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Properties of CaCl, on Nucleation-induced Whey Protein Fiber Polymer

XU Honghua GUO Ruichi XIE Mingming MA Caihong CHEN Ying LIU Yugqi
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: Whey protein concentrate ( WPC) is capable of self-assembling into amyloid fibril aggregates
under certain denature conditions, such as high temperature with low pH and low ionic strength. There are
two pathways for WPC to form amyloid fibril aggregates with spontaneous pathway and nucleation-
induction pathway, which play an important role in improving the functional properties of WPC. The
effect of CaCl, on nucleation formation, nucleation-induction and mature fibrils was investigated through
the relationships between interface properties and fibrils structure. The results showed that the nucleation-
induction method was more resistant to CaCl, than the spontaneous mode. When the CaCl, concentration
was 50 mmol/L, the emulsification stability of the fibrous polymer formed by homogeneous nucleation-
induction and two nucleation-induced whey protein was decreased by 30.92% and 34.09% ,
respectively, and the foam stability was decreased by 68. 18% and 78. 59% , respectively. The addition
of 20 ~50 mmol/L CaCl, can increase the polymerization rate of protein and reduce the activation energy
of the reaction. However, the rapid polymerization destroyed the orderly assembly process of fiber.
Compared with the spontaneous mode, the nucleation-induction mode was more tolerant to CaCl, because
it accelerated the formation of fiber polymer.

Key words: whey protein concentrate; fiber; aggregation; foaming properties; emulsifying properties;

nucleation-induction
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Ak T BOW UAE J1 32k a2 R 22 F)
BRI F2 BN o X AR B 2 ok 1 L3S B AL
P 100 E AT A 5 R B0 A 2R W (B AR A ) i e
ZEIR AT e (k) T L B R LT B 4T 4
RAEW R AR F 40 TR Bs ™ A
W5 FL I B 4L R e W S o, o e
CaCl, #e &7 i 3 07 30T B B0 27 4 3 5 W g
G TR 32 ) 5 15 B2, 368 5 7 B ) R P BT o5 7 oy ) A
(10 £F 24 210 e 45k A8 Ak R 5% CaCl, XTRZTIE (55 1 By
Bo) AT (5 2 BrBe) MRS (5 3 BrBo) At
TPk o (LA PR SRR 221k, R 5E CaCl, X
FLIHE ARG W) 128 A iU i

1 #MB5FE

1.1 FEHRB

FLIE e 4 85 11 WPC — 80, & [/ HILMAR 2w ;
CaCl,, 4li & 99.99% , b i Bl r T A= AL BE L 1 43 A FR
v B R T, Sigma 24 w5 HAL AR 2 K50 2 R 4
Mréti .

1.2 HRE&E
12,1 ¥R RS &

FLE WA HE H (WPC) . SBR[ 15 - 16 ], Bt
5.00 g FLIH WG H B (WPC —80) iF T K& 1K
1 {di ] 6 mol/L A1 1 mol/L HCI & pH {HZE 2.0 Ff
FH pH {1 2. 0 17K (35 %E FH 6 mol/L HC1 ¥ 35 pH )
FEZLE 100 mL,16 000 g B .0 20 min (4°C) , B 2
TR, PILEG A 200 B % &, A pH {H 2.0 9 25
BT KA R 2 0 5 43 3. 0% ,4°C VKA PRAF o

PIMR S IOCHR[17 - 18], & pH {H 2.0 JiT
08 3. 0% 1y WPC 1 90°C /K i il 2 h,4°C vk 46
PRAF o

TS BOCER(19], B3R pH (2.0 T4
$3.0% 1) WPC 7E 90°C 7K i Jim#4 10 h, 4°C vK 44
TRAF o
1.2.2  #Ker4ethl 4

