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Optimization of Preparation Process of Chitosan-carrageenan Edible
Composite Membrane Based on Response Surface M ethodology
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(Jinzhou Medical University, Jinzhou, Liaoning 121000, China)

Abstract: Chitosan was mixed with carrageenan and tea polyphenols, and chitosan-carrageenan composite
film was prepared by the fluidized bed method and its properties were tested. The light transmittance,
mechanical property and water resistance of the composite film were investigated by single factor test, and
then the response surface experiment was carried out to optimize the preparation process of the composite
film with water vapor transmittance as the evaluation index. The results showed that the optimal process of
chitosan - carrageenan edible composite film was as follows: adding 1.5% of chitosan, 0.4% of carrageenan,
0.6% of glycerol, 0.6% of tea polyphenols, and drying temperature of 50 °C. Under this condition, the
thickness of the composite film was uniform and the mechanical properties were good. The water vapor
transmission rate was 1.37 (10™"' g/m-s-Pa).
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CIREE7/]5 D9 QI RERA X S W) I Ry~ S AN e
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TG, BT OB T e R - PR
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111 SEEekhRt
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FEAEYRHCA R AR VKESER . /A drdl, b
SEARAE AR A BR A
1.1.2 EZUSR SR

JERAL, TMS-PRO A Jb 5t 2 ki 2 Bl H A
FRAE]; 2R IERL, SYNTEK-59 [ .
WL A F s SAMAT LA B T, 752N Al
VA AT RS A R A R B T TR
CJ-040 AU VRYIT ISR S A FRA ] 5 H R
i XT A , DHG-9030A Y. | ifg—1H{L 25 A R
NS
12 XWHE
1.2.1 e P G BEH & & T2 n

FRIC— 22 it () 7 BRI T 1% 0K BE PRV R
o+ 1 1Y R PR 22— B R A il —
40 °CHEIIPEFE 1 h B2V IR 58 AV il — 8 7 <
1 h HERWHBE-FHERHEEE-R—E &
F1A) B A — U P 355 75 L H 3 B S (25 mL ) —
50 °CT 6 h— 7z B — 8 I 15 1 5 55 46 7
12 h—=> A2 R
122 HRRARLEBT
1.2.2.1  FERBEATE I & X572 R -—R P &
GRETERER I BE RPN 0.6 g, KZ
M 0.6 g. Tl 0.6 g, BABFZRIERME (0.5%.
1.0%. 1.5%. 2.0%. 2.5%), % 1.2.1 #il T2
/EAWE, e HMRE
1.2.2.2  RPLEAS G 2 %t 572 RAE-R P &
GREVERER I BESSRIERINE 1.5g. X2
M 0.6 g. HHO0.6g, AR ME (0.2%.
0.4%. 0.6%. 0.8%. 1.0% ), % 1.2.1 il T 21
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0.6 g. XZMHEBIME 0.6 g, WA H W
(0.2%. 0.4%. 0.6%. 0.8%. 1.0% ), #% 1.2.1 il
T ZH a0, I e HYERe .
1.2.3 w4

FR 4 LR K S B0 25 5, Rl Design-Expert ¢
f, FiB8 Box-Behnken SEH %11, Aot M. R
P . HS Iy B 5, KZERE SRR
ZEARNR, il 3 E 3 7K R i SE
AT AT, D AR R TR T 2
o RRKFERRE 1,

# 1 Box-Behnken iXEEZE 5k

Tablel Factorsand levelsof Box-Benlmke %
-1 0 1
AGERME 1.0 1.5 2.0
B RHrfig 0.2 0.4 0.6
C Hi 0.4 0.6 0.8

1.2.4  E& BRI

1241 BJEENIKX 2% GB/T 6672—2001
(SRR 5 R P LA 3 ) U
JH HEL 250 0 R R TR O'G d  JRE  E E-E A
(b — SRS S L BB, i
4 Do (KSR 0.001 mm )

1242 BB EMK S8 SHOJAEE-
ALTABADI %5507 IR W6 i , K v M 5 70 ol
1 cm x 4.5 cm PRI, MABETR T EBUE
P L AE e MLy BE . 2 @ IAE 25
XFRRAL, 7€ 660 nm KT F A BTN 2
{H o BAFER 3 AT, BOFE . # A (1)
HRAEE,

AN 175 W JE=Ag60/D (1)
i A660—iE K 660 nm FWE(E ; D—H K5
&, mm.

