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allergen—free lacquer(Polyurushiol))
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SUMMARY
(F=2%F)

The principal roles of food packaging are to protect food products from outside influences
and damages, to contain the food, and to provide consumers with ingredient and nutritional
information. Active food packaging systems are based on materials in which some
additives with antimicrobial and/or antioxidant properties are added into the polymer matrix
with the aim of extending foodstuff shelf-life and improving consumer’s safety.

Of various active food packaging systems, antimicrobial packaging indicates the packaging
system that is able to kill or inhibit spoilage and pathogenic microorganisms that are
contaminating foods and extend the shelf life and maintain food quality and safety.
Antioxidant packaging is intended to prevent or slow down the oxidation reactions that
affect the quality of food. Oxidation of fats is one of the most important mechanisms
leading to food spoilage. The oxidation of lipids in food leads to a reduction in shelf-life
due to changes in taste and/or odor, texture and functionality of muscle foods, and a
reduction in nutritional quality.

Recently, the demand for the use of natural additives has produced a clear increase in the
number of studies based on natural extracts and essential oils, which are categorized as
Generally Recognised as Safe (GRAS) by US Food and Drug Administration, and they
could be considered potential alternatives to synthetic additives, such as butylated
hydroxytoluene (BHT) and butylated hydroxyanisole (BHA). However, the choice of natural
antimicrobial agents is often limited by their low thermal stability of the component during
extrusion process such as injection molding or extrusion, or due to incompatibility of the

component with the matrix polymer materials.

The purpose of this research was to develop new active packaging materials from natural
resources and explore their feasibility in the packaging films and containers. The details

elements of this study include the following contents;

(1) Optimization for the purification process of urushiols and their polymerization for
solid-type urushiol (Polyurushiol, PUOH and YPUOH) with easy handling, high thermal

stability, and excellent antimicrobial/antioxidant activities



(2) Process development of master batches using commodity polymers (PE, PP, and PET)
and polyurushiols

(3) Process development and characterization of composite films and containers for

packaging applications

(4) Feasibility study of packaging films and containers in food packaging applications

Through this study, we've drawn several conclusions in respective elements as follows;

(1) Polyurushiol powder (PUOH and YPUOH)

Through new purification process of urushiols and random polymerization reaction between
purified urushiols and methacrylic acid or silane coupling agent, two types of solid-type
polyurushiol (PUOH and YPUOH) were successfully prepared. The as—prepared polyurushiol
exhibited excellent antimicrobial and antioxidant properties and high thermal stability over
200 °C.

(2) Master batch (MB)

To improve the dispersibility and miscibility of polyurushiols into commodity polymers
such as PE, PP, and PET, the particle sizes of polyurushiols, use of compatibilizer,
conditions in compounding process have been investigated. Resultantly, master batches with
high content of polyurushiols were successfully obtained for next step, extrusion process

for packaging films and containers.

(3) Composite films, sheets and containers and their applications

To investigate their applicability of as-prepared polyurushiol and master batches to active
antimicrobial packaging materials, the composite films and containers were prepared
through a film extrusion and the combination of sheet extrusion and mold pressing,
respectively. The feasibilities of as-prepared films and containers for use in packaging
applications were characterized by investigating the basic characteristics and assessment
specialization of packaging, as a function of polyurushiol contents. The composite films and
containers showed excellent antimicrobial activities against both Gram negative and Gram
positive micro—organisms, which indicates that polymerized polyurushiols, PUOH and
YPUOH, and master batches are appropriate to our high temperature and high shear
melt-extrusion process.

Furthermore, based on consumer survey, expert’s advises, and domestic and foreign
packaging trends, we've selected the application products depending on the types of film,

sheet, and container and their results are summarized in below table.



Type Application Resultant

-Composite film containing polyurushiols is successfully processed
Composite for oyster packaging.

. Oyster . .. . .
films -Improve antimicrobial, thermal stability, barrier properties

(Confirmed by the excellence from E. coli, S. aurues, V. vulnificus)

-Composite film containing polyurushiols is successfully processed
Sheets Tofu for tofu sheets.

-Excellent in effect of pH, antioxidation and antimicrbial properties

-Improve antimicrobial properties

Containers Baby food | (Confirmed by the excellence from E. coli, S. aurues, V. vulnificus)

-Excellent in migration test

Based on the abovementioned results, the commercialization of raw materials and applied
packaging materials 1s in progress. The type of products and target application fields are

summarized in below table.

Product Type Method Application fields
Sales of raw materials Polyurushiol powders
Application of Cosmetics

Raw materials ] )
polyurushiol powders (Lotions, Soap, and shampoo etc.)

(polyurushiol)

Painting and coating ingredients for water
Technology transfer ]
tank of fish farm

Food packaging containers for baby foods

Applied packaging . o - -
. . Packaging application Packaging sheets for agricultural produces
(film, sheet, container)

such as peaches




CONTENTS

Chapter 1 IntrOduction ................................ 1
Section 1  ODbjectives and NECESSILY it 1
1. Overview ............................................................... 1
2. Needs for development of functional packaging s 3
3. Usefulness of natural extracted urushiol derivatives ww e 7
Sectlon 2 Research SCODGS ................................................................................................................................... 9
1. The final achievements and CONLENLS s 9
2. Achievements by industry and CONTENLS s 12
3. Achievements Dy year and COMEMES i 17
4. Implementation strategies, methods and SYSLEIS e 19
Chapter 2 The present state of domestic and foreign technologies s 24
Section 1 Analysis of factors affecting food packaging . 24
1. Factors on property changes in storage and distribufion s 24
2. Design factors on the food packaging - 2%
Section 2 Eco—friendly paCkagil’lg ................................................................................................................... 29
1. Domestic and foreign technologies and related companies on the eco—friendly plastics - 29
2. Regulations and laws relating to eco—friendly packaging - 45
Section 3 Preparation of POlyumShiOIS ...................................................................................................... 47
1. Purification and apphcation technologies Of UTUSHIOLS  -eereereeremreemeemremsmemseemsremeeme e cemcemcemcemceneenee 47
2. Analysis of consumer perception on oriental lacquer ProdUucts s 48
Chapter 3 R&D contents and TeSUlLS 72
Section 1 Preparation of Polyurushiols s 73
1_ Introductiorl ........................................................ 73
2_ Methods and reSultS ............................................................................................................................................ ’76
3. Conclusions and apphcations .......................................................................................................................... 114
Section 2  Development of Polyurushiol master DatCh s 115
1. TOETOQUCHION  wreeeeseeeessseressseremssesesssetssssetess st e 115
2. Methods and TESULLS e wrwrrrerermmmriiii s s easens 116

3. Conclusions and apphcations .......................................................................................................................... 122



Section 3  Development of polyurushiol composite films, sheets and containers - 125

1. Development of polyurushiol composite films, sheet s, 125
2. Development of food container & StOrage tESt i esssesisssessscssns 147
3. COHC]USiOl’IS and apphcations ........................................................................................................................ 178
Chapter 4 Objective achievements and contribution to related areas - 181
Section 1 ACRIEVEIMENTS DY JEAT wrrewwsssrrrrersssssssmssrersss s 181
I T 181
T T B L S S B Bl i E  E E EE A 184
T vt B L S L it i is e 186
Section 2 Contribution to related QIEAS  r#rerereseserests s st sttt s 188
L RIDDIE EFFECLS  voreroerssroeessoseessoses s 188
2. Sales estimate ........................................................ 190
Chapter 5 Research achievements and their application plans . 191
Section 1 Research aChievementS ................................................................................................................... 191
1‘ Goals and achievements ....................................................................................................................................... 191
2. Application plans of research AaChIEVEMENLS s 191
3. Details aChIOVEIMEIILS wwwwrwereersersersesssrismnsitisiisiiitissit s aes 192
Section 2 Business strategies and TeSUILS e 200
1. Flowchart for cOmmercialiZation e 200
2. Commercialization of raw materials (PUOH pOWErs) s 200
3. Commercialization of applied products (composite films and sheets) e 203
4' Sales performance ................................................................................................................................................. 207
Chapter 6 Informations about foreign science technologies . 208
Chapter 7 Facilities and equipments ...................................................................................................... 209
Section 1 FaCihtieS .............................................. 209
SeCtion 2 Equipments ....................................... 209
1_ Managlng department ................................ 209
2. Cooperation department ..................................................................................................................................... 210

Chapter 8 References ............................................................................................................................................. 211



A1l A

B

™1 ) ) [ ——

puzel

B

o)
oo
il

ofy
<
s
oF

Ny
N

B
e

olo

K
25

2!
o

o)

24

A2 = e

24
24
26
29
29
45

47

A3 A

A7
48

il

L $-FAE AA 2 28 7]

72

dTAETE WE R A3

A 3 %

73

N

=l

el gTAE ¥

A1 A

73
76
114

115

115
116
122




125

!

A 3 A

125
147
178

-
B
oy
%o oo i
N o
il
< X
%

7] 7H% E_l xiXO]—/\E] Eﬂ./_\.é

mp X

e
o o |
Ton R i
oy ofy oo
S
1]l )
o of K
™ w M
2 LI e

— ™

181

181
181

H

7o
gyl

o
2e
Hr

el

TN

B

A1 A

22

184
186
188
188
190

M
i
K
2%
Hr

G

22

A2 A

191

48 A

a7 X
=

AT 4

A 5%

191
191
191

AL AT e

A1 A

4
B
K
2!
mr
=

jze]

B

—

o)
mr
oo
=

jze]

Bl

(N

192
200
200
200
203
207

A

-

3. 33 Al

A2 A

wK

1
1
ol

j—

i

2]
oy

4. M= At

208

R R e

s

AT AL AAN +H

A 6 %

209

ATAA-FH EF

AT

209

209
209
210

0

A Zv 4

A2 A

U I T [ —

2. A 2

BT

211



AU E A 2| 7He

H 1%
AL ML

1.

s

Al

ke
T

O X% (packaging)

2

kel

Foll A

°

1

<

& ALg

4 (active packaging)]

FOHL

o
pad

hyaA
fn Y

A

).
d

o 7ls

n g A

s

2l

=
T

ERIEE

=3} o
= a—

PAY AER R

o

A

o=

, Butylated

]

=

=]
=

HAYA] 7] L AH5,6].

[e)

A2

=
QLN

s m vy
o]

==
[}

!

Qe

[e]

bl 2 o] AvH2].
H} A

A]

1

R

-
1

2

°©

oF7]

=

4 Al AEo g Aol off-flavour

a

VS

ANA AES W

|

ERELHIE

J
7ol

%
-

hydroxytoluene (BHT), Butylated hydroxyanisole (BHA)$}

WA 0w

e

vy
fIte)

X
il
3

7§ ko]

=
=

277

o
oF
il

(e]

N

wK

)

2=
=

+ M/Bz} 7]

5]

2 /Z e FA L vhAE A (]

2l

—

;.Ow_

e

)

BK

]
il

L
P
ol
<
m

(Al 7171 Al ]

A

G

%

o

o
oj

i
o

o W

Gl
=
ol
,umo
Nd
Mo @
»
;OH

A
H =
o T
< Mo
§
w Q
=
TR
™ oF
o ol
gl
o =o
o =
<0 4]
00 T
7o T
o o
;Ot \M

il
& o
= ™
- ;/a
ob T
m W
=]
® O

P
Hin
=<

o)
olo

K
]
e
ToR

-

Ceul



¥ 12 A e AA) e



Ao

4
b

—_

<
!

=7F 3

4 2 7z

5]

A &l

Zo}o.

3}7}

a1

R ach

3F o

Hl o] Ak smobAal JATHT 8]

-
1

\qor
T
Lol
Hin

il

o)
Hin

!

QUstel, HA ¥

Aol, =fjoll A

- =
L

7} s}

=
[)

1

S

E

= 1-
T

=35, 9pa) 7, o)

w2010 By A SolA dHeeh 22

=

H o] uw

B 990070l Zh7ke] ddell wlel F-2f 4.64

el

Z =

d

4
=13
=

O 2011
o=+

EThaL H

Ae Abdl=

]

o

2 3}

=
fu.

3} 1o u}

[1,10]

<
;.OO
BK

i

5}

B AALzES} Anv)xbe] Qo whEl AT,

9]

i A 717]

Njo
o

ol
=

4 (antimicrobial packaging)

i

A8 Y
A7 L Aol wol

o
-

1t}

R R T

ki3

of o

% (antioxidant packaging) 7|4

s} &

/‘\l,

5}



b o EF

e

—_

)

ol

&.
il

)

-

o] ITHI,11].

]
=

o

XO
B
s

~
;OO

A

ol tH12].

}

Al =

5]

woll A7bshe=

Al
&

4%

=
=

O 53], A% 2EA

Fel = o] Al o]t

15t oFsts]

AbA
=

= Azl g8 Tlee &

T=dol AFE el
FAlel geH7,131.

-
R

A% % n

U s 2%

Ju
Ul
Him

N
el
w&o

‘._mo

k)
i)

thH14,15].

]

~

°

—

e

o

!

9]

=
=

A

o ol

%
o)
i

—_

—_
fils)

A

=0

H

AFEoZ A A6



o 7€ 71ed =29 A

0 J1ES it % FUHTFS R FYARE ALAA AREF 48 A 4Fox
% o

- H =
AolE o] off-flavour 59 FAHS HAAL 5 9}

O 2]l sorbate, propionate, benzoate &3 #-< /4 Fv=%, BHT, BHAS 22 &4
dibst 24 E &3 Fad 2 ks 54 HoE AEStA oy, AFE AE Al FHA
A7 dFE L A

&bt = 2 s e b.p m.p
Ally isothiocyanate | 22 " SCq . 148-154 °C —102 °C
0
HO
Hinokitiol 140 °C 50-52 °C

[o
i
o
>
o
=
10
D)
Ju
1
-
k]
N
)
ol
ogl
lo
&
—
=2
>
N
o
o
rlr

o T L
[e)
S 4w gom, wwa, gug B
PS 1_‘

A A7bES A wgete whilol

O E3], A E A FZ3F Essential Oil¢]l Hinokitiol®] 7%, & A sle] Algsles= A e
7F ol o] FXa ot 79t dtel bprb 140 CTEpA Aok Ado] wig vt §as7] 49
theFe]l =do] Has wrke] Alcko] o], okE B o8 7V|7e] EAd Ui AE&HIL U=
Aol

2L
200 C olAte 1& dE=FHo R A3} (thermal degradation), 3|FA| S 2o Exz
% oldwel A ol= Qlsfl, vl Zdo] Fast, ARZAolojA 2AFEe] o]
(migration)e] < o] 2] = B2

UV 59 o ofsto] wiMo] dojib= Wdgdol A4l 59 AeAst 2AR 44 &M
o Al gkA o]t}

O e HAA7|sAd B2 okt JeddAS $5te] H&E3st W4 (Encapsulation) 9

O 71E AA NFAH AAEA A9 we A4 BE 2 87 AL AF A e Avgen
Z



Jo

B
w

ol | S| E
| o|Q|XD
—_ N OO
Rt N |~
L
5 |
r 7
Al 30
=G
g
) <
hOrO%
SEIEIE
NI
(]
g 2
(&) ANJ
eaTE._
Sl pald
g =™
S| Hp

- 19 Temperatures at 196 weight

loss of sample

- 5%: Temperatures at 5% weight

loss of sample

Temperatures at 1026 weight

- 10%:

loss of sample

a9 3. 7| EAT 7]+

~
HO

X0

o

olo

_Z‘.Tl

s

Hin

—~
o

—~
;.OO

SR

s =4 iAol &

3

A

Ea
=

5o A

A, 7]

0

ol

Bl



FE TS 289 984

PR E R

-
1

3t &4 FollA, 2% (Rhus verniciflua stokes)

<
fred
=
;OO
g
&

o
50

AbgE o] skt

dr

=24, 54 2 =

b 4l

o

~

Al 72+

=
=

o] 700 ]

ﬁo

o

ofK

4

[18].

ot

= dEA AuH19,201.

Ao

ki3

o)

et

gAdeol Al

b2

]

ol
=

e BAZ Qb

s

geoj A ghoH19,21,22].

o]-g-o] A

0

B
wK

i+

e
N
i

ol

i A A= e

2 di7t 29

o
oK

)l

il

ApA) €]

i

TR



oF
el
Hlo

°
oK

ool

i

94 2 e A

2}
2}

S A,

e

NP

o

H S 10-2010-0006215 (2010/01/22)

5|
pud

- “Zg L F A &3-F (Polyurushiol) 3H-

10-2011-0015247 (2011/02/21)

], 9™ 35 10-2010-0063248 (2010/07/01)

53

wjr

=

1

=

o

o
oy
2l

TH



A 24

dTHE

HFTER

7},

o

B

2l

ol

of-
Yy
2l

ol
el

juze)

il

o)
oy

o
o

p—

il

2]

N

o
o)
ze
N

|
0

oK
B/

~

.Z._

|
o]

Mo
oy

B

il

Jo

Ton



B
Y

i

!

o
el
o
__va
o)
ofy
-
o
™
2l

w
K

Ho
s

Gl
~
™
il

do
TR

%0
o

=K

o

gu (34 %)

g AR 5% 2 FaE

oF
il
i)
s

o
o
]

o

2
=

(1)

7)) gk

PN
=

A 2)7]

2

&

A

=
-

o
il

o

A

it
i+

Bl

o

F M/Be] A

R4

RS

U
L,

Yy
2l

o
1o
ol
,_..mo
7o
ol
o)
ofy
-
of
™
2l

2

A

0

N

o
el

ol

_‘IO_



‘or
o
70
N
o
oy
K
p
i)

nze)
il
)

TR

1 (71=) dest AA]

ABE AG 55

ki3

Al A 2Rl

[e)

%8

wK

W
ToR
T

2

o~ =
T

pA

& e b

o ety Al o

_‘I‘I_



W&

=K

L=d

=g

o)

7N

)

5

2. HAE (AF, &

™
N

Hr

2

oq71#dE ATA

&

7}

0

)
e

o)
=
Hr

2

3
gl

a9 8 el

o2 AE A7 5% 2 e

)

in

R
NH

(1) ALAHF- (

e

ﬁo

i)
K

N

!

_‘|2_



2=
Hr

)

1

7hH A1

oo

K

A
-

G

B
&

N
o
N

™R

il

]

olo
o

el
B/
el

A Abg Al R B W 2

ﬁrﬂo

=K

=K
~O
e
o
Hin

—_

il
S

i

B
A

ze]
N
"
\_ﬂ‘ﬂ
Tk

0
o

- A 7

_13_



o
1o
ol
xr

: FT-IR, NMR i

MW

<
iz

0

-

~
23!
=K

il
O

-
N

g H/ZE-FA S M/B N (F57133% AA)

il
do
TR

ol
<
N

o

o

sho] A1

Az 9 ol §5E W85A PE, PP, PET] o

71 7N

oo
=K

1
el

gl
oju

o
o

i
S

=K

A
o
olo
T

mjn

i

A7F 2/4dn 7

A AT

g

=N
[¢}

A Al

—_—

X
=
T

Y
&
N
o
TR
ofp
<
il
o
™
2l

xr
]

0

-
o}
oo
K

]
B

=
=

4 AHE

=
[¢)

e ERRAZAL G

]

2 A

)=
4

3%

1
‘% s

SR

A2

)
)
N
X

]
=l

~~

BH

BK

—_
%)

=

!
X0
02
o)

o

1o
o
)

Ao

i
©

I
i

A
7 A

ko3
™

ﬁo

N

7} A 3} feedback

E

A=Ay
7(.\1

g

of i %

3T
™

ALAS

Al AZE B EE A7HAIRE A A

SRR

g 9

- BAE R

7
!
oF

]
o
oy

%

o

7K
]
gl
Ton
ofy
i
o-
el
©

_14_



Ho

;.OH

il

2

(

(2) A2A)

(7}) A+

!

el

Mo

do

BK
o

BE

ol

+ A

H7E 2

S WE Zghago

@ PE, PP, PET

wK

o

B

el

s )

1200 C

B
iz

=K

N
pic)

_‘|5_



A M/B 7idE

=
[e)

gFAES 28 7

- PE, PP, PET

2l
)

—_—
fils)

o

il

1513
=

9 AE )

o=
=

)
3,

&8 AA

hyA
-

3

7F

et

ol

ofy

W=
o

il

il

o

_16_



We (23)

= R
N o wrm_
i H - a9
M.Al T Mu Mr Mo ol
0
oo ﬂg i = T 1 =0 ]
s g
5|z T Z R s X = = E
| ¥ P ~ Mo mm =0 Moom i —
i T ~ o 52 i v e - o = me o
i) 0 do = K Mo o It} %0 = o
5 | o el wﬁ — = X o @ Nd 70 [ TK <
e e K | Nlo i = o o e alt] <V - —
i o = Nfo o o oy il . Al e ok ME —
b O Wy do G i AR e ¢ i3
‘_ma —_ 0 ,NL Q"_,o ,HA_I X Jl o) ‘_ﬂoﬂ Ga ° QE xr &Ko mK
o % ﬁe wr;_ N 1ﬂ_,_wu o = G WM ar N e W_uo RIS ,N_l L % E ~
@ﬂA%g%E%o#IJV of & M ﬂkﬁx - N -
o B ik Z B T o T - " o io° e - Tz s R
. o o ML _ _ - = o X awA oy m mo - T 5 alh] %o = = o < o = N
2 T qx%%mﬂu_xﬂﬂo B g ¥ ﬁ(o mow_ﬂ N N 5 T - s e i
- - o o _ =) 0 X0 o & ~
?_ué@muomiimmu% ﬂﬁx%p&ﬂ?imx %ﬂo?go 0 gwwm
gaaf.xﬂomwuﬂ %@4@31 B ;OWE%A@ = > &
n i A 0 =5 et
b il o - ook % = o = ) e N o & g 5 A .
~ —_— To _ am e —
i m: . %@@%M?ﬂ%ﬂ L R i o F s
o o . ol = ~ e 0 53 ol X0 ‘.ﬂvﬂ_ ‘_Iw_uﬂ_ N
z S E gw%m@%wi 2552 %ﬂ%%%m
= oo o 7nLnxo o 0 wo FK % w5 WA o A
l’ Orc ‘Aﬁ I WI - EE ;OO ,_ﬂ T e
= i Th & . i W o = o P - o ow o o
Pl A pEohE R FEAT
e e g .ﬂmﬂw L =
i i < i , A g %
N O .ﬂﬂnafu
o = ] ol o0 dl. <o o
B w 7 ;e T W Y
m ;,_A Mo_l i
eI o mu oT T o =
4 ~ W r s el w il
e gy Y 3 a,_A ~ _ WW 63
T w0 owu iy £ N
o T wm & N
g o ® ol
—
I~ ﬂma o-
i B oo
LLl Yo mm
= G

-17 -



ot
oo
o
~ = ™
s i o G
&) - i =
T O
70 X WE g = s s
by N %0 oo o
s lo 0 -~ X JI
ﬂAr_l —~— . ~ H_Al‘_ — N ™ ,NrL T
SO N o = = %
N S = A < o ol oo
g B W gy T 0B 0 T g = xr ~
o oF =) g o ™ N 2 N X B N
2 ‘ml 70 oF ,ﬁ 0 bo AT ll Qﬂ m o - U;A ‘mﬁ ﬁ
i T o Tk ~ . T < W L
A N R =R o o o ) g /] 5 i
= 8K w%% » = e T E R L T _ e N
FTEE S5¥ |z s | T R 5w o
o " ® ) W T o T " ™2
e NN o K of W o R Hin o EK Hm ~ M o 3 KO o ~
do BT oo X . e do o ® » 3 W 7 B < MRy
= ) = ofn Ho m ~o N = < o X < ~ 3 = 3 W
XOEK R N TR nig = <0 = . - < K = ~ No B oo
o ™ IBET o = T 5o <X d — o o oo
= %O = X0 % <] X= ~ o R = N o = 0 oo <
| X 4 o ﬂdovoLB mﬂmﬂﬂaux7a 70 ° ﬂ % W7
M < ~ 10 Erv B I - B o "o 0 - K ~ ﬂﬂ_ o =K
NE ~o H H 5 o © M olp NS [E) X0 do ™ o
A xo N K LS oy Jo T | R ~ N p o W
- M MR % S o ¥ do do = X B R o s
= K wo Ex O @47mxﬂu_x %M@_%mﬁl a PrE
o ;. TR an < L.W X g X = o e — 0 S = U =
<y o . i o ¥ loH o w7 X m 3 %o xR o do oF !
B . o X0 %o oo He o g N B oo o -
B = b | d = g S W B ow
i par o< < A T H =K <
T R W N nom RN x\%Eme < W —
T Re 7 i NN _— W T P L D
WLE ;OH _EU ‘OI N O_I \EE _ZT| . . N ‘w a ﬂ‘.mE 1Xro @ wwlAAE
g A i o & B % He - BT W
€ 2 c3 up = R LN 3
Roofp KO J = ar = - <o A
O < A o - = _ = o0 -, B = ~ =
< o - o 0 M ~ oK o ol o i}
o ]
O i w% %%% B h
—~ ) N g " —~
oo gl do ) He T o 2 5z X
N = o w do < = X o
B — oo alo B b s
T W o o0 % o ®XE < B
~ ~ = o) LS Rk - o =
Ho mAA e) g._ﬁ &,o :.L o 1Xro
G o 7 GG T o
e - ,m - i 1 oo
(=] _ O W
N W WK
N & D
mm - WL -
T N
x B &
™~ <t rullies
— ~
(=]
a
W
pd
—_
X
ap]

- 18 -



R FAAA

(1) FaH71#

~
oy

&kt

3y

R

ol
oF
ol

oo
=K

il

TO
1o

R
olo
"
Hi

<

iz

(g Al

iz

ARt

‘ig

(2)

AlE AA B EHSFAS Ve gX5, M/B

Az e 559k

s

ka3
=

W

—

O

otz
gl

X

=K

ol
el

e

Fof A

S

A ek A

2 %7 B
}

ko3
™

aho] 213

g 9

Ak 3t

o
=

A
2}

Al

3L
™

ALAS

o

Him

—~
file)
oF

o
i

_19_



A A

Al

X

i

el

8

19 120 AT

A8 N (Fa7H)

K

i}
el

Tioh
ol

o
o

™
2l

EEESE

o]
=

7h A=

oy
B

alo
ol

4

,.__AO
o
"

o

;OU
23|

el

BH

o

ol

o
o

=K

Eis

LR

o)
o
o

& 719

Q.
=170

A 9]

i

_20_



o

1o
a

ToR

2l

=K

ol

oo

N

olo

ol

B
ol

T
o
oo
T
ol

ol

s
of
2l

,_Iﬂ_yl
mia
<

el

olo
oA

—_—

0

_.
N

oy

/S

ol
R

ol
N
%o

7A
o N

st

5

]

2

Ea

S

PE, PP, PETe| tj

il

~
o

oF
ol
Bl
el
Jo

0

o

=S
[SR=1

AA, FAA (A €2~ Maleic anhydride)

o

vl

o

—~
fite)

il

o

G

FA o

IS

HE

—_
file)

o

A71s M (Fs71d Ak A

= 3L
= [¢}

izl
L

3
H

L H
=

]

SEE P

2l
~
iy
<]

il

oo
TH

it
el

—_
fite)

el

~

23|
wK

ﬁo

ma
TR

-

o

N

=K

]
W
ToR

Tr
ofy
il
o
Gl
~
o
<]
o]

olo
7

~

ﬂ

el

il

Yy
2l

Ha
wK
=
o
N
25

_ﬂo

wK

K

olo

®

FA T

fol Ads

°

Ash 7IdA <k AA

=

=

Faew, o

v}
=

7 A3E EgiE )

g

E

&3l o

RN

~

b AL A SEOl T

ksl
pul

O Azt

3

=

(2) A A

Y
2l

—

=4
=

b A SFAE

Aol AHgE o

il
N

o
st

jang

N

_2‘|_



™, FT-IR, NMR
(h A8 AEFE <

ﬁo

2

b2

ot

ﬁo

—
file)

ey
il
B

wK

FSA k.

