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RAE, KT EMBETIETY. RS sEA LA
BRNEYER, L0 raih A e RENEE. &7
SR KEE, B LUESIAT R . KRG B & A
JEEAT RAF B ERE, HICHURSR B B =, R,
AT R B PR A O3 A SR Y R A AR IR 2 e e 22
(T, LUK G0 1 R O BUBEERE ,  Ji Ferp sl — o
2 PR AT LABR T R PR RE . P05 A
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HPERERATOIGT, 45 SRR WSS (s I vl LA3R vl £
FEECRIHLBE BE R IRAE . Wang Z5 13 4% T £F 4 gh K/
KREFEEALGMEL Si55RY], 2R4Em 40K I3
INBLR 3 T SRR R S K, AT, 2 B
VIR RES AR G A R R BT o A I I S R R 2T e R
ESIEVS RPN ki

ASCUCK G2 B8 O IR, IR s AekT5¢
R ET YR AN TSI, e A TR, A
PP Z BRI T T BRI BCEE . pH (B RIS 55 ) —
T I H AR 2R R A S, T Wi 7 T R v i ST A%
DR 2R ) R M i 0, 45 ) 6 ) B 10 e R T 2% A
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1.1 MRIENEE

RIGARL: Fukrse (L IR i 2 40k 5.89%,
AN 4.12%, T4 52.16%, Tt , KE0 3
A EAESE 90%, M/RES R KRG & A R
TUTATD , oM (B LWL 95.8%, W rg A DT
AWHIE R A ED , AEAE e, dbsttk T ),
AR rtirall, REEERRA D , R (i,
e B EAMEEARATD , KL Griral, b
AT D, iR b, dbstk ) ) . UKESER
Wl (B prat, BRI RaRARD
LB K (BS%E 182 MQ/em, HED .

RIS FW-177 Hrs 2k il COREE T 2R TR X
WAPRATD 5 JA3003A HHL TR H R (LR R
TAXBAHR AT+ TGL-16C &R B0l (Filg2es i)
SALHRS ) 5 101A-1ET HL ARG MR (LS ss
J ) RS (20 cmx20 ecm) CEHIL, A LIRS ; GDP-C
AARBIFEMENRAL (5 E Brugger AW ; TSY-TIL #Y
BN (BFR BB G R A D 5 XLW(B)
R TR RN (22N ARG R A D
FA25 M widissy Jias (g oh & so i R A LA I A PR A
F]) 5 Avatar360 {H 7 M ZLAMNE R (GEE e m TS A
F]D + XL-30ESEM BUFASEEHAHE HIBE (fif 22 Philips 2 7)) ;
FD-1C-80 ZU¥AURT 1ML (Jb e e JE se A 8 A PR 2
CIDES
1.2 REHZE
1.2.1 R cARGHE44

I3 R 26 AL IR S8 A0 FE 50K R T 28K h 2528,
Z J5 1 80°C 7Kk Hh F T 43 24 3% NaOH i iz 42 4 h,
TR AR FET 60°CKE TR 23 10% HCI
BEE2h, PR, BRuEE L R B R R
KIETHR, WA R ke et e M,

FREUE B S ARFF P 4T 4 3, FORIEE 12 mL/g 43 BT
JoUEE S A 60% MR IR /KT, TE I 40°C A A AN
BEFE 90 min, ZJEMANKEEE FREZIERN, DL
10 000 r/min [P35 2070 B S22 i, 132150 A Bgk
U R BIEI, KRR NS, A K
ENTEORE S pH L2, 2 5@ F4EY 20 min, B2
PR T G RIS S AE R e R R Y 220 oK . 2 A G
K RAE T N0, SEIENT e gl K AT Y W MRIR S5, ELAR
10~30 nm, KJEZ K 150~300 nm; 4 i i 2 65.85%,
JE T A YR T TG sl .

