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2 VDN A5 ) A T B 20 B 7 B 30 5 e LB (0 15
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Fig.1 Antibacterial mechanism of CTS
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CTS W R IE IR S pH (HA . ME W pH < 6
W, FHEERTRTIb, WWHHAMER S, PRt
s U2 M pH > 6 B, IER LTk EIER,

TIRIE SRR, BUAL, B ERE R 5 P & R
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FESRBIE S5 SRUE Y RN A A, o TMC 4T
B E 22 pH (EAFE AR K. Xu T. &5 17 FHY R A H
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2.2 BRI CTS

R BAL PR AR AE CTS 4> T4k 5| AR H 3t
HeW, HrE 38R AETE CTS 43145 C-6 5k
8¢ C-2 L b, MRS B, ATk
N, O- R I ZL52 5 M (N, O-carboxymethyl chitosan, N,
O-CMC) . N- RHIEFERNME (N-CMC ) DIJ O- R
HSE M (O-CMC) . #54F—NH. —CH,. —COOH
HEPIH CTS e E RelA], BRI EA RGPS
fit /1. A. Anitha % " 5 CTS. N, O-CMC #il 0-CMC
X 4 B A BRI LA M T, BB CTS 1Y
PUAETER T N, O-CMC F1 O-CMC.,

M. Kurniasih % " | CTS 5451 Z R LEm P 5
T B il 25 CMC I, PRI IR AZ TS W 20 A
T A A AT A TR, 3 ek Y A T P AR S
Prmth, S5REW, & CMC B3 E A STk

R HKEEE (polyvinyl alcohol, PVA ) Ky JFRlhl#2 4&
TR, 5 P 2 v 7 5 0 3 HL By 55 B B
(WLE2) . HACC WA A8 RL4s 1 52 45 T A ]
i HLAT B 55 AP B AR T R . B A IRIE B Rt
98%; AR RIAFF IR . 4 i €00 448 BR o AN K 85
TR I AT R IR 24 99%. A BAZH Y B REAEAE T 3 d
Je B RS, RS AR 1 SRR TE 5 d SR
BA A ANUURRUMS L RAE B 1 B HACC % it
(O I e o K PR PR JF CTS Wi = H L4
Sk s, [RlBF PVA thd KR e, (Hi75%:
FEE 7 5 B Bl 5 s FLR IR S i ik
PRET, 2 S50 I A A R AR 20 & b e
F, IETIRESR AN, (0 P ) 508 e s S A R AT T

b) Bigs AT PR
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Fig.2 Synthesis of the HACC, and antifogging and antibacterial testing of complex coating
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TR A T ARk 2 T SO AR K IR AGZIE ] A5 1 A T
PG DR T B R A KR R s K
R AW, FHE S, Dtk Rn
PRAEPEFIHT EE
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PLbs Sali gy 22 2R R [, iR g 2 41 4
HABYUEMEE, Jf HeefeiF 28 fA 5. Ling
Y. Z. 45 PR FH AR 98 K UKD (silver nanoparticles,
Ag NP) 1 3% 2 i b 38 W 3L 5% B B (quaternized
carboxymethyl chitosan, QCMC 145 HL5E M A1( organic
montmorillonite, OMMT ) 4HK4Z & B kLl £ PR 7l
BUAAC, JEARHE 0 TR P ) LA I i v AR K
FRE . SR . R . S O E ERE
A AT R BT T, RAZs Rl 3 o, E
AAL, IZBURACN S ARSI A BUA Y, O B AR
Bl ) LA bl A OMMIT R B A3 i 3 K. X2 il
OMMT A7 4R LR TR AT B A, 1fi H. QCMC
) 2 e R P AT L 0 B ep OB A 1 SO, UE AR
MO AE B, WA MBS A 1 A BTG 3, Ak,
Ag NP AR AT {3 A BT8P, BRI AR O ) A 2
WiRe, SEGEAKIET. HIG, £ OMMT, QCMC #i
Ag NP WIBRIGTEAVE T , i ST AT KIGHFF 3
e B LR TR L 4 (O A K R R B 2 AT 1A A
A BT A

a) KT b) MsRiE o) BlhEE
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Fig. 3 Antibacterial effect of carboxymethyl chitosan
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Fig. 4 Synthesis of alkylated modified chitosan

