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<Summary>

» Study of the production technology of eco-friendly functional material for extending
the shelf life of food and application of it
development&production of anti—microbial&nanocomposite material for HMR packaging
Purpose |P Study of the technology to control the functional mechanism of freshness —keeping
and material and application of it
Scope of |control of the freshness—keeping mechanism such as anti—microbial characteristics of
Project |functional material for HMR packaging and application of it
» Development of products for HMR packaging
4 kinds of products for RTE(sandwich, kimbab) and RTP(salads, sliced fruit) by
application of newly developed technology
1. Development of eco-friendly anti-microbial materials
(1) extraction of cellulose microfibers from agricultural wates of onion and garlic
(2) development of chitin—silver hybrid nanoparticles
2. Development of prototype wrapping paper extending the shelf life of food
(1) development of anti—microbial wrapping paper coated with a ternary blend of
carbohydrates and grape seed extract
(2) development of water resistant/anti-microbial kraft paper coated with LDPE
3. Development of prototype film extending the shelf life of food
(1) development of carrageenan—based antimicrobial bionanocomposite films
incorporated with ZnO nanoparticles stabilized by melanin
(2) melanin-mediated synthesis of copper oxide nanoparticles and development of
functional agar/CuO nanoparticles nanocomposite films
Results of [(3) development of master batch and film for making functional HMR packaging
Project |4. Development of functional food packaging for sliced fruit and vegetables
- 4 packaging products for sliced vegetables, 1 packaging product for sliced fruit
5. Development of functional food packaging for kimbab
- development of wrapping paper coated with anti—microbial materials
6. Development of the technology to control the encapsulation and the activation of
anti—-microbial materials
(1) measurement of complex anti-microbial characteristics
(2) measurement of encapsulation capacity of anti-microbial materials
(3) measurement of emission of anti-microbial materials depending on relative humidity
7. Development of HMR packaging using the technology to control the encapsulation
and the activation of anti—-microbial materials
(1) preparation of coating agent using the technology
(2) development of packaging for sandwich using the technology
® Application to other products by developed basic materials technology
Application ® (Commercialization of products through .improvement apd mass production
Plan ® Enlargement of HMR market by extending the shelf-life of food
® National health promotion from the improvement of food preservation
® Export promotion of HMR packaging developed by the project
Key . . . .
Words HMR eco-friendly cost effectiveness packaging | freshness—keeping
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2-4. AFTIU&

) 2 AHgEte] AFR O )
A A8 RARAY BE SFeA

Frol rHsS 53§ F due} nhy 2/)E AA HRSERE d%oH, 4E AV2E wEd
Futet vis A2 @A AFETFEIALA RSkl ARESEGITE. Analytical SH ¢ sodium
chlorite, sodium bisulfate, ethanol, toluene &Sigma—-Aldrich Co. (St Louis, MO, USA)°|A -
fske] ARgsSITH

(2) AAe
RE ANgEE 4 F ulg B2 AZEA FAZ 3 800C oA 24 AlZF AzREAT. ARARE
cutter blender& AF& slo] A E3t & JEEA I} AEZQ Aslo|H FEFof AL&3F3H

(3) gt A
7t A 29 a-cellulose, hemicelluloses 2 lignin S 318h%] EAH S AL&3le] 33ntE =4

ste] zAbstsieh,

@ AN FEE
oo} mhs E7] %

e Ao % A
AFR O A AfE

1l

oM da Ad R dEE FEHS AHEsH

4 8
i
i)

ol
20

A
.

x@ e

(5) Characterization

7y Afraer v Ald 4 A8 FTIR spectrag Attenuated total reflectance-Fourier transform
infrared (ATR-FTIR) spectrophotometer (TENSOR 37 spectrophotometer with OPUS 6.0
software, Billerica, MA, USA)E AF&3F4] 4000-500 cm-1¢] W 9ollA AL T

ZF AfiA AR EordA S thermogravimetric analysis (TGA; Hi-Res TGA 2950
thermogravimetric analyzer, TA Instrument, New Castle, DE, U.S.A.) "o 2 ZA}&}A ),

Zt Aot vAdRA AR vAHTFZERE FE-SEM (S-4800, Hitachi Co., Ltd., Matsuda,
Japan)& ©o]&slo] ZALSGT
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Fukel vhs E7] B et vhs A A e dE2 Table 10 yebd mie} o

Table 1. Chemical composition of ligno—cellulosic fibersl)

Fibers Extractives  a-cellulose Hemicellulose Lignin
Garlic stalk 2.5+0.71° 49.8+1.8° 17.5+0.9° 28.6£0.7°
Garlic skin 3.4+0.3° 41.7+2.1° 20.8+1.6° 34.6+2.4°
Onion stalk 2.8+0.4° 455+0.9° 25.5+0.3° 26.2+1.7°
Onion skin 3.8+0.0° 41.1+1.1° 16.2+0.6° 38.9+1.3°

1) Each value is the mean of five replicates with the standard deviation. Any two means in
the same column followed by the same letter are not significantly (p>0.05) different by

Duncan’s multiple range test.

vtz dute] 7] 2 AHAAL 41-50%2] a-cellulose, 16-26%2] hemicelluloses % 26-39%2]
3 Qi) o)== o5 FAMH ALY o] cellulose, hemicelluloses, Zligninl = -4 & o]

2=
glov], olE Fcelliose’t FHRS o731 Y& & & Atk oF FA AU My e
AEZO FFE o5 AT vholo Fen Aol Mz FHAOLAL o FH5Aol
b A AR
(b PATE

a9, 92 F9et vie

19, 9. Photos of (a) onion skin, (b) onion skin cellulose microfibers, (c¢) onion stalk, (d)
onion stalk cellulose microfibers, (e) garlic skin, (f) garlic skin cellulose microfibers, (g)

garlic stalk, (h) garlic stalk cellulose microfibers.
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ANE

19, 10. Microstructure of onion and garlic skin and stalk flbers onion skin, (b) onion skin
cellulose microfibers, (c) onion stalk, (d) onion stalk cellulose microfibers, (e) garlic skin,

(f) garlic skin cellulose microfibers, (g) garlic stalk, (h) garlic stalk cellulose microfibers.

SEM W51 AE el S Aesh £ Fehe s AAgE nel TR0 dAudsl A

$ (Fig. 100), 924 faE shte S0 dejglt 22 B3y o e Ol
b ot el Q3 of% ol T g2z AAA ola &
"ol AR m&S woln gtk rhs Aol sholMst vholAzstolm (Fig. 10e, 10D & ¥+
uot EWol o vined 25S nYth 38 Aed od Axd @ AFZes uw Mol F7h
f W AR A - FEA =SS AN AHES SANAND S5 AA LEA
B34 B4 ML Ao g,

(t}) FT-IR &4
nhs kel 7] 2@ GA slolw e} mAgolH e FT-IR ¥+ 43+ 17, 119 2o} 23k
=
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Cellulose microfibres

Onion/ stalk /

1731 Cmi"

Cellulose microfibres
N

100 +

A
17380m/

Onion skin
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% Transmittance

90 T T T T T T
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T T T T T T
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1007
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92—
T T T T T T
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
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19, 11. FT-IR spectra of onion and garlic skin and stalk fibers.

(2}) ¥<¢tAA (Thermogravimetric analysis)
nps3 gale]l 7] 2 HA L glo|w e} A gle]He] TGA thermograms¥ derivative forms of
TGA (DTGA) curves ZA¥3= Zbzb 12, 129 19, 13 HQl nle} 7Zom o]E9] thermal

degradation parametersS Table 2¢] X% A| 3} t}.
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19, 12. TGA curves of onion and garlic skin and stalk fibers.

_27_



—— Onion skin
fffff Cellulose microfibers
0.00 4
o
<
(o)
E
O
|—
[a]
-0.03
T T T T T T T T
100 200 300 400 500
Temperature (°C)
T— Garlic skin
---- Cellulose microfibers
0.00
o
<
()]
£
< o2l
o 0.0
'_
[a)
-0.04

T T T T T T T
100 200 300 400

Temperature (°C)

T
500

600

T—— Oniion stalk
fffff Cellulose microfibers
0.00
%)
<
(o]
E
(O]
'_
)
-0.03
T T T T T T T T T T 1
100 200 300 400 500 600
Temperature (°C)
—— Garlic stalk
—— Cellulose microfibers
0.00
)
<
[*))
E
(O]
= -0.03
=)
-0.06 -]
T T T T T T T T T T T 1
100 200 300 400 500 600
Temperature (°C)

19, 13. DTG curves of onion and garlic skin and stalk fibers.
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Table 2. Thermal degradation temperatures and final residue content of garlic and onion

skin and stalk fibers

Maximum )
, Onset temp. Final temp. Char at
Fibers o temp. Trmax 0
Tonset (°C) (OC) Teinal (°C) 600°C (%)
Onion skin 240 327 362 30
Onion skin CMF 228 333 374 26
Onion stalk 245 340 380 27
Onion stalk CMF 248 345 387 24
Garlic skin 235 323 375 35
Garlic skin CMF 247 341 381 17
Garlic stalk 257 315 368 32
Garlic stalk CMF 263 345 380 16
r/]_ /\7:1
Ftsh vhs ol E7l%h AAS] FAE A4F A/ES ARE AA nEA FAOE AT £ A
S 3HelESt). olE AR Y e FAAES AEZ o AE 1 SFEFo] 40-50% EA thE dukAd o
2 AMESE vlole Fuw A9% fARSIACL FT-IR da27E ofF sholme] NaOCI2 % %7
2 A 2]o 9]&] hemicelluloses, pectin, lignin ¥ wax A&o] A7 HIUSS QI3 o, SEM
ABEnE o % gFedth olF Ahae AAWAL wlolAw Holwr} WA solule] )3
O E4SS & 5 Al G 2 vls dAYe A 8B 53] G4, Fo] E X A%, 2
F 2 kA xF &8 Fopol e wWE §& FokiA HEslo] HIMIIAE FAAL F UdE =
e Aol deg Hassin

2 =~

A7 RS (ChNCH#9Y) . TEMPO-oxidation (ChNC™©) 2 ammonium persulfate (ChNCA™)
WS AREske] 71" v 274 (ChNC)= elskel ChNC/2 i (AgNP)9] sto]He = i ¢
2 Az AR FtE. ChNCAY™S/AgNPE  Gram-SA(E col) 2 Gram-%A4] (L.
monocytogenes) A5 Algtol dsf e FwddS el ¢ QornE 3 AEY A%

S A7 FHAAE GRE ¢ e FHAAEGAY Nt AL ThsAd S HESISH

7o AsE B O

(1) A=

ARAZFEE A2 7|8l (a-chitin, viscosity: 800-940 cPs in 0.5% ascorbic acid at 20°C;
degree of deacetylation: 6.4%; ash < 5%; particle size: 3 mm) = YB Bio Co., Ltd.
(Youngduk, Kyungbuk, Korea) Z5F FY3ste] A3} ). Silver nitrate (AgNO3) &= Daejung
Chemicals & Metals Co., Ltd. (B71%= Al 5 ell A TEMPO
(2,2,6,6-tetramethylpiperidine-1-oxyl) ¢} ammonium persulfate (APS, 98%+ A.C.S. Reagent)
= Sigma-Aldrich Co. (St. Louis, MO, USA)Z%H Y434t 34k} brain heart infusion
broth (BHI), tryptic soy broth (TSB) % o}7}E & Duksan Pure Chemicals Co., Ltd (B7]=
obxbhell A ST A S 52l Listeria monocytogenes (ATCC 15313) ¢} Escherichia coli
0157: H7 (ATCC 43895)% d=F#d3 (KCTC, Seoul, Korea)2HE Fdste] 7tz BHI 4
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TSB ob7h ajAo] wjFste] 4 °C oM mastd A Age] AHgahgict

(2) 718y =g ~go g

AAZAL] a-chitin S2ZHEH A7FX WH GH7FEEEY acid hydrolysis, TEMPO-oxidation
BEIEE
[e]

(TEMPO), ammonium persulfate (APS) WH)S AFg3le] 7191 Y328 22 (ChNC)< fal [Tk
], o]E A7FA W] whgl Egl® ChNCE z+Hzb ChNCH#9* ) ChNCTMPO ChNCA™ 2 #71819

o,

(3) ChNC/AgNP9] Az
o4 AxE 3% ChNCE HEdOE 2 stz Apgstel 2vhedst (AgNP)% ol e]
= el Azsgr,

(4) 71EA g 2gd 7 EA Yedgag/Une slo|Hg =9 54

Morphology of ChNC"°' ChNC™M  ChNC*™ o] wAFtxE Azx5A1dn 74 (STEM)
(FE-STEM, S-4800, Hitachi Co., Ltd., Matsuda, Japan)= A& 3l ZAFSEI o, ol& YA}9
FX T+ zeta potential analyzer (Zetasizer Nano ZS90, Malvern Instruments Ltd.,
Worcestershire, UK)E AF-&3Fe] ZAFsEA T

ChNCM"2%9%9]  sulfatedrsFa} ChNC™MPO ¢} ChNCA™¢] carboxyl &8 electric conductivity
titration WS A}83e] =AE 9t} (Lokanathan, Izawa, Morimoto, & Saimoto, 2014; Zhang
et al., 2016). carboxylic acid =2 tha 2o wa} AAesdth ( Zhang et al., 2016):

c(v2

COOH content = %1) (mmol/g ChNC)

oJ7]elA C & NaOH¢| ¥ (mol/L), V2 ¢ V1 2 NaOH ¢ F¥joli, w &= HdxA 59 FA(g)
o|t}, X%k carboxylic acid %2 degree of oxidation (DO) WHE AL&3le] tfs 2o w2} =
A3FA ) (Habibi, Chanzy, & Vignon, 2006):

162 (v2—wvl)e

DO = w—36w2—vl)c

AgNP ¢} ChNC/AgNP hybrid Yx=#ke] F8E5A4 S UV-Vis spectrophotometer (Mecasys
Optizen POP series UV/Vis, Seoul, Korea) & A}&3}e] 300-600 nm ®HE A =433}
AgNP ¢} ChNC/AgNP hybrid Yx=¢#Fe] wA|G-2E transmission electron microscopy (TEM,
JEM-F200, JEOL Ltd. Tokyo, Japan)& AF&3Fo] AT 9Ake] A 7]+ Imagel softwares
ALg3le] =A3H . AgPNe f-5F-9F kS SEMol Y-ZFenergy dispersive spectroscopy
(SEM-EDS, S-4800, Hitachi Co., Ltd., Matsuda, Japan)E AF-&3}o] ZAFS}IT)

AgNP ¢} ChNC/AgNP hybrid Yx=4#}e] 3% el G+%%E Fourier transform infrared (FTIR)
spectroscopy (TENSOR 37 spectrophotometer with OPUS 6.0 software, Billerica, MA, USA)
£ AFE3ke] 4000-600 cm-1 oA ZAFSFSITH
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Algel AARFFFEE XRD diffractometer (PANalytical Xpert pro MRD diffractometer,
Amsterdam, Netherlands) & A}&3te] (40 kV, 30 mA, Cu Ka radiation at a wavelength of
1.54056 A and a nickel monochromator filtering wave) 20 = 5-80° ¥ ¢lolA ZA}SFSA T
ChNC Al &9 crystallinity index (CD) ©= 2ol wet AlLbsiaitt  (Park, Baker, Himmel, Parilla,
& Johnson, 2010):

Crystallite®] Ha#37]/(D)E= 3 & Scherrer 2} (Theivasanthi & Alagar, 2012) S ©]-&3}¢]
ALkt

__ 0.9
B1/2c080

Algel dotd M-S thermogravimetric analyzer (Hi-Res TGA 2950, TA Instrument, New
Castle, DE, USA)E Ab&3dto] AL, TGA HolH=HH DTG #t& vl wet ALkstsl
t} (Oun & Rhim, 2015b):

DTG = (Wt+At - Wt*At)/2At

DTG =Moo =2XHE Al59 onset (Tonset), endset (Tendgse), mid-point of the decomposition
temperature (Tys) & AAS1, TGAZM O RZRE ZadA oA e FAWSe HZE char content
(final residue at 600 °C) & ZAA 3}t

(5) ChNC/AgNP2| &+t+eAd

ChNC/AgNP9] st#&84S 2AF5%#2 E. coli ¢ L. monocytogenes © tial] A2 YA TH
I g3 A S Abg3te] b sFtE (Shankar, Oun, & Rhim, 2018; Shankar & Rhim,
2017).

U= 2] 22H(ChNO) 9 A2 9 JAEE

2 (ChNCH259*  ChNCTEMPO . ChNCA™) &= Zo] 2 Babo] it ol&
=g age] STEM o2 A A %9 QEiE s 18 149 Yebin, ojse vfF A
o x5 Hom Hydoli= ChNCHHY ChNCTMPO ChNCAPSo] Zz+z) 426 6 £
13 nm, 486 = 52 nm St} °olE5 YA wAlFxe A7) 9 FAEE 7|9 9 vk ofye}
7€) el 2 #2271 sl we @by (Fan, Fukuzumi, Saito, & Isogai, 2012).

td
il
P
T
e
I
o
[
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(b)

2 % .
~ ChNCH2S04 426 =10 ~ zl ChNCTEMPO 676 =13 . ChNCAPS 486 + 52
< 1 s g
: 5t g .
—n ~ =
B A £y
2s 2 E
= 3, 3

f 1 il 10 1 1 100 100 1 1 00 1000
Se dom) e (4o} See(don)

19, 14. (a) STEM images and (b) particle size distribution of chitin nanocrystals isolated
using different methods. (1: ChNC"25%* 2: ChNC™MPO 3: ChNCA™®)

(2) 719y == 8] 29 Carboxyl 3H&
o3 719y a8 ~29 sulfate 35, carboxyl &% % degree of oxidation (DO) k< Table

3ol ®Ql mpep

Table 3. Sulfate content, carboxyl content and degree of oxidation (DO) of chitin

nanocrystals

Samples Sulfate content (u Carboxyl content DO
mol/qg) (mmol/qg)

ChNCHe>04 135 - -

ChNCTMPO - 0.708 0.117

ChNCA - 1.42 0.24

DO: Degree of oxidation

(3) ChNC/AgNP2| #3854

AgNP®} 3%F9] ChNC/AgNP Y= x}e] ]33 UV-Vis light absorption spectra A¥E 17,
159 YErdT. =53 AgNP (1¥. 15a) = broad absorption peakZ H.o]il ¢+t o]= AgNP
°] aggregation wirelty. Yy JRIYx=AgAgd dlolRg=Es AT Foe B
ChNC/AgNP 7} 415 nm °llA AgNP o] 542 £33 935 ettt (Nabeela et al., 2016;
Oun & Rhim, 2017a). ChNC= stelB = vmixte]l A SIAE # obdel AgNP
aggregations AT AgNP9 plasmonic peak ¢ ZEE 7)/€l19] &A1& (sulfate groups
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or carboxyl groups) ° wel FAstA GEbxth &4 AgNPel Hls]  ChNC™%* o} A3
AgNPeo] 337} F718t9 o (Lokanathan et al., 2014), AF3}& e] ChNC (ChNC'™MPO  ChNCAP)
o} A3 AgNPE 415 nmolA F3 7#438 932 veys=d], o= 2e xte] AgNPo| 7]21&}
= Aoz duE o] Ay=EFY Aksiel 93] A E carboxyl groups ©] AF7FEElR el <
& A E sulfate ester groups o Hl& Bt} 73 kAR IS O 5t

ok HI2E A3} oxidized-ChNC (ChNCAPs, ChNCTEMPO)E &3 8N 71<E A .?:]_Z\ll,
oA Aoz wWagon, AlEREgHoE AxH ChNC 4L Ao Wizt g (2
15b). ©] A¥}+= carboxyl groups®] ChNC 9] FWHolA AgNP 9] nucleation®} <¢FA 3} %J‘li
q&-& o, sulfate groups < A AgNP o] <143} 7|swhs 7H S WEbdT

(a)

s @) of @] [©]

Absorbance (a.u)

300 400 500 600

Wavelength (nm)
| )

1.0

" Absorbance (a.u)

0.0

T T T T
300 400 500 600 700 800

Wavelength (nm)

19, 15. UV-vis absorption spectra and appearance (inset photos) of ChNC/AgNP
suspensions (0.05 wt%) with NaOH (a) and without NaOH (b). (1: AgNP, 2:
ChNCH2S04/AgNP, 3: ChNCTEMPO/AgNP, 4: ChNCAPS/AgNP).

