Food Sci. Preserv., 31(1), 126-137 (2024)

Check for
updates

https://doi.org/10.11002/fsp.2024.31.1.126
pISSN: 3022-5477, elSSN: 3022-5485

Food Science and Preservation

Research Article

Effect of zinc oxide nanoparticle types on the structural,
mechanical and antibacterial properties of carrageenan-based
composite films

M5OI LI QIX} 980] F|27|Lt 7|ut Hal

OxXl= g

=3 WEo| X, TN U R

EM0j

J

Ga Young Shin, Hyo-Lyn Kim, So-Yoon Park, Mi So Park, Chanhyeong Kim, Jae-Young Her*

MK - ZE

ﬁ OPEN ACCESS

Citation: Shin GY, Kim HL, Park
SY, Park MS, Kim C, Her JY.
Effect of zinc oxide nanoparticle
types on the on structural,
mechanical and antibacterial
properties of carrageenan-based
composite films. Food Sci.
Preserv., 31(1), 126-137 (2024)

Received: October 13, 2023
Revised: November 23, 2023
Accepted: November 24, 2023

*Corresponding author
Jae-Young Her

Tel: +82-61-450-2421
E-mail: jyher@mnu.ac.kr

Copyright © 2024 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/licens
es/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

; e
SIAR - HIOLA - 2R -

A R
Department of Food Engineering, Mokpo National University, Muan 58554, Korea
FELES T NEDSY

Abstract In this study, zinc oxide nanoparticles (ZnONPs) were synthesized using
three distinct zinc salts: zinc acetate, zinc chloride, and zinc nitrate. These
ZnONPs were subsequently utilized in the fabrication of carrageenan-ZnONPs
(Car-ZnONPs) composite films. The study assessed influence of the various ZnONPs
on the morphological, water vapor barrier, color, optical, and antimicrobial
properties of the Car-ZnONPs composite films. The surface morphology and
UV-blocking attributes of the composite films were affected by the type of
ZnONPs used, but their surface color, transparency, and chemical structure
remained unaltered. The composite film's thickness and elongation at break (EB)
significantly increased, while the tensile strength significantly decreased. In
contrast, film's elastic modulus (EM) and water vapor permeability coefficient
(WVP) showed no significant difference. All the composite films with added
ZnONPs demonstrated potent antibacterial activity against Fscherichia coli
0157:H7 and Listeria monocytogenes. Among the carrageenan-based composite
films, Car-ZnONPs?® showed the highest antibacterial and UV-blocking properties,
and its elongation at break was significantly higher than that of the pure
carrageenan films. This suggests that ZnONPs composite films have the potential
to be used as an active packaging film, preserve the safety of the packaged food
and extend shelf life.

Keywords zinc oxide nanoparticles, carrageenan, composite films, antibacterial activity
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B o)A ARRH k-carrageenane MSC Co., Ltd.
(Seongnam, Korea)9] food grade carrageenan(HE-A,
k-carrageenan, JL= 75CoA 1.5% $F8AA 50
cps)S AHEol3 T NaOH A2k} brain heart infusion
broth(BHI), trypic soy broth(TSB), agar &2 Duksan
Pure Chemicals Co., Ltd.(Ansan, Korea)ollA] F-ui5t%}
t}. Zinc acetate dihydrate, zinc chloride, ¥ zinc
nitrate hexahydratet Daejung(Siheung, Korea)ollAl
TSttt ®3, EE9 ¥ B A AT
Escherichia coli O157:H7(ATCC 43894)%} Listeria
monocytogenestATCC 15313)= ATCC(Koram Biotech
Co., Seoul, Korea)ollA] T3ttt F w5 BHIS
TSBOA BiFE|lom 271 A A 4ToA EaElch
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0.5% Hl&=2 Y 22 J7kHtt. 7k d 76k 53
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= grgstlt.