1243 JBEKZESRELHE (WP) K 288 Kurt
A U ARk I 0 UE S s, Kok &AL
TR, MAMLTA TR EEE, HhRHES
TAs (X EE 0% )o FEBEIE TR IR A
IR (HEFEAISHREE A 100% ), K5 5%
B e e A AL I/ = A (25 mL) M,

FREE S5 HE THIuEHES I TS, RER
A 25 CHA M FRAa T, R 6 h ¥ =M

FREE, L 4 R CREHER 0.000 1), #AL (2)
THIKZERBELHE (WVP ),

VWWP=(mxD)/(tx Ax AP) (2)
K m—=fHNINER, g t—HE, s; A—
WA KA B, m®; D—WIEERE, m; AP—
WK ZE SR S22, (25 °C, 3169 Pa),
1.2.4.4  JEHUPEREIE 2% ASTM D882 15
HEFEREAEIB O, B IR A 5 emx 1.5 em K ARTE,
F£ TMS-Pro JSUAE A3 I 356 436 e JEEor A i 0 A 3 iR A T
W, WESH: RIGIMEHR 20 mm, fiff#z
1 60 mm/min, FHAFEGHIE 6 5%, HBZEE R
HAPHME, #A (3), (4) IFER R (TS)
MWL % (EB)

TS=Fmax/A (3)
A : Fmax—HEWI 2R A9 7, Ny A—BEAgHH
A PR T LA SEE ), mm’,

EB=(L—Lo/L¢)x100% (4)
s L—REMBIAET R, m; Lo—HEM 9]
KR, m.

1.3 HEAE

Vi IR 7341 43 51 % ] Excel #1 SPSS 19.0,
i E M (P<0.05), Me [ 1] S5 9 e 3 S U 3 Ak
H# A4 Design-Expert 8.0.6,

2 ZER55H

PSR 2 R, AR ZHEINE (0.2%~
1.0% ) B3I, sKZESE A RGN R,
P A B 2R R, iR B (AR IR B (4
b 10.25 #in#] 21.44 (bR EHERLE ),
AE H 5.69 ¥4In#) 14.37, [, Y4252 mgs i
LE] 0.6%MF, BERPITSRERAL, LEFIERA
) B T S LR R, ARSI A A 2 B TR
JnEA 0.6%.

21 EERERMEXEAEMENIE

M 2 WA, BEEZCRIES NN, B
JEEE G T, S RBEAS NI 0.5%0F, REAYJE
JEHA 0.033 mm 247, DL BN Z) 3 5E . &
G MBS 375 W BE MR AR, AN B B A BB /N3
7 JBE 1) 35 P B ) DRI 28 e 3Rt 2R i AR A
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Table2 Effect of chitosan addition on properties of composite membrane

SERMR N /% JE B /mm AN B $ir A5 £ /MPa W7 5444 2 /% IKZER B L HR/(107" g/m-s-Pa)
0.5 0.033+0.012 1.45+0.05 15.21+0.04 78.21+0.32 1.34+0.02
1.0 0.045+0.008 1.18+0.01 21.22+0.33 61.34+0.08 1.50+0.04
1.5 0.072+0.007 0.750.04 25.03+0.42 53.86:0.10 1.68+0.03
2.0 0.083+0.010 0.75+0.05 31.22+0.45 41.51+0.12 2.71+0.01
25 0.089+0.009 0.52+0.07 30.92+0.13 43.67+0.06 2.90+0.01

R SRS , T A I o A 2R 3k )
Tl 2 5 FAB A TR AR, TR 0,
S RO T 2.0% MR TR A B A, (L
KIS RAE] 271, MEEARIE, R
TR ERE 1.5%.
22 FRESFMEREAEMELTIT

3 3 TR, RRUB RV 2 B A
festl. B R PR A RGN, 2005t
MR R AT, BRI | BT R A
SRR, LSRR 0.8%
i, AR BRI, B0 R R
RIRFHT, SHRZRE, TRMASKREE
G IO HTIAE T, B3R A TR LA, 2%
R Ho 10T , 45 PR B ME BEVEAR , T AER AT
i B R T2 3 — s B, A TSR T
BE /DN o ELA IRV I i 2 0 W W 2 LB
B, RN, ARIT AR, B
I, GA%IE, HEEERREMR 0.4%,