<]

vl

o
=

X
i)

N

=K

i)

%0

oju

W=
oF

2l

1
il

.

B

=K

2l

1
el

.

BH

o WEE Fol

7HA 5

3|

%
A=

.
ex

S,

el

K
=
=
iz
ofy
wh

o
My
2l

Azte] 7}

A7t B

v

oE

(b)) PE, PP, PET

2 %) 8}

.

o

il

o
el
]

!

ze)

o
0
i

el

ol
oF
el
0

Ho

iz
=

s W&

=1

PE, PP, PET

st o,

1
o

S

g AF&EI Q)
ANzE 73

)

=

155
=

A=

g-FA = i M/B A2

AYA
a-

19 om, A4

°©

A A

=

=

Wed HE

Yy
2l

Yy
2l

_22_



ol

2l

!
el

Y
2l

o

o

0

oo
N
-~

ZO
2]

=

ﬁo

K
o
il

TR

Yy
il

_23_



1

of 2}
_o

=Ll 7Is7HE

H 23

2l

<N
)

o

a1 3]

tel 71 skl

S

s

of FHEA, AEYl FRAA,

aof

HuAMd =

a2

1553

2 A

el
T
i)

wK

el
Hlo

Q]

T EFA BEA W 4FS vAE 8

g

s

1}

[e]
%

1. A% #

il

Aol Al wet g2

S 3z
— 2

el elstoltHI1]. ol 7]

23!

7 97 2 9adl

5 o]

Eis

7}2~of 9

=i
=

(1) &

Ex

o]
=

o A

ko3
™

S ApEAs7E dojubA Al

el

7o) Ae 4y

1] wge S o9

=

of 3=

[7].

3

of o)

Hl
=

(2)

<A
!

Q
a

O 2w

of o

Hl
=

of wj$ ATk weba, F4

[e]
=

Eo) &2

_24_



) 3

@_

(3) WA=l 9

ol

o

O mAgE

it

W7 A o] A

o] 44

3

[e]

A=l olal

o

0

—

3

3

?_]__

of i

=
o

3

(4)

g o et gk

§l,

"o

b, Z4=7} oF

s

s7b mwaA A

¥

fﬂ_

=l 9]

A%

s

A9l A% ol

EEEE

-
X

sy A2

@_

9

a9 13. 3

1}, o]3 (Migration)

€

AzrE T

F

—.AO
2]

]3] (overall migration)¥}

AJr

E2 o] (specific migration) .2 T

A

o

gl

LE

ol &

g

E xz
=

Al A B Al sl T g el

5

EE BRI

Al Al

)
-

ot

alof

] e

5|

N
OH

23 el A

_25_



A2 o]

kel
=

oF7]2

=

=

o4 4
=g

Hetol =7 gl Al
¢}

7}

e

=K

%2290] 7olH 3

R4

d o]

S
&

A A, Az

o]
H

&l G A

3L

-

Ad

b TRk
ol

d

k<]

s

i )

gt

]
H

ok

9

A
boEF ORAS ey 9%

& A

=

Al
2. AFEZZAA o

A Akl A 28] 714

=
| .

7]

ol
ol
3r

|
olp
A

off F

fuy

ol
B

o)
o
olo

& wa opzh w

of of e},

3 v

-
X

N

=3
"o

o
ol

ot g o] Anjxpe} AlZz2ke] AZ (Communication) &= 9

]

gol

RYAD~4
-

99 14 AE DR GEEA

g3 2o A 7HA 7 E

e
T

(1) A3

o

o
B8r

o)

@) AlE He

LRI

hyA
s A

_26_

o g o]

<

a9 15 AFE R



(3) A= HAAe 4

a9 16, Al WA ddEM e 27| 4
4. 23 Al dAsa

so] A dgtsta Adtsty 7]+

O B AT FA A AETZA TANEL wI L
2 AT B8gel gom, U AA A

shubel /1A 2A FES 2AES gord taa
gl 2o aasel welst Was

B

A2, 2,

= , A
5t 5o 3]3}A¢ HES st ZAor A FTIAYE dy2Efo)Adoly Azl 59 tf
Gt AZH Qx5S AFY BEAS dElvd JPg wmE AL 84a7F "ok uEhA, AE
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@ A4 0 e BaAE ololdEEE JEhE shie] Fad Fuoly auAst AnHew
HAES Y 5 ol BOFE 94U @ AF £ dReld deld Ae AFe u,
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Aot

() AYH : F2 oHe]ES BALE @ AF, AFe] B oluAe AYHE 44 Ads
of Algalel 2HIATF A7 §18 5L Hd Aem oy,
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O =9 HAES &3 V&S 947, AAvE o AMdoel o, AAfF, NE, FE,
1B 2y, AEA 24, vtuy o QA FEE, vie FEY, 84 25 58 ol &5
A7 A, A, gAstads 7HAs AA, BEhA el #e A7 JaqHL Q)
o},
O 53], dF&EckdA = 71EALS &83 A7 Bol s glew, Chitosan/Clay Y-
Estals ZE, PHB/chitosan 25, PVA/Chitosan Z& 59 g2 #|Fx3ste] H3sk7gxel 3
A el #gk A7 @Wol A Q)
hH =53 (£ 5
& 5 3 o zaus | 299 | A
A Feld FA AsS AE gy L 1 AE
o 2 Alxs = Hgl (Method on 10-2010- _
1 . . (F)&A ol
Manufacturing Bio—-degradable Chaff Pellet and 0096326
Chaff Pellet itself)
HgAl vhol onl g o &7 AR AZAYE
2 I Az WY (Injection molded article by using 1(())1020%1602 ()%~ ol
plant biomass powder and Method of the same)
AHRIE o, Alejdle] & & AAFIE 2P H )
3 W2 ¥4 (Packing material coated with 10720097 ?j/iﬂ?ﬁﬂﬂ =
, , . . 0030352 | Atstd e
peppermint oil, caraway oil and mustard oil)
gt 7] %E‘ri‘é‘. —3@"%%% :rLZS%. 2 1 10-2004- b
4 Al ZHH (Antimicrobial Plastic Composite Film =

] 0023234 AT
and Manufacturing Method Thereof)

ME B FES o83 I 25 2 I Ax

L84

] 10-2010-
5 Y (The manufacturing method and apparatus 0115297 Aol o)
for anti-biotic film with white clay or red clay)
5 TE4 AAEEH 29 AxYH (A water 10-2003- | (F)=vlE -
o =

soluble natural film and its preparing method) 0001286 Alo] ZE

NEate] FAE NE LFE B Az P

10-2004-
0080078

rot
o2l
fol
ol
J

7 (Process for Preparation of Food Packaging Film

Contained Chitosan)
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Sabsl 2 FHEANS 2 AEEEE 25 2 1
A %9 (Food Packaging Film having 10-2004- | @=2F | _ -
Anti-Oxidative and Antimicrobial Properties, and | 0076660 oA -9 °
Preparation Method the reof)
AA ] Fag AAGEES ol &3l dFS
719 A7l = Zet~8 EE (Plastic film for 10-2007- (F)AA 290
repelling vermin using natural ingredient 0032751 SF-9-A] 2= °
harmless to human body)
Teprlop QIME Suw e A 2E 2 1
Al Z4HH (Nano-silver laminated package film 10-2007- N
ol A =
using gravure printed and the method for 0006718
producing same)
A4 FE=E5E st g s 2 28
Az vlo]lE AE 2 1 A ZWY (Antibacterial | 10-2009- | &Fojstal e
allginate film comprising ginseng extracts and 0050470 | Atetd=Ew | °
method for preparing the same)
_‘é_zzoﬂo 6]—0 3‘7}1/\-1 ‘eﬂ——T—(-.ﬂE
o s °! 10-2004- |
Az (Method for manufacturing an edible 0110264 THAELE | 5
anti-microbial film including garlic extract)
Lo A ot AR Had A 10-2009- ALE, 2
(Plant—derived natural biodegradable material) 7010850 Aol 5 °
WEENRE UedE fEstd ddAE FEE0
28H 438 F8F (Absorbent articles 10-2009- | A |
comprising an encapsulated plant extract 0029179 T2 3| A} °
showing insecticidal effect)
L8 o|83 A B AR " g AHF v
£¢ 9 $A R A= R [ )
(The apparatus and method for anti-biotic film 0118412 dolF =
wapper using jade)
PFEYo] FEES o] &3 VA EAHA
(F Lt'T 1 TkﬁE terial tract of | L 08| gms | sz
unctional packaging materials using extract o oo <5
packaging max & 0027995 ©
horseradish)
At Z® 2AE, o] AW, vt Y A
2 o] o] A =W (Antimicrobial coatin i
S, : o[ 102008 | s |
comp0.51 .1or1, @anu ac u.rmg me .o ereof, 0136064 | weraag | °
antimicrobial packaging materials and
manufacturing method thereof)
= ro = 1A Shord = I o
FTAAYE HA 7 dEE 2AAE Y O RS
Az " (Natural edible anti-microbial film 10-2009- o8t 5 =)
L. . o ul >
composition and method of manufacturing the 0095298 e o
same)
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ARG At 2AAE 9 olE o] &3 A AFE
19 SEAA 10-2009- | & istal | =
(Antimicrobial compositions for coating and 0024467 | st | °
antimicrobial food package using the same)
s FAEAEE R o)Z2RYH AxdE A s
A xsy 25 9 &7] (Biodegradable 10-2010- A
20 N . . . Zgrtoldl | 5=
compounds and biodegradable eco—friendly film 0084662 .
and containers produced therefrom) B
Uz 3719 2 JAE gFs 4 2A4E 2
01 ol & 'O]'%'J'f%ﬁ 'Q% (Resin coml?osition 10-2009- . ==
containing silver particle of nano size and 0074737
antibacterial film using the same)
() =953 (3% 6)

A £ 3 = =9 = g Y
HIGH FUNCTIONAL BIODEGRADABLE RESIN MIYAGI
COMPOSITION AND METHOD FOR PREFECTU
PRODUCING THE SAME RE,

- AEA 2EAE s AE T A 24 SHINKO = A
1 - e e eTe ® | 15302527 )

Bo| iz B4 s A4 DENSHI | £3

- g R RS HUE THAA, AHE T E KK,

Zolut FH] FoA ks Ealete 17| AR MIYATA

A A 2AAE B 2 Az #we Aol TSUTOMU

WATER-SOLUBLE NATURAL FILM AND ITS
MANUFACTURING METHOD
- 84 AA 2F (fimd 2 Ax Wyl #
Aol
- 71¥91 /714 (chitin/chitosan)& 2] &%)
(lysozyme) o2 ®3f A z]s] o|g2 (ethanol) A
A &, &w (NaCl) &9 FolA A7) =43 =
2 |5y Ha Ay ¥ o]2u3  (ion-exchange | 16002066
process) A& &84S AA F&4 =LA
W (glucosamine) 44 E Al
(y—==2%49 (globulin)=

AR FEA AEAS FUR
3

JAKWANG | =A]
CO. LTD | &3
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BIODEGRADABLE PLASTIC COMPOSITION

- W7lsAd A E2taE 2AEC B3 A9

=
- 9 iAo AR EFEAES wEZE X
(color coder)®Z 3 mlo]luy A o] WAz} =LA HINO = A
_ ) 18222919 )
FA 2 EFA WAEE 9A 94 (far  infrared JUSHI E 3]
rays)e] ol&o et AE A F3 28 F WA
AA 24 2 &t Zg (antibacterial action), =2
A3l FE&S TRS grisd AR Zgxyg
A5 #3 Aol
NATURAL MINERAL MEMBRANE
- A HE F7] FHAY LS FAHARC=E
st FAdS 7HA = 9 Al A el &g Holth
e e ” NATIONA
- 2 Aye fAMdol =a, g, B0l Ho L
W AlaA o], WAl (benzene), EF 4 (toluene), =
_ - INSTITUT
A4 (xylene), LE5YH 3= (formaldehyde), ©}A E OF
EYHE = 5 (aceti ldehyde)e] 718}t E
, o Tt aeewrerd A AR ADVANCE | =4
(organic compound)S &2Hal| Aar-git 3= 71| 19318214 D = 5
E3s
=] 71 o 3 1 z] %31:‘% 7X——y’ O]}I\_‘I__‘];;l_i =
]J—, ‘ITH E'E - Ho ]’ ]—1— E- ‘§]' - INDUSTRI
(carbon monoxide) &2 JAT B4 FF AHe AL &
(adsorptivity)S 7FA3l, % =4 7|5S 7HA THHNOLO
W2 adA] JadA, dFAAq-EAA, FE2A, HAY
_ i . GY
AAA, B+ DE S (electric-wave filter)ol] m-$-
Al Al AFg sk Aol JhEsk A4 AV]ES
A -&3sk= Aol
MAEDA
FUNCTIONAL COMPOSITE CERAMIC AND NOBUHID
ITS PRODUCTION, AND COMPOSITE E,
MATERIAL OBTAINED BY USING THE SAME MOCHISE
- 29t 7154 53 Mt 2 (ceramics) AlZE WY 1145561 DENKI == A
9 22 (Composite material)oll 3+ 7l o]t} KK, E 3]
- 499 FholeEFE (pHHE Ze 7lsd HF SUMIYOS
Ak 2~ (ceramics) % 1 AFx W gl ol E HI
g8t BgAge] #3 Aot KINZOKU
KK
BIODEGRADABLE RESIN COMPOSITION
HAVING ANTIMICROBIAL PROPERTY
iAol £k WAEd e wolgel | 122008 | CLAN | HA
- R R pu = o il gl -
. EARTH | 53
=

3l ke T F Ade AE TN FA 24
7

of &3t a¥E FoAZ A w3 Aol
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ANTIMICROBIAL AGENT USING LEAF OF
LAGERSTROEMIA  SPECIOSA L., METHOD
FOR PRODUCING THE SAME AND METHOD
FOR PRODUCING ANTIMICROBIAL PRODUCT
- A Al 2EHE AEE FE AL

5

=]

(active principle) 2.2 3} St A

9 gt AEe) Az wiel v Aot ogrng | [TOEN | 5
- wpyel 9lo] S AHE S FE& AE  (active LTD E3
principle) 2.2 & 7149 FAHES FHste AF Ax
AN AL Fitdol AAsA D8t s Ao
SlaL, oJ ek ooF HejE &A% AAAE, &
2~¥l A% (plastic article) 52 ZF AF A%
o WAl ol sbsa LS FiA 2 G A
zo Az Wylo] T o)t}
COMPLEX MINERAL CAPABLE OF
DEVELOPING DIFFERENT CHARACTERISTICS
AND MANUFACTURING METHOD THEREOF MAEDA
AND COMPLEX MATERIAL COMPRISING
NOBUHID
THIS B
- 87 A HoldE el Sl (dioxin) T W ’ = A
Mo oA 9= o w W A wops e | A SUI\EFOS 53
T ER L
L@ oA TR olRolX = BEAT Be KINZOKU
EWA, HORa e, 239, g7e 9 Aes 7} KK
A2, dF ] tho]2Al (dioxin) 5o TS A
3 4 e HaAel BE Aotk
COMPOSITION HAVING CHITOSAN AND
FILM THEREFROM
- 71E2F (chitosan)¥ 7] =4 3gEZ o] Fo
Qe 24wl B Aol KUREHA 5
S 9wl Al AwA 9 wblee] wpp | D0l CHEMIND
a3, E AEAAe FHAE AT, Bo] BE cO L1D
Aolr], MR AE W ANE Se NE G oS
qater Wge 24 2 Ao B Aot
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(Zh) = 9)=1[39-47]

O 8°F (£ 8)
A =59 =EAd A 2 Vol
L Adelaida Avila,
Study of optimization of the ) )
. ) Karina Bierbrauer,
synthesis and properties of Journal of Food ) ] 109,
1 . L . Graciela Pucci,
biocomposite films based Engineering 752-761
. Mar Lopez—-Gonzalez,
on grafted chitosan o .
Miriam Strumia
Ratl Avila-Sosa,
Enrique Palou,
) o Maria Teresa
Antifungal activity by vapor ) .
. ) International Jiménez Munguia,
contact of essential oils added L 153,
2 ] Journal of Food Guadalupe Virginia
to amaranth, chitosan, or ) ) ) 6672
. . Microbiology Nevarez—Moorillon,
starch edible films
Addi Rhode
Navarro Cruz,
Aurelio Lopez—Malo
Antimicrobial activity of whey
protein based edible films )
) ] Food Research A.C. Seydim, 39,
3 incorporated with oregano, ] )
. ) International G. Sarikus 639-644
rosemary and garlic essential
oils
J. Gémez-Estaca,
Biodegradable gelatine chitosan A. Lépez de Lacey,

4 films incorporated with Food M.E. 27,
essential oils as antimicrobial Microbiology Loépez—Caballero, 889-896
agents for fish preservation M.C. Gomez—Guillén,

P. Montero
Characterization of SPI-based L. Atarés,
5 edible films incorporated with | Journal of Food C. De Jests, 99,
cinnamon or Engineering P. Talens, 384-391
ginger essential oils A. Chiralt
Effects of plant essential oils Maria A.
and oil compounds on Rojas-Grau,
6 mechanical, Journal of Food Roberto, 81,
barrier and antimicrobial Engineering J.Avena—-Bustillos, 634-641
properties of alginate - apple Carl Olsen,
puree edible films Mendel Friedman,
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Philip R. Henika,
Olga Mart n—-Belloso,
Zhongli Pan
Physico-mechanical and Mehra; Ahmad,
antimicrobial properties of Soottawat Benjakul,
] ] Food 28,
7 gelatin film from the skin ) Thummanoon
) ) Hydrocolloids 189-199
of unicorn leatherjacket Prodpran,
incorporated with essential oils Tri Winarni Agustini
Mehra; Ahmad,
Quality changes of sea bass ) Soottawat Benjakul,
. ) . International
slices wrapped with gelatin Punnanee 155,
8 ] Journal of Food
film incorporated ) ) Sumpavapol, 171-178
. . . Microbiology .
with lemongrass essential oil Nilesh Prakash
Nirmal
Influence of a-tocopherol on Joana T. Martins,
. . . Food : . 27,
9 physicochemical properties of . Miguel A. Cerqueira,
] Hydrocolloids ) . 220-227
chitosan—-based films Anténio A. Vicente
Antimicrobial, physical and
mechanical properties of kudzu Yu Zhong,
] Carbohydrate ) 84,
10 starch - chitosan Xiaoyong Song,
) ) Polymers o 335-342
composite films as a function Yunfei Li
of acid solvent types

@ AF-HE

1) Study of optimization of the synthesis and properties of biocomposite films based on
grafted chitosan

- Acrylic acid (AcAc)®} 2-hydroxyethyl methacrylate (HEMA)S Z18tZE HF-S-S 3}o]
T2 Alx 2 540 #Aete] 4

=
- Acrylic monomer®| $t#F A|7F %7} OEtEE

i)

I
&
i<}

o =4 9FE

il

2) Antifungal activity by vapor contact of essential oils added to amaranth, chitosan, or
starch edible films

- Edible ¥& W microbiological stabilityS Ho3}7] $38}o] antimicrobial agents ¥¢] Z&
S Az

- Antimicrobial agents®] 7} Al gtAlo] F71gk

— Chitosan films®] 7d-¢- antifungal £3%& Y EY

- Chitosan®} amaranth film®] lag phase”} % 7}&

- Mexican oregano, cinnamon essential oil®] $HF3F chitosan film®] 74 mold®] & #
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K

3) Antimicrobial activity of whey protein based edible films incorporated with oregano,
rosemary and garlic essential oils

- Oregano, rosemary®} garlic essential oil®] &3 whey protein isolate (WPI) films <]
Escherichia coli O157:H7 (ATCC 35218), Staphylococcus aureus (ATCC 43300), Salmonella
enteritidis (ATCC 13076), Listeria monocytogenes(NCTC 2167)¢+ Lactobacillus plantarum
(DSM 20174)l ik 3etd A

- 34t & 37} oregano essential oil > garlic > rosemary extracts

- Rosemary essential oil2 $t#3F WPI filmse] 4% s a37t gl

~ Garlic essential oil& 33 WPI filmse] 4% 3%9} 4% A S aas 1w

4) Biodegradable gelatine chitosan films incorporated with essential oils as antimicrobial
agents for fish preservation

- Clove, fennel, cypress, lavender, thyme, herb—of-the-cross, pine rosemary°l|l*] F=73t
essential oilel|l o & AdS FALE

- g+ &7} Clove essential oil> rosemary > lavender

- Clove essential oil®] -3k Gelatine/chitosan—based edible films<]

8 & dHaHE Ke

o
o
I
o
o
ox
=
2
J{m

5) Characterization of SPI-based edible films incorporated with cinnamon or ginger
essential oils

- 5 709 essential oils (cinnamon, C and ginger, G)& 3733l soy protein isolate (SPI) &
g9 Az D B 4T WG

- F e e A VIAAH B & 43S 1A

6) Effects of plant essential oils and oil compounds on mechanical, barrier and antimicrobial
properties of alginate - apple puree edible films

- Essential oils (EOs)/oil compounds (OCs)ell &3+ 7| A2, 7| A=A, st g sk o
TE A%

- E. colidl W%k d3tA: carvacrol > oregano oil > citral > lemongrass oil >

cinnamaldehyde > cinnamon oil

7) Physico-mechanical and antimicrobial properties of gelatin film from the skin of unicorn
leatherjacket incorporated with essential oils

- Bergamot (BO) and lemongrass oil (LO)°| &3} gelatin & A ZFo| #3F A+

- Water vapour permeability (WVP)2 LO%#Ho| 71845 7HAsHA v BOgHo] 71t
= S

- LOE #7Fge] uwel Escherichia coli, Listeria monocytogenes, Staphylococcus aureus