E
o

S~
S

2.4. Scanning electron microscopy(SEM) 247
ZnONPs} E1EE0] #9 JHl= 2= &9 2vid A
2} &u|3(FE-SEM, S-4800, Hitachi Co., Ltd., Matsuda,
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2.5. X-ray Diffraction(XRD) £4]

ZnONPs®} 71=H7|d 71dE Bt E(2 ecmx2 cm)9)
XRD & XA 3EA (DS discover Diffractometer,
Bruker AXS, Karlsruhe, Germany)® &334t NiZ
eg% Cu Ke WAMI(1=1.5405 Ay AF&31o] 20 mA
o} 40 kV AYPollM Sl e, A5] A7 25T oA 20
71T 5°-60° W04l 0.02°9 A 7HH o= XI5t

2.6. 51220 ME 2 2 Exr
E3gE9o] MT= MAA(CR-400 Chroma meter,

Konica Minolta Inc., Osaka, Japan)& Ar&sto] H71E
Pou, EFTH1'=95.76, a=-0.38, b'=2.94)& HZFo
2 ARSI mebjels L 2’ 9 b gtoll 7]t Hunter
A A=g AR, 3719 F2H fIF]olA S =i
AERA A Aol w29 Aow AAES It

AE=[I -1+ (@ - a*+ (b - b

of7|A EHEEo] WA meEE L, a, bR, 2EH
A mEtnlgle L a2, b2 2AEU

EAGE9 s EA2 UV-vis(UV-3600i plus,
Shimadzu Co., Tokyo, Japan) &% FLAS AR&-5lo]
SAsIY. 24 35 2742 AR g7 38 B
ALl A Atolof] HzFsttt. o] XA /gyt £
T+ 280 nm(Tas0) 2 660 nm(Teeo)ollA Lo Ea&E
45t g7ttt

2.7. SEtEEY FH ¥ JAY & T}

EEE MRS FA= "AE vto] 2= E(MDE-25M,
Mitutoyo Ltd., Tokyo, Japan)& Ar&sto] zt H&9] ot
2 HBoA T ohal H 23]t o] 249 Yot
< AAtsto] dE9] FAE ZAIt ESEE9] 7IAH
EAQ A E(tensil strength, TS), T A&
(elongation at break, EB), B4 Als=(elastic modulus,
EM)= ASTM D882-91 ¥ A¢ uhule] x|%o] uje}
7FE FEHASTM, 1993). A8 9@l Instron Universal
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Testing Machine(Instron 5565, Instron Co., Canton,
MA, USA)o| AREESIT. B& A& A7]&= 2.5 cmx 15
cmo|H, Al7]19] I HETF AREE ]I ESEE grip
7F] A= 50 mm, cross head® £X= 5 mm/min©|
At EHoll= 500 N9 sk5o] A= TS wl7ht

2ZHMPa)Z AXEEIAL, BBE T 3412 ARgoto] W&
&2 FEHUH

TS
EB

F/A
[(Ef — Eo) / Eol x 100

o714 F= Hd AFEN)E, Az 25 A& 7
dulo] 7kt B d(m’)e vehdct. B 989 ohg o
&S UEH, Eoe M2 271 I8 Z20](50 mm)E
UEPATE EM(GPa)2 BHY HE ool x] 28-Hg A
o 71e71E8 Axtstel 2745k

1o

5/ EZfE A+ 5

+%7] BEIx Ag(water vapor
permeability, WVP)= ASTM E96-95 ¥& =HH(ASTM,
1983)2 wet Sk AR FEY] 7.5 cmx7.5
cm 3719 4E A= ]EO] 6.8 cmO]—’ =07} 2.5
cm®l WVP 57831 ol &3tk 2t 343 Wolli= 18 mLe
STHTE 23, 0% E’e]%a}f’&‘:}. e 54832 25T
50% Adl =2 2d" FF571(STH-150CP, JSR
Ltd., Seongnam, Korea)o 3947t HitstH o, 8A|7H
Aoz FAE ARl ol &3 #3571 Fok
(WVIR)E AlRtel @2 A &4 J49 7187|128 245}
At WVP= ofg9] F4& AR&sto] A4tsieitt.

