3 4
of JEMNZTE Table 19 VeI AxE hERF7F & EZ A 63 ¢ @&

Aoz Ueon, WC30e /M Z1aEst we Aog e

rlo

B J3evt =

st

Table 1. Changes of sensory scores in softness of Korean native

cattle meat packaged in different functional films

o Film | ¢ ontrol FCA FCG WC30 FPT
o 22540433 | 22510433 | 22520433 | 22540433 | 2250433
3 32040748 | 360E1500 | 42041166 | 340£1020 | 3000894
6 43041487 | 5001095 | 57071100 | 564%12%6 | 5101300
9 3571178 | 6252332 | 61441950 | 563+1317 | 57541479
12 4001291 | 6571400 | 62941278 | 7.20%1686 | 520%1385

#1 : Excellent 2 : Very good. 3: Good. 4 : Slightly good.
5 : Moderate. 6 : Slightly poor. 7 : Poor. 8 Very poor.
9 : Extremely poor

Table 2¢] YEhd 2zt TAAE 59 AF 7% & thEAde] dske 647
= da7r B8 2FAC HE ¥ 71EEE YEhnIt 69 o) FHEE tiET
Aoz vehstth

2t g 2AAe £23F 989 EAY 7EET H w8

Table 2. Changes of sensory scores in succulence of Korean native
cattle meat packaged in different functional films

Day Film | Control FCA FCG WC30 FPT
0 16050490 | 16040490 | 160£0.490 | 1.60£0490 | 16020490
39 32040400 | 3401356 | 440€1200 | 360%0800 | 2600800
T s a 320+1.470 | 58251336 | 5531616 | 52240470 | 578+1030
9 o 43311491 | 53811996 | 400%1852 | 3290881 | 414+0.990
T2 a 41351452 | 378*1618 | 343%1178 | 250%1323 |314+135

%] : Excellent 2 : Very good. 3 : Good. 4 : Slightly good.
5 : Moderate. 6 : Slightly poor. 7 : Poor. 8 Very poor.
9 : Extremely poor
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Zb xAE 5o A JzF F M9 Wl Table 39 YeER ], tix=+7}
A 71zve) AR e EFA EAAI S0 " Mo rlEEr)r €53 =&

Aoz veytor, FCAS WC300 £33 5] 7a% w2 Ao eyt

Table 3. Changes of sensory scores in color of korean native cattle

meat packaged in different functional films

Film
Control FCA FCG WC30 FPT
Storage day

0 2.40+0.800 2.40£0.800 2.40%0.800 2.40%0.800 2.40+0.800
3.40+1.020 420%1.166 4.20+1.166 3.60+1.497 3.20%0.748
2.44+1.257 5.40=1.281 6.60£0.197 6.00+£1.311 490*1.136
{ 2.56+1.066 8.25+0.061 7.25£0.661 5.38+0.992 6.83+1.067
12 28611245 6.1411.125 5.86+1.245 7.17*£1.462 6.00+1.069

%1 ! Excellent 2 : Very good. 3: Good. 4 : Slightly good
5 Moderate. 6 : Slightly poor. 7 : Poor. 8 : Very poor.
9 : Extremely poor

2k xAAL S5e) A A7 F Frle] WhE Table 400 GEIRE, AT 3
AAAE 2E BAANA Fr7 F& Qo dewou, 39 o|FRE Rzt
#7075 wolAlth txTsl e ERA v Frje Wsrl 2 Ao vet
ouf 120AE e EAASt E u glo] Re JEEE Yehilc

Table 4. The changes of sensory scores in taste of korean native
cattle meat packaged in different functional films

Film
Control FCA FCG WC30 FPT
Storage daj
0 2.331+0.471 2.33+0.471 2.33+0.471 2.33+0471 | 2.33%0.471
3 2.751+0.433 32511639 | 325+1639 | 250+0500 | 2.75+0433
6 4.45%2.350 6400063 | 6.80+0980 | 7.08*x1.115 | 500%1.491
9 5.57+1.498 68310808 | 7.14x1.125 | 7861125 | 7.29£0.700
12 7.20+1.030 | 6.71%1.161 700+£1.069 | 7.29%1.385 | 7.29%£0.881