1.2.2 TTREH &

TR 4 B i AT RAF (R i, it AR 4 T
TR0 45 FAff e PR LUK &4 B R 1 O OISR, [ e
JLAE R (0 o o0 25, DA LA e A AL S v o 5] ) T
B, B 1R I R, FREUCK G B8 1 (soy
protein isolate, SPD) ifife, &k 50 mL/g 5T 2510
K, AW 2 5 8L, 2 R HE T 85 ClHIR
AN 30 min, T 45°CAH MR, & RIS

Bl (chitosan) i &, ¥ TR0 HCh 1%0KBS R K H
W RIA R B e Ao b, %M FRIGE T
FEAKEFHEZE (nano-crystalline cellulose, NCC) &%
BT 28K, Snd 8 A 2 1 30min, £ . K e
W) bl 3 MRS, IRAAHREE R R IR,
ZJE W pH {E, NS BB R N e, O PR
30 min, F4EE A 0.09 MPa B2 FE R i< 2 ho HX 100 mL
JER RN 1 AT HLBE B 20 S AE T 60°C T/ il
TG ISR )y (23£2) C, AIXIRIE N 55%+1%
(1) L TE AR P 48 h 5, BEATAHSCHERE M.

SPIHR L

\ CSUKBERR g 1

iEpH{EH N =g

NCCHHIIIT 48

B1 TRE4E&IZRE
Fig.1 Technological process of edible films

1.2.3 JEHGEFRARME

1) JBJE LRI E

FER IR 4 ff B e I — R, HTRR Tl it 2%
HIX 5 AU R, BCFAME, B mm, H TR
PEREFI R RETE

2) HUBRTERE I E

bkt pe S BRI (tensile strength, TS)
FIr 24K % Celongarion, E). M [EHr (EEHHPE
REMIE 26 3 F4r: WA 15 4 1F) (GBIT
1040.3-2006) 5, K HIAE S EE K 15 mmx120 mm
KB, ekl & KA 80 mm, Ik & 4
200 mm/min, FEASFEAE S 3 Ik, THECFEIE.

3) IKZEAEL RE N E

JEE /K 28 E L R B0 (water vapor permeability ,
WVP) 2R E bR RN A3 K 28 R 7 v4-
M%) (GB1037-1988) Al (e BHAL /i i%:-1E Wi
) (GB/T16928-1997) , Fl TSY-TIL it i
5, MRRMEAN 100mm?, BAf7 gl(cmes-Pa). sk 3 41k
B, HECFIME.

) AAOELE I E

JEI/<IEIL R (oxygen permeability, OP) 441 &
B CBERL ISR  SAZ i R a8 U Tk — k22 D)
(GB/T1038-2000) , F/ T A4 iod Il AS I 5 JE ) 40 Ui
i, WAEA A 108mm?, Efy cm®/(m?d-Pa), id3 3
LRI, VAT RISy 99% (A <M.

5) ZEAfRbR e

RIS K H 53 4 B RS g B2 255 VR A 45
G R T B R ERRARAR ISR B 4 o E LA S T
R A S PR B B AR A 13, ) B P B SR s L
TS B e i) U R b, R X R B 4L 1R 7 VK 2 FR b
faif A >R ZEETRbR, I B 2N bs 1) B R AT
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Here, BIVAfE S FebnB TR, IXFE n] LB A\ I T AL
Pt B I 32 A IR 22 5, AR SO ] SPSS #3047 3
AR I QT ERTIN ) B e e = AN

18 S B A P EI Y T A TS, EL WVP A
OP A NMEARHHTSRA VRS, FJd S N AR, fesg
PR I RE, TS Al E FySlooiisr, Kt as (O
T, WVP HI OP Ayl Niktr, PIEH AL (2) .

po_A=Aw) e (1)
(Anax_Amin)
(Amax_Aﬁ) P

P=—twx 1 (HEV) (2)
(Anax_Anin) g )d( /

A P ORSRIE L, ACHTRPRE, Amin A FEAR TR B/ ME,
Amax NAEARITAE S B K AR

HA WML G S & M AXUHE

S=aP;+bP,+cP3+dP,. €))

