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Abstract: Waxy cornstarch-chitosan crosslinking films were prepared with vanillin. Hydrophilicity, morphology, structures and thermal
properties of crosslinking films were studied with vanillin addition. When crosslinking films were prepared without vanillin, watercontact angle
of samples was decreased from 82.88°(7:3) to 75.37°(0:10), the unevenness of cross-sections was decreases and then increased, the wave
number of -N-H deformation vibration was reduced, and the decomposition temperature of starch/chitosan was declined from 336.23 “C (10:0)
to 310.83 “C (0:10). Comparatively, when the films were regulated by vanillin, water contact angles and roughness were both increased with
the increased mass ratio of chitosan, the wave number of -N-H deformation vibration and the decomposition temperature of starch/chitosan was
declined. Results indicated that three kinds of interactions (vanillin-chitosan, waxy starch-chitosan, waxy starch-vanillin) were formed in the
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films, the formation of -C=N bond between -CHO of vanillin and -NH;" of chitosan weakened the hydrogen-bond interactions between chitosan
and starch, which helped to regulate the structure and property of starch-chitosan films. The investigation provided data support and theoretical
basis for broadening the application of starch and chitosan in active food packaging.

Key words: waxy starch; chitosan; vanillin; crosslinking interactions

REFRREEMESZENEERREY —, 5
TG, RS IREF AR LG, TS (active
packaging) [P AABIGE &R ERE, BRAE
KRS, BRI AR S P AL B AT T, 3
PR RIE AR AR L 2 BRAC IO N RE R 53,
ALERPRE A ITRE T (essential oil), FiH A& 384K
R TLELFMEMABIN, BAPE. RiEPTE
Wi, DRI, R 2 B T s BA, g,
TR LM R, 6, 24, SR EES
FREERFA, IBESO— R AL B B IR AR, W
GRS ZHOREM . T ARSI RS E R R T,

TSR AR B WA SR A HA AT
BRI SIS, R, ek, AR
TETEEIEM R . AR, EmE. SRRESA
WAL R RERET 5 AT SR H g
BH, KJER 5 8 AN A LU VR I A B )
R R IV KESBERY TR, "THTR
IEK B AERSE A, eah, SRR R b A
RIEFRE S, I A AR K 28 550 R R T
25%F1 85%, VMR IME RIS, DB TE Y
srlCl, SRR S KRR, REER, £
[ SR T rp i — (R AR B 2 R AR I s A )
H, FEIRME SV ST A e SR R R 2 A
PUREPEA I g s, sk, AR 575 R
SEIRAR R IR YDRE AN A RS H,  Hx e Atadt
ATURPRACBRIS,  Z5 ok IR7K 73 45 R AN AT Y M [ T A4 %
RN MRS S5 RN R I N BRI
Kl E R KR RIS 2 I WoKME IR,
RifhaRpE B, AT g R R Al

S ROKTERME R E P B, TSR, B
Iz, BRI IZETE R -70 SRS AR 2 4 FH
FUH, 0 i SCHE FOKVER IR AN o AN 8 DA R S
FERE 5T TOKVER (waxy) NELZJFEL, filam i ROk
TERY- T RBEEIE, ISR RN I I R OKUE R -5
R LS e Re s, Dl — PR TE ROk
TERY LSRR T B i e R S IR S

1 HRSES
L1 A5

100

iR ECKIER (waxy, HEEHNSEN
0.67%+0.07%"), Z& 2 GUREER BT IR A 7
%M (chitosan, ¥4 : 100~200 mPa's). 7F 5
(vanillin), 73#fral, g RAERHA RA A
VKI#R (CH;COOH). % 2 ¥ (Polyethylene glycol,
average Mn=4000, &FK PEG), Zr#rdl, gk ]
AR A A PR AT

12 FENB5EE

KLIX-8 BUMFHRNAE, FBMNAAEAL AR 1A R
AT]; RWDI00 FitFEes, gyl A A F;
POWEREACH #fi &A%, FilgHRErrHAR K
BAMWAT: EM-30 PLUS HHi i T Sk, w&E
COXEM (JFEZEM) /AF]; DX-27mini X-H2EATHHY,
LT PHRIE A AR A5 Spectrum Two {# 37141
SN, SEE PE AR TGA 8000 #EE ML, 3£
PE A,