(4) ChNC/AgNP 9] wjAlG+x 2 EDS

ChNC/AgNP slelB =9 AgNPe| =79} st&ke] djgtk ChNC &2 W, itk 715 238 Wi,
TEMPO %3} #H¥ 2 APS (ammonium persulfate method)® &I}E ZAFsEE T AgNP 9
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O YeERIYE £93FAgNP+=

ChNC/AgNPe] TEM o]u]x]¢} ! 16
T3 Ak ChNCer A 3tshA| %}9}—% woll = Fig. 2a oA He

WA 7ol 23.9 £ 6 nmgl

vpe}  Zro]  aggregations  FAstY]  FHAEJT.  AgNPO YAl AVIE AbvbEEEE S
TEMPO-oxidation RAPS WHog Alxd 7|duyrde2agdsd} sfolHg=s P4 A5 247
16.6 £ 5.5 nm, 129 £ 4.4 nm, 6.3 £ 3.7 nm & 7ZFA23HT} o]+= ol Z|dyrIdg o] &
U= JAH] aggregation A 9F capping agent® A3t 7] wiiEo] T,

E ASATN = 53] APS WHOo R A Z3 ChNC 7| 24dAe] eHAA S SXA 7] =d 43
a7t S & UN

ChNC/AgNP3slolBg]=9] EDS Ay ChNC ¢ Fdo] &uxxrt FAFHASS Holx Jut
(9. 16c). &9 ¥+ ChNC o F5el wet E5k+=d, ChNCAPS7 7Hd & Ja& H3lon

(25.5 wt%) teo=Z ChNCTEMPO (15.6 wt%) 9+ ChNCH2S04 (10.4 wt%)e] o= e
ChNC ¢ W] eyt #te] A3 B3 carboxyl groups & 9ol F& & 4= itk

¥
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(b)

o 239+6.1 nm

Diameter {nm)

»f  16.6+55nm| |

Dameter {nm}

12.9 + 4.4 nm

..

Full Scale 1904 cts Cursor: 0.000

Diameter (nm)
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0
7 8
H
E
Z
= a0
m —|_h_ —
n_ T ¥ T T T
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Diarmeer (nm) ull Scale 1904 cts Cursor: 0.000

19, 16. (a) TEM images, (b) size distributions, and (c) EDS images of (1) AgNP, (2)
ChNCH2S04/AgNP, (3) ChNCTEMPO/AgNP, and (4) ChNCAPS/AgNP.

(5) FTIR &4

Zr 7189y 223} ChNC/AgNPe| s}tz eo] W3l 55 FTIR & o] &3ty XA o 1
Ads a7, 179 Yepdg. #ElE ChNCE 5% 7lele] 9aE B3t (Oun & Rhim,
2017b; Wijesena et al., 2017). ChNC/AgNP 3&lolB gl =o] th3} FTIR HAE ZA¥:= 93 W3}
7F §lo] ol stolHE= 4R} van der Waal's forceol 28] ZAddEo S Fskct
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(Madhumathi et al., 2010; Solairaj & Rameshthangam, 2017).

@ |

(b) 100 -
95 - | Y
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| 3259
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S 90 s 3439 | 3004 273 |
< | v 3257
> 34 1656 g 904 1655]
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Z e | § 854 1554
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19, 17. FTIR spectra of (a) ChNCH2SO4/AgNP, (b) ChNCTEMPO/AgNP, and (c)
ChNCAPS/AgNP.

(6) X-ray diffraction analysis

AgNP¢} ChNC/AgNP 3lolB gl =y = 2e] X-ray diffraction BH|AE ZA3E 19, 189 HY O
W, ol5o] AHG 29} crystallinity index (CI) ¥ crystallite size (D) A¥Z Table 4°] e
t}. ChNC &+ of 26 = 5-30° °l|A] diffraction profile & H+=d], o] a-chitin ¢ crystal
pattern ¥ ¥ %tHFan et al., 2008). ChNCAPS/AgNP 7} 7} @& CIgts et (Table
4). AgNP Ag]2="e] A7]+= 34.7 nm3l =4, ChNCH2S04, ChNCTEMPO, ChNCAPS¥} 3}o] B g
=5 A3 Fo= 22t 18 nm, 9.1 nm, 8.3 nm & AT
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ChNC #
AgNP”"
* -
(220) @311)
S /N
=
gy
2
2
= N
\_
. — y
T T = T T T T
10 20 30 40 50 60 70 80

26 (degree)
1%, 18. XRD patterns of (1) AgNP, (2) ChNCH2S04/AgNP, (3) ChNCTEMPO/AgNP, and (4)
ChNCAPS/AgNP.
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Table 4. Crystalline characteristics of AgNP and ChNC/AgNP hybrid nanomaterials.

ChNC Peak AgNP Peak o
(index) (index) Cl (%) D (nm)
3813 (111
) 4434 (200) )
AgNP 6451 (220) 34.7
7744 (311)
0937 (020)
son 1937 (110) 3921 888
chnC ™% /agNPp 2066 (120) 423 (5o0) 84.2 18.0
2356 (130 5720 63
2811 (013) :
a3 o0 EE o
TEMPO . ( ) 44 ( )
ChNC — /AgNP 2347 (130) 6449 (220) 83.0 9.1

27.99 (013) 7735  (311)

09.47 (020)
1935 (110 3362 011

APS
ChNC™™/agNP 2066 (120) 79.1 83
2356 (130) ?‘;gg gﬁﬁ’;
2865 (013) :

AgNP: silver nanoparticles; ChNC: chitin nanocrystals; Cl: crystallinity index of ChNC; D:
crystallite size of AgNP

(7) Thermogravimetric analysis
AgNP ¢} ChNC/AgNP slolBgl=2o] dAotdAS TGAES AFE3te] ZAMSIow 1 AxE 9.
199] vepllen, 1 A3E Table 591 b}E}‘;‘iu} AgNP ¢ ChNC/AgNP slolB g e 71de ]

3 7 Ao FARARESS Hola Ed, AMAE 80-120 °CAlA YERRew, o= ChNC U
o] o] Fubo] 23k Aot} (Oun & Rhim, 2017b) YA AE 300-400°CA A #EE ¢

=4 o] 7]¥le] ERsfo 7|13t} (Table 5).
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(a) 10 f= ®)
80 -
g 60 \ '{. 3) (4) -~
2 O } g
= Wt A x ?E?u
= s M e, S | S
_§J 40 e : il r—.-___., =) -
-~ -~
S
20 ~ 2
[ A—))
» =(3)
0 T T T T T : : | : |
1% 200 300 400 500 600 100 200 300 400 500 600
Temperature (°C) Temperature (°C)

9. 19. (a) Thermogravimetric (TGA) and (b) differential thermogravimetric (DTG)
thermograms of (1) AgNP (2) ChNCH2S04/AgNP (3) ChNCTEMPO/AgNP, and (4)
ChNCAPS/AgNP.

Table 5. Thermal parameters of AgNP and ChNC/AgNP hybrids.

Samples Decomposition Temp. (°C)  Char at 600
°C (%)
(Tonset/Tend) TO.S
AgNP 321/403 365 86.3
ChNCH#*%9/AgNP 251/391 350 18.0
ChNC™MPO/AgNP 245/403 374 30.8
ChNC*"¥AgNP 245/397 368 36.1

Tonset: starting decomposition temperature; Tend: End of decomposition temperature; TO0.5:
mid-point of the decomposition temperature; char at 600°C: the final residue left after
thermal degradation at 600°C.

o (E. coli) ¥ 18 A+ (L. monocytogenes)o] t 3k ChNC / AgNP sfo]H g =9
< growth inhibition zone method % viable colony count W& AFg3le] FAlS 2
e 9. 200 YERth. BE ChNC/AgNP stolHg =y £93 4848 welon, E. colil
gk ChNCH2S04/AgNP, ChNCTEMPO/AgNP, ChNCAPS/AgNP9] inhibition zone©®] Z}Z} 18.5
mm, 145 mm, 14 mm £ 4YeEdY. 28y L. monocytogenes ©° WA= XA
ChNCAPS/AgNP "ol 10 mm =719 inhibition zone< H®.o] ©]E5 ChNC/AgNP YxYJA= 53
FRATEGTE a7 54 O A ddAS Aes € dvkColony coFunt test A¥ HA
ChNC/AgNP 3dtolBg]l= Yx=d27F E. colioll thal TS
el A= @A ChNCAPS/AgNP rbo]l gt diaAds Ueillas & 5 At & A7AdedA=
ChNCAPS/AgNP7}F Z13h-8783t B 25 -4A+ 7oA J
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E. coli L. monocytogenes
| ChNCH2504AgNP 4£JI.NC'B'WIA3NP
¥

(a)

Escherichia coli

Listeria monocytogenes

—=a— (Control
—e— ChNC"**/AgNP

—a— ChNC"™"/AgNP
—v— ChNC*"™/AgNP

—a— Control

—e— ChNC"™*/AgNP

0 —&— ChNC"™"/AgNP

—v— ChNC""/AgNP

0 2 4 6 8 10 12 0 2| fll é !IS IIO 1I2
Time (h) Time (h)

19, 20. Antibacterial activity of ChNC/AgNP hybrids against E. coli and L. monocytogenes

determined by (a) inhibition zone method and (b) colony count method.

Cell Viability (Log CFU/mL)
T
Cell Viability (Log CFU/mL)

= |

A 7FA] ©F& HH (acid hydrolysis, TEMPO-oxidation, ammonium persulfate method)< AF&3}4]
ZIdy=gg 2" (ChNO)S Alxsta, ol5s Uk AxY A F A AR ALE-stho
ChNC/AgNP slolH 2= Y= Yas Axs3ith. ChNCE= AgNPe| aggregations WA 8lo] 2He
YAk F& PAREES ZEF sk3lth. ChNCe| Carboxyl o] ym29] A7) 24 523 o
&5 33k T3 ChNC/AgNP dlolEg = v=glx}, 53] ChNCAPS/AgNPE A %5 Al E.
coli ¢} L. monocytogenes®l| 73+ &S e

A2 A5 B 7)sAdol R Folw AASE AR

1. 3F9 ®gsts (€24 4, 71254 g AE20 2~ Jtepd) EFEd A A FE=2 2
Bk gt 24A

=
s A &= (GSE)e #7EeE 7154 A8AE A"ste] 7ed AYAE Axsith. dAs
A #@n7d (FE-SEM)& Agshe] 43k ' Ae] 11 3 o] Al -2+ vpole ZE|w 7} 7]
B Folst A8l i veAd Ao v SAIAA wnYs 39 28-S 94 3 U
o FEATA 2 R, £ AE, 19 A 3 7IAE S-S 22 A 18 2" &4
o] 542 o] GXET of o7 AMEE+= PE AW &A1¢ vluste] Fael F7hsl
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Food grade carrageenan (HGE-A, pure x-carrageenan, viscosity: 60 cps, 1.5% aqg. solution
at 75 °C) € MSC Co. Ltd. (Sungnam city, Kyunggi—-do, Korea)olA st o™, Sodium
carboxymethyl cellulose (CMC) + Junsei Chemical Co., Ltd. (Tokyo, Japan)olA],
Sodium-alginate (MW: 75-150 kDa; guluronate/mannuronate ratio =1.5) =Kanto Chemical
Co. (Tokyo, Japan) T3ttt Glycerol2 Daejung Chemicals & Metals Co., Ltd. (Siheung,
Gyeonggi-do, Korea)ollX G943}l Grapefruit seed extract (GSE, DF-100, 50% glycerol,
0.48% naringin, and other compounds) =Komipharm International Co., Ltd. (Seoul, Korea)®l
A FJstd . Tryptic soy broth (TSB), brain heart infusion (BHD) ¢} agar #%-SDuksan
Pure Chemicals Co., Ltd (Ansan, Gyeonggi—-do, Korea)olA 3}t Wrapping food paper
(basis weight: 40 g/m2;thickness:50um)forbiopolymercoatingand PE-coated paper (basis
weight: 45 g/m2;thickness:55um)+= Kukil Paper MFG Co., Ltd. (Seoul, Korea)=5-¥ A& 4k
o, Y5 AAHo]~ELE OurHome Co., Ltd. (Yongin, Gyeonggi—-do, Korea)ollA A& 3}t
2 F =752 Listeria monocytogenes (ATCC 15313) ¢} Escherichia coli O157: H7 (ATCC
43895)+ erEH 3] (KCTC, Seoul, Korea)Z2HFE F43ste] -z BHI % TSB o}7} x| ol Hj
ate] 4 °C oA BytstHA Ao ALE-sF3AT

(2) ABE&RY Alx F YA

For the preparation of coating solutions, 3.6 g of glycerol as a plasticizer was dissolved in
200 mL of distilled water and stirred for 20 min using a magnetic stirrer, followed by the
addition of 0.6 g of grape seed extract (GSE) and continued stirring for 10 min. &% & 9]
AxE 98l 7FaAI)] S AlE 3.6gS 57 200mLe =591 & w7 E o]&3ste] 20 &3+ uyk
3k & 23 FEE (GSE) 0.6g5 71ste] 10 ¥ wdb 3% 7+ 3 g 9] alginate, carrageenan,
CMCE 7] & FA4AZ1 & 90 °C A 60 &3k 7kE&3) A2l & 65-70 °C = YZAA
sl ARgstith. FolA" & Wire bar coater (SA-203 Wire Bar Coaters, Donghak Machine
Co., Ltd., Korea)g AH&3t3len, ojul 777} tf& 3%9 z¥ul (No. 20, 40, and 60) & AH&
ato] 747] v T :ygAE A%tk (Rhim, Lee, & Hong, 2006).

(3) ZHA] H A=
FE A Y AebHo] u A FZEE field emission scanning electron microscope (FE-SEM)
(FE-SEM, S-4800, Hitachi Co., Ltd., Matsuda, Japan) S A}-&3}o] ZA}sFS T}

4) H& 2 57
o] ~8 %9} FE X L PE-mE X9 Hz (Basis weight: BW, g/m2)E 44 =7] (5 ¢cm x 5
cm% Aust X FAE Al AAsA . Fo] A5 T/ digital hand-held digimatic
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micrometer (Mitutoyo, Model QuantuMike I[P 65, Mitutoyo Corp., Kawasaki, Japan) & A}-&3}
o ZAsA

(5) Mechanical properties

XA A& (uncoated, biopolymer—-coated, PE-coated papers)® tensile strength (TS),
elongation at break (EB), elastic modulus (EM) & ¢ mechanical properties & ASTM Method
D 882-88 o] w} Instron Universal Testing Machine (Model 5565, Instron Engineering
Corporation, Canton, MA, USA)S A}-&3to] 4 s%t).

(6)

A&

) ;g }\3

1

lo 12

AL thermogravimetric analyzer (Hi-Res TGA 2950, TA Instrument, New
Castle, DE, USA)E Ab&3dto] AL, TGA HolH=HH DTG #t& vl wet A4kstsl
t} (Oun & Rhim, 2015b):

DTG = (wt+ At — wt—At)/2At

ZolA R HYEFNESE (Tmax) + DTG Ao 2RE F3tal, HZE char content & FALAE
(%) TGA=A o2 FE 313 th (Shankar & Rhim, 2017).

(7)) & € 74 &5
FolA B FEEZAS (water absorptiveness; WA, g water/m2)2 ASTM D 3258-93 4o
w2t Cobb test & AH&3te] S48t (Rhim & Kim, 2009).

A& 2-4-(0il absorptiveness; OA, g o0il/m2)& Cobb test ZFAE A}LL3to] B2l I7|EL A}
st S48kt

B F5= % FE454

A &9l F<5F%=(water vapor permeability; WVP, g.m/m2.Pa. S)'L; ASTM E96-95 X+HHS ALE
st 54319 th (Gennadios, Weller, & Gooding, 1994). F5HHS AF&3te] WA Alge F&F
% (water vapor transmission rate; WVTR, g/m2.s)& 737“51 S e Ao ugt BFE5EE A
st

WVP = WVTR X L/Ap

oA7]el A L & Fo]l Alme T4 (m), Ap © FHFE A A9 FolAs U A (Pa) o]t
Az FEH=7Z (water contact angle; WCA) 2 contact angle analyzer (model Phoenix
150, Surface Electro Optics Co., Ltd., Kunpo, Korea)E A}-g3slo] =431t}

(9) A
(Shankar & Rhim, 2017). A8 #S F#&d oz TSB 2 BHI #]xo] AEst3 37 ColAl 16 A7F
=ol aewjek sttt EAE HEN (108-109CFU/mL)200uLE 50, 100 ¥ 200 mge Ax #
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Surface Cross-section

19, 21. SEM micrographs of surface and cross—section of (a) uncoated, (b)

biopolymer-coated, and (c) PE-coated papers.
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, oA, 2 ZYFAS A3E Table 69 YER

Table 6. Basis weight, thickness, coating weight, and coating thickness of coated papers. 1)

- Coating Coating

Paper Bas? }Nn?'?ht Thl(ckrg)ess Welgfgt thickness (u

9 H (g/m?) m)
Uncoated 404+06°  504+17° ND ND
BP-Coated (No. 45+0.4°
20) 44.9+0.4° 60.5+2.9 10.1+2.9°
BP-Coated (No. 7.6+1.0°
40) 48.0+1.0¢ 61.4+1.3 11.0+1.3%°
BP-Coated (No. 8.8+1.1°
60) 492+1.1¢ 62.8+1.4¢ 12.4+1.4°
PE-coated 455+0.7°  555+1.9° ND ND

1)The values are presented as meanztstandard deviation. Any two means in the same
column followed by the same letter are not significantly (p > 0.05) different from Duncan's

multiple range tests. ND: not determined.

€]

[}

A e Fol, AR IZEFo] @ PE-IH Tl tensile test AIE 17, 229
o

E]
6]
Btk AREAR TP Folo AFRE(TS), AAE EB) L BAE EM) & mR o
4 ERE
A

oo &

%ﬂaﬁ}?ﬂ ko Zold QAFEE 32.1+£10.2 MPao| o1}
4.9, and 47.1 £ 7.2 MPal. &2 Z7}s% =1,
E2 ALEE Hola 9ty mYFol FAAdF

o
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(a)

Tensile strength (MPa)
Elongation at break (%)

Elastic modulus (GPa)

&
&

& & & &

L
Ll 3
& &

19 22. Tensile strength (a), elongation at break (b), and elastic modulus (c) of biopolymer
coated paper.