Chen W. C. % P4 I CLBEXT CTS dEF The Ak
PEIE S, DURFE bR XT CTS Bk P AT
YRR, SR LB, ek e T CTS Wi
BKYE, WD TARTEIREE R T A R
HIER AR IAAT BT TR I 5 VIR A0 BT /K Ik B 2 e i
SEAR P IE IR 0, 20 TR B e S AR R B Y 3
T WE />, H. C. B. Paula 28 ™ DI 3, 7- —H1
F -2, 6- 2 TIRBERIKE T (essential oil, EO) Akitk
JEURREI £ N- BERGTIRME, JEXT CTS R [R Mk bt
SR HVRLAR MG A Zeta AL UEATRAE, DL Rt
FEPES T, 2553 1 R Bei e R kAR
BIE CTS #9/0y, AT LAHERT HPR B R A CTS F24i%
o2 RGO IRAZ O P K SE T HE, T S-80k

RWIN; BEBETe RBEER I CTS KA Zeta HL
7, XATRESE H TA6 A PR A5 ) 31 N, iR
TRz, WM T Zeta A

H [RPAPERE (SRR ) s (9 CTS Sl i ik
J¥ ( minimum inhibitory concentration, MIC ) 4 1500

F1 CTS RIRESREMNHE. Zeta BETMELR
Table 1 Particle size, zeta potential and antibacterial
data of chitosan and alkyl chitosan

IR HifE /mm Zeta HLf7 /mV  MIC /(ugrmL™)
CTS 4815 + 11.91  +(27.6 = 3.66) = 1500
CTS0.5-Red 170.7 + 1729 +(43.0 + 0.78) = 1000
CTS 1.0-Red 161.0 + 1.98  +(43.4 = 2.52) = 500
CH 1.5-Red 199.8 + 29.23  +(41.2 + 4.56) = 500
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wg/mL, ke 3Lse BBHAY MIC 7 500~1000 pg/mL 78
PRI, AT /N B ) ot 6770 SR P 0 24 [
BRI B A 0 A A A
24 HiBHMCTS

CTS 5 HoAt A4 ek TR AT DLl 2 A () fu e
SRIGFEIE, S b R ERE AL
Ly /1) s
2.4.1 CTS HakHpas

AR ER G K EURL ( TiO, nanoparticles, TNPs )
BRI RRIEE, HAAGUKY: . EWHAEE. b
HEAGIE LR S e . YRR, TNPs Al ™
A0k A e SEAN AR A, I T IR AN R 2R 1
HAANEE, 4 TNPs 5588 g fudz it , 23 A H
LM PR e ey, AN AET . KA,
TNPs i 7] 5 CTS &AM AR Bk, — 7 —
VRN BH S R A RIPUE BRI

Zhang X. D. %5 P fiff5¢ CTS/TNPs & & e n] I
ST HIBTEPERE, K 12 h 5% ST 4 R
Wk (CRIBFFR . SR OmAERE. MESBRE .
FIEBIES ) B4 2%3k 100%. Cheng L. % 27 1 %
VEHK; (corn starch, CS) /CTS/TNPs & &%, Ffid il
TR S 06 1 A 5 X K AT TR 2 K BRI . 45
KW, CS HMERA W AMERE, 1 CS/CTS
CS/CTS/TNPs & i Ju] il 344 Bl W iy sl , H CS/
CTS/TNPs & & IR B B 58, X &h T CTS
S TEER P INE RS S CS A TP R FE A
i, T CTS 548 B 5Ll FHECR:, AT il
H 5L A, &0 CS/CTS BERgPTEtE; i CTS
5 TNPs Yp[E BB /E I, fff CS/CTS/TNPs & 4 it
[EERESicEi

