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Abstract
With different quality ratio of cold-water-soluble starch and soybean protein isolate as the matrix,
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sodium alginate and glycerol as additive, the composite films were prepared, and their properties
were studied. The result indicated that the contact angle between film solution and plastic plate was
in decline with the proportion of soybean protein isolate increasing; the tensile strength increased
from 0.902 MPa to 6.95 MPa then declined to 2.32 MPa; the overall fracture elongation rate showed
a fluctuating upward. The CWSS/SPI quality ratio of 8:2 had the maximum viscosity and the mini-
mum viscosity of 6:4, and the film solution was all pseudoplastic; the different quality ratios of com-
posite film were not great difference in the permeability and oil permeability of the water vapor,
and possessed the better barrier properties. Comprehensive performance results showed that the
composite film with a CWSS/SPI quality ratio of 2:8 was better than others.
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1. 518

BE 25 A AT B AR AL M R R ARSI M H 28 8, BERKNER. ASHEEE G M <R
A7 URARMR, ZRRBRIIAWIRS, FFRATRAE. 7T A 4% e b k) o B3 A 1 B
Wori. LRSS (0. EAB. TR NERL, HIEEA — e aRE D6 n] & MR, AR
gAML A 4 TERF IR AR S5 RE A, TAS Bh PR BT P 75 5K [1] [2] [3] [4]-

IKIEHEVE K (cold-water-soluble starch, CWSS)& — P B A I ie iy BURDIR T AS B B el e ¥y, REFEYS
IR T SR — & R, BT fiiitese . ORE ST MR TIUMIALTERT, WAL TER BESR IR,
Pm TSR AYE . R S B ST[5]. K7 B [ (soy protein isolate, SP1) i1 AR IR M, LB
AEVERIR VI Z WA (6] HABEEFMNE, SN ER. Bk R & B ER R, iR
o A ) £ T P OSSR RO SR B B AR R, T N TR, L '
WRHEEATIL[7] [8]. (HAHE TA& St o 16 O EARL, Hmf K 12 R 22 9 5 i AR A 55, B
5 F a2 BR[9] [10] .

A LKIETEE R R E 0 B R AN LB/ T F R, PVC B A BN, B FAS R R & bR A
(R R DR PE R, B 5T ST A M 45 BB C 77, o BT VAR T 526 FEE TR P 7] A 2 T 42 i £
JmARE, AL EA F1 A RE A, DX Dh A i i A2 A F 0 S b R (A AR -

2. HRERE
2.1 ERMHNEEE

IKIEVESER (25 ) BB b T AR I A IR A F s K20 B (B ) Ll R 48 R L AR 1A
BT I ERRII(E W) WL A RSN R R A IRA R H(AR)HHIHUN AU AL Tk s R L
TEEAR) AR R (LR FLE A E] TKEIES(AR) BN EALIRFIA R AR ERME ST,

07HWS-2 BYE AR IR L I P UNACR LA PR A F] s MB45 B o 3K /A S i 2% ( Hig) A
PFRAF]: MCR102 By AR Bt 2 2R ip () A PR A F] s TAXT PLUS B IR S ot B A 3
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HARERAH; UV-756 LI b E T Bk RISl A IR AR s JC2000D3 Y H2fi il =AY b ifg =
HrHEAREEHRAA .

22. SEWAE

221 BEENHIERE

I PSL IR E B A IR T SRR 10 g, AERRFRHL CWSS/SPI it & EL K I 10:0. 8:2. 6:4. 4:6.
2:8. 0:10 MR EEAS 42 250 ml Bedfrh, 6 3eA AR o LB B N 2.8 mL Hili, 1.8 g i
2. 0.92 ml 28 2 AN 100 mL 464k 7K (F BN FEE B 3G k), FH B3 B M i b A L 8 0 Vi JS (BN =331
B, A TS P = B0 ] e E RO R AR ML B2 b, TR B E AR A 80°C . %38 200 r/min,
R KU L P RIS BB A S THISE 30 mine 5 IR JS BB & B 2 0, AT B A, PR e Al
T PVC AW E, =iRME 2 min 5 B TEE N 55°C MBS T8 3.5 h (I 18] 42 BB 1 38 FEE 3 ) o
TR R S U, RS E S I8 N o R HAS 0 R A R AR R TR N 24 0 5
TRAFA L, FEAT 2 G LR I E -

222, SARMAENE

WHCP R —, AL RRMIE AR, AR N 0.01 mm FIMEHEN R 3 REATRE SR e . —
KA ARSI E B 4 ANTHS K 1AL S 5 AN AL, SRR R BT 5 S A e, A
b\ mm &R[11]

AR 5 2K U TPEPIRES fE, Boe IR R 100°C ., AZMIET (8] 10 min, #KHL 0.55 g £
At B 2 A AR R AT b, AP R SUE AT K A S R, FRR DN SE SRS 10 S 3, B 3 KT
ATREI S B P ME, A L% RIR[12].