[ & B 5% 3.0% 1y WPC (pH f 2.0) T
90°C /KB K 10 h, URE I T 4°C UKAH /AT o

VIR 5 of BRI A S B % 3. 0%
) WPC(pH ff 2. 0) IMAFI L 1: 3R 53457 ,90°C /K
WINH 10 h, BOREIF T 4°C UKAR DR A7 o

TREES B LR RES RS 3.0%
) WPC(pH {4 2. 0) LUARRLL 1: 31R & 1%47,90C K
I 10 b, OREIF 4°C WK DR AT o

2 FRE A A O TR A B 5 WPC iR}
GERM 2SR 1201 IR S WPC A% L ik
¥ pH {H 2.0 K URFR L 1: 3IR G 1957,

90°C /KB M AR 10 h, A I T 4°C KGR R A7 . J5 22
N 2 1 45 TUH s 340 08 2 25 11 RE TR A A o
1.3 CaCl, X 4% B BO &2 1

H T HRGE CaCly, X AZIE WL 52 00, 78 FLIE & H
JEORBE RO A 8] B -5 B 9 CaCl, il 5 4%, I 47
117 5, FIWr7E CaCl, /BT i #% 2 & HA 7
S B IE H AT 4E R fE

CaCl, X S5 AHAZ Y B 1) 5% i - B pH A 2. 0 JFf
A0 3. 0% ) WPC 28 mL ¥ /i 2 mL ¥ Ji£ 0. 15 .0. 3
0.75 mol/L ff] CaCl, ffiyE W CaCl, =758 0
20,50 mmol/L, 8 11 5 2 it &2 43 B0 0 2. 86% IR &
¥I51J5 90°C /KA INAA 2 h,4°C UKFE AR AF o

CaCl, X R AZIE WL 5% . B pH {H 2.0 Ji
HAr%03.0% B WPC 28 mL %0 2 mL ¥k B 0. 15,
0.3.0.75 mol/L ) CaCl, ,{#{AE W P CaCl, ¥k & 43 7
70,20 .50 mmol/L, 2 14 &2 2 J & 4 50k 2. 86%
RA 5 90°C /KA 10 h,4°C KA - A7 o

ZJE¥ EIRAE CaCl, /R IE MU B AR . —
WAL 5 B 53 %0 3. 0% ) WPC (pH {H 2.0) DIAFR
e 1231 A 147 ,90°C K ¥ in#k 10 h, UFE I T 4°C
VKA PRAT

25 FARE A I ) 2% <K B3R FE CaCly, 7 T B L
PIEIAIRE %S pH A 2.0 KB T K UKL
1318 A 357, DLORUE % ik B2 A [R], 90°C 7K 5 in #4
10 h, BUREIE T 4°C KM RAT o
1.4 CaCl, 3 1%i% 588 71 0 %2 1

T HRFE CaCly, X EZE T 0w, L 82 5
TSR] B F 3 1) CaCl, , 38 53 #2375 5 il 45 21 4
A CaCl, 19 B % A1 e H By CaCl, X415 5 1Y
AL

CaCl, XF #JAHZ % T 68 71 5% i pH {f 2. 0 i
WAL 3.0% 1) WPC ¥ AR A% 5 BT & 4 41 3. 0%
WPC LUARFALL 1:31R 53450, B 28 mL bR & 1A
A S 2 mL CaCl, {5 W CaCl, ¥ BE 43512 0
20,50 mmol/L, & [ e 4 i 1t 43 5034 0 2. 86 % ,90°C
TR A 2 b, ORI T 4°C UKAR PR AT o

CaCl, Xf ~ W5 S 68 I 19520 . pH {H 2.0 it
HOTEL 3. 0% 1) WPC B A% . IR % 5 BT i 4 5
3.0% fy WPC LIKFRLE 1:37R & 444, B 28 mL |
W RSN 2 mL R 0. 15.0.3.,0. 75 mol/L Ay
CaCl, iAW CaCl, ¥k & 43524 0,20 .50 mmol/L,
M R 2 T A1 RO Ty 2,86 % ,90°C KB A0 h,
HURE I T 4°C UKAERAE