FAEEAN K BURL ( ZnO nanoparticles, ZNPs) A]
FE KA P SR Zo™ IR A AN, EMN S
FEAFEP RS (—SH) FV, BSR4 8 PR
) Zs a4k, (2 (TG Y. R. Priyadarshi 45
il £ ZNPs/CTS 2 A3 I 00 38 3L Ay 5 25 H A 1 A
KGR PP . DR R, 540 CTS A
Ft, ZNPs/CTS 24 BER Al B A B A K A A i HAT B
FRPTEIE M. A, BEE ZNPs WREE N,
BOBL B TS ML AR, 24 ZNPs Tt 4350 0 19 2|
2% B, R ECFF R A PTBRTE RGN T 2 £, KB
BT 1.5 %, X EH T ZNPs 5 CTS # £ T ]

PURMIPER . S. Yadav 55 P JF & 1T CTS. ZNPs
TR T IRAY B AL AR, e B AL X o
=2 I A T 22 T B TR Y B o PR A T e
HY CTS #iBAH L, A ZNPs FI £ R (1 5
PURTE A B .

V. K. Pandey % Y JF & T — F A0 H T & ALH M
PVA/CTS/Ag NP 2455 90K AR, I AS [ 40
JEC A B8 525 BRI AT T R 2 30 R T BT
ZERINF 2 s, ERWTAL, PVA 9K )Z BB AL
ARG, PVA/CTS/Ag NP Xof 19 Ff Bk Fr) 491 1 sk R
B, ST EAR S BIA R 20, 21 mm Af . X
JEH TR CTS 4, Ag NP W AA BRI, Ag 1k
RS, EAEIEAMIN, SEABHE SH
S, R RN, SEE R E BT P K,
£ CTS I Ag NP WBREIVERTT , EZaaaerrkiim
WA SR

K2 FABEESHRVEEZ KM
PR 420 O P 1
Table 2 Antibacterial property of fibrous composite

nanomaterials against Gram-positive and
Gram-negative bacteria

e ) IR B /mm

DR ZH I LA T r—
PVA 4K)2 A (100%) 0 0

PVA/CTS A (70%) + B (30%) 160+0.6 15.0+04

PVA/CTS/Ag NP A (70%)+B (30%)+AgNP 20.0+0.7 21.0+0.6
CTS i B (100%) 9.0+£0.5 100+04

. A FRPVA, B R CTS,

242 CTS 5HbhRRHLE

CTS 5P B &2 G A U] LAFE &5 bR BL
WvkRE, WA EBE M. brE TS, EO S
CTS Z A w WM YR ECY) . EO S5 {AEz il fig
DSR2 M, AN Na™ . K'. Ca®" 2k
T, RN A, TR R A i g i B .
Hafsa 25 P4 il & ¥ Bk5 i (eucalyptus essential oil,
EPO ) /CTS T, I %of H AU A PR FIe 1 7 4 R 0k
i, DOtHIWr e R R Rl RARIE R S, B
FEAERFRM, ZBER) EoK R RK I HERAIK, X DPPH
B H G BRIGPE LA S ORI . 4 B (0 R A 3K A
SEMAT B . o BR B AR AR TR BT TR B
o HEAh, CTS 5 At AR Py 42 BU 0 B 5% S A B
ORI 3 R,
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Table 3 Antibacterial effect of chitosan blending with plant extracts