Wit JC2000D3 HL 4 ARG AT N A B R LR A LR B A e . AT R EBGE RS RUIR S
(RO, R MR Vi T A TG Lk B Pl VR 6 3 PVC Bt b, I 0 B Ahi b R A R SR BRR FLRR
— AR AR, AERRSE Imin FOFEIIE . e S BONESIEG . ARG REEIG: s R
A AT AR R (B A M B, PATIIE 50k, BCTIME, AL ERIR[13]

el A f2 B FoR AR SRR Z RISERISE RIS/, 2 0 <907, R Bl 50 R () 24 6> 907,
FORWEAER (AR HR/N i A, A3 F[14]:

Ysia = Vs +71a €080 (2-1)

e pga——Ml - SRS, Ni pua—— - AWK IT, Ns opg—— - WATKTT, N5 06—
AR TH 149 U702 5 VAR A 60 ] A AR ) S TR TR R A,
FIH UV-756 BUEESL o3 6o BTN E A BB G2 IR BCFRETEALIR | 55— U & Ll 52 4 5
K IR BTRL 0.9 cm x 2.8 em [FR/IN o e HUE — BB JLE MG T Ee (e m—f0, Hy 400~750 nm "Il i€ BT 54
P AT 650nm AbiE A m, PIULBGZ KT & Lol 2 S E LR e, ~PATllE =RE
BoPFME, A L% RR. tHE AW R[15]:
T =2 (2-2)

s T——FE, %; T,——ild @ tEE; T— AGbhidE.

Z: i GB 1037-1988 #f syl e AN [A] i & Lb 52 A B /K 28 iz i 14 FRH 15.0 g RLFE 2 mm 6K
CaCl, THRITE A% 3 cm MIBEESR A, EHAFE, TEFL. R O R B AR IS 1, B
AT 0 85 B B L A/ B [ 1 2 SR 3 AW, & il 3 /NFATHE, ARE DS, MG HE TAxT
TR 1000% )T ds v, RRRPRE (ARG 24 h, FELSLIN&E— 8 )5 BURECT I E T KRBt % [16] .
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Amxd

_ 2-3

Axtx AP (2-3)

wyTp = AN (2-4)
Axt

. WYP—K#ESEL A5, (g-m/(m?d-KPa)); WVTP——/KZ& B # %, (g/(m*h)); Am——t
RN R I R, 95 d——BEMERE, mm; A——A % mR, m? t——EE AR, b AP—
—IAFERMI K SR Z, KPa.

HBREBI S ml &M TR, EHBAFE, TR RPEM OIS RN R RS O, &
FAREA B A R 5 U A BE R () S B st b, LR 3 ANPATHE, R 3 B T3 A I 40 ORI %
HAEIL L, BARE X B — AL, BRRFREIRIRG 24 h, SR E— G T SRR IURE & 13 T R AL
A%y Hfr . Hoat B AR [17]:

Amxd
T AXT
Xr: Poil—@& R£%, (@m-m>h™); Am——JE4FR RN, g5 d—E, mm; A——4 %
SER, m?, T——iE A, h,

Z: 8 GBI/T 1040.3-2006 4T AN [F) 51 & LU 52 A BRI g 22 e Rl i - BoE WP P bRy 80 mm, 8
BB A 100 mm/min. KPR E), JEFLIA. RIJERICIE o EEAE S, SR E . BT S
B% 0.8 cm x 2. cm [ 3 N, 3L 6 ANPATHE, FRFEF A h5e B G AT INE o R BT AR LA A it
AT AR G T SR R A R A 2, B 43R MPa. %. LA SN 18]

Ts = g (2_6)

Kb Ts——HUhsfE, MPa; F——RFTPZhil, Ni S——FRMBREEII AL, m.

