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Preparation and Antibacterial Properties Research of

Polycaprolactone-Quercetin Nanofiber Membrane
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Abstract: To prolong the post-harvest shelf life of fruits and vegetables and prevent them from spoilage and deterioration
due to microbial invasion, polycaprolactone - quercetin nanofiber membranes were prepared by electrospinning technology.
The results show that the nanofiber membranes have excellent mechanical properties and antioxidant activity. Tensile
strength was (3.65440.51) MPa, elongation at break was (131.1345.04) %, and DPPH radical scavenging rate was
(80.1340.23) %. When the addition amount of quercetin is 6%, the antibacterial rate against Escherichia coli reaches 99.63%,
and the antibacterial rate against Staphylococcus aureus reaches 99.64%. The practical application of the nanofiber
membranes was evaluated by the storage experiment of millennium cherry tomatoes. Compared with commercially available
PE films, it can significantly extend the storage period of millennium cherry tomatoes by 6 days. This indicates that the
degradable polycaprolactone-quercetin nanofiber membranes can effectively inhibit the growth of foodborne pathogenic
bacteria and can be used as food packaging materials to extend the shelf life of tomatoes.
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REEpM, 2l AWEERAEITF IR R AT R. PCL B
R A PR AR R I U R e, TEZ5I8 %
(Rb S N R IR b S VAR 15 e
FE (Que) fEN—FRARMINE &R, |2 47
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1.1 #8

O s CRIXH 215 & 80000) « Hit i 25 (97%) <
DPPH H 1%, g e AR A A BR A A 5
BERRERZE M (1XPBS) , JbniZkEERHA R
AT & EOHEEBRE (S, aureus) ATCC 6538. K
AT CE. coli) ATCC 25922, JbntdbahflEeAd: ¥4y
ARWTERE; KEREEDE, R R¥. .

ZNCL-TS Bl e s, bBilg—FUES A
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HRRAT]; Vetex 70 FTIR HY{i HLIH-AR {27 A AL
(FT-IR) , EEATE w JE8/KIAH]; Sigma 500 445
T RAEE, RRERDEE (PED FIRAHE-.
1.2 PCL-Que £722iRHIBCH

T SEHREL PCL T N,N-—H 3 H i i (DMF) Fl
TS HE(DCM)E R F (DMF V87 5 DCM VTR 1) 44
B A2 :3) , fitdk 4h, HELFESEN 15%[1)
PCL ¥ * Que IIAFH, fif Que ML & %L
2% 4%. 6%. JizzklSiER 20 SEER, Ykt
SLPR SR AR R M EE 58 15~17 em, REHHEN
500 r/min, VESF#S%H 10 mL, iE AN 0.8 mL/h, &
JEHYRBEE N 18~20 KV, HHEHN (25+2) C, XS
TN (50£1) %. YiLsE)a, £25 CHRIE
TEFE TR, 132K A 4EE1d oy PCL.PQ-2,
PQ-4. PQ-6.

1.3 YRFHRFTAE
131 BReFIME R

KA BB AR Que MINE MK
2R Y B AT SR PR 25 W ) RAE, KRBT R 5
mmX5mm, BT FHERIITINR, 8ekde
95 kV, MEATHUEEL 5000~10000 £
1.3.2 A5 Z et TR0 LM 2

BT SRR BTN 1 em X 1 om, S F i HLiH-AE
PeLT AN AL AE 600~4000 cm™ b33, D HER A 4
cmt, FEEFH 3 K.
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PR A LE RN 1 emX 3 em. U ZE /KR il
IEF, R KB A D E A I E 6 I, LGN
KA AR N1 2 TV
1.34 MUk AE R AE

55 F iz 77 68 56 AL W 5E v R A 9 B (tensile
strength, TS) Al Wi 24514 % (elongation at break, EAB),
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£ 5 ANANIR] R GNK A Y I 1) J5 FE AT I &, IR
P . A A I AL LLE FE 50 mm/min., & H [A]4)
GREEES 50 mm AT, ARAMEGEENE 3 KX
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1.4 YERAHBREILNE

ISR YEREXT DPPH H BT BRAE J11PAS
HprE bt ael®), B DPPH H 3 T K O, &
WEE 0.1 mmol/L, BECIRTE. HAPKLF4ENR 5 mg,
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IR IWOEREIE A(A2), %R0 (2) 115 ABTS H
FIERR%E (Ragts)