WVP = (WVIR x L) / Ap
oJ7]M WVTRL $%7] EH%(g/m? s)5 UeUH, L

o BE FAME dehl, Apk BEL 5T 537

orel ZHPa)Z Lhehict,

29 SHEE H7 YN W
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O157:H79] Al a3tz 7=l A A% &, 459
FHS 2082 B9t oMo g AAsIeth AlY nPES
717t BHI®F TSB A HijA|o] Fot HESE &, 37ClA 16
AIZE st & 230 A A ATt A
of Akgotqct. Bige #HL UV-spectrophotometers
0]-&5}%d ODg=0.12 FEE FAot] AREstt. 50
mLe] AA Ao 4= HES o2 UV AT B52 ¢

T o]F, 12A7F 53F 37T oA JFuligstH 34]
7ttty UV-spectrophotometerE ©]-8-3 600 nmofA]
B 2 St dxTo s 4F w7} wigoyt
< 7REPIG E80] A7 widdE 22 Ao s &4

Stk 2 4B 39 W St

2.10. EA%42
Ye2o) 2t 42 Moz Zu)d BE ARE AFES

A EAF EX(one-way analysis of variance, one-
way ANOVA)o] HAEHIH. ARE 242 IBM SPSS
Statistics(Ver 28.0, SPSS Institute Inc., IBM Co.,
Armonk, NY, USA)E ARE5}9909™ Duncan? t= H
9l ElIAEE ARESHo] 3T

3. 2t H uH

3.1. £fOfA L 2IZHZnONPs)SF Zf2f71H J18F 251EZ
(Car-ZnONPs)8| #H 72X % ZE X 24

AN 71A] ot Y= (zinc acetate, zinc chloride ¥ zinc
nitrate) 255 &A49 ZE ZnONPs+= 4 B2 JHY
). Fig. 190 7} ot ¥=o] W& ZnONPs®| FAPAALEH]

Fig. 1. SEM images of the surface of ZnONPs? (A), ZnONPs* (B), ZnONPs™ (C).
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Z3(SEM) oH| A5 YEIT AREH ofd o] S/l o
2t ZnONPsQ Feio} =7|7F gefith ZnONPs=
50-150 nm ¥ FLgt G moFoE Uehgon,
ZnONPs*“= A Z 20-30 nm, Z°] 100-150 nm2] #<
S b mofo|Qiet. I3yt ZnONPs™ e B2t £-43
HokE 7M™ 1 37]& 250-500 nm%iH. o] A=
Shankar®} Rhim(2019)9] AFtoA Hojzl AHggatze A
Attt o] 2RE ofd9] MLARE AHEEE ofd A F
5ol wet ZnONPs9| =719 mofo] @ehs & & AN
o}, ot YUA}= A YA 4719 AFEAIR Q)= o] AbA
ST "ol Uetihs FHIE 7HAH, 238A= =4
A v5A4 WS BEF 7R Qlo] dosdos [t
S Foto] 9 SRl wet A7|9F Bofo] IEAA
HoNandi 5, 2017).

23989 BA 72

= 28 e YolA theg

9] B4 A& HojF= AR
9 7t TBHL o] oHoPL d Fasit tor 5o
ZnONPs7} A7k= 7Heb7d 7)dE E9tg 29 3 SEM
olulx1& Fig. 20 Heiith. RE A%E dEE
Sh 29 glo] FUsHA A=t & sl 2
I BE BESEEA 7taAZ ANSE SEAE0] TEE
Atk o] Sedayu 5(2020)9] AFNAE &5 717G
ol A71e 2eAIEe] SR EH Yeh= 2ot dx
slt}h, ZnONPs7} d718 7lelr|d 7]6 B3 "E2 okrt
Az EHZ 7HA L Q)oY tiEEC] ZnONPsE2 7127]
o EYA Yold FUsHA Buso] k. YR
ZnONPs®] 53lo] gA=|gloH, ol ZnONPs™ o] 7t
) Car-ZnONPs™ B4 714 &9kt ol ATA
AREEE ofd g9] FRo w2 ZnONPs 7|9} BEj] &
o] JJEOo 7 FZHrKShankar?} Rhim, 2019). Sedayu