Poil

(2-5)

E-t=bo 100 2-7)
L,

e E——WEREEAR, %; Lo—— i EUAMRHERR RS, mm; L——iCREr R B B, mm.

i F MCR102 R AR SGHEAT AN A o e LU B A B AR AL PR RE DI ARt AR e R T B i B, Bt
SEREFPIE 80°C, R PP T 28 e i Ja i il B WAL I BB AE IR AR A S B, R B T IR PR
AT AL G YY) (R it T ICRT 75 P47 5 min, DLENBGAS IR DR vh OB R N ), T 6 456 Hl 2R
BOEMHRSHUGTFAEME , KD A5 10 B0 AR B Al 2o P8 DAL 5 22 1] . RFE R 2R I K 5 n it

HARWR[12] [19]:

n=K- " (2-8)
X p——FE, (Pas): y——BIVUIER, s K—FE R n——IshiEs.

o=K-y" (2-9)

Kb o——8Y)E S, Pa; y—BIUIER, s K—FERE; n——shigs.
3. BRE L
3.1. ¥Rk

6 Al AN Al s b A R R A a0 1. B LR, R RRORA A o I AR R A S SRR
BRZERIIR, $REARRT A R A R, R A 7 [14] [17].
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Table 1. Contact angle and membrane dyestripping situation of different composite film solution
# 1. TEIREBLLESEREMA 0 SBEFER

CWSS/SPI (Jiii £ k) B IR
10:0 58.62 58
8:2 56.38 5
6:4 55.88 5
4:6 52.62 5
2:8 52.88 54
0:10 46.50 CIE:]

ERBNRIERE: 5 > WiE > AEH.

Figure 1. Contact angles of different composite film solution

E 1 FEREBLESERIEMA

3.2, iEXE

A LS CZE TV OB RHE AR, 25 BUBEATRHE 2y A2 RAFAEZE, MBS ER s #4540
FEMEZE, WIAERE T B G HICH SR S I RS 2 PR, I FLIE SR S g 26 1) B B2 (R R [ 15]

H 1 2 AR B L S A RS e Rt 2645 B CWSS & &9/ b A SPI g In, E&RE A
I BRI BT, Hih CWSS BB R 81% 47, RIUNE B GE, TR CWSS 24 & mh B 5 1%
FA KRG E . B SPI B ERAE 35% LA, BNREUE, JHRZR SPI i, 84
JEEPEN €0 AR VAR 5 YR A €0 AT B0 B P2 2 LR e T FEAIG s R bl oy 8:20 6:4. 0:10 M E LN 4:6. 2:8 B &
BELE R ZE RN, RN ZEE N, DR CWSS BEAN A5 2 b A& A o IR A 2 R 25

3.3. KESELM

WVTP Al WVP & R & BB ME R R K B 246 bR, Ja & N 2 5 S B R AER IR, Fr s i 5
HAERNE . L EBEIRNE A5 72 RE BRI S B AR, WVP B, SRR K 28 i MR Ik,
HABGF IR, AR 7 fhREE[20].

HiE 3 Al A, ASFEFTE R SN WVP MR LEDY 10:0 FFHR5EH R E H K E G 2% T .
BiE L 4:6 FHE WVP ok, JiE EE 0:10 I WVP /. BrZ: SPI G RE S REB/ME, i
ELo 6:4 HITHERRE WVP R BUEAR, SR PRI T e I K I PR ek 5 KB il A 7 e Ui Siiaess
IR IS EA i 5%, SRk RERR PRI IR AR, & Hefl B & R K & GE
APAEL R ZFBN .
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Figure 2. The light transmittance of complex film of different CWSS/SPI com-
posite films
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Figure 3. The WVTP and WVP of different composite films
3. KRR/ RESBEBESER WVTP 5 WVP

3.4. EwM

F R E S G R BRI SR I 4. B LB R G HRAE R B2 ST A A B OO =
FEAR AR OCIR . AR L)y 8:2 ME S BUEM R EUR K, HUMEVELE 0:10 4, JREZ SPI LA R
G fPHRgEYE, ELBE SPI MSINERIE 2, EEBN IR E R, EHE RN, ik Rein .
Hge 45 R SHERIFA T M, FRER BB RS A0 AL TR BRI EAR, SHER
IR BARKIBL G o 0 I 52 ST 16] 8 4 o K B v SR P A % LU A R TR Ao e AR AT LA, W R T
HEIN 4:6. 0:10 E S BLUEABAF M E, &M T miAE 8 dh 10 R

35. ¥ MERE
704z 588 P2 D B 28 S0 A 3 7 ) AP 525 UM RE (1 T 8 b o v (R s 9 58 S e 1 TR 1
JIESRE WA S A 3 U f R JE 1) SR A2
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Figure 4. Oil transmission coefficient of different composite films