%1 : Excellent 2 : Very good. 3 : Good. 4 : Slightly good.
5 : Moderate, 6 : Slightly poor. 7 : Poor. 8 : Very poor.
9 © Extremely poor
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Aol A Ao E uiel go], gzl wFad 2AA HE A TFATL J1eH
AN 27 WolXE "ol ARAT AAH] H7t2 Bol AR T FES B
AFch MgE TAA FoA FCAS A7 3713 2aA Frdde dix
T ExZAA wlEtel o F2 e JEAAR, AAFH o2 FCGERA(SLE
AgatA gL 0vAE A7) AP Ay BEs FHE dEe] M ¢F
of 93, 2 ug ¥Fo] LDPERE AASNE 3% &7 dxTd vl=d 2%
B wsd FFE BAFAon, @y AFedEs B JHA 71T WolA ot

o £ 27E B FAH

UZ’L'

IEH

[1] K.T. Lee and K.J. Lee, "Animal Products and Processing: Quality Changes
of Vacuum Packaged Hanwoo Beef during Cold Storage”, J. Kor. Soc.
Animal Sci., 40/6, pp651 ~660(1998)

[2] D.H. Oh, "Effects of Packaging Method and Storage Temperature on Meat
Color of Korean Native Cattle”, J. Kor. Sci. Food Sci. Animal Resources,
17/3, pp212~217(1997)

[3] Y. Choi, YK. Kim and CL. Lee, "Animal Products and Processing; Effects
of packaging Method and Aging Temperature on Color, Tenderness and
Storage Characteristics of Korean Beef”, J. Kor. Animal Sci, 37/6, pp639
(1995)

[4] C.J. Kim, "Studies on the Cold and Frozen Storage for the Production of
High Quality Meat of Korean Native Cattle I. Effects of cold and Frozen
Storage on the Meat color, Sarcomere Length and Tenderness in Korean

Native Cattle”, J. Kor. Sci. Food Sci. Animal Resources, 14/2, PP151~

- 350 -



154(1994)

[5] C.J. Kim, “Studies on the cold and Frozen Storage for the Production of
High Quality Meat of Korean Native Cattle II. Effects of Cold and Frozen
Storage on the Drip , Storage Loss and Cooking Loss in Korean Native

Cattle”, J. Kor. Sci. Food Sci. Animal Resources, 14/2, PP155~158(1994)

A8 A &7 Mgk YES o848 &9 9 AFA
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1 glE=d, olul dripl® 8 LAY FE 8 AR Fge] LSt A
o oE & JOoEZ o AAEY st &F ME AR BAUY A
= Za)29d netd] & Aete g Frbstd Az® A net vl EF
of o]g&e] dripoZ WAF FEIH AY Hurvt AFdde AL w1 oked ¥
i Aetdnetrt Havlek FEs g Agoez A& AP/ TG FAUSE

FAaststad oA
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longissimus)& lem F7 9 Xu|o|AR &go] st A}8-3)
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o] 2%t 88 ZMA EAF AP T(net 17) Y TAANE A} L3 &Selolx

©

& 59 obef, Yol FHE £AE AP F(net 27)E U0l zhzk 2704 #n) s,
Z 8ME AFolAe o] Zal2"dA trayol o} wrapoZ ZANXAI & 5T
#258% 37 (BI-1000M, JEIO ~TECH, Korea)ol 1297+ A 3&@A 39 744

o2 st olgle wylow EFAL Hriste vyt

+8 10g9 F=F 20mlE 71ste] homogenizer® ©)&3] A3 F pH

AE &3
A2} A (CM-3500d, Minolta, Japan)& o]&3] M: & =3t Hunter #<l L,

a, b2 YEHHATH

Drip% &#

A 2FE AH9 NFE F5H()
B: ¥ZMNE 3 298 AAT 39 AaFHg)

C: 2349 F3H(g)

TBA(Thiobarbituric acid) value 5%

Sz ks A ZE Salih(1987)% 9 extraction methodoll €3] &4 38}
At A8 10g2 AZEet2=d et 3.86% perchloric acid 0mlE ¥ & 1
m2] BHT solution(112.5mg BHT/ml ethanol)€ #7}8t3 homogenizerg ©]-§3}
o 187 2%E ¥ whatman No. 42 o FHA|& o] &3to] AFjatglct. o< 5migt