_46_



(4) 444
TR A YA F Fol, AR ZYFo] B PE-IZG Tl dehddel gk TGA &4 A34E
a9 230 UEH. BE Fol AlEs 2uAle] dEE AHe Hola fl=d, WAl FA Wsk=

w
A=

90 °CH-Loll A YEel7] A, ol e S 7]QlsteE o= ¢F 5-10% o FA 4

7 A} (Sun et al, 2017). A FARS= 280 °C - 400 °C Akeloll A yebst=w], olb

ol Afae dislol 7|18t} (Shankar & Rhim, 2017). 37} 600 °C oA HF FA=

uncoated, BP-coated (No. 20), BP-coated (No. 40), BP-coated (No. 60), PE-coated < ]7}

247y 0.05%, 0.08%, 0.12%, 0.29%, 0.08% Sit}.

rl

[‘

100 (a)
90 A
80 <
70 4 Uncoated
—— BP-Coated No. 20
. 60 —— BP-Coated No. 40
= —— BP-Coated No. 60
Z 504 —— PE-Coated
=
=
= 40 <
=
30
20 4
10
0 -
L] T T T T
100 200 300 400 500 600
Temperature (°C)
0.00 -
(b)
-0.04 4
o -0.08 4
OEJ Uncoaled
g —— BP-Coated No. 20
o 0124 —— BP-Coated No. 40
y —— BP-Coated No. 60
- —— PE-Coated
-0.16
-0.20
-0.24 r . I . .
100 200 300 400 500 600

Temperature ("C)
a9 23, (a) TGA and (b) DTG curves of uncoated, biopolymer—coated, and PE-coated

papers.
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(5) FEEHE Y IEEHE
X!

Zo|A B SR W 09 AFHES xA}El7] 9ste] o]E Fo| Alme] LREIAY 3 09 B abA
(water absorptiveness: WA, oil absorptiveness: OA)E ZA3to] Z2AFE Table 79 YERHTH
FE S 54 %2 Fo|9} PE-coated F°]9 WA= 217} 41.4+1.1 g H20/m2 #22.1+1.

q

o g

H20/m2% . Az Z¥Foles Fole] WA F93 o=z (p<0.05) #AAs}. ol I”-F
olo] Wl FFo] AuEAR FYH o] Wl AgAdol F7FEES Y] Wl %

A =

FE S A ZF& Fo]9} PE-coated F9]9 O Z+7y 22.7€1.9 ¥ 3.5+1.3 g oil/m2 it}
9= oA o @

Zol OAE WY Bo} AARAEY T A%ax 2ee & = 2oy
[e)

Fol= 0A7h 27 Badtel HATRAF TP 4FFS & & QAT

e T

=

KeR

=
Aaiaz T8

Table 7. Water absorptiveness, oil absorptiveness, water vapor permeability, and water

contact angle of coated papers.1)

Paper WA (g H:0/m®  OA (g oil/m?) (><1O'1\4;g/;\:r)|:1/m2_P WCA )
Uncoated 4142119 22.741.9° 231.74294° 69161
BP-Coated (No. 20) 35.242.5¢ 5.842.2¢ 1863¢17.2° 92041
BP-Coated (No. 40) 25.4+3.1b 40416 166.1x237°  941+937
BP-Coated (No. 60) 21.4%1.3° 2.10.6° 1715117 100154
PE-coated 22.1%1.5° 3.541.3° 0.91£0.1° 8574177

1)The values are presented as meanzstandard deviation. Any two means in the same
column followed by the same letter are not significantly (p > 0.05) different from Duncan's

multiple range tests.

=
ToA R FTUIAIAEAR S 2AE] Y8t FHEE SAS o 1 ZIE Table 79 UER
b ZY S A & Folo] WVPE 231.7+429.4 X 10—11 g.m/m2.Pa.s®X F=7] F34=7} =
< s HEdl kAl SEM images (Fig. DellA] 2 wpe} o] Fo|7p AFR o~ A9
porousdt FXE zt7] wjiolt}. uWhHo| AuEAE FHI Fol= I FHFEVF 166.1+£23.7 X
10—11 g.m/m2.Pa.se® d&HAsA 7As¥ o} PE-coated paper (0.91£0.1 X< 10—11
g.m/m2.Pa.g)dll HBIA = 433 %2 ke HIlth HF Aawx m9Fole] WVP7l PE-F®F
olo W& E7]= st WM ALY x| Zeto] xF§y P2 d3)§ EFAZE AEo] A3 A
o7 #waHAY (Aloui & Khwaldia, 2017).
ToA RS 25 2 FHAS FEHSZD (WCAS 43t Hrstglen, 21 235 Table 2]
F8 . ZHS A &2 Folo] WCA £69.1+6.1°% o} a2 83 Fo= d A3}
A S7Feeleh ek AaEAas Folo FRgH7e Azt ZyFAC HlH st F7hekal
o

AuBEE 7Es Fo]o] WCA 7} PE-FE£0](85.7+1.7°) 1t} =9t}=

o
o
rlr
Ho
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6.7 wt% ] GSEE ot ALz A8 FolxgAe] Fdel2E ZA3E 19, 249 UE
Wtk AP E GSEE frehAl & txarS obfd FuredA S HolA gtonyt, AuidAE
Y Fole F FTY ATH Aol s A FAdSs vEhHlon, " o] FUtETE gt
= Z71En). m AR =R/ welAE E. coli BUF L. monocytogenes o Wal] ¢ & 3hrEA
< WEMRES 4 mg/mL ¢ AaEA 28-S AREEES W 7 A= ASE 77 3 Az 9 ARt
R

of €3 5ol HX = AT
10

E. coli

Cell viability (Log CFU/mL)

—a— Control
—o— | mg/mL
04 —4—2mg/mL

—¥— 4 mg/mL
1 1 I I I
0 3 6 9 12 15
Time (h)

L. monocytogenes

=)
E
2 6 —a— Control
@) —e— | mg/mL
:OD —&— 2 mg/mL
S 4T —v— 4 mg/mL
.—‘E
=
Z 24
=
o
0 *
I I 1 I I
0 3 6 9 12 15

Time (h)
1. 24. Antibacterial activity of blended biopolymer coating material.
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AsEA 5E oo A% A4S A A9, W 29, AREATY No. 40 28 wHE A}
*0“3}04) % PE 39H Folz FAI A ﬁﬂoliEg WA (5 £ 1 0ol 9 L3+ AstdA
vz Folsh PE-51d Folw ¥ A

1% ZAa9ed, 2AdE 40-45 log CFU/mL 23] 9
z‘; |+= 8 log CFU/mL °]do= ZF7hatitt. JEM AawAsy FolE g A L.
monocytogenes< 9Y A& Fof 0 log CFU/mL 2 Z43F5lom, E. coli & 2 log CFU/mLZ
paaslth. of Asi AnEAT TP Folsh VAR QPe vhsown AFe) TP 59
AGAA SHAE £ EER2 AR

E. coli

—&— Uncoated paper
4— BP-coated (No. 40) paper
—¥— PE-coated paper

Viable cell count (Log CFU/g)

0 T T T
0 3 6 9

Storage period (days)

L . monocytogenes I

—&— Uncoated paper
4— BP-coated (No. 40) paper
| —w%— PE-coated paper

Viable cell count (Log CFU/g)

0 T T t
0 3 6 9

Storage period (days)

19, 25. Storage test of minced fish pastes packaged with uncoated, biopolymer-coated,

and PE-coated papers.
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|9 ez i) AEH FE2E (GSE)E 3T A
LA AGAE Folo A" A L3]G FTolEFAE AlxsTh § R e A -JTS‘H <
oA A, FAATAY, BHATE D AT so] FoHoE FUkekglen, PE-A
BFolet vud Arw 1 B4 Frtetqlvh g Auia 79 %—O]E%}Zﬂ% 2= Aldd L.
monocytogenes ¢ E. coli o &l 23 &3S veEbEo MdE A 39 Fol= PE-
Y IFAE dAlete] Aded 2 188 AE THARE AEE 7 e 7heAdel =

1>
i
kel
o
oo
]
Y
i

o

R I Ao AAEZANE Ax3t7] flste] It
Frstd & 2= LDPEE 7|x2= oh+= 7|54 Z5 (LDPE/Mel/ZnONP/GSE)< extrusion blowing
o7 %3 & o]Z Ao thermocompression WHOE dH2ste] AR A& AR}
At} thermocompression WHol 93] LDPES} LDPE/Mel/ZnONP/GSEES #x|ol] &7 &slo] A%
3 IR A= gWo] w11l LDPES] #X o A arstA =¥ =t
Table 89 A¥oA Hi= vie} o] LDPER YT & w49 A= (TS)eF ~E XY (EM)
7V 3 A F7FeS Y. LDPE/Mel/ZnONP/GSE= 83 749 AA| 71AA4 F=7F E71sksie, o
AEE v STk

Table &. Thickness, and tensile properties of LDPE and LDPE/Mel/GSE/ZnO- coated

paperboards.

Thickness (u

Papers . TS (MPa) EB (%) EM (MPa)
Uncoated 322.4+7.1%° 7.1+£2.2° 52+0.4% 630.1£59.9°
LDPE coated 316.3£13.1° 10.7+3.2° 52+0.9* 920.5+297.1°

LDPE/Mel/ZnONP/GSE  327.9+14.5°  11.3+16° 6.8+06° 8284+895°

Table 99| ZA¥el|A] i wie} o] LDPE® LDPE/Mel/ZnONP/GSE® =8 &

HA 9] FEEFFE (WA #4554 (0A)= ==l o8 242F 99-614), 35-454) ©] 3t

#BA ] FEAZYL FAAZAl A Sl EE & Al BE w4 wue JeA/as
[e) Z o] 0. O

4 AEE deis FRAS4e g o8] foHon Fkshe BA o aryel Fbekg

Table 9. Water absorptiveness (WA), oil absorptiveness(OA), water vapor permeability
(WVP), and water contact angle (WCA) of LDPE, and LDPE/Mel/ZnONP/GSE coated

paperboards.

Papers WA (g H,O OA (g Oil (WVP WCA (°)
2 2 x1
/m’) /m’) o m/m>.Pa.s)
Uncoated 315.9+44.2° 185.1+7.3° 94.0+0.4° 76.4+2.7°
LDPE coated 3.2+0.4° 53+1.4° 1.8+0.1° 89.9+2.5¢

LDPE/Mel/ZnONP/GSE  5.2+2.6° 4.1+0.8° 0.4+0.1° 782+2.7°
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FPHA ] AL Table 109 ZFol|A H= npel o] LDPERZE#A = & ®¥s7t gldley
LDPE/Mel/GSE/ZnONPE #¥®3 A& ¥7] (L-value)’t FA #43sta A% (a-value)9t 3
A% (b-value)7F ZA S7Fskich o9} #& IR FA| Mzl wsl= =2 dehdoe] 7]QlslH ZnO
Uw-olx 9] RREAHoZ 7o &S oz puE)

Table 10. Surface color of LDPE and LDPE/Mel/GSE/ZnO-coated paperboards.

Papers L a b AE
Uncoated 92.43+0.1¢ -0.4+0.12 4.68+0.12 -
LDPE coated 91.8+0.1° -0.4+0.1°2 5.2+0.1° 0.8+0.1°

LDPE/Mel/GSE/ ZnONP  77.4+0.2° 0.6+0.1° 12.2+0.2° 16.9+0.1°

T4 BHE b LDPEE AdddelA diaus

A FEARdH FAAZAl AA FTste] Fagol = b
et Zloz sddgEtl. LDPE/Mel/GSE/ZnONPE =¥ 3 7|54 #A2] 4H
= 19] Ak g AL8-% 31 = extrusion coating WHOl & AAEsEe]
A7t 7 Ho R §8o] VTl AowE ddEn

w
—
)
g~
@
il
K
ol
o
=
B
oX,
~~
o%
=Y
oX.
jintc)
o
of\
o,
e
o
2
=
(i3

7} &

Axfolup M=), WA, AR, G5HA 3 22 FATHAF] 438 FFxGAR I
AHEE 3L 3l LDPE Y g so]sol| gtAd/dAtslgdel ot g u oA E Alxsty] $135H]
LDPE/Mel/ZnONP/GSEE I H® 3t sigdolHE HAHS AFgste] Azt 1 5SS x4
o dyater IES o)y ot w¥o] wiimga LDPES o Fo] T AasiA F

2z 7k A2 Ak,
LDPE/Mel/ZnONP/GSES 1818 @505 Table 119 ZAte|A wi= nls} o] g7 %=
(T9)9} A4 & (EB) 2 =E 2z BEM7F 27 Sk,

Table 11. Thickness and tensile properties of LDPE and LDPE/Mel/ZnONP/GSE coated

wrapping papers.

Papers Thickness(um) TS(MPa) EB(%) EM(MPa)
Uncoated 48.7+1.1° 11.0+4.6° 5.1+0.6° 1214.2+250°
LDPE coated 88.3+4.6° 10.4+1.8° 6.0+1.0° 873.9+140.0°

LDPE/Mel/ZnONP/GSE  108.4+3.6° 14.8+10.7° 7.3+0.1° 1065.5+423.2%°

LDPE ¥+ LDPE/Mel/ZnONP/GSEE ® & #HF o o]H o FEFTE (WAH A58 (0A)=
Z}7} 42w, 6-9u) FFAste] sid|o]H ] FRAFAHH FAAFAH] AA FUENES & F At

g 571 FHE (WVP)= 660H] ol #HAste] =57] AbdAde]l A4 SXEHAe= & F A
th. LDPE H+=LDPE/Mel/ZnONP/GSEE =¥ 3g $#HF#o]H o] FiEHF2 (WCA> ZH2t 88.7,
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Table 12. Water absorptiveness (WA), oil absorptiveness (OA), water vapor permeability
(WVP), and water contact angle (WCA) of LDPE and LDPE/Mel/ZnONP/GSE coated wrapping

papers.

Papers WA OA WVP WCA (°)
(g H,0 /m% (g Qil /m? (x1071°
g.m/m?.Pa.s)
Uncoated 20.8+1.6° 17.1+2.5P 138.7+0.03 76.1+2.4°
LDPE coated 0.5+0.2° 2.9+0.3° 0.21+0.012 88.7+2.7¢
LDPE/Mel/ZnONP/GSE___ 0.5+0.4° 1.9+0.1° 0.20+0.01° 79.2+2.8°

LDPE & 3¥gt sigo]5o M= & W37l gley LDPE/Mel/ZnONP/GSEE A H® g 3| o] ¥
o Ar= & W3ls yER , LDPE/Mel/GSE/ZnONPE =¥ 3 @ldo]s = ¥7] (L-value)7}
A FAsHa FAE (a—value)@r FAE (b-value)7t A F7FeFATE o9} 22 B A A7z
Hal= F2 dgde 7]Qsty Zn0 YA A BEAH o 7)o S Aoz dukEo)

Table 13. Surface color of LDPE and LDPE/Mel/GSE/ZnO-coated paperboards.

Papers L a b AE
Uncoated 93.0+0.1°¢ -0.4+0.1° 45+0.1° -
LDPE coated 92.6+0.1° -0.5+0.1° 4.9+0.1° 0.5+0.1°

LDPE/Mel/GSE/ 79.5+0.3° 0.5+0.1° 11.5£0.1° 15.2+0.4°
ZnONP

H)| 58 3% ¢} LDPE % LDPE/Mel/GSE/ ZnONPE =¥ 3l x| 3 2 th=He] njA+x%
SEM< ARg3sto] A2 AyE 9. 260 YelWTh vl32Y #x]9] W nAFxE AF=Z

Q. Ftolul e} olE Alolo] ¥ (pore)7} EHWEHA B oy LDPE % LDPE/Mel/GSE/ ZnONPZ
A3 Hg ol FFo] WA Frglg FHE BHoFa Qul olE FE wA 9 A nA|
TZ% LDPEZ o] #Ao AastA e o] o5 Holal 3
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Surface Cross-section

19, 26. SEM micrographs of surface and cross-section of (a) uncoated, (b) LDPE coated
(c) LDPE/Mel/ZnONP/GSE coated wrapping papers.

NZEH]?ELO E. coli®t L. monocytogenesd tW3dt AHAE|2~E ZAas 29, 279 e
LDPEE =¥ g dolv= ofFd IddS HolX &gkoy LDPE/Mel/ZnONP/GSEE ¥ &
%‘D‘éﬁﬂol” = 7 el gig AS AAEdrr AJe wAEY AFAE L. monocytogenesk.
Tk E. colEll t3] Hth &34 o] YTk
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E. coli

Cell viability (Log CFU/mL)
(o2
1

—@— LDPE coated

4 -
rrrrr A— LDPE/Mel/GSE/ZnONP coated
T T ' :
Time (h)
L. monocytogenes
8 -

Cell viability (Log CFU/mL)
[}
1

4 —&— LDPE coated
—&— . DPE/Mel/GSE/ZnONP coated

0 3 6 9 12
Time (h)
9. 27. Antimicrobial activity of LDPE-, and LDPE/Mel/ZnONP/GSE coated wrapping

paper.
%, 282 LDPE®} LDPE/Mel/ZnONP/GSEZ Z¥E 3 g Fo]H E Algsle] AS ¥43 & 3
ol AT =

b BsbH A v Al E-(total aerobic bacteria, total coliform, fungus and yeast)®] A5 A

st Ayjolth, AA77F Foll ARe] vAE 5 BF AH7|ZRe] F7E uel Srksksl e,
total aerobic bacteria®} fungus and yeasti= A 24417t o]FHE w|ZY dHo]¥yy LDPER
#lo]# el Ha] LDPE/Mel/ZnONP/GSEZ g Hlo]|# & x5 75 Hount F353 AHE5HE A3
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total coliformel] WA= A

Cell viability (Log CFU/mL)

Aerobic Count

:;i./_f-j-’-z.’j

[ e

— Uncoated
~ LDPE coated
LDPE/Mel/GSE/ZnONP coated

Cell viability (Log CFU/mL)

| K]

T T T T T
30 40 50 60 70

Time (h)

80

Cell viability (Log CFU/mL)

Coliform Count

—&— Uncoated
—®— LDPE coated
—&— LDPE/Mel/GSE/ZnONP coated

T T T T T
40 50 60 70

Time (h)

80

Z7]4%H

4

Fungus & Yeast

—#— Uncoated
—&— LDPE coated
—a&— LDPE/Mel/GSE/ZnONP coated

0 T T T T T T T
40 50 60 70

Time (h)

19, 28. Antibacterial activity of LDPE and LDPE/Mel/ZnONP/GSE coated wrapping papers
for Gimbab packaging.

|

+= LDPE¢} LDPE/Mel/ZnONP/GSE= =¥ 3l A o]HyE AF&3e] M=%
b WASE A vl A E(total aerobic bacteria, total coliform, fungus and yeast)e] A%
w}to|t}, LDPE/Mel/ZnONP/GSEZ @ # o] ¥ & E 75t
Astadrt #EE A=,

AHEGA Y

=

=

a-"o

7

o
A%

Ztt o] gl e A

np 7} 2 total aerobic bacteria®}

7 3}e}

fungus and yeast H.Uh= total coliformo] thal] Bt} g3}4 o]t}
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Aerobic Count ) Coliform Count
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-A— LDPE/Mel/GSE/ZnONP coated —4&— LDPE/Mel/GSE/ZnONP coated
D T T T T T T 0 T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (h) Time (h)

4
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19, 29. Antibacterial activity of LDPE and LDPE/Mel/ZnONP/GSE coated wrapping papers

in sandwich packaging.

