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UV Barrier and Antimicrobial Activity of Agar-based Composite Films
Incorporated with ZnO Nanoparticles and Grapefruit Seeds Extract

Yeon Ho Kim, Yeong-Ju Bang, Ki Sun Yoon, and Jong-Whan Rhim*

Department of Food and Nutrition, Kyung Hee University, 26 Kyungheedae-ro, Dongdaemun-gu,
Seoul 02447, Republic of Korea

Abstract Agar-based nanocomposite films were prepared by incorporation of zinc oxide nanoparticles (ZnONP) and
grapefruit seed extract (GSE). The composite films were characterized using FT-IR, UV-visible spectroscopy and ther-
malgravimetric analysis (TGA). The composite films showed light absorption peaks at 220 and 380 nm, characteristic for
GSE and ZnONP, respectively. The UV-light transmittance of the agar film was markedly reduced from 54.4 + 1.3% to
5.8+ 2.5% with little sacrifice of transparency when 3 wt% ZnONP and 5 wt% GSE were added. The mechanical and
water vapor barrier properties increased slightly though they were not significant statistically by the addition of ZnONP
and GSE. The nanocomposite films showed stronger antibacterial activity against L. monocytogenes than E. coli O157:
H7 and the antibacterial activity was affected by bacterial types as well as concentrations of ZnONP and GSE. The nano-
composite film incorporated with 3 wt% of ZnONP and 5 wt% of GSE exhibited strong antibacterial activity against
Listeria monocytogenes and E. coli O157: H7. The results indicate that 3 wt% of ZnONP and 5 wt% of GSE are the opti-
mal concentrations for producing functional agar/ZnONP/GSE composite films.
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Za o] ARE-3l agare Fine Agar Co., Ltd. (Damyang,
Jeonnam, Korea)ollX] |83, AHe% &% (GSE, DF-
1002 Komiphahram International Co., Ltd. (Seoul, Korea)
oA Fl3IATE. Glycerold zine acetate= Sigma-Aldrich
Co. (St. Louis, MO, USA)°IA, KOHS} NaOH A]eF
Duksan Pure Chemicals Co., Ltd. (Ansan, Gyeonggi-do,
Korea)llxl uljal$itt. vl E ¥IX]Z brain heart infusion

>= .
o

Ho

ol
=

714 - AEe
broth (BHI), tryptic soy broth (TSB)Z} agar '@ Duksan
Pure chemicals Co., Ltd (Ansan, Gyeonggi-do, Korea)ol| ]
TFuljste] ARESIITE. Al TS (Escherichia coli 0157: H
7 ATCC 43859, Listeria monocytogenes ATCC 15313)=
o) $-5+ 3 3 (the Korean Collection for Type Culture,

KTCC, Seoul, Korea)ollX 43ttt

2. InO Uk YA HZ

ZnONP2 Shankar 5 ™ol we}l zine acetateE ©]&
slo] SAEIATEY. F%7F 1 mMS! 1000 mLe] zinc acetate
|dS 70°C7F H=F 7FE3KZ, 1M NaOH %= 1M KOH
S8 7le] pHZE 8F-20] HES g & 308 9t o
HelAA 7HEsE & shEREet A Al7IAL S AlA
T SFTE 4-58], oleh2E 2-338] A7 &, YAEzs)
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3. %1} /GSE/ZnONP EE HZ

7154 ©l7FEE-2 solution casting WHS AME-3to] A
Z319th. 254 150 mLYll ZnO Y= AE 0.04, 0.08,

0.12 g2 ZH2F H7ksl 12A17F <t sonicator (FS 140 Ultra
Cleaner, Fisher Scientific, Pittsburg, PA, USA)E ©|-&3}
o] BT GSE €92 GSE 10 g0l 57 10mLE
F2olA 1087F wukste] ¥HE %, 7} ZnONP 899
0.9 g9 glycerolZ} 80, 120, 200 pLe] GSE & 747}t 3
7Fske] 90°C =0l 30%-7F magnetic stirrerS ©]-8-3}]

A4 25 gde HZE ZE(Cole-Parmer Instru-

ment Co., Chicago, IL, USA)S Z®3 FZ& (24cm
x 30 cm) loll FH=H e & %(22-2500)01]*1 29 s A
ZAN Y. AzE 2L "ojd F, 25°C, 50% RHE %

