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Application of Chitosan Quaternary Ammonium Composite Membrane Containing
Silver Nanoparticles in the Preservation of Cherry Tomatoes
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(Key Laboratory for Biobased Materials and Energy of the Ministry of Education, College of Materials and
Energy, South China Agricultural University, Guangzhou 510642, China)

ABSTRACT: The work aims to prepare degradable composite membranes with antioxidant and antibacterial properties by
using PSPA-AgNPs as antimicrobial agent and investigate their preservation effects on cherry tomatoes. PSPA-AgNPs
was prepared by hydrothermal method and then added into chitosan quaternary ammonium salt and other matrices as
antimicrobial agent to prepare fully bio-based degradable composite membranes. The effects of PSPA-AgNPs on the
composite membranes were investigated through the determination of mechanical properties, barrier properties, optical
properties, antioxidant and antimicrobial properties of the composite membranes. The preservation effects of the
composite membranes were examined by taking the weight loss rate, hardness, total soluble solids content, titratable acid
content and vitamin C content of the cherry tomatoes as the indexes. The barrier property and antioxidant and
antimicrobial properties of the composite membranes were significantly improved with the addition of PSPA-AgNPs.

Among them, the barrier property of the composite membranes was the best when the content of PSPA-AgNPs was 10%.
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The bacterial inhibition rate of the composite membranes reached 99% when the content of PSPA-AgNPs reached 30%,

increasing by a factor of 1. The antioxidant activeness increased from 29.87% to 50.27%, which was improved by 68.30%.

In addition, the preservation effect of Q/S/H-AgNPs composite membrane was comparable to that of PE preservation

membrane, which could effectively slow down the rate of decline in the quality, hardness, and nutrient content of cherry

tomatoes. Therefore, the Q/S/H-AgNPs composite membrane effectively improves the storage quality and prolongs the

shelf life of the cherry tomatoes, and possesses the potential for the preparation of fully bio-based biodegradable active

packaging materials.

KEY WORDS: silver nanomaterials; degradable composite membrane; antimicrobial properties; fruit preservation
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FRIFEE IO, BRI, P T % A et A o ol P 30 3 T
F LIRSS E R SRR, AgNPs B —E )
T2 tE . N TR AgNPs B, ARBFIT L%
HREREIER AR ER, R K T & 5 BT

OH

HOH,C

OH
CH2C|HCH2N"(CH2)3C1* OR to)\ CH2°§
N OR R
R OR N OR ’ %0@0
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1.1 HMRENEE
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VRS A BR A E]; 2R, T Y e
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AR 2T AR, 55 EFEER KRB ( Thermo
Fisher Scientific ) 22 ) ; UV2600i £4MM0OEEH, H
A HALES A PR T s Agilent7700 H 2550 445 55 114
JEREAL, ZEECRHEABR AR ; TH-100 584X, 78
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Fig.1 Structure of QCS, HPMC and SA
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1.2 KWH*E
1.2.1 PSPA-AgNPs Kl &

fit il 0.64 mmol/L Ay 5 AL RIEW 50 mL, i
A 1% R FRAR A 0.5 mL, 75 pH K 6.0, R HIK
A RGE, F 140 °ClEHIETHEA PN 4 h, HRE
MZEZEE, 155 PSPA-AgNPs!' 12
1.2.2 Q/S/H-AgNPs E & RRI#I &

PR 1, FREL— € /A9 QCS .SA \HPMC ,PSPA-
AgNPs FIH M, A 25 8 oK H B s #) 100 g,
F 80 °cCHyIHIASR N 2 h, SRJGHEIA 10 cmx10 cm
MIEJF BB R, s T, BOBE, LR A ZE e TR
TR AR s H

# 1 QIS/H-AgNPs £ & FERL 5
Tab.1 Formula of Q/S/H-AgNPs

composite membrane %

45 QCS SA HPMC Hihi  PSPA-AgNPs
CK 3.5 1.5 0.6 0.8 0
S1 3.5 1.5 0.6 0.8 5
S2 3.5 1.5 0.6 0.8 10
S3 3.5 1.5 0.6 0.8 15
S4 3.5 1.5 0.6 0.8 20
S5 3.5 1.5 0.6 0.8 25
S6 3.5 1.5 0.6 0.8 30

1.2.3 PSPA-AgNPs B&R1E

KRS R ik, (4] NicoletIS10 {# HLIM- 25 #
LLHNEREAL 5 5%T PSPA Il PSPA-AgNPs HEf7RAE ; i
Fil UV2600i “E5M3 6T %T PSPA-AgNPs #1477 IA
JEIERI 5 5 PSPA-AgNPs ¥4 TR 19 3 [E Ak o, i
X BHRATEHL BT AgNPs 1 b i85
1.2.4 Q/S/H-AgNPs £ & & HIRAE

