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Abstract

Active packaging is one of the strategies used to extend the shelf life
of food products, and its antimicrobial efficacy can be enhanced by
incorporating certain metal nanoparticles. In this study, the urchin-like gold
nanoparticles (UGNPs) were synthesized and deposited onto poly(e-
caprolactone) / chitosan (PCL/CS) electrospun nanofiber membranes.
Experimental results demonstrated that Levodopa (L-Dopa) served as the
optimal reducing agent for UGNP synthesis. As the molar ratio of L-Dopa
to HAuCls increased, the spine length of the UGNPs also increased.
Additionally, prolonged immersion time of the nanofibers in the UGNP
solution led to a higher loading of UGNPs onto the PCL/CS membranes.
Both the spine length and the deposited amount of UGNPs showed a
positive correlation with the antibacterial efficacy against Staphylococcus
aureus and Escherichia coli. The UGNP-loaded PCL/CS nanofiber
membranes exhibited great mechanical strength, hydrophilicity, water
vapor permeability, and thermal stability, demonstrating its potential for

use as antimicrobial active packaging materials.

Keywords : active packaging, antimicrobial properties of metal nanoparticles,

electrospun nanofibers, food preservation
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7y
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(1) 1.8 mL of SNP solution
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HAuCl, solution
/_\ e S
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Solvent : HFIP Seolute : PCL, CS

Voltage : 20 KV

Flow rate : 0.5 mL/h

The distance between the tip of the
syringe needle and the collector : 15 cm

PCL (20 % w/v) solution +
CS (1 % w/v) solution
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7% 5 UGNP@P/C60 | SS-UGNP@P/C60 |  SNP@P/C60
UGNP@P/C180

43 * RBHERIE R N
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(3) % eh-7 R A kLR E (UV-Vis)
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A (C) E%p (D) RRIFZPwdg i dps
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1 UGNPs 3 3 = Fdx 2 A5k 72 R > $3 K 3pkad s 4 &
Pl > g * tannicacid A 2 9z SF kG R R IRP B OB % TR S
# > @ 2 #17 L-DOPA & HAuClL, % 7 UGNPs » 7 & 7 2% 3 fro
iz GE R T PR AR ER D M E £ 2 kRS A & ik
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R=1 (B) R=2 (C) R=3
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o %o ehs fE R # 4e 0 F15 L-DOPA ek B
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SR T RN RS NS R e S R
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B EiEAEY HE Poo R % $EF & (Galvanic replacement reaction) o

F g Ao

3Agst AUCly ag) = A T 3AL" g+ 4Cl g
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B ET FREARERF BN Y 83 VA58 Agt T RN T S
m AuCly RIABR R = FH kg o UGNPs e s s ihp *t - B £ R
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J\— L-dopa (R=1)

/\ Tannic acid
“ = NH,OH-HCI

450 500 550 600 650 700
Wavelength (nm)
BlO. @% 2 2%5° /0 & A5 2 84 eh2 # 45 UV-Vis B

Absorption intensity

d B 9 ¢ ¥ i@ ird L-dopa & & 7 UGNPs v fc sk 3 vt o
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B 10. § 87 I 2 443 7P/C 2 F % 2 SEM M (A) UGNP@P/C20;
(B) UGNP@P/C60 ; (C) UGNP@P/C180 ; (D) SS-UGNP@P/C60 ; (E)
SNP@P/C60 ; (F) P/C60

24 ZiEerpPFEOPCal e £ £

UGNP UGNP UGNP SS-UGNP@P/C60  SNP
@P/C20 @P/C60 @P|/C180 @P|C60
Loading content  5.25+1.749 10.35+1.86° 19.97+2.01*° 9.67+1.38P 7.47+1.52¢

(%)

Values are given as the mean+SD, a-d means in the same column with different letters differ

significantly (p<0.05).

d Bl 10(A)~B)~(C) 4 47 £ F 2 eMTH v 245840
UGN 2 24 o "sEF R EFR UL L > 3R A F 822 f e
PR AR IR 5 4 R R R A s FERGE L BRAp In
hIRB B2 B ERP R RFER R RALS FENREPN IS
HE RS MR F RS AL > BT NI R o 2l