U Py Pov Pay Py RUCHTURZ RS . WIRMCE . K
KRB RENEA B R 4 MebrRENE, as b, ¢,
d KICh 4 ANEFRBCE, ASCR A 3R 40 A5 310 1AL
AN AXTH . LR ES 3 I 4RI
I .
1.2.4 TR ME s kE 0 2 ( Fourier transform
infrared spectrometer )

H Avatar360 fH 2261 (KBr Hs i) dsk
FES LIRS, $HEEE 400~4 000 cm™.
1.2.5 " [RfE4a#4¥4% (scanning electron microscope )

SR VA 3 R S 41 4 W 1 3 A UL 5 IS 174D 2 i AR A T
JEAS, B2 mmx2 mm JBRE B E, Wi, FH a0
£, Ik 5KV,
1.2.6 RIS &EE FKE

ST IF TR LD AR S -3 L NI e =4
H, % 1.2.2 T2l e, afiedt— R RETR
iy, AR ZRIBIEBOKE 3 BN S LLn] )
HPERe A TR bR AT R BRI b, IR AR WK
1. RS ES 3 RCFIME.

*1 BREHEREERRKFER
Table 1 Factors and levels of single factor experiment
AORETHESR SR Kl T = IR

7K (it pH 1 Glycerol
Levels  Nano-crystalline cellulose:chitosan:  pH Value concentration/
soy protein isolate (mass ratio) (gmL™)
1 05:15:2 1.0 0.010
2 0.75:125:2 2.0 0.015
3 1:1:2 3.0 0.020
4 1.25:075:2 4.0 0.025
5 15:05:2 5.0 0.030

1.2.7 TRBEHE T EMRAMKE

7E LR ARG 45 R ERE L, FIH Design-Expert 4K
PR TE = PR 8 =K M R TR, 0 3 R A e T
b pH . N =RENEWREE N AR, DAn e pess
Gor S NWNAE, BRI LRGN IR BAR, 2k
R3] B A R T2k ISP Lk 2,
PR EE 3 KA .

x2 WMEESHERKEER
Table 2 Factors and levels of response surface analysis
POKRETYUER | FORHE L KRG A =R SRR

K Ot pH 1H Glycerol
Levels  Nano-crystalline cellulose:chitosan: pH Value  concentration/
soy protein isolate (mass ratio) (g-mL™)
-1 05:15:2 1.0 0.01
0 1:1:2 3.0 0.02
1 15:05:2 5.0 0.03

1.3 BURFKIt 59

WEHEAFAE (M) FibsiEfwZE (SD) , 4R LA M+SD
JEAFoR, X)) Design-Expert. SPSS17.0. Origin7.5 4
AT E AL 3, L P<0.05 [#) Duncan #7822k
(RTE W niI®

2 HR5HH

2.1 BRZRKERSHH
2.1.1 mEMARE TR

x£ 3 B R R E AR TS, Ev WVP FI
OP [¥j5¢ 1 . B35 NCC RN TS S 438 K 5N &
#, X NCC:CS:SPI Ny 1:1:2, TS iks|HAM
(16.35+0.42) MPa. iX &2k 3 Bl st el rt, SPI/CS
RAF IR ETE, BT B Loy 7 IR IR 45 # B00, i
T NCC Ja, H/NBkinf AT 2E 7 %] SPI/CS 401 1H]
TE R AR 25 Ae v, AT TE R T 58 N804 1R 43 7 45440
B T o FIAE g, T8 TS 39K, BAG 3 P aii
FERLELB R G K, (T NCC HL R A A 5 & AL A
%, S5 NCC 7£ SPICS 2 145 tyrh A Aty s,
JERBUR R 1 AR PHAA L, BTCA TS H T FFE. W
JEE(Y) E B NCC I3 i S yd/ MaFh, X e R 9K 41 4
R AR AR R P, gt BN &
JEARTHEAT, T NCC R LB ASB 8 N, 2N )
BN T, A R o AR 7, AT /)
TR, WS E %, M RBEM R NCC L
BB LT WVP 23k N, &R T4 3 0 T 45
P A KB -0, 1 H i 9K 4T 4 2001 1 /RS
BN, LERTIRVEEK, FTLAE NCC 43 FH £ [1)-OH &
M2 kP, 5 SPICS K pE s, SEOTErgs Lt
R, M H K> PR, S O R i ik
i, WA T &4z, n LMl K 71 Tk A A
T, SEZE AR s s P, ARk, T
TS (1 437 S5 M i, WVP B4, IRtk 5:3% wivp
IR Bt AR NCC ELAP] R 38 I ) OP 52 560/
M JE e Ky, 24 NCC:CS:SPI 1:1:2K, OP
KB H/ME (2.8240.05) x10° cm?/(m?d-Pa). X &K
SPI A A R rI < RE, Bi%E NCC Hil CS iR
INEAL o> A5 NS, S TS ES, ff
OP J/NZ, B, Mid&Edsin NCC J&, hFH 4R
R, A NCC a0 Tt As), A2 mA
B, UL S8 OP Ff— kMG K. &b, IEFRBA R &
Fb1:1:2%haiE.
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F 3 BEMRIRE L3 R R RERY ST
Table 3 Effects of film-forming material ratio on performance of edible films

