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PR R L8R A TE M 32 B S SR U AH B AR R X WA 7 =8, DU 2B 5 R 40 B R
R AT IR E 2 A W 0 2o T A A R AR M ikl A i S B AR E A
AT LU RO R S S RETE R, v e FLARTE e AR MDY (E R KT T R RO 4%
A LT 221 AR AR T s 07 e A 4Dk TGS 7K 3 B s i) b s ™ A, i L e i B TR A G, 3 R 2 L
KENLJE B LR g R 2 o 5 H e AR L, 70 OB SR F) SR8 B B 1 FRLR R, W] S B4 2 1
VR, NI S e, 2 o [RIEE, S2 SR A AT B U, A SE e R/ R A R E A 2 2R
1) A S BEORIIE

ASCLAFERME (CS) FIR 43 B EE 1 (SPL) 2y J5URk, 38 520 43 3 5 CS/SPI L LL (W pH {H . 25 158
JE REFE AR P I % o i et B 48, il 28 T AEAS 1 CS/SPT 4K ik (CS/N-SPT) |
A5 CS/SPI 4K ik ( CS/DN-SPI) F1 7% — [ A B 1) CS/SPI 44 K §5iki ( Ga-CS/SPI) L Kz CS/SPI W JZ
JIE IR B A O G HUH O HERiAR 20 A5 1 Zeta B A FEAT 700052 , [A] B 2R A i il 7 BB g% T
CS/SPT W22 JE (1) 5 T FH R T 285

1 SLEREssy

1.1 RIS

FERBE(CS) : mREE L L BERE > 95% VA F#HiL E L TAHMRA R KE0EEA (SPD) . & i
9T HErA A R W o Bz (98% H,S0,) i AL A (30% H,0,)  Z A AL 31 (NaOH ) | S fb 5
(NaCl) 2128 0 Hr 4l W F R EEIUE fe 2 Tl A BRA Al AT AR 2t g fe b 2

TU-1901 BB HEE ST UG 35650 BE AL (b a8l A S A BRTTAE A 7] ) L 76 500 nm A0 7 7%
HHR(T% ) , K JH 100-T% /R BE , Nano-ZS R Z A1 s ARG EHUHN (1 B /R SR A BRA A L i
UK R 633 nm, FUH AR B 90°, IR 25 °C , JSM-6701F R4 i - B il ( H AR F 24
Ao
1.2 RBEBKREH

FEHS mL REE N S /L SPLVEHR , A —ERFRINH BN 2 o/ L CS I . W9 pH (E JEA AL
L B TR BE DA SR AE SRR 1 b, I ZOKA SRR R A 20 mL, B4 CS/SPLIR &AW . I
BAERRIE,

1.3 JETS1% CS/SPI 4k i ( CS/N-SPI) B4l &

ST HERRFEEL S mL ¥k EEN 5 o/ L Y SPI WA 2.5 mLYKFEN 2 o/L 1) CS W, 3515+ 435
%7 2 mol/L NaCl ¥ F1 2 mol/L NaOH 19 715 7AW 2594 5 2 20 mmol/L 1 pH (K 5.5, 1 —Ik
IKANFEEBARFRE 20 mL, EyEHERE 1 h, BIFAEASYE CS/SPL gl K fiks (CS/N-SPI)

1.4 2% CS/SPI 44K Fifi (CS/DN-SPI) Bl &

S MHERRFEEL S mL ¥k EESN 5 o/ L Y SPI AN 2.5 mLYREN 2 o/L 1) CS ¥, 51+ 43
T 2 mol/L ) NaCl VAN 2 mol/L ) NaOH 588 7 1A 25 -5 4 2 20 mmol/L A1 pH {Hl 5.5, H
TR AR 2 20 mL,90 Cm#giiHE 40 min, RIFSAR M CS/SPI 44K kL (CS/DN-SPI)