Salmonella typhimuriumel] ™ st &t/do] F7eA|7F, BOE #7Fek € 52 L. monocytogenes
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¢} S. aureusol] W3t SFFALS H 9

8) Quality changes of sea bass slices wrapped with gelatin film incorporated with
lemongrass essential oil

- Lemon grass essential oil (LEO)o] 34 gelatin LES o] 83 sea bass slices?]
Microbiological, chemical, physical propertyell gt
- LEO € &o] ¥ Sea bass slices®] 79 lactic acid bacteria (LAB)9] A4S A3l

- Gelatin filmWeol] LEO®S 3tefoll wet 3pakst 2 adAdS FFAIA sea bass slices?]

shelf-lifeE 34 A2 Aoz oits

9) Influence of a-tocopherol on physicochemical properties of chitosan—based films

- Chitosan-based Z & W a-tocopherol®] Z ol tha+ H7fo] 3k A

- Chitosan-based ZE9°] a-tocopherol® dt#Fo] Z7}gto] uweg}l  chemical structure,
crystallinity®] 72 &S w3

- a-tocopherol®| t&Fo] F7bgtel whet akst b B o] A 3F9] shelf-lifed el g3
S vE Ao didd
10) Antimicrobial, physical and mechanical properties of kudzu starch - chitosan composite
films as a function of acid solvent types

- Kudzu starch - chitosan 5 &2 & Al 2 ZA6 &3 A

- Kudzu starch - chitosan &332 59 7% Escherichia coli ¥ Staphylococcus aureus®l] t gt
Aot daAds B
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¥ 11. lé—],ql:ﬂ .Q.]Dj]—x]_ ojad FH iz

= © o v
o3 20tH("8/%) | 30WH(H/%) | 40tH(H/%) | 50th(H/%) | Total(*8/%)
e 33 | 452% | 14 | 58.3% | 13 | 56.5% | 18 | 429% | 78 | 48.1%
of &} 40 | 54.8% | 10 | 41.7% | 10 | 435% | 24 | 57.1% | 84 | 51.9%
Total(*8/%) 73 | 451% | 24 | 14.8% | 23 | 142% | 42 | 25.9% | 162 | 100%

® 12, A A A5 By

T 20tH(" /%) | 30tH(*H/%) | 40HH(8/%) | 50tH(%H/%) | Total(*d/%)

&Y 5 | 753% | 4 |167%| 0 | 0.0% 0 | 00% | 59 | 36.4%
A FH 3 | 41% 3 [125% | 8 |348% | 23 |548% | 37 | 22.8%
24 #d

° 3 | 41% 3 [125% | 2 | 87% 2 | 48% | 10 | 6.2%
AA FAAE

213 e

- 2 2.7% 0 | 00% | 1 4.3% 1 24% | 4 | 25%
AA FARAL

3| AR 10 | 137% | 14 | 583 | 12 | 522% | 16 |381% | 52 | 32.1%
Total(™8 /%) 73 | 451% | 24 | 14.8% | 23 | 142% | 42 |259% | 162 | 100%

(2) ‘&l Ot An|zF 22

(A 1] AsHAA = ol dis] & ANY7?
A4 B: oy

=4

Q9
fiu)
rok

O

O ‘o dis] &
=

= vegon, of

ﬁd
0
4T

(o))
%Y
Fa SHx

O AmwzE e gal % dvkn g $uAe] BEE 200 891%, 308 9L7%,
40N’ 9579, SOT) ol 97.6%E Lhekkor], AWThsk FAhgel mel e oF el
AL AL % & AN W SRA BEE WA 936% oA 917%2 WA an|e)
‘gl e Q4o U B AL 4 5 AATh AW SHA RITE AYFR 0%, TP

A GA FARRY 90%, ‘AFE dE dA FARRE 100%, BIAFLT 98%, ‘SHAT 91.2% % UERSE

—

=
¥ 13, AEd 2o gk ol
e 20tH 30TtH 40tH 50tho] 4 | Total
Tl (/%) | (H/%) | (H/%) | (B/%) | (F/%)
9. 1. 95. 97. 92.
o 65 22 22 41 150
1% 7% 7% 6% 6%
oY 10. 8.3 43 2.4 74
8 2 1 1 12
% 9% % % % %
Total
45. 14. 14. 25, 100
4/ | 73 24 23 42 162
9 22, ‘2o ek ¢4 o) 1% 8% 2% 9% %
(6]




14 39 gl gg 9
7E (/%) ] 4(8/%) Total(*8/%)
o 73 93.6% 7 91.7% 150 92.6%

e 5 6.4% 7 8.3% 12 7.4%
Total("g /%) 78 48.1% 34 51.9% 162 100%

H 15, A el e A
¥4 #d [ A% 84
e | AR A7 A7 Ak 34 Total
b (4/%) FAHA FALR (4/%) (4/%) (4/%)
(8/%) (4/%)

o 34 191.0% | 9 ]90.0% | 4 | 100% | 51 | 98.0% | 52 | 91.2% | 150 | 92.6%
ofH L 3 190% | 1 1100% | 0 0% 1 | 20% | 7 | 88% | 12 | 7.4%
Total

o 37| 22.8% | 10 | 62% | 4 | 25% | 92 | 32.1% | 99 | 36.4% | 162 | 100%
(4/%)

(2% 2] AsAAE ol dal o= A% du ARUA? (FHAZL 7H5)
A xE, %27 B %3 C: % deA(x=) D 2E(EHS Ale)
E: 2u5 oo F:okgomael o) § G: &4 H: %

28%, ‘&H’ 26%, ‘% 4HA(Z ,
el o8 11%, ‘£ 1%, ‘% 1%2 ek,

i
rO
>

9 23, %Ol o tiE
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‘g0l ‘g FUA(LENS Do F Yk ALS S 9

B SHA EEE 200 89%, B0H~50tH oY 100%=, ol& i AW
)yl Wi 1A A SRS & 5 doh EAY SHAY Af %
AUZF)E EaL A= Aol g Sl fellghar §¥ SHATE 93.6% = uEsten, oAy
FAke] A9 964%= © =A dEEd A9 SR E¥xs AYFE 97.3%, ‘2 #d
AA FARAE 100%, A1F #HA QA AR 75%, 'SIAR 98.1%, ‘SHAY 91.5% 0 2 ERStTh

a9 24 % dHAES) R 1y

¥ 16 Ay L LA (LE) oA
50t o] A} (4 /
TE 201 (8/%) | 30U1(H/%) | 40t (H/%) %" "1 Total(d/%)
o 65 | 89.0% 24 100926 23 100926 42 10096 154 95.1%
oly & 8 11.0% 0 0% 0 0% 0 0% 8 4.9%
Total(X,/%) | 73 | 45.1% 24 14.8%% 23 14.29%% 42 25.9% 162 10096

F 179U R LHA(EE) 14
T F 2 /%) o] 2H(™ /%) Total(*8/%)
of 73 93.6% 81 96.4% 154 95.1%
oty & 5 6.4% 3 3.6% 8 4.9%
Total(*8/%) 8 48.1% 34 51.9% 162 100%
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%18 AW g A A(L=) 94
EX}- T,]_E‘] /\’l% ;f',]_
ATy N A 3 A4l 34 Total

v <w?/;;>T A TR A B e | e (¥4 /9)

o (%4/%) (v /%) o o o
S| 36 1 97.3% | 10 10096 3 75.0% | 51 | 98.1% | 54 | 91.5% | 158 | 95.1%

olyye | 1 2.7% 0 0% 1 25.0%% 1 1.9% 5 8.5% 8 4.9%
Total
7% 137 | 228% | 10 | 620 | 4 | 25% | 52| 3219% | 59 | 36.4% | 162 | 100%

(/%)

(M5 4] A E ‘22 F}7to] at7]o] ARzto] gl o7}

A:oje aEt B:agg C: HEot D aZx gt E:oojg 12x gt

O ‘'S Fpte] Bh7le] ARl QAo e AR wHE Suae] Ry wle e
o} 15%, ‘Z1gty 359%, ‘HEolt) 31%, ‘18X &t} 15%, ‘wi-¢- 18X oty 2%6=2 U ERRE S
o, o] zAelA ‘wle ey, ‘aEohEln wBek SRRl 50%E AH Sl ‘S site] B
= Ao tiEl ARDS == AL & 5 9lglth

O Wud ExoA= ‘ol uje oy, ‘agthan 99 Sl 595%, WAE 41%

2 o2 STl o 2 ARBL Btk o] ojio] Hul AZoln IB S wgas]
2oz wHo Aot
29 925 ‘¢ g AR
¥ 19, AW 2o ek ABzt
20 30 40t 50t
T8 i o Total(™8 /%)
(/%) (¥8/9%) (/%) o] (v /%)

o) 18t 11 15.1% 4 16.7%% 2 8.7% 8 19.0% 25 15.4%
hwA=e 25 34.2% 8 33.3% 11 47.9% 13 31.0% 57 35.2%
HEo|t} 27 37.0% 4 16.7% 5 21.7% 15 35.7% 51 31.5%

agER gk 9 12.3% 5 20.8% 5 21.7% 6 14.3% 25 15.49%%

WS 12

o 1 1.5% 3 12.5% 0 0% 0 0% 4 2.5%
=)

Total(*4/%) | 73 45.1% 24 14.8% 23 14.2% 42 25.9%% 162 100%

_53_




#0200 FYE el oie ARZ

TE 24 (/%) o ZH(H /%) Total(™,/%)
- 18k 9 11.5%% 16 19.096 25 15.4%%
gt 23 29.5% 34 40.5% 57 35.2%
HEot}h 31 39.7% 20 23.8% 51 31.5%
A= A g 13 16.7% 12 14.3% 25 15.4%
R
o 2 2.6% 2 2.4% 4 2.5%
oru}
Total( /%) 78 48.1% &4 51.9% 162 10096
¥ 2L Ao 2 gg A%zt
=n | R BE | A5 84 A1 Ly
A F S| ALl kA Total
T <u?/:/>T A BAAR | A TAR (%3/%) (%3/9%)
(0] (0] 0
e (/%) (7,/%) ° ¢ °
n [e]
I 9 24.4% 4 40.0% 1 25.0% 4 77% 7 11.9% 25 15.4%
ot
hwA=-het 11 | 29.8% 3 30.0% 0 0% 19 | 365% | 24 | 40.7% 57 35.2%
HEo|ty | 10 | 27.0% | 0 0% 3 | 75.0% | 18 | 346% | 20 | 33.9% 51 31.5%
%X
oo 7 19.0% 3 30.0%% 0 0% 9 17.3% 7 11.9% 25 15.4%
15}
S
A= 1 2.8% 0 0% 0 0% 2 3.9% 1 1.6% 4 2.5%
orr}
Total
(%3/9) 37 | 228% | 10 06.2% 4 2.5% 52 | 321% | B9 | 36.4% | 162 100%
fe] 0
[ 5] A8 = ‘i’fﬂ 4 2 FAEAS o] &3 AEo tha ARzrol oAU
A aEg caEY C: wEog D oaEx ot Eowe a2x ot}
O ‘29 GA D GBS o] &3 AZo| ta] AxLztol 9}5—%1011 e ARl v
Sexte] Ry w9 g 4% @) 17%, ‘REO|T) 31%, ‘12X 9Ty 40%, ‘WS 1
Az o) 7% UEhton o] zAldA ‘aEx gty ul$ adx] okofelm gwd Su
A7} 47% R L0 B 2 SIS o] & Ao A WSS BT
O dgn By 20ule] HlEl F 4HulAel 30U ~50T] o]ake] ARzrel AA vrehuich
Y EXo] % F 2u Aol ofdau sl ‘S o] &3t A% 2AHOoR e A
W oozl Byl F aH 29 MGFEEe ARgle] ‘Mg adEuy, ‘aEty 324%% o2 49
of Wl E=A e
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09 262 o] 4% AT gF ARy
E 22 A 2L ]8T AFo U ARy
50th
™ ™ ™
T 20eH(3/%) | J0TKCB/56) | AOWCBL) | g | Total(3/%)
g ¥t 3 | 24.4% 1 41% 0 0% 2 4.8% 6 3.7%
g 9 1298% | 4 |167% | 6 |261% | 9 | 214% | 28 | 17.3%
HEo|t 25 | 676% | 7 | 292% | 8 | 348% | 11 | 26.2% | 51 | 31.5%
294 @ 35 [190% | 6 | 250% | 9 | 391% | 15 | 357% | 65 | 40.1%
g 12
o1} 1 2.8% 6 | 250% | O 0% 5 | 119% | 5 7.4%
5
Total(*8/%) 73 | 451% | 24 | 148% | 23 | 142% | 42 | 259% | 162 | 100%
¥ 23 U 2°g o] 4F AFo W AN
T FA(E/%) A (8/%) Total(3/2%)
g ¥ 5 6.5% 1 1.2% 6 3.7%
et 15 19.3% 13 15.5% 28 17.3%
X 5ot} 25 32.1% 26 31.0% ol 31.5%
A % 33 42.4% 32 38.1% 65 40.1%
- A gt 6 1.7% 6 1.2% 5 1.4%
Total(*8/%) 8 48.1% 84 51.9% 162 100%
¥ 24 AR 2 08T AFo @ AR
7 A-
AFRE g0 | a4 Total
AP A7 A€ 2 ota
R N A7 Ak
(/%) | FAA 53 00) (3/%) | (4/%) (¥4/%)
(%3/%) o
W2 | 3 81% | 1 [100% | 0 0% 1] 1.9% 1 1.7% | 6 | 3.7%
2 9 1243% | 4 [400% | 1 |250% | 8 [1564% | 6 |10.2% | 28 | 17.3%
K s ot} 9 [243% | 1 [100% | 1 | 250% | 16]30.8% | 24 |40.7% | 51 | 31.5%
P ALY | 131351% | 3 [30.0% | 2 | 50.0% | 20 |38.5% | 27 |45.8% | 65 | 40.1%
k5t [e)
I 3181% | 1 [100% | O 0% 7 1135% | 1 1.7% | 5 | 74%
LA T
Total 16
37| 22.8% | 10 | 6.2% 4 2.5% | 52 |321% | 39 |36.4% 100%
(¥4/%) 2
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325 ‘Zol gk 1Al mE ‘'S o] 3k ATl Wi ARG

5 (/%) o1 2 (8/%) Total(%/%)
g ¥ 5 3.3% 1 8.3% 6 3.7%
A= 26 17.3% 2 16.7% 28 17.3%
HEolth 48 32.0% 3 25.0% 51 31.5%
1A & 39 39.3% 6 50.0% 65 40.1%
u-g- 1A ekt 12 8.0% 0 0% 12 7.4%
Total(*4/%) 150 22.8% 12 6.2% 162 100%
O ARol YT $YA F [AE 24 ‘el'F § $HA Fe W 2k, B
Ba B E SHAT) 214%, [8% 2004 ol wa g SuRtel A% we a3, 2
Arheta gue gald mEn gde A9 e of

G2t 125% 2 ‘2 G A (E) 9
o]

o PN
S ¢ T AAJT

F 26 % A A )l EE ANl mE RS o] &% AEel i AN
T o (/%) ol 2 ("8/%) Total(*8/%)

g 18 6 3.9% 0 0% 6 3.7%
a9y 27 17.5% 1 12.5% 28 17.3%
HEolt 48 31.2% 3 37.5% ol 31.5%
a8A % 61 39.6% 4 50.0% 65 40.1%
- A 12 7.8% 0 0% 12 7.4%
Total(*8/%) 154 22.8% 8 6.2% 162 100%

glop 22 Aol el AF-Fo] A7
D

'S ol gF E-2oUs T HF wa Avdel Aol HF AR B
HAel BEL W TR 4%, aRTE 21%, ‘BEolt 21%, ‘TRA] @k 43%, ¢ 13
A gb 10%2 vheRon], o EARIA agA 9Tk, e 184 grbiehn gud $9a
EO53%E RS ol &% AEA W@ FHAL 942 Rk UMY $EA R, F 4w
F9 oA $HAF 476%71 ‘%S o &3 AE U ALGL nATh

W
o
N}
3
o
tlo
o,
ofo
2
1>
K
=
=
ps
X
r
oy



3E 27 AR S o] &3 Al g ARz
50th o]
T 200H("8/%) | 30tH(*8/%) | 40tH(*8/%) (%3/9) Total(*g/%)
fe) (0]
¢ 28 2 2.71% 3 12.5% 0 0.0% 2 4.8% 7 4.3%
g 15 | 205% 6 25.0% 3 13.0% | 10 | 238% | 34 | 21.0%
H-golth 18 | 24.7% 3 12.5% 6 26.2% 7 16.7% | 34 | 21.0%
a%5A Y 30 | 41.1% 7 | 292% | 13 | 565% | 20 | 47.6% | 70 | 43.2%
o g 1A
ore} 8 11.0% 5 | 20.8% 1 4.3% 3 71% 17 | 10.5%
o
Total(g /%) 73 | 45.1% | 24 | 14.8% | 23 | 14.2% | 42 | 259% | 162 | 100%
3E 28 9 ‘S o] &3 AFEel e ARF
T H2H8/%) o ZH(8 /%) Total(8/%)
of-§- etk 3 3.8% 4 4.8% 7 4.3%
A== 14 17.9% 20 23.8% 34 21.0%
Hgo|th 11 14.1% 23 27.4% 34 21.0%
B =: D= 39 50.0% 31 36.9% 70 43.2%

Lol A== D 11 14.1% 6 7.1% 17 10.5%
Total(™8 /%) 78 48.1% 34 51.9% 162 100%

T 29 AYW LS o] §F AEo] U AV

FAud | AF8d
Agn ALY [ Total
T AAEAA | GASAR
(Y8/%) (Y8/%) (8/%) (*8/%)
(H/%) (8/%)

-1 | 2 54 3 30.0 0 0 1 1.9 1 1.7 7 4.3
Itk 9 | 243 | 1 10.0 0 0 10| 193 | 14| 237 | 34 | 210
HEolth | 10| 270 | O 0 2 50.0 5 9.6 17 288 | 34 | 21.0

A e 131351 | 5 | 500 2 50.0 | 32| 615 | 18| 305 | 70 | 432

o 5-
3 8.2 1 10 0 0 4 7.7 9| 163 | 17 | 105

TR g
Total

37| 228 | 10 6.2 4 2.5 52 | 321 | 59| 364 |162| 100
(8/%)
[ 7] ASHAAE 259 A& AA e Aad ‘'S o83 AFo] A +d&

A7t gl o A7

Aiw$ g B:oadEd C:mEeld DA gt Eoofs o
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A EE gaE e ol§% AEel Jvhd TUT oAt YA o

Al RE wl$ alty 9%, Tty 46%, ‘WEolT) 31%, ‘1A

129, vl A @ 2% vheRon], o] EAblA Wi ke rEceta g

$HATE 5% 0% Fal £%e] Aele] AA Ei Fa® ‘Lol U FAHA 7Y o
o

T Atk

ol o
E 2
ORI

2

0 E'E IET AE TN B ARl W IR, DRGTHR KL £ AF

¥ 30. dE ‘28 o] &3k AE 7oA
50TH
B o] o] o] o]

T ZOEH( 3 /9%) BOEH( 3 /9%) 4OEH( 3 /9%) 0]/5]'(‘:’3/%) Total(H /%)
ujg- ¥t 6 | 82% 3 1125% | 0 0% 5 | 11.9% | 14 | 86%

A=het 34| 466% | 8 | 333% | 14 | 60.9% | 19 | 452% | 75 | 46.3%
HEolt}h 27 137.0% | 8 [333% | 5 |21.7% | 10 | 23.8% | 50 | 30.9%
5
0

=

84 & 5 | 6.8% 209% | 4 | 174% | 6 | 143% | 20 | 12.3%
v 282 g | 1| 1.4% 0% 0 0% 2 4.8% 3 1.9%
Total(*8/%) 73| 451% | 2 14.8% | 23 | 14.2% | 42 | 25.9% | 162 | 100%

N

F 31 U RS ol &3 AlE T

TE 2} /%) o] 2H( /%) Total(™8/%)
mj$- e 8 10.3% 6 7.29% 14 8.6%
et 33 48.7% 37 44.0% 75 46.3%
B Eo|r} 23 29.5% 27 32.1% 50 30.9%
SR 8 10.3% 12 14.3% 20 12.3%
m] S & ) 1 1.2% 2 2.4% 3 1.9%
Total(4,/%) 78 48.1% 84 51.9% 162 100%
E 3 AP $S o] §F AF TUN
q o) Z=x Sl B I PR S Total
A A s} ota
TE | g |FATE ARAR L (%3/%)
o 1 /%) (/%) o o o
uH e)
v 3181% | 0 0% | 0| 0% | 4| 77% | 7 |11.9% | 14 | 11.9%
ag
2o | 18 | 486% | 4 | 40.0% | 2 | 50.0% | 27 | 51.9% | 24 | 40.7% | 75 | 40.7%
BEo|th | 9 | 243% | 2 | 200% | 1 | 25.0% | 12 | 231% | 26 | 44.1% | 50 | 44.1%
A=
o E}] 6 | 163% | 2 1200% | 1 |250% | 9 | 173% | 2 | 33% | 20 | 3.3%
1=o}
e
g | 127% | 2 1200% | 0 0% | 0] 00% | 0| 0% 3 | 00%
28}
Total
37 1 228% | 10 | 629% | 4 | 25% | 52 | 32.1% | 59 | 36.4% | 162 | 100%
(Y8/%)
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¥ 33 dEuw 2o Adz A% 4d o
500 o]
28 20W(H/%) | 30d1(8/%) | 40th(8/%) w800 Total(% /%)
e} (0]
o 28 38.4%% 12 50.0% 11 47.8% 28 66.7%% 79 48.8%%
oly & 45 | 61.6% 12 | 50.0%% 12 | 52.2% 14 | 33.3% 83 51.2%
Total(®d/%) | 73 45.1% 24 14.8%% 23 14.296 42 25.9% 162 10095
o3 gu 20 AR A% A ofn
el T 2H(/%) o 2H(%8/%) Total(8/%)
el 38 48.71% 41 48.8% 79 48.8%
oly Q. 40 51.3% 43 51.2% 73 51.2%
Total(% /% 78 48.1% 4 51.9% 162 100%
W35 Ao 2'e AAw A% 4d o
q=n | EFEE [ B ®E [ o ol
e S| AL B ota
v <w?/;;>T AT AT e | s (¥4 /9)
o (%4/%) /%) o o °
o 16 | 43.2% 7 70.0%% 3 75.0% | 29 | B5.8% | 24 | 40.7% | 79 | 48.8%
olyle | 21 | 56.8% 3 30.0%% 1 25.0% | 23 | 44.2% | 35 | ©59.3% | 83 | 51.2%
Total
ot 37 1 22.8% | 10 6.2% 4 2.5% 52 1321% | 59 | 36.4% | 162 | 100%
(%4 ,/9%)
[H% 9-1] (Ado] uhd) w3 AnZ B8 HAstA HASU7?
A ZH, 297 B: 23 C: 2 d4yx (=) D : £5-(2UF Ae)
E: U o F:okgozAe o] G: 23 H: 9%
[ 2y
0 ‘S A Aol Yrkd olue AmE Ba Mot HA=AC war AR B &
Gape] B 9 279, ‘2E 208 40/0, 9’ 2006, ‘La(LUFE M%) 3%, ‘LUpE
Suf 3%, ‘ofgo = H o] 8 5%, ‘LA 1%, ‘L% 1%= ehg)



o Aol 9 3 3,
WE ARl HUE S HEE ‘o 27%, ‘ofU o’ 73% % e

a9 31 ‘% dHAEE) BE

by, 2'e HE o F ¢ FUARH'ES AP B Ho] A=A

50t) o]