)

Fig. 2. SEM images of the surface of neat carrageenan (A), Car-ZnONPs? (B), Car—ZnONPsZC (C), Car-ZnONPs™ (D).
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(202009 Aol w=", Y=BHz AME NCF
(nanocellulose fibrils)9] &7}gFo] S71ed4E ZEAE
ZHRlY A7|7t €0l Ao] ERIEIH. 13y &
TollA A7k ZnONPs2 2AIE9] 4 WA= &3}
£ HolX| g AR YEHT

Fig. 32 ot ¥=of W2 ZnONPse} 77| 718 &
FEE9 XA 3IE(XRD) e Ul Fig. 3(A)l Y
e HRel Zo] ZnONPse= ot 99l F7of 4d3tglo] 20
ol 31.5°, 34.6°, 36.4°, 47.7°, 56.78°, 66.4° 4 68.1°
oA E4 m2E BgoH, o= 72 (100), (002), (101),
(102), (110), (103) ¥ (112)9 ZAHY LAt
(Kanmani® Rhim, 2014). w4 Al 71A] of& ofd ¢
22 7ZnONPsE AT oz sH4351998L §9l5t9rt

SHA|RE ZnONPs7F 274 7Hb7d 716F S35 80A

(A)

III | || | ZnONPs™"

i Lol ZnONE"

i |1 i ZaONE""

1 I I
40 &0 B

2 Theta (degres)

Imtensity (a.)
1 L L L

L 7nONPsQ| E4 137} 325 ] Qdgron &= 71e}y)
W B85t 599 XRD %S UehialckEe 3(13)) oj:=
ZnONPs®] 22 H71=K0.5%)° 71918 202 Wetgch

3.2. FN27[H [E SEHEE(Car-ZnONPs)S| B35 54
SQto 2 SRoIg W59 o] AL, & 7t 2
52 e ¥, ZnONPs7h H7be B8 52 st
At} Table 194 @20 1 ALe} I Exly Ants
BolZE}, 5 71 WE3} vlwste] BUEC] B
(Hunter LED)oIA= 597 Ao]7t gl3loH, ZnONPs &
T 989 SM¥Z(Hunter agh)et M= (Hunter bgh)
#H2 FFor ST At (p0.05). 1 23, E9hd
o] HA MIHAE)7F foH 08 F715HATHp{0.05).
B335 AoA A B4 9 FYEE 724 280 nm

On;gjg

o

(B)

Car-ZnONPs™(0.5%)

\__/\_duﬁu___l Car-ZnONPs™ (0.5%)

Intensity (a.u)

Car-ZnONPs™'(0.5%)

e

1 L 1 L I L I
4 50 w

2 Theta (degree)

Neat Carrageenan

=
=)

Fig. 3. XRD patterns of three different types of ZnONPs (A) and Car-ZnONPs (B) composite films.

Table 1. Apparent color and light transmittance of the composite films

Films L a b’ AE Ta0 (%)” Toso (%)?
Neat carrageenan 94.740.05° -0.49:0.01° 3.68:0.08° - 69.2420.72° 87.42+0.38°
Car-ZnONPs™ 94.9+0.09° -0.6740.08° 4.3140.48° 1.6940.48% 36.87+0.3° 64.440.45°
Car-ZnONPs™ 94.8+0.01° -0.66+0.02° 4.13+0.09® 1.5640.08% 31.91:0.01¢ 67.37+0.02°
Car-ZnONPs™ 94.8+0.09° -0.6340.03" 4.33+0.01° 1.7440.05° 43.92+0.09° 63.18+0.82%

Mransmittance at 280 nm.
ITransmittance at 660 nm.