1B |
LDPE/Mel/ZnONP/GSEZ ¥t g ool &= F2AZAN FAo digt Agdo] A
Algtol gk 23k A S et LDPE/Mel/ZnONP/GSER 583 S o] H S A}-g35}o
W AMELAE XSRS u HAEY] ASELEE ASAYE a2YE Y
LDPE/Mel/ZnONP/GSEZ 9 gt sig o] 7} Zntolv ME9jx] e} 22 HMR2 # 9
-5 on gttt LDPE/Mel/ZnONP/GSE=E #g #jo]# o] A2 el Aike
AAFSE= kel 22 extrusion coating®H S AF-&3te] tiEALto] 715 S

¢

la

Aebd v JAE sk Zhed e S50 AlAE Y

25RYH 283 A2ty Y4=AAMNP)E FE o2 1 A7]7F 40-160 nm AL} o7 F
A 4 .25, 0.5, 1.0, and 2.0 wt%)E 7lste] 7Meb7dy S E5S A=z
o 1 Eg7, dokA /‘3, Ze) A AdAd Sol EAS ZAFSFY T Field emission scanning
electron (FE-SEM) micrograph HZE ZA¥} #eptd YwQ2rp 7heh7id sjER] 2of 2 4kE o

2T
M
9
>
-~~~
o
©
\]
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o= Gkt Bebd Ye=izhs o] 7o) el Al el on dE9) oy T4
of A FFE v F=F 1wtk 7HAE LE J FEE S/ dEe] debEAd oA
Aepde] Hrbe] oa Frhekivh. "ebd e H7bel ofs] & wigojde] Hada sherid dE
o] 2FAS FMAE. 1= Fetd S HpE glepdEEe A dade deEhled, A%
5 Al+9l, L. monocytogenes ¢} E. colidl Wal] <F3te] &3S YERIL

Food grade®] 2oj= & (sepia ink 92%, NaCl 8%)< Cerezo Berzosa, S. A. (Carcer, Spain)
ol FUste] AFESF Y. k-carrageenan< Hankook Carragen (Jeonnam, Korea)olA <13}
o 2 2-diphenyl-1-picrylhydrazyl(DPPH), 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) ¥} potassium persulfate + Sigma-Aldrich (St. Louis MO, USA)oA G4 35FS3]
t}. Brain heart infusion broth (BHI), tryptic soya broth (TSB) < Duksan Pure Chemicals
Co., Ltd. (Ansan, Gyeonggi—do, Korea)ollAl G+3}aL, Glycerol JJr ascorbic acid + Daejung
Chemicals & Metals Co., Ltd. (Siheung, Gyeonggi-do, Korea)ollA] T8ttt 255 A<l
Escherichia coli O157: H7 ATCC 43895 ¢} Listeria monocytogenes ATCC 15313% Sl=&+
3], (KCTC, Seoul, Korea)Z4-¥ HoFdtol 71z} BHI % TSB of7pujx]o] vjFste] 4 °C o H
At HA A AFE-SEA T

(2) Aepde] 2 2 5AxA

QAo EZEE Eumelaning centrifugation method& A}g-3le] #2315t}
Ay Y= zte] F7]E8A12 nanoparticle analyzer (Zetasizer, Nano-ZS, Malvern instrument,
Worcestershire, UK)E A}&3}e] ZASERA o, v A|G-%+= field emission scanning electron
microscopy (FESEM, S-4800, Hitachi Co., Ltd, Matsuda, Japan) & A}Fg&3lo] AT Ui
Bzt d o] FTIR spectra = Fourier transform infrared (FTIR) spectrophotometer (TENSOR 37
Spectrophotometer, Billerica, MA, USA)E A}-&3le] ZAFSHSI T

(3) 7Feh71 /MNP &9 Alx=

Aabd Yregdate =5 &y ske] (MNP: 0, 0.25, 0.5, 1 and 2 wt % based on carrageenan)
7+ 71 d/MNP composite filmS solution casting WOz A ZxdFow, 7z 28 H7F3 MNP
sheFoll w2} Carr/MNPO0.25, Carr/MNPO.5, Carr/MNP1.0, and Carr/MNP2.0Z 7|3}l t}.

(4) 7het7id/debd 259 54

AzE dEo v AFZEE field emission scanning electron microscopy (FESEM, S-4800,
Hitachi Co., Ltd, Matsuda, Japan) = ZA}slal, FTIR spectras attenuated total
reflectance-FTIR spectrophotometer (TENSOR 37 Spectrophotometer with OPUS 6.0
software, Billerica, MA, USA) & AF&-3le] 4000-600 cm-1 ®H{Jll A ZAFSEATE

it

)

=
=]

=2

=

A g Eue
eN
=

HA-S Chroma meter (Konica Minolta, CR-400, and Tokyo, Japan)A}-&3te] =435}

e
1o
e
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t}. o] u] reference background® standard white color plate (L = 97.75, a = -0.49, and b =
1.96)2 Alg3ste] z+ ZE9 Hunter color (L, a, and b) 3 =A3sta =23 (AE)S the 4

of weh ARtsitt

AE = [(AL)2 + (Aa)2 + (Ab)2]0.5 (1)

HE2] UV-vis spectra & UV-vis spectrophotometer (Optizen POP UV/Vis Series, Mecasys
Co., Ltd., Seoul, Korea)E A}&3}o] 200-800 nm HYNA SAdR o, HEo xoH A
3 EEE 747t 280 nm 9 660 nmel A FEIEE Sl ALEFLL

6) 77 % 7NAH e

Alge] F7+= digital hand-held digimatic micrometer (Mitutoyo, Model QuantuMike IP 65,
Mitutoyo Corp., Kawasaki, Japan) & A}83}o] 438} 5H

HE A 89 tensile strength (TS), elongation at break (EB), elastic modulus (EM) &<
mechanical properties & ASTM Method D 882-88 ®Ho] me} Instron Universal Testing
Machine (Model 5565, Instron Engineering Corporation, Canton, MA, USA)& A}-&3lo] =43}
=g

>
=

A7 9 F&E(water vapor permeability; WVP, g.m/m2.Pa.s)x= ASTM E96-95 Z W4
A3tAt} (Gennadios, Weller, & Gooding, 1994). F53HH S Al-83}<] ] A=
ey

™ z
(water vapor transmission rate; WVTR, g/m2.s)& 243 & t}e 2o we} F5
3

f
2

1 1o g
1
rx Iy op

WVP = WVTR X L/Ap

o7lelM L & HE AR 77 (m), Ap & FF5% 54 A9 AR FA9 4 (Pa) ot
Azl FEHZE7Z (water contact angle; WCA) 2 contact angle analyzer (model Phoenix
150, Surface Electro Optics Co., Ltd., Kunpo, Korea)E A}-g3slo] =331t}

(8) EtrAA

Alg ol dotAHAL thermogravimetric analyzer (Hi-Res TGA 2950, TA Instrument, New
Castle, DE, USA)E A}g&35ko] FAFSI AL, TGA dlolH ZXE DTG #g o224l uel ALk
t} (Oun & Rhim, 2015b):

DTG = (wt+ At - wt—At)/2At
ZolA R HUYEHLSE (Tmax) & DTG ZAM o2 XHE F&}al, HZF char content & FA L AE

(%) TGA= 0. ZF-¥ F33th (Shankar & Rhim, 2017).
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(9) 54

A5 & S4& F TFY Ass Al (e FA<Sl L. monocytogenes B 1e S <l
E. colDol Wit AS5IA sz FA}F sF¥ T (Shankar & Rhim, 2017). A& FH4o=2
TSB % BHI #j#]o] HFata 3 CollA 16 AIZF &<t =i st gA4g HE Y (108-109

CFU/mL) 200 uL.Z 50, 100 ¥ 200 mg9 #Ax @ MuEx 38 A2 718k 20 mL TSB 2
BHI brothe] F# Aoz 2 1 37 TollA 15 AIZF &<k 2o A Jeujgsait). sk 4 o]
Eo] AES SMEX3 & *ﬂ AX 5 SH ASAAaxnE 71402 54 ).

(10) 3Arstd

Wiy Y9 xiel Beg 2o 3434 S free radical scavenging activity & A= 2714 9
R 2 2-diphenyl-1-picrylhydrazyl radical (DPPHe)3} 2,2 -azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTSe+) radical scavenging methodsE Al-&3}o] FA}FSFS T

oAy gl

(D dEahd Y=g zte] 54

The morphology of MNP was observed using FE-SEM& AFg3&lo] #&3k vpx-depdoe] nj At
ZE 9. 30a9 #uh yxedebde FEoe s I A7|7F 40-160 nmel MPoen, i AL
98£22 %t} dynamic light scattering (DLS) test A3 Yx=dlghde] 2 7do] 201.4£1.7 nm ©]
3l polydispersity index”} 0.196+0.01%t. dwtd o2 Atz ¢ 7F + 30mVET ZAY -30mVE
o Ae #he e A9 B AR AAAH, o= E yrad AL s Hg sttt
= A& YErdh

Urxwebde] FTIR 23 (Fig. 30b) + #gkde]l -OH group ° 93] 3405 cm-194 S
absorption bandE H.o|il It} o]# 3t broadening A4S OH groups ¥} amine groups Aho]<]
TAZAG witolth. o]9]e] FTIRA M= Wepduy=iat dlof] Aepbdo] 54 %<l chemical groups
o] EAES HuT
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19, 30. FE-SEM micrograph (a) and FTIR spectra (b) of MNP.

(2) x84 2 FFEHR=

Table 14 & Zlg}7da} Fhebrid/deid Sstd & =3 e2 Yl 9} ke
Wt AEES FHsta FAol oy debdo] 7k é%% ALSAe YERHtE Table 1404 K=
npe}l o] dEo] H7] (lightness; Hunter L-value) += @A 3HA (p<0.05) #A3FF o, A%
(redness: Hunter-a value) ¢} A% (yellowness; Hunter b-value)= @A Al S7Fskich 4

S92 BE FAA (AE) 94 27 Frhssrk

o,
I:kl
=)
1
i
ofd
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Table 14. Surface color and transmittance of carrageenan and Carr/MNP nanocomposite

films.
Films L a b AE Tago (%) Teso (%)
Carrageenan 91.1+0.1° -0.5+£0.01° 54+0.1° 1.4+0.1° 746+0.1°  90.5+0.2°
Carr/MNP%%® 69.9+0.3¢ 1.3+0.04° 9.6+0.1° 23.0+0.3° 419+15¢ 63.4+1.5¢
Carr/MNP®* 63.9+1.0° 1.6+0.08° 9.8+0.1° 28.9+1.0° 35.6+0.8° 559+1.3¢
Carr/MNP'? 49.9+1.5°¢ 2.3+0.06¢ 9.9+0.1° 42.8+1.5¢ 18.7+0.3° 34.9+0.2°
Carr/MNP?° 28.2+0.7° 2.2+0.17¢ 9.9+0.1° 64.1+0.1¢ 2.6+1.0° 12.5+1.42
Fheb7ida} e/ dEed B3R 5o FFHE 34 a7, 319 ®HQl upe} g2 ghEhrid 2
52 FHsta AA JRA G diE] =2 FYEE BHeloy Wl s HUkgE %= ol F
HE=7E H7E dldele] dASHA Fasksd. JEid 2859 T280 ¥} T660 2 ZHZ)
74.6£0.1%, 90.5£0.2% 24 A]X 3}t 7MAIFA & H FHEE BHYo 2 wit% 2] MNPE
2.6£1.0% ¢ 12.5+1.4%= 7FA3H Tt Carr/MNP £33 E 9

e wels 1 ghol 2%
wo A9 AR e AELFIG HFEANA A9H ABAR AG HsHol Erh.

Carrageenan

uvce }UVB@ UVA | -

Carr/MNPY-25

Carr/mMNpP1-0

Transmittance (%)

CarrMNp20

T — T { T T y T T T v
200 300 400 500 600 700 800
Wavelength (nm)

19, 31. Transmittance spectra of carrageenan and Carr/MNP nanocomposite films.

(3) H=EFAEY WATFE
BgREe] MATES BFDEN Fmgge] ¥
2. 32). SEM AzelA mi wisl go] shebr)d B
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Carr/MNP E312 52 & Ulo MNP7F #dshA 4y
sheFo] F7he S

Surface Cross-section

Carrageenan

3.0k 15.1mm x10.0k SE(M) 1 3.0k 15.5mm x10.0k SE(M)

Carr/MNP0-25

Carr/MNP20

3.0kV 14.9mm x6.00k SE(M) 6. 2.0k 15 Omm 10 0%

Hola gt} 1 MPNY

1. 32. Surface and cross—sectional view of FE-SEM micrographs of nanocomposite films.

(4) FTIR analysis
U3t PE9] FTIR spectra A3+ 13, 330 ®HQl nle} o}
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19, 33. FTIR spectra of melanin and carraggenan, carrageenan/melanin nanocomposite

film.

)

FTIRA | = E7]87Hs functional groups®] W3l7F #&E % gkqled], o= dAabyy &3
P s Fherde] Fx27F AsHA] EdeS n| sk

il
o

(5) T4 9 71AA EA
Fhepr| G e g /Meld Balm 2] ] A H B A
AEo] FAE 47.944.0 pm on, #Aekde] Az

5\

P

4 A3E Table 1591 FEAISIT. 7hetr]d

o= webde] Hrbgel wEste] 1 FA7L
72.0+1.8 pm 2 SUFSI. Jheb IS ZIAAR]D 54 A debde] Hobel] s Al 9%
& sk, tebld 259 A EE 57.044.6 MPa S1oH 0.25 wt% ° MNPE & 25
62.9+£0.6 MPao & F7Fetqlth. 1eluh 2.0 wt% o MNPE H7bS wel= 46.243.7 MPa =

o —-—
mr
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Aastgith vide] 59 AAdES Jhebrid dEo] 4.4 £ 0.3%EA flexibility7F W& HFo|3
oy "@ods FHE Fole o SURsidloy o Aol= AA @Skt HF9] stiffness
(determined by EM) #ebd& A7l & HAA A A

Table 15. Mechanical, water vapor permeability (WVP), and hydrophobicity (WCA)

properties of nanocomposite films.

Films Thickness TS (MPa) EB (%) EM (GPa) WVP (x10°  WCA ()
(um)

g.m/m?.Pa.s)

a b a d a a
Carrageenan 47.9+4.0 57.0+4.6 44+0.3 3.30£0.1 1.72+£0.13 48.7+4.9

Carr/MNP®? 51.0+0.9°  62.9+06° 47+05% 277+0.1¢ 2.13+0.03° 47.9+3.8°
Carr/MNP®>° 69.4+09°  60.1£0.4° 55+05° 251+0.1° 2.01£0.03®  52.8+25°
Carr/MNP'? 68.6+1.7° 58.2+1.8° 4.8+0.0%® 245+0.1° 2.15+0.26° 55.3+6.8°

Carr/MNP?° 720+1.8%  462+37° 52+02" 205+0.1° 2.13+0.15° 61.1+4.4
The values have been presented as a mean * standard deviation. The value in the same

column followed by the same letter is not significantly (p > 0.05) different.
(6) J‘?‘QE =2 zi\“?}i‘ H= A

ekt Aheb /e BEREe] FEE (WVP) ¢ 42827 A%E Table 159 hebd
th Fhebld HEY BEH5EE 1.7240.13 X 10-9 g m/m2.Pa.solloy Yty y E3dES

BT Foll= MR (p<0.05) S7HsAT
TrEid A0 RS 48.744.9° ooy Wty Eoeigls Wl A SUkske] &
el ol SrketaleE & 4 AUk

a9, 34 G BEH FUHA 5%(0.25 and 2.0 wt%)e] Wade Hrst

(8. 34a) 9} DTG (9. 34b) A¥E weld. sy siebrd/deid Bt g9 %7 F
A e 60-70 oCollA] YERFY] Az, ol F2 29 Sl 7dsth FHA A
2 150 °C HF-oll Al Al#tE o] 195°C H-toll Al Hujghs Hol&=u(1’l. 34b), o]+ 7tAaARE A
7hek FEjAlEe] Gl 7]elgtl, FE dEdE 210-260 oColA YElgow 1 Hdge 7he)
71, Carr/MNPO0.25, Carr/MNP2.0 ZEo] 27k 228 oC, 228 oC, 235 oC %t} 600 oColA
% char &% 7tg}7]d, Carr/MNPO.25, Carr/MNP2.0 &9 7}7z} 25.9, 33.7, 35.3% ©]At}.

2
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19, 34. TGA (a) and DTG (b) thermograms of carrageenan and Carr/MNP nanocomposite

films
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(8) F+EA
7}3}7] J*} }3}7]‘4/““3} Belg 2o A== 7<¢ E. coli ¢ L. monocytogenes, o thate] =%
4 IdES F F9Y /H]:W"Oﬂ "HOH ﬂﬁ“ Holx] gkotort
< e 7herid/
of H3] o]5 A+t
=3 kol eSS o Srbsk i
Fheb7id/debd Betd gl g dAS Gram-positive (L. monocytogenes) E.T}
Gram-negative ¥ (E. colDol o ZA YElEth oy hebr|d/delbd 53t 5o A
b o] gt 7]l gk
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19, 35. Antibacterial activity of carrageenan/MNP composite films against E. coli and L.

monocytogenes.
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(9) 321514

el a Frebrd/deid Betd S o] shakskAd S DPPH ¢F ABTS radical scavenging activity
2 SAs A3E 19, 369 YEW Y. MNP+ DPPH ¢F ABTS radical scavenging activity”Z} 2+
ZF 4.0-42.5%%} 11.5-75.8% 2. % ascorbic acid (AA) o H|g}lo] w2 sAsiAd S e (249,
36a-b). Carr/MNP 53t E9] 31t S MNP &7l &5 F7Mstdt (9. 36¢). 7HE
71t =59 DPPH % ABTS scavenging efficiency © 217} 4.2%<F 4.5%% 24 2.0 wt%e]
MNPE #7beh A= 1 kol 217 53.6% ©F 57.7%= F7Fs3ith (719, 360).