YREFEF | RN D KRR O D
Nano-crystalline cellulose:chitosan:
soy protein isolate (mass ratio)

PUhLom I
Tensile strength/MPa

WA
Elongation/%

KRB R
Water vapor permeability/
10%¥(g-cm*stpa?)

Oxygen permeability/
10°(cm®*m2.d*-Pa?)

05:15:2 15.75+0.35¢
0.75:125:2 15.82+0.06b
1:1:2 16.35+0.42a
1.25:075:2 15.91+0.12b
15:05:2 14.650.09d

21.25+0.33a
21.03+0.54a
20.85+0.19b
18.25+0.28c
16.58+0.17d

1.25+0.03a 3.22+0.08bc
1.06+0.05b 2.98+0.01ab
0.92+0.04c 2.82+0.05a
0.88+0.01c 3.09£0.11b
0.63+0.05cd 3.15+0.03¢

T AR ERC R B &R B E TR (83K P<0.05), pH {E24 3.0, P9 =ELFEKE N 0.02 gmL ™,
Note: Data marked by different letters in a column indicate significant difference (P<0.05). pH value 3.0, glycerol concentration 0.02 g-mL™.

2.1.2 pHAE® %R

Kl 2k pH {EX AT £ TS, E. WVP Fil OP [ 5401
B pH MBS, AT Mim) TS BoeH N JE whE,
pH {i4 3.0 I, TS AR M. XA RN E R IR PES
N, SPI 247 W KA B A ol & AP, BR T 5T (¥ SPI/CS
STEER, B pH EMIBE R, SPGB FE S BRI,
{EHERIR T SPI/CS 43T 4iM15 LME R, it NCC f&
SPICS ZrFaithitiorAi, FEULM N TE5MEs, B
DL TS 89K

:a’é) 18 18 gg
51 BRI 16
14 Tensile strength 14
12 . ; 12

2 3 4 5
pHfE pH Value

a. pH (D0 RT € BT 58 3 R T 2R A % 14 5
a. Effects of pH values on tensile strength and elongation of edible films

b. pH {E0] I fr 7K 28002 ok SR BRI % 1o 24 14 5% )
b. Effects of pH values on water vapor permeability and oxygen permeability of
edible films

Ve GORETYEZ L el L KE A EEANEOY 10102, WERERURIR
JE %5 0.02 gmL™.

Note: nano-crystalline cellulose:chitosan:soy protein isolate (mass ratio)=1:1:2,
glycerol concentration 0.02 g-mL™.