E 4. FREIRELESENZERRY

P SE6 45 AR (N 5): i CWSS [/ A SPI 86N, & & TR m i i s fh 2 £ BN e ETF
Ji NRE, AR 46 ME A RPIRREER K, 7695 MPa, B&EmTHAMMFIE SR, X&HT
SPI 43 T IR HL G G SE G 7 BB MR NP AABREEH, Hr F NI s L . Bk MR 45 2
FRAE TRIE, ISR T B TR AR, IS 25 R S2 NE 254), (H 248 T 60°C
I 2 PRI AR PRI Ry TR N TR, MR AN G TR, BUEHLAME REIZHT T 4. 4 CWSS 5 SPI [F]
BPRILLET, CWSS - FlaE B S SPI 4r TR MBS R AT HAEH, ISR %15
TR, P T HiRiPERE. & CWSS [ R/D A SPI B £ 28— BN, U IR RS AR A8 HAE F I
DT EARIELL, B T RS MR, H SPI At S E IR, MR, ST
R se t N R
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Figure 5. Mechanical properties of different composite films
5. TRIRELLE AR NF AL

H1 151 5 #5A [ 5 B b A 45 ) 2R S Aep 0 S e sl T il T CWSS HhsZ et I S 1 B T
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BELBETENY, A A v ) W S A SR A% B A K IR TRV N I D T R B, {ER SPL HLEE R R
PEELS T EAERERIEZ, 5 CWSS #E47 38 HAE A G S e 214 5@ Wr 3 aE R 2t AT bAZs 1
s RS ETF[21] [22].
3.6. FTM

CWSS/SPI & & B i A an &) 6: &AM = LA 10:0 AT 8:2 (I As ih £k m A A K —3. K
W, BRBURLEE 6:4 1 4:6 4h, HAAHHIE A EBIRA R ESH T8I R 0.01~1 s I KB 2 LT
J5 T 1~100 s 1) %5 B LU BV A P AR S T B, X E AT 8T V)3 2 100 s I (S AT LR aE, KVl
KIkoN 2:8. 0:10. 4:6. 6:4. 8:2. 10:0,

10°

10?

10’

0.01 0.1 10 100

?3'”9]5%1%\((5'1)
Figure 6. Rheology parameters of different composite film solution
6. EAEBREFESH
JiiE Dy 10:0 A1 8:2 (A VR R FEAFAE RS 70 R H LR, JR A2 M9 L) B2 & T P () CWSS & B4
s BIBLN R  1R) G5 A LEAS R BT DIE R T BTS2 A A AR B e JAF A 225, BB LRI R A
AFEFRERETE. FELA 6:4. 46, 2:8, 0:10 RGBT 1~100 s (¥ 8Y J) 3 S [0 J6 W & B TH LR,
JABELZRE SPI S BRI, BB N, A A A B BAR I, (HEBEMTER] sy, =5
I R A ORI 5y AW, SRR A M 1B M R, BRI R S5 BT I (R O, 4 A BE 2 T3 /N B
TR, BUR S N A8, HREEE LI IR 2, PR R I Fa S T P [23] [24] [25].

4, g5ig

ASCUASF R S LG ) CWSS. SPIONFERE, MR HImSE N, RARELSI & E A, If
XPHAEREIEAT T TC. 456 BdR R A S HERE I 20 BT 73 DL R 2518

1) 6 AR & L E A RS PVC & A HRIAE B E il /N2 8D, Ha e 2 R FE 35188 5

2) HHERFPRAR U A A 1 A T E A AR

3) RAFELE AN WVP K/MEICH 4:6. 8:2. 2:8. 10:0. 6:4. 0:10, F LBl EA AL —&E
FHEEME, HA sy 0:10 FIE R WVP &/, BARUF RN

4) FiE N 4:6. 0:10 FIE A RAFBHMPE, & T S & i i 4R

5) 6 FAN A o7 & b 526 M ) b s FE AN BT R A e —, H R A 4:6 A Ihihn i ok,
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6) % LU R 5 R P B B D R AR 2 S B, 25 CWSS/SPI Ji & FUAHIE I, RN F iR i
F LB RGBT PVC BOM U K LLACE S 18T, TR 2 G R, RIEDCH, HEHIG

M 10:0~0:10 2 i1 A LB WPIR IR B EAR . SR E S UL REAS HH BUR O 2:8 R A EA RIFIHIE
B, ) IRAF AR A, ORI DU RENE AT R I R A R AL LA -

E&WE
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