A" A (model FX 1077, Jeio Tech Co. Ltd., Ansan,
Korea)oll Al 48717t &9t -34S 243t & Add A

&3kt vlas 98 GSESH ZnONPS A|9]5L A %3

oHES 7= ARSIt
4. B89 EHMYEEN (Scanning Electron Microscopy)
o 3N EY 2o

ZAAEATE N7 (scanning electron microscopy; SEM)S-
ARget] B T mAlFRE At 255 2

Zehfo] SEM A& EHoll #&AIX] - 5.0kve] 7HRA
QM-S 7Fsle] FE-SEM (S-4800, Hitachi Co., Ltd., Matsuda,
Tokyo, Japan)y2 AR&-3}e] 41319

29 FEAL Hlo] TATE Bl =A3slo] ZAIY
th dAg A2 AEFE MRS 3EEAIY magnetic
cells AFo]ell &1 UV-visible spectrophotometer (Mecasys
Optizen POP Series UV/Vis, Seoul, Korea)s ARE-sl] 5
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FEE 200-700 nm Atololl X Z7g 83

5. FT-IR &M

ZE FTHIR #42& FT-IR spectroscopy (TENSOR 37
spectrophotometer with OPUS 6.0 software, Billerica, MA,
USA)E AH&sle] SA8I0ITE 58 9748 Z71(5%5 em)=
A2, 4000-500 cm™ oA F7gslglom, ol FTIRS
4em'2 EajHo] 32 scanS E 71=3IT).
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45 A& thermogravimetric analyzer (Hi-res
TGA 2950, TA Instrument, New Castle, DE, USA)E ©]
g3te] SAsITE ¢FE Al IFL ¥ 10°C/min
NMEE&EE AA7ESE 50 mL/mine 2 S8 EUHA 30°C
oA 600°C7HA] 7FE Skt
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7. WE9| M2} Light transmittance £

ZEo] ME=E Chroma meter (Minolta, CR-200, Tokyo,
JapanyS AME-3}9] Hunter color 3t (L*, a* b*= =43}
Aok 2Eo] mAe R gFEAg (L*=97.75, a*=-0.49,
b* =196y A3t e, B9 5HE 4= 43
of H-& ARSI SAAHAEE The 2ol wet AL
3tk

AE = JAL*) + (da*) + (a6}

A7|NA AL* Aa* Ab*= EE AWEI FUATe] A
o|5 ekt

ZE9] FEHEE UV-visible spectrophotometerS AHE-
le] UV 3912l 280 nm (Tygg)oh 7141841 3g9)
%1 660 nm (Tee)OX 22t S5t 742t F5o] Aol
A g3 Tl ARR ARSI

8. HEQ FMA WY EY 2N

g5 FA= digital micrometer (Digimatic Micrometer,
QuantuMike IP 65, Mitutoyo, Tokyo, Japan)E A}-&&}o]
AR 5HHE ST & I Hagks ARSSIITh

d59] 7IAXEAS 2481 918 double blade cutter
(model LB.02/A, Metrotec, S.A., San Sebastian, Spain)
£ AMEEl] EAIEE 254em x [Sem 7|2 Hddh &
Instron Universal Testing Machine (Model 5565, Instron
Engineering Corporation, Canton, MA, USA)E A}&-3}
Q1A= (tensile strength; TS), $1418&(elongation at break;
EB), ©4 & (elastic modulus; EM)S =439t} 71A1E
tensile mode® 437 S}3L initial grip separation®} cross-
head speedZ ZFZ} 50 mmet 50 mm/min® 2 AR ST,

il

O RS S ARl B gkt 54 71

TSt maximum load
area (m)Z Uro] AlAts)
EAB(%)y= ZEo] #old
BOmMm)E Ve F 1002 ¥ o= e go = A3
1993, EM(MPay2 %719] stress-strain =412 7]&7] 7k
o ghRyH AAArt.