1.5 CS/SP1 W EERFI&

1 98% Bl 5 30% i AL A LA 723 BYIRFH IR G, B 3 58 58 i AR & W A 100 °C T b 7
30 min, ZRJ5 B BEES A ZUOK bk, iR B RIS R B B 5 B ATE 2 o/ L Se R
W R 30 min, PR ZUOK YR, IR T B ARBT, B 7C RMZ B, SRR T B B A
5 ¢/L SPLYEW (pH =5.5) i id 30 min, B 5 H Z0OK whe, B S8BT, BIFS CS/SPI XUZ AR

2 #ZR5vHe

2.1 BN ERBESKESEECQHEEEANEN
BB HRIAS ] & HE Y CS/SPLIR A, MUARFURAE , H B RIETR A SPI gk i — 5, 1315 %%
CS/SPLIR A pH AE A 5. 5, I HGZE G R LA AR R A3 BE A0 1 1 Bl 7S o 76 70 SR Bk 3 B AR i), B
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m( CS) :m(SPL) (RZEHHE K IR AR /N U 7 R 5 R B s A A T B 41 IR AT B
s CS W BERLARET , W rh 22802 SPL B LR CS/SPL alVE IR AWy /b, SPT IR B R I i
FERCR, 2 m(CS)/m(SPD)7E 0. 2 LIS WU CS 5 SPLIE R —s2 & CS/SPLAIIEMEE &), BUl R &
RO UG T R B CS W AW, 25 m(CS)/m(SPI) #iid 0. 8 LU, CS 1 i 3 HUA R
MWEEFFIRAR K . FEFE R S K G/ B R 6l 0.2 ~ 0. 8 Z (A M, Pt B BEAS R REA AR I35 31 Jge /)y
{8, ZJa BEHHE R, 2 m(CS)/m(SPL) =1 W EIAFREHF A . fa] LI, m (CS)/m(SPI)
0.2 ~0.8 2 A AR R R FEIX )

100 50

80} 40}
< 60f = 30}
= =
< , g
= 40f = 20t

20 10F

0 0.5 1.0 1.5 2.0 4 5 6 7 8 9
m(CS):m(SPI) pH

Bl1 m(CS):m(SPI) LL{EXT CS/SPI YR AV Wil & K2 pH{EXT CS/SPT &G R B 1) 0
EhA| Fig.2  Effect of the pH value on the turbidity of the
Fig. 1 Effect of the ratios of m(SPI) and m(CS) on CS/SPI mixture solutions

the turbidity of the CS/SPI mixture solutions

2.2 pHEMNZERESKESBERHEEFANZN

REIFEEARZH I ERRE A, 2 TP 14 5 LR, 7RI P A A L 8 T R TR A7 R A P
A7 5 7 SRR S P SR8 e AR O, 6 R Y 4 e 0 T TS IR T 1 A7 (I X ik
PPR0 R P AR B TT 5, 2 1 L 2 R 5 PR TS B B S R IR A SO, H pHL R 2
WR . SHESRME AR SR, NIRRT, 70 5 R E 0 i & A7
F KA T S S8R ARSI AR B A, M 5 DS E AT T 2 181y A 228 o e, i b A PR 5
BEAT B 4100 320K 0y IR AR pH EJE e A i R ZIN R 18] 2 P A A i Le i
CS/SPI iR AR 2 MU B T pH (E A Z L%

— B, S SR i S A B P O LA B IR G AR R pH (R, S BT
3R 1. B TS E A B M IS E N, 0. AR S W rIE s, I AR5 W e A o
B HE 2 ARHER L, VA pH (A F) 4.5 B, phRE SRR K 1 S BT R BEE pH 2k
4.5 JeAT R S4B AR (A, S SCHR Y B (pl 2 4. 8 ~ 6. 4) BEOM T . {E1% pH {HIRE 1, SPI
(P BE R/ BT AT SO IR B3 K o Bl , P S 2 i/, 25 pHELIK 2 5. 5, ¥k B B i O
BRI R o XTI Ei% pH (EIX RN ZE M5 SPL i JoH AT, RIRZS T o i/ ey SPT 7RV
HR R B IZHTHE R E