T 20tH(Y8/%) | 30tH(*8/%) | 40tH(*8/%) Total(™/%)
(/%)

of S | 172% | 5 | 417% | 4 | 364% | 11 | 393% | 25 31.2%

ol e 24 | 828% | 7 |983% | 7 |636% | 17 | 60.7% | 55 68.8%

Total(*4/%) | 29 | 36.3% | 12 15% 11 | 13.8% | 28 | 35% 80 100%

T 379U 2 YALE) A oy
T S AH(8/%) o) (/%) Total(%/%)

o 13 33.3% 12 29.3% 25 31.2%

ol & 26 66.7% 29 70.7% 55 68.8%

Total(*d/%) 39 48.8% 41 51.3% 80 100%

3 a4 A E #d
i AT A7 A7 3 AL 3HAY Total
b (4/%) FA1A F AR (*3/%) (*4/%) (3/%)
(3/%) (4/%)

o O [31.2% | 3 [ 429% | 1 | 333% | 11 | 379% | &5 | 20.0% | 25 | 31.2%

ofy e | 11 | 68.8% o71% | 2 | 66.7% | 18 | 62.1% | 20 | 80.0% | 55 | 68.8%

>

Total
o 16 | 200% | 7 | 88% | 3 | 38% | 29 | 36.3% | 25 | 31.3% | 80 | 100%
("4/%)
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el XAAAL F auFed FRo A9 50%0] B ugR FoALL Hiet Aow
LHEREL T
a9 33 HAEes AFETY AA
¥ 30. dEY Mses 24 A4
50th o]/\L
T 200H(13/%) | 30e (/%) | oW (B/6) | T | Total(8/%)
[e] (¢]
%o 10 [137% | 6 | 250% | 8 | 348% | 22 | 524% | 46 | 28.4%
Fepg
) 20 | 274% | 5 | 208% | 1| 43% | 6 | 143% | 32 | 19.8%
EEvRe
) 25 [ 342% | 6 | 250% | 7| 305% | 5 | 11.8% | 43 | 265%
fr el 17 | 233% | 5 | 208% | 2| 87% | 7 | 167% | 31 | 191%
] 1] 14% | 2| 84% | 2| 87% | 0| 0% | 5 | 31%
(2, &57+)
=4 0] 0% | 0| 0% |3 130% | 2| 48% | 5 | 31%
Total
( Uf/;) 73 | 45.1% | 24 | 148% | 23| 142% | 42 | 259% | 162 | 100%
[e] (6]
¥ 40, @ e £ AF
s F 2 /%) o 2H("8 /%) Total(™8/%)
%ol 22 28.2% 24 28.6% 46 28.4%
Zepeag ()Y 13 231% 14 16.7% 32 19.8%
Zetxg (87)) 24 30.8% 19 22.6% 43 26.5%
e 9 115% 22 26.1% 31 19.1%
o m 2 2.6% 3 3.6% 5 3.1%
(4, &0 5)
=5 3 3.8% 2 2.4% 5 3.1%
Total(8/%) 78 48.1% 84 51.9% 162 100.0
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¥ 41 A HFse £
3 B9 | 4% 84
. AgEr | 9 A7 At 34 Total
b (/%) | FAR | FAR (8/9%) (%8/%) (%8/%)
(4/%) | (8/%)
<0 171 50.0% | 2| 20.0% | 2 | 50.0% | 15 | 28.8% | 10 | 17.0% | 46 | 28.4%
EXPN= 19.8
2| 54% | 31300% | 0 | 0% 9 | 174% | 18 | 30.5% | 32
(v %
LR
(87]) 6 116.2% | 4|40.0% | 2 | 50.0% | 13 | 25.0% | 18 | 30.5% | 43 | 26.5%
o
R 8 121.6% | 1|10.0% | 0 0% | 10| 19.2% | 12 | 20.3% | 31 | 19.1%
(2 ;;U]L) 21 54% | 0] 0.0% | O 0% 2| 38% | 1| 17% | 5 | 31%
=, =7 |17
= A 21 54% | 0] 00% | 0 | 0% 3 158% | 0] 0% 5 | 31%
Total
( Uf/;) 37| 22.8% | 10] 6.2% | 4 | 25% | 52 | 32.1% | 59 | 36.4% | 162 | 100%
o (0]
(28 12] AsAAE e Fad R P S4S ol &d AFEA W) IgA st
Au7e
A A B gAA C: & maad D: %A%  E:dW¢ #AA

O 2ol FIH D P SAHL olFF HFLFO tial oY 474 Aol @ AF
of gHgh Suxtel FxE ‘w9 FAA 16%, ‘TAHA 36%, HF HEATY 44%, ‘FA A 4%,
W R 1%2 HEEom, o EARIA TS FHA, T B SHAL 51%2
'$2 o gW AEZC WA FHH A4S ¢ £ AU FUE $EA T F &S
oA $EA 559%7F FAAA gwe st
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E 42 9 %S ol §F FLF hE A4

e 200 3%) | 300 | dodaee | O T pomicea e
(/%)

o] R 9 12.3% 3 12.5% 2 8.7% 11 26.2%% 25 | 154%
RS 31 | 42.5% 8 33.3% 3] 26.1% | 14 | 33.3% | B9 | 36.4%

2 w241 33 | 45.2% | 12 | 50.0% | 14 | 60.9% | 12 | 286% | 71 | 43.8%
44 0 0% 1 4.2% 1 4.3% 4 9.5% 6 3.7%

o - Hg A 0 0% 0 0% 0 0% 1 2.4% 1 0.6%%
Total(™8 /%) 73 | 45.19% | 24 14.8% | 23 14.2% | 42 | 25.9% | 162 | 100%

E 439U %S ol 8% HFEF hE A4

T FAHE/%) o 2H(*8 /%) Total(*8/%)
- 5 A 15 19.2% 10 11.9% 25 15.4%
EcE 22 28.2% 37 44.0% 59 36.4%
Z m=24 36 46.2% 35 41.7% 71 43.8%
744 5 6.4% 1 1.2% 6 3.7%
-9~ -7 A 0 0% 1 1.2% 1 0.6%
Total(*8/%) 8 48.1% 84 51.9% 162 100.0

b | = - b | o 1l
> A4 A% a9
s AgFH A A A A 3 AL A8 Total
= (4/%) EAAF Z A2} (Y4/%) (4/%) (4/%)
(4/%) (Y4/%)
UHO
32;4 6 |162% | 2 | 200% | O 0% 11 | 21.2% | 6 10.2% 25 15.4%
o "o
A=A 14 | 37.8% | 3 [30.0% | 2 | 50.0% | 11 | 21.2% | 29 | 49.1% 59 36.4%
A
151 40.6% | 5 | 50.0% | 2 | 50.0% | 25 | 48.0% | 24 | 40.7% 71 43.8%
w2 A}
B4 A 1 2.7% 0 0% 0 0% 5 1 9.6% 0 0% 6 3.7%
UHO
ax:;4 1 2.7% 0 0% 0 0% 0 0% 0 0% 1 0.6%
TCO
Total
(1/9) 37 1 228% | 10 | 6.2% 4 25% | b2 1321% | B9 | 36.4% | 162 10096
[e} (6]
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T = AH8/%) o 2H(*8 /%) Total(8/%)
FrE AH 43 55.1% 45 53.6% 88 4.3%
dFER FEg A 30 38.5% 37 44.0% 67 41.4%
EFREE A 5 6.4% 2 2.4% 7 4.3%
Total(™8 /%) 8 48.1% 84 51.9% 162 100.0

3 #d [ AFE 74
oy AT A A A 3 ALY &4 Total
= (4/%) ZAFR} Z A2} (4/%) (/%) (Y4,/9%)
(4/%) (4/%)
E"—’j?}
T\: . 21 | 56.8% | 5 | 50.0% | 0 0% 35 | 67.3% | 27 | 45.8%6 | &8 54.3%
ToET
3l 14 | 37.8% | 5 [ 50.0% | 4 | 100% | 13 | 25.0% | 31 | 52.5% | 67 41.4%
A1l
BEet
Ao 2 5.4% 0 0% 0 0% 4 7.7% 1 1.7% 7 4.3%
(o]
Total
(% /%) 37 1 228% | 10 | 6.2% 4 25% | b2 1321% | B9 | 36.4% | 162 10095
e} (6]

o

(R 14] % SHA(LE) A0] Fi ' ol§F gl Juhd, AET A7t oA

r

A w9 g B: 18t C: HEot
D: 18x & E: m$ 285 ook

0% FYA(LH) Ale] AaE ‘LS ol §F o] AThA, ST AT A

of S P BEE Wi IR 9%, TR 51%, ‘WEolty 26%, 1HA

e 129, ‘W A QT 2% Ehken], o] EAblA WS o, aEdetn g
2 b3

FSEAE 60%E AU ol ge] 2R % FUA(LE) U] FhE L 0§ £F
o] itk AL oAt gl Ao ek

_67_



2% 36, % Y A(EE)AJAe] HaE LS o] &3 EFA Y AL oA}
E A8 A e FUA(LH) ANl AAE L ol 8F AFLG A oA
8 200H(3/%) | 30WH(3/%) | 40%H(3/%) o0t Total(3/%)
- o o T | ol4E/%) o
We aEt | 8 | 111 | 2 | 83% | 1 | 44% | 3 | 71% | 14 | 86%
% 3 | 479 | 11 | 458% | 14 | 60.9% | 23 | 54.8% | 83 | 51.2%
wgolth | 19 | 260 | 7 |292% | 7 |304% | 10 |238% | 43 | 265%
oA e | 9 | 123 | 4 | 167% | 1 | 43% | 5 | 119% | 19 | 11.7%
- LA
N 2 | 27 | 0| 0% | 0| 0% | 1 |24% | 3 | 2%
%ot
Total(8/%) | 73 | 45.1% | 24 | 148% | 23 | 14.2% | 42 | 25.9% | 162 | 100%
T 49 G 2 FeA(LEAAe] HaE 2L o8 AFLF ALE oA}
T AT /%) o] 2}(8 /%) Total(™g/%)
vl cre 9 115% 5 6.0% 14 8.6%
2% 33 42.3% 50 59.5% 83 51.2%
HEolr} 24 30.8% 19 22.6% 43 26.5%
284 g 10 12.8% 9 10.7% 19 11.7%
- 28X
HTOL | 2 2.6% 1 1.2% 3 29
Total(%3/%) 78 48.1% 84 51.9% 162 100%
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= 3 o] Faw FS o] 83 AFEXY AR oA
REE | AFHEE
. AgEn | 44 A7 At 34 Total
h (/%) | A | FARR | (8% | (/%) (8/%)
(4/%) | (8/%)

- TET 2 154% | 1]100% | 0| 0% 7 1135% | 4 | 68% | 14 | 86%
a8Y 25167.6% | 3 [30.0% | 3 |30.0% | 21 | 40.4% | 31 | 52.5% | 83 | 51.2%
HEoltt 9 1243% | 3 |30.0% | 1 |10.0% | 16 | 30.7% | 14 | 23.7% | 43 | 26.5%

s 1] 27% | 1]100% | 0] 0% | 8 ]154% | 9 |153% | 19 | 11.7%

g 1A

o 0] 0% 2 1200% | 0| 0% 0| 0% 1117 | 3 | 1.9%
Total

371228% | 10| 62% | 4 | 2.5% | 52| 32.1% | 59| 36.4% | 162 | 100%
(*4/%)

(R 15] ‘% FHALE) A0] AAR L' ol §F gl Arkd, AET A7t oA

> T
S
~D

pul 2%y B gy CrREEoldt D agA @n E vl 2%A @y

0 ‘% YHA(EE) Aol AAL 2L ol §F Lol UTHA, AFT At QA o
§ AT gud $uAe BEE W ey 220 Yy 49%, WEFeT 23%, 18
Tk 6%, e 18A W 0%E ehgor], o ZAA TR ¥, adtetn g
S SEAE TI%E AU ol ge] 2uAT % BHA(LER) Uo] FhH 'L o §F T

[} 1) O]—
o] itk AFEE oA} gt Aow ek
O HEF A& 149 Hlws] Heks w, & dA(&F) Ao Had A dair= 4
Hel g4 HYW SHAE, 2 BUA(LE) Aol AAY £ dANE FHAA 2
He pol AL & 5 AT

o, ot @ 39t

H
PFH 78.4%°]

a9 37 % SHAGEE U] AAR e o8 A AR oAt
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# 5L 9% ‘g AL U] AN L ol§F HEEY AHE oA
50th
B /04 o /0s ) /04 o /o
T 20tH (8 /%) 30t (4 /%) 40t (4/%) o] AH(T /%) Total(™8/%)

w9 18 | 16 | 22.0% 3 12.5% 4 17.4% 13 | 31.0% 36 | 22.2%
A== 40 | 54.8% 11 45.8% 12 | ©52.2% 16 | 38.1% 79 | 48.8%
B ot} 15 | 20.5% 6 25.0% 6 26.1% 11 26.2% 38 | 23.5%

A== D g 2 2.7% 4 16.7% 1 4.3% 2 477% 9 5.6%

WS 1A

o 0 0% 0 0% 0 0% 0 0% 0 0%
2ot

Total(8/%) | 73 | 45.1% 24 14.8% 23 14.2% 42 | 25.9% | 162 | 100%

352 Hud 2 dHA(EE)UAe] AAE LS o] &gk AFEY AL oA}

T5 S 2 /%) o ZH( /%) Total(g/%)
w9 18 23 29.5% 13 15.5% 36 22.2%
A= 27 34.6% 52 61.9% 79 48.8%
B Folt} 22 28.2% 16 19.095 38 23.5%
A== D g 6 7.7% 3 3.6% 9 5.6%

) -§- ¥ =] ekt 0 0% 0 0% 0 0%
Total(™d /%) 78 48.1% 34 51.9% 162 100%%

T 53 A % qeA(LE) A0 AAR e ol &7 NFLY ALE oA}

3 #4d | 4% #d
HAFH 3|AL s} Ay Total
R AAFAA | AAFALA
(4/%) (Y4/%) (Y4/%) (4/%)
(*4/%) (Y8/%)

) §- 18 8 21.6 20.0 0 0 14 | 269 | 12 | 204 | 36 | 222
A= 21 | 56.8 30.0 3 S5 17 327 35 |593 | 79 | 488
B Folt} 7 189 40.0 1 250 16 | 308 | 10 | 169 | 38 | 235
A

o 1 2.7 10.0 0 0 5 9.6 2 3.4 9 5.6
e

e e 0 0 0 0 0 0 0 0 0 0 0

Total
37 | 228 6.2 4 2.5 b2 |1 321 | 59 | 364 | 162 | 100
(*4/%)

_70_




282 AAE X

&

o %o o

O %9 <A

MIEER

83?5

o= F

Mo

i

o
i
D~

il

A,

poz 4 Eofeleh

aig

%

A ()l o

o e
bl ok,

1)

2
=

7}
A7} AR mgw

2vlA o) AZA AT 5092

o & 49%¢]

ki3

Kok
S

o

olul A7t zuke] Aee] o

]
S|

g

A

yel %

L%
= =

2 deEA (

‘

-
R

&l 2 Aol A

)

ol

)

w
NR

ol
wmo

B
o
B

0SS

o

Yy
2l

=]
=

} ] o]

jze]
gmo
w-
"0

o
B

B

@)

!

Jo

_7‘|_



i

Yy
2l

_72_



AT

1.

A

o
100

ojn

R

X0

iy

—_

;oL

o
o)

)

<
;OO
=K
X0

iy

;OO
o

ol

o
oo

N

el

wK

A

g =27

= A7F A

1

0]
pul

Al

Fel D

2]/d 3 b Aol

T

3

b1 9

ol

-
T

&

il

o

T

iz
of

oH
Y
2l

)
_~

=K

o}
e

=94

PUOH, 2) A&7 7]

o = =] .
A

™
2l

=

[e)

-

QofibA] 4

O 7|9 2AH 2 AZx¥ PUOHS 45, AEA|ZA 2o AFEA] 200 T2 %04 20%
o & 7}

3 YPUOH)E Al x3s4it).

= &

2

320 mesh® W

ko3
T

iz
A

O

JJo
;On#

o]

wK

)‘\_]__

=]
RUS

Al kel Zelm o

HEEE

O PUOH &9

R

o
W

B

oy
nr

el

—_

;OL
R
®

rvzel

Ho

wK

_1_mo

T
qr

o
ﬁo

O PUOHY

ﬂl
o

TR

g
"
N

_73_



o)
o

2}o]o] (Spray dryer)

=

D A o)

Nd
1H
uze)
Mo
T
)

0

%
4

el

3
B

ﬂu.o

Ho

Bl

~
;00

g1

[e)
s

o= ]
=

a]kell M W

=K

o)

O YPUOH®Y 4% &4

B
o}

2

i)
)

—_—
o

ghegoll

R

=
=

- A=A 7

: YPUOH

o
w
M
vzel
Mo
&
ﬂ%

)A
B

~
;.OO

o

=K

ol

s
fi

ko
]

—~
0

—

4
ofp
Hlo
U
|

—_—

J7A|

i

A=A A

- 74 -



Ho

i

™
2l

TH

_75_



=K

FFAS AAZIe AT 2 HH3E

=]
HEQ

Al
=

il

(1)

!

A}

1 90% ©]

o

PN
T=

O ¢FA& AA

(2)

Ay

a9 40. FAIE AA 7

ol

!

Il

ey
__Aﬂ

-

i

ol
1w

g 7]o FdstH EE (bowl)e W

i

cul

o
i

0
ﬂ
W

—

__AD

EERE]

17 slstel Qy¥elE

S

22 A7

_76_



4

|

—~
o

i)

—

o

==
"o

ojo
"

o

| dedER $FA=

1] $1s

143

%

ol

;Of

el

Anskget,

=
=

of $FAE &4 AA

o
oI
M
o
rvze]

Ho

i)

—

ol

X0

K
Mo

4
o

ted UV/VIS

°©

(£% B%)S A=z

bt

S

ato] Bl aL

S

°o]-&

=

=

spectrometer

=
g%

AR vE 718 5]

A

a8 4], ZEaEvE gy 2 e

(3) A & Az

X
_rl

Ton

)

7hH 4

st e,

S

100me =

=

=

)

of &aAA K-

_77_

@ TMA (Trimethyl amine) 1.6g<



3

= F7lstol &

19F 10ml

F oA

ato] O

7k 3 A3

=
=

F-FAE SHelA 1, 2, 3, 4, Sml

)

23!

B

S

A
ax

5ml
0.371
0.374
0.373
0.373

st e,

S

S|
S

4ml
0.305
0.306
0.301
0.304

Pl Be R 2B 3

100m¢ = 3]

el
T

e}
T

}

1
<

Bl
3ml
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0.230
0.224
0.228

7}

=]
i=i

=

540 HER A

ol 10me
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0.150
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Ay A
it

ol-§ of A= of 3}

bol &
e

]
=]

=

&3
a4
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kel
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alo] o gh

A%
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) MA3E SFAS AA
197+ 8% 100kge oIk 80kgdt &3 5 72A13F WAlstal s feed 5T
15,000rpm - & 4 Eelsto] F= of 63kgE AAFsATH
29A ¢ 19A el o'E d0kgE £ F 48AIRF WAISL s ARt feed STHAIA
15,000rpm . & A4t e sto] F& 9 45kgE AAtstAT
3EA 1 2w FEol o¥tE 30kgE = F 2443 WASHAL s AT feed STHAO
15,000rpme. & A2 ste] =59 33kgES AALs T}
AGA + 3GA IFES oAFRE Yol @R g@dtal v feed SEAONA LA E 2] 6k
83kgel FEHS ALt AT
5-19HA : 1, 2, 39A Artes AEgdx7]olA 60T 96413 A x38ke] 93.26% T2
TFAlS 359%kgS AT
5-2%HA 1 AdA Y] AAES IFH 7] 60T R 86A1F xste] 94.48% FHFe]
SFAE 11.2kg s B
© BATF FFAZ T
O A ¢FAE FFS SAHse WHoR S48 e FA =S £ 550 At 19
430 E3F¢FAE EF FAS TSt
3 55 X3 FAZY FHE B FEI FFAZY FHE
an FEo5-FA S &
1ml 2ml 3ml 4ml 5ml 7)€ A
AFZ
1 0.070 0.146 0.214 0.277 0.346 0.340 0.349
2 0.069 0.144 0.210 0.282 0.349 0.343 0.343
3 0.069 0.143 0.211 0.280 0.348 0.349 0.352
3t 0.069 0.144 0.212 0.280 0.348 0.344 0.348

_79_



0'¢

03

03

01

i)
v=0.07026x
LA
i) W74 % 54
yv=0.07026x X:y/0.07026 x=0.348/0.07522=4.63(m{ )
TFAlE SR = 94.48%

g

=y/0.07026 x=0.344/0.07522=4.57(me)
= 93.26%
3}k

oM,
2
o
o

4]

ﬁx

ru}o°

E 56 A NE A FFAE FEE Y
A% (100kg) e Er . .
o= x]o |o= =k N O = 0 IT%A]%‘ZI‘%E
SEAls S 2 Ak (kg) T FFA=#H(kg)
S 1-4(%) (kg) Rl 7)== RS 7)< RS ] 7)<
49.18 49.18 35.90 47.10 33.48 44 47 68.07 90.40
(th 71+ 2 /A" SFA1E Axzd7F ¥lal (£ 57)

EAE] A B2} A 7} v A
= O] Al H <
71 A2 | 28kg | 126,000 | Al &= | 4.2kg (15,333 ¢ A4 2o | 78554 162,280 /kg
o2 : T ' TR A F A E (13,0929 ’
K e A% 95114
Al 2 o) o 2 o
PN 2 | 2.1kg | 94,5009 o )% 3.2kg | 9,998< AzAZ 128139 126,8229 /kg

A e $2AL 2E2EAe AxU7} AEDA
i) AL 100kgol A $-FA& 359kgs FE38+9] ¢+FAIS lkg T A2 28kg &~8.9.
(2.8kg x 45,0001 /kg = 126,000¢))
i) 38 olEhgo] $RAe 2 Pe HLe) 150 2950 AL 28kgol i oF 15WE
42kg 2%, (42kg x 3,600 /kg = 15,333<)
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i) 9AEHE SFAL - JEL 200kgS 19 A £ 9o HLS 400,0009 <
(141kg/200kg x 400,0009 +359kg =7,855¢/kg)
v) AE AZE dAEY T $FAE - o5 S48 120kgS 132 AHgdd F oy

H] &2 400,000 ¢ (141kg/120kg x 400,000 + 359kg= 13,092¢/kg)

© MAE FAE FEFH9 AxYr7t AELA
& 47.1kgS FEo+Y] FFAIE kg & A% 21kg &89
(2.1kg x 45,0009 /kg = 94,500)

o
i) A% 100kgell Al F-FA]
A

ii) 33 oo ¢FAL oS Ao 158 Aauo] AL 21kgol I oF 1582
32 kg 2929 (32 kg x 3,124¥9/kg = 9,998%)

i) 9AEYE $FAL - o ES 200kgS 1Y€ A = glow H]-&-2 4000009 <
(224kg/200kg x 400,0009 + 47.1kg =9,511¢/kg)

v) Ay AxE gAY & $FAE - oeE 895 120kgs 132 AT 5 oy H

€2 400,0009 ¢ (138kg/120kg x 400,000 + 359kg= 12,813 /kg)

i
juic]
=~
=
of
ox,
=
rx
o
offt
rot
o

FAe AzQA ARE}
(4) A5 47

O $FAE AA A ABE ¥ G57)E =Qste] AL
2

- =X =4
Aoz AGAste] & FFAE FEES 04%7HA FEA AT

O AP AL WY AR $FAL ZANE AT L ANHE Fahol 216%9] TFAL

Azd7t s 7HA ok

O AL AAIE AL L HARE ool RUTEHE 9 L SEaRAY
[ W 10-1476315, Aol $EAE FEUH, dHNLY

YW 10-2012-0106214, 55
23] A}, 2012.09.25.]
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.

3 58 PUOH Ax=& 3 x4H
i

45 3 I HAE 1 (R A | ¥4 2(Rx=H F57h
S AL 4kg 4kg ke
= 10kg 10kg 10kg
e 0.01kg 0.01kg 0.01kg
WS- 7] AT A 0.05kg 0.05kg 0.05kg
HEFTH A B iw 0.4kg 0.3kg 0.5kg

O PUOH E%e rwarel #AA, AAA a4 9 A% A7t A8 9o 2 ot
L ~xgo] =alo]o] HIAS T
2 AdHS Pump®E o|F

3
sxmgo] mejolo] e
3 )

O FEA®El PUOHE #%x3 t}d, 7d%3 PUOHZE Ball Mill2 7247 oA 43 &
320meshe] WA 2 53}, o] wl 1kg 3= d 3Man - Hour® AJ3Fe] A ¥t

O ¥ F3ZF o] PUOH +&94S v2E
Z708 FAF FS)

~60 kcal/hr W€ E%F< 7F8l PUOH % Al
on/off} & B dEF o M7IE APAVE Y 2Hee FEZUAE |G
glo] =efololR Hxegom, o s

Fdg=3

Z (MIST NOZZEL)® 15~25 kg/hr <] <]
Fgolo] F 5~20 m/min W9} AF 40
=z

=
~
>
ofo
o
i
R
ox,
i,

- AvY . 5371 FCNM-026R MIST NOZZLE
- NOZZLE 74 : 1 mm

- Input temperature : 200 C

- Output temperature : 90 C

F% 1 20 m'/min
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a9 46, 2= yo] =gfololE FE AWy A

O EFIAE Ax A FAst= o] o3t I -datsid s 22 v)sAgdol EAdFHE AS
W=8l7] 98te] PUOH B9 713enx Moo dxg 3 qHEA F72 E35te] M/B
s g9l .