_68_



100

AA ABTS analysis 100
1 (. v~e { NN oPPH
80 - _ B ABTS
5 () (b)
= . 9
£ o0 -y
=] S 604
o =
(2] T ]
5w -
b g 40
3 b}
E 20 .E 1 -
<t
< 20—
0 L P . B S — U TR - '
0 25 50 75 100 125 150 175 200 0- s % 0 S
’ o “?“1. o “?Q. " “‘,o\ " “‘,q,.
Concentration (ug/ml) oa“\\“ Oa‘d G,oﬁ\ G""“\
100
AA DPPH analysis
1 e
80+
£
2
2
[
T
E
o
-
%
L 1
T
<«
125 15l] 1?5 200

Concentration (ug/ml)

19, 36. Antioxidant activity of MNP, ascorbic acid (a-b) and Carr/MNP nanocomposite
films (c) determined by DPPH and ABTS analysis methods.
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AAAFE TA FAAFH G Abs el gz k] Hotel o "E o] AA B2 AA WASHA &
grow "B AFAS F7MAZAT o7/ CuO NP vYxE3gdEo AZFE A<l E. coli 9 L.
monocytogenes °l taiA 73+ s+ AS vERWTEH

ol

4 R ==L

(1) A=

dAabdel 9824 food grade squid ink = Cerezo Berzosa, S. A. C/lglesia (Carcer, Spain)ell
A lste] ALg-E o™, Food grade agarE Gel-Tec Co. Ltd., (Seoul, Korea)oll A +3IA
t}. Copper chloride, potassium hydroxide®} glycerol Daejung Chemicals & Metals Co., Ltd.
(Siheung, Gyeonggi-do, South Korea)olA G383 2™, Brain heart infusion broth (BHI),
tryptic soya broth (TSB) ¢} bacto agar powder: Duksan Pure Chemicals Co., Ltd. (Ansan,
Gyeonggi—do, South Korea)dlA 33ttt Escherichia coli 0157: H7 ATCC 43895 <}
Listeria monocytogenes ATCC 15313 + $=F 7@ 3|(KCTC, Seoul, Korea)ol| Al &ito} 2+7}
BHI ¢} TSB o}7} wjA]ell wjefate] 4 °C o Bt ARg-stivt.

(2) Absto2] Y te] Alx

Copper chloride, melanin, 2 KOHZ A}&3}9] melanin mediated CuO NPE A %3}t o=
el HA Ao HERZEE #WabdS centrifugal separation methodo & F#3ta, 0.1 N KOH
LNS AFESle] 0.1 mg/mL ¢ #Hzhd &N S Az $ 100 mL 2] melanin £ copper
chloride (10 mM)E #H7Fstar 80 °C2E 7tgatith ©]$ 5 mM KOH &4& &% H7isto
I gdo] de Aol & uwj7hx] 80 °C oA 2 A|ZF 7HEskgit). o] w) e A AbsitE] o
YA FAEHASS HER =, AdE AbstaE] =g AE 10,000 rpmel A 20 7 A
glste] =A% pH7F $4o d wi7bx] 22 A% F ethanol® AHstal 50 oC oA Axs}e]
Mgt YAk EES Al

(3) AFstare] Yiefiake]l 5434

AbsbtEl = Ake] AA | HE UV-vis spectrophotometer (Mecasys Optizen POP  Series
UV/Vis, Seoul, Korea)E AF&3}o] 200-700 nm WYl FEFAFAEHS B4 5] AT
=9l abe] Afo] 2E AL particle size analyzer (Zetasizer Nano S (ZEN 1600), Malvern
Instruments Ltd, UK)E& AF&3Fo] dynamic light scattering W o2 A}l T

CuO NP9 w"AF+%+= field emission scanning electron microscopy (FE-SEM, S-4800,
Hitachi Co., Ltd, Matsuda, Japan)©e. 2 #zstal, YA 3 7]+ Imagel (Imagel 1.46r, National
Institute of Health, USA)E AR&3to] F4313th CuO NPY ¢4 #42 FE-SEM microscopy®ll
P25 energy dispersive X-ray spectroscopy (EDX)E A}g3lo] HA]351% T}

Agtdyl CuO NP9 Agodi = Fourier transform infrared (FTIR) spectrophotometer
(TENSOR 37 Spectrophotometer, Billerica, MA, USA)E A}-&3}o] 4000-500 cm-1 H{ A =
Attt

CuO NP Al&9] X-ray diffraction patterne XRD diffractometer (PANalytical X'pert Pro
MRD Diffractometer, Amsterdam, Netherlands)& A}-&3}c] 20 = 20-800 Wl AlA ZAFSHSI T
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(4) o}7H/CuO NP Y=EBgdE9] A%

o}7}/CuO NP Yx=E3FES golution casting WHOE A %3t BELAE A x317] Y3l 4
g9 o}7Fe} 1.2 g9 glycerol= 150 mLe CuO NP €9 (1 and 2 wt% of agar)ol 42 $] 90
°CollAl 30 &3+ 7FEstH A SalAI AT Z58& NS Teflon film (Cole-Parmer Instrument Co.,
Chicago, IL, USA)o] Z¥YH F2lF (24 cm X 30 cm)oll /2”3 T Ao HAEAA 52
Az BE BELS AFEE7] "ol 25 °C, 50 % RH oA Hoj= 48 A7 FR2H S o
5 A&k

lmm

(5) o}7}/CuO NP Ui gtz =2 o

Jm
ox
Mo
1

b xR v AMF=
UrEstds g uAF+xE FE-SEM (FE-SEM, S-4800, Hitachi Co., Ltd., Matsuda,
Japan) & AF83}9] (acceleration voltage: 10 kV; current: 10 pA) =A%t}

(\}) FTIR % XRD analysis

w83g 29 Fourier Transform Infrared (FTIR) spectra®  attenuated  total
reflectance-FTIR (ATR-FTIR) spectrophotometer (TENSOR 37 Spectrophotometer with
OPUS 6.0 software, Billerica, MA, USA)E A}83}4] 4000-700 cm-1 W oA A3t}
dE9°] XRD patterne X-ray diffractometer (PANalytical X' pert pro MRD diffractometer,
Amsterdam, Netherlands)E AF&38}o] 20 = 20-700 HHNA A T

(h &4<t44

Algze dotAHA S thermogravimetric analyzer (Hi-Res TGA 2950, TA Instrument, New
Castle, DE, USA)E AH&3te] ZAFSIIaL, TGA HolH=FE DTG #& thaAdd wel ALkekad
t} (Oun & Rhim, 2015b):

DTG = (wt+ At — wt—At)/2At

ZolA R HUYEHALSE (Tmax) & DTG ZM o2 XHE F&}al, HZF char content & FA L AE
(%) TGA=XM o 25 +38}3lth (Shankar & Rhim, 2017).

() 294 R F8%

dE9o ¥WAS Chroma meter (Konica Minolta, CR-400, and Tokyo, Japan)At-&3te] A3
t}. o] u] reference background® standard white color plate (L = 97.75, a = -0.49, and b =
1.96)5 Atg3t 7k F&E9] Hunter color (L, a, and b) #& 43t T4 (AB)S th& 2
o et A2kekgich

AE = [(AL)2 + (Aa)2 + (Ab)2]0.5 (1

HE29] UV-vis spectra & UV-vis spectrophotometer (Optizen POP UV/Vis Series, Mecasys
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Co., Ltd., Seoul, Korea)Z AF&3}o] 200-800 nm WHYNA =AHstR o, LEo =M A
o} Er“éEg Zy7y 280 nm ¢ 660 nmollA FEFHEE F st A8

(mh) 71A4 &4

Alg el F7+= digital hand-held digimatic micrometer (Mitutoyo, Model QuantuMike IP 65,
Mitutoyo Corp., Kawasaki, Japan) & A}&3ke] 433t

2 A 89 tensile strength (TS), elongation at break (EB), elastic modulus (EM) =9
mechanical properties & ASTM Method D 882-88 W ol wa} Instron Universal Testing
Machine (Model 5565, Instron Engineering Corporation, Canton, MA, USA)& A}&3lo] =743}
ATt

(1) FE=WVP) 3 FE&457F (WCA)

A 79 B4 % (water vapor permeability; WVP, g.m/m2.Pa.s)®= ASTM E96-95 ZFHHH S ALE
sto] =A319 1t (Gennadios, Weller, & Gooding, 1994). S5 AW S AFgste] WA A8 T
% (water vapor transmission rate; WVTR, g/m2.s)= 2743 & v Ao wet F5FEE ALt

].

32

=

ol

WVP = WVTR X L/Ap

7] A L 2 Fo] Alge 77 (m), Ap & FF% 54 A9 FoAm FHe B4At (Pa) ot
437} (water contact angle; WCA) & contact angle analyzer (model Phoenix
150, Surface Electro Optics Co., Ltd., Kunpo, Korea)& A}-&3te] =# 319}

A5 %

5o Fd 2HE F TR HFE Ad (2" F4EQd L. monocytogenes B L
E. colDell gt AHAA a¥= FAF eFlth (Shankar & Rhim, 2017). Al@S T2
TSB % BHI #jA]ol HFatar 37 CollA 16 AZF &t &2 < sl 3143k HFe (108-109
CFU/mL) 200 pLE 50, 100 % 200 mg®] 7z H AuEx 79 AlaE #H7Fsk 20 mL TSB %
BHI brothell F4f Ao 2 &7]ar 37 TellA 156 AZF &t d2eA xgujatalnt. g & o

Eol S ANEEL F AT AL 5B SYse] AFAAENE F/1H0R 57 Sqnh

2 oX

o !

41 do
oo

.

_ﬁo
19

u Ay 9 s

(1) CuO NP9 54

CuO NP &9 Aze pgoz wsgl=d], ol CuO NP A4 woltt. CuO NP &9
A Ee 7l 379 HQl wpeh . ARPH O R CuO NP €942 ~ 350 nmellA F354 % u
epdith 28y CuO NP &9 &34 o] lower wavelength (~ 300 nm)Z ©]s =4, o]
= gl wiFEoltl. CuO NP9 energy band gaps Fig.lb o] H.<l wuje} o] Tauc plotS AME
st YElon, CuO NP9 energy band gape 4.01 eVyl+Et], o] CuO NP9 band gap
(3.5 eV)ET} ¥& gh& HSIth ol Ao Ao 7]dgt

_72_



CuO NP9 wAF*x=&= 9. 37col X<l vk} Y. CuO NP& Hlwd Fgo=z 1 H7|7}
20-130 nm HLG L, HHF A 7] 66.3224 nm Htk. CuO NP 945 EDXE AM&3te] ZAFSH
Aot (9. 37d). EDX spectrume ~1 keV oA 73 Cu atome A|z2¥93} ~8 keV I} ~9
keVoll A ¢t Alad-& Holed], ol a5 gl 7]t
Dynamic light scattering (DLS) & o]&3to] AAA7IE 4% ZiE 27, 37eo YEH
CuO NP<¢] hydrodynamic diameter= 280.7%+3.8 nm% 3L, polydispersity index & 0.37£0.02 %}
o}, CuO NPE949] zeta potentialS -40.1£2.6 mVZA o] &Hdo] uf9 kS & 4= 3

2.0 100
(a) ' (b)
80 1
1.5
© 1 —~ 60 -
g E
E 1.0 %
= iC
g E 40
< ]
0.5
20
0.0 - - - : . - - r - 0 T
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Spectrum 1

500nm Full Szale 1904 cts Cursor: 0.000 ke

Size Distribution by Intensity
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19, 37. (a) UV-vis spectrum of melanin-mediated CuO NP, (b) Tauc plot, (c) FE-SEM
images, (d) EDX spectrum, and (e) DLS spectrum of CuO NP.
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CuO NP¢ FTIR A%E 19, 38a9] e FTIR Z3+= debda CuO NP Alole] AdFE
Holal gt}

CuO NP9 ZAFxE XRD 45 &3t ZAFSESIY (1%, 38b). 26 = 35.60 (002) ¢ 20 =

38.80 (1119142l XRD reflection2 CuO (space group C2/c)e] Ao 7]t} Y=< Ao

HHd A4 A7]5 Debye Scherer’'s equation (D = 0.9N/Bcos®) & AF-&3te] AL v} 1 A7)+
13.1 nm$%it}.
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19, 38. (a) FTIR spectrum and (b) XRD pattern of CuO NP.
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Spectrum 1

(b)

ull Scale 4361 cts Cursor; 0.000 ke
29, 39. (a) FE-SEM micrographs and (b) EDX spectrum of agar/CuO NP nanocomposite

films.

(1)) FTIR ¥ XRD

o}7ke} o}7FH/CuO NP Y338 59 FTIR spectra A¥E 17, 40a°] YERHTH dubdgo=z 1}
wEFPF] 754 aFd 5718 v wsrl e, ol o7k Tx7F oM, CuO NP9
A7kl o8 e Wart gles vt vt 3= zelrh A=l ol obrkek CuO

NPe] =84l Aol 7|dstt}. FTIR A3 A o}7t9} CuO NP AFo]e] compatibility7} =55

Hola gt}

UrxE3tdE Fo CuO NP9 crystalinityE XRDE E3te] ZAFsg o of7ie} o} 7F/CuO NP
wHSI 20l XRD pattern Z23E 19, 40bo] YEAT. ol E S 5w diffraction peaks
HolA ¢gkor} o}7}/CuO NP Yi=B53d 52 35.45, 38.560°014 ¥ A& Yed=d, o= 443
CuO NP9 (002) % (111) lattice plane°l 7]1gtth. H3FEF 9 XRD diffraction pattern< A
s CuO NP} g At} (9. 38b).
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19, 40. (a) FTIR spectra and (b) XRD patterns of agar/CuO NP nanocomposite film.

(th &<

ob7ksb ob7H/CuO NP w33t Ee] TGA 3 DTG Z3E 8. 41¢] yekilleh ofrkst ofrt
/CuO NP it 52 3e7e] dis] whed vebllsd, U= 242 90 °C 9 95 °CellA
UEbstom, o= el Fdte] idlgth FWAE 200 °C FZollA AlAete] 250 °CellA H
e 2ol ole iR AReE FeAlEe Zdfol gtk geer FE diss 300
°C F-ollM AlRE =, ol oprke] diafel ZIR1gH oprket of7F/CuO NP e =gd 59
600 oCollA @2 char residue®] 42 77t 19.6% % 30.6%% .
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19, 41. TGA and DTG thermograms of agar/CuO NP nanocomposite film.

(@) BB 9 YFEIE

of7ket ob7F/CuO NP W53 5o 3ud 54 A3E Table 169 YERY. op7bEe] B
A gkEo] CuO NP9 H7tell 93] o421 (p<0.05) *}o]& Kol tﬂﬂ }Oﬂ‘jr 53] 359 8]
(lightness: Hunter L-value): CuO NP ¢ H7lsXol Hl#dte] I A A3t vidHe] S

(Hunter a-value)®} A== F3g o, oo wel =Ax} (AE) A '6‘7]‘01‘93\1:]'.
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Table 16. Surface color and transmittance of agar—-based films.

Films L a b AE Toso (%) Teso (%)

Agar 90.6+0.3° -0.64+0.17  7.3+0.1° 3.2+0.2° 445425 88.5+0.9°

1
Agar/CuO NP 603+04° 692+0.1°  203+01°  364+03°  99+19°  497+0.1°

2
Agar/CuO NP 424+13°  1024+01°  19.04+02° 53.0412°  14£12°  269+0.1°

The values have been represented as a mean * standard deviation. The value in the same

column followed by the same letter is not significantly (p > 0.05) different.

A5 AoMdA FA AT Table 169 E715o] o) op7FEES T6E60 ©] 88.5%=A
] £ ou CuO NP A7kl 9l& T660 o] 50%%2 743t o1} o H3] see-through?}
7bs3klth. o7 CuO NP H3FE &9 AolH Adavs 7HA3dd vla] aA SX¥Act. 2
wt%e CuO NPE H718S 2%, 400 nm ©l&tollA A9 BE AYAS 2petetqitt. oF7F/CuO
NP EH3td 5o Zet 29 A5 Wepbd s} CuO NP 7]l

("h 71 741*4 =7

N

4574 A¥E Table 1791 Yepdlth. op7F/CuO NP vt
oz F7hskAdth o}7F/CuO NP vYxei3tdFe] 7AAYE (TS) o}
o7} I o} stiffness (EM)+= tha& F7}Fstlth

4
e X

Table 17. Mechanical properties, water vapor permeability, and water contact angle of

agar—based films.

Films Thickness TS (MPa)  EB (%) EM (GPa) ~ WVP (x x107 WCA
(Hm) g.m/me.Pa.s) (deg.)
Agar 49.0+0.4° 45.1+0.6° 44+0.6° 2.17+0.05° 2.99+0.3° 40.9+3.8°

Agar/CuO NP' 59.2+0.6° 45.1+1.8* 4.8x0.6° 1.85+0.10° 3.99+0.4° 50.2+4.0°

Agar/CuO NP? 55.5+0.7° 449+0.9° 47x0.3° 1.95+0.10%® 4.35+0.5° 51.2+2.7°

The wvalues have been represented as a mean * standard deviation. The value in the same

column followed by the same letter is not significantly (p > 0.05) different.

(vh) FHFZ=WVP) 2 #3457 (WCA)

ol7tk9} o}7}/CuO NP Y& 3FIdE o FHEe Fid57 ZA7E Table 179 YErRh  ofr}
| 1 AtelE Helw] b=l o= of
&t 7] wjEo 7 dE)

o

%%u— & = = ] 40.9£3.8° i/ﬂ UH‘T 5{1/\}\6101 l\_—?'g‘
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(3) ?‘5}—?{-}\4

o}7}9} o}7F/CuO NP Yie&i3adFo Fa54S AS5AM7<] E. coli ¢ L. monocytogenes ©l
sl =Abstel 1 A¥E 2§ 420 YERTE of7FEES obEl S HolH &Eskey CuO
NPE #7het 5352 A=Y T7 degate] Abdsed wet 538 g 4dS Hel
ob7F/CuO NP th=33ad 52 E. coli #F5 9-12 AR el ¢ AbEAZ wbde] L.

monocytogenes, 9l e sE  wed) ALEEE Adsles a3Es  Hdh
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J
E
S 8-
(T8
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2 —A— pgaricuo NP'
E 4 — % AgaricuD np2
i)
s
©
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I 1 I 1 I 1 1
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j
g 8 | —&— Control
t —8— agar
o ] —&— agaricuo NP’
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=
©
>
©
O o4

Time (h)

19, 42. Antimicrobial activity of agar/CuO NP nanocomposite films against E. coli and L.

monocytogenes.

s HAAE AFEste] @] CuO NPE AlxskaL oS o]88te] o}7F/CuO NP th=58d



29 Az39t. FE-SEM A= CuO NP7} ol7tE o] #dsA 245y AL Boon FTIR

Ayt debdo] o9& ok sty CuO NP7} ol7fep # }_ﬁ}% o2& w3t} o}7F/CuO NP 33

T =S A9 AddE dERREle E= R op7/Cu0 NP UeEgEE2 E. coligh L.

monocytogenes,°| ta 3 A4S YeERl. G X}ﬂ“ A Fds Zre ot
=

/CuO NP Yieidd 52 43351 ge] 7o AFEZA=Ae 84 =2 Aoz ey

3. HMRA % 248 7164 ZEA=2E vy wix] Alx 9 Vs 45 A=z

71’574 HMR 25324 55 Axstr] flete] 23449 7143} drkesde st d5wolx

% LDPEE dAstar of7]el] kM Aol wrslxl 7154 &AQl #ebd, Zn0 Y=t &}, A-sA 5
_ =

=% (GSE)E &%3led LDPE/Mel/ZnONP/GSE ©j ~E] v 2] =
blowing %8 22 LDPE/Mel/ZnONP/GSE Z&<& A zxdto] 1 BAS
o] 7]l Al Hepbd (MeD @4abshd, A, A9A Add S Fostar, Zn0 Yx=4A (ZnO NP)&
g 2 Ae)A A, AFHNFEE (GSE)T ddA T Ao adA, datsigd s Fodstr] 9
3l AF&-3FaiTh.