W5 7E pHAES. 5 ~6. 6 Z[a] , 5 YR KL PRAp 3 RO 38, [ Fof 39 A3kt BE AT G 48 o IR SPT 2 iy 5
TR, SE R A IR BT Z A AE w5 AR A JE n] 1k A A, IR T 2
W pH AR T 6. 6 LR Wb BETHIR I 3K B pH (A2 #T K, SBE R R R, 5 HL24 pH {H
KT 8.0, P BURR IR . W15 pH (KT 6. 6, Kifk CS/SPL AR S A, A A1 73
BILRAS I o [RII, 72 SO T 9 B A R AR 2 5 DA R B R E B R 2 —

HIAXERS 2538, 24 pH (HTES. 5 ~6. 6 ZIAl IR FR i Kt CS/SPL Al it E S WIE I, 1M
FERMES SPL A 5 | 11 il doesit , JE S BRTE S-S SPL il B 43R A pH (EIXTH]
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2.3 BTREMERBEMAESBEAMEEERNZE

BT RS R AR T 53 A — A R, BRI A S 1 5 3 T P A G, 32 B AR T
G IR i 5 =104 N O 14 1 OB Oy N s ) e 0 et B B SN LR G I o L S
K3 2 m(CS):m(SPI) =1:5,pH =5. 5 I} CS/SPL{EA 14 £ 1 1oh 2 5 ik 5 R 2 8 Ak i 3, an &l 3 i
7R, 24 NaCl ¥ 2 /NT 20 mmol/L B}, ot B/ 5 24 NaCl e 4 20 ~ 50 mmol/L Bsf, it 8 L AR AR 35 A28
24 NaCl 3¢ FFEAE 50 ~70 mmol/L Bf, Jit BEREJC s 24 NaCl ¥ & /T 70 mmol/L B, et BEAR- R0 /M a3

RSV FERAR S 5598 (NaCl YR BETE 0 ~20 mmol/L) i, /N3 185 T HIAFAE B e 1 7¢ R bk
FHER AT, i R M e M S O, X SPT 231 R B A IS 5, A 1 T CS/SPLRAEIRIYIE AL
TTAE A 25 RE B 15 B (NaCl 9 BEAE 20 ~ 70 mmol/ L) , Hy /N385 5% 3 vt fige Jo 4 o i AR L (6B
T Z TR A AH B A FH 0 55, 38 A M RS G O, A 28 0 B g R, AR S 3 R 1~ B, B NaCl ¥R B2 KT
70 mmol/ L., H £ i MCAE HT S BA 2., SPT 5 72 SROME (1% 9 vl W2 5 |/ T ) S8 0 3 , R AR A T A i 3, 1o 2
B P, AMERF 2518, FERARAY 2 738 B2 T (NaCl ¥ BE/NT 20 mmol/L) A #1 TIE A B ik
SEF) CS/SPT SRALMA , my g ik BE A PREE SR gt o =2 8] ) AH B AR s, BELAS: T B AR T I
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adf

201 T 20+
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K3 B il EEX CS/SPT R &5 WL R YR ) K4 90 “CF At ) xf CS/SPT IR A3 48 W et B2
Fig.3 Effect of the ion strength on the turbidity of the AL
CS/SPI mixture solutions Fig.4 Effect of the annealing time on the turbidity of

the CS/SPI mixture solutions heated at 90 °C

2.4 BENERBENASHSBEEABALENZN

PRAD PRSx| L B TR AR 1, A AE B (1 043 PN AR I o3 i K 2 SR SR Bk T s i i 22 Ak
REEAESN, BB AV A S S 3 58, A T 285 8 A5 2 6] 1 Bk fE s o %)
SPI Sfeiji, 7EBARIELEE I, A G A (LA, S B B K T 90 C v, ik 42 45 & A ks 46 ™ o Ik,
#5T m(CS):m(SPI) =1:5,pH =5.5 ) CS/SPLIRA R R TE 90 °C 3% HhAF oy B i st (1] (1) 25 AL 175 O o

e 4 fros, 24 CS/SPHR AR RTE 90 CF 32 # 20 min B, CS/SPI R A5 R BE 34 K & i KAH; Bl
32 BRI ) ) A o 2 0 55 , I L 32 PR [E] FE 30 ~ 60 min, 3 BE AR AR X122 . IR A1 R 2 Bl
it 60 min B, R IR SR UIVE , JEBEE B ] A S, TUTE LI 22