9. BE 9| water vapor permeability (WVP)2t water
contact angle (WCA) &7

59| F<5(water vapor permeability; WVP)= ASTM
E96-95 %% WHE A3l Gennadios 5°°2] 3ol u}
2t ARSIt ol fll 7 5 AlEE BAFE (7.5em
x75cm) 712 A2 &, =] 25cm, A 6.8cmQ! WVP
ol F7F 18mLE A & FEo0= Y UEsid
ok Z2HE WVP HES 25°C, 50% RH, 3% 198 m/min
o2 2A¥ humidity chamber (model FX 1077, Jeio Tech
Co., Ansan, Korea)oll ¥o] 8A|7F &<t RAsIich Bt
= X7 ritt o] FAE 27431t} Water vapor transmi-
ssion rate (WVTR)Z A|7bel] wh& 29| FA| 7h47ke] 7]
<712 ALkelon, 35 WVPE o el gJste] A
AFstaAch:
WVIR xL

WVP = Ap

WVTR : water vapor transmission rate (g/m’s) through a film
L : thickness of the film (m)
Ap : water vapor pressure difference (Pa) across the film

ZF FH9 /AT ARE Adstr] s water
contact angle analyzer (model phoenix 150, surface Eletro-
optics Co., Ltd., Kunpo, Korea)S Al&3le] FEHEZ}
(water contact angle; WCAYE 74313t ZE2 3cm
x10ecmZ A2 % black Teflon coated steel (7 cm x
11 cm)oll &2E3 WCA analyzeroll ZHAIFTE vlo]a =
A-RE ARSI 10 puLe] B8 TS FWo "HojxEay,
EEe] JELS A9 setulelx SAst Hit wE

ARg-skT
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459 s IF FHt Listeria monocytogenes
(ATCC 15313)3} 2% eA4d E coli O157: H7 (NCTC
12079y AR&3l 2AYEI o™, A ELS Shankar 5
o] WS Wyste] ARSI, L monocytogenes, E.
coli 0157: H1= ZV7Z+ 20% glycerol®] 3 7+E BHI}
TSB &-<lol] o} —80°Cell Btstod AMg-slth. azhEet
230 10%2] BHI®H TSBE 717} 10mLE Wil /2o
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A Sl L monocytogenes= BHI®N, E. coli O157: H7
< TSBel 10uLE &g 5, shaking incubator (VS9480SR,
Vision, Seoul, Korea)S AM&3le] 36°CollA 244]7F <t
v FEt ATt midE 7t #5= EdE 0.1% peptone water®]l
1071 SAHOoZ Slog CFUML7}F H== 3143k3 50 mL
BHI®} TSBel thAl HEstith. HEE #del 100 mge]
ZES Y3 36°C shaking incubatoroll 4] BiFsIAA 0, 3,
6, 9, 12~17¥ll L. monocytogenes= TSAO 0.2% yeast’}
HA7VE viR|ol|, E. coli O157: H7= TSAHIAlo] =23k 5
36°C Wl¥71(VS-1203P4S, Vision, Seoul, Korea)oll 24A]7F
HigEr & s AT

an o o3

3.0kV 11.7mm x30.0k SE(M) 1.00um

()
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3.0kV 11.2mm x30.0k SE(M) 1.00um

Fig. 1. FE-SEM micrograph of surface of the composite films.
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S ARgsle] #EE A= Fig 1914 B nke} 7ol
27 opHEoME MRS S HIom, ZnONPE
A7Vet A9 ZnONPY] E&7t Eold42 HHe| 349
ZnONPo] o] #AzEom, ZnONPL| YA= F+A3HA
akEe] Qe Ae s

Ago] Fskz EALS 200-700 nm o] WS FSo
FHAIA Z450m, 2 A= Fig. 200 Bl Hiepit)
2l o EolA e AN sbgollA] peak7t 11Ot
GSE9} ZnONPS- 3718t oA 220 nme} 380 nmollA]
5 /09 &% peak’} YERSET], 220 nme] peak= GSE
o] HEagEel 718K peako]™3®), 380 nmol A2 peak
£ ZnONPo)| 7]¢18k= peake|th”.

rr

2. FT-IR &M

7} g2 FTIR 412 4000-500 cm™ 771|443
A¥= Fig. 3¢ Uehd vlebgdth FTHIR #4] 23, BE
IE2 FTIR df€le] Wsprt glo] Y3t peakEs LERN S,
GSE®} ZnONP®| F7p7} op7Fdge] 2o FaFs mA

(b)

L I I B |

3.0kV 11.4mm x30.0k SE(M) 1.00um

(d)

L I I B B A

1.00um

3.0kV 11.2mm x30.0k SE(M)

(a)agar, (b)agar/ZnONP!*/GSE?”, (c)agar/ZnONP?"/GSE>”, (d)agar/ZnONP3**/GSE>*
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Fig. 2. UV-visible spectra of composite films.
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Fig. 3. FT-IR analysis of composite films.
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Fig. 4. (a) TGA and (b) DTG thermograms of agar-based com-
posite films.
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Table 1. Surface color and light transmittance of agar-based composite films

