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Abstract: To elucidate the effects of clove essential oil or acid-etch halloysite nanotubes/clove oil (HNTs-4M-
clove) on the properties of poly-butylene adipate-co-terephthalate/poly-propylene carbonate (PBAT/PPC)
composite films, HNTs-4M-clove was obtained by mixing the acid-etched HNTs with clove essential oil. With the
addition of clove essential oil or HNTs-4M-clove, the color of the films became yellow-green, and their
transparency and gas barrier properties decreased, while the films exhibited good antibacterial activity against
Escherichia coli, Staphylococcus aureus and Sivarella putrefaciens. The film containing HNTs-4M-clove
demonstrated higher tensile strength and gas barrier properties compared to the film with clove essential oil.

Additionally, HNTs promoted the dispersion of clove essential oil in the film and slowed down its release rate.
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Therefore, HNTs-4M-clove gave the PBAT/PPC film a good antibacterial activity with a retarded release rate of clove

essential oil, which provided a reference for the development of biodegradable slowed-release active packaging film.

Keywords: antimicrobial packaging film; halloysite nanotubes; clove essential oil; slow release; antibacterial activity
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Table 1 Component contents and mass fraction of the PBAT/
PPC composite films
TIN5 53 $0/%
T
PBAT/PPC  ADR HNTs-4M clove

PBAT/PPC 98.0 2.0 0 0
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PBAT/PPC/HNTs-4M-clove 90.5 2.0 2.5 5.0
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Fig. 1 Loading rate of HNTs and HNTs-4M on clove essential oil
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Table 2 Color and opacity of the PBAT/PPC composite films

T L* a* b* AE 0
PBAT/PPC 95.74+0.34° -2.13+0.05° 4.3440.02° 3.26+0.06° 10.54+0.12°
PBAT/PPC/clove 95.62+0.12° -4.17+0.09° 8.73+0.01° 2.34+0.09" 11.44+0.05%
PBAT/PPC/HNTs-4M-clove 95.08+0.06" -4.21+0.05° 9.13+0.02° 2.82+0.01° 12.40+0.95°

s [ B A [ 7 BE R R 28 7 2 35 (P<0.05) .
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Fig.2 SEM micrographs of cross-section and surface of the PBAT/PPC composite films
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Table 3 Thickness, mechanical properties, oxygen transmittance rate(OTR ) and water vapor transmittance rate( WVTR) of the PBAT/

PPC composite films

OTR/(x10 ®cm’-cm/ WVTR/(x10 " g/

T B /mm PUHL 58 B /M Pa W7 2 A K 2 /% )
(cm®+s-Pa)) (cm-s-Pa))
PBAT/PPC 0.087+0.002° 11.09+0.03* 306.30+1.89° 3.13+0.04° 3.05+0.43%
PBAT/PPC/clove 0.086+0.002% 10.67+0.43" 333.65+0.30° 10.22+0.11°¢ 4.57+0.23°
PBAT/PPC/HNTs-4M-clove 0.087+0.004" 13.40+0.23° 300.06+2.80° 8.39+0.03" 4.01+0.16"

T [ B AN [F] 7 BER R 22 57 8 35 (P<0.05) 6
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Fig.3 Release curve of the PBAT/PPC composite films in

food simulated solution
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clove # & ¥ #1 B 2 #§ ik T PBAT/PPC/clove i#
fE, Al g A& BT HNTs ) PBAT/PPC/HNTs-4M-
clove # JE X T & M W 09 22 B AE A, 5 B0H A B
() PA) BT 2 VR )T A R AR R B AIC, AT RIS T
FANTE M, 1X 5 2.6 H RS J5OE e R 45 AR — S
Lee S50 b T B LA/ K W A& B A A
fR A LA R O K AT R 0157 - H7 A2 K ) 410 il
MR ERRIUMFHF A AERAOIEKR, XS
TEH 45— 5.

4 PBAT/PPCEAHBENABTE . €A CHABKRENE YA R KE R MER

Table 4 The bacteriostasis rate of the PBAT/PPC composite films to Escherichia coli, Staphylococcus aureus,and Sivarella putrefaciens

/%

e K S AR TR B G
PBAT/PPC 3.16+0.18" 5.92+1.48" 2.99+0.46"
PBAT/PPC/clove 83.54+1.09° 95.19+0.75° 83.78+0.44°
PBAT/PPC/HNTs-4M-clove 80.66+0.93" 93.30+0.37° 83.73+0.07"

I [ A A [F] 7 B2 20 I 45 R 0% 7 R 35 (P<0.05) .

3 &

A BT A T2 AR A TR R TR
HNTs/ T 75 ¥ i 2 & 171 ¥ 1Y) PBAT/PPC & &
. T A RS T A HNTs/ T & kS i VR & 603804 16
N V5 5 I B AR R O P I R SR BELRR % T B
B0 K o M BT 46 €0 2 BK B AN R W A B 2C
L RIF A PE . 5 PBAT/PPC/clove T4 Ji5 AH
Et , PBAT/PPC/HNTs-4M-clove J JIE (1) 4T 1 98 5 Al

A B RS PR3, W HNTs 7 — @ R B T
WO FE PR T MR SR B M. HNTs /5 F
TARE T & RE M E I AR 0 o B, E — e R B
W T T ERE R . L, 2R % il b HE T
HNTs 5 T # A5 iR & 51 804 A (U 7 PBAT/PPC
W R AP R R T E SR
— 5T B GRRE RUI ,  TT R R RL  E
MR T Z% .
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