7 A g
9. 439+ LDPE/Mel/ZnONP/GSE j2~E x| ¢} LDPE/Mel/ZnONP/GSE Z &9 &5
et

Holal

o

19, 43. LDPE/Mel/ZnONP/GSE master batch and nanocomposite film.
LDPE/Mel/ZnONP/GSE Z &9 WA} o)A 2 7}/\] #FH F3}E= (T280, T660)= Table 189

®2l nle} 2tk LDPE/Mel/ZnONP/GSER && LDPEZ Eof H|3] tha o] F91, Tz Faw
7} F7vetAar, Aol Aol AA Frhe A
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Table 18. Surface color and light transmittance of LDPE and LDPE/Mel/GSE/ZnONP films

film L a b AE T2s0 ()  Teeo (%)
LDPE 91.25+0.1° 0.4+0.1° 43+0.1® 1.1+0.1° 62.7+1.1° 853+0.7°
LDPE/Mel/GSE/ZnONP 80.8+0.2° 0.2+0.1® 12.4+0.1° 13.3+0.2° 57+0.9® 56.7+1.8°

19, 448 LDPE/Mel/ZnONP/GSEZ &3} LDPEZE9 &3 ~AEY Ayto|t}, LDPEZES EXF
ol 39 AE Holx &¢ror} LDPE/Mel/ZnONP/GSEZ &2 375nmEF-Zol A 5238 &40
A=, ol Ak ok Aot}

—LDPE
W —— LDPE/Mel/GSE/ZnONP

Absorbance (a. u.)

T T T T
200 300 400 500 600 700

Wavelength (nm)

19, 44. UV-visible spectra of LDPE and LDPE/Mel/GSE/ZnONP films.
Table 1991+ LDPE/Mel/ZnONP/GSEZ &3 LDPEZ &9 tensile test 232 Jehyth. LDPEZR

ol 18]l LDPE/Mel/ZnONP/GSEZ &9 A4 E7t A8t o= ol H7MEd <9s LDPE
W EY 0] Aol A3ekgl 7] wiEo| T

Table 19. Thickness and tensile properties of LDPE, and LDPE/Mel/GSE/ZnONP films.

. Thickness TS o,

film (um) (MPa) EB (%) EM (MPa)
Machine LDPE 59.6+2.57 22.0+1.8° 798.2+47.0° 104.0+£10.6°
direction LDPE/Mel/GSE/ZnONP 69.8+1.8° 17.0+0.92 528.0+40.6° 102.9+8.1°
Cross LDPE 62.9+0.3* 226+1.1° 397.6+30.3° 104.5+3.0°

direction LDPE/Mel/GSE/ZnONP 68.6+0.2° 151+0.8% 546.5+14.5° 113.2+4.5°

Table 20°]+= LDPE/Mel/ZnONP/GSEZ &3 LDPEE &9 F5E=(WVP)e} 345
3E e o5 7154 Bde A7k: LDPERES] AfAelu Rgwe
it
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Table 20. Water vapor permeability (WVP) and water contact angle (WCA) of LDPE and
LDPE/Mel/GSE/ZnONP films.

film WVP

WCA (deg)) (x10"? g.m/m?Pa.s)
LDPE 84.2+2.8° 1.5+0.1°
LDPE/Mel/GSE/ZnONP 79.4+2.6° 1.4+0.2°

9. 45 LDPE/Mel/ZnONP/GSEZ &3 LDPEZ &9 FTIR H

2E Ayoln, 9, 46 FoHA
4 HEE Adtoltt. o5 7ed=2del kel ols) LDPE 459 4t dL FoAvid & o
A ¥ Skt

\ W v Ty T
Voo 1646.26 /""w N 1301.88 ll
Vo 1572.83 /[l Lo
1/ /| 137747 ‘
J 1541.87 i
| \‘ r/
i
- Il 146308 b
E
d 2915.86 v 284845
= ~J
2 T e Y NI ]
= \ / o \ 1301.76 l
‘g ( 1646.10 1378.08
2
| 146328 o1cle
2915.38 i
e 2848.59 LDPE/Mel/GSE/ZnONP
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

. FTIR spectra of LDPE, and LDPE/Mel/GSE/ZnONP films.

0.00 |- T s 04— e
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A \l
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o il 60 - 1
7 | b
b | |l 1
E 015~ y \
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= | I 40 4 I
=) | \
0204 |
Il t
I 4
4 —— LDPE ‘|.'I' 20 A ——LDPE ‘l'\l
025 —— LDPE/Mel/GSE/ZnONP i —— LDPE/Mel/GSE/ZnONP iy
W
-6.30 T T T T T 0 T T T T T
100 200 300 400 500 800 100 200 300 400 500 600

I'empermure[nl"} rl'emperalure(mc)

19, 46. TGA and DTGA spectra of LDPE, and LDPE/Mel/GSE/ZnONP films.
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L. monocylogenes

6 -
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Cell viability (Log CFU/mL)

T T T T T T T T
0 3 6 9 12 0 3 6 9 12

Time (h) Time (h)
19, 47. Antimicrobial activity of LDPE and LDPE/Mel/GSE/ZnONP films.

LDPE/Mel/ZnONP/GSEZ &3 LDPEZ &9 2T A2 L. monocytogenes ¢} E. colid] gt
st A B AE A= Fig. 479 yERd nviel o] LDPE/Mel/ZnONP/GSEZ &2 13-4 <l
=

L. monocytogenes & 9A|ZIRte] 23 -S-A32 E. coliE 6A17FTRe A3 AFEAA, F AT
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TEST REPORT

oe
o 8 A (FEigg2 B ¥ = M287-18-02242
£ A MEE®N SHIF FMUCXNELIE 4562 6025 @ 3 ¢ X 2018-08-20
g 9:ae & £ BamEs
O|Z|AFHAA Y : KH1-LD FILM & ¢ =14

2018-08-06 YA2 DE|SH4 ARH CHE MBZE o2t EE&UCH

" AEZEZDL .

01 #% (JISZ2801:2010, HRYUNY ): Mo+/a', BDBEX| log

| sLank | #1
EF| R 14 % 10% 14 x 107
EEL |24 NIt= 24 %104 = 0.63
B et ® 46
72 14 x10% 14 x 104
ZHE2 |24 NItE 11 x10% = 0.63
FEEYA = 6.2
=) E=QE : Stomacher® 400 POLY-BAG
A”EH CAEHEHE (352 1)°C 90 % RH. O 24 A7 HR BT = F £+ 57
SFEN CETEER 20 oy

MEEZA|ZE  2F1 - Staphylococcus aureus ATCC B538P
21 - Fscherichia colf ATCC 8739
BEANESR

MY EL 718 o -
i
FITI A el L L

S
¥ BA el WE : IPIP-U6Q-AWEH 3
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g, A, A9 Abdd 5o TIsAS e dedd Zn0 YxgA 2 A FEES
LDPES} &3tsto] mj~E x| & ¥HE3l o] & o] &35ty WEA SR AEE F S+ 7IsA 55
A 23R k. LDPE/Mel/ZnONP/GSEZE &2 455 A2 L. monocytogenes ¢} E. colidl Wal] 7
g &4r/d& YEtdlo] HMRAFS] A E ALE 7heAo]l & Ao 2 dddn. 3 o] gl
e 7159 57 eHHE 2= AR 7 o] AFsrE &olgk Ao ® weE

A4d AGAL B AR 7ed 2387
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Ao A= FU1A B4 Tio29 Z zeolite, boehmiteol SHA#A 7]5& &

BAZ1aAE sk ERE oA it =S V1€ AEfA=ES AR-340 =5kl Vs AS
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2 Aol TEAL] EAFE T ARE EefdaH 2] AdE s EAA 2 AAS A A

= #7Fsisid.

A A= S 2AAE ARl AlEA Al F Fees ARSSET 2 Ahe] vhAE
At ow AREHE °F 0.4dL/gd AFF=EAV,

12
o
™
[@N
-
~
0Q
1o
K
Jo
oy
H
il
P

=
off
-
)

th. PET whEulx] A%
e B9 B Adagith. ol FHARE B2 o] A oo
A BT 7€ AEFA BHe B3-S T8 PET w2l A& Azt 2430 /& A
=
o

[}
4R AAYE nese] EEA o FRTA W& 80/200.8

o2 1 N

(o]

o ~H =29} £33 & extruderd ]

= R4
FelolaHE Ao gddd S 9@l power mixerE ARS8F3]
H2 449 &3 batchE extrudero] FYstFTE o] W &§ HE9
| ? S fEl AYAE AL
= oF 280C AEE FASH #F
st oAl ulagu ]9 A

51 S [
> b Hom

!

=
2.5mm~3mm7} F%EE screwd &

27} AsEES 24e dgadn,

3. €718 PET t}= sheet 71
t}% PET sheett PET sheet WollA Ax=fA &4 kS Hosk y3=7] 913 t}5 sheet 7N



EZ A AERA B2 FFE W57 8= BF PET sheetol Al WdFe] 7
sto 2 74X 7b= Zo] ettt AR HFY FAE W e v Afxiie] mEA
A hES A4S F sheet T Alole] FAQ Aolrt F4E EEFHE ZahaE 49 Yo
A F74 sheet7} AorxE= Aol @wAEA AU o] WA57] 9
Z71< x]o]al— rJJo7} Q)
g 4= PETG(Poly Ethylene Terephthalate Glycol)< A}-&3d}o] A
Z¥ PET vixgluixle} 23 3 E7]0A 250C 9o &ZolM EEHS 24dsiy gujdold &
47] Az Bad &7]84 thE PET sheetS A28t}

4. HMRE PET &7]1A4 %
7}, AgY A AL PET €742

oM AFE ©hE PET sheet o4 AYALE §71% AFsAch AYALE/E 7 o
Gris W eotelo A BujFe AU gl B 2AE Fa §719 U5k S AR
B 4ge g7 B FAA F ALY F9L B9 AP oa A §71s
Agel Aelgst w9 8RS welstel AYAL 19 §719% 49 8719 2FFE TR
BAS FAS Bess B A,
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=7 =7](mm)
AL A2 19 =A) 100x100x100
A2 19 574 100x100x10
AL AL 49 BA 160x120x70
ALY A2 49 574 160x120x10

. 48 AtE A”A 2GS 2Y B Abol=

AR ARALE7)E Beate] T AYNLD AAT 1Y, 499 o] FEaAoH Al

sto] mEO| A Abgsta
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t}. PET €7] AEHAE

A28 PET €7]¢ HMRE7] 29 AE 6%

2718 242 7/Ed g% Bohemite ‘3—2 s}

TS AMST)E 2o #Alzkst &7 2@ o
E F52 EntEe} EWH (YIS, FF, 2o 5 ALREHE e glon dF

712 A3 & ATPS} dwtAlat, g+ s S35

2= dolry] Yo ARHA2ES =335k PET
A ZeoliteE AMg3lo] A|zHe £7]9F HluwE Y3 Al
HE27]9] 455 vl o2 it

(D) EvtE AEHAE

EnE
ATP guk+ 10°
T RLU 3 RLU e CFU/g(ml)
1118 72
Ak 1122 67.5
1126 63
1864 109
A(T/BM) 1862 101.5
1859 94
498 55
B(Z/ZL) 496 49
493 43
704 78
C(MST) 706 83.5
707 89
EOtE
2000 120
100
1500 .
=) B0 E
£, 1000 &0 Eu
(=8
= 40 E
500
20
ol A[T/BM}  BEZ/ZL) C{MST)
N ATP == 21| 7 1075

9. 52. ATP 3 ditAlet =2 A3H(ErHE)

EntE A§E AR Ay A(T/BM), B(Z/ZL), CIMST)2] 4% MZ HWHAEES W3, &
TH7F 9ol ATPS} dutAl, 3 @ i 2AES 13 3. ATPY 9% A&

Y g@bd w22 B B(Z/ZL)7F 496 RLU e C(MST) 706 RLU, 98+ 1122 RLU
A(T/BM) 1862 RLU <202 ATP Q9% X7 Zolxle AL & 4 At Auka
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s 734 A4 Ay ad2Es By 10°594 B(Z/ZL)7F 49 CFU/g/(mDo2 7hd whe Jeha
= WY, vt 67.5 CFU/g/(ml), C(MST) 83.5 CFU/g/(ml), A(T/BM) 101.5 CFU/g/(ml)= <=}
Mo Al Hesrl oA ErhEe] Rulwsl Filete AS B 5 Aok g 2 g
Z& AFHA gol /1SaA L. ATPS QuAFoR 459 %7] BES FYHon H7)
SRS W B(Z/ZL)AA Y ErtE7 71 9%, Falert Ao Fosksiar, A(T/BM)olA el Ewf
b 44 o, Ralws) ok 4 e
(2) =AH=
g e
ATP AukA i 10° oua ¢ 10° g 10°
by [
7 RLU ffLB Ao | CPU/g(mD | 884 | CFU/g(mD) | &4 | CFU/g(ml)
32041 114 25 33
[R5
= Rt 31845 31943 191 117.5 59 23.5 o7 30
55351 154 38 17
A(T/BM) 51735 55043 149 151.5 53 33 10
38175 107 21 19
B(Z/7ZL) 37174 37675 99 103 51 22.5 9
75666 190 40 73
C(MST) 79677 74172 181 185.5 11 40.5 63 68
sl Meje
80000 200
70000
__ 60000 150 __
= 50000 E
. 20000 100 Ea
F 30000 =
20000 so Y
10000
o i}
it ATfBM)  BRESZL) C{MST)
B ATP =g U HEH A 1075

T, FEF, EvtE, 2olE T AH= AEE AREE] Ak A(T/BM), B(Z/ZL), C(MST)9]
12 H7t &el ATPS} dubAly, digat 2 digwa AdS 1
& th ATPe 9% FX& Yehdle &t Y= E B drke] 31943 RLU o=
B(Z/ZL) 37675 RLU, A(T/BM) 55043 RLU ,C(MST) 74172 RLU =22 ATP 9% X7} =
oA lE ASs & F Ao dwAlFrE dYEide F334 A4e dE gz E 2W 1075004
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B(Z/ZL)7} 103 CFU/g/(mDe= 7} w@& FJehegs Hla, dvk 117.5 CFU/g/(mD), A(T/BM)

151.5 CFU/g/(ml), C(MST) 185.5 CFU/g/(ml) s=xt4 o2 AnkMt Hehg7t obd 3 A=
of Bywrt Frtete AL 2 4 Jdd 1076 kAol E3F 10758 ge Ag &7)H
A Zpolzt AA kol 7IFetA= gt EFAe mol A TS AEHA &Rk, vk A
Zo] 3tk 10759 A ujS=ol A A(T/BM)SF B(Z/ZL)= 1570 wlwte]l ez f9] sk o}
71=38kA]  @kkar, dwko] 30 CFU/g/(mD), CMST) 68 CFU/g/(mDZ ZF&EEo] A(T/BM)$}
B(Z/ZL), 49k, CMSTDco® vt 71 sobxith. ATPe dvkAlar, g o2 459 &7]
*Jj“ S THHoE AUl S W B(Z/ZL)NA Y] A =T M S dE, R R Ao 4%
R3L, CMST)eA ] e =rt 7HE 2%, a7t ol $£4] Xakdlth
K

ol
-

ol9} o] YAl A MM HAEZ AyES nigow b 53 HeS Hel ZABZ/ZL) A%
S Akt o Aol AFsSIth oA GAA AA HAREE s ot dAe] UE A
Ao ol HAE AFE AFHA = Bl B HuxdE AT 7 gl AT Ak =35 ¢

o I ;
>

CRl
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2138, 58, ¥FsEF 40 A 29 Ay A

o
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>
™
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o2
i)
B

. %] &

87 WEQA 8 EF87] AAE /2 dibdg oz AL8% &= PETE7]¢ 1874 &4 PLAE
Abg3lo] AztE g7)o] ok Aol A sjEEk PBAT, ZnONP, GSES] @it A4S X383 58 o
& A3 ¥ IG5t 3 MEXE LTS st WAl o= skt

(1) PET§7]¢ mg gl Az 2 3¢
FAYENLE 4 g o] PBATE 400 mL 9] chloroform £3jA|7] A|Z3FAth. PBAT/GSE T8 &9
1 g © GSEE 10 mLe| ethanolel &31¢ 5 8 mL €] ethanolic GSE 8} (5 wt% of PBAT)
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S 400 mL ¢ chloroform ¥ &3k 3 4 g 9] PBAT & &A1 AH AZ33 . PBAT/ZnONP
FEgNe 480 mge ZnONP (3 wt% of PBAT) & 400 mL ¢ chloroform ol % 7}38}¢]
bath-type sonicator (Ultrasonic cleaner FS140H, Fisher Scientific, Pittsburgh, PA, USA) &
Abg3Fe] 30 7 AHEldk & IKA T25 homogenizer (T25 basic, lka Labotechnik, Janke &
Kunkel Gmbh & Co., KG Staufen, Germany)ES A}-83}e] 5%-7F high-speed homogenization #]
glatal, o17]ol 4 g °f PBAT & HAs] H7bste] &A1 # Alx3833 k. PBAT/ZnONP/GSE 58
fNo 320 mge ZnONP (2 wt% of PBAT) & 400 mL 9| chloroform °l 3 7}sle] bath-type
sonicator (Ultrasonic cleaner FS140H, Fisher Scientific, Pittsburgh, PA, USA) & A}&3}o] 30
w7 Aggk & IKA T25 homogenizer (T25 basic, lka Labotechnik, Janke & Kunkel Gmbh &
Co., KG Staufen, Germany)E A}&3}o] 583t high-speed homogenization *18]3}aL, o] 7] 4

mL 9] ethanolic GSE &9 (3 wt% of PBAT)¥ 4 g ©] PBAT & 3] 7lste] &3)AA zﬂ
Zotglth, §H MEH] &7)ol &3l 1 § AlAste] A"t

(2) PLAE7]9 A" &N Ax % 79

FEZML 4 ¢ -4 zeing 400 mL 9] ethanolel] &a|A|AH A Z3F . zein/GSE ZEH ENS 1 g
9] GSEE 10 mL<] ethanoloﬂ 235t ¥, 8 mL 9] ethanolic GSE €% (5 wt% of zein) & 400
mL 9] ethanol ¥} 33 & 4 g 9] zeinE &3A|A A XA zein/ZnONP ZHEH &ML 480

mg® ZnONP (3 wt% of zem) 5 400 mL ¢ ethanol ° % 7}sle] bath-type sonicator
(Ultrasomc cleaner FS140H, Fisher Scientific, Pittsburgh, PA, USA) & A}&3}e] 30 7 A g
sk 3 IKA T25 homogenizer (T25 basic, lka Labotechnik, Janke & Kunkel Gmbh & Co., KG
Staufen, Germany)& AF&3}e] 5&3F high-speed homogenization ] 2]3}aL, of7]e] 4 g 9] zein
= HAH3 H7lsle] fAA A XSG zein/ZnONP/GSE ZH £ 320 mge ZnONP (2
wt% of zein) & 400 mL ¢ chloroform | #7}3}e] bath-type sonicator (Ultrasonic cleaner
FS140H, Fisher Scientific, Pittsburgh, PA, USA) & A}&3}e] 30 &3+ AHgg * IKA T25
homogenizer (T25 basic, Ika Labotechnik, Janke & Kunkel Gmbh & Co., KG Staufen,
Germany)E AMg&3te] 55-7F high-speed homogenization ##3tal, o] 7)o 4.8 mL 2] ethanolic
GSE &9 (3 wt% of zein)@ 4 g 9] zein & 3] H7lste] &s|AA AT &AL A=
AA &7l T3 1 F AAst] ZE ST