1.3 ik

1.3.1 #R 2 RN S T RAE IG5 &

FREUE B B KiEk (waxy) 04 0.60. 1.00. 1.40.
2.00 g B T 100 mL 751 S5 B 55 1 5 DU 3l £ 0 P JIE R
BON 20 mL 285K, SRJEH IR N 28 B T H0AH I N 2%
W, RBEREA 100 C, H# o 15 v/min, B 2 min,
S ek 78 o WAL S BINHETE I o 20 S R b
2.00. 1.40. 1.00. 0.60. 0g, M 40mL (1%, ¥/
LIRSS RS BB IER T, Ve 572 R
wmHN 2:00 1.4:06. 1:1. 0.6:1.4. 022 CHHEE ML
KU pE 5B R, #H 10:0. 7:3. 550 3.7,
0:10 SRFK7R) o Jo H B PR T IR, 4380 300
t/min, 10 min JEFEIIN 0.12 g (4%, m/m) ISR
B2 W (PEG), #it$k 40 min, #iEk 55 BREE)
REZ. SEREIEREGIRRT 0.1~0.5 MPa HZ |
FHPENL 0.5 h, ARV BEINEAR d 4 200 mm (1)
BrgRllleh, BT 45 CHFER IR 24 h, BT K Al
I SE N B G el e
132 A EBURE L 6 H] &

¥ 1.3.1 PR ER - SR A VIS B
PEG J&, Zk&L4itFE 35 min, AN 0.02¢g (1%, m/m)
(TS, ZREEREEE 20 min, MRS IFIIRSAKR



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

T 0.1~0.5 MPa F2 FHJERLS 0.5 h, EHEIAELJ
5200 mm [IEEFRILA, BT 45 CHAFE TR 24 h,
i B S i e aCr SL Y
133 A& B eters kit ntr

VR E TR ATR AR B 206
by HRSKk RS A RS S R R T R A e, DA
SANENTS 5, SIS 400~4000 cm™, FHEIECH
16 VK, 3 [ FK AR AN A 3 = BT 1E
134 X-H&ATH T

BIEURE S RST R 2x2 em?, PR TRES AL BRI
W, BT X-SERmiunEme b, kA Cu-Ka
WHERIR (2=0.1542 nm), W HEIAL A FE R 29310 40 mA
H140 kV. WIEFAFE 26=5 °~50 °, 5K 0.02°, 3tk
FE 0.1 /s
13,5 4289 -F RMENLE

BIH 0.5 cmx0.5 em K/ 2 TR T
ARG, PR R S i ] [ e e B b,
HAEWE430 s, HE 20 kV, J5E T T2
TR A R Ao
1.3.6 7RI A AT

TEEWRAIET, BB E T TR
THEAd AR T (5 PAR AR T A FD, A58 R
FASTR R, DAERR-TAR R RS R T I e T,
ZENBKVITH 5 TR A ot B At 221 Ry K Ak A
137 AKX ESH

FREURE 2 5 mg, B TFER AR BB THRET -
30~600 ‘C, FHEEZE A 10 ‘C/min, WIFSAENES
(Ny), #EN 20 mL/min. ¥ TG #iZkit7—M>Rk S
132 DTG ik, FRI bR AR E R 2R
Peak J% /% .
1.3.8 HIEX R

waxy VERY -7 RMEAC I 2 o 7y RGP I FE 25
BT 3 UCHATIE, ATfSsRit B aRIA SPSS 22.0
Gt T AT T 2 0T (p<0.05).

2 ZR51Me

2.1 AT EMFRAE

BB A RS (ATR) BEUF, AEGEEL
T, BIUETHET S waxy EKVER 575 SRS
MILE AN ERE R BRI, SER 5 T-7E 3300 cm”
BT RR-OH [ 4itRzhiE, 76 1010 cm™ BT
C-O-C BEHIFR GRS FoIWE S T-7E 3408 cm
F11081 em™ AT -OH H1 C-O BB AEHRS), 7E 1554
em’ AR R T B TR -N-H 2 B IR 3

(deformation vibration) U1,

P 1a WS AT, ARINAFHERES, N B AC
A 3288.25 cm™ (10:0) FEBL-OH {HZHRENE, ek
T RSB IEAE 3270.56 cm™ (5:5) A11015.26 cm™
(5:5) MHHERIER-OH IR C-O-C HIH4H
et B RN IR0, -OH MZiRshig
P 3288.5 cm (10:0) [4%E 3280.27 cm™ (0:10);
FRKEY TH-N-H BIRNEHFH 1561.12 cm’
(7:3) THEE 155146 cm™ (0:10). AHFFREY,
SRRV P IR AR AT 2T A1 (8 Bt N
Ub, R Fiekny 5 e B R 1 A B E SR e B
ATIAEF o
IINFHRE G, AR R0 AR A 205
WU 1b B . B AT, 44 & 9-OH {94 dR 30 . -N-H
ARSI AIE) 5 A i RS e R AR AL, -OH
TZEIR BN R B 3292.17 em™ (10:0) 42 3258.27
em’ (0:10); -N-H 2B JEIR B K H 155235 cm™(7:3)
B % 1541.46 e (0:10). HILATSN, IIABHEEES,
F T -CHO 558 5 BE-NH, A1 B H . ik
-C=N i, 5 5 waxy T KIS it 2B E
AL T vk ST SR R SR E A