23 HRFMEXESEMEEENZME

HER 4 AL, CYHME IR 1.0%0, By
JEEEE R B T A 25 I B E 0.120 mm, B Tl
VNI S, R AN E B R SRR A, BB H
AN A S 3G 0 43 (] ) 25 BR AR B B3 K, 33
JCARIG A, MR Wiy A AR FIK 25705 i e L Bl
ZBWHER, KRR THMAS KR, H
FEXE o> F RN, IRE S AT NS 20
T BT I 2, AT 53— 22 18] (4 AR B A 0 98
55, #E— 2P TR SR R A E AR RS LA
R, KPR RE S AR A g S ok
KRB R R K PERE N S H e hr, HYE
BUNRORBHKVERE BT, ZRa 5, EEE IR
T 0.6%.
24 MNMEKRKERSSH
2.4.1 W R [1E R ST 5 A B

TR 2R 5 S0 5 R i 31 WVP=1.38—
0.051A-0.049B-0.057C+0.080AB+0.13AC+0.19BC+

F3 FHEAMEINESEMEEZM
Table3 Effect of carrageenan addition on properties of composite membrane

R AT I/ % JRE /mm AN hiffisR/MPa W R % /% IKZERELH/(107" g/m-s-Pa)
0.2 0.034+0.08 1.37+£0.06 26.45+0.84 60.59+0.26 0.88+0.03
0.4 0.050+0.11 1.23+0.01 30.87+0.79 41.88+0.08 1.32+0.07
0.6 0.061+0.05 1.15+£0.02 34.56+0.04 36.52+0.15 1.78+0.01
0.8 0.066+0.04 0.96+0.05 36.53+0.02 33.81+0.22 1.54+0.02
1.0 0.063+0.13 1.12+0.08 35.53+0.07 37.19+0.14 1.37+0.03
x4 HEFMENEEEEEIN
Table4 Effect of glycerol addition on properties of composite membrane
HHmE /% JE B /mm NEW P8 B /MPa WA /% KHERIBL /(107" g/m-s-Pa)
0.2 0.058+0.11 1.88+0.04 32.45+0.84 40.16+0.21 1.21£0.01
0.4 0.062+0.06 1.53+0.04 30.53+0.79 42.99+0.08 1.42+0.07
0.6 0.077+0.04 0.9440.05 28.56+0.04 51.36+0.24 1.75+0.04
0.8 0.091+0.12 0.82+0.03 25.43+0.02 64.57+£0.45 2.14+0.02
1.0 0.120+0.09 0.72+0.02 20.16+0.07 69.71+0.06 2.59+0.07
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0.27A>+0.23B%+0.30C* i) — IR Z oA 5 &, Tk
6 Jy =5 M A . ik 6 AT, %45 AY P<0.000 1,
IRFM K, R P=0.700 3>0.05, N3,
DERABLRUSCR R, HAHSERE R 0.987 8,
Rag 7 0.972 0, BB IH AL R TT LA R 97.20%HA N
NEAEAL, RGBT o T LA R G 5E S
R E A BT A A AT . LR e R 3R
C (CHhd MR ) >A (FEREERE ) >B (K4i
TSI )o
% 5 Box-Behnken LIt 5ER

Table5 Box-Behnken experiment design and
corresponding results

N WMl kESEE
> 514 N 5 3
WhE/%  WInE/%  BE/%  /(g/m-s-Pa)
1 15 0.2 0.4 221
2 1.0 0.4 0.8 1.84
3 1.0 0.6 0.6 1.77
4 1.5 0.4 0.6 1.34
5 1.5 0.4 0.6 1.39
6 2.0 0.6 0.6 1.87
7 1.5 0.6 0.8 1.98
8 1.0 0.4 0.4 2.19
9 2.0 0.4 0.8 1.95
10 15 0.4 0.6 1.46
1 15 0.6 0.4 1.73
12 1.5 0.2 0.8 1.69
13 1.5 0.4 0.6 1.32
14 2.0 0.4 0.4 1.79
15 1.0 0.2 0.6 2.03
16 15 0.4 0.6 1.37
17 2.0 0.2 0.6 1.81
@
24
=22
¥ 20
1?1@ 218
20
et
2.00
060 ~ — %0
B: : 1.40 %" & plo
"Ry 0.30 1.20 W&
0201.00 )y
sy, » R
% I8