1.2.4.1  Jp2erkig

PG Z b (BB PR PERERIIMIE 55 3 3
g7 WA A A A F ) (GB/T 1040.3—2006 ),
FH UTM4204 HFJ7 REIR S AILIN R A 14 47 4o 5 i
L TECE (R
1.2.42 Hfhf

W5 A B A B A AL e KT S B
AR 10 s I R 3 i Ay 113141
1.2.43 BCEMEE

PR K hr o (G A RS 6RO 25 5 190 5 )
( GB/T 2410—2008 ) il % & A MR A i E R 55 . fiff
FH UV2600i 225036 E 2 A iRAE 200~800 nm
WA N REEER, R TH-100 25 BT 2 ST %
I

1.2.44 KFESBELFMATELF

IKFERF 1 AR ] G o SRR 5 K
ERELERENE AW ESBEL) (GB/IT
1037—2021), K FH C360M 7K 7£ 535 32 % 5 A A T
M AE i 2R B G bR (B v RN
WA ARE SRR TS 1 ZRE X GB/T
1038.1—2022 ), ffif] GTR-701R 4&/S i i 2 {3k
Fri
1.2.45 #HFaEtknt

K TG209F1LibraTM FE /MO0 A2 A AR L
S F AT 30~700 °CHFAE T
1.2.4.6 PrEafett

SHZEREE Wk FRIRE A 0.2 ¢ T 6 mL
DPPH ¥, & il I AL 30 min J5 U 7E 517 nm
Ah B RE TS RN A X DPPHT A i 31935 bR
K, BREUESE 0.1 g T 20 mLABTS TAEW, ZEi&
FAL B 15 min J5 I ELE 734 nm A WOEE, (1A
R AR ABTS [l L5 IR R,
1.2.4.7 PrEitE

SRR, B— 2 G L BB, R
W RE TR B R IME S, 43 0imA 10 mg &A1, 4k
2L4E5% 3 he RIS, PR R —E A5, HL 100 pL
BT AT, 37 °CHEFR 16 h, XU B V5 B0 #E4T
giit, WHEHMEER, MERTEASX .

%ﬂ]%(%):WVQQXmO% (1)

Kb WHTLHRA (25H) 553% 16 h JFINHETE
B Q MFESALIEREFE 16 h J5 M TRTE S
1.2.4.8 Ag BT H

il KW . 3% MG PRI . 10% C BEF AT 95%
OB IR B 1 (Agh) TEr k. BRYE . Btk Al
e & R O . B Q/S/H-AgNPs ( Jii i 4341
h20% YEZ A B 500 mg 12 HIAE 70 mL & AR
FEWRACE 7d, B 1 dE 15 mL W&, 1 Agilent7700
FEL S G S B AR B AR Ag ™ o
1.2.5  QIS/H-AgNPs £ & FE7k RAR 1% 48 i

Pk B R RN — B R A R AR
FH Q/S/H E A B Q/S/H-AgNPs ( JFiH /0500 20% )
RABEATE O, R 14d, & 24—k, U
PE fREEAAXTIRA] . TR AR 2 4,
12,51 REZK

JE R S N K SR A D 40 [ 7 2 EE A O o AR
FBIHEAXN

KA (%)

K Wo BELRIFRIE, ¢ W HELR
G — I S T, g,
1.2.52 i

K GY-4 AR BETHI G 2 SRR, HAK

oW 100% 2)
W,
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H LA NOZFER o BRI SE I8 /Y R 46 35 4 0.5 mm/s,
JEARRE SR 10 mm.,
1.2.53 GAEEEIEY & &

B — s S5, TR DL 4 530 2
S ) 26 4 SR TS M R ) 5 it
1.2.5.4 WA ER

KFORRBI 2L, FREL 10 g 230 A 581K
% 70 mL, BUER 20 mL, [ NaOH FRufEA R TR E
DABR IR AAE /R, 0 S SR ) T e R 1
1.2.5.5 PURIMPR & &=

KA 2,6- it ke, BREAIT 5 g
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AR N2 A, E 26 2 R 80 R BT IR LR 2 o
1.2.6 HiEAE

BRERES I AT =0 3 OPATSEER, BCFII(E.
SEU KA i Excel . SPSS stats 4t ik 4 #E AT 40 B b
PR, EE DL A pn i w22 BB U2 3, £ Origin
8.1 i T4 Kl

