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Preparation and antibacterial propertiesof pH-responsive chitosan films
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Abstract: In order to develop suitable food packaging film to solve the problem of foodborne pathogen
contamination, chitosan-based composite films with pH responsiveness and antibacterial properties were
prepared by casting method using 1,3-dichloro-5,5-dimethylhydantoin (DCDMH) and curcumin as
additives, chitosan as substrate, and glycerol as antifoaming agent, and characterized by SEM and FTIR.
The effects of addition of DCDMH and curcumin on the physical properties, pH responsiveness and
antibacterial performance of chitosan-based composite films were analyzed via measurements on the
mechanical properties, light transmittance, water vapor barrier property, moisture content, water solubility,
pH response, and antibacterial properties under normal and photodynamic conditions. The results showed
that DCDMH, curcumin and chitosan were uniformly mixed, resulting in a tight film structure. The
thickness (0.071 mm) of CS-Cur- I and CS-Cur- I composite films prepared at m(curcumin) :
M(DCDMH)=1 : 1 and 3 : 7 with 0.15 g curcumin were increased to a certain extent, and the fracture stress
was also increased to 32.00 and 54.46 N, respectively. Both CS-Cur- 1 and CS-Cur-1I showed visible
pH-responsive properties. As the environmental pH increased, the color of CS-Cur- I deepened
continuously, shifting from yellow to reddish-brown. The chitosan-based composite films showed good
antibacterial properties under normal and photodynamic conditions, and 100% of E. coli and S. aureus were
inactivated within 30 min.
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TR R F PR, R, & S Ptk A5 5
SN EA T EEABLE L,

e WO L B rh SRR Y T,
FE SR E pH AL Ik, A —E R pH Ry
PEBE Y1 i A 2% IR A 2R S B X B S RS Y Y
Wids ., 5eRBE (CS) EHARAPE KRB &R
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Fig. 1 Schematic diagram of action process of CS and curcumin
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Fe I RS IR A, M F A DCDMH
Jit 4k 0.15, 0.35 g [ m(ZE#E %) : m(DCDMH)=
3:7), 9 AIC A CS-Cur- 1T . K K A0
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o Loa Fl b 43 A IR R A B (5 L=92.64
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1.3.4 FHRRE 5 HanR

B H— 2 o7 v AR S B RO A 20 mL
R TR, BEIMA—E R KL A/ ETER
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43990 Ry i 2 AR R N 1Y e 2 AR B A U AR
L; ¢ R ACH iR e AR R A B, 0.0001 mol/L,
1.3.5 Z; AR 0K

B i) 22 8 R AR MEWS I, JTAE 425 nm AR LI
JCEE, WEMOLEE (y) -LERREEE (x, g/L)
PR 2, IFBE AR R ML T y=1.61x
0.0069, R=0.99,

Cl'/% =

100 (3)

FREX 0.05 g #E i T4, 38 BIEsim 20 mL JosK
LB, TEEEFREK S, 25l —EnnE T
425 nm ARSI WG R AR RO B -2 B R
JEE v f 4 T R I Y YR R Y X ] 1) 22 R
) T R
1.3.6 /KRS P FE M AR 69 ] X

A i B T T K RE S R ) I 3K AR AR
F g s AR B (my, g )o FHIAARE T 40 °C
FHXTIEBE 100%FR 58 H, B8 4 h ic sf i FR ot
(my, g)o MBPEX (4) IHFHKEIBBER (WVP,
g/(m's-Pa) J :

WVP=(m—my)xX/(txAxAp)x 10~ (4)
Ao x HBEERE, mm; tic SRR T Y 1] e
B, s; A FRBERE B IETR, m®; Ap N5
FRIREZE, Pa,
1.3.7 &k, #A MK

B REIN I R AR BT B 3 mmx30 mm JEAR,
BRSNS EE Tk, IR 7E 200~
800 nm i [F] P 4 e A o o ARFESC (5) 11HRLE
R (T, %):

T/%=(1—-Absgoo/X) X 100 (5)
K Abseoo MEEMTE 600 nm b AYIEI R ; x
REERE, mm,

BAPERRI . O SRR i 43 0l B e
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A5 R RE St R 0T T 3 XU R R 1 £ A 25 A
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1.3.8 Ak FEaym X
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BEFE 1 dJE, BRAEREESET 110 CF THRE
e (mf, g) J5, RIE (7) THEHE R K
W (MS, %):

MS/%=[m§ x (1-MC)—m{}/[m; X (1-MC)] x 100 (7)
1.3.10 L H M Ak K

SR R P AT 81 R 45 8 5 ) 268 BR 7 A T XA 4
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WU PERE I . #RBESCER(17-18] 077, R
=Rk L, £, CS-Cur- T 36k
SRR BN 0.15%+0.05%; CS-Cur- 1 1% P T &
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24 hF, WA (8) Al (9) THAB R X
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2 #ER5TE