x6 [EEFEBFESH
Table6 ANOVA for response surface quadratic model

KUE CPIrR BEEE U7 FH P  @FEM
W 1.3 9 0.14 62.80 <0.0001  **
A 0.021 1 0.021 9.11  0.0194  *

0.019 1 0019 824 00240  *
c 0.026 1 0.026 11.47 00117  *
AB 0.026 1 0.026 11.10  0.0126  *
AC 0.065 1 0.065 28.19  0.0011  **
BC 0.15 1015 64.27 <0.0001  **
A 0.30 1 030 130.14 <0.0001  **
B’ 0.22 1 022 94.07 <0.0001  **
c? 0.38 1 038 163.75 <0.0001  **
%% 0.016 7 0.00023
ST 0.00045 3 0.00015  0.50  0.7003
iRz 0.012 4 0.003
B 132 16

R ZE R B F (P<0.01), *FK /R E R BE (P<0.05),

2.4.2 W L T A R B

FEHME I 0.6% 0], FeRMBAR IR SR
PR A K 28 G R AL BAR A 1,
BEE ST R R h IS, K zE g R
el )E LT TERBLEAS NG 0.4%H, 72
R Jon et R I S X K 2R RS 1 R I 38 BLAE
FHUNPE 2, Bl e SOBEATH-ah A& a3,
LT R SE AR S T o TESS B ASI & 1.5%
IF, AR A0 XK A R SZ EAE TN
K3, SRR A Es G, kZEREE R
RFERARE BT B 1(b). K 2(b). Kl 3(b)HY
S SR AT LB P IR, SR EATTZ A
KRB RA L ER W, B AR R

® IKFERFE T/ (g/m s -Pa)

B: RHEHINE/%

140 160 180  2.00
A: TERBEISINE%

1 ZTERERFME. FHERMENKESELT RN
Fig.1 Effectsof chitosan and carrageenan on water vapor transmission
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& 2
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C: HilwRmE %

1.60
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EREAME. HiBHAMEXN KESBETENZMN

Fig.2 Effectsof and glycerol on water vapor transmission
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&
N
SRS

[
(RN i
A

& bt

(10-!1g/m-S'Pa)

0.60

0.50
] 0.40 o%
A s . 0.30 :@3\@'
&S 0.400.20 R
/3 - B A

® KR FEIT 2/ (g/m s Pa)
0.80
1.6]
X 0.70
H
=
% 0.60
=
o
G 0.50
0.40

[T . | b
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B: RALRAME/%
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Fig.3 Effectsof carrageenan and glycerol on water vapor transmission

Tzt A AR PR 7K 78 B o 2R s e O e
243 EMTZS80E LI UE

18 i Design-Expert 8.0.6.1 #4347 430 54k
b, BE B AER L 7R 1.5% . RHIIE 0.4%.
i 0.6% (hI7Hl s CBCEE), T AT
SWREE T, WER G BEAKZEREL SR, W
SEMHIME R 1.38 (107" g/m-s-Pa ), T L
1.37 (10" g/m-s-Pa), FIAZEMATEE, [F,
Y E AR EEE R 0.050 mm, S s i K
31.21 MPa, WA 41.34%, XfHH—5%
R JE WA $2 T, UM BEK S5 25 A5 1R B
15 m, BB BRI AL T2
3 #ig

ARSLIER RS RAR . RZMIRA, R
U 0B 3% ] 5 e SR — R e B2 o 3 A i 3 T
ST AR T2, et T2 e B
1.5%. RHHK 0.4%. Tl 0.6%. 221 0.6%,
I AT BV A R 25 A PERE AT B 0GE , P
PERE B A P REABOL T 50— Fe RBEREE, kAR T 5

—SC R G ALK PERE 22 O B A, EL AL 2
CIMRIGTE R, O HAE B i P e H A 45T
LIS . JREia IR & R pr A et
MEPEATF, WFTEHAEE o DR AR OR S 6L i fh
ALY
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