LU S
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20mM thiobarbituric acid& 9 5mlE E%3ske] 100CHA 30

r-{u:
()
3
=
>
Pk
i)
e
=

¥ 89& spectrophotometer® 531lnmolA FFEE A st olefe] A4k ¢
8l TBA#HE A3kl oh
TBA value (MDA mglkg) = standard curveZ ¥¥ MDA % X K
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Figure 1. Changes of pH of Korean native cattle meat packaged in

different package method
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Figure 2. Changes of Hunter L, a, b value of korean native cattle meat
packaged in different package methods
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Figure 3. Changes of drip of Korean native cattle meat packaged in
different package methods
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Figure 4. Changes of TBA value of Korean native cattle meat
packaged in different package methods
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Figure 5. Changes of VBN value of Korean native cattle meat
packaged in different package methods
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Figure 6. Changes of micro-organism viable cell count of Korean

native cattle meat packaged in different package
methods
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Figure 7. Changes in E.coli cell count of Korean native cattle meat
packaged in different package methods
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Table 1. Changes of sensory scores in softness of Korean native

cattle meat packaged in different functional package methods

5 10 ot e e ot
0 7.00£0.63 | 7.00=0.63 7.00%+0.63 7.00+0.63
3 573*+1.29| 527+1.39 6.00+£1.03 5.93%+1.48
6 376025 | 353+0.24 410x058 3.98+0.21
9 256£050 | 3.10+1.32 3.10+0.83 3.10t0.70
12 250+050 | 267094 3.00%1.10 2.70+0.64

#1 : Excellent 2 : Very good 3: Good. 4 : Slightly good.

5 : Moderate. 6 : Slightly poor. 7 : Poor.

9 . Extremely poor

8  Very poor.

Table 2. Changes of sensory scores in succulence of Korean native

cattle meat packaged in different functional package methods

e e T 100 O G v
0 7.33+£0.47 | 7.33%£047 7.33+0.47 7.33£047
3 527+1.29 | 553%+1.50 513%1.15 5.13%0.72
6 3.85£058 | 3.82%1.20 4.20%0.62 3.95%£0.32
9 250£0.96 | 2.40%092 3.88%£0.93 3.13x0.78
12 222%£1.03 | 2.33%0.67 3.14%0.83 2.44%+0.83

%1 ! Excellent 2 : Very good. 3 : Good. 4 : Slightly good.

5 : Moderate. 6 : Slightly poor. 7 ' Poor.
9 . Extremely poor

8 . Very poor.

Table 2 of WYetd 2 EZAE 59 AF7E T 9FE9 e 39 ol F

HE F48 71359 AZ HAgen AEteAE net 1702 £G4 AFT7}

1A NEx7 5

L
-

-
T

Table 39 Y4etuiidl, A 34 ol F o F4% 7|5x9

obF we 7%
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Table 49] eI, A% 30 o|FRE 71557} wold 12U o}F @

ZNNEEE Uea, AExE net 1402 ¥ NFF7} 1% NEET)

2 LRSI

Table 3. Changes of sensory scores in color of Korean native cattle
meat packaged in different functional package methods

5 | e 1t O mddfCoram e
0 7.33%£0.47 7.33+0.47 7.33£047 7.33+£0.47
3 507+£1.39 | 587%1.26 5471120 5.07%1.39
6 4121052 3.89%+0.85 4.3510.86 4.321+0.33
9 2.25%0.66 1.75+0.43 271067 2.57+0.90
12 2.13%0.33 1.6310.86 2.13x0.03 1.56+0.83

%] @ Excellent 2 Very good. 3 : Good. 4 : Slightly good.
5 ! Moderate. 6 @ Slightly poor. 7 : Poor. 8 : Very poor.
9 : Extremely poor

Table 4. Changes of sensory scores in tastes of Korean native cattle
meat packaged in different functional package methods

g9 . T ot e O et Corai b
0 6.83+0.69 | 6.831+0.69 6.8310.69 6.83+0.69
3 4471163 | 493*+1.69 5.40%£1.42 5.27%11.39
6 2951078 | 3.05£1.03 3.56:0.69 3.21%0.78
9 2001082 | 211*0.74 2.2540.66 2.18+1.03
12 1 1.70£0.78 | 1.70+0.78 1.88+0.78 1.75*+0.66

#1 ! Excellent 2@ Very good. 3 : Good. 4 : Slightly good.
5! Moderate. 6 : Slightly poor. 7 : Poor. 8 : Very poor.
9 ! Extremely poor
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