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Table 1 Response surface design experimental

factor level and coding

X
WU 4 8 1 -

KT o X
Level W/ C Hl/ % SR b
. Temperature Glycerin V/V)
MP : CS
—1 40 1.0 53
0 50 1.5 44
1 60 2.0 3:5
1.7 EERNE

SR FH 4 i 125 00 s 525 JE A JRE B2 FHARCR T3 R
FEAE A REE 1T DY A 25 I 1 a5, s R T L 3k 5 AR
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30 mm,HE 3 W, BCEHEN

1.9 KESEIHEHNE
PG GB 10371988 ¥ K} 1 I Fll | #4355 /K 7%
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Table 2 Film properties at different temperature

; . Wi 24 R/ %
MR/ C JEJE/ pm BUPLE E / Mpa .
. . Elongation
Temperature Thickness Tensile strength
at break

KZERE S/
(g/(m s+ Pa)) AL/ 00 EHAR/ %
Water vapor Solubility Transmittance

permeability

30 75.2445.40a 4.95+0.15¢ 78.0241.58a
40 71.3243.50b 5.8340.15d 72.1743.51b
50 69.67+5.10b 6.4440.07¢ 65.544-2.93¢
60 69.3244.40b 7.214+0.12b 56.3743.31d
70 67.5645.60c 8.684-0.40a 40.9542.92¢

2.66+0.08a 22.2940.70a 76.0340.66a

2.2140.17b 19.87=%1.40b 74.0340.55b
1.6540.06c 17.8541.20c 72.0640.57¢
1.31£0.06d 16.86+1.20d 69.6+1.50d
1.21£0.08¢ 15.11£0.70e 68.720.70de

TE RGN [/ 5 8k 3R 8% 25 5 (P <<0.05), F A, Note: The
(P<C0.05).The same as below.

different letters in the same column indicate significant differences

£3 FREEMEABEEHHM
Table 3 Effects of temperature on the color of the composite films
HLEE/°C Temperature L L value a i a value bl b value
30 94.19+0.04a 1.0440.02a 6.25+0.28d
40 93.8040.45a 1.3740.02b 9.08+0.40c
50 92.56+0.19b 1.8240.03¢ 10.19+1.08b
60 91.68£0.57¢ 2.18£0.04d 11.4140.07a
70 91.1240.17¢c 2.35+0.04e 12.43+0.51a
CLME B, 28 LTIk, TRy 50 'O, B A S M AE M B . W3k 5 Fros 1l & &
e TR R XA TR €0 7 B G AL P B R, X 2
22 HHEREXNEGRMRENZM THMASEOENHBEAGRFRMHEEE. &5
Wk 4 Fros  BEE H b & B a2 A AR B, Hoah R 2 B0 1500 L B2 LR S 1 R

JEE WS AT B L U 55 JBE A AT DB R R R oK

Ak
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Table 4 Film properties at different glycerin concentrations
KRB/
- . N WA/ % e s
Hh/ % JEEE / ppm Brhisk &/ MPa Eloneatio (g/(m s+ Pa)) W/ % BER/ %
ngation
Glycerin Thickness Tensile strength . lg K Water vapor Solubility Transmittance
at brea permeability
0.5 66.6444.80c 8.0640.16a 42.94+2.23e 2.22+0.07b 15.21+1.20d 71.17+0.34a
1.0 67.4944.40¢ 7.22+0.10b 53.494-1.84d 1.93+0.05¢ 16.24+1.80d 71.59+0.40a
1.5 69.67+£5.10b 6.530.12¢ 69.17+1.06¢ 1.6640.01d 17.85+1.20c¢ 72.0640.57a
2.0 71.4343.40ab 5.61+0.20d 83.7543.34b 2.23740.05b 19.13+1.40b 72.34+1.40a
2.5 72.31%6.20a 4.72+0.15e 95.4143.83a 2.51£0.08a 21.8341.70a 72.46+0.70a
x5 HOGEXNEAREEGENZMN
Table 5 The effect of glycerin concentration on the color of composite films
H/ % LA a i LR
Glycerin Lvalue a value b value
0.5 93.1940.48a 1.2240.15a 8.54+0.66b
1.0 92.5340.17ab 1.63+0.21b 9.80+0.37ab
1.5 92.894-0.42ab 1.5040.06ab 10.80£0.37ab
2.0 93.2740.15a 1.464+0.16ab 11.15+0.69a
2.5 93.3040.37a 1.5740.16b 11.82+2.74a
23 BEMBIELEXE S RMERER T PUHLOR I e K, K 78 B i Ve B SR R IR T i
S WA PR RE 5k B A 0 AN S R DA OC . VR BERE N . SR 7 P, Bl A IR RLIC L Hh e

sk 6 Przn . B 5T M LRI, 2 5 IR Y
T BT E AL T 5 b TS W BT R A A i 2R
RZ WAL, 24 FMP 2 CS 4+ 4 IR

RN FERY N, L E A i%@%%ﬂ%/}fﬂﬁ,a ﬁ%ﬂb
(L0 38 i = 1O I 0 B0 0 1) 8 S 2T RN B B, 3 ] B
EE?n%‘%*ﬁé{ﬁ(ﬁéﬁ?ﬁ@ﬁ,\,%u%%ﬁ%ﬂ%fém

®6 HMEMBAEELL THESEERE

Table 6 Film properties under different ratios of film-forming materials
VR RIC I R 7J<7Emﬁ'§ T/
. /70 S N
V/V) JEBE/pm YL/ MPa Eloneatio (g/(m + s+ Pa)) BRI/ % EE/ %
ngation
Film-forming Thickness Tensile strength ) bg I Water vapor Solubility Transmittance
material ratio at brea permeability
6:2 55.1243.90e 2.8540.19d 97.65+3.93a 2.22+0.10b 11.25+£0.50e 76.15+1.36a
5:3 61.4543.50d 4.9140.31c¢ 85.5846.72b 1.92+0.06¢ 13.16£0.40d 74.25+1.36b
434 69.6745.10¢ 6.49+0.24a 69.454-1.67¢ 1.6340.10d 17.854+1.20¢ 72.0640.57¢
395 74.4246.70b 6.214+0.06ab 53.91+7.4d 2.13+0.08b 19.06+0.90b 68.24+0.70d
2:6 78.45+7.50a 6.05+0.09b 38.63+5.05e 2.72+0.08a 22.5241.20a 65.14+1.40e
x7 BEAHAERILNESEEENIIT
Table 7 Effect of films-forming material ratio on color of composite films
SRR RS LE (V/V) L1d a 8 b8
Film-forming material ratio L value a value b value
62 93.6440.27a 1.6140.06a 9.64+0.26¢
5:3 93.2940.21a 1.60+0.11a 9.35+£0.69¢
4:4 92.5640.19b 1.82+0.03b 10.80+0.37¢
3:5 91.38+0.62¢ 2.25+0.12¢ 15.33+£1.29b
2:6 89.9440.15d 2.4940.14d 18.46+1.17a
P 2 Rt ] 0 . X — L AL (FMP = CS) CHAM S & T4 B 0 AT 2 8 A LA 1

HREARA R IAR— 2, ,/TLF)?L,HJU?Z*?EEFI%H
Fo RNy 4+ 4 W f5e 1 B A A
24 mEzEIKERITEER

Fh B 2R 4 R o3 M AR O B R TS LG

AE K 28 B i VE A R L SRR EE (X)) H

B (Xo) VBB AARLC L (X Sl 3R, DABT A i
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Table 8 Variance analysis of response surface test
FY X,/C X/ % X3/ (V/V) Y, /MPa Y./ % Ys/(g/(m+ s+ Pa))
1 50.00 1.00 5t 3 5.349 5 72.957 2.434 8
2 50.00 1.50 44 6.318 5 67.143 1.677 5
3 40.00 1.50 53 4.348 0 87.308 2.440 0
4 50.00 1.50 4:4 6.343 0 68.823 1.686 5
5 50.00 1.50 44 6.417 0 70.173 1.665 6
6 60.00 1.50 53 5.909 5 67.368 1.463 4
7 40.00 2.00 44 5.071 5 83.102 2.650 6
8 40.00 1.50 3:5 6.027 5 63.907 2.669 2
9 50.00 2.00 53 4.513 5 89.152 2.640 9
10 50.00 1.00 3:5 5.973 0 46.588 2.757 8
11 50.00 1.50 4t 4 6.397 0 68.023 1.655 6
12 50.00 2.00 3:5 5.578 5 71.086 2.865 1
13 60.00 1.00 4t 4 6.905 5 46.840 1.570 9
14 40.00 1.00 4:4 5.874 5 65.390 2.584°5
15 60.00 2.00 4:4 5.946 5 71.055 1.703 1
16 60.00 1.50 3:+5 5.904 5 45.790 1.733 1
17 50.00 1.50 4:4 6.218 5 69.143 1.687 5
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x®9

B 3 MEARLURAUIUA 2% R ar i R il 45 2R, 3
A [l U5 455 Y ) e i R B0 R 43 1) A 0,988 2.,0.995 1,
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Table 9 The best fitting equations for the influence of various factors on the performance

of myofibrillar protein/chitosan composite films

& F & P14 2 4L 35
AR f fi RO b oy
Fitting equation F value P value Lack of fit
Y1 =—2.6013—0.0172X1+4.0232X ,+3.3543X 5 —7.8000 X 10 *X X, +
5 ) N 64.99 <20.000 1 0.132 7 0.988 2 1.91
0.0421X1X5—0.2208X2,X3—9.7775X 10 * X7 —1.1661X5 —0.6937X3
Y,=—33.4177+1.7947X,+10.2759X > +16.5567X 3 +0.3252X 1 X» —
, e . 156.93  <C0.000 1  0.2830  0.9951  1.96
0.0456X X3 —4.1518X2X35—0.0296X{+3.5763X5 +0.3908X3
Ys;= 15.2719+0.0234X; —6.5406X > —3.9509X 3 +3.3015X 10 * X1 X, —
1.0125X 103X 1 X35+0.0494X, X5 —7.2771 X 10 * X?+2.1020X 5 + 1107.10 <<0.000 1 0.108 8 0.999 3 0.98

0.4746X%
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The types of composite films 20/(° )
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Fig.1 Water contact angle of different types of films Fig.2 X-ray diffraction patterns of different types of films
26 XS&iTH 27 AHBEFEMRETESERSEMDN

7% FMP i .CS £S5 FMP/CS & & I f THEJIBE 1) DR 08 8 O 285 ) L R A T 9 B8 2 43 14 A
REEMI AT R AR 5T AT T X SR B0 b, i AP SA EVE A, 3 4 T 4 52 e A AILAR 1 e S
K2 i FMP JEAE 20 =105 20 =21 BLAT S PHFRIERE. K3 W 1 3 R ny & i 5 e &
g, CS HAT LB I GE A 20=21" e A hb A s 58 1 o N SR THDE 25 18 7] LUE Y, FMP i i 46 T A b

1.FMP fiii; B.CS fii; C.FMP/CS Z&Hi, A. Myofibrillar protein film; B. Chitosan film; C.Myofibrillar protein/chitosan composite film.
B3 AREEHHFENREMBENAEBER

Fig.3 SEM images of the surface and cross-section of different types of films
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Preparation process optimization and structure characterization

of myofibrillar protein/chitosan edible film

LIU Chen,JING Hanzhi, HUANG Yuan, XIONG Shanbai, LIU Ru,DU Hongying

College of Food Science and Technology , Huazhong Agricultural University/
National R&D Branch Center for Conventional Freshwater Fish Processing (Wuhan)
Wuhan 430070,China

Abstract Grass carp myofibrillar protein and chitosan were used as film forming materials to pre-
pare edible film. Taking the drying temperature,the concentration of the glycerol, the ratio of myofibril
protein and chitosan as single factors,the effects were explored on the edible film thickness, mechanical
properties (tensile strength,elongation at break),water vapor permeability, solubility and chromaticity.
The response surface Box-Benhnken analysis was designed to study the interaction between the factors
according to the results of single factor experiments. The results showed that the optimum technological
conditions were as follows:drying temperature 55 °C ,glycerin content 1.6 % , film forming material ratio
(myofibrillin ¢ chitosan) 4.3 : 3.7(V/V). The optimized composite membrane tensile strength is 6.21
MPa, elongation at break is 68.67 % , water vapor permeability is 1.43X10 ' g/(m * s » Pa). The edible
film was characterized by water contact angle, X-ray diffraction and scanning electron microscopy. The
results showed that the myofibrillar protein had good molecular compatibility with chitosan and
overcame the disadvantages of poor mechanical strength and high hydrophilicity of single component.
The results could provide a new idea for the study of edible membrane and expand the application range
of low-value fish protein.

Keywords grass carp; myofibrillar protein; chitosan; edible film; composite protein film; struc-
ture characterization; water vapor permeability; biopolymer; biodegradation film

(FUAE % . AR AR