25 FRE S I A WPC M R o Bl S
EETIK(pH A 2.0) IR LL 1: 31H A, L 28 mL
TRARES VN 2 mL ¥k B 0.15.0.3.0.75 mol/L [
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CaCl, ffiyEw b CaCl, ¥ & 435124 0,20 .50 mmol/L,
90°C /K ¥ N #4 10 h, BUAE IF T 4°C vKAH IR A o
1.5 HEHER
IR ITAE A [F B BEER AN CaCl, X 44 K 27 4k R 4
Yoy RevE B s e, I E T AE CaCly £ A R IE B
155 WPC e 175 S i 2 TP iR i CaCl, 78 2F 4k i 24
JEUSIN CaCl, By B & M S IR 5 1R
WS FLALE AR A 1 S #b H1 10 b, CaCl, MR EE R
0.20 .50 mmol/L,
L5.1 &tk
ZMESCHR[20 - 21 ] FFm Lot , B pH {H 7.0
A FREEARESTBMBER0.15% , iRk
(20°C) T4 1 min (10 000 r/min) J5 I 2 ¥ K 74 14
AN I TRl Wl U N I R 2 NS S 9 B
3B o AF X i R L S R I Y A AR R D
i (1) S Y BB 07 T TR R E R R, BT T
F,=V,/V,x100% (1)
Fi=t,, (2)
Krf F——RUMHETT, %
F— kg PE4E 5L, min
Vo—iE 0 0 h I () 3 7 R AR
V,—— 2 0 I e R0 AR 1 AR
t,——IH WL V,/2 BYFE] , min
Foype =Fc = Fo (3)
Foypoe =t — 1, (4)
K Fogpe— 815 WPC WAZIEE T, %
Foo—%F 0 25 AR G RS ML BE ), %
Fope— 85155 WPC 1Y I 7K F8 0 M 48 5%,
min
t——FF 5 1 R AR M 4R 4, min
to—%F N 25 FUARE & 1) 960 TR RS S 1 46 43, miin
1.5.2 FL Ak
Z: SR [ 22 ] /9 J7 38 LA et pH (B 2. 0
(25 B8 1 K B BEAE O 22 T 2 4 % 1. 0%, B 30 mL
FIRE S A 10 mL K G5, %3 H & AL
20 000 r/min ¥ 5 3 min, 37 BJ IO BB FLAR M 30 wl
A 5 mL & 20 %8 0. 1% By SDS ( -+ — &% 3 5 2
) B, AE 500 nm A0 I E RO B DA 53 5
0. 1% (% SDS 2 75 1 2, FL A6 1% P 45 B0r 2L A A
EMRETE AKX N
E, =2x2.303/[C(1-¢) x10"]A,, x 100
(5)