Film L* a* b* AE Tag0 (%) Te50 (Y0)
Agar 90.9+0.4° —0.6+0.1° 6.5+0.1° 2.3+0.3° 54.4+1.3° 88.7+0.5
Agar/ZnONP!"*/GSE>” 89.8+0.4° —0.8+0.1° 10.7+0.9° 6.5+1.0° 34.8+3.9 77.7+2.3°
Agar/ZnONP>*/GSE>” 88.4+0.2¢ —-1.0£0.1¢ 15.5+0.7° 11.6+0.8° 10.1+1.2¢ 64.9+1.8°
Agar/ZnONP>*/GSE>" 87.2+0.3¢ -1.3+0.1¢ 20.4+0.9¢ 16.6+0.9¢ 5.8+2.5° 55.9+2.7¢

The values are presented as a meantstandard deviation. Any two means in the same column followed by the same letter is not sig-
nificantly (p > 0.05) different from Duncan’s multiple range test.

P ZTFRIARS oulgitt. old] wEl FMIHAE)E
AAl folHoz ZFubslth AaEA ZE GSES
ZnONPE F7bsld L* 3t& AAIAL, GSEO| H7be a*
e S7M7IY ZnONPe| H7be o* 3 Harldle 7
ol e Ao HIE vl JYEEPT, E AFerg
a* kel 4% GSE ET} ZnONPY| )3+ g3fo] o &
Aoz AlmHh WHH, b* k2 GSE®F ZnONPL] 7}l
wel FoHos FERE, ol F2 GSEQ 7N
o3t Zlog ALREW30) ZnONPL] H ol <8 p* 3k
7P 98 319 Aoz AlgEnp?,
ol7FEE-2 280 nm®} 660 nmel|A] 9] FFX
54.4% Bl 88.7%=AM ALt ZiA AN STt =
& £ dEolth. GSES ZnONPL| H7lol uweg}l 3%
HeE FolHeR A2adlEt(p <0.05), 2 TS
Z249] s%7} Z7FEE AR agar/ZnONPY/GSE™
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9} Rhime GSE(13.3 pg/mL &%) 713 agar &<
TS %kl 34.6 + 27 MPaollA] 5.5 + 04 MPa® GSE 3717}
TS #& Al 74 AFHoH, EM 7k B3k 1004.9;%88.4
MPaollA] 979.9 + 43.8 MPa® 2 GSE F7lol wa} 7h4s}
NOH, EBE 25.6 £ 2.9%°l14 29.5 + 3.1%E frolH o=
7 Z S BaEdehY. Kanmani®t Rhime] Th2 A8
AFollA agar 5ol ZnONPE 718k B35S Az}
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13.0 £ 1.4 MPaZ 74386, EMS 1007.9 + 88.4 MPacll
A 109.8 + 21.9 MPag2 7tA3le] TSS EM 25 ZnONP
o] H7te| wie} A Ao, EBE 25.6 + 2.9%0
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AellM= GSE®F ZnONPE BAldl op7tel] A7isie] £}
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Table 2. Tensile properties, water vapor permeability and water contact angle of agar-based composite films

Film Thickness TS EB EM Wvp WCA
(pm) (MPa) (%) (GPa) (x10° gm/m’Pas) (degree)
Agar 45.4+5.0° 56.2+6.2° 17.443.7° 1.740.3° 1.3+0.2* 38.1+2.7°
Agar/ZnONP'*/GSE*" 40.8+6.4* 56.2+5.5 17.1£4.8 1.7£0.4* 1.3+0.1° 42.0+2.4°
Agar/ZnONP?*/GSE?" 38.6+4.6° 58.7+7.7% 16.4+5.7° 2.0+0.1° 1.240.1% 42.1+4.2°
Agar/ZnONP>*/GSE>" 37.3+4.5° 58.4£3.9" 14.9+4.1% 2.1£0.1° 1.2£0.1 48.6+1.3°

The values are presented as a meantstandard deviation. Any two means in the same column followed by the same letter is not sig-
nificantly (p > 0.05) different from Duncan’s multiple range test.
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Fig. 5. Antimicrobial activity of agar-based composite films
against (a) Listeria monocytogenes and (b) E. coli O157: H7.
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