Il values are meantSD (n=3). Means with different superscript letters in the same column are statistically different at p¢0.05 by Duncan’s multiple

range test.
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(Taso-A+A) & 660 nm(Teso-7HA1FADONA S FR =S
ARgste] H7LEIQITh &5 7Y B89 Tasod Teso
217} 69.24+0.72% 9 87.42+0.38%%, =2 A4 T3}
547 F84S 7L Q3= ERlsteith ¥HH, ZnONPs
7} H7he B RO QA At B2 feldo® FUt
A Hp<0.05). Car-ZnONPs*7} 7} &2 29) A At
EAS Yeflod, Car-ZnONPs*, Car-ZnONPs™
+O 7 A E4E YRSt olek Zo] =2 A &

B2 A9 g

o
|
oX,
filo

N
N
)
@
o
7
N
=}
O
Z,
~
w
J
]
e
d
r

3.3 ZfEP[LF J[8F BEHEE(Car-ZnONPs)S 7|7/ E4
% #37| £7E A7

Table 20| <<= 71271t BE3} ZnONPs7} H7Hd &
FEEO FA|, A F=(TS), mtet AAE(EB), ¥4 Al
(EM), $%7] Bde AS(WVP)E Yergith &5 71t
71t 29 TAE= 48.4+1.5 pmolC™, ZnONPs
7F Folle fFo® F71etATHp<0.05). ol g FA F
7he F2 ZnONPs9| 1 FE 35F 371 fjEo2 345
o, ZnONPs9] &5l utet B350 FAE 24 U
ettt &3] 7Fg 2 Y dA 2718 7H ZnONPs™N7}
Z3HE B3 E(Car-ZnONPs™9] FA7L 7H Hol Z
7Fst3th. ZnONPso] H7tz gt "WE £A9 S7h=
Arfat 5(2017)7} Shankar®} Rhim(2019)9] oA %

d

SRIF, 1 Adk= £ 79 27t AR e B
=g
5 PG BE9] TSE 49.6+6.2 MPao|¥oH,
ZnONPsE 37I%t & 11 SRt #AQle] Aaste %=
B9on E3] ZnONPs™& H7IS f F-ol5tA 7h4st
HH(p<0.05). Car-ZnONPs?®} Car-ZnONPs™, Car-
ZnONPs™N9] TSE ZtzZ} 48.7+5.9 MPa®} 45.6+3.4
MPa, 38.0+3.8 MPagE YEHIH. &5 72t 25
9] EBE 2.3740.12%°112. 9, ZnONPsE 7|5t g
59 A 1 FF% Al FsHA 76t tHp<0.05).
Car-ZnONPs™= 4.26+0.64%% 7FY &2 A48
ERiQitt. 71 1d "Eo] ZnONPsE H715199S o TS
9] 4 73t EBo] 7ok 432 Royet Rhim(2019)
9] A= Rl Uk «F 7H7IEe] EM2 3.40+0.10
GPaZ &A% %2eH, o= Oun® Rhim(2017)9] Ao
A B &5 7P 989 EM g3 ARSI 7
w78 B3 5] EM2 Al $5FY ZnONPs9] 7} 30
T FORt ¥skE YA gttt

&5 7REPIE B89 WVPE 1.66x10° g-m/m?*-Pa-s
2, o] oAo] H1H kel 1.58x10” g- m/m?- Pa-se+ &
AASHHRoy2t Rhim, 2019). E3tEEC] WVPE ARSH
ZnONPs9| E79} IA glo] Aahslhs BAFE HIoY,
ot ¥stE YERA] e9kth. ZnONPs9 7o) M2 &=
37] Boe AF Aole Ule L9 FHe 27], 9
EZ AL e P 7h0] 383t 22 theket 89l
71918t 4= AtHBaeky} Song, 2018; Roy®t Rhim, 2019).
U dejo] 37], g € skt 55 9E9 wvpd &

ok

Table 2. Thickness, tensile properties, and water vapor permeability of the composite films

Films Thickness (um) TS (MPa)” EB (%)? EM (GPa)® WVP (10° g- m/m?- Pa - s)?
Neat carrageenan 48.4+1.5% 49.616.2° 2.37+0.12° 3.40£0.10° 1.66+0.00°
Car-ZnONPs? 52.840.8° 48759 3.3040.26° 3.43+0.06° 1.5140.01°
Car-ZnONPs™ 563.411.1° 45.6£3.4% 4.230.50° 3.27+0.25° 1.59+0.01°
Car-ZnONPs™ 54.4+1.1° 38.0¢3.8° 4.2610.64° 3.3310.31° 1.5440.01°

"ensil strength.
2E|ongation at break.
9Elastic modulus.