2.1 HMmHRIE
2 hFe RIS AR SEM A,
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a—CS it (JTEW =W ); b—CS Ji; ¢—CS-Cur; d—CS-Cur-1 ;
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K2 FeRMEEE AW SEM K
Fig. 2 SEM images of chitosan-based composite films
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1:1.3:7 MR M DCDMH 2 5% BBHE R 200
AT =B I T B I, L A AR (]
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Fig.3 FTIR spectra of chitosan-based composite films
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Fig. 4 Stress-strain curves (a) and thickness (b) of chitosan-
based composite films
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(0.051 mm ) KWiZdR 7y (21 N); MEINEHE Kok
WK M DCDMH Ji, CS-Cur, CS-Cur- 1 #il
CS-Cur- 1T /9 )5 B 7245 2] — 2 34 i A9 (Rl B, e 24 7
TR T —ER R, X, FER SR
FERTEOLT , a5 b R i i 72 58 5 50 RO R Bt
XK I DCDMH JE B T 88 14 43 [ AE H 1,
PR HE S TR W R S PO Ah, BE R K
DCDMH A9 IA fff 3 5 5 BT f 384 hm, - CS-Cur- 1 F11
CS-Cur- I f4JE R (0.071 mm ) 7E15 5] — & 38 i %) 7]
B, W2 4 (32.00 Fil 54.46 N) W53 T —E W
a5
2.3 pH a5

&l 5a 2 CS-Cur- 1 19 pH i €20 i P4 0 3 2%

a
pH 3 4 5 6 7 8 9 10

5 CS-Cur- I ZEAR pH &M FRBEE (a), DAL
(b)) Jere BROME AR5 G i IEEAE A A ek P AG DN I
IR A (c)

Fig. 5 Colorful pictures at different pH of CS-Cur- I (a),

color development mechanism (b) and application of

pork freshness detection by chitosan-based
composite films (c)

MIE 5a TTLIFE W, CS-Cur- | 7ERRIE K b 4
PFFREE, MR N B ke, X
R, BRI R T R
T aWB, FoAEERN, JEm T B
AN (] 5b ),

B Sc At RAE R o 0 G2 52 A LA £
fEAS I 25 S . MR Se rTRLAE Y, B ARG
Wi 5 i I T0) P 36 S 2 B T o R T4 TR
AR . P EEY R SECT pH AT,
AT AT 3 e 4 0 7 Ak 380 XoF 2 o i 88 A 0 11
H#. 4 DCDMH #inmid mif, h TP HSE8EE
Z A AR, CS-Cur- T A B OPEREZ R T —F
A

# 1 N AT pH F CS-Cur- I B3 K E

F 1 AR pHF CS-Cur- I f@ZF K HE

Table 1 Color and whiteness of CS-Cur- I at different pH

pH L a b AE WI

3 44.01 17.73 30.23 5.49 33.95

4 41.17 13.82 20.35 4.51 36.23

5 40.81 10.50 19.52 4.42 36.79

6 44.68 15.20 25.08 5.01 37.39

7 38.80 13.38 18.26 4.27 34.75

8 39.31 5.51 12.89 3.59 37.71

9 33.59 5.06 10.59 3.25 32.56
10 29.00 6.88 5.66 2.38 28.44

M1 RTLLE b5 5 pH 9T, CS-Cur-
[ L, a. b, AE DK WI 7 ARWIREAL, FIHH:
COFEAEARWAE R, JESE CS-Cur- | HA B4 pH
o7 P A e B B DX 0 B
24 KESMERMEEEREN RS

Bl 6 b BRMEIL I A I I 7K 78 S BH B 1 i K
BEPEREMIALE R

M 6a ATLLE H, FES KRR B T R IE 2
RIWMIE ARG, XRmEBERSERELE
TACHE, BT A B AR R A
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Fig. 6 Water vapor permeability (a), light transmittance (b)

and air permeability (c) of CS-based composite
films

X DCDMH 0S5, /N5 B Bkt 5 380 1
TN T — B, BN R T CS-Cur- T Y/KZES
L PERE ; 24 DCDMH #— s, CS-Cur-11 Y
BAROKZR AW BYEREA TS, (2 CS-Cur- T #22
K.

MIE 6b AT LIFE H, CS A E IR, k5
T 97.99%; MEERIMAJG, CS-Cur B R T E
FEAIG, A 55.57%), X2t Hh 228 R 4504 b 0 XU 25 £4
X G I NS A, B DCDMH AR IBTINA
CS-Cur- [ 1 CS-Cur- Il BB MR AW 5 . X 2 A
Jy, CS BB s, MEERETIAG, Wk
WEAC B T3S B S AR e M, 3R T A B0
TP, 1 DCDMH BN ATE—E R LR T BEAY
2w, Mm-S E T CS-Cur- [ fil CS-Cur- Il 851
P R o R e s e B e 2 /K R N A B ) A A 4
01055 L RE WL 2 B CS-Cur- [ Fi1 CS-Cur- 1T #9315
S MERE ( 6¢ )

25 EEZEBMMERES

[l 7 3 CS-Cur- | F1 CS-Cur- Il 3% % Z Bt fE
HIRE R

WE 7 W LA S, CS-Cur 1 K CS-Cur-11 193
R RSB, RO 5 L B AR T ik
FE<0.10 mg/L., UL b, 2HEH5TRE
KT F1 DCDMH (S BELE A Jdeam, WL EMN
BB A AR i /R o CS-Cur- 1T 1Y BB HUR