A 60 A BB 28 AP SR F RARE £ E ST SV 2 A R A

TR gRagEE R Mo
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B 11. UGNP@P/C20 ~ UGNP@P/C60 ~ UGNP@P/C180 ~ SS-UGNP
@P/C60 ~ SNP@P/C60 fr P/C60 ¢ (A)B)(C) FTIR %3 (D) XRD H]
; (E)DSC @ ; (F) TGA

%5 72 F P/ICz FEEDTHE Tma

UGNP@P/C20 UGNP@P/C60 UGNP@P/C180 SS-UGNP@P/C60 SNP@P/C60 P/C

Tm(°C) 6730 59.00 68.30 66.00 56.70 68.30

Tmax (°C) 430.00 433.37 435.63 433.33 434.01 430.01
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B 11 &0 (A) * &7 P/C 2K g aPueE 1725 ecm™ 5 PCL 7
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et 5 1369 ~ 1398 ~ 1417 £ 1460 cm ' ¥_CH. %% o 3r > » @ £ 2042
¥ 2862 cm! & Bl Z 7 CHath? SHAE22 $H4L 1 S5dm 6 0o wr g 45 1
A 1592 cm! L B IR CS e g o ¥R - R4t ((NH.) b
o PP o - By (NH) en$ 8 drdo DAY 1532 em™!
(120, 4 % sk mfh >t 2 K B 15 3% £ 1532em ™ A 3 1530

'od 2> UGNP % ¢ At L-dopa 2 £ ¥ it o J» 5 ¢ g K (-
OH) ¥2 CS # ehf & (NH) A2 & 4> ¥ FTIR %3¢ chle B R
gelbPlo 2 fp 322 ¥ Qa2 FFeng 42 3 08% > 3 A+ R fEe
HF B A LR ekt 2 b BEF UGNP & £ R G e C=O ®
HAREEEF L £ 2ok T LG LR LR (LSPR) 2o i
1723 cm™ ## % 1725 cm™* [4I05]
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U T REER 4 ARB o

BB 11 0 (F) TGA B4 R4 3 A ey 26 LE g
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20 I %135% 60 44.3° + 2.4% 80 41.1° £ 2.9%

(D) (E) (F)
SS- 61.5° £ 3.4°d SNP@P/C60 95.1° + 2.3°b P/C 102.1° £ 1:1%
UGNP@P/C60

el

28 B R ERER A iyt ePaper(2025 4F)



AR R A ARSI /R (e-e My ) JREFTEE LR NREEE &

B 12. (A) UGNP@P/C20 ; (B) UGNP@P/C60 ; (C) UGNP@P/C180 ;
(D) SS-UGNP@P/C60 ; (E) SNP@P/C60 ; (F) P/C60 -k 1§ &

6. MoK E ke B

FLELRIEE & R §
Aoktd 0°<0<90°
ined Qe 90° < 0 < 150°
AZ g R 150° <0 <180°

B 12 kg & e BRI 28R P/C 2 R A gk o A R

Er kT PRz ARRL  REFEEFReFTLELD T

-

HRF 5 (D)EAgaRy MRAEMAs S E" 4 K 5at Badmk

1 (Q)UGNPs ik 22 A S > @ 04 6 A bk H 2ot kA 3

B o % ERer ke o

% 7. 2 I P/C 3 ¥ & WVP

UGNP UGNP UGNP SS-UGNP@P/C60  SNP P/C
@P/C20 @P/C60 @P|C180 @P|C60
WVP  3417:0.74> 3792+117° 39.05:0.95% 36.04+0.36P 35.41:0.31  31.04+0.56¢

(g/h-m?)

Values are given as the mean+SD, a-d means in the same column with different letters differ
significantly (p<0.05).
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Bl 14. 7 I PIC 3 ¥ R mF2 £ ¢ RndifFrek (A)E. coli;
(B) S. aureus ; (C) ¥t E. coli v S. aureus ¥ 7 5
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