A
Ey =" x100% (6)
0

X E41—§L{‘{3(§'r§*5§& , mz/g
E,—3 ke a4, %

C—HE AR KT, g/mL
Asge— W WEAE 500 nm T AWK E
d—— K I 7 FLAL B R TR 8, 25 %
A, ——FLAL & 20 min B4 IO
Ag—FLAL B R E O min 5 Y W' E
Eiwee =E, —E (7)
Egwe =E5 —Eg (8)
K Eee—— 85T WPC FLALIE PEFE R, m/ ¢
E o—— X258 FRE S LR TR PEFE R, m? /g
Egwe—B B 5 WPC 1 3L 1k 58 & 7 48
B, %
E go—XF B 25 (U RE 1 FLAL RS E S 5L, %
1.6 Th T 35%EfE
Z MRSCHK [ 23 1A 07 36 30 m DA e gk, B 0. 80 g HH
W2 T(Th T) % T 0.2 mol/L ¥ NaCl.0. 01 mol/L
RSz il (pH {H 7. 0) ,JFE 4 % 1000 mL, H
KFR0.22 pm 38R U8, BT A3 U8 BY R Th T fiff #%
Woo MIEW{ER Th T T/EW, BDAE & W &4
0.2 mol/L f#yNaCl.0. 01 mol/L [¥ 2 2% op i ( pH {
7.0)Fi B 50 £ 6 2 WS T AR VRS AE A VKAR
4°CHECER B . B 800 wL A & m A 10 mL 1)
Th T TAEW S, BEM IR 1 min 5, TG 606
TN, e SECh MR K 460 nm, & i
WK 490 nm, B4 8 B 43 550 K 5 nm Fl 10 nm i
SE A [R) I AR ] R B i 00 28 i BE A Xk
Tyrvve = Tor = Topo (9)
K Ty BE T B WPC [ Th T 5658 i
T, —FE I Th T 28 G580 B
T py——XF 25 FIFE fh 1Y Th T 26 58 B
LA T 1 WPC 4 /NI 9% ' i B A8 b & o0 % 3
t+ 1 h [5G HREI 215 T 0 PR,
1.7 EAREXE
B2 20 mL £ F 50 mL B 0045 1,15 000 g 4°C
B0 30 min, B E 20 W, AR BILIC 2 205 e 8
o PR AR
C'=C/C, x100% (10)
L C—HAREGE, %
Co——HI UG FF T 3 (0T 5 Wk &, mg/mL
C,—t B AR R G 8 A B BT Wk 2, mg/mL
i Sl B A s kAL, AR
LB A B R EE R WPC R A
RIARE, TR B A IR R AR A,
KH

Clpe=C"-C! (11)
Xrp ClLpe—WE T WPC HAREG R
Co—XF i 25 FIFE Sl 9 3 1R A%
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1.8 EQAREAEE

FIH 1.7 45 v i s 45 S R Al 22 1 ] I 2 58 8
KXOME A K MRS RS R LA 4
B AR M B CaCl, 3h 11 % S50 20k

—df/de =k, C"

s d/de BN G AR A A h
n MU, 78— B MIAETE ¢ J5, &P B8R & Wi
HEOUEREY, DS EARERER C, T
Mz C (g/L) iGfkhgnt 2 A

(12)

méo ke (13)
CO

E,= -RTInk+C (14)

k=kCo (15)

A A— R ERF R (EAFRRGHEE)
E,—— W 1% L g
R—S K% %, B 8. 314 J/(mol - K)
T——J) 2=
1.9 HEGit o0

TR IR EE 3 K, R SPSS 16. 0 3 i

1777 22 oy B CANOVA) | K5 86 22 5 W 3 1 (P <

—_
(=3
(=]
—_
=2
(=4

0.05) , 45 R 2 IV B ME = A5 ik 22 Ko, i Excel
2010 F ARl

2 HR5WRR

2.1 FHE

FRIARAE G I R T E KT
AR 3 AN B BE L Y BERTE RN 5 6 2
W B 0 4 3 B Br R 4E R A W B B
P CaCl, 7E R IR B BEIR AN 2T 4E B4 W
TR T B A5 R [ 5% W, 58 1 LAk Pk BE B0 22 S
AR AR A 22 5 . IR LR AR [ KRB 5 B
FoRULN 2 5 0 R /NG TR R R 4 24
B3, TR AT LLE M, REI CaCl, W% 7E S M7
WG PEE T %, b kA S T M
S BN CaCl, i, FLE E HE T A & A TB IR
F 2 545 W i FL AR R VE G U A AL X TR S
D7 XM R R (1 B B B CaCl, &
A6 A1 LA % e L7 A 5 400 DA B 4 44 0 ik =
J5 (55 2.3 BB WG, IR T A &
I