B EERLT CS-Cur- I , AJHEZH T CS-Cur-11
gEF 2 ) DCDMH /NorF s T2 ¥ £ 5 Hay
FEEK 2 8] ) E A

CS-Cur- |

~ 0.10 |

00 300 600 900 1200 1500 1800 2100 2400
B 8] /min

Bl 7 EAHREEERN R

Accumulative release curves of curcumin from

composite films

Fig. 7

2.6 HKERRIKAMESH
& 8 b7 RMEIE S A T A B KR B K s 1
kg

K8 FERMEIAE SRR B KR (a) FIKEME (b)
Fig. 8 Moisture content (a) and water solubility (b) of
chitosan-based composite films

ME 8 MTLIE W, WmINEHFEE, CS-Cur,
CS-Cur- I F1 CS-Cur- Il i & /K FH CS A —E M
Tt (& 8a ). X2 22 8 R 454 v 1 2R K FR SR X
TR H W B T 5 A8, DCDMH. A E8 0 %5 R i 1)
FKRAMAERA K. SR, DCDMH K ZE#H R
TR IXERE G K M RE A A — 2 2 (&1 8b ).
WIMZEE K5, CS-Cur KEEMEMM CS B 12.97%42
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THE 17.94% XREHNy, FHRWA T 2B HE
FREiAE, IR T LB L Sk, MIMTREAR T 52
BMER S THEZ BI04 F 18 & A FIAER 1, 142
# T CS-Cur /KR, {HEf% DCDMH 7N,
CS-Cur- | Fl CS-Cur- [l # i 7K R AW R, 31X
s T DCDMH fE b —Fhgii K v ds s, Hashna
BN 2 $E s A B s K P 5 kA, DCDMH 2544
Hh A A ) 5 AE M 2 5 7R RO R R SR K
FEA (FRIE ) TERCER R, i — 2Pl A K
Iy PR LES I 1S K Mk A o 25 L Fradk
DCDMH [&fI§ T ARG 25k #:, JF H DCDMH
IR | AR A K T R AR A
27 EMBES T

2 N E A T AR A TR R RE

T2 KM T SRR E A A U P BE

Table 2 Antibacterial property of chitosan-based composite
films under normal conditions

PERER 25, 60 min NALHER K 36.58% 19 K AT & Al
41.69% M) & O FHERE . ML & UT,
CS-Cur RIS FIPUR R , AT7E 30 min A K
SRR & T R A ER A R AT I . X R %
BB LA IR O B A% A2k 2 Ak i 2O
CS-Cur- [ 1 CS-Cur- I 7 30 min P B 7] % K 423501
S R A ER A AR AT, HPUE tEReE e T
FROCHAEM, X5RRRTANRLEA K
DCDMH H (] i 25 #4) B il 19 16 14 <1 R A ¢ . DCDMH
(AT T AR R Ht v v R R S R I B R RIOR
MEHRRPATEAETTLGES] pH 5 1EH, [F
FE R T B4 B 6O IR % 1 R A 5 00 T TR 1 e
DCDMH 122 5 2 Wi & 78 76 R WH 3L WA R o v
Lo R E] TARGF PRl L FAMRR .

3 OGRS A BT M AR
Table 3  Antibacterial properties of chitosan-based composite
films under photodynamic condition

\ KT8 G B (AT ‘ KIGFF & (B R
iR Eﬂ? prms AMEAEC prees AR A ﬁﬁ/ prms AMEREC pEss MEME
% WM % W E % WM % WME
CS Jik 60 28.64 0.17 35.27 0.18 CS-Cur-N 30 30.79 0.16 37.50 0.20
CS-Cur 60 31.84 0.16 38.87 0.21 60 36.58 0.20 41.69 0.23
CS-Cur-1 5 99.74 2.58 95.07 1.31 CS-Cur 30 100 7.00 100 7.00
10 99.74 2.58 99.34 2.18 60 100 7.00 100 7.00
30 99.74 2.58 99.67 2.48 CS-Cur-1 30 100 7.00 100 7.00
60 100 7.00 100 7.00 60 100 7.00 100 7.00
CS-Cur-1I 5 99.48 2.28 99.01 2.01 CS-Cur-1I 30 100 7.00 100 7.00
10 99.74 2.58 99.67 2.48 60 100 7.00 100 7.00
30 100 7.00 100 7.00
60 100 7.00 100 7.00 3 zﬁi@

MFE 2 i LIEH, CS K CS-Cur 7£ 60 min [
FE i st 8] PO AP — e B I AR R D, X R B
20 B AR T ) 8 B i AR P, e SR B 2
WRAFAE—E MBI ROR , E 78 20 R 3 A v 11
SN PIEEREAEE, ARER 2R BT ERCRE . Y
8 DCDMH J&, CS-Cur- [ 1 CS-Cur- 1T 43 %1 7] 7E
60 F1 30 min PN A% K 438 A KR T 121 1 45 B €675 3K
W, RILHEPARCR . XOEF R, CS-Cur- 1 1
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