SR B R bR R AR 5 ISk
o B OKIRHE . OIPRREE | AREYE. AT . WIIRE. &
TR - LT A (CTS-PA) LR LRI e R BRI A (331
ST - oy AR - e SRS e e
Foseipnn OB R R FRAVRFLRE | R [36]
RN - T4 % - FEERR (CC-ML) KT 3 I 2 B A 2 [37]
RN - PRI (CTS-CM) BOR AL LRI R FRC R BB . V1 R R 38]
FEHHE - HHE (CTS-0C) Ty RILHERE . BOUEH o Fi . 9 A4k [39]
FEHON - MBI - BORAERS oo o
o %%iﬁﬁﬁﬁﬁmﬁm BUE R L R R P R 2 W [40]
SEHN - HHEFFESREN (CTS-CEO) BEL P T P R 48 (0 AT R [41]
RN - FLRET - SN ECHE . BB R FC B 4 ¥ G ATER . B FT T 2]
( CTS-NS-PEO ) ORI R R R YT
e e s I ARG FE . YOI . MEREZE
P - P34 Y
SERBE - PP RS (CTS-LEO) BEL P RN B P 1 ik it araniniie [43]

3 CTSENMEEREEMRHAKAE

CTS s Tk, BIEF KRS 5%
TP Y U e A B B A ST R S 4, (i A
CTS H A1 B Bt fn A A 25k Y. R CTS
3 DU A TE 0 TR 88 . R S s
31 REa%

Rph 198 I s IR A AWl M #E, ()
R 7= A B AR B K 43 SR IR SR 8 10 i IR A J 1),
Yang C. &5 M il 45 T SR 2 s MARAHR BN CTS Ik
JEE, IR TR ARG 25 RW], 7E 20 CAMF
T, IR A AN R B R RIS AE, TR R
TREEIA I 4 d ZEK 2 8 d,  FLAF IS A A B 5]
S. Shankar 2§ “7 YEJF5E CTS/EO/Ag NP &4 IR B AE
%%%Bgmﬁﬁﬂ,%ﬁiﬁmwﬁﬁ%<ﬁ%ﬁ

L UTTRRAE ) HAMRMAPIRE T ERFRES 16
hE,ﬁﬁﬁﬁmw KT B 06 EBRAC T 3.4
log CFU/mL, ¥ TIRFEFEALT 1.4 log CFU/mL, F4%
% BV TEXT CTS/ZNPs/ #R FA R B A VR A Pt Bt i AL

HIFTE R B, TR AT R ARV i S K SR8
FEARBORS ER, B SR R0 2 TR
f JERNFIGHA BT, HATRF R TR T
Pan Q. Y. %5 ™ I A1 1 1l £ 2 6 I R IR
R RUE i E BB (HA-CS-NP) / PVA &2 & i, il
A B A TR SR 1 P e LA R Kt B AL P
61 HUK PR R AT R A 52, 25 An1E 5 R .
M Sa a] WLELH, T 12 d 5 X IE4] (CK) Al
HACC/PVA(5/5) BEAab BRI B 8 iR IR s, i
HA-CS-NP/PVA AN FRAPo R HDEH . AR
H Il Sb~c AT LIE H, X REZH - SR INET 3 d AR
IR 7%~9 %, T HA-CS-NP/PVA JI5A0 7 i 50 o)
JEIRG ;s BEGEAEEFRIA3E N, KRR R AN 9 %
FTFEZ 33 %, i HA-CS-NP/PVA J5A0 78 1 45 7k
RIFEFA T 10 %, HE Sd~f n] LB, XFHE4A
KIFELHEET, 1) HA-CS-NP X W Rh 2L EA R
Piwitt, HBEE HA-CS-NP kA8, HyTHEBER
WG . g PRURZ A A W i 2 R S A
HABSRPIRETE, D& IS T RS es P

40

CK

HACC/PVA(5/5) QQ" Q"’ ‘ “‘ ’ ’

20
HA-Cs-NPPVAG/GLEEY ST T ) ‘."’ MM ’gir |
HA-CS-NP/PVA(5/5)¢ QQ" Qg 3%y m 1ok
HA-CS- NP/PVA(W%)m [TTTTY L] ‘] 5t

a) SMAEAL

mmCK;