O JSLAFS] JSMF-30T2 4 Electric muffle furnace® /‘P‘lo}oq PUOH +4%<& 948 =%
A (249 x, 150CT, 180T, 200C, 250C)& elste] 5%, 1583 dxe] F KS ] 42061
AbSste] 1S A 19l Escherichia coli(E. coli)ol| W gk ffaﬁ 1S sttt HA E colis
PUOH (1 g)7} ©%! Nutrient Broth (10 mL)ol ®j¥alAth. wjFst A3t
T 90 %, 24 h st g & H4E SAHSAY. PUOH 1o Al

3 xe F2Y AW (colony forming units, ©]3F CFU)9} vlwsle] &itAS
Aok

n°"

Al
ol

Olt
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(th A5 A3t

H = (catechol)3}3HE ]
“jrf’— ade A ATk (29 47).
FAE FEA7E EA S

O o]o] & AFolA =, ¢FAIE] 384 Fxet g AYUSFS At FAE FA
23} 7| PUOHR-Eo| thsle] Perkin ElmerAt®] Fourier transform infrared spectroscopy
(FT-IR)Z o]&3Fo] 4000 ~ 400 cm ‘9] W ol ZAs o] Zg7S g3 F 3484 P2
g 2Asden, 1 A%E 17 489 YEATh

O dwbHo FT-IR ¥4 4% 54 A A4 /5, 2] A7, ¥ A9 ol
S A Y B AEAES @ & lov, ggd wyoeR tﬂml el %?*1%94 Al =

O FFAZAA Yete a9 =9l so]=547] (- OH) vﬂﬂ% 3418 cm !, Bx3} 47
1% (unsaturated alkyl group)®] =CH- 3=+ 30107 1624 cm ', WA 18] (benzene ring)
3% 1580 em', B2 4 1% (saturated alkyl group)<] o ¥ 3I = 29199 2853 cm
7 C=C ¥ =& 1620~1628 cm ‘ol A YER=E, 1 A §-F 1:’—;—% ¥ 44 aFd 5xs)
I OFe 7= FHHFE (catechol) 25 ISt oS 19 4794 e
[50,51,52].

O A|%% PUOH ¥2e] A$ 9FA o4 wAsE= =CH- 932 30109 1624 cn ‘o] Abet
A sfo] =547 u%ELOJ 3418 em '] M 719 A, g3 HWEFZ A A &= C=0 I
Z7F 1706 em ol A FAH AT 2 Ay}, SFA 23 WEtZ LA Apo] o] HEg-o] dolutsg o
A3 = A ATH5B3,54].
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ot WERXE dolH 7] 93] FEIAS] Scanning Electron Microscope (Quanta
250) O] U] A e AR o JEA7]= Laser particle size analyzer (BT-2003)E A}-&3}]
A= 29 500 YERARATH

sxdlo] EefololE Abgalel AxA7E WAOR AxY PUOH ¥uo B ¢ua
10 mz AZADEE Fdstgan PR PRPUR Axve] BelwA kg Fopol
A A gol Hs@ Ao e gL

N

&)

oorr O

° q

1

0 S0 10

oixalbn)

9 50, 2xeo] =gfolo] WA o AxF A& £4 H SEM oA

Fpwsto] we PUOH 1
=19 51e] Yehpic.

i, =
Aoz 2 A9E AT 5 A

Lo

a Pﬂ

O Euw gFo] 7hAh¥ PUOHREZS 749 200914 d#
7]’% PUOH Tr]:_]“ual'gl 73'?‘ 20001]/\1 Oej‘E“:éHﬂ' 259% ol%}ﬂ >
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#lo] =ehojo] wao
PUOH A R

T

dowA slEua o Az PUOH §A18

o] A D

X0

it

of wel &

el
Nd
M
ol

T

X
Gl
T
T
s

vzel
A
el
o
fred

)

M
ol

vzl

Mo

03
el

O

= AL glaAri2,10]

=13
-

el
100

9/]

ks
“

F 99.9%

E. colidl

o
-

H 2o 3

R4

sk PUO

O 200 TolAl 5&3F A<

0
o

)

)A
B

1] Azl S 7F
I PUOH &%¢] 437 AT 4

9]

A %

(200 C o] <t
SR

T
a

=
S

o
=

w
=

vl PUOH 3+ M/B,

p=R
=

3

AL

Avtel TGA B A=

3

B

_88_



¥ 60. =2xgo] =gloloE F MAE Hdzuao g A Z3s PUOH %o 3hitAd
Sample code Photoimage %Ra

(=) Control _

(+) 7]1<=PUOH 99.9
(+) 7§ 1PUOH 999

* a reduction of viable bacterial cell(%6R=(B-C)/Bx100), where B and C are the average number

of viable cells of bacteria on the control sample and Polyurushiol after 24 h, respectively.

219 52. PUOH 22e] 942 34 2 Mws
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3 6l A8 2= 9 AZte] W& PUOH #%¢] E. colidll Wk 3t gdA

S 1 Control PUCH £ 150°C
(58) SRLE Omo (442 %)
Photo-image
Concentration 5
26 x 10 10 < 10 <
(CFU ml)
E. %R - 99.9 99.9
coli SAMPLE 180°C 200C 250C
Photo-image
Concentration 3
10 < 10 < 2.3 x 10
(CFU ml)
%R 999 99.9 99.9
S 1 C | PUCL & 150C
(152) ample ontro (2 2)%)
Photo-image
Concentration .
12.06 x 10° 10 < 10 <
(CFU ml)
%R - 999 99.9
E. SAMPLE 180C 200°C 250°C
coli
Photo—-image
Concentration 5 5 5
53 x 10 9.66 x 10 10.6 x 10
(CFU ml)
%R 58.28 19.90 12.10
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=z

olrt

Al 3 TA, AEA THAE Holme e
o Abgk, WH B A soll H Agse] Wol olFoiAa gl
Aok o= 9ol ARSH = DPPH

I AdE 1% 53¢ %

O WA 50 mg PUOHE 5 mL2¢ DPPH Solutionel 7}ste] bAoA 30 mingt Fo} & ¥
UV/VIS spectrophotometer (Optizen 2120UV)E o] &3} 517 nmolA 2] 3 =5 =AY
o A% FFE #S oty A4S o]&3te DPPH scarvenging activity (%)E
[14,51,5556]. PUOH #%¢e &itst g3+ 593 wHo=z 3 $FAE
skt

12
-
)
)
T

scarvenging activity (%)¢} Bl
DPPH Scavenging Activity (%) = (Ac - Ag) / Ac x 100

O 9714 Ace 517 nmelA 30 min ol thz+3} 6983 DPPHO &3k olw, Age 517
nmol A 30 min Fo $FAL 2 A%3 PUOHS w33 DPPHY &#%:S z+7 vehdi

£ 702 + 0.28%°]x PUOH #=e¢ a4tst &
A& % PUOH wel DPPH<®] El

i

debgtt o] Avke $- G A% 2 FeadE A5

of b9l WatE oAlste] wetZe FHz WHAD F Y= Bho] EAFLS e

13,14,56]

O FRAE WAAA TAYE Hel=SAs], PUOHS Wand, 22w A =
2~

Aste stel=mA77F AdstE e B4 SAATIEA SAl
(hydrogen donor)=A¢ 9% 2 EH& d

A
quenchers) 24 o] 93tS &lo] ksl g¥E Wk

" ¥ 62, 348184 (a) urushiol (b) PUOHL
T 5 (a) Urushiol(%6) | (b) PUOH(%)
ol 1 70.0 70.9
2 70.3 70.4
i 3 705 70.8
"0 4 70.0 70.6
5 70.1 70.3
ofF 6 705 706
35t 70.2 70.6
7 =} 0.28 0.39




A BA (water uptake)
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2012-86
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1 A3 SDRAE=C] o
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v gk 2" A3E Faote] PUOHE 2] HAxAdnE Z24soit
, =0 10kg, w4 0.01kg, WH8-7HA Al 0.05kg, MEFZE A X1=10.3ke)

FT-IR, WA &4 (200 CollA &3 21 %°13h)S F3te] PUOHS wr-&uwlAYS I 1

O
[
[
=)
o
il
Au)
o
2
of
ol
k1
RS
1 o
ro
ol
2
av
(-
@)
T
lo,
O::
>
m:{o
W
u
i
ot
ox
ftlo
k1
td
o
2
)

38 54, A Ao 2 PUOH A% A" & A7t

- PUOH %9 Alxzd7t (% 64)= o3 2o

S = 34 A=z 5%
H] & 126,822¢1 8,108¢ 16,0004
AAA 94,5004
’ Azn] 20929 o)
2A | waal 99984 ! gl : 160009 | 1209308

7F&H] 6,016¢

7hEH] ;22,3249

m\m

AAYTALE e Fwd Ak TGA 242345 1ejs] & o9 PUOH i M/B %
£ FFLEE 150 ~ 180 To] &2 Aoz Jsfof & Felst st

Al S Al B AlE A B e 5sE 29 % e 58t
-2012-0106414 (2012), S5 S 10-1476315 (2014), AL $FAE F5W

>
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(2) YPUOH +9 7§

a3 55, A9 YPUOH &2 Al x%

7h - 7] 5% 2 e

O AeA AZHA hako] e
- YPUOH #%e] 7]x84 (3}sh4 %, BE2XA])
.]

S ARA AEYA Rl mE i P, AR, FEEH B4 A

0 #HH FALE shep
- itrgAe] A9 ne nge dEFgelA B degyon s FHBY £ H5A
- A% iAol wAD 5 At AA FHLE webe sla A F FitAY AN

@O YPUOH &% A=

O $FAS7  3-Glycidoxypropyltrimethoxysilane  (GPTMS), Tetraethoxyorthosilicate
(TEOS)¢} 22 F7IAdztate] whgo st A7 de dad=a JduH[57,58].

O B AfoAes AdA AZHA=ZA 3-(Trimethoxysilyl)propyl methacrylate (TPM, Mw:
248.35 g/mol, CAS No: 2530-85-0)F Al1w} =2 A Apol| Al FQ)ato] Ab&stdtt. 4bshAl &2
A Hydrogen peroxide (HoO;MW:34.01g/mol, CAS No: 7722-84-1)2 T 3&to] AL-&3F .
202 HE FEH3 FFA=2S (Urushiol) (composition: urushiol 95%, ethanol and laccase
5%) FE71¥Ql Tl (F)olA Algitold HFS HAAEA e TPME gHFdste] ot
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1) $FALH Fa35E4A2S 1 L wre7)o] 2o 8 40 T %4 Mechanical stirrers

2) murEl £3Eo] Aek AELAL TPM & 9 thg 80 T 2EolA 3087+ mukge}

3 LES 100 T2 20 0% A% o wwshd, EFE] wgo] dojubm wAGE B
(YPUOH)e| 44t

H v REBL AARS G AL F AN AHL F F 80 ColA 2447 Bk A5

Atk
5) Axd BAL w7
A AL 2477 AX

HooRES o]gs v WEES

i _,
il
o
ofo
_0|L
s
Shia
>
%
oL
v}
>
&

¥ 65. TPM & o] w2 YPUOH ZXAdv] <} 34 4=

E Y e
Sample Code | 1p il | O, | TPM | w222 A7+ (hr) 98- 2 AL e
YPUOH 0% 150 450 0 5.50 Gummy
YPUOH 10% | 150 450 15 163 Solid
YPUOH 20% | 150 450 30 141 Solid
YPUOH 30% | 150 450 45 151 Solid
YPUOH 50% | 150 450 5 5.50 Rubbery
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19 56. YPUOH #'#e] #|lx#7

O YPUOH== #Aitstgraao] ZHufzhgol ojsto] TPM¥} -

FAZS AY FEHES T8 A
25T # 669 2ol ¢FAEI TPM A2 AT I ot At & & 9
o TPM= ¥4 &2 49 (YPUOH 0%) ®H&E=7bA 6 Algte] A3a, HE wkg Fejrt
aAFFow FAHEHA G FFASH FZo] EHEE AHE EYUsrl dojuA 4

Ao ArA

O TPM gH#o] 50% =2 @o] 5913 4% (YPUOH 50%) %59} 22 He2 Ay o], &3
of oJg o] AUt YPUOH 10%, 20%, 30%<] A% 1.4 ~ 16413 A= vESAIZke] A8 &
2ol wA PAow AFRHAL B I JHsskdvh wEkA YPUOH 0%, 50%E A< sf
o, uAgd o7 AzE YPUOH 10%, 20%, 30%°l thelr F712 e 28-S 238kl ch
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@ YPUOH &wo] EAEA

o H Tz BA: FT-IR (Perkin Elmerr}), "C NMR (500 MHz Unity Inova
spectrometers, Varian, A}), #Si NMR7|¥< £39] YPUOH 229 318t Fx2XS 713
ST

LS

i1

24 A FEIAF9 Scanning Electron Microscope (Quanta 250)& o] 83}o] #4159

o0

©)

YU =84 Laser particle size analyzer (BT-2003)% Al-&3to] 2 A&}

O EAHEA: FASF Ax3 YPUOHY €4 EAS Lolr7] $3] Perkin ElmerAl2]
Thermogravimetric analyser (TGA 4000)E o] &3, 2 £%+ 20 C/min, A7

ahol A =4 se.

O FHEAKS J 42068 (A7 FehaI)e AEE A BT 057 o] B4
AAstF o xEAQ adFAIl  Escherichia coli (E. coli), Vibrio vulnificus (V.
vulnificus) % 129kA 7l Staphyiococcus aureus (S. aureus)Z ©)-838to] A S =A3A
o}, =3k g A el iS22l Ascorbic acid, Gallic acid Monohydrate, Chitosan, Limonene,
Zn0O (50nm)¥}¢] gt ed S v wsksloh

O &itsbd: FA&¥ YPUOHS &4tst w35 gRlsty]  fsiA DPPHW (2,
2-diphnyl-1-picrylhydrazyl) S °]-&3le] @4itsl a3E5 SA4sA . £33 dx %2 dits &
Az dH 7 olA~FmZH AL (ascorbic acid)¥ ZAAF (gallic acid) S AF&38te] Hlal AFE AA|S

ATt

8 1574 del=EA AFE 2 AEAR T4 A&3t7] fsiA =
2pekAg o] MA@ solth B dAFto| A= diffusion vapor sorption system (Surface
Rd)E o]&3le] BL FEFFATES ATFIA

measurement systemX}, DVS-1 Intrinsic & TEST

=

Q A4, =314 S 93k YPUOH #o] d==7] 7fA

O Z28: 23 (RetschAl, MM400&22)2] ¢ Drume| 3] zr&o o3& &9 57k
Tw, AT Lol 9 AMES BHAIIE Ao, B T8 d=A77F HA 20 mol A
Hd 150 mA Eolal, A s#H-2 oF 50 g/hr 4 E=o| T},

O FAEH: 524 24U (Spex Sampleprep’l, Freezer Mills 6870 2 2)2 273 F =3
Aol AHS Aol A7 HS FEdhH Vial ¢Fe] Steel Impactor’} Samples FslE W4 o
2, w3 e9& A7t A& 3 melA Hd 40 mAEel, AeH S F 5 g/hr ~ 50
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O fg==ad: 34 & Eas gRE 93] y23d (Dist mill, 59 FRITSCH GmbHA}
9] Pulverrisette 13 =4

717b A2 01614 o) 12 mmel 7, A2l 2E ok 150 ke/hrd o]t}

O AEW: AMEY B (Zet PulverizerAb)S FA17F 7HA &= S5 YA S o] &aflA %t
LEE2HRY EEe 457 2 AEVR Hd 958 FEste dAEEY FE S M
Hite] FEo o waste WAolth 4 e 42377 HA 3 molA Hd 40 m
Tola, AHele g o 500 g/hr ~ 5 kg/hrA Eo]t},

9 1E Az A FALEY e FFBAN 34 LEE AAHE] 99
ol dAe &% (150 T, 180 T, 200 C, 250 C)<F Azt (52, 158)dd w 2

AT o] 8l JSLAFS] JSMF-30TR 2 Electric muffle furnaceE AF-&3}o] 58 15
B AAE T KS J 420605 AESt E. colidl WE S 1St

(th A4
@ YPUOH %9 7% &4

O ¢FAE, TPM 8|3t Az Al 7kA] 244 YPUOH 10 ~ 30%¢°l ik FT-IR &4 2
HE5 a7 579 F 6691 HEFNATE FA oA YElYE 3§ 939 FFo] == 7] (-OH)
9 3= 3431 cm!, £3 &2 7] (saturated alkyl group)®] -CH, 3= 29199} 2853 ¢cm !, &
¥3} &#17] (unsaturated alkene group)e] -CH=CH- ¥ 3= 948 985, 1595, 1624, 3009 cm '
oA vEbth 1 Ad §FAIES 23 gAY e B ¢AV]E 7HA = 7HEE (catechol)
725 FA4staL AeS g HH50,51,52].

O TPM® A9 EAAHS 7= Si-O-CHz- 92+ 822 em |, Si-O I3 E 1087 em !, C=0
93 1721 cm ol A YERTHA4R].

I 66. FT-IR &4

Sample Wavenumber (cm ) Assignments
3,418 Hydroxyl group (-OH)
FFA & 3,010, 1,624, 1,595, 985, 948 Unsaturated alkene group (-CH=CH-)
2,919, 2,852 Saturated alkyl group (-CH-)
822 S1-O-CHs
1,089 Si-0O
TPM 1640 C=C
1721 C=0
3,418 Hydroxyl group (-OH)
YPUOH 1,640 C=C
1,721 C=0
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O Azt Al 7FA 27449 YPUOH®S 749, FA oA EAEE sto]=547] 9391 3431
em', 18] TPMS EA A<l =9 C=0 9= (1721 ecm '), Si-O =2 (1087 cm HE H Y
A A 74A 3= TPM sheFo] S7hghel whel gt YPUOHe| gk
%ﬁ@ﬁr, FA 2 =CH- 929 1624} 3010 cm '¢] Algbdo] AU, FFA S &=
2 5 gad A= 9329 Si-0-Ph (1052 ecm )¢ C=0 (1721 em HEHE71¢] 327 A2y
Atk o] WAL TPM dFo] F71gtel wel S7kstsinh. 1 A3, $FA &9 dlo] =227
oF TPMAFolol Al whg-o] dojyk 55 &It 4 AATHE9,60].

=
o]
©
o
=
o
Jim
o
1

(e}

a9 57. FT-IR #4; (a) $FAl=, (b) TPM, (c) YPUOH 10%, (d) YPUOH 20%
(e) YPUOH 30%

O A7A el U= olFAde ok A3 FH wet g ¢FAIE FEATE EAS7] W
o, ¢FA&% TPM#o] w3 AU SES A=t B2 o &
O FT-IR =#E7, “C NMR, “Si NMR Z3}, laccase Zvjoll 2|3
group?} alkene groupsolA  TPM3} H,O.zF #WY  Zgw3}
(self-condensation) ®F-g-o] dojit AS R o 4Hr}

i& Jo

% 9] hydroxyl

o},
374
I

o

O $FA&3 TPM 1glal A3 Al 7FA] 249 YPUOH (10 % ~ 30 %)o +x 4S5
¢1ste] A PC NMR 29 EZ 248 $8a¢th ¢FA 23 TPM, 281 A 7HA4 249
YPUOH®| "C NMR ~#E% Axe}l 3t2] F25 19 58(A) ¢k 19 58(B) o YeEbiS
a1, detE olsS ¥ 67 o YEhldth a9 5804 wlAlmEle]  EoglE
hydroxyl-substitutued carbon (143 ppm)°] FFA]=o|A] ## T3, unsaturated alkyl chain

(130 ppm)e] ¥z A H20,61].

lr

!

O YC NMR ~#HE"d A7 AP Zgv 249 W 93 HeES A x4 YPUOHO



A gld 4 QdubE5,62]. AlZ3 YPUOHOI M+ TPMe 54 A<l 1= 125 ppm, 50
ppm, 519 ppme] FF A i, FFASANA AFEHA G TPMO i I3 C=0 %
£7] (160 - 180 ppm) ¥} -OCH: #&7] (60 - 80 ppm)o] &= ATHH9,60]. =3t ¢-FA]S
o] wlAlazglo] #o]3l¥E  hydroxyl-substitutued carbon°] 143 ppmollA  TEEHA L,
unsaturated alkyl chain®] 130 ppmol Al #Z%] 3t}

O YPUOH® x4 “"C NMR ~#9Ed 2443 AfFA #25= 160 - 180 ppm, 60 - 80
ppm 3T E EF3| FFA L dlol==27]9F TPM Alolof W&o dojutSS F53& o+ AN
o} T TPM o] S7hekel wel whgo] 54219 539 160 - 180 ppm (C=0), 22 ppm
(C3%) Z12]aL 18 ppm (C8%)°] F 7}t

f—t

O HA oA FE3 FFA=29 4$ multi-copperE 3t A+ laccaseEAE 7R 1L
ATt B Aol AyoAM laccaseE AT FFAI=S AEA AZHAA TPMIAS F 7
e}
o

o] Wk HojsteE o2 dAGETE 4, HoO9F A A FE2I FFA| &
laccase®t®] WHS-ol|A hydroxyl radicals WA 3 & ‘ﬂg hydroxyl radical®] %A 23}
TPMoll EAlst= €4 OFS 3438t +FAE3 TPMEY gtz wk&o] JjAld Zo=

PR TH59,601. (12 60).

O A oA F=T FFA=9 hydroxyl group¥ A#A AZH AL T

groupAtelell alcoholysis reaction®F-g-o] A RS 7FsAo] Ut F ]:%
group®| ol ¥} laccase?] EA3lolA TPMel <9l+= silyloxy group 2
7 TPMALolel Y ZEm a7t dojd Aoz ddevib4,61] (7L 60)

o

%}g,bgj 2@ = A7) (silyloxy unit, ~OSi-)¢] YPUOHeI A= 2=
‘= a9 599 % 683 7o) Si ¥R AZ47] (siloxane band)®]
T g H54,61]. WS aﬂ TPME T°& YeRAEd, o+ Si-0-Si 7x7F ¥ A
TPM FxoA = EA8HA &+ s on&du6l]. YPUOHO| A= TPMollA ##E+= -43
ppm (T°) ¥ =7b AbebA 5L, -55 ppm (T9)# -68 ppm (TV)ell A Al 28 v]=7F gEH A &
& TPM &&o] E71g el wlel -68 ppm (T3 A7} Z718t993L, -55 ppm (T )‘,L]E_l—_‘— 7y 5}
Ak T T? 28]1 T°= TPMe #71%3% (self-condensation) WFg-o] QoSS ofugic}
[61].