[ 00 mmol/L [ 00 mmol/L [ @0 mmol/L
N 020 mmol/L = 020 mmol/L. 020 mmol/L )
7 80 50 mmol/L Ch ¥ 80l ®50 mmol/L CaCaCa 2 80+ BS50 mmol/L. CaCaCa
il a BaBaBa < BaBaBa I
kL AaBap, £ Aadap, = Aapapa T
= 60 % 60 = 60 T
4 40 = 40 E 40
e 5 e
= 20 & 20+ = 20t
B o
0 " 0 » 2 e 0— » ” Y e
Ak  HHEERR KBRS Ak HRRIES —REES Ep.3 PES KBRS
25 %5 25
00 mmol/LL 00 mmol/L 00 mmol/L
020 mmol/L 020 mmol/LL 020 mmol/L.
B 50 mmol/L o B 50 mmol/LL o 350 mmol/L. o
100 Ce ) Ce CaCa(;
S kS S o "] Aatapa  BiBaaBa 3
= 80 = = 80
: g =
4H 60 m ] 60
H oy i # 40
Z = =
= 20 2 =2 20
B ™ [
0 s 0 oy 0 o
EP3 YIS ki £ ¥R —kiisS .3 YRS RS
eS| S5 eS|
(a) 1M BL (b) #5201 Bx (e)H3HrBL
BT 4R R s B n CaCl, LA M A2 1
Fig. 1 Emulsifying changes of fiber at three different stages with addition of CaCl,

Xt HFLACARE PR 5, R U CaCly w7 &
MFLERE R T A K, K KBl 3 & T3
AR S o AERTE U (5 1 B BE) @I CaCl,,
HrlfbfmEmmRBEEs TART 5% 1B
BeAA, B 5 o Be (36 2 By BO) B CaCl, , #475
G070 A T AR B R Ay 2L A AR E R RE
TS E R, CaCl, W EE R 50 mmol/L B
PIMRAE = TS 3 3L AR B 2 4E K

AW A & J7 R S FL AR e M B M R AR T
30.92% 34.09% ;% TLF 4 C &8 M 565 3 B Bt
W CaCl, My#E & ZL AR e M JC B A8 1k .
2.2 EifEk

B HLRE S AN & 2 TR, KU N CaCl, B, %5 5
AR LRE e T H R, o TR S R T A
P TEAZIE U (55 1 BYBO) % hn CaCl, B, H
S FE SRR IR 0 TC B AR AR A SRR R
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200 00 mmol/L 200 - @0 mmol/L 200 00O mmol/L
220 mmol/LL 220 mmol/LL 220 mmol/L
| @50 mmol/L Ch ® 50 mmol/L o B 50 mmol/L Ba g, Ca
. 1500 8 e Be . 1501 0 0T Bbaby, Cecpp . 150 S BaBag, C
B ® %
£ Yiiigiks —RkEES Ak PitgisS kEaR 0 E)3 YiiagsES S
25 B eS|
sor 00 mmol/L. 80 a0 mmol/L, Ll 00 mmol/L
o 220 mmol/L . 020 mmol/L - 020 mmol/L
E 60 @50 mmol/L E 60L @50 mmol/L g 60 B50 mmol/L
E 3 o = BaBa
ﬁ ﬁ Bb g, Be g ponny, | lapabe Ba
£ 40p 4 g0[ Ac ca £ 4ol o
é% g Ab Ba gE
Aa x
E 20 :5_ 20} 5 20
0 0
0 £ 4 YPItES IREES BE YiiagsR IREAES B% HiEES keSS
25 25 25
(a) H1HBL (b) SR20 (e)5E30r Bt
B2 S AN RDIE BB BOAS i CaCl, 2 i M 78 b
Fig.2 Foaming changes of fiber at three different stages with addition of CaCl,
9990 0 06 4% BE 5 3 10— WG 5 B g 24 wr opk
. N A A 0 a =,
AR BF k10 2 96 RE 9 AT H Wi A%, ELAEE 30 RE ) B 120 Ab L
CaCl, ez AL/, 45 2.3 B BEVR I CaCl, B ) i 4
o N B o8or Be
14 32 Y60 B8 7 430l 5 %o REAE AR LL T B i AR Ak ;Lj o
WL PR B PE P 2 BT7R 45 1 B BN CaCl, £ ol
I RESR T 2F S 000 L 5 2GR B T O 2 2 N
Baaity, R WX CaCl, B} 32 M 22, S B 0
N . '~ N N 20 50
E(J Y@ﬁ{%%%'@ig'f& ﬂ: E] Z%jj‘itjqé l:ll:ll—l 5 E_ Bﬁ CaCIZ YZ? CaCly& i/ (mmol - L)
JEE F9 30 T ARG 5 56 2 B Be s CaCly B, 25 4% K3 KRR CaCly X5 IE BLAE J1 i1 5 1