“Water vapor permeability.

9AIl values are mean£SD (n=3). Means with different superscript letters in the same column are statistically different at p0.05 by Duncan’s multiple

range test.
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o] WVP7} f4shke S Uetd olfE= 0.5% 22
7ZnONPs X47}%}=°ﬂ 10 sk Zoz gotdr), dukgo g 1y

U g2)9] 557 =2 =
APEA] R Yl ”1314 SHA Pl 7118 Baekdt
Song, 2018). HEE9] WVP faEs B FiolA] &

+ ZnONPs7} Yl B2 28024 $357] SAt] &
et =7 ko] WEY 4 Atk

3.4, 72| T|E 2EIEE(Car-ZnONPs)9] 2 EA
7l 718 B39 E9] L. monocytogenes X E.
coli O157:H7°] tiet ot A= JdE gt Y=
B7i=E9loH, O A¥= Table 30 YR & 7tet
7't BEoME 7 5ol et I+ 4ol HEHA &
doH, #59 2 FEo] gl R AlE(control)2t
FAFEITE 12y ZnONPs7t 74 BodEE & o
Lo thsf GARE o] $RE FEg gt S UEIth
Shankar §(2018)9] Aol WEH, gram 2342 gram
FTET o et PSS Hole, ol gram ¥4
o] FAL HY =Tt AlxES FAst] W—Uro]‘:}. l
g B Ao A= Car-ZnONPs 710l W2 A 557
7re] Pt B4 Aol YEHA] At ZHONPSJ Kigia
HAUS Tet B2 A7 UBARE, ZnONPsS] A&t
Tt WAYEO] ot A=A gotthLiu 5, 2016). 7t
& HEAQ 7FEE Zn o9 WEolth ol Al f=
715 @ste] Al 4= JAIst Ao E Pt B4
o 7l9sk= ACo= &FEA AtKLi 5, 2011). ET
ZnONPse} Al w}o] 45 2807 HgE B £40]
A5l Algto] HIEAS 7Fe A A UtHXie &,
2011). ZnONPs9] vAFE] Higt EAL ZnONPs9 3
71, 247 wiAe) 24 E 71Er Skl metu|EeF 22
ofg] aelof wet debd 4= olgol 4¥A AUthZhang 5,
2007). & A7lA ZnONPse] F5ol w2 994 Afoli=
A 9o, Car-ZnONPs™ o] 7H¢ =2t 84
S YR, o]oA Car-ZnONPs“@} Car-ZnONPs™N=
FARE o A4S HIth Car-ZnONPs™“of|49] &2
i+ ZAL ZnONPsC9] 2719t FH, 121 ofed o] &

tlo EI
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Table 3. Antibacterial activity of Car-ZnONPs composite films
against £ coli and L. monocytogenes

Time (h) Film Optical density
E. coli L
monocytogenes
0 Control 0.00:0.00*" 0.000.00°
Neat carrageenan
Car-ZnONPs?
Car-ZnONPs™
Car-ZnONPs™
3 Control 0.1240.06° 0.000.00°
Neat carrageenan 0.150.07° 0.000.00°
Car-ZnONPs™ 0.08+0.04° 0.05+0.05"
Car-ZnONPs™ 0.06£0.03° 0.02£0.01%
Car-ZnONPs™ 0.07+0.03° 0.04£0.02%°
6 Control 0.73:0.23° 0.6210.03°
Neat carrageenan 0.73£0.17° 0.6320.03°
Car-ZnONPs™ 0.08£0.02° 0.07+0.07°
Car-ZnONPs™ 0.05+0.02° 0.02+0.01°
Car-ZnONPs™ 0.070.02° 0.06+0.05°
9 Control 0.90£0.08° 0.8620.01°
Neat carrageenan  0.94+0.13° 0.86+0.01°
Car-ZnONPs 0.07+0.02° 0.10+0.10°
Car-ZnONPs* 0.04+0.02° 0.09:0.11?
Car-ZnONPs™ 0.060.02° 0.10£0.10°
12 Control 0.87:0.08° 0.8620.01°
Neat carrageenan 0.98+0.09° 0.87+0.00°
Car-ZnONPs™ 0.06+0.02° 0.1440.10°
Car-ZnONPs™ 0.04+0.02° 0.13+0.12°
Car-ZnONPs™ 0.08£0.02° 0.1420.09°