RABTS =

Ai_AZXLOO% (2
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1.5  YRAHREINE M EEITE

KRBT BOERT PCL-Que 49K £ 4
PG PR BE AT VPAl . B DL S S LB A BRI (S,
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ARTR I 22 I B, VPO 0 K £ 4 FEE 1) i 1
e JEEUHFNEE 3B FIFE 10 mL AARRE TR,
37 °C. 200 r/min 3% % 1108 CFU/mL, ¥ 5 B
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Ak HTINA 100 mg PCL Uk i [l i 55 77 3 . fEFT A
20 [ pAF LR T A B B, R LR 90 mm. BE R
3d 5, IE & EARTHS AR AT 4RI A T A M Re
R1=d°_d>400% (4)
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PQ-6. i 3d e T4/ NFAFE SR ESR, B,
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KHI Prism BRAFARFSEIGHE, KA “ P {EE
PRUEZE” R, *. R IROR A 22 5 B P
<0.05. P<0.01 fil P<<0.001.

2 FER55h

2.1 HRAYERRRISRAE

1 Que 1ENTEE RN I PCL AR £F e,
e PCL AR BPT A AP RTERE. AR Que
DINEGUORA LR 1 T BB W 1 o« 27
HENBIAEAR, P 2L L EIR A 25 54 o 2T 4k B
B REIE, T RE RS T AEYT 2 RE A HLIR FHE R AN
AP E AR KGR 4 AR Que AN
EYPUREYERR I SEP L I Que Ja 9K T 4R (1 21
R, B Que MSINEMIEIN, g tuZim
e

1 A[E Que RINEHRALERITEE F ERIEE
Fig. 1 Scanning electron microscopy images of nanofiber

ARBBLEZ R

membranes with different Que addition amounts
2.2 YHRTHRRE FTIR 534

ANTF] Que SN YN K £ Y A 4 HLIHH AR H 21 Ak
JeEEWIE 2 fin. 5 PCL 9K 4EEAHLL, A
T Que JG YKL 4EBAE 1595, 1615, 1646 cm™ &b
I TR, TR BT A R 4 IR B 51 .
BE Que WRINEFIIEIN, FURUSCIE BT B8, Ui
Que FINI AN T PCL 4K £ 4k st (281,

2 A[E Que FRIMEARALHERE EM TSN SIEE
Fig. 2 FTIR spectrum image of nanofiber membranes with
different Que addition amounts
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(a) RrffsgfE; (b) BZMFACE;

(c) KIZMATIR;

(d) 7Kk¥zh

E 3 A[E Que ARIMEBITARAHERAMIBE . BWIZMRIKCE, KIZR AR IRFIKEER AR

Fig. 3 Nanofiber membranes with different Que addition levels tensile strength, elongation at break, water contact angle

topography images and water contact angle

P AP BE R 1 B LK AP IR BE B E N B A
BRI SR BR . I Que J&, K ZF 4 M i {1k R
e T4 PCL 9K LR e, Horh PQ-4 9K 4R 4 ()
TS i& 3 &y (4.2340.78) MPa, PQ-6 44K 2] 4k
(1) TS B& /N PQ-4 9K 47 4 i )v(3.654+0.51) MPa.
PQ-4 4 KET 4RI EAB N (173.37£14.74) %, PQ-6
PR A GEE W 2K ATk (131.134+5.64) %.

PR TH P R T R R T E N B A
P OCRER bR o 0 O R B S K il AR R B E
98.01% {H/EFHAE MM RA MBI, PIKEFYENE
K B fil f 3z B4 118.60° XTI AEAM I B E
& ERE, SKOTFRRER, KEmMMA TR, A
SN R 2R T N EBER K S5 44, DRI b B 5 A R 2= s I 1)
N, Kk A T

R AP ML RE A K PR3 BB PCL-Que 40K
RN B AR 6 R R I (1 AR 2% A

2.4 YERAHEEMIMELEBEITME

B AR AU EIE T, R — e L
IR B AR ST P E o AN [F] Quie VRIS R oK 41 4 5
DPPH H Hi3LiE R A ABTS [ H1 315 K2R 1 520 40
4 FroR. PCL ZKLF4EEm) B BTGB 2N
25.47%, JLFRAPUEMNERE, AT Que JEHtm
T PCL ghker4ifiift) DPPH H Hi3tiBRa=R, ik
[ 25.47%38 %) 77.87%, Bf#E Que VNN XL N,
235 B R B T i & 80.13%. X R Que Y
IR K = T 9K AT 4R P et e . el
PCL YKL 4%t ABTS H H1EEMIE R R N 9.18%,
Que MINJG , PKLHENR ) B HESE FR 2 5em T 9 £%,
HFEE4 Que INANERIIEIN, HHEERRZH 86.86%
WA 91.16%. % LFTiR, Que MAEZEES T
KGRI A, HZ9K A 45 B I 7 /4t
AAbrERE.
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El 4 A[E Que FRINEITHRLAAHUENE DPPH B HHESEIRZEM ABTS B EHEFRERIFN
Fig. 4 Nanofiber membranes with different Que addition levels (a) DPPH radical scavenging rate; (b)ABTS radical scavenging

2.5 YRAHERERVIE eI

IR PRS0 B R KR, R A 7K SR W AR Jo )
R L E. coli AR == [R5 A1 LA
S. aureus AR YA 2L K FHME B PR A E Que FM N
YR PUR R, SR WK 5 R,

BEE Que ¥ N HI3E N, 7EER R -PAR b i 7 4
FCRIER/D> . Y Que FIMNINER Y 6%, Bk (EH JLI
23, R R HIE R AT 99.63%, X 4B
6781 % BRI A3 /E FH T I 99.64%. PCL 4K 214k
JIBEF <6 24 €0 7 46 BR B MR i AT B B LA A E A, W]

rate

RESE KNG KT YRR 2 FLEE R, TR B T KB AT i 0
S OREARRE, AMIAR] 7 e,

X R ZH P B B AR K ELAR N 44.11 mm, 7E DA Que
&, BEEMAEKERB/NE 34.21 mm, FEE Que I
IR RN AR K E AN E 27.94 mm. Que
TN G 2 50T AR K 2 2 RS0 2K 25 1 4 A A
4 Que FUTRIINER 6%I, XK 5% B A I/ F Al ik
37.36%, [F] PCL 4 KeF4Ei B BEEER. 45
FFTIA, Que MIINATE—EFERE b REGE 0 25 1 ¥ 2R
K, BEIENE MM ALK
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5  A[E Que JRINE BRIP4 IR R 14 e
Fig. 5 Antibacterial performance of nanofiber membranes with different Que addition levels

2.6 HORAYRN TEEMAREEIEE TH s EN 12d 1, BRT PQ-6 41, HAh 21
AF Que HINEXPUKLAYENLA IR TG BV ERR. £ 18 d i, XTHEALI 7 M
IOREEPERERIRE N E] 6 From. WIRAERK 6d Iy AR, FEIEN RFZK, PCL. PQ-2. PQ-4 4

ML T BEA SIS, M PQ-4 HWMIL 7 M  thAHKDBUIRRMELR, (HfE PQ-6 UKL 4L
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P RRMBAR R A BRI R UL GEA S, X EE
T Que MIMIABENS ORI 18/ Nl A8 R 321

AR#B LTS R
AL, KW PQ-6 KL YL B A YIT K vt
A BRI

6 [ Que FRINEXTPRLALHE IR D EMNTE/ N E AR EE M REAIRZ T
Fig. 6 Effect of different Que addition amounts on the preservation performance of millennium tomatoes wrapped in nanofiber

membrane
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AR AR A I (A) (3G I RS 0, 7EMEER 15 d B, 2R
HRILP B, (EX R A3 K R v TS24
FEW 8 1~6 d B, 5 M REFMEZEAR, 1ZEK
B ] 2 H R B FAK TR L. 2B 6 KI5, PE B
AEFRAF I R AR A i T SRR, FTAATESE 12 K
Je, REERIE IR, TR T KRR K
PAR A AR e S 30

RAKTI S, PQ-6 ZoKLF4E Mt 3En] Ly /b 115
AN AR B FE P (R BRI R e, UK T
TRk 3 o
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Fig. 7 Millennium tomatoes at different storage times decay rate and weight loss rate
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X <o (VR & BRI BOAN TR F0Y 99.64%, W K E Y
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GNP ) ot A e B e SR T AT REME .
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