a 10:0 waxy-chitosan
A
3288.25 7:3
X X ~=989.17
\ A .
§ 3275.34 5:5 1561.12° 101115
g ~ X '
5 320,56 37 1558.24 N 101526
0:10
E | 326422 3235 ~101843
~
3280.27 1551.46  “~~1024.82
1 1 1

1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber /cm'!

b 10:0 waxy-chitosan-vanillin
.
3292.17 7:3

< ~=992.27

gy ~ . r

> 5:5 *

% 3289.26 1552.35 ~-999 .83

S > . b4

= 37 ™

E 3275.34 1546.42 1009.54

=) S . ¥ =

L I L ) R STIVEY
- I\
3258.27 1541.46 ~1023.26

1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber /cm'!
E 1 RMEERER () & (b) NERELL waxy EAXEM-F
RYEECHIRRILIIMIE R
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Fig.2 X-ray diffractions of waxy corn starch-chitosan

crosslinking film by different mass ratios before (a) and after (b)
vanillin addition
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Fig.3 Fractured surface of waxy starch-chitosan crosslinking film by different mass ratios before (a) and after (b) vanillin addition
(V: vanillin)

102



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

Kl 4a £ 4b NAFEIRELL, WINE SRR
T WCA EHIARWIEN, £ 18 WCA EHIILE.
BUHISEIGAE SR nT A, Jek B AR BiiivE 2, T8
P okl R, RINE R, BE

FEERMER IR IR, AR Rl A 2 T 5
#, WCA fHH 82.88° (7:3) FF&Z 75.37° (0:10).
IMANEERE)G, BEE SRR MERG M, WCA 18
Je RGBT, [EIRE, 4uekn/se S0 & LUAR FIE,
VERT IS IR R, NI RS AR WCA B
BRI s VeI R s i A A

a ' 7:3 '

TEA A R P I E RS S, 72BN 7h-NH;
SEFEESTH-CHO AR AN [, 75
B> v SUER T IR o SR BEA IR AL
(7:3+ 5:5) I, BT waxy i SCHEEA A AR AR
I, AR ASF B R 19-CHO 5 558 M 43+ -NH;5 "
TERL: BEAh, JEHD STERBER 1 1R ARSI 32 24,
fiefditA 2 i-OH 9,  FREHISRKPERE K. 725
PRI (3:7. 0:100 B, NrFHEEES TS5
FORME. Tem TR, SRR T ASCEL, i

A R PR R IR o
I

3:7 0:10

Y N == NS ——

b l 7:3-v '

5:5-V

3:7-V 0:10-V

B4 RMEEERT (a) 7 (b) FEIFRELL waxy EAXIEM-FTREEZCERA KA (V. BER)
Fig.4 Water contact angles (WCA) of waxy corn starch-chitosan crosslinking film by different mass ratios before (a) and after (b)

vanillin addition (V: vanillin)
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Table 1 Water contact angles of waxy corn starch-chitosan crosslinking film by different mass ratios with (without) vanillin addition

starch/chitosan (m/m) 7:3 5:5 3.7 0:10

RAng-EBEE L/ 82.88+1.02% 78.64-£0.84° 75.25+2.33¢ 75.37+0.56¢

PR N g SE N Y 70.54+0.64 73.06+1.17° 80.94+0.75° 80.02+1.22°
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Fig.5 TGA and DTG curves for waxy corn starch-chitosan crosslinking film by different mass ratios before (a) and after (b) vanillin
addition
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Table 2 Peak temperatures of molecular decomposition for waxy cornstarch-chitosan crosslinking films by different mass ratios before

(a) and after (b) vanillin addition

starch/chitosan (m/m) 10:0 7:3 5:5 3.7 0:10
starch-chitosan/'C 336.23+1.75°  327.5143.26° 307.02+1.11° 295.28+2.24%  310.83+1.34
starch-chitosan-vanillin/’'C ~ 319.23+2.43°  310.24+1.54% 306.52+0.85° 266.89+1.58" 303.02+0.73"
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