DAl values are meantSD (n=3). Means with different superscript letters
in the same column are statistically different at p¢0.05 by Duncan’s
multiple range test.

WEE 7|Q1et . Wt Sun 520142 F SF7l
w2} ZnONPso| 2719} 8, 121l ot o] W&EE°]
Bt Ao IS u)F 4= 98-S dolFitt £9], zinc
acetateZ25E A% ZnONPs“ = Z2A A Yi-id) 'a'ﬂﬂi
2 Q8 & SF9 ofd HollA T/ ZnONPsETh &

ot S e S E40] 7FE =2 ZnONPsZCﬂ
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A7be dhE|Eol EEHE ThE ofd FoERE FAd
ZnONPs7} 371 @Efe] vle] o &2 A7) A=rE Y
Elyion o= zinc chlorldeoﬂ A MdE Y L B B
< ofdd o]&Z W&t A AXRIKSun 5, 2014).
Shankar¥ Rhim(2019)2] @—_{LoﬂfﬂE PLA/PBAT %4
ol Al 7HA] ot Y=E=FE F44E ZnONPs H7F A
ZnONPs“7} 23he BgE9] gt E4o] /M &2 A
o= UEh &2 A7 FARE B3RS HERES FRlsklth

4. Q9

71 715 53 —§~: Al 7HA B2 o H(zine
acetate, zinc chloride ¥ A=2E Aot
g2t ZnONPsE 7Heb7|do] A7}ske] solvent casting
l:ﬂ-l:H oz Xﬂ?ﬂ-ﬂo"q- SEM ﬁy,}q] tq—th /\]-_Q_E] o]-oc] o]
9] Z50| w2} ZnONPsQ] 7|9} Hoko]| Zpo]7} UehtA]
g, = ZnONPs7F 711G E9HdE WollA #YsHA
AE 0] Q= A AT & ISt 7RI 7)eE B9t
ZE(Car-ZnONPs)9] FA= o A9 F7e #A gl
=5 7}3}7] & ZEo) Hlsf S7letlth. mht AAIE(EB)S
27151, ARAAE(TS)E SoF oz 7hastgiod, e

3 ﬁ]T(EM)J:‘ ol Apol5 UetiA] &ttt olE 53l

29rg 59 71AH E491 TSS EB= H7HE UHedAe]

719k A7Vl FFE Wethe AS g6kt E3,
HE 59 Car-ZnONPs B8 52 £ coli O157:H7
9 7. monocytogenesOl 3l 733t Tt TS UERHL
o, £3| zinc chloride® 4% Car-ZnONPs?* 2=
of 7P et ¥t A2 UEHH o= zinc
chlorideolA F4H Yl UA7E thE ofd Fofl Hlsf ¢
T2 ofed o] &Z W&l WEoE wrtErh ofd 9
S57F ZnONPs?| 3t 58 &= 1A, 0|8t o

zinc nitrate) 2

M

\

T2 A9 S70l wet Wstele ZnONPse] 7], FH]
4 ofel o] W& HEolA 7|3ttt BrhE BguUE
% Car- ZnONPs“7} 714 &2 o)Al Ak EAS HY
on mtt AALE &5 slE|d WEo v|g) J-ou]st
A Z7)ste], ZAE A1Zo] obAA S A5 SE|SH
< sk H B T BEOR ARE £ 9ls A=
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