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Abstract: Conditions for the transformation of insolublesilk fibroin into seluble regenerated silk fibroin and the effect of structural

changes in silk fibroin on its solubility were examined to erable preparation of soluble silk fibroin for use in food products. The effects of

<,

solvent system, temperature, salt concentration, and etha ion on the dissolution of silk fibroin, as assessed by dissolution time and

the nitrogen solubility index of the regenerated silk fibroi analyzed. The results showed that insoluble silk fibroin could be dissolved in
calcium chloride-ethanol-water systems;soaking of silk fibroin in a’solution of 4 mol/L calcium chloride and 30% (V/V) ethanol and heating at
95 “Cfor 9 min led to complete dissolution,/and the nitrogen solubility index of the regenerated silk fibroin reached 91%. Structural changes in
silk fibroin upon dissolution were also. examined using low-field nuclear magnetic resonance (NMR) spectroscopy, circular dichroism

spectroscopy, X-ray diffractometry,<and scanningelectron microscopy. In the calcium chloride-ethanol-water system, interactions between silk

fibroin and water gradually in in strength, the silk fibroin fibers swelled and gradually broke into a lamellar shape, and the crystal

structure of the ibroin was In solution, the structure of the regenerated silk fibroin changed from a -sheet structure to a random

coil structure, res in an.improvement in solubility.

%Nor ilk fibroin; dissolution; nitrogen solubility index; structure

T F AR A (ilk fibroin, SF) FIZ2fEE (A
i, P2 FRAL TN 75~83% . LEKEAS
NEHL YA, ZinsidEs, DK REFrIpL
RPERERIEARED, Rl 2 M TR . B
PR, FALP 5 A TP 2 241,
Yris HER: 2017-01-20
E&WH: TABARNEESTHE (2016JJE120003)

EEEI: BRESA (1992-), &, MTMRE, ARAE: fmiE
BIREE: X0 (19720), &, H1, %, MxHE: EYPRTFEH
5MR%

bb, LR EFIE T AN T i, Bkl ens
PEARIL AR I 2 i, BRIAR . B BB HETETAS AR
UL BURAERD T [, ATt 2 R R IE R
AFL ERIREYRAEDhRERE, T ELSGE & i N T
Rt AARCHPRH — RIS 2R EARIR
Bh O RIWAIEE S, EA AT UER A 25K EN
R A A LA P AT e P S R 0 ) (K M6

RIRLF R AR TATI p-Afr B4, 197
TIRIRN T N SR A T AE AR A T SR e
AT KN LT ARIRAN TR 22 3R A

37



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.9

AR AR 22 R R (regenerated silk fibroin,
RSF), &4 ez g F& M ri . Wi 2R TohL
IR RIRLLEEN, AT \ 4 A 24
FEROAMGR R, FIHEE-FRE-IK, SE-
CWE-7K . SRS - - 7K DA e R R 45 - 20 - /K AE
60~70 ‘CHMFLLREH, VRN AT E 1~2h, RE
2 NP 22 R A B T A A IR R hiEmE 2 h,
SRR AR 22 R B VAT Y 2. DL BRI
HHS A2