Aol A B E X
, T,

O olyd ARE E3to] YPUOHZF BAHAS Aoz Auyn A xs YPUOHS 2% &
718wt 400 Colste] REAAE %4 5 FAT 5 AT
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(A)

B

a9 58. ¥C NMR 24 ;
(e) YPUOH 30%

E 67 SENEH FUSTAS BT

(B)
OCH
| Q
OGH; =513~ 0 Gt
1* 3 *
OCH3 CH3

8*

(a) +FAl=, (b) TPM, (¢) YPUOH 10%, (d) YPUOH 20%,

(YPUOH)o W&t “C NMR #4243}

Sample Chemical shift (ppm) Description
30 -CH>CH>CH>CH>CH>CH>CHs~
o = 33 -CHCHCHCH>~
FFA S ;
130 -HC=CH- of wunsaturated alkyl chain
144.5 -C-OH of aromatic ring
5.19 -CH>Si-
18 CHy=C-CHjs;
22 -CH2CH»Si—
50 -OCHjs;
TPM 66 O-CH,CH,CH,Si-
125 CH»=CH
136 CH,=CH
167 C=0
14, 23, 30 Long alkyl chain
18 CH>=C-CHjs
60-80 O-CH2CH2CH3Si-
YPUCH 130-145 Aromatic ring
137 CH>=CH
160-180 C=0
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19 59, USi NMR 24 ; (a) $FA12, (b) TPM, (¢) YPUOH 10%, (b) YPUOH 20%,
(e) YPUOH 30%

¥ 68 T° T T2 23 T3¢ +%

T° T! T T
OR'
OR OR’ OR' |
1 | 1 =5i—0— 5| —0—35i==
R—Si—OR' R—S5i—0=—Simm =5 —0—5i—0—5i= CI}
| I L.
OR’ OR’ OR 4
I

ool

& e

_ L
o —r g Sl 5
(a) OH i o Aleahalyel OH -.uul;fmmm &
+ OCH.—5|MOJ\I¢CH: E— —_—y O})L
1 HA TPM A2
S S ¢ TR g P 1w
Urushiol TPM | | 0/""?
D\L} O\L}/
; ™ ../O/ o= Sim T -._/c" to—si=
. i | OH OH
(b) ?CHE o Self o 5
CH condensation 1 Alcoholvsis
=S ~~o M ey Ho-sim ot & R
OCH, CH. 1A TEM ! i Urushiol
L ] ] H, Urushiol-Si oligomer
™M s shiol-S
[]
HO CH
i i
CH,=C—C-0-CH,;—CHy—CHs—si—0CHJ) 5 HC—C C
(C) Silane coupling agent Random Polymerization
-
+
OH Laccase(Catalyst), H,O,
OH 80°C, 2 hrs
Sl_bCH3) 3
— OII
Urushiol OH
YPUOH

19 60. YPUOHS &4 H#Y3E; (a) self-condensation reaction, (b) alcoholysis reaction

and (c) random polymerization[54]
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2 A= 2
ol
=
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69. YPUOH3-
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=
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GmbHA}e] Pulverrisette 13 2 2)S =YstAth 24 582 J==a77F FH4A& 01904 FHo
12 mmeola, A edS oF 150 kg/hrd == tFoz AxEH7F 7Fs J)

a9 62, FA=¥ YPUOH #%9 TGA +4
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® 70. TPM %ol W& €4 54 (a) YPUOH 10%, (b) YPUOH 20%, (c) YPUOH

30%
Thermal properties
sammlle gude T3% (C)* T5% (C)° T10% (C)°
SFEA S 256.0 285.1 326.1
YPUOH 10% 2625 295.4 4905
YPUOH 20% 262.4 292.6 492.8
YPUOH 30% 270.2 302.6 518.3

O TPM 3%raFel w& YPUOHS 4tAdS dolrr] 9] da®97] stellA] TGA®
AAlstlar, 2 AdE 19 629 £ 700 vEbSIth TPM 3H=at #AIgle]l Al 744 =
YPUOHE &3 dits] dHS Btk $FASS 2560 TolA 3% TZFaa7E Ao
b TPM $Hekel S7bgtell whel 3% T @47 dojus &3 %7 YPUOH 10% ]
$- 2625 C, YPUOH 20 %< 7% 2624 C, YPUOH 30%2 4% 2702 T2 ¢ ¥ &%

ol st As AU & UM

O oox
MU oo rr 1o dfo

Algo] debg ol TPM#E] whe-& Eall S7Hehs st gnba o=
o geld Tz mEmAo] oae Wit} [10]. YPUOHS 7-< PMQ

o) 71 %) d8-3 TPMe] A7) =§hukg-©.
Zelm starze Eov Ao §49¢ AR
o

O ol F3 ¢
Zgl o] dotkHy
HEA A E 7]

2 &) s 7}
71 YPUOH®| <ot A

O AwHow AFLEE BA BAe FiA- AN 2o AAdd WHE Avol
Atk 71 Bl olgHE ¢4F FAL 1 L& 2o ¥7] WEel 7bE AN ArhE:
154 BAe Asudel 245 ©rH2l e, A= Al kX x24e) YPUOHS 2%
250 T o]d9 & 2Eox

T e dB8ASs Btk ol YPUOHZE dwk# <l &5
Z FAHoIY AE: T AHEo] st o oANHrt. 53 Az A 7HA 249
YPUOH % YPUOH 30%7} 3% T #ita7t dojus dis &7 7Hg =9kon, =& 4
APl aFHE ThEERACdA &

@ &t Al g EA

O YPUOH +29 g+ a35 2st7] fste adSA3w E. colie ©]-&3to] x4l
st 529l Chltosan Limonene, ZnO (50nm)JJr H . AGE AASAY. ® 7104 HiE= vt
il g g 24

71%0] 24 A1F & ) Z&+3 YPUOHE ] 4 Zn0 ( Onm)@r% Hl =3l gkt g o)
= Ao2 Yey o™ Chitosan, Limonene EE} ASlS 3

Ol

ot

O F7HHo®, thEAQ &5 A<l Ascorbic acid, Gallic acid Monohydrate®} —Z3&4 2l
E. coli & 1% ATS S aureusE o] &3to] A S =AU
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O X 72, 73914 HE= wpe} o] YPUOH ®e] v AS iz vud o E coligt S
aureusel WE At FA R(%)S 5 99.9%= Hth E3], YPUOH ¥l 29 izl
gkt & @2l Ascorbic acid, Gallic acid Monohydrate¥} 4|23l &+t 3= e AT

¥ 71. YPUOH, ZnO (50nm), Chitosan, Limonene®| E. coliol th3st s+t a3}

Test sample microbial cell Photo Concentration (CFU/ml) %R*
(-) Control 4.0 x 10 -
(+) YPUOH <10 99.9
Escherichia.
. (+) ZnO
Coli (50nm) <10 99.9
(E. coli) H
(+) X
_ 9.3x 10° 76.7
Chitosan
(+)
, 5x 10° 93.8
Limonene
¥ 72. E. coli®t S aureusoll et X% stEAo] Al vl
Concentr Concentr
Test sample ) . Test sample ) .
) ) Photo ation %R ) ) Photo ation %R’
microbial cell microbial cell
(CFU/ml) (CFU/ml)
50 x 45 x
(=) Control . - (=) Control . -
10 10
(+)YPUOH <10 99.9 (+)YPUOH <10 99.9
S
E
coli | (+)Ascorbic aur (+)Ascorbic
. <10 999 | eus i <10 99.9
acid acid
(+)Gallic (+)Gallic
acid <10 99.9 acid <10 99.9
Monohydrate Monohydrate
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¥ 73. YPUOH, Ascorbic acid, Gallic acid Monohydrate &t & 3}
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o)

)

o
B

e o5

&2 A

j
o

Vibrio spp, S. aureus, Listeria spp, E. coli

Salmonella spp,

tel, ASTM E2149 -

MIEL

SRS E. coli, V. vulnificus 2183 183X S aureusel W

F oAl 7RA] 24 €] YPUOHS]

5|
pul

Ao A%

=
T

®
10 Hol

&}

1]

5|

o

g‘{

O $FALT A 71A 249 YPUOHY]

o}

}<th. TPM

S

&

29 A}

p =
V. vulnificus, S. aureus®| o

Al
=

~ E. coli

YPUOH

& b5

]
~

7hA) 24 €]

i

=
[€)

oH, 7]

gl

|

)
o
ol
ojn

=3
o

b=

=2
[¢)

ol E. colii 521 S cerevisiae, H. pylori

FoH19,50,63]. ¢

ks
R

1l

Al=e] skek Frxe 71]

¥ 3}

4 (Reactive Oxygen Species) FEH To| A= A%

1t

o

kIS PN
t} [64,65]. YPUOH +

o
T =

3

A @7 (s OH) 32

2
Hol

N
|

;00

pase]

[e]
=

3

=]
=

shel vy

g 3

¥ 7231 DNA

23!

0|

=

3

o 3L oA

& BA A

il

]

o

=
o-quinones TX=

oF

o A

‘..mo

- Wl el

Z

2 639 ek
(hapten) 2. &

—

O

ol

71 Al € H66,67,68].

A BA8 FT-IR, ®C NMR 18] #Si NMR

oH

1 YPUOH7} $FAl=3 @38 o-quinones T

=3

KX
=
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¥ 74. YPUOH B29| E. coli S aureus, V. vulnificus®| th3+ atA H7}

Control S YP{})JQ H Yl;g% H YI;})J;:H
Photo—-image
E.
coli
Concentration 5
(CFU ml) 2.8 x 10 < 10 < 10 < 10 < 10
%R 999 99.9 999 99.9
Photo-image
S.
aur
eus Concentration 5
(CFU ml) 3.4 x 10 < 10 < 10 < 10 < 10
%R 999 99.9 999 999
Photo image
V.
vuln
ific Concentration ‘
us (CFU/ml) 12.7 x 10° < 10 < 10 < 10 < 10
7R - 9.9 99.9 999 9.9

a9 63 FAEe] &AW AU E[63,68]
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Mo

E 9 45 AxA
dAe X (150 T, 180 T, 200 C, 250 CT)¢F A1+ 5

O M/B, Al

ol

i)

=]
RUn

ki3

°|

|=]
35

LN

15
o

_E___
99.9% ]

=2 dAE 2% (200 T o]t A Aol 7= PUOH

1

0]
yul

ato] 5

S

A5

=

=

stol E. colidl o

S

7 A8 3 YPUOH #29 AS A% E. coliel o

=]
RuS

&l JSLAFS] JSMF-30TE 4 Electric muffle furnace
FA] 9k

KS J 4206¥ <= AH&

°©

=

=

|

<

=
B At

[e)

bl e,
7504, 200 C, 5

A

3|
2|
3

=
L

} o
35}
=

A
i
®
i

M

=3
"o

A3E 3

Y Astst TGA #4

‘(H

%R
99.9
99.9
96.6
37.3

4 TEST

B3
Photo-image

(15 min)

& A 24
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%R
99.9
99.9
99.9
99.9
83.6

4 TEST

It

3}

YPUOH #%9] E. coliel o
Photo-image

=

R

Lof w
A A2 4 =
(5 min)

g

s

oL
[}

75.
Control
=R R
150C
180°C
200C
250C

YPUOH




@2tst 24 (DPPH)

O $FA&¥ YPUOHS® 3&tst aaE FQlatr] six 17l 640 #A|Ag DPPHW (2,
2-diphnyl-1-picrylhydrazyl)= ©] &3}, $FA =22 Az A 24 2] YPUOHS| &4tst &3
2 =59 w3 nus 98 gEHe Fis 22 2 g ofazmEH Al (ascorbic
acid)¥ 242t (gallic acid)S AF&38tR L, 7 235 219 659 YERY AT

Sl
t} ol +FA2 ¥ YPUOH LH l DPPHA amﬂoﬂ xax} ) 4 X}E xﬂ
] x££

A ZA FEs 3=
o] A (hydrogen donor)=
Bl @3 hydroxyl

/\1 24§35t o, } t)Zo] scavengers 4TS &
F& TUH14,56,69].

groups? A4 % geometric configuration

flo
odt
2
P
fol
%
=

O $+FA23} YPUOH %9 &itstel &3te] 79 hydroxyl groups®| AFstE+=

=48 @
YA ZIHA Ao 222 23E = 4 &9 A (hydrogen donor)ZA41¢] 98 2 548 A3}
A7) A3 A4 A A AH(singlet oxygen quenchers)®X4 9] 9 S o] 3Fakst g3 2 Wb
Agt o= Py YPUOH o] $FAIZHT ¥ %2 hydroxyl groups 7FAaL 9]0

A gats a3k e Aoz ddE o 21].
O +FAl=9 wAlzg e #o 9+ hydroxyl group®| &
chain®l hydroxyl group®] &¢ = YPUOH®| H|&| 4ks}t

Hr} o]g 3t o] F =&, straight chain hydroxyl radicalsS 7}%
#}=2 JegdE Aoz dudvH21,59,60].

1% 64. YPUOH 2o aatbst d¢ 274 (DPPHW)
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100

80

Q0

10

30

0
g p ¢ q 6 L

g% 65 ArkEd BAZAA () +FA1E, (b)) YPUOH 10%, (c) YPUOH 20%,
(d) YPUOH 30%, (e) gallic acid, (f) ascorbic acid.

O =, YPUOH &%° 4% &5 R & a4 sl vzt gF2 nud Aoz dd

A,

¥ 76. YPUOH #+2o] +8&+E54
Sample code Water uptake(%)
YPUOH 10% 0.34
YPUOH 20% 0.32
YPUOH 30% 0.29
PUOH 22.3
Zn0O 0.3
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(2h AF5Y 47

O AT ATYA Fol we BRI D AH z4Ge 98] g A4 2How FALS
A, 2 AT 0%} 50%E Tl Avie wx ik wA ¥gow F4W A A 24
(YPUOH 10%, 20%, 30%)°l sl 54375 AAISHA

O Al 7HA A BF =2 v, Pstd s dskala, TPME &l 71l webs &
= o

3T il
ol Steklal M-S EE gobxth M/B, AE R BF Al Al ZH Wddo] =&
L.
= 7
[}

T (A, kst weEld Ao ddste] YPUOH 30%= 4

H77 A% AZYA el WE 2R R HH xAser

YPUOH 10% | YPUOH 20% | YPUOH 30%
WEA] (T, Tas) 262.5 262.4 270.2
(=) &A (E. coli, V. .vulnificus R%) 99.9 99.9 99.9
(+) gt (S aureus, R%) 99.9 99.9 99.9
FAkskAd (%) 39 89 39
FEE4 EA (DVS, water uptake (%)) 0.34 0.32 0.29
HE-3-A1 7 (hr) 1.63 1.41 151

a4E HAZ AR

O YPUOH #% Az ol #ste] SCI w249, vl 53 118 =9 ¥ S5
- Hx¢k AME#, HAH, The Preparation and Characterization of Urushiol Powders (YPUOH)

Based on Urushiol, Progress in organic coatings, 76, 1465-1470 (2013)

- Aed MFH, =9 Preparation and the antioxidant and antibacterial activities of Urushiol
powders (YPUOH), Progress in organic coatings, 77, 981-987 (2014)

- EFYWE 10-2012-0074022, SEWE: 10-1479026, &elA ¥lEA 2] 9-FAE 994

Axd 24= R ol Az, dAen dFitsded, Sdde: 2012

O YPUOH #%¢] HFA k= b5 2
3 78 YPUOH &% HF A7}

T = &4 w4 A
H] & 126,822¢ 36,000 6,500

AR+ 94,5009 Azl : 300008 )
=7 F-2H4 9,998 T 7+EH] 65009 169,322¢

78Rl 16,0004

7}z 22,3249

w4 € Az
SOEY

TPM: 0.3kg x 80,0009 /kg = 24,0009, H:0x 3kg x 2,0009/kg = 6,000

- 7k H): 6,0009)

@ Bf: AE (A7H4kg x 200,00091/8A17F = 6250), T2 (A7H100kg * 200,0009/8A]
7k = 2509)
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o
K

)

A 2] sk
a

R

-

SRR
AgE A, 1) A

o ¥

2

b

o] A1

o

el

2l

B

2l

1) we=

"

sl
iz

oy

74

o
2l

i
§

[}
Al

= =
-

b1 slstol,

5|

R
=% (PUOH), 2) A&A 7

= 2=
= T

o 9

sttt

A %

S
=

¢ FAE 22 (YPUOH)

=
=

Z g $F A< (PUOH, YPUOH) & A=
=

<

O 7

fex]
A

B

o
il

1) FA& AA7

’

£ 90.0% o]

FA A2 @b 71E A ZR9TEe 21.6% A

3

4

o
5

o
i
Mo
K
N

=UL

T

2) PUOH <

)

1/kg (7.0% ZHa

[e)
3
L

— Az I A 150,930

o

0

JJo

)
4
o

e

S

3 2.1%°]

oA A

F 200 C

[e]

Sk o

- WeA

ket (150 ~180 C)

o
i

vz

Ho

2) YPUOH %Az 4

B YPUOH 30%

3

EXNl

/kg

- A Zw7} 169,322

99.9%2] ¥ oj

-c:;l_

o

o
JJo
o

o

o

by

o

il 0.5%°]

S

- WA 200 CTolA d&

)

Tkt (180~200 C)
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ATFNL

1.

3

°o]-&

KeN
=

By Z29FA& (PUOH, YPUOH)

o

—~
;.OO

2l
o

Ho
|

=K

St

W 7

g0l

of A 7]

S

A3

Ze)w e 7}

wlero

ek

mK

Y
2l

taew, Yo

5

3}

SR

2™ ] MI

3
=

AA, B A (ZebA 2k~ Maleic anhydride) =9 %

c‘)_}__

o
=

gl 5kl

g g

tol 4

)

bgom MBS tE

S

HE

A4 M/B 7

7k 7]

=]
=i
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ATNEe B5x R WY

7},

o

]

ﬂo

)

)

|

29l

g x=
2w el MI A7

]

A %

UOH, YPUOH %9

gal

- M/B9] strand

ng
3

4
B!

1

(D) Yd&

Al

=
=

Single screw W2z M/B
671 YeEFATE. oW 1) LDPE/PUOH, 2) PP/PUOH M/B

o
1=

she e,

A Z

=
=

M/B Az

b E2v

7HA ZE]ts

or
H

}el 0.3 7]

0|45

o
Hlo
il

B

i

Ho

Z g ¢ F A< (PUOH, YPUOH) ois M/B
M/B A ZxFAS 19 689 Yetidet. PUOHS 2% Al =79 M/B 1) LDPE/PUOH, 2)

F59)

o

o

At

3

A Z

=
=

k. YPUOH+= 4) LDPE/YPUOH M/B

S

A Z

=
=

PP/PUOH, 3) PET/PUOH
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I R R

1) UHEFS F3 A7

ﬂ?‘i

Fol iE= M/B A=

O T34 F4S dste] Frhd ez ydE =dste] £35S 3 vhS Single screwH 2 o2
10 phr LDPE/PUOH, 10 phr PP/PUOH M/BZ A% 2 AEsSIG o Ax A E44 R E
$1&l PEgMA, PPgMA, &4 &~5 1~3 phr $FFo =2 =]t ith

d GA 243%& EY= 150 T~180 TH RS
o TALENA M/BA 27 U838 OITOVW ol
3E 799 Zo] 180 T~200 C &=x7oA =3t

@)
m&
_YE
rfo
k1
=2
=
o
o
By
oX
EL
N
il
~{
o to
=

a9 67. HHeAds ol&% M/B Alx A=

3E79. Y3 AES o] &3 10 phr LDPE/PUOH M/B =34 x4
= :

H
& T 2%=(C)
rpm Feed zone \ Metering, Compression zone
Hi1 H2 H3 H4 H5
LDPE/PUOH 220 180 180 180 180 200
PP/PUOH 350 195 200 200 210 220
O EAkAlel UG FA L 10 phr 7 TF9 M/Be 442 A AT, M/BAZ9 529
4T Ae A S8 D HAegron Jdd B4R ERAS AAT 5 T
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FA =(T)
FASE d
Sample code - Feed zone Metering and compression zone
p—— H1 H2 ~ H5 H6 ~ H9 H10
LDPE |_obhr | 350 156 170 170 190
%5phr | 350 156 170 170 190
/PUOH. 301 350 155 170 170 190
PP Sphr | 350 156 180 180 220
2%5phr | 350 156 180 180 220
/PUOH. [0 1 350 155 180 180 220
PET | 5phr | 300 220 220 230 235
/PUOH | 25phr | 300 290 220 230 235
LDPE

25phr | 621 144 163 175 185

/YPUOH

(7b) LDPE/PUOH M/BA| %

O 5, 25, 30 phr®] PUOHE MI=63! LDPE®} &
25 o]8ste] 037147hA] Fshsbed 4A12F &5ts
LDPE +4¢] #¥& =5 §3417 PUOH Y4#4=

}11 U\ZK

O LDPE #Wo] §alHwA PUOH #&e] Fuo] & A &ate] 2 Ha, 34 & &3
o] A3 Fol Aol FHHUNSH PUOH 2o #d4E =4k deayzd &37s
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AFE3ste]l A ZE LDPE/PUOH £3HES $100 Twin extruder® 155~190 C H-LollA =3}
G olu FAHALEE T 03 ).

O 5 phr¥t 25phre] A% M/B7F Aadoz Az=Aqor, 28 699 o] 30 phre 7
Hol A Aile]l & A gof M/B Alx7F Y&3] o] Fojx|=] gk},

tkl

O o]& &3 LDPE/PUOH M/B #l% A] PUOH &% 30 phr o]/delAl&= M/B Ax7F o]}

Foste] HE PUOHE 25 phr= A3

al

25 phr ¢+ strand 30 phr &= strand
19 69. LDPE/PUOH M/B%% strand AHZ

O Az 25 phr LDPE/PUOH M/Be] #t&/dS lst7] #8] KS J 420603 Ak-8-3fo
E. colidl W3 vt Ad APES A8k 99.9% FHELS BHS

¥ 81. 25phr LDPE/PUOH M/B9] E. colil W3t st A A3

Sample code Control 25phr LDPE/PUOH M/B

Photo-images

E. coli

Concentration (CFU ml) 41 x 10° < 10

%R 99.9

(1}) PP/PUOCH M/BA| =

O M=I621 PPol| 5, 20 25 phr¢] PUOHE &z Uz &3%t7]o] F¢3 t& A2 170 C
2 7Fdsta, JAE HEE o] &l 037|947 #Adete Estsidth old, i T 3 EA
E4S AASL PP A9 ¥WS =5 §31A1A PUOH YAE 2 ®wo] F-ZA]Z )

O M/B Alx Al AFgayzt £3t7]2 Ag3d PPol %o PUOHS H &A1 7]+ TWHE 4
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Hir

goto] BAAS Folu, BH WAL Fol 4YHS BY 5 vk

O MFayuzd £871& A3t #Az¥, PP/PUOH =& $100 Twin extruder® <=3}
R ZET7F w=3Es we A9 EFAdo] Eof Aile]l HA il FojA= @Al A
i, XV SE s bEo] AldiE HA gtk wEbA, HA A= 185~220 T 9=
el o # 800 YERHATH

ojfl
lo
Sl
ofy 2,

ofo
ol
ol
s
ot
=t
ox
>
et
o
™

O 20 phr PP/PUOH M/B2] &+t&AS &35ty Y&l E colis A}

AL 99.9%9 =& FHdS B

il

¥ 82. E. colidll g PP/PUOH M/B @A #4
Sample code Control 20 phrPP/PUOH M/B

Photo-images

E. coli

Concentration (CFU ml) 12.06 x 10° 10 <
%R - 99.9

(th PET/PUOH M/BA x

O PUOH 3o w2 gt& 7154 S 893817198 5 phr, 10 phr, 15 phrg 3 809 7o
2 HAESA

O

10 phre] 2§ ¥
o

EZ49 M/B7F AlZH Ao, 15 phre d2lo] ¥ kol M/B A%
S 10 phr2 It oy HA FAHL n

L 220~235 T FFellA o=t

>

EES:

803} 2.