30 '-HACC/PVA(S/S);
-HA-CS-NP/PVA(3/7):
S [mmHA-CSNPPVA(5);

,-HA-CS-NP/PVA(7/3)

b) PRI AR

mmCK;
EHACC/PVA(5/5);
HEmHA-CS-NPPVA(3/7);
B HA-CSNPPVA(S/S);
B HA-CS-NPPVA(73)

TR 1%

6 9
Ve

6 9
[P
¢) ARINE R EHE
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b
=P -0.2§%HA-CS-NP; m 0.25%HA-CSNP;
= O S5oHACINP; B 0 5%HA-CSNP;
] | %0 0% | B | 0%HA-CSNP
B o o
il < s
ﬁ} 60 iy
=) £ E
i ¢ =3 £
21 40
oy
Control 0.5%HA-CS-NP

0.25%HA-CS-NP

1.0%HA-CS-NP

d) HpslE

e ) BIFEAG ]
E5 ARE HA-CS-NP/ PVA S &E A MANER B REENREER W o
Fig.5 Effect of different proportions of HA-CS-NP/ PVA film ratio on freshness and b@ 2

3 4 5
LEALPS 4
£) fu 7o Flages

3 4 5
(RPN

antibacterial properties of papaya and mango HH

32 Aflmask

PRI S S A R AL P K A S R L85
Dy AN R AT & AR ISR AR IR . T. Mehdizadeh %5 ™
FIFH CTS. WPy . HEimbl & 7R AWM, 1%
RTINS g A FR A B AR AT XS e A
{RIFEHIEK 2 16 d, Deng Z. L. 25 PG T 47 4E %
Wik 4t (cellulose nanofiber, CNF) 5 CTS & &/
XEHTEELE B GER AR R, R T 2 A T S iR L
R RIAFF B BTN . IR0, AR K
FHWALT CONF i, RW CTS W ASHE G
KRB B AR, Ak, 24 h J5 &4 CNF 5 CTS
1) 5y v = ZUFF BRI R B B8 55 75 W v A A e a2
St RN R BOR U 5.29 log CFU/mL, KA #
BN 5.24 log CFU/mML, B8 />FAU&4T CNF ()
Brigeui. Mk, CTS Mhn ASG R T 245 B3t
WIVE . B, 2 G RV il e B R 4 5
B 17K 53 B A= e S AR A S (R 7S b oK o i 2%
KA AE YR IT A%, Lan W, J. 25 B2 ) ] TNPs,
21 S HLE R I (red apple pomace extract, APE )
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Research Progress in Modified Chitosan-Based Antibacterial Food
Packaging Materials

CHEN Jinghua, LIN Min, DUAN Zhenli, REN Yifu, JIN Jiale, LI Kaiqi

( College of Communication and Art Design, University of Shanghai for Science and Technology, Shanghai 200093, China )

Abstract: As a green and natural packaging material, chitosan is an ideal substitute for plastics and a preferred
functional material in food packaging industry. In order to reflect its antimicrobial application value, the antimicrobial
mechanism of chitosan was combed firstly before the factors affecting antimicrobial properties were analyzed. It was
found that the antibacterial activity of chitosan was not only related to its molecular structure, but also to its relative
molecular weight, degree of deacetylation and external environment. In addition, by summarizing the modification
method to improve the antibacterial function of chitosan and its application in edibles such as fruits and vegetables
and meat, it was shown that modified chitosan has enhanced the antimicrobial properties as well as improved barrier
properties and mechanical properties. More importantly, the packaging materials had antibacterial and preservation
properties in food packaging. In conclusion, the modified chitosan-based antimicrobial food packaging materials were
reviewed, with a view to providing theoretical basis and research ideas for the preparation of green antibacterial food
packaging materials, and promoting the development and application of functional food packaging materials as well.

Keywords: chitosan; modification; antibacterial mechanism; food packaging materials
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