Polym. Korea, Vol. 48, No. 4, pp. 440-446 (2024) ISSN 0379-153X(Print)
https://doi.org/10.7317/pk.2024.48.4.440 ISSN 2234-8077(Online)

(=]
o=
o

ro

F|EACZ IEIE AILE oM
sk Hz|E|

e
o
]
I
r
I
10
>
i
e

R TN B AT
(20243 49 299 <, 20249 62 21U 4, 20249 62 219 AH)

Antibacterial Gelatin Composite Films Incorporated with Chitosan-Coated
Cinnamon Essential Oil Liposome Nanoparticles

Su Hyun Baek™ and Jun Kyun Oh'

Department of Polymer Science and Engineering, Dankook University, 152 Jukjeon-ro, Suji-gu, Yongin-si 16890, Korea
(Received April 29, 2024; Revised June 21, 2024; Accepted June 21, 2024)

28 B ATE JEES B9l B M Aed BYUES Axsdch. A9 FEEY AR
A e AEFOR Agsisliol dusl AL A A5 WG Fol vheqiAel APYE PP 2
YEEL AFAZEAY AFLPIAR G|l Lme} e 9% BAzgdel te HgAel sk mebd

=0
=

7|Ed FHog B¥ v l 938 FYsio] @ PG FYAAL. olsh Do) A S et}
AE g Agel EaldEo g5 vheg]ole]l AT o EeA O il 91.7% o)A =& AL BTt
e S ke A8 TEA Suke] 2EH

o 53] WA vEe] Bt wAREst AolE A 5 9
=29249) Bgo] 7l

Abstract: This study involved the preparation of a gelatin composite film with antimicrobial properties, utilizing chi-
tosan-coated cinnamon essential oil (CEO) liposome nanoparticles, referred to as chitosomes. Liposomes were employed
to encapsulate CEO, a natural antibacterial agent, aiming to minimize the release of volatile compounds and enhance oxi-
dative stability. However, liposomes still demonstrate limited thermal stability for application as food contact materials
(FCMs). Consequently, a chitosan coating layer was applied to the liposome surface to enhance its thermal resilience. The
gelatin composite film containing the prepared chitosomes demonstrated an antimicrobial efficacy of at least 91.7%
against Escherichia coli O157:H7 and Staphylococcus epidermidis. Additionally, it was observed that the film helped
maintain the freshness of food and extended its shelf life due to its antioxidant effects. Based on these findings, the anti-
bacterial gelatin composite film holds promise for application in environmentally friendly polymer-based FCMs, par-
ticularly in addressing concerns regarding potential cross-contamination and transmission.
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Mz L Alef. 7= (chitosome, chitosan-coated liposome;
CCL) AlZE 98l AH&-¥ #AIRI(TCI, Tokyo, Japan), =&
ZH|E (G413}, Seoul, Republic of Korea), AL of| Al
% % (cinnamon essential oil CEO, W& =, Daegu, Republic
of Korea), 7] E4H(chitosan CTS, ™% 3}38}, Seoul, Republic
of Koreaya uliated AR&-3lSict. B2 F AE 218 At
¥ A (gelatin Gel)Z &1 ofA| EAHS OCI(Seoul,
Republic of Korea)ollA] Fullsli o, 7tAaA = AFEHE &
M &2 2 318k(Seoul, Republic of Korea)oll Al uljsheq
ARE-3I3

7|EE LedXtel M=, HA€l(10 mg/mL), Fd=HE
(5 mg/mL), CEO(10 mg/mL)S ol|ghgol wrke Sa) 23

AZLE o] F Aojx 7] 89L& 10 mL FAMIE 53l 60 T,
400 rpm EE2 W F2 FHT A8 F39E 2
¥<£2(CEO-liposome) —r&‘—’ﬂ% 40 Coll 7stste] 1A e
& ollehZd FHTE AASIATE ol F B EHES 1.5%((Wh)

7 B4 83} wnkste] 4 TollA] 24A7F 59F WA Bzt
ato] HE-g-o] FE3] o] FARAEE BT TS A At
o 71EH edAE Aot

MEl 7| EE SEEES M=, & A" WS o8
sto] LSS AxsHR e ol& fal S/ 25 mLo
AEl | g& 45 ColA] 30 £7F RIS ©1F 1.5%((W/v)
7B 89 25mL, 7B 789 20 mL, SEAIE 041 g=
Akl g H7kste] 45 TolA] 3087 watsl). o]
olx] Hat Azjd FEZTIH ) o] 60 TollA 24A17F 1z
AR & FEete] g+ Aete 53 S(gelatin/chitosan/
chitosome composite film, Gel/CTS/CCL film)2 A| 2315
(Figure 1).

FTIRE S8 M= FEMo| 5;45-”5'" 24 9 71EHT
Azd 535 FH sl8hy 148 98l FElol kA €]
/13434 7] (Fourier transform infrared spectroscopy, FTIR, Nicolet
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Figure 1. Schematic representation and photograph of Gel/CTS/CCL
film and its antibacterial properties.

iS10, Thermo Fisher Scientific, Waltham, MA, USA)E A}
L39eH, 28 EZ-LS OMNIC software(Thermo Fisher
Scientific)2 ©]-&-3lo] 44315t}

TGAE S5t 7|E&Q ¥ oY Y. Axd 71ELH
71 CEO9] ¥ 184 vl 45 98l 547
(thermogravimetric analysis, TGA, TGA Q50; TA Instruments,
New Castle, DE, USA)S AFg3le] GEe] =2 43159t}

ARt 37| A NEfEHME EH. AlxE XS 71 EF
PR} =719k AletErlAd e gl ol F2133 et (dynamic
light scattering, DLS) YA} =7] #417](Otsuka ELSZ-2000,
Otsuka Electronics Co., Ltd., Osaka, Japan)S AM&-5lo] 24
siaict.