2. 7/ AM=gA &7l tiet =7
PET 23445 A&ste] A= %7] A% & 3.7315~3.9815 CFU/ml& YEFR
5 Aaet FolE BE A|ETA GukA
o] Ad7F 6.0 CFU/ml & HoAAHA MEA] F-9 Z7|3to] FAste] Fafj7t 8= vt
B R 1=
AGAd A2 F 16 AWM= A o] SAEHA e
BagE Fole= AREE HE g2/ o] S5t e g
Nano-particles =3X3F XA Ae] F2]o] Fr g
GSE¢} ZnO Nano-particle =23+ Ao 7}M4 & = i
Zto] A#g Aol = EE AlsaolA] 7.0 CFU/ml & Hol7tdA © o] o]
= ole MEX W] o] F2o] FA|7|d HoEes
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=X 2polm Qlaf W Ask= Adfxfo] 1 o]4te] Aom By ojFgon, wkA JidE Ve E
Aol Farlsdol A M=RA 2ol maE Vet B3 ol Yk
PET(Antimicrobial effect)
9
—&— Control
—o— GSE
81 | —v— znonpP
—4— GSE+ZnONP
7<
E
S 6
[T
o
5<
4<
3 T
0 20 40 60 80
Time (h)
PET(Antimicrobial effect)
10
—e— Control
91 | —o— GsE
—w— ZnONP
g 4 | —&— GSE+ZnONP
7<
E
S 6
[T
o

a9, 60. PET, PLA X4 M=9 X9 Adut A & W3 =4 Ay}

PLA XZAE AFEst] ME=RAE Adet A3 27] A% 72 0.3204~ 3.2746 CFU/ml& e}
wom, Algto] Ao wel HAA o Frhete] 36AIKte] A e Fel= BE AlRaol A ARk
9 A47F 6.0 CFU/ml & FolAsA M=9x o
e ¢ divh ol PET XZAE o] &3 A@AuTt

J5ho] 37} e Qle}

24
A7k A R wEE AL

Uell= 4342 PLA 2449 A5l PET XAl nls] M=$x] e dukAldo] #ehr)
o ¥ A &4de Aesdvar 74 & 4 vk PLA A4 94 AZAE Az 5 18 Azt
A= AA ol FAEHA e EEs Kotk A3 AlA F 18 Alzto] Higl Fo= AREH
He g2/ o] T4k e AT AT 18AFF ol A= ofFd x2S oA ¥ X
gAjel A el F2lol 7t AE Ao yetwtom olyd AH3YE 24 Agto] A3k Fo GSE¢}
Zn0O Nano-particle =¥3 XAAE AFL3 Algo Aye}l v WA F718te F4S 1A
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S A&t o] FojX vyt PET X24AeE fFASHA A $ 60 Algto]l A st AlA

A5 A 7.0 CFU/ml & Wol7FaA o o] o] F7kehA] ettt

55 A3k AFS PET, PLA I4A A& W& 7|Fo 2 Aeste] 43R gs o
ol A PLA E4A7F PET E7A e vlate] A% & dubAlare] S2lo] waAvy sdgh
o= #HFEHATH Olfﬂﬂ A= E3] GSEE #H7bsk A8 =

PLA X347} PET 3 Ao H|3te] GSES] IS LdA 77 oA w=s J3FS v

PN
%S 5 9

=2 9

>

> o
rmjg

o
otk

gAY
o rn
>

il

2

r

PET, PLA (Control, Antimicrobial effedt) PET, PLA (GSE, Antimicrobial effect)
10 E
@ - FET —a— FET
—o— LA 54 | —— mLa
ER ]
— g 4
= .
[T
] 5
5 ]
4 1
el -
. 2 20 0 50 a0 : M 20 M &0 20
. PET, PLA (ZnONP, Antimicrobial effect)
3
—a— FET
R 4 —o— PLA
E ° £ 1
=
[T
L1 z
T s
3 3 4
. 0 0 w0 50 0 2 = 10 & k]
Time{hj Time {h)
a9, 61, 78 &t A PET, PLA A7l w& vk Al 5 ®ist 54 A7
PET XHAE Al&ste] M=QAE AH T Faols(pl) WNIE FHI Ay Azte] gt
of wel pH7F FHaistke A &1 = Tk A F AFY WF A AHFEF £ ©Fs)
B, A0, @A Rajete] ouAoR ARG R4k, obMER 5o oe] #7)akg Rulau



PN
o

&H|

EE L

GSE
[}

T

=
RS

-

T

<

o] AL

5.6450L2. 5

o 4

5
T

ZnONPo A 7} $EQkar, 24 A7k

-

R

A71ll o]Z= 60 AlZF o] F-el= ¢ o]

18A1 71
A

o] 74

<
T

%7] 5.90674 A% 72A1ZF A3}

o
==

24

-

1

o pH

o
™

8 A

S

Az o] 5]

LN

714k ¢]

}

o= frh webA M=fA A

LA

7F 7}

o

o)

o
0SS

)

L-_
0

80

80

60
60

40
40

Time(h)
PLA(pH)
Time(h)

PET (pH)

20
20

—&— Control
—O— GSE

—w— ZnONP
—4A— GSE+ZnONP
—— Control
—A— GSE+ZnO

—O0— GSE
—v— ZnO

6.4
6.2
6.0
5.4
5.2
5.0
.0 1
4.8

6.2

=
pu

ﬂo

_Zr!

%, 62. PET, PLA

- 102 -

Q

At

=

=

&7

3L R
s i

PLA



AHESE AR of fFAFSHAl Al7bo]l gl wet pHYE FHAshE AS Qf?lé} 4 AT 28y PLA
% d-9-ol pHe A% 40 AZ7HA] bstA FA =7 A4 40 AZE olF FASHA F7Fs

o 40 /\]{ 7%= pH7} 5.8133~ 6.0167 9 WA, 48/\]{“’”

Az o] A9 5496774 F FOoR FAhdte s IlT 3l

W3tE 543 Figure 103 11oA = At S2lo] + A&

FEE B AHdeE oE FEd o= PLAS PET X4 Apol7F M= jF-olA Aeh=

o] A FFo] obd #F 0] AolE yERE £ Advke AS gAlskE AolH Figure 12014

Byt GSE =¥ PET X23A9F PLA A kAl A 27 f2g zfolE Hol= dlof

rlr
N
o
I
rlo
o
ay
=
lo
T
ro,

= 99k e Ule] Fg3givkn werAh
7} N 8ag PET, PLA 34 A3 ©& 7|+o =2 Aedto] A=A o] pHe| Wsts Ay
UE ol Aol & gl = U= o 2AE sHA %8 Control A& B¢ A x7]
210 AIRFE Alfletales B w2 e Bolow, e ARdoe A% 40 ARto] FaE
M= PET EFAE AHERE Al8ollA o ¥ pHE YEtluZE A% 60 A3ks 7soz2e F
EA B Hegh A0 o]2= As g 7 AT
PET, PLA (Control, pH) PET, PLA (GSE, pH)
s 62
B.2 5.0 -
6.0 4 55 4
5.8 4 55
I
[=%
5.6 544
5.4 5.2
sz | —#—FET 50| —e— rET -
—a— FLA —u— FLA
=0 , , i i 45 . . . .
0 20 40 &0 &0 0 20 40 80 80
PET, PLA(ZrONP, pH) PET, PLA (GSE+ZrONF, pH}
6.0
6.0
5.8
5.8
% o2
5.4 4

—a FET - —— PET
—n— FLA —0— FLA

a 20 40 [it] 80 bl 0 40 &0 80

Time{h} Time(h)

a9, 63. 7z} &3 A=Y PET, PLA A& wZ pH W3l =4 Az

- 103 -



el ATES B TPl FRFAS FUA/ET PHe YA A FEAL FA5Y
A ZAA R HFNE 1 AGel BAZF gl WA o F TR A% WHoR Fit
aAE EPT F Ashs AVl wdstel $RES U5 @ 4er} on o B ATE
A5

1 AREAFERY Asoldgae] B gy 54

N
-
(

adr}
m U

M
N oofg

Ml oo ofN

A
o
ol
E

m{}‘]t O_>~L4
e

(Grapeseed extract, GSE)¥} At&lold 9 2HZine Oxide Particle)®] 53 323
791 Escherichia coli(KCTC2441, KCTC, Daejeon, Korea)E A48t SH 53
CFU/ml 24 7172} w/we=z Axd =¥ AgTAFEE(ESAEFY R, Gunpo, Korea)
2bsloled 912H(99.9% purity, Avention, Incheon, Korea) &S H7}st A dajufx]o] HF3s}
28 7] (LSI-3016R, LabTech, East Sussex, UK)ollA4 37°C, 190 rpmCo. = #j g3t A7k
o] wE Ao WItE SASITH AES 2 FAue] wet Ha YA 9(0.9%
NaCh= 3|43 gsbduf«o] Ha=23 § vjg71(IB-25G, JeioTech, Billerica, MA, USA)E
AbEete] 37°C oA 24~48A1%F Wi getel AAE HEge FE SAstY sAwieE wsto
Colony-forming unit/ml(CFU/mD) & e

>

Ay ox 24 R
C)‘I jgl _1N’
o

o 9 & P

o

. 7z =4 53 gl 54 A9
(1) AH5TAFEE (Grape seed extract, GSE)9] &84 574

GSEx= & WAE &37E 7HAe A8 vEvIPetn g8 Sgn o= Aoy, o =4
S T2 oe Ao A, gAd Bo] EAgt. UdHE A Fol EAlgte EgHere
AdF o7 £go] A}, AEEA FEHEY F8 FAE #&o AEQ Citrale #EFF 2ol
A3 A A 02 Gerania ¥} Neral®] F7FA] cis—trans oA A A= &A%}, Citral®] F2.7]
& Gram ¥4 2 GramSd+ B ofde} ol didiA FHAEE st FREE ol &H
ok AAEA] & GSES w2 £E2 Sbste] mAES] AFS Adsta 7o 4G TS A
st g gk B Ao A it (Escherichia coli) KCTC 24419 i3 5% H GSE9
a4 dAe 543 23S Figure 209 YeEbAth 2 A3 GSES KCTC 24410 thate] A&,
AZAPE S op7)ete Fa 85 7H Ao= gRlEdon zHgal= GSES &7t S7HETE A
e fadshs vEAAE YJel) GSE9 84 1 = vdsts d4S A 4 9l
=3
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Grapefruit Seed Extract(GSE) antimicrobial effect

—o— N(0)
104 | —O0— 0.5%

CFU/ml

7%, 64. GSE sEe] W& g

o,

0.5%° =2 A3 AlBo| = 2ol AUk AAQN)e] Aot A8 %7] 1 A 2 A|7F
o] 57 xR A9 27 52887 CFU/ml 5.9637 CFU/mlS YEUE= A3 vluwste] zhzt
5.2965 CFU/ml¢} 5.7593 CFU/ml YERYo] 28-S YeEl 7] & s oy 1 2ol njn]3Hsd

g Aog AT o]gfd Fee A 4 A7F AT g A geldd = e A
4 N7V A3 3 A8 N9 Ad5E 8.1515 CFU/mI, 0.5% =52 A8 3k A8+ 8.1135 CFU/mI

oy

o
o= A FARE #e YERRY. AU AeEA FEw w57 1.5%% 3%% UM E AR
el Aatas JAsH fhasks s 2Rl & 4 fdfler 3% R AlsclMe Ag Al 4
AZE Follis o o] Adtas SASA Rete] XE ol AdEdtta sdekglth. GSES] 4 9

5
3 FRBY 4G ARE o4 HNE BeAA FYoU 259 BRoM A A% ALY
S =

Tx IR QI nAE] AEES AASAL ATt 1.5% §E AsFTA FEES HIIS A
o] A W3l FolE i Ad %7] 0 A7kl 5.1748 CFU/mlE 71=3& oy 1 A7k A3
Fof|x= GSEY 3%t

o oJste] 4.1766 CFU/ml= FAsielom 2 Alzk A3p$o] 3.7819
CFU/ml, 4 Azt 73} Fol= 3.7065 CFU/mIZMA] ZHAsloy 1§ F7kstr] Al&bete] 238 6
AlZE 73 Foll= 3.7564 CFU/mIS.2 AAE 5 A3 8 AEH A& F7iste] A3 24 Az A
HFo = 9.4849 CFU/mlE WER dZ2a"Ql N Al59} B3t a5 x5 Yedllnh ol 4
= GSEQ] ddAo]l AE AFES oA I ddFAS elojrle AR 4 5
Z7] #7F BSTE, A5 W] GSEY vE7F @EF
e S 9u g

fl

ul

_IHU oX,

& e RS ¢

= b
Faagel gade AAY depd & 9

(2) Ak3lolA]AH(Zn0) o FHSA =4
Ab3lolAd o dutx o g wAlotg  JlEEAA, Zuf, AR A S, FFA, oA Aol

rlo
{0,
12
o
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SPEE sz ARSHEC 2a lo] g8 Aol de &&Ha dnh 53] Fefstal 280-400nm
Fg el AL S Syl wEel 253 1R Hosy, dREeAd so7 Y Ee 4
Howik Wol &&H Aot T Ao A7I7F 4= wlo]AE ol Abstold wIAYATE QA
eldol Ha Faadyh sty BFd ol FdshA dastsE dlske adE 7 gl
U ARdo]l WA AEdANAM R ol AdS d&dto] Fudde 7K TEAEEEAE

et = Al=7F %%‘3}74] XJ*E %01‘:}.

o AWHOE BTFE DEARY ABFAREES AAAL GE A% FEREE AL

Aoz Iy = AFRE A& F AT Rz N A5} vustelS 9 0.01% 5%9 4tsto}
Adozs Hrbsk A5 A3 %7] 51331 CFU/mlollA] A& 1 A7F & 53669 CFU/mle.z2 Z7}
SR o e Al A] N¢ 5.5044 CFU/mlEt} @& 2tS Bt 0.05% AbslolaAd#E A7}

3 AlgE A% %7] 5.1647 CFU/ml, 0.5% AtstoladdxtE #H71ek A8+ 5.1312 CFU/ml&Z
Figure 2004 &Rl A FFAFEE 7] FAEAHLS Al59 o & ¢S Hod 3 o
EA Abstordfate] w7k Skt @t dAdE A SUhehA e S Balth

ZnO particle antimicrobial effect

10

CFU/mlI
~

0 5 10 15 20 25 30
Time (h)

19, 65. Abstold Fxe wE Fera

S Aol Ae AEEAFEES FAF $EL A4S AR 1 05% FEolA

AZre] wE AFFRAFEEL AT R AlgE NI fASEe] S ayrt njusigion
2 FL9 AtstolAYdAt Alge] Agd= A ] 5.2401 CFU/ml, 238 1 A3+ &

o
N
N
>,
el
P
N

5.1312 CFU/ml, 2 AIXt ¥ 4.8134 CFU/ml, 6 Azt ¥ 4.8787 CFU/ml, 12 A3t ¥ 54535
CFU/ml, 24 A7t & 8.0329 CFU/ml & ZA #adls AL Q08 5 o ALEAFZE

T A AR—

AT ol mE APESA o A7tel Fate] mek 4TSI FAse] HETH g BTl

=

- 106 -



a3
Z4

o
Ehy

0'1%, 0.5% }\]JEJ.Q

1

0]
T

A 9]

=

=
=

A N =9 7% 0.05% A

[e)
7}
7t 8.6233 CFU/ml 8.0329 CFU/mIE 7]E3}o] 2kslo}
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g9y B Ado] g5l KCTC 24418 tio =z Aal w9t T A EAde] HEg3 #
£ 7)1do] wrE A A Fokar EgerAgo] 71A mdk Ergdlele] F7FZ 9l Aol S&a%o] I
838 Folgta AztdT

2. Polymer?] HA&dH2A -5 =A
(1) Az % S

(7B Lemongrass oil Nano—-emulsion #| %

Lemongrass oil (6%(w/w), FG grade, Sigma Aldrich, East Indian)S 100 ml tall beakerol] &4
3+ Hydrophilic Lipophilic Balance value(HLB value)o] A3&3st%=%= Span20 (HLB 8.6) I}
Tween 20 (HLB 16.8)& &33te] Az F3AE A 397} 50 mlo] HE% Azxste] Ao

A}gahelh

HLB = V1/(V1 + V2) * HLBS+V2/(V1+V2)*HLBT

HLB = V1/(V1 + V2) = HLBS + V2/(V1 + V2) = HLBT
V1 = Span 20¢] %3

V2 = Tween 209 53

HLBS = Span 209] HLB value

HLBT = Tween 20¢] HLB value

2 Homogenizer(HG-15D, Daihan, Korea) & A}&3}e] 8,000 10,000 RPM <=
AUz 247y 18%F Pre—emulsification® 2] 3 & 1A]7F &<t AoA <AAHSJAATY. I F
Ultra-sonicator(VC750, vibra-cell, newtown, CT, USA)E A}&3}o] 10 #3F Sonication 3}
™ Sonication &1L 750 W, 20 KHz, 60% Amplificaiton, 20 mm Tip= AF&3}4] pulse on 1
s, pulse off 1 s 2722 &3} 3 sonication Al &9 25345 F(CW3-05P, JeioTech,
Billerica, MA, USA)E AH&3dte] AJie] 2&=7F 25C o]stz FAH =% &3t}

(1}) Dynamic Light Scattering (DLS)
Sonication 3+ A&+ JEFA7](Z90, Malvern, Malvern, UK)E A}g3}+¢] Dynamic Light
Scattering(DLS) #4415 &3 o, Multiple scattering effectS WA|sl7] 95t Alae
100~200 v 7}=F 3] % o] Attenuator 11 = FAHdE L 1 Z3E Derived count number 7}
300~600 KCP Atolef &ldst= 3t & SAako= 243t

gl

© 3mD,,,

Dz=hydrodynamicdiameter(Z-average)

Dt,avg=translationaldiffusioncoefficient(byDLS)

kB=Boltzmann’sconstant

T = thermodynamic temperature

n, = dynamic viscosity
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q
Baretg Aol =38 (Lumisizer, LUM Co., Boulder, CO, USA)S A}-£3}
0

= SAENOH Al
4 ml& celldl ZA3F] 4,000 rpm 270092, 1) 10 29 =439 10,000 = EF =AHslo] &

<!