H UL VR AR R AE 90 C a3z #i ], 208 th TR 1 e W A8 v, K g K LA Sh iR, T
BRI T2 R0 1 PR SR A, 80 BT 5 R, SPT A5 5% SR B i KV T3 3, 5 508 R
CS/SPI AR NN R B, A2 K, 4 R EUR R MR K, Y2 340 [ 2 20 min, SPT 477 #9945 P %
AGE R, T A SRR CS/SPL SR (R Bifi 25 400 Fof (1] 70 0B 528 ¥ 28 15 B0 55085, oy D o Bt B WS
WA FEAR IR T2 . il 32 P RO FE K , SPT ¥4 % 2 WA, 5% SPL 558 MR 23 25, M T
TR A
2.5 WARBHHEDHERE Zeta AL

WE 5 BiR A bR Size (d/nm) B A 48 K $50KE (1) 3 4 11 2% H 4% (Hydrodynamic Diameter, fij 5 4
D,) o B 5 AHMER H, CS/N-SPL KRS AL , e i W RAE 177 nm (8] 5) o Zeta HLA7 2R (- 15.03 +
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3.20) mV (1) ,CS/DN-SPIRIAR /MRS , EBCR: 0 :
1 512 nm LbFoMEE R, Uk R T3¢ CS/N-SPI 4/ >k 77omg
Wik (B 6) , Zeta A7k (19.80 +1.47) mV,
55 CS/N-SPI K UKL 181 L fop 4SBT AH 2, 3% & T §40
SPI igﬂ,{lﬂ;ﬁ)’fﬁ[o q‘;:; e et e T ot ete e T et E T TateTereratete | T e e T e oot e e e et
ﬁl CS/SPI gﬂﬁk*ﬁ%ﬁgzem mﬁ_L.H - crerarnsnrraredereranrnnsnere e et e ens ey

Table 1 Zeta potential of CS/SPI nanoparticles (W TR T 1 N T

Nanoparticles Zeta pentails/mV S.D. . : :

CS/N-SPI -15.03 +3.20° 0.1 1 10 100 1000 10000

CS/DN-SPI 19.80 £1.47 dfum

Ga-CS/SPI 3.43 0.42 K5 CS/N-SPLY KA THiAR I i

a. All experiments were conducted in triplicate. Mean values and

standard deviations(S. D. , n =3) were calculated.
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d/nm

Pl 6 CS/DN-SPI 4Kk T-RiA2 A
Fig. 6  Size distribution ofCS/DN-SPI nanoparticles

Fig.5 Size distribution of CS/N-SPI nanoparticles
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Fig.7 Size distribution of Ga-CS/SPI nanoparticles

T CS/SPLR R HAFAE S F T FI7e SR G , 2 3 o 22 IR P A 3 S R Sl SRR I i 2 A 5
SR B 1) = ] DA T I e A S o ANIEL T s, A, I ) B B 44 K B ( Ga-CS/SPT) 7
143 #1488 nm H BP0, {05 CS/DN-SPLAR G , RS B i/, Ui W13 8 14 S 3R A1 P Ao 5 Wi 4
[Fi) i 3 JRCSCHR B AN B o SPT B S R B A F 1) G KL AN 58 RO 5 ) 2k 5 G I S I, A AT T X ok

R 1) HE A DT RIS/, B Zeta B /)N
2.6 CS/SPINEEHHEEFEME

[ 8 Sy SEM WULEE B (1) 70 b HLZ R TR A, CS M2 P B T R E A SIS £
SPI iR i) , JE B CS/SPL XUZ B, ke LA I IH K, HR B IS (K 9) .o