=5

O 10phr PET/PUOH M/Be] &g s &135t7] 918l KS J 4206 AM&3te] E. colidl
3

ek v Ads P8 99.9% IS B
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v

3 83. E. colidl Wg 10phr PET/PUOH M/Be] at7d 4

Control 10phr PET/PUOH M/B
Photo-
image
E. coli
Concentration 5
%R - 99.9

O ol& T3l IFE PET UAY $7]9 dt 478 AWSHAT DI EA st

[e}
9 BPAZL AEHA @3S stk

9 70. 7% PET 2938 47

s A FAE Fas AE A Zgyols P83
S 71 RFE PET 2AE §719) A4 HAE (FAAE7]H)

(2}) LDPE/YPUOH M/BA| %

O FES AAsY] Ys LDPES A AH €9 YPUOH %S Drying OvenolA 105 C, 12 h
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FF Az,
]

O YPUOH #%eo] EAHA A4S ¢ste] 284 H7HAE ¥elon, 955479 300 mesh
o] A& YPUOH E

of

O o] W Twin screw extruder HA2=ZFAL t}S3 2t} & FAL2Lo ZA A3z
2 A AE7E dojd 4 vt vk dstz <l et ASE wAskr] 9s] H1S
L XHO

Feed zone, H2~H5+ E 5 Metering, Compression zone< 144 ~ 185 TH--9]
2 25 wt%e] 2Av|& = LDPE/YPUOH M/BE 19 683 o] A %3}

O 25 phr LDPE/YPUOH M/B¢| d+tgd-& gQlstr] 9l E colie &3t Sy A e
S st a, 99.9% FHLAHS BTt

3 84. 25 phr LDPE/YPUOH M/B®| E. coliel g+ a4 3

Control 25 phr LDPE/YPUOH M/B
Photo-images
E. coli
Concentration 5
%R - 99.9
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3. 248 % &%

7t E8%F2& (PUOH, YPUOH)°] &4 2 M/B /A (¥ 72)

1} g E /B $FAS M/B TAEA

(D) <3 &8 (FH54, o, 244 (219 73)
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(2) ¥A20Cre)xA HAA st

%A% (PUOH, YPUOH) #2e] 4] %o whe Futy A3t % dergA
ol A LEE HA sHack

M
J

a9 74, 7tEyex= A3t

O A %3 LDPE/PUOH, PP/PUOH, PET/PUOH, LDPE/YPUOH M/B¢| A% E.colivl W3}
R 999% i EAdS BTt

(L) Eelvle] 584

©)

H&-x

o

w40l mers S Y, 7hEAE g5 A=Al o M/Be FHEA AstE

Eiasg

Ay

(th M/Bel =4 (& M/B A=)

O %% (4 phr)e M/BE A %3 S 4420 AA=F (1 ~ 3 phr)oZ EFAA ¢
&3t 48 AET VT8 2E vted FAd 2FIAE D EV1EA A8 Thsetth
O FAYE HA Z$FAL g% A4 LDPE 25 phr, PP 20 phr, PET 10 phr

O E2FA (Maleic anhydride, &%+

Xl

| sty ZEu7]FEo2 1 ~ 3 phro] HE7Hseth &



EHAl 2t~ (montan wax)© ZEA dojx]= FEA a2 2 AHAALS HEA &

~ <
{39 B=7b szl a9 Zbey el A este] Eevuyl PUOHSH YPUOHS®| #4t

vl =5t &3 A
Adol MM =t w3 PE, PPol Maleic anhydride Z2tZE ¥ 48314 ¢ Fusabond (Dupont
bl =912 PUOH ¥%, YPUOH #%3 &Ejv b stat4, Be]4 #ox83 #ds &

(mh) &7FALE

— 25 phr LDPE/PUOH M/B: 34,0269 /kg (2,300(#] %1)>0.8+150,930(:&"2)*0.2+2,000(7}-& 1] )

— 20 phr PP/PUOH M/B: 29,0389 /kg (2,200(# %1)x0.833+150,930(3% &) x0.167+2,000(7}-&H]))
— 10 phr PET/PUOH M/B: 17,552/kg (2,000(#]71)>0.909+150,930(:& =) x0.091+2,000(7}-&-H]))
— 25 phr LDPE/YPUOH M/B: 37,704</kg (2,300(# %1)x0.8+169,322(:& ) x0.2+2,000(7}& H] )
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(M) AAd 4
O F7A A= AlsetolE, Ae7tdFry 59 FrIEAd & Abstord, 2 3 2
of gitiol Holyk FHoleg NANZ Ao vhiRolH, ot 3xdde TATEE A
WA 23 Aol $43 S4o] A B AAA FEBAT 2o 454 FudAYE
o elste] &A% wHo| e FAol Ak
O F71A dvtEde drte v 2o (G 85)
Zn0O
Ag .
) (nanoparticle, 100 PUOH YPUOH
(nanoparticle)
nm)
H/kg 3,520,000 2,580,000 150,930 169,222
O Azx3 A 2 ANE S Z v U 3 phr PUOH, 1 phr YPUOH o]4te] HAxA o7
Aestgla A7AE A,
O 3 Aol AAI F7] =4 (0.3 phr Ag, 1 phr ZnO)°o] YEt= A x/dH|
o Y7tE ALt g EYTFASEE & M/Be vttt (i 86)
3 phr PP/PUOH | 3 phr PP/YPUOH 0.3 phr PP/Ag 1 phr PP/ZnO
/kg 6,597 U/kg 8,201 ¥/kg 10,572 ¥/kg 15,841 ¥/kg
7FsH]: 2,000 7FeH]: 2,000 7FsH]: 2,000 7FeE]: 2,000
. A7 2200 ke = | dZ: 2200 kg * | @A 2200 Ykg = | @R 2200 Hkg *
;j 097 097 0.997 0.9
h 150930 o | & 169322 | & 3520000 | 2580000 €
/kg*0.03 /kg*0.03 /kg*0.003 /kg=0.01
ref) Yeo Sang Young, Jeong Sung Hoon, Preparation and characterization of

polypropylene/silver nancomposite fibers, Polymer International, 52, 1053-1057 (2003)
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Ton

AFNL

7},

Z9$F A2 (PUOH, YPUOH)

ATl =

=

A (3

i
ze)

ol
N

A

o
i

=K

1]

il

iz
zel

b=

;OO
T
i)

i

Tor

_Eﬁ

e

P

Bl

o =

=13
=

(1) A1

N

e
il
7ol

-
)

O ##9FA& (PUOH, YPUOH) 3ol w

(7} &9 $FA1< (PUOH, YPUOH)

@O LDPE/PUOH

ka2
IRt

I 6 =49 LDPE/PUOH

9]

me
~,

)

of u}

JHFS-E| A2l BA-19 Twin screw extruder system

87 HERU A,

o

O PUOH 3t

KeN
=

=
T

(

KeN
=

hya
ar

49 kgf/crol™, =%+ Header 180 C, Zone

& o
1~6 (Metering and Compression Zone) 180 C, Zone 7 (Feed Zone)olA 120 T2 Ao =

o)
I=]

O Twin screw extruder 81 (barrel)2]

MitutoyoA}2]

259 FE

2 ume F7Z LDPE/PUOHS EF§LEL Ax

Digimatic Micrometer@ 22

+

70
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% 87. LDPE/PUOH ®-&3d &9 %A

Sample code wt% of PUOH LDPE (g) PUOH (g) Total (g)

Pure LDPE 0 400 0 400
LDPE/PUOH 0.5% 0.5 400 2 402
LDPE/PUOH 1% 1 400 4 404
LDPE/PUOH 3% 3 400 12 412
LDPE/PUOH 5% 5 400 20 420
LDPE/PUOH 10% 10 400 40 440

19 76. LDPE/PUOH %<&

nml
2
EN

@ LDPE/YPUOH ®33E& A%

O Z#$FA& (YPUOH) %9 54 &4 A3 YPUOH 30%E HAXAHOo=E dAwstalil
g3t 5SS AxFA. ol YPUOH #2e #4Hd @&
Polyethylene grafted maleic anhydride (PEgMA)S A| 1w} &= %] Alo A F43Fo] AF-&3}

o]

il

O agteFe] 25 phr LDPE/YPUOH M/BS 10 phro] M/B& A|x3t i, Alxd M/BE ©]&
sted 6 =4 LDPE/YPUOH 5 @4 &S #lzskdch

O Twin screw extruder ]2 (barrel)®] 2%+ Header 170 C, Zone 1 ~ 5 (Metering and

Compression Zone) 170 C, Zone 6 (Feed Zone) 120 C, Zone 7 (Feed Zone) 100 C 2] =24
o2 70 £ 2 ym9] 712 LDPE/YPUOH &3Z &S Alx3k3th
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% 77. 10 phr LDPE/YPUOH M/BE ©]-&

O LDPE/YPUOH =& A% A,

RoAlze] ool

7} YEb T Air knifeS AFE3 "E59 A

Air knifeE AF-&3HA] & A x3H

LDPE/YPUOH 0.5% Z&

49 U YPUOH & =i

UATH HE o gH F FA HAHI}E 9 Air knife =910 U
=
k=1

o}, 18 789} o] Air knifeE A}g-3}X ‘5%9}0

st LDPE/YPUOH &3t &9 Az

o] Frhgtel wer WEo

Bol 4 Fhew, =4

S AN

= = ﬂ
G ol ¥ke] JHA A

Air knifeE A}-g&3lo] A %3+
LDPE/YPUOH 05% &

719 78 LDPE/YPUOH #H&9] 93 g1 2 4 HHsEs s Air knife A&
# 88. LDPE/YPUOH E3E &9 x4
M/B
Sample code LDPE (g)
LDPE (g) YPOUH (g) PEgMA (g)

Pure LDPE 250 - - -
LDPE/YPOUH 0.5% 237.5 11.25 1.25 0.62
LDPE/YPOUH 1% 245 22.5 2.5 1.25
LDPE/YPOUH 3% 175 67.5 75 3.75
LDPE/YPOUH 5% 125 1125 125 6.25
LDPE/YPOUH 1 % 0 230 25 125
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O EP¢FAs F2Y ARk A &S 98 ZBXRAEE A& Ao 28 x4
ol AF&E = polypropylene carbonate (PPC)= 4 Al =3 o|ibstehA g #af ¥ 7] wfiol
dE5e v Fai7bart BAEk A dow) w8 FHA, e AW, =2 e, AR
af 540l Atk olgld AR VIS EANA del AFEH R e WE&EYY dHAVE 7t st
}.

O ol& ngox A Aor xgikge] A &st7] f1ste] &ujiE4t (solvent blending)
WAoo g2 PPC/YPUOH 52 E 6 248 Al=sth. PPC/YPUOH E3E &9 =AY A%
WS 29 793 3 890 YR Sl

a9 79. PPC/YPUOH 5 3#EF9] Alx+EH

¥ 89. PPC/YPUOH 2§80 =4

Sample code PPC solution PPC/YPUOH composite films

PPC (g) DMF (g) YPUOH (g) Total (g)
Pure PPC 4.0 16.0 0 20.00
PPC/YPUOH 0.3% 4.0 16.0 0.01 20.01
PPC/YPUOH 0.5% 4.0 16.0 0.02 20.02
PPC/YPUOH 1% 4.0 16.0 0.04 20.04
PPC/YPUOH 3% 4.0 16.0 0.12 20.12
PPC/YPUOH 5% 4.0 16.0 0.20 20.20
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%3}04 Perkin ElmerAt2] Fourier transform infrared spectroscopy (FT-IR)Z ©]-&3Fo] 4000
~ 400 cm'e] WA FT-IR £41S AAlste] 5482 Fx2 EAs 4

@ BZ2A B4 (SEM)

O E3EEF9 E84 EAFL 384 Fx28T ofyg BREZX A AA o FEsY, B3FE 9]
24 S fEe EEHe 2y e EARgE Z E@rHO] 8% AL A wEkA
B A= ZEv] YolA ZE$FAL BEEe] Eabdd 2 E3ld S elstr] sk
FEIA} ] Scanning Electron Microscope (SEM, Quanta 250) #2418 2 A&t

©

dAdAAd A
O E dAFoi ZTFALE B¢ ol wE EFLEo 44 8
Perkin ElmerAl¢] Thermal gravimetric analyzer (TGA 4000)E o] &3l BEX& A& o
S £% 10 C/min, 4 91718kl A =438

)
Jm
o,
o
ot
rO
ol
Rl
N
do
_O,d
&

O
i
i)
o
e
>
o
Mo
=)
Lo
UQL'

gol| mE HgdIEo] 2o 9 A Fdel tiE Add 2 B F
3to] MecasysAte] single beam UV/VIS spectrophotometer (Optizen
200 ~ 800 nm SA WLl T35t

£ 4

2ok A 1<l Staphylococcus aureus (S. aureus)7} AF&3FATE. E. colix= Strain type DHba
TFE AFEsIR oW, V. vulnificus KCCM 41665, S, aureus KCCM 113355 dtan| A& H &
A (

O s 38 C, FUsE 0%=E FAst e, 24 h 3 LDPE/YPUOH
Bed 5o dAlS CFUS =2 #9213ttt Pure LDPES 24 h %9 + (E coli S
aureus, V. vulnificus)?| ™3+ CFUIA] 24 h %9 A %3 LDPE/YPUOH E3d &9 (L.

ot
ro
ot
oy
N
1o
o =
il
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Pure LDPE® 24 h %9 CFUZ

M
40

coli, S. aureus, V. vulnificus)?)| W3 CFUZ z}z} wj
Lo} Fo] R (%)ZE AT

> = =]
R A Ad 54 24

®

i

O Azxg d5 9 &7]9 Fo g Ad SA4S FA4s7] @A Water Vapor
Permeation Analyzer (Permatran-W Model 3 / 33, Mocon Inc, USA)E 378 T =% 10
cc/min®] AAHFHEHO R 24 A7 B¢t FEF 3% (Water Vapor Transmission Rate, WVTR)
= S35tk

O Alzxg 45 % 879 FE55 545 gds7] 9ste] Surface Measurement Systems
Aol DVS-1 Intrinsic (Dynamic Vapor Sorption)< ©]-83te] 25 T, Ax 7] oA 0 ~
98 % RH WA =A%

=A3t7] 984 8001 Oxygen Permeation Analyzer, Illinois

O AbZol] i3t Ad SAS
o] &35t 23 TolA AAFHE (Oxygen Transmission Rate, OTR)

Instrument Co., USAE
g =439k

O Azxs d5 % ANES JA AEE sty ¢ste] UTM (QMI100T, Qmesys Co.,
Korea)& ©]&3to] 8 A2 30mmeol 500mm/min X2 37438t
O AE &7 (FF) 9o A& A& &dst7] fsted UTM (QMI100T, Qmesys Co., Korea)&

o] &3le] ASTM F88T1L7—.j o] ulg} 180 degree peel testE 2 A&+t
) A+ FF47

(7}) LDPE/PUOH 53%Z &

@ A TR B

2 BA A PUOH w29 $HeFwiste] wr& LDPE/PUCH E3FEES Axstddcth Az
LDPE9} PUOH ®%e] 45288 sy $18te] FT-IR #4& AAsgdon, 7 Avs

% 800 YEFHATE
O LDPEdA WA= CHy, 33E 28459 2934 ¢cm ' (asymmetric stretching), 1453 cm'!

(bending deformation), 1372 c¢cm '  (symmetric deformation) 123 717 c¢cm ' (rocking
deformation)ol| A} 2213}
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O 1595 cm ‘ol A vrEbdt WA e 7vgkel whel I3 A7) b
Z7}8lth. Pure LDPES} 922 v|w S w, PUOH ®%9] 3heko] =7 } HE 1595 cm ‘ol A
Uehd sl g F2e] gAoeo s SR AY A7iwg 9 oF T2 AN A ot o
A LDPES} PUOH ®3¢ 7te] A5 zh-go] oFghs e .

HDbE\bNOH 100

T'DBE\bNIOH 20¢

[CDBE\bNOH 3¢

I'DBE\bNOH 1¢¢

I'DBE\bNIOH 0720?

bAe 'DBE

$000 300 3300 3800 300 3000 1€00 1300 800 <00
mencumuper(cu )

¥ 80. LDPE/PUOH &3t =9 FT-IR +4

@ REZEZZ BA
O E3lg2o Egld EAL 33td LMl oluegl REZ A AA oJFEsY, E3tgE ]
A FAS e Ziver " 71 BEAE 2 &34 o] Fa3 Q) drt

O & dA7elA= LDPE WE= 2~ oA PUOH &% ZAdd 3 &3S &<lstr] 98t
o SEM wA4= dAlstlom, 2 Axg 219 8le] e

O LDPE/PUOH H&EE° W % v gk SEM o|n#e|A LDPE/PUOH +3tE&
Az 5 LDPE WlEg 2 oA PUOH &9 gaFo] T7hshed wel 53 dAfo] =9
A AL el 4 Jd=d, 53] 59 10 wt¥% $FFe] BddEe 4%, PUOH w29 g%
o] Wolx % 7t T AR FAHHE FiLo] FreATh

O PUOH #%°| LDPE WEZ 2 oA &4k 2 =371 & 5#] 831, PUOH
Aoz A o= LDPE® PUOH ++'Z7t =

Lo
o
}011
S
o
o
12
of
o
o
rir
N

O webd, LDPESH PUOH 2u7ke] ik o 7248 A528< 1% PUOHS A2 2 &3
o] 7Het A7k AaAHelol & Ao AW

H
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Sample Cod (a) Top (b) Fractured S le Cod (a) Top (b) Fractured
sonipns e Surface Surface FHNEHS L0 Surface Surface
LDPE/PUOH
Pure LDPE

0.5%

LDPE/PUOH LDPE/PUOH
1% 3%

LDPE/PUOH LDPE/PUOH
5% 10%

79 81. LDPE/PUOH E&Z &2 SEM o]u] ]

O YitH o ZEn vjEYx: Yo dyjo] B9 L A& $4U9S FaAA v
o] 44 gL FUHET # AelA PUOH +% ol we LDPE/PUOH 32 &9
AHEA S 3] Y5te], TGA 24 & AA AT

)
B>
ME
f
N
3
—_
0

=+
[0}

S

il

ME
%
£
r
ftlo

O dwrA o= LDPE® 7% 7tAH LDPE®] FA& 9
random scission®l] 93] &7 dojdrtm LA Yrb3]. B Aol A %3 PUOH #
m =]

o] gial AEL walx ey,

O ¥ 903 #o] Pure LDPE Z &3 w3 & w PUOH g#o] 3%<! LDPE ZE7HA| =

PUOH 3ol Z7}ste] wel 274 L2571 Z718tE 7S 39 d9lon, o= PUOH7}

3%7tA= LDPE®] WEAd S S7HAZItE AS vEebdth

O 1 ol PUOH® & aFo] 3% o|stell A= LDPE WEZ 9 PUOH7L 44 2 &314

o] Fol ZElv A& FAYS HAAA & IHEE FHAZ Aow AddEn. A

PUOH®| 3F&Fo] 5% o]l H4LE A¢ & HS FA71A £ 2 olf+=

PUOH?®| ggo] 5% o]l dE2 4% PUOH &+ S7F Al TA = F84 Jolg] A
- oA 7

£514 9]
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100

(9) b6 TDBE
(P) TDBE\bNOH 0209
(¢) TDBE\BNOH 16°
~= | (9) TDBE\BNOH 34°
30 (6) TDBE\bNOH 20?
(Y T'DBE\BNOH 106°

80 | = f
S
0 [ =
R0700 320 100 420 ‘\
1ewbergime( C) l
10 i

300 100 Q00 800
tembergrmaCr)

18 82. LDPE/PUOH E-3tZ & 9] TGA #4]

3% 90. LDPE/PUOH E3d 59 €4 54
Thermal properties
Sample code
T (C)° Tso (T)° Tioes (CT)° Tages (C)°

Pure LDPE 369.7 422.1 444.4 481.4
LDPE/PUOH 0.5% 380.1 436.3 450.1 483.7
LDPE/PUOH 1% 408.2 450.3 465.4 493.8
LDPE/PUOH 3% 410.2 453.4 468.2 495.9
LDPE/PUOH 5% 353.4 422.0 444.8 489.1
LDPE/PUOH 10% 361.7 452.8 470.3 499.1

& b oo d Temperatures at 1, 5, 10 and 50% weight loss of sample, respectively

@ Bt 54 24
O ¥ ¢FelA= PUOH #+3¢ ¢haFo] w2 LDPE/PUOH H3E &9 #3814 A4S ol
#18 UV/VIS spectrophotometer& AR-&3te] #po]d Apd 548 <lsk il

® ¥, 200~360 nmellAl PUOH 22 ggo] F7hghell mel 2ol &
S 9ar 7%k ges F 9 2 o]vt PUOHoﬂ Qi WAL} sp’ A sp’ A
3 * o] sotrkal AeETH59,601. skA|RE,
PUOHS] ol Z71ato] njeh RERaARA AN FHGAAA FHEL Gooe 2 I
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I't
~ (9)bmeTDBE
__ (P TDBEBNOHO?
. __ () rDbEBNOHI®
N _ (9 TDBEBNOH3?
__ () I'DbEBNOHR0®

() TDBEBNOH04°

I'o

08

0e

0«

03
300 300 <00 200 00 200 800

M SARTATTR TT(TITIT

719 83. LDPE/PUOH E&dE 2] UV/VIS #4

S|
ax

® &

J{m
M

3

O PUOH #+%¢] 3o W& LDPE/PUCH EHFZEo| tiad FdAAES JIS Z 28019
uhel A AJsEA T

O

52 E coli & o] &35
ow gt AlE A= 3

o txad P
910l e A

ke ;‘R

o
-
>

Pure LDPE®] &84 R (%)72 0%°) A9k 1%0l 4 23. %, 10%1A 39.0%7FA <7} 3
o] A& Pure LDPE®] 7% &AL 7HAA ¢ou, PUOH E¢<S 713t o =4 PUOH
o] datdo] LDPE WolA &dd Aoz dokd

dr 0O

PUOH 3l wel aHt54ol S7ketglon), 3a F7bel w
SEM 244 S ot Ao, AT PUOH 229 ¥4
LDPE wlEg 2 oA PUOH &2
e wdsisr A@golda wee

M2>rr O
Iu]
Lo
ofg I
il
o
o:
(¢
(03
9
i
I
U il
o
R=)
ol Sl

3, BabAl U AbdAE ARsle] PUOH 2 @54 Bag G447 F7149]
} =

T7F Aasi.

e O
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# 91. PUOH 3gt&el W& LDPE/PUOH HEE 9 3vtdAd

Sample code Photoimage %R?

Pure LDPE 0
LDPE/PUOH 1% 235
LDPE/PUOH 10% 39.0

“Reduction of viable bacterial cell(%R=(B-C)/Bx100), where B and C are the average
number of viable cells of bacteria on the control sample and the LDPE/PUOH

composite samples after 24 h, respectively.

(\}) LDPE/YPUOH &=

n{m

Al
ax|

O 3

J?‘J

Pz

i

O Alx3k LDPE/YPUOH HE3HE&¢] A% =l 9 LDPE® YPUOH® #5#-8&5& €<ld7]
st FT-IR #4& AAstdien, 7 235 a3 84e] detliich. Pure LDPES] 4%
2847 cm ' (-CHs symmetric stretching), 2913 ¢cm ' (-CHy anti-symmetric deformation), 1604
em ' (-CH3 symmetric deformation), 1470 cm ' (-CH. symmetric deformation), 1376 cm*
(-CHj3 anti-symmetric deformation), 729 ¢cm ' (-CHs Rocking vibration) 3] =7} |7 = ¢t}

O LDPE/YPUOH ZE3#E9¢ Z$ Pure LDPEIAME WA A kel YPUOHS i =
2l Si-O (1052 em )9 C=0 (1721 em H2 &< =27} A EA #&EH AUt =3 YPUOH ¥
o] F7h3te] wel H7bg YPUOHS 1 =91 Si-O (1052 ecm )9} C=0 (1721 em )2 F
o YAyt S7HEE B, ol F3 Wt 2AUE oYd LDPE/YPUOH H&EFo| A

’

[e ) S o)
ZHISS g 4 AU

¥
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130

100 ‘\(’ ' ~

80

Q0
[DBE bNKE
I'DLE\ABLNOH 0269
IDLE\ALNOH 160

- IDLE\ABLNOH 369

10 I'DBE\ABNOH 24°

DLE\ALNOH 106?
| | |
S0
000 3000 3000 1000

maaermnar (err N

19 84. LDPE/YPUOH E&Z &9 FT-IR £4]

’

%S shele 4= 9l9low LDPE/YPUOH 05% kel YPUOH7} UEREA EHo] A
o]

PN
F% 5 AUk

¥ @dS A3 A} Pure LDPEY Wy 2HS B vjndy FAHE 2
0 o

jitalk

— m
S
e}
=
0
=3
5
)
192}
2
)
rr
Py
o
Jﬁ‘i

O gtFo] F7hghell whel W 9 @A YPUOH gHeFe] S7hste A &lsksivh. Al
¢ LDPE/YPUOH H3&¥E& #W % ¥l 9= YPUOH®O A+ 10 ~ 15 ym= SEM
S %3 ¥ YPUOHSO Hit 9% (146 um)9t X eE= AL Kol 53 o] dojuix

A )
3 onEA BAaEa B

G2 Hro RN

£ YPUOH”} LDPE ®jE &g 2~ o
ok a1 2 53 Ao Agrow YPUOHS
LDPEZFS] & ztgo] oFslthi= &4—% 9] 1?&‘;}[53,65 2 oy 9 Id5 Ax HS e
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%q A5, gl 5%, 10% FENAME T3 Aol #AFA ki LDPE wWEZ 2~ 1
YPUOH7} a2 A #4t=o] &S <l
(PEgMA)«] Abgoz Hakrdol A

__m&al

Bt 5o dWs By 3heFo]l Frste] wigl YPUOH 9] st &= (cavity)7} #H2= S
Ze) 7]¢1skt}. o]o] YPUOHS} LDPE® &34

Sample code Top surface Fractured surface

Pure LDPE

LDPE/YPUOH 0.5%

LDPE/YPUOH 1%

LDPE/YPUOH 3%

LDPE/YPUOH 5%

LDPE/YPUOH 10%

19 85. LDPE/YPUOH &-33 &9 SEM o]n] A
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® dergA B

O YPUCOH 3t&e] W& LDPE 5L E9 dA54S AuE7] 918t TGA 45 AAs

Row, 1 A¥dE 17 867 & 924 YERATE 5% FTHFAATE dojueE &%+ YPUOH
%%01 < 7Hgtel w2} LDPE/YPUOH 5% A&7hA & Edgdo]l 7Hgs el o=
LDPE WjEg 2~ o] #4kd YPUOH7F 4 AbEE9 49U E Algstr] wiiol] &3 &%

7F et viar Ak o70].