Stability indext 3% Z 23U dHo]HZ F3HA HH o} T2 os ArEA

Profile .2 X — Profiles,, 2| $1X
Profile;,:2| ®1& — Profiles;.. 2| B1H

Stability index =

(2}) Zeta-potential =4

AZE emulsion YAHES] BAMGHE XS] fdte]  AEEAZI(ELSZ-2000, Otsuka
Electronics  Co., Osaka, Japan)& AF&3te] <JAES  Zeta-potentials  SA 33T
Zeta-potential & Z} HLB value®} Polymer 7} 5o uwzgt SAFJeowy A=
Zeta-potential = mV @92 %A

("h) Polymer®] HAFTLA 85 574

Sonication ® AEZ 0.2 g #FH3Fe] 3 ml hexaned 7}sle] 3A s & AEg24=2(BS-21, JeioTech,
Billerica, MA, USA)o A 40°C, 30 #%F 150 rpme 2 R E3&e] Emulsion £9¢ Lemongrass oilS FZ%31%
o F&S vzl AlEE 10,000rpm FHCE 30 7 YAIEE(Supre22K, Hanil Scientific, Gimpo,
Korea) 3ttt dAligld AlsE AedES FHabel 230.03 nmelA F3F=E =43t Standard

curve(R2=0.9019)°l s}t

(2) Responsive polymers ©o]-&38h AR} St AAle] X3y B od 24 7|5 A

ShA ATtE Ael Zol 7] FdaAe U] FHAAE FAl &8 A, ug 23 &
78S b= A 23S AT S QS Aom e & otk A4, GSEY AH$ HEAlo] o
HAA = 240 ofvu=E A THd =XxsS A5, TFA R mAdEe] ASS dAs=
AL 710 & gith weps E4ke] Thedt 4 AAlE 8 F v VlEo] dEojof i d
As Ueidls A A 2 e &a3Ad Aolvh aFH, #Ae frieds 2 &8
gk 75, Az} A Eatko] doju Vsl A ojol 3 A= BT EAE AL §lo] gyt
UELA] AL, HSH5E EAte] dojubA] gkof GSESF &2 a¥e] Ed=E ZEste 457t 2
g Aot o], EAMYY E4S T FAAA F e AlaFe Jfdo] &g st webA
AT = B2 S Ed 2 247 lemongrass oilS emulsion A|Z~E1o 5 X H3F L, o] Flo] &
YEHEA YE= FAEAS dAFteta, olE 24det7] 98 FXo Wt swelling 5/d0] YERY
+ Polyvinyl alcohol (PVA)E o]&3sle] 4t 24 A 28-S Jdstal 545 AFsk3ioh

(7B Lemongrass oil Nano—emulsion®] ¢F4A =4

Ao A 3ol ol BEAFSAIS] 9l Lemongrass oil (LO)S ¥33}7] 913 systemo= &
3l emulsion®] 542 emulsionS A7l A& &-83F Span 20 ¥ Tween 20 F+ F3H#9
g vlEol w2l 2% HLB gtell w2k droplete] Hydraulic diameter’} 2% a1, Z1o] uwpa} <kz

rlot ot

i)

.
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=
glst 4= AU

2,
©
ih)
o2l
i
s
N
o
gk

o

Lemongrass Oil (5% w/w)

250 1.0

—&— HLB vs z-ave(nm)
—O— HLB vs PdI

200 - r 0.8

150 4 r 0.6

Z-ave(nm)
Pdl

50 - W Fo.2

T T T T T T T T
8.6 100 110 120 130 140 150 16.8
HLB value

19, 67. Lemongrass oil Nano-emulsion® Particle size

a2E BW Particle size® £XE& Yehle Pdl g2 AA HLB ghellA viv|etA W stabs
particle size 7} 7}F& @& HLB 14.07 15.0904 7} =& AgS Hol=d o]+ %A HLB 3t
LA welbA EARAT Lemongrass oil AFele] AlH A& 7FASe] v 22 Particle size

9] drRtEo] wEo] A F Q= 2L e o Ao AFE-3E Ultra sonicator®d =93 £-3}

oﬂ& r1

==

A T A5 wygk £7} ojo] mA ] Zste] AP E = EE Nano-emulsion YAkl 1 3o 1
T AdgEA] 7] dsosE Az Ad 2ddA Fstage] steid ds sUstA fAsE
7] wj<=ell Dropelt size:= Lemongrass oil Z #4H(E), 18]a1 HLB gte] Wsle] $&H4 02
stete] Yty Aol A5 o 22 A dAE F Ja ol 243 F AW Alo] 9
AMGE s SodFs g 249 FkAe] 9= A4 vt B A= w4
4H= A4 HLB @& dd4e= 549 5 sled A4 HLB ghs Bolu dJd 5 fA Aol
o Aol F7ksty]l wiitol Al HA HLBE FAtel®™ HLB ko] Wsto] uwhel oz e
*FB=7F HA HLB oA = ﬁ#@% ojFH 1 & JomE Fhste] Wol EEZ FHE o] F &
Aol 5% %

=
dolth, ¢ gl A= 14.09 15.09] HLB FkollA] particle size 7} 7F4 @& AS &
Fom, 14.0 A 15.0 /‘}O]/l HLB #<S #4HE Lemongrass oil &8 31 8 EAHA}o
3to] Span20 I Tween20 & H7bste] G3A71 §-3tMe] HA HLBYS Adx oz AAs)

ol
-

ul
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BT P
Lemongrass Oil Stability
b e HBL gt | nSt@bility ﬁij)]ﬂ

10 0.857866 9,999

3 1 0.818285 9,999

2 12 0.521358 9,999

£ 13 0.335858 9,999
14 0.204024 9,999
15 0.150559 9,999

T T T T T
0 2000 4000 6000 8000 10000 12000

Time (sec)

19, 68. Lemongrass oil nano—emulsion®] HLB =}o]o]] w}& Instability Index 54 A3}

9] oA <213 Lemingrass oil emulsion® Particle size 7} ZF HLB #hollAd A H
Nano-emulsion YA=9] A2 vl et=A gAst7] st w439 Instability IndexE Z=A}
31T}, Sonication &2 A4 E Nano-emulsion YAFES A= 2 A7 At @S 7HAH, o] 7
o] Nano-emulsion YAES Aol 1% Exswes e £4HE Nano-emulsion YAHE S
T8 Y e ol Algto] AdgE HAFstA HedH FAte] F HAJSTE QF ol AFst
of FAMHE FAlstE = v o]
Instability index 7} 7} =8| A <7}3}
2 instability index ¢ FT7F&o] AAE A QC’L%} *)F ]‘:} o] &= Flgure 1 01]/\1 ‘/}Elr‘r_}
Nano-emulsion §AH59] Particle size S7FE3 A {3lALY f3poel EAet Aol Particle
size o WHHlEgl= AS AT 4 JATE Figure 29 Aol w2 24 HBL 14.0, 15.0 oA
Instability Index #ko] #HA7F Ho ¢ HLB %ke] Lemongrass oil nano-emulsion®] # 24 HLB #
olgl= o A¥E =gldoz RAnkxgicia AzE

(4}) Polymer #7} Lemongrass oil Nano-emulsion®] ¢HAA =4

W50z Lemongrass Nano-emulsion < polymer & A3l EZA717] 9438t 9%<9]

Poly-vinyl Alcohol(PVA) & & AME-3l4] Nano-emulsiong #|Z3}Qlth PVA &= &l & 3+

5A] IREAZ 0 F 9 t’gﬂg—]_tq HetAAAI AZF Al film g4 THo| ¢

g3k w90l o] x Fol= FRE FA3H] re-swelling el A4S

3t A4 polymer «] A7V A9 AEE ZF7FA17]aL particledd A ZE}e]  flocculation,

coalescence, Ostwalt Ripening #8739 £=2& =3 TAHEIAS =ol= 842 #8351 A94
&

- 2y
o2 emulsion We ¥XH EH9 3} AHMS FoFeE I9ES

N
N
X
i
o]
S
<
=)
(@]
=
9
o
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Lemongrass oil ] PVA & #H7lgto 24 BE HLB ZtollA Particle size 7} A3 AS Felst
T AN 53 44 HLB #tellA dold 5 7 237 ¥ A Yeds A8 g0 = A
O T

ok Pdl #k2 FolstA WelA & ZUAT 258 Frehes AS &0 4 A= o= PVA 7}
fFalde] A=ZE Z7FA|7]H A Sonication FAGoNA 7388 Ao Ultrasonicator?} 7Fsk= &l 9]

AF AGHA G vEes AzE

LO with 9% PVA

250 2.0
—&— |Lemongrass oll
—O— Lemongrass oil with PVA
i —e— Pdi(PVA)
200 —o— Pd
- 1.5
— 150 ~
S
£ —
] -1.0 2
P
N 100 - o
o o) - 0.5
50 1
e & o 8 5 =23 39
O T T T T 00
8 10 12 14 16 18
HLB value

13, 69. PVA A 7Fo W& Lemongrass oil Nano-emulsion®] hydraulic diameter 3}

PVA #7}3F Lemongrass Nano—emulsion® #AFFEGAS =43 A3 1O emulsion®] <Az}
B3-S Wl PVA 72 A& #3toe] Eakekdgdol A S7ksk AL &ds 4= A%t HLB
#t Zpololl W& Instability index ¢ W3+ Figure 29 H]w & w mms|vk HLB 13.0 3 15.0

o] B2 HLB ol Hlste] = #A3FS Yeh=
Table 28 W3S W PVA H7I= <ld}e]
0w A% Ao e} BAHEAS P

|
Aol Lemongrass oil Nano—emulsion®] 4F¢k

AE g = vk 28y Table 1
AlZ9] Instability index 7F 0.150559 <A 0.135
7= 98-S a= HRow AztErh = PVA HUb

44 HLB %ol Warct PVA #H7F §5F ¢
s "= A8 o 4= 9lglen o] Polymer 7} Emulsion particle ¥ 7ZFstA Abs 283k}
= AE 9|
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0.14

0.13

0.12

0.114

0.10

=)
2

1

0.08

tability Index

2 0.07+
0.06

0.05
T 0.039

1 . .

0.044

0.03

0.02 -

B 0 BN 11 (DO 17 DN 13 [ 14 D 15

0.127

0.135

I A[I]E]SU| —

9. 70. PVA #H7} Lemongrass oil Nano-emulsion 9,990 =% 73 % HLB @ W&
Instability Index H]xl
9% PVA-LO emulsion stability
1.0
HLB 10 SAIOIRHAN =X
Lo HBL Instability A2
06 - = HLB 14 Bt Index (x)
§ = HB15 10 0.03 9,999
é 04 11 0.042 9,990
:(Iﬁ ' 12 0.039 9,990
g 13 0.127 9,990
B 14 0.069 9,990
e ————
0.0 4 P e — 15 0.135 9,990
-0.2 T T T T T T
0 2000 4000 6000 8000 10000 12000
Time (s)

a9, 71. PVA A 7}3 Lemongrass
A Ay}

PVA #7}3F Lemongrass oil Nano-

Nano-emulsion®] Zeta-potential&

oil Nano—-emulsion®] HLB =}o]o]] W& Instability Index =

emulsion®] zeta-potential®} Z7}3}A]
549 Ay PVAE A7bshA @2 A& HLB @] S7h4
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2

| W} Zeta-potential Zko] Z7FstE S H P Particles 73 9=
= ‘Q A712 EAo wi} =A% = Zeta-potential gk A9} EARAF 5314 9
s T Ade=d FEATE 2R 422 Lemongrass oils %5‘3] Ao qs NI g ol
Zeta—potent1a1 2 HLB %k 14.0  15.0 A}o]el -19.19 oA -20.77 mV &} 3
PVA #H7FA 2] HLB 3t W¥3lo] w& Zeta-potential at= PVA & #H 7}0}X] S A7 v
ﬁ‘ro];}ﬂ] 24 o]= #H7FE PVA 7F #3kA4l¢} Lemongrass oile] 54 7= =
aA71a Aol HE=E S7HAA zeta-potential oA FATE AR % 7103%
wj Folc}, =3 # A HLB ¢ HLB 14.0 ¥ 15.0 2% HLB gto] W3ls]Z4= Zeta—potential Ft
o] PVA & F7lstA] &2 A& |23 E7HA4 #asts A & MLH] Figure 4 <A+
HLB %t 14.03 15.0914 7Fg #A=7F Sokd A 3o} zeta-potential A37F AAele= AS vtg
o7 AzZElel HYS w o= HZF HLB oA eE 23]y AWAFE  Lemongrass oil
Nano-emulsion ¥A7}F PVAS] ¢tA 3t T3S FaA7]le 53 25S Holuy ¢ HLB #gelAs=
ojm] kPG FAMS ol Fi 7| wiiel PVAS H7tol wE EARIAA dsadrl 4o
nu) g Ao FoEn

Lemongrass Oil (5% w/w)

20

—O— LO

10 1 —e— 9% PVA

-10 1

-20 1

Zeta potential

-30 1

40 -

'50 T T T T T T
9 10 11 12 13 14 15 16

HLB value

19, 72. Lemongrass oil Nano—-emulsion¥} PVAE #7}38F emulsion® Zeta-potential =4 A3}

(th A4 285 54

A Z% Emulsion® Encapsulation ratio® =343 Z3¥ PVA & H7lslA] && A8
10914 15EF 80%E Z=Hstlom, dFE9 Lemongrass oil®] Emulsiongtel 3] %
Ztem &Aw = A8 9ko] Lemongrass oil& Emulsiond] & Fof 3y o] {238 Ao

=
t}, W PVA = H7}3F Emulsion®] A+ Encapsulation ratio’} #H7}stA] &S Ao H|ste] A
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HLB7-ZFell A | WA velv= A

PVA°] &2%¥ EmulsionEo°] %%%wﬂoﬂ ofs) A &ok7] WFoE FAETE Emulsiond] ¢
A=A 7)1 7F ZHaste]l WA o] eSS PVAYALA 525+ Emulsion particle®] =7} 57}4é}o]
A4 07 Encapsulation ratioZ} AtiFoe=wm 2o Axrt vgrtn dudEch ey
Encapsulation ratio’} 7Fg 27 ‘/}EH/_} 7 119 73.923%| % dubd oz gFFo Al
E o] Emulsion¥ At ol Az4doz AT dst 4= 7] v Tween203 Span20<
Ab-g3le] A %3 Lemongrass oil Nano—emulsion®] A@3] ot w EALS o] F=d A3t}

=L A~
o 2ek 4 9l

l

Encapsulation ratio
105

100

95

90

85

80

Encapsulation ratio(%)

75

70 A —e— Lemongrass oil
—O— Lemongrass oil with PVA

65 T T T T T T
9 10 1" 12 13 14 15 16

HLB

9. 73. A Z% Nano-emulsion®] lemongrass oil 5%

3.

jul

T mE FdEde] HE

|\

g

(1) A= 2 SAH
(7}) PVA-Lemongrass oil film | #t

A Ze A B (HLB value 15) 10 g2 Petri disholl 53t drying oven (OF-11E, JeioTech,
Billerica, MA, USA)oll Al 22 A3t FoF Hxshe] ARE31Sith

(Wb Filme] 24 && 24}
TH=o1x PVA-Lemongrass oil filmel 57 20 ml& 7Fete] 40°C, 30 & &< &3A1 2 &

R4

€ 1 mlS 9 ml hexene &2 3|4 ste] HEst&+% (BS-21, JeioTech, Billerica, MA, USA)

2 AFg3le] 40°C, 30% 7F 150rpme. & ZE&te] Lemongrass oilS FE389gon F53 gHe
10,000rpm 27 o2 30 #37F 2594873, Supra22K)= dAl &g stk 2 & Asds
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230.03nmell A #3F = A (SHIMADZU A} UV-260008 AM&stel F4%=E ZA3te] Standard

curve(R2=0.9019)° %83} Lemongrass Oile] #HF stFo

(3) A5 E =49 & Lemongrass oil W& FA}

kA &I filme] T & FALS FL3<57] (TH-PE, JeioTech, Billerica, MA, USA)E A&

5‘}04 el FEx1 (RH 80, RH 30(25°C)dl Al ¥*]sko] Lemongrass oil& W&A 7131 Fols)
+ Lemongrass oil®] &o= 213513l

(2) 574 43
AlZ? LO-PVA Film= 717] v& Aulg=xdels ¥Ast 1 ¥eds AT da, A2

O

2721 30RHAA = Alzke] Ao F#SHA Lemongrass oil9]  FrEFo]  32.8738%°1 4
40.3153%A ol 2 FA1 5 &= WhH 80RHS! = = AZke] A3t we} Lemongrass oil®] WE9]
doju} Folli= Lemongrass oile] $FgFo] 40.3153, 39.6673, 28.5358, 35.6083, 23.9848,
18.0808 «o & fraste Ads Yl 3s &<
Polymer® AZ%E PVAZ} 843 Filme FHe &
t}. PVA Filme] Reswelling®™ Film W59 2350 Lemongrass oil Nano-emulsion Ak
=9 o]Fol WSt AyH o % Lemongrass oil®] W&ol FHHA Y. o] 22 A4S Image
1S ®H ] AAE & 4 d=d, spray dry® PVA granuleg Zt7] thE RH ZHolA]
Reswelling A171 23 & RHEALTS A5l A2 FHA A77F AR 27 3 5=
s Bt wepa 2 fA|o A AZbste] Fagh AdolM e wdg Aol HAst L &
4 dem RH7F Z71gell @l Lemongrass oil?] WE&E7F S7ekal W RHEANA = W
| A=A A dojux] g+ A3E Ao & 5

I 9ttt PVAE Ao HAS| 7)sh

51
=
S &#ete] ReswellingsH = 43l 43t

e ot

o

|\

ag, 74, AUEE =719 2 LO-PVA Film9 Lemongrass oil &g =% Az
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9. 75, AREE EYetadE

(1) FHEHAZ GSEE o] &3 JIAAx

94 ola™ oHAS Bl o] gelation A7 F, AXH GSE &4 WA 25%744 FHrEHE
2 ANsA9g. 2t 1% HE $Ho] dojur] Azte) 292 GAF $AE] Zo]A o] 73y
A ekt

I goloz pH, Ax, uwkeAd wE BEAAS o4
8~9°lA 7Hg 2 A

o
= T T

dolwtal 1= Qlaf FFAAE UNE 7S, ol a8 dEdS dote HEE SHAR
=
B

S = o= <F
AskE WA w2 At Z7bske B4l it B GSE $9o] duel 4aE 2o
ZoW S 7HeA, 28a ofaddEAS A= FAHAA HIHAE v ZS o8 HIEH
T2 wRbEAT7E 2o HEgS d o AN

KR =
= =
A ZolWd A5 52 JAT 5

.5,3__
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of 7S FUHteExA A S FEske AR okdAn. 2y GSE® ZnOE Yo
pH W3ts was|E Az dAFFol 1.8%% 78S ®Add %= pH=8.3°4 7.302 & W37}
HEE A

wefA] o 7)o pH ZEA|Z 2-amino-methyl propanols ©]&3te] pHE 8.302 95w Asts
Agsiaty. 1 A3 GSEE 5% oF 10%7H4 E§o] 7}:6“0‘/} } |Be AMom T3
Aol WatE I}, AN o] & EXste] Adxsiols e 1 Ao ZolE FEshr] o # Rt

2%, 76, EolARL o] & FEEA A TRAZ 74

(2) FHEAR GSEY ZnO0E &3H3t a7 54 JaAx
GSE (0.015%)¢} ZnO (0.01%)E &3tslo] Az JHAE2AS o]L3t e FA|ZANAE < 20%7H4
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3 AEe Aoes Addon AuEy AuEe] (AL 19, 799 go] AAEAT)
29, 80 @ =PAS 9 dee] w3 A BEolT)

b As 5 g
AI2TUE B A ZEYNS £XS 2o mE M=9x gAEE 98 4y LDPE, A7)
Y 5% LDPE, Alasd =¥ LDPE, A4
v Aa 2398 HAE, Ay 2F m
o Axd FES AHEET A=A &7 At 7]
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B
N
S
ofN
10
e

:

A HAEEFAA
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