K8 CS HRRMRTIES
Fig.8 Surface morphology of the CS monolayer film

K9 CS/SPLXUZ MR YK TR 5
Fig.9 Surface morphology of the CS/SPI bilayer film
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NP 10 FE 11, 2R SEM 43 5i%F CS JEAT CS/SPLAUZ BT T4 700, CS B2 IR JEL B 24 300 nm
(K 10) ; CS/SPT XUZ HRIFERE 73 A1 5], A5 A B, JC R BG:, IIEL 11 W75 035 M A9 SUZ 454, J=
29500 nm, FRSERGII, CS 5 SPLA] DUl i AR R 2SS IR I i/ SR F U S R [, SPT
RIETE 1 CS B JZ IR I ) 0,28, (ol B 1T S I T AR o 20/ SR 8 I XUZ S5 A TE B, D S T
PE— B EEE T A

-~ __;;A-b’,.‘s

500 nm
100 non
10 CS HZ B W2 E A Bl 11 CS/SPLXUZ MR WTZTE 5
Fig. 10 Fracture morphology of the CS monolayer film Fig. 11 Fracture morphology of the CS/SPI bilayer film
o o N
3 4

BCLE AR pH (R 8 9 B LA R S5 e CS 5 SPLARIL R TR 24N R . €S &5 SPI pyZY
EAEREERC L X H 2 0.2 ~ 0.8, e i pH {HLH 4 5.5 ~ 6.6, FERARAY & 751 & T (NaCl ¥ J&
<20 mmol/L) A H TH AT R EEHI 1 CS/SPLIRARIR . w8 B 15 B2 A FREE b, SR B o 2 1] 4 A
BT BHAG T SRR Ao R A T i P A0 S B A AR LA P 1 e BB g
Horp B s VM5 S5 R B VR IR 5% o 1 RERY SCIRVE I CS/SPT oK BURLRL AR 1 4 , [7]
I i BOREAR I3 A AN K LA B i LA AR AR o £ pH =5. 5 SRR T il & 1 CS/SPLRUZ R o

Z % x M
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Preparation of Composite Based on Soybean
Protein Isolates and Chitosan

ZHAO Weigang, LU Zhenwu, LU Shengfang, HE Naipu”
(College of Chemical and Biological Engineering , Lanzhou Jiaotong University , Lanzhou 730070, China )

Abstract Electrostatic interactions between proteins and polysaccharides are a fundamental physico-chemical
phenomenon in vivo. These interactions are believed to be the main driving force for the self-assembly. In
addition, a proper understanding and control of this interaction should enable to design desired structures.
Herein, the influences of mass ratios of chitosan( CS) to soybean protein isolates( SPI) , pH, ion strength and
temperature on the interactions between SPI and CS were investigated. The strength of electrostatic interactions
between SPI and CS were mainly influenced by the pH values of solutions. The aggregation of SPI and CS
occurred at pH varying from 5.5 to 6. 6. At the low ion strength, a compact CS/SPI aggregates was formed,
whereas, CS/SPI aggregates are dissociated at higher ion strength. As the heating induced denaturation of
SPI, hydrophobic amino acid residues on the peptide chains are exposed to the solution, which results in an
increase in hydrophobic interactions between CS and SPI. Furthermore, CS/SPI particles and bilayer film were
prepared by adjusting the factors above. DLS reveals that nanoparticles are formed by the self-assembly
between CS and SPI, and the hydrodynamic diameter is about 200 nm with uniform distribution. After the
denaturation of SPI induced by heating, the hydrodynamic diameter is increased. Cross-linking by
glutaraldehyde inducs a little decrease of hydrodynamic diameter. SEM results show that there are some cracks
in the surface of chitosan monolayer film with thickness of ca 300 nm, and the cracks disappear after the
formation of the bilayer film( CS/SPI) with thickness of ca 500 nm.

Keywords soybean protein isolates ; chitosan ; electrostatic interactions ;nanoparticles ; bilayer film
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