ZHSE 58, CEO9 XA F & (encapsulation efficiency,
EE)e E34 S48 53l UV-Vis 235341 (UV-1650PC,
Shimadzu, Kyoto, Japan)Z AF&-3] AXkE STt CEOo] X
stEl g EdE ERES Y4E 7] (Microfuge 16, Beckman
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total drug content

A0l AR E HWE2ofe] B Bt SAS ERlsk] g
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Becton, Dickinson and Co.(Sparks, MD, USA)25H|, =L 4}
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Figure 2. (a) FTIR spectra are shown for lecithin, cholesterol, CEO,
chitosan (CTS), liposome, and chitosome (CCL); (b) FTIR spectra
of Gel/CTS film and Gel/CTS/CCL film are provided; (c) TGA
thermograms depicting CEO, liposome, and chitosome (CCL) are
displayed.

3 2E#F o] YeldTE? CEOE 1600-1500 cm™2] G

A e AR wetdgd=e C=C ~EHA, 1710-1700
em'e] elol g opElo]ES] (=0 2EHHOR Bl

29 EE LhegE BT P Ao BgREe) A= 443

& Aoh? 7|ELkS 219790 EATEY S wAkeh &
3] ol AES X3l Bl Il wet v=a
el Wb yepdtt 2l2E59] POy tiE 2E# A
1045 cm'ollA4] 1052 em'2 o]l om, 71 EAR] C=0 2
Eg o] 1674 cm'olA] 1648 cm'E o] F3IUTES 0|2 &
'SH 7B ofwl7]€} Q147 ZHe] 3714 Q18 Bl 7]
o] AHASS & F Ak
Figure 2(b)ellX= mIA2] Aghel E3EE(Gel/CTS film)s}
et Aebel B3 2(Gel/CTS/CCL film)e] FTIR 2 EHS
HojE A Aghel 23EES 1672 ecmolA C=0 &=
EYA, 1534 em'oA N-H 919 3 C-N 2E#)%, 1246 cm
o4 F4le] CH, 25°] L‘rE‘rUru% o|& 747} oputo] =,
o].u].o] -1, o].u].o]c_m AR 1,].1;].14]1:]. 3t X“E]-lﬂ EUL
52 vAeE A %f&ﬂéﬂr Hlaate] 3= ghe] wiAl
Eis 015~ £ 4 Stk 2927 emollx C-HO wEzl vt 2
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7¥elaet. S 1734 emolA] A2 337 YeRR=) o]
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Figure 2(c)?lXl= CEO, 225, 71EE9] TGA 1H=E
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7} A F7¥eH ol CEO°| ANl Zg2H| =)
ofa) HFA Bl HYieAlEle] FEE FAol =7 o
otk 71ESe] 75 gl Hlg] dial 2x7t s
740 ﬁ_o 61— 2= oh:], g]i_/r_o ;(]21 o] Zo] Oﬂoﬂ -/]C’H )\]-
o7k dofupas A AR gl sAlol EAst o £
L7t F7kstal CEO°| W&ol we} a7} o] Foxltt. st
ARE 7| B4 SAHo) o) FAHE AW A o=E st
BA7A a3 JA gal maol] ofs) AHA 739
FANE a0 R BES old wt sl %7 =
O}X]E]- 27
Xt 37|, MEFEZEIM 3 ZXSE. Table 1914 2] 22
71842 DLS 24 243= HojEn) Az g2 i
IR 271 179.5 + 1.9 nme] 7S 7Y, 7| EES 339.7
+16.0 nme] YA} A71E 2t Aoz I H o= Y]
B4k opvl g glaEke] XA 2F k] AN 3
28-S T BEE v B AVIERHOR k] gk
BZol A=A TR g2t 71EERS] AEE
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Table 1. The Particle Size, Polydispersity Index (PDI), Zeta Potential, and Encapsulation Efficiency (EE) of Both Liposome and

Chitosome (CCL) Are Measured

Particle size (nm) PDI Zeta potential (mV) EE (%)
Liposome 179.5+1.9 0.196 + 0.022 -48.1+0.9 85.19+1.28
Chitosome (CCL) 339.7+16.0 0.394 + 0.041 +56.5+ 0.8 9230+ 1.41
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Figure 3. (a) Graph shows the antibacterial efficacy of both Gel/
CTS film and Gel/CTS/CCL film surfaces against E. coli O157:H7
and S. epidermidis (asterisk indicate statistically significant differ-
ences at p <0.05); (b) photographs of the bacterial colonies that
developed on agar plates treated with Gel/CTS film and Gel/CTS/
CCL film.
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Figure 4. Stress-strain diagram is provided for both Gel/CTS films

and Gel/CTS/CCL films. Photographs on the left are examples of

the Gel/CTS and Gel/CTS/CCL dog-bone shaped samples.
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Figure 5. (a) Weight loss (%) in apples packed with Gel/CTS films
and Gel/CTS/CCL films over a period of 7 days is presented; (b)
impact on the visual appearance changes of apples is examined.
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