2 HRE5H

2.1 PSPA-AgNPs Z#345r 1

PSPA-AgNPs 5 PSPA IZ£LAMEIE UKl 2a fis,
PSPA-AgNPs 5 PSPA W41 /MGG I LL#4%3L, PSPA
FE 3 448 cm ' Ab B FR LA REAE IS, £E 1632 cm!
AR IR C=C AR sh M FRIENE . SR PSPA-
AgNPs W FESE M FRIE GRS 2 3 455 em', XA
T AgNPs UL HI Y F o ARG T 2Z 18] B4 BLAE
BRGNS HKIR C=C 45 Ik 3h i RRAE 06 1 55 72
F 1646 cm', T Ag" 5EERFEZFMHRILELE L
T EFAb/EU2) PSPA-AgNPs 5 PSPA (145 4h-]
WIEIEIELNA 2b 7, PSPA-AgNPs 7E 438.5 nm 40
BUAR AW , 1T PSPA A HE BRI i , 33 I 48
AT R Ag  REWIER, A48 IR

BRI PSPA-AgNPs 5 PSPA [ XRD JGifk & 2c
fias, TE 38°, 44°, 64°, 77°H S1°AbMfiTifI&, 4>
SRE I T AU 57 7 R A AR ZE R I (111) L (200) . (220) .
(B11)F1(222)1f, FKIAA LAY PSPA-AgNPs HA &
g s

2.2 QI/S/H-AgNPs E SR EBES A
2.2.1 PSPA-AgNPs iRkinExt & & & f 5 aE R 2200
PSPA-AgNPs U il % 52 5 68 ) 2%k BB 1) 52 1) 4
K3 i, S25HAAME, % PSPA-AgNPs = &
W12 PEREAS 3 3% . B % PSPA-AgNPs F T i3
T, B A B F12E P RE Je 158 )5 G, 24 PSPA-AgNPs
WINE R 20%0F, &AM 2ErEae k2 i tE, P
5 AT 240K R4 135 2] 12.02 MPa Fil 120.26%.
AgNPs BFBME i —FPIERL, BETE HUEUR 10 X 45 4544,
T k38 42 A I 1 24 e RED ), [RlIE AgNPs fig 5 H:
N R M AR U E B i e - YN O R 3 ey - Xl
B o1
2.2.2 PSPA-AgNPs iFinExt & & 54 a 2 m

2 fipk £ 2 A7 A R} 3R T S B K R I — A EE L
F6F5 . PSPA-AgNPs U il Xt 42 45 BB 422 fo £ (%) 5% 1
4 fii7n, Q/S/H-AgNPs & A BER) b/ < 90°, Bl
FGKAZ b R O E K, H Rl A AR R R R R
XEHH QCS. SA. HPMC #B& Heie i W my /K s vk
T EY, BR2H%E PSPA-AgNPs ¥R 1Y
i, Rl R B BTSRRI $ . PSPA-AgNPs
FEN SR Bh 52 G IOIE BB 1 I 28 5544, B T K
Sy BB O A2 PO, T B K M BE A 2R T
PSPA-AgNPs WS it Xt 52 A B 7K i . ik B 1 52 T
W 2 Fi7n, Q/S/H-AgNPs 5 4 JIF A 7K B R fif B 4y
TR 20%FH1 40% , FHIZE A BOKEHEL, Rl
ALV IR 2R T —E n R
2.2.3 PSPA-AgNPs iFinExtE & I AL R 2200

Q/S/H-AgNPs & & 7E 200~800 nm I K &t
RAFALHI anE sb i, FER WOBIX I (555 nm)

0.8 40000

——PSPA 25

111) — -
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Fig.2 Characterization of PSPA-AgNPs
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1130 Tab.2 Effect of PSPA-AgNPs content on water content and
§ 10l o solubility of composite membranes %
= R 1120 &8 .
&y o i’ POk i R
oy &
£ 1110 & CK 21.1940.11° 41.67+0.81°
& 6f =
1100 S1 20.69+0.08" 40.47+0.81?*
4 L
S2 21.98+1.37* 40.39+1.41°%
2 90
CK S1 S2 S3 S4 S5 S6 a 2
45 S3 22.48+1.36 40.81+0.60
P13 PSPA-AgNPs 7 Mt 5 4 8 72 Mk B iy 5 S4 22.22+0.71 40.74+0.82
Fig.3 Effect of PSPA-AgNPs content on the mechanical S5 22 16+0.13° 40.47+0.97°
properties of composite membranes
S6 21.47+0.45* 40.29+1.13%
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Fig.4 Effect of PSPA-AgNPs content on the contact
angle of composite membranes

FIE AN X, (280 nm ) HEEHRANFE 3 Fis. i
23050, 78 AT WL X 38k 555 nm &b, % PSPA-AgNPs
W, 2 AR E L REIL, XEHR
PSPA-AgNPs 7% B 52 B E 45 (7, 5200 1 52 45 B () B0 £
PSPA-AgNPs &%, BEBIH AT, HiE
JER TR, BERRIEE T &R, 57T Wk X
(B NCR AL, 3SR AMEIX K 280 nm b 935 R 1

H: SRR TERRERRFE (P<0.05), .