B2 pHAL T R AL Fm
Fig.2 Effects of pH values on performance of edible films

T SPI ZE ST pH 1 4.0~5.0 211, LI
SPI 7> i A A 0, RIS i sl v P E R AEAS 2 T
W1 JoN, HOBURE 5 o AL R RLE SR 25 5 T, &
BB PR S5 R, TS /M. rI & E bt
5 pH E R, %2 BRA K 5 23 8 (1 4 1k
B, ST R A I, 2 pH (BN, SP1 &
HAFFEERK MR, FEOER RS 'GP,

S SPI AR5 AL (pH {Hh 4.0~5.0) & RADUENTH,
SECLAE R R, I B R ETEK
fkaH, al B WVP BEE pH i A8 K Sk 3,
XN Y pH (8K 2 SPI A4 e S BT, 4545 SPI
B, AT RGBS R A o T N AT )
B, A G Sl A B s ™, i LA 4y i) NCC 4
FHEEREN-OH, nJLLSKESE SRS, K5y
TAERG AR (AL 3 T R A, BHLAS /K 28/ Wi a2, A
JEEE) WVP g/ [ AT £ i) OP b pH {ERIHEA
M/, 24 pH {E % 3.0 I, OP iAF|i M. 24 pH (H4k
SRR, JRK OP A TR, 12 PR A ] i A 850
(19> LR, S0P 8 kM, prLlif OP B
pH {HL (114K I Se i/ G R %A 25 1, & pH
4 3.0 BN GG
2.1.3 AZBREREGTR

Kl 3 N =R T TS, E. WVP Al
OP [P35,

Tensil

Tensile strength 8

12 T«\,\\ 12EE
10 VAL 10

8

6

0.010 0.015 0.020 0.025 0.030 6

VI =Tk i
Glycerol concentration/(g-mL")
a. P TRV PR T BT i PR R B A 2 5 )
a. Effects of glycerol concentration on tensile strength and elongation of edible films

LI s ) o FES
%58 10 ‘\\l)///! 10 Sy
gv 0.5 05 OT

0 0.010 0.015 0.020 0.025 0.030 0
T =B IR P
Glycerol concentration/(g-mL™")
b. =T IR N P B K 2B RO B I % (5%
b. Effects of glycerol concentration on water vapor permeability and oxygen
permeability of edible films

TE: QRS 1 elehl | KAy 10102, pH 25 3.0.
Note: nano-crystalline cellulose:chitosan:soy protein isolate (mass ratio)=1:1:2,
pH Value 3.0.

B3 AZBREREATRIRMA T h
Fig.3 Effects of glycerol concentration on performance of edible films
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JEE(R) TS B A — B DTS B R 19 D03 sk, 1 E Bl
VA = T R SR () S I T G O, X PR A AT SPI
ME, NEREE TN, ProLas LA b Huds A 21
IR FBEM, R T BRI 70145k, o FIaER )
WIS, > TEEG SR, Bk TR RS, itk
SETS W/, EWK. B WVP. OP 5 N — Il
TR PEIBE I 2 SN G BRI SA, IX 2R N =R
TN, HAF R -OH n LLS R R4 P A
ik, 1 H. NCC/CS/SPI 431 th BE M T il B P, i faf
JEEER) o3 F- AR SN B, IR WVP, OP Ji/h. 3
FHWVP BN oA R BB R A2 18 73-OH ] LU K
AL G RESE, AF Ko 71 B b 1 A i T R e
PR BHAS T /K 28t P8, 2 D = I 1 e 4k 48 34
Jnisy, H5 NCCICS/ISPI £ K4 T 1A A i 45 ) B4
KTEDTHNEAREE ), FEULMNTaitah &
20, [RIBEE ) WVP. OP F—kk. &b, %
= TR IR Ol 0.02 g/mL B A3 o
2.2 AIREMRESES

HTAF R R RAF HA S TRl gk, 40K
96K F 2 B0 0 BTV R SR I B 25 VP OV A 45 5 R
A B REFRAR IR e N 5 a0 0 i ke i o i
BPEREFEPRIBEE, 2l A 3 AR PR ZE A0 E s h -
W2 HEHE AT F o 0 A WK 4. R SPSS B AFdEAT
Biuotr, SRNE S, £6. MFS I, [T2 MK
G0 RFAERR ST, $EEUET 2 AN F R 1) BT ZE TR
KILF) 92.441%, #BiL T 85%, RILHT 2 A A H]
DU e 4 i Fie b 104 BT, mT LU ISR (1 4 MR
(TS. E. WVP, OP) . Zi& & FE M MRHER . 5 201
R DA S A8 FE M R BT ARl SRAF U IR e 4 AN Fiads
(IALEE, B TS AR 0.34, E RLER 0.04, WVP KEE N
0.32, OP B(FEH 0.30, 4iAA (L . (2 . (3 7H3
AR RELE G N $=0.34P1+0.04P,+0.32P5+0.30P .