O LDPE/YPUOH 10% Z &9 A% 5% T #4427 doju= 2571 4511 C=, Pure LDPE
of H|3|= detgAdo] F7eAI R, o iﬁéo 23 vuslg S we A FH34L &%
] - A

7F GolR S gold & oded, o B 2314 o] FAl9t LDPE
5o vls] Hlug vre 2xoA Fa7F dojuhi= YPUOHS o= debgddo] A=
tta B

# 92. LDPE/YPUOH 5 &I &9 44 54

Sample Thermal properties
P T30(C)* Ts0,(C)" The(C)° Ts00,('C)°
Pure LDPE 436.6 44777 463.6 499.3
LDPE/YPUOH 0.5% 446.7 456.7 470.5 502.3
LDPE/YPUOH 1% 452.5 463.5 476.3 504.6
LDPE/YPUOH 3% 452.2 463.6 4777 506.4
LDPE/YPUOH 5% 453.1 466.5 480.9 508.9
LDPE/YPUOH 10% 429.0 451.1 472.8 507.0

* Temperature at 3% weight loss of the sample
b Temperature at 5% weight loss of the sample
¢ Temperature at 10% weight loss of the sample
4 Temperature at 50% weight loss of the sample

100
80
Q0
b I'DBE
N I'DbE\ABNOH 020
0 T'DBE\ABNOH T4
I'DBE\ABNOH 30
I'DBE\ABNOH 209
TDbE\AbNOH 105
S0
1 1 L‘ L
0

500 <00 00 800

Tembergraial )

19 86. LDPE/YPUOH &3 &9 TGA #4
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53] }QMM] o] 3k /‘\_IIH7 Z937] o
B3l= Aol FQa a4,

=
\‘,

O YPUOH &l w& LDPE/YPUOH H3FEEe] #3st4 EAS dolr7] $3] UV-VIS
spectrophotometerS AFg3to] =z A (200 ~ 400 nm)E g3 7FA1 34 (400 ~ 800 nm)F S
o Mg SAsH L, 1 Z2AE ¥ 870 YERSITH

A Az 200 ~ 360 nmoﬂ/‘i YPUOH &#o] S7kstel] we} zejd &4 327t &
olgr 4= gt} 1 o] F YPUOHoﬂ A= WAz s} sp’ AT spb Ao FH AR
ZEA AL glof #pe)d 3] Weo] F47t Jhsstrhal e E vh59,60].

O @4, YPUOH o] Z7hgtel whet "o Bruaun AAw4 Feloqe] w3}
gol Badt AL AU W] FHAL FAGANE A3 AEHE 2@ 7]
J A4 A7k Bew Aoz AR

'8
re © BMG[DBE
| ____ TDBE\ABNOH 0'2°
It ~ T'DBE\ABNOH 14
DBE\ABNOH 36°
] ____ T'DBE\ABNOH 26
N I'DLE\ABNOH 1040

1o
08 |

oe |l

os |
00
500 300 00 200 @00 100 800

MIAGTGITR AT (TITIT)
19 87. LDPE/YPUOH 533259 334 54 4
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® it

A

A 7
O Az3 LDPE/YPUOH —‘%JEJDA Ao gisk AEEAS &135t7] 98] OTR (oxygen
transmission rate) =4 < ]’3}‘319—“{ YPUOH 3&t&o] & 2pEA WH3leE 18 88
Bl 4 A3 YPUOH &HeFol F7hstel whel AbA F3ke7h H4st

O ol EdE Axd HFAFo] & 2 Aol i AEELS 2 :
T R Ak AR AE EFor A8 ThesAde Sdsint

O o] LDPE/YPUOH EZ &9 384 FxHU= EEZX gt Jgo] ¢ & Ho=
deg}

1000
1400 [
1500 [
1000 |
800
€00
400

500

0
0 1 N 3 < 2

AOTIRTI? AT TT ANTT (\0)

“1¥ 83. LDPE/YPUOH &2 &2 OTR,
WVTR &4
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® FEAG 54 1A

O AZ3% LDPE/YPUOH EH3HE &9 At M2 FESFTE&S F2ls7] $1sk4, 98% RHel
A DVS #4& AAsAa 238 = oo FESFES E 939 YEeEldY. gty o s
£5 2 IF FAHAA HIHAZE FES wol S5 4$ 7EAdol "olAa 7| E7) @AY
sto] F4 & A3A 71 A Eot
O A|%3 LDPE/YPUOH E&ZE9 A9 YPUOH o] Z71ste] wi} RS 580 27}
3ttt ol AUldoZ N5 FRE zhE YPUOH 229 Tgoz 23d Aoz Algdr)
[18,71].
¥ 93. LDPE/YPUOH E3tZ &9 155 54
Sample Water uptake (%)
Pure LDPE 0.07
LDPE/YPUOH 0.5% 0.11
LDPE/YPUOH LDPE/YPUOH 1% 0.12
23gE LDPE/YPUOH 3% 0.19
LDPE/YPUOH 5% 0.23
LDPE/YPUOH 10% 0.25
O Alzx%t LDPE/YPUOH E&Z &9 & ts AdEAAS &A35t7] sl WVTR (water
vapor transmission rate) =#A & AAEd o, YPUOHO o wE 2 EA AyE 7
94ell ettt WVTR 24 23 dixza Bt YPUOHF Hfd 5] 4% ¥ 8 F
H22 w4tk YPUOHE 434 &< LDPE 922 103 g/m’daye e oM,
YPUOHE &3 LDPE/YPUOH 32 &< 49 83 ~ 65 g/m’day® @< HIth

O 53| YPUOH & o] 05%lA 10%% Z7Fgel wet 83 g/m>dayolA 65 g/m*-day= 3
2ot A4S How, o5 T3 YPUOH £¢9 H7F= <Qlste] LDPE WlEE 2o &9 A
FaAte] 35 g8ttt YPUOH X=9jo] LDPE ®lEZg 2~ U 7]A o] 4= (tortuous
path) & Z7FA A 9SS =oFAvha BohEvt5256].

3 94. LDPE/YPUOH 53259 & F34% 4
Sample W\;TR
(g/m”-day)
LDPE PURE 10.3
LDPE/YPUOH 05 % 8.3
LDPE/YPUOH 1 % 7.2
LDPE/YPUOH 3 % 6.8
LDPE/YPUOH 5 % 6.6
LDPE/YPUOH 10 % 6.5
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@

oot

TR s
O YPUOH & & & LDPE = S Eelsty] fste] dFEERE aEeA
I E. coli®t V. vulnificus, 1% %F3 3 S aureuss AHgatlow, ZIS 7 2801 WS AF-&31o]

Ak eH53].

H 3l
=

1

©)

28l o AVE3E E colie= U
22 A Fo EA5te AW S
A9l YPUOHE E. coliol

&3to] A z3 LDPE/YPUO

‘/}_E}]‘H}J\J—- THZ"TLLE-E*‘ ‘3o

,d
o

[oXKe) )
ATE do2 F2 5, T2, A ALk S5
5

1. okl Aol TPM Tz gl

ol

p=2
[}
=
1__vJ--Z
=
=

]_

©
X
Lo,

#HS Btk 2 5 YPUOH 30%
g dadyd 4 A3= % 95, 96
L

& 12 [
¥ 5
Q S oo
v
=
Do
J
[\

rj,J E
mog
i

ﬂllo il

O YPUOH7} A3 34

i)

3t TolAe o EAol BHHA gkort YPUOH &= 1%

FES 90% o)l E=E deEs Hlal, 53] 3% % ol BEolA = 99.9%9] =& @
TEYE B2

S. aureus GA AT Al HOoE TRE Alwro] H]3 Aol

= | wlsl el mk Aol Astar, A
Zete] pH 45 ~ 9.0 HHOHH FA8H We ex W9 (12 ~ 45 TOPINE Bgete
Gl et ASe] Astr] wiol AAAel FHesAl LEskaL ATH5B4,73].

o[ﬂ O

O o]l& Qlaf A& F=9 FFole EASHL 3o AFol 2d=H 7teAo] =ol AF A
A Q3 gF A AH12]. S aureusel W3d LDPE/YPUOH E3ZE9] #4232 %
960 YEFNAT. YPUOH 3 3% w|Rbol A= &S RBolx] AT 5%, 10% ZEE o
A= 80% ol dirAdE Ho] Alx LDPE/YPUOH &E3EEo] xS aureus®)

W& odAsed B3 Ak S FAdg

O w=r9] A% FAFS Anv|7} @ol Salmonella, Campylobacter 5l 2% 255 Ab# 7}
AT, Euete] A FAE S &MY Wotl Salmonella Vv 0% Vibrio ol ©F AT
T A7t =0 53 odRE AR E7)= fEvd, 98, FEokAo SelAE
Vibrio itell ¢33+ A F5o] @ol wAsta 53] fejuygtd = ofFHol ofsfj7o] A ¢
g Vibrio v 255 % RIWe] dAdste] AE A8 A4S EA7F o 16l

O A 2383 YPUOHO Wi3gr &4 Ad A3 V. wnificusol thatel TPM §akol] #-7
o o i FA4S HYT, 1 F YPUOH 30%E A3}
o A z3 13 »JEA V. vu]mﬁcusoﬂ e gradd =4 A= F 960 UeERATh

_EI.‘_

O AT5e Fshs diAd d50l g I3t 54 £4 23} AxF LDPE/YPUOH 3§
AEol $% It 5SS AYs s FAAsA L, 1%"&*3&&4 ARl | &b
2 AL FAstArk. 538 agsAdwel 4% YPUOH 3 1% ool 99.9%9] =& &t



$4e wol BN F Ao BUSATh oF Fol, AF A4 44 AL AT 5
golom, 1 FAME o F A7 A8 A vnee AAFS Fuste @l oI G
£9E AT 5 9L Aow AnH
3% 95. LDPE/YPUOH 3%, 5% Z &9 E. coli*l Wigh 343

LDPE/YPUOH 3% Z+& LDPE/YPUOH 5% ¥ &

O &3hirF(spergillus niger ATCC 9642, Penicillium pinophilum ATCC 11797, Chaetomium
globosum ATCC 6205, Gliocladium virens ATCC 9645, Aureobasidium pullulans ATCC
15233)° Wk 3 phr LDPE/YPUOHZ & 9] &#Fold& &lsty] #fste] 357, &= (29 +
1) C, Zis%E (90 £ 5) % atoll A A g A3, Ape] WFo] QIAHA &

19 89. 3 phr LDPE/YPUOH & &9 3#3o] 54
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X 96. E. coli, S. aurues,

Vivulnificus ©J tf 3 LDPE/YPUOH & &4

Sample

LDPE PURE

LDPE/YPUOH
0.5 %

LDPE/YPUOH
1%

LDPE/YPUOH
3 %

LDPE/YPUOH
5 %

LDPE/YPUOH
10 %

Photo image
(E. coli)

Concentration
(CFU/ml)

49 x 10°

43 x 10°

36 x 107

83 x 10

< 10

< 10

%R

12.2

92.6

99.9

99.9

99.9

Photo image
(S. aureus)

Concentration
(CFU/ml)

286 x 10°

090 x 10°

337 x 10°

271 x 10°

042 x 10°

003 x 10°

%R

85.3

99.9

Photo image
(V. vulnificus)

Concentration
(CFU/ml)

58 x 107

< 10

< 10

< 10

< 10

%R

99.9

99.9

99.9

99.9

99.9
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T = =
¢ dgow
TrA>el whet

et om WgEo] L9 AR
o] Ag7beAd e dotny] S8 <A
HAES a3l

3 H 5o I o) Q=g A~ 7 = 5 [}
O AFAMFAEE £ 970 At EFE2E 23 B AF o] 7 2k
T [e) & =]
© s glsdn
3z 5l6 H3ly =2 o] Q=g A
97. YPUOH 3 53459 &§FHZE
= -
SEHZE 23
A| SHAMAN /\_|
oo ™M
FEVELE CT13-108993
6. A2t
1) LOPE/YPUOH Film(Pure)
ANEEs B JIE3 Al REEE]
EEG) /L 1 0lat (1) =228
SE DUAMVE LH|Y m/L 10 0I5t (1) 1
SE SLRES 4% &M mo/L 30 0I5t (1) 4
Pure LDPE S& SLREE 2 mg/L 30 0I5t (1) 4
S& SLREE rue /L 150 013t (1) 4
SE 1-Hd 4 % B mg/L 3 olst (1) =2E
g5 134 2 mg/L 3 olat (1) =2s
S5 -4 e /L 3 olat (1) =228
B /L 15 0I5t (1) 228
EE mg/L 15 0I5t (1) =28
S& 1-S6 e ng/L 15 0I5t (1) 228
> THE : Polyethylene
— 0l 3 0f ¥ -—
SIAMA _|
ANEEHEK
EEVELE CT13-108994
6. A2
1) LDPE/YPUOH Film(1 %)
Aggs ER JlEx Aggy REER]
SE& 2(Pp) /L 1 0l5t (1) EER
S5 JUANBE LY /L 10 0I5t (1) 1
LDPE/YPUOH SE SLESE 4% 24 /L 30 0I5t (1) 4
25 SLEEE 2 /L 30 0I5t (1) 4
gl =
4= (1 %) 22 sua=E g o/l 150 013t ) 5
28 -84 4 % &4 /L 3 olst (1) ==
SE 1-8M 2 mo/L 3 olat (1) =28
S& -84 ryE /L 3 oI5t (1) FER
S5 1-36 4 % B¢ /L 15 0I5t (1) =28
SE 1-36 2 /L 15 ol (1) EE
g5 -6 rHE /L 15 0|5t (1) s2s
» THZ : Polyethylene
— 0l 3 Of W —
A| t=2 P S /\_|
[= N ]
HEMEHS : CT13-108995
6. AlEZ
1) LDPE/YPUOH Film(5 %)
REES Eo JlER REEE REEES
S8 2(Pb) mg/L 1 0I5t (1) 228
LDPE/YP H SE BUANBE L0 /L OES (1) 1
UO SE ZUTRS 4% mg/L 30 015 (1) 8
S5 SLERE = /L 30 0I5 (1) 4
5= o
45 6 %) SE ZUUEE roE no/L 150 013t ) 8
25 -3 4 % B4 /L 3 ol (1) =2s
S5 -84 2 ma/L 3 olat (1) =28
S& -84 e /L 3 olst (1) 228
S& -S04 % B /L 15 0I5t (1) 228
R /L 15 0I5t (1) 228
g5 -3 rHe /L 15 0I5t (1) =228
» THE : Polyethylene
— 0 3 Of ¥ -—-
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O YPUOH #%e] mEAAZS AES 918t PPC/YPUOH 53 IZBEEAES ATF3A L
O E. colidl st &4 EAZA3 YPUOH =] npal 1% &2F o]e] =EXE 999%9]
=2 gt EAS Btk

O PPC/YPUOH FEXAEL ALFAY A4 SH7} 5810 garddo] x&3 olg)=
ol o] XA ol thgdt atdTF oz HGo] yhed Ao dAutHTE

¥ 98. E. coli o W3 PPC/YPUOH & &9

T B

Sample code

Pure PPC

PPC/PUOH 0.3%

PPC/PUOH 0.5%

Photo-

image

Concentration
(CFU ml)

29 x 10°

31 x 10°

2.7 x 10°

%R

Sample code

PPC/PUOH 1%

PPC/PUOH 3%

PPC/PUOH 5%

Photo image
concentration
(CFU ml) < 10 < 10 < 10
%R 99.9 999 999
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(7}) PUOH
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]

B
ToR

@ PUOH

=

=

5% 9]

o= 1.25%, 2.5%,

<
RS

ke
LN

s

1}

Kol
=]

st u

[}
oG Am Zel A LLDPE (MI 32)¢ll 20 phr PUOH

7rstel B

9
J

g

1
-

=

=

317]
M/B

)

T

Sk

FA T

IS

Ry

A71doll A 20 phr M/B (2] $FA|E 5 phr), 10 phr (3

A Z

e 5-FA e

Al

A| Z:
phr), 5 phr (&2 $FA]& 1.25 phr)

stel M/B
45

7}
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&
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a9 91 FYFFAE I 22 45 Ax
@ PUOH ¥+ = ¥ EF 4
b kA AEEAY A
O AbAe] oist A EAHS SHs7] f8lA 8001 Oxygen Permeation Analyzer, Illinois
Instrument Co., USAE o] &3}o] 23 TCollA AAF 3% (Oxygen Transmission Rate, OTR)

E =4 st YPUOHS & &Fo| & 2AAd 545 1 999 e AT
O OTR #4 2y, "z YPUOHZF e ZEo] vl =3k AAFHE e BT 71&
of = XA AME Tl AEY HuEdS o, v FE AGEAAS B olE EY
2 E ZESFAE g 2E5S X LA S w VS 25 FASHA 8o
Vs Aow FAud
® 99. PUOH ¥ & x4 259 AaxadE5d 4 85554
Sample OTR (g/m2-day) Water uptake (%)
Control 2590 0.07
LLDPE/PUOH 1.25% 2349 0.09
LLDPE/PUOH 2.5% 2888 0.12
LLDPE/PUOH 5 % 2754 0.13
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=
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to]  Surface Measurement SystemsA}]
J_?L

stof 25 C, A4 917
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=

DVS-1 Intrinsic (Dynamic Vapor Sorption)

BRIt &4 23} PUOH ¢ %o
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S E
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S

<00
T A5
at7] 4

300
T 16 (i
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=
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}-
Al

bNOH 3720
bNOH 20¢

bNOH T°326¢
coupof

100
Al
=
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=
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00
/\E]

19 92. PUOH 3
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]
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=
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8 3000
Phkny

-~ 16121[6 216UB[
3 - T T _ | 000
: e -
L =
: ] Ioog
Ral N
= [ 2
g [Sa}
3 7 B
0 &
—
= &

§ s

K -1000

| | | | | |
0 -3000

COUIGIT2 OT LANIT (MIN0)
%9 93. PUOH & = X% 59 7|44 A=

i

© AGAd 23

at

O A=3 PUOH &+ =X% d5& &&ste] A& A= fAE fAs) 4% AZLdd=
( =]

AN on, oy AgE Fe

O YxTo2+= PUOH 28 63514 %S LLDPE ZE(XA & EAA AL&stE E4A)])
S AFESkA Tk

O AAAE Az} E. colitt V. vulnificusol| W3k v A= *@
PUOH7} 8Hf-% A &2 pure LLDPEe] # 73k %94

HA ehokal, 5UAH wvh S7kske] 159

A &L 7]E XA vlE| PUOHO] e dEoR XS Zo Af E colitl 4% AE

3
2
%

O V. wulnificus 7% A7 1092 74A = o] HAERA &gka, 15U xte] PUOHO] &85 X
& MZoATE o] TAFJY. V. wulnificus + TCBS wjAo] A =
Aok, & 1003 Zo] HEF-FAEZo] Trd FEolA e ol A

O o]& &3, Alx=% LLDPE/YPUOH H§ZFo] AAl= = x4 A&sdS W E coli%t
V. vulnificus®] A5 Al Z7E v AS #AdE ¢ AN, Vs 2FARA Y T

[e] o) S >~
e AT ¢ ASdT
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300

— KEE

S0 bNOH 1'32¢¢

bNOH 3720
bNOH 20¢

S00

{20

100

20

nvyIx

% 94. E. coli ©| W¥ LLDPE/PUOH

Byage FTA

@ Azx=A7}

2 O
2
BN
_0|L
2
Do

- AzY7F 984 20008 /kg + 2

2,000,0009 + 3,000 Kg = 6709 /kg
3) PUOH &% 20 phr 7} 71+,

PUOH % 150,930 ¥/kg

PP/PE 1 kgol =

O ol& &&3sto] 3 phr PUOHE

=55 Ax
el wl&] 229/70 (55%) FEsith = F5FAZ

¥ 100. 15¥%t V. vulnificus °l g
LLDPE/PUOH®| &tAd
CONTROL LLDIPZEQP;OH
Photo image
(V.vulinificus)
%R - 999
LLDPE/PUOH LLDPE/PUOH
25 % 5%
Photo image
(Vivuinificus)
%R 99.9 999

colw, A M/Be AlxdrteE vEd 2k

=% 200 g 7] 30,186 4.

A7

A7}l

- = B% spec : 100mm & 20pme] PUOH 20 phr M/B 15% 7} #| % (3 phr PUOH A 7}).

- Az At AE 2

e T 389 (d4n] ¥E) + M/B (F 85 25g/170 x &
= 40.2¢

x 30,186 /kg x 1kg/1,000g = 2.2¢)

- 154 -

KN

A7}t

2 30,186¢ / 1.2 + 7FHl 6709 /kg = 27,3809 /kg

40290 % 7]E = BFH[E (38
g AEIAE e gk

A7 & 0.2 x M/B 0.15



O 7]|Z2EA A% 6 A2 LDPE/YPUOH E3qZE<S 2d7] (ISA-350-10, Innoseal,
Korea)E AF&3to] 2124 76 mm x 270 mm (7F2 x AZ), WAF4 60 mm x 270 mm=E
ZF XY BEEYOR A

O Alx% LDPE/YPUOH HHZLES &&sto] AFe Ad= A& f8 A% AdAITS
At om, ojw] AREgE =2 20149 9Y AT E FGAA AHT = (Chassostrea
gigas)® SAR THE H 2 g ~ 8 g o, FY MFH3 AS AEFA

O = §ZH 150 g a4 200 mlE Azt Hit g-¢xo gof Y&Eo] Eejvex] %
= A2 992 Sl FES 180 TolA 3 23 A¥gs & A&y 43 2 4 C
ol A 104 3F A%ste] Aol AL-&stTh

O = 2 g¥ 35 80 mL& 7tate] 33k & AEFTE @A 3|Aste] d5F SAHE ARE AL

L3949t V. vulnificuss= 2% NaClS 7} TCBS (Difco, USA)E AF-83}o] peptone water®

A A3 FAd 01 mLE HAEDsta 38 CollA 72A3F w3t AL, E. coli= Petrifilm

E. coli/Coliform Count Plate Petrifilm (3M, USA)E HlA 2 AFg3te] s4d 1 mLE HF
$ 38 CTolA 48717k vj%kste] #45 SAsHATH

O LDPE/YPUOH E3EE9] A wdg HHo

(colony forming units, ©]st CFU)¢} vl ste] &t AdS &stan. 4 ()& o]&3te] R(%)
S Ate T G ERS 9A e tlERae] 24413 $o] ol tigk CFU A 24417 $-9]
LDPE/YPUOH H3E &9 o digt CFUS wlE 5 tixa CFUR yro] A vl &S
Al bs i ot

O WxwoZE YPUOH oS /34 %S LDPE 255 41833tk YPUOH gHekol

uet Axd H¥dEF 5 YPUOHE 10% $H#3h 259 49, Aol HA fol &F BYe

2 AES F o] umA 240 disiAT 23S Akl o=, YPUOH gtFo] S7hst

of wel 25 mwWe A 17} 17}0}211 w3 45 g9 2 dde] e YPUOH & o)
. . o

O E. coli®t V. vulnificus®| W3t A2 2332 a9 923 7 999 Jefuigitt. YPUOHZF
SH = Al %2 Pure LDPES A3 =9 A9 A 33U 744 = E. coli7b RS A kil

5AANE E57 Fkstel 1094 ANl SRSk V. vulnifcus 35 A% 597 7}
At el MARA 99, 1097e] TCBS WA el A wehas 324 Hehe FAser.
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O YPUOH7} e dEoz2 AH3 =9 2%
A3 AyEol A Qixﬂ Y93, 712 F AR
At

["_81_'4
2
ol
pIe
rlo
—_
O
@
E
~.
=)
o,
ol
o,
=N
_[

mlm
%

XA HE39E Wl E colist V.

O o] %3], Al%3 LDPE/YPUOH E-3tgdEo] AA=
= s g% F AR, 7 ZHAERAY T

vulnificus® 35 oA &7t ok

o B = =
S AT 4 AU

1. i 101. LDPE/YPUOH &332 &9 = 24 9 V. wulnificus o gt 1547ke] A4 3

LDPE LDPE LDPE LDPE
Sample code | Pure LDPE /YPUOH /YPUOH /YPUOH /YPUOH
0.5 % 1 % 3 % 5 %
Packaging
Photo image
(V.vulnificus)
%R - 999 999 99.9 999
3500
L 4:7 I'DBE bNKE
120 e TDBEVABNIOH 02¢
I'DBE\ABNOH 1¢?
: T'DBE\ABNOH 3¢
I'DBE\ABNOH 2¢¢
100 [
20|
oF
1 1 1 1 1
0 M < Q 8 10
nrorgfe e (agi)
¥ 95. E. coli o] W3 LDPE/YPUOH &30 &9 Zx4d 2 A4y
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do=
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S

Atk I Ax[7E AES 7€ = & F68

O Alzx3% PUOH

4K

o
G
—_
o

W

p—

0

0
o

it

Al E. coli, V. vulnificus®] A5 |

b o,

O

|

gl
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s =
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ANFAE A3 E coli, V. vulnificus®l A5 Ao &7}

R e
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do
e
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23!

] a

g 2

A& (PUOH, YPUOH) #

of Z5F Z3rt
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oF

=K

2!

94

8

el

7hH A+ A

iz
jaze)

ai
fad

-

Al

=
=

O PUOH 3 At

Ny

718 &9 95412 (PUOH, YPUOH) A E Az

=K

Ho
N
o

Njo

=K

A

}\].Ti

=
=

@ PUCH 3t A}

Az

]

/\]E

=
=

b PUOH 3+ A}

b o,

5]

=
=

7T 2Ho= A}

}+] LDPE/PUOH

o]-&3

=
=

O 25 phr LDPE/PUOH M/B
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