ELER, AFABEAL BRI EREY LR
Hixt CaCl, i 32 P T [ &R &, 5 BORE & I IR
FaE b B R FE S, ELRE CaCl, ¥k B2 Y 3% fin 1 334
Jn L FE B M 50 mmol/L CaCl, B, B A5 T Ik
Wi 9 UK e M dE B A I RE AR T 68.18% |
78.59% . %53 B Bt i n CaCl, B £F 4 & 408 i,
CaCl, X £F 4 Jo 5% i, 3 BORE 10 70 R A e 1k A8 b
AR
2.3 Th T (A
2.3.1 B

i3 5 RE S Th T 98650 B, AT 7E CaCl,
VEF T IE 0 A% 2 5 B i 5 8 0 IE 3 27 4 (1 B
ST B R (Th T) & —Fh o e ge b, m) 45 5
Y5 2R 4 - B 4G MRS, A, T ) T S e £ i Y 5L
BNl 3 AT, CaCly X M A B
CaCl, XM 5 R T 5% i 4 T AN [R) 2 Fif
WA SR 3 e 1 M R B R TR

FEAIK CaCl, ¥ B T, A & W26 3, K T %5
S, B RF R TE B 2 A 1R T A% 1B AL

Fig.3 Effects of different concentrations of CaCl,

on nucleation-induction capacity

ZRNWIR R TR ). fE CaCly WREETR , H A
M 29¢ o B R T EOE S, B ME R T IR E;
CaCl, e JE B B 0 RE ) iR g
2.3.2 EifSOEgYEE

WE 4 Fros , K CaCly B, B & 12986 58 FE AR
T2 AR, B R EiE T s THMEESE S, 2 #

00 mmol/LL
160~ 020 mmol/L. C
B 50 mmol/LL Ba L
140 Aay =18b Eafey
a
" 120 3 Ce
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3 80|
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E 40}
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O 5 g
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Fig.4  Effects of CaCl, on whey protein fiber content

in different fiber formation modes
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Wi 5 nl 3G £F 4k 5. 2 B A% 7E 20 mmol/L [
CaCl, WRJE T, %15 T4 5 10 98 608 5 3 T 1 & K
i, A KB EE R SRS, H kA S
BTYWHZIBES, 7 50 mmol/L [ CaCl, )& T
W, A& MRS OO O R AR Y
YOG IR JE YU D, Ay B > T 23.14% . 28.43% |
26.91% , Ut B #£ 175 5 i B b CaCl, R AR A% 15 5 6
I1 WK EF Y 254 RSG50 B AR IH AR F5 35 #4015 =
ET AR R TR

R SR IMAS R MR B CaCl, 55 S
AE Y2 S, AN CaCl, B9 R A% KE A Th T 2%
JEIR BE 5 AN CaCl, WY #E & AR 22, ThT 285658 B T
[ 27.55% ., @A CaCl, HYKE & Th T %€ 5t 5 JF )
AN BM S S RS SRR CaCl, Wk E T
Th T 7GR B IH & T A &, Ul KR B A 15 T 6k
7150 CaCl, YREEF 3 Th T 58 658 & F B, 5 58
J1Ek . WERRNES SR A S 720
INEF 2 55K 1) TP 1

1101 1101

i b il [ & 7 U B X CaCl, 1Y
i 52 fg 3 22 , 3 b Ud B R 8 7 X FLIE B A 4l %
TE JCET 4 3R A5 0 1 M IR 32 B R 5 ) A% 1 T8 B 5 A
R, — B4 C LI, M A LT Eif R
HAFEREAE - EWEH A TIERAEEN
WA 4R G -
2.4 EARREEEN
2.4.1 EARREGR