WM, FW Q/S/H-AgNPs & & EA —E £ sh
BEMCRE T o Jish, MNGASHFA RSk UG, PSPA-AgNPs JH
o T MKLERI 2SI, Eh AR B Y i &
BURMRE R TR, WSS BB, HOGPEEE Fis ]
JEHRAIC . PSPA-AgNPs [N N 52 & B ) 55 B FATK
S A B A B4R
2.2.4 PSPA-AgNPs iRInExtE A IERE R IERER RNE
Q/S/H-AgNPs s il Xf 52 G J5 BH B 4 B 1) 52 i
WmE 6 s, B PSPA-AgNPs ¥S I (4 /i
Q/S/H-AgNPs & & i /K 28 i il R A B L F
SEBUERAICE S KA 24 PSPA-AgNPs SN 10%
i, BABRRIB LT RBHRRERCR, HoKZE S RN
53227 g/(m*-d), FELFN 67.34 (cm’/m’-d-0.1 MPa).
/b 1) PSPA-AgNPs SHFE T 45 5/ I 25 Bt , 2544
AR NE R, Wb TAKESMARW BT, 7
AP CR s (Hadk Z2 1% PSPA-AgNP £ 38 &
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Fig.5 Effect of PSPA-AgNPs content on the optical
properties of composite membranes
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Tab.3 Transmittance of the composite membrane in
the visible region (555 nm) and near-ultraviolet
region (280 nm) %

FeSh ATOEXE (555 nm) ELHMNEX K (280 nm )

CK 85.78+2.87° 26.68+1.41°
S1 81.68+1.00° 22.51+1.61°
S2 81.81+1.81° 22.74+1.44°
S3 75.62+2.12° 20.74+1.02°
S4 72.74+2.42° 18.55+1.91°
S5 71.55+1.43° 20.65+1.45°
S6 71.12+1.39° 18.90+1.26°
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Fig.6 Effect of PSPA-AgNPs content on the
barrier properties of composite membranes

2.2.5 PSPA-AgNPs RInExt S & ERIRE RN

Q/S/H-AgNPs & & R FA R fifg ot A% 250 24>
Bﬁﬁx 51 A B RN R A I T 9 SR B 2t

, BLFE H K S8 5K, KA7E 30~170 °C
«rﬁllﬁq g 2 ME&%’E/—*H%}?IETJ WY 2T 2
AT R, X — M BERR i R et . R RO, K

HEFE 200~500 °CTEFI . PSPA-AgNPs R4 A ik
PR EVERISEIR AP 7 7S , PSPA-AgNPs s & A [A]
WA, H2ER IR

A 5 5 i T i 1 3l

(P>0.05), FHEAERTE 252~255 °C, 45T
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Fig.7 Effect of PSPA-AgNPs content on the
thermal stability of composite membranes

x4

S G EARE RN
Tab.4 Characteristic indicators of thermal
stability of composite membranes

e Tso/°C Tsou/°C BRI/ % I PP AR IR /°C
CK  61.03  279.03 28.79 252.8

S1 4622 26522 28.49 253.3

S2 4894  279.94  29.87 254.5

S3  63.54  276.04  26.63 254.8

S4  80.75  282.25 28.59 253.9

S5 4635 27135 28.37 255.0

S6  46.53  268.03 26.13 255.0

2.2.6 PSPA-AgNPs iRinExt & & B L Ea 2
Q/S/H B AW, QCS 1E7E—NH, KL 423

N
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Fig.8 Effect of PSPA-AgNPs content on the antioxidant
properties of composite membranes

2.2.7 PSPA-AgNPs ZmExE & EHEEN T

Q/S/H-AgNPs & GERPTRSCRANEL 9 PR, 8k
LB IE LT, RENBMC R ANTRFRIE, HE A Al
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RSN _E, BESRAS B B T DI i ) % T ORI

X4 PSPA-AgNPs [Nt ikE] 30%HT, Q/S/H-AgNPs
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