x4 ERS SRR
Table 4 Test data of contribution rate by principal component

analysis
, SR KRBT AR HAEL
5 U WK water vapor Oxygen
Tensile - o S
Number strenath/MPa Elongation/% permeability/ J)ermeablllty/
9 10%(g-cm™s™Pa?) 10%cm*m?dPa’)
1 15.75+0.35 21.25+0.33 1.25+0.03 3.22+0.08
2 16.35+0.42 20.85+0.19 0.92+0.04 2.82+0.05
3 14.23+0.23  16.38+0.02 1.29+0.09 3.68+0.22
4 15.40+0.16 16.93+0.17 1.18+0.14 3.12+0.19
5 11.84+0.22 17.06+0.16 1.12+0.06 3.06+0.16
6 11.05+0.13  19.19+0.25 0.74+0.10 2.51+0.38

®x5 EHADIRER

Table 5 Results of contribution rate by principal component

analysis
D%y FEERR T3 ZE TR Bt s Tk
Component Ei \envalue Variance Cumulative variance
number Y contribution/% contribution/%
1 2.318 57.959 58.121

2 1.379 34.482 92.441
3 0.240 5.988 98.428
4 0.063 1.572 100.000

®6 EHADHBILS BT
Table 6 Component matrix of principal component analysis

gy PR i IKAEIEL RHL A%
Principal ~ Tensile . Water vapor -
component strength Elongation permeability Oxygen permeability
1 0.458 -0.472 0.968 0.974
2 0.832 0.825 0.061 -0.053

2.3 MEERKREERS S
2.3.1 RKELER
7B DR 2R )l b, SRR RIEC LG . pH B
GIDPNENLY 5= e753i- S X AP b=/ & o I IVATITRE N o st s
SE WL 7. FIH Design-Expert B fKr ¢ 7 driilid £
AT Z T B, AR, R
$=0.63+0.037X;+0.050X,-0.015X3+0.0075XX,+0.043X X5~
0.013X,X5~0.048X,°-0.093X,*-0.048X4 @y
N Xy WAPRET e 5e080E . K B i A iU b
Xo K pH AH: Xs WA =REpTemlkc s, #Ar2h g/ml.,
F7 MEEFREEITRIAEER
Table 7 Design and result of response surface methodology

experiment
YUKLTHE R ek

WERRIK .,

RSB oH 1 e Gt
W Nano-crystalline pHValue Gl )cLeroI Comprehensive
Number  cellulose:chitosan:soy X yCero! score
A 2 concentration
protein isolate X; (mass X
. 3
ratio)
1 0 -1 -1 0.45
2 0 1 1 0.50
3 0 0 0 0.64
4 1 1 0 0.58
5 1 0 -1 0.55
6 -1 0 -1 0.54
7 -1 -1 0 0.41
8 1 0 1 0.61
9 1 -1 0 0.45
10 0 0 0 0.63
11 0 0 0 0.61
12 0 0 0 0.64
13 0 -1 1 0.44
14 0 0 0 0.62
15 0 1 -1 0.56
16 -1 0 1 0.43
17 -1 1 0 0.51

IR AT T 2200 B S 5 R 50, &5 SR LR 8.
2% 8 A%, [BIJAREALK) P<0.0001, WA 2= bl
F; RPN P=0.1939>0.05, FHIRMANEE . ARKAH
T (¥ g 52 230 R?=0.9810, it W %A A 15 S Frik B AU & 2
FERAT, DRI T REAS AR U Mo i N AE 255 4 S HEAT
Sy HT AT o