WS FEoR  JE K AR ] AS [ RE 5 A R A
IR T R A3 R S B CaCl, VR RSN, R R
BB RIS, 26 B A8 K P b B[R] AN 4 R CaCl, ¥R
ESRHEEARZHREGIEBRK S TREY. G4
TG A Ay 3 B B, i R (0 ~2 h) FR AL
BRWI(2 ~5h) AW (5 ~10h), 5 AXRFBA
), 75 3 2R AR T S B A B, i B R AE 4
B R TR R 3G R, AR S CaCl, X R G
RIS IR, A CaCl, 23 38 55w bk i 10 38
B R LB CaCl, ¥ 8 o i o e K

1101

=]

5

Aa 00 mmol/L 00 mmol/L 00 mmol/L
Aa Aap 0020 mmol/L 020 mmol/L be 020 mmol/L
100 {meerad, a B 50 mmol/L 100}:abe B 50 mmol/L 100 H 50 mmol/L
8 c R Iy
dn 90H o ¢ 4o
B B B
kel e B
70H
6075 2 3 4 5 8 10 607 2 3 4 5 8 10 O 1 2 3 4 5 8 10
A E])/h S a]/h S E)/h
60 60 60
T 00 mmol/L o 00 mmol/LL - Da 00 mmol/L
= <ol 020 mmol/L = 50| 020 mmol/L = s 020 mmol/L
m‘ﬂ b B 50 mmol/L @ @50 mmol/L ] E(Qb B 50 mmol/L
= = =2
40 1 40
2 il
B 300 # 30
= De el
i Ce 8
= 20t Db o Be Ac g2
% D 4 <
& 10 “IMca [lan (B @0
Aa Ba
0 2 3 4 5 0

2 3 4 2
A E] /M
(a) ZE1GTEL

buﬁu# [&]/h
(b) 528 Bx

3 4
A ]/
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5 LA RIE BB BRI CaCl, HAR M1 BT R A %1y 2 4k

Fig.5 Change of protein polymerization amount when adding CaCl, at different stages of fiber formation

2.4.2 EHEHREAGHER

H & FIMBE S K230 CaCl, J5 #4
A BIE AT HE IR S W R & B I BT — e %2
FOIE D)o REM CaCl, W, M5 R E
SFHREGER S T AL, 22 ALK 1.44 5
L 61 %, A G 10 R & R e K, 0 B 1
EREMR T A %, I IE T A 5 B B TH LIRS
o BT Y . U CaCl, W] W] §2 5 [ & FIA%
V53 2 Fher 4R IR & 07 ARG R ARG AL RE , 24

75 I B e B A i i 3 K . #E CaCl, ¥R R
50 mmol/L i}, {4 % M EIFET R EIEFHR
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Tab.1 Polymerization kinetic parameters for spontaneous, homogeneous nucleation-induction and

secondary nucleation-induction addition of CaCl, after heat treatment

0 CaCl, %%/ (mmol-L~") EHBRGER R/ (g "L s WALRE B,/ (kJ-mol ™)
0 (4.74 x10 % £5.37 x 10 ~¥)Ae (17.08 £0.05)*
Ak 20 (5.32%x107° +5.42 x10 %) AP (16.95 +0.01)4°
50 (6.73 x10 % £7.73 x10 ~¥)*° (16.80 £0.04) ™
0 (6.82x10 7% +£5.84 x10%)B (16.77 £0.03) "
YIS 20 (7.48 x10 % £6.21 x10 ~*) B (16.70 £0.05) "
50 (9.94 x107° £5.44 x10 %) B¢ (16.50 £0.02) 5
0 (7.62x10 7% £5.76 x 10 %) (16.67 £0.03)
ZREES 20 (8.74 x10 7% £6.01 x10 %) (16.58 £0.04)
50 (1.10 x10 ™% £6.84 x 10 %) ¢ (16.40 £0.05) &
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