[ 5 P 45 0 Ak 3 PR B, — IR X, (P=0.0004<
0.01) WM B2, X, (P<0.0001) Witk BE, X
(P=0.0397<0.05) Mt , Pk, & ERERRLEE 7
RO KNIV pH AE, HUGE MR R L, B 2N
SRR, BT Xo>X>X5e RIS 2 . X Xon
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XoXs A& HIAEFIA R, X Xs (P=0.0015<0.05) 48 FL{f
EETE 8
% 8 Box-Behnken i&it 5o #7
Table 8 Analysis of variance for Box-Behnken design

A SRR A F{H P i W
Sources DOF F value P value Significance
57 Model 9 40.11 <0.0001 **
X1 1 39.77 0.0004 *x
X2 1 70.71 <0.0001 ok
X3 1 6.36 0.0397 *
X1Xo 1 0.80 0.4021
X1Xs 1 25.54 0.0015 *
X2X3 1 221 0.1807
X;2 1 33.94 0.0006 *
Xo? 1 128.06 <0.0001 o
Xa2 1 33.94 0.0006 *
4% Residual 7
24 Lack of fit 3 2.55 0.1939
%2 Pure error 4

K[\ Cor total 16
e R RREREE (P0.05) , U RRESKEFE (P<0.0D) .
Note: * means significant differences (P<0.05), ** means extremely significant
differences (P<0.01).

2.3.2 WEAFARLZLSTHRERERIE

NI E Ry [ =R I 3 ) N S C OS]
NCC:CS:SPI=1.25:0.75:2. pH {fi >}y 3.59. N =ik J&
“h 0.02 g/mL, TS H T €k BeFR bR LRG3 S R 0.636
NRLI AR (e AT R, SRS R B R SR R A A
HATIERAL, ~PATE 3 Ik, 45H495] S 4 0.62, It
I AT PR R E O 19.56 MPa, Wi 2K R
18.20%, /KZE B AR¥HN 0.73x10™ g/(cm-s-Pa), %<
i N 2.21x10° em®/(m?.d-Pa), 1] WLIGIE I AR 5 R
T b e, EILPE RUF. 2580, A T
MR Rt o

SRR ZR A, Wbtk 101 0 2,

1365
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a. FT-IR spectrum of film-forming material and edible films
in wave number 400-4 000 cm™!

pH 11 3.0, N —=EEZIIE 0.02 g/mL gl fofs, Hrkaess:
530 0.62, ISR RAL Y 19.38 MPa, Wi
K&E N 14.17%, K7EELRZECN 1.03x10™ g/cm s-Pa),
B 2.08x10° em®/(m*d-Pa); Wi LA A AE T
T T b e 20 0.63. MK Lol 45 LA 2
AR, BRI T 5 A TG IR Ve s
N A A TR 6 S 7 Rl b e 30— 2H de A R e 45
[ IE 212 2 1 TG R, B a5 R 205
gER WS, IR R AL A T, LR A
SRR AR I R A B LR
2.4 TAIRFELOINRIES R
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R i e R AN C-H B IR s SR s i 2B, 1635,
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B ERIWERL A N-H 25 ihyRshéei k. (Eerdigmersht sl
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iRl ST RGO B CIR] B-R PR AR AU,

P 4b g AR R AT IR 4 1 200~1 700 cm™t
LAMERER, BT 9K A 4 T T B W B A7 A
R B T KRG B A SRR 3 R i
AT B W5 . Ay 1 S 75 BT 1100 00 5% 1k e ke 1) A Ak 5 20
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Edible films
1512 1365
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b. FT-IR spectrum of film-forming material and edible films
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Fig.4 FT-IR spectrum of film-forming material and edible films
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MBI, AT 2 A e B0, LI D, PRt MR TR

g R R BHE A BHACPERE, 91368 NCC/CS/SPI nf LA %
UF (A
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ASCHIE A R B R ATRREME. O
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£ 20 cmx20 em A, G 100 mL, A
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AKZY N 0.47 T, 27K HL 3 T SRS 2 20 cmx20 m
REERE, T3 A% A 4.20 J6~6.30 JCANZE CRRANTRD ,
F4 18 20 emx20 em Kbk, L& AE 0.42~0.63 TG
AR BN RE R L] B 2 T EM R AT AR
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a. AR s (5000x)
a. SEM of surface of edible films
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Fig.5 SEM of edible films

b. A fr AR 414 HL 4% € (10000%)
b. SEM of cross-section of edible films
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Process optimization of soy protein isolate-based edible films containing
nanocrystalline cellulose from sunflower seed hull and chitosan

Chen Shanshan', Tao Hongjiang®, Wang Yajing*, Ma Zhongsu**
(1. College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: Nano-crystalline cellulose (NCC), chitosan (CS) and soy protein isolate (SPI) are all economic renewable products.
Due to their degradability, high safety and special nutritious and healthcare function, they are ideal raw materials to prepare
edible membranes. NCC boasts the advantages of high crystallinity, high strength, high specific surface area,
environmental-friendliness and low cost. Their molecular structure contains a large amount of —OH. When mixed with the
other natural macromolecules, they might easily form intermolecular and intramolecular hydrogen bonds to contribute to the
stability of the structure of blended materials. The NCC adopted by the paper comes from the sunflower seeds hull, a kind of
industrial production waste. The CS boasts favorable biocompatibility and biodegradability. Edible membranes with CS as the
basic material can effectively prevent the occurrence of food pollution and corrosion, and extend the expiration date of food.
SPI is a kind of vegetable protein with rich sources and nutrition and prepared through alkali dissolution acid sedimentation,
whose protein content can reach above 90%. Soybean g-conglycinin, 7S, glycinin, and 11S, are its major components. As a
highly nutritious plant protein, SPI has a lot of hydrogen bonds, ionic bonds and hydrophobic bonds in its molecular structure,
so it has a favorable membrane-forming property. Despite of a strong performance of air resistance, SPI is poor in terms of its
mechanical strength. Although there is poor performance for the single membrane-forming component existing in practical
applications, the performance of edible membrane can be improved by adding one or multiple natural materials with SPI as the
basic membrane-forming material. In order to study edible membrane with a favorable performance and its preparation
methods, this paper adopts SPI as the basic membrane-forming material, and adds NCC and CS into the material. The edible
membrane is prepared through the alloying-casting-evaporation method. The single-factor experiment is conducted to study the
influence of the material ratio, the pH value of membrane-forming materials and the mass concentration of edible membrane
on the tensile strength, elongation at break, water vapor permeability and oxygen permeability of edible membrane. The
principal component analysis (PCA) and the membership comprehensive rating are combined to work out the comprehensive
score of the performance of edible membrane. In the single-factor experiment, the comprehensive score of edible membrane
performance is adopted as the response value and various factors as independent variables. The response surface method is
employed to optimize the process parameters. The quadratic polynomial mathematic model is built, and the validity of the
model and the interaction between various factors are analyzed. Through the analysis of the model, the influence degree of
various factors on edible membrane is in the following order: pH value > membrane-forming material ratio > mass
concentration of glycerol. The optimal processing conditions for edible membrane are: membrane-forming material ratio is
NCC:CS:SPI of 1.25:0.75:2, pH value is 3.59, and mass concentration of glycerol is 0.02 g/mL. Under the optimal conditions,
the comprehensive score of the performance of edible membrane is predicted to reach 0.63. Through the verification
experiment, the comprehensive rating of the performance of edible membrane is 0.62, the tensile strength was 19.56 MPa, elongation
at break was 18.20%, water vapor permeability was 0.73x10™ g/(cm-s-Pa) and oxygen permeability was 2.21x10° cm®/(m?d-Pa) of
edible films. This suggests that the process optimization is scientifically viable, and the infrared and scanning electron
microscopic results suggest there is a good compatibility between membrane materials. The research findings of this paper can
provide references for production and applications of edible membrane.

Keywords: film; physical properties; optimization; nanocrystalline cellulose from sunflower seed hull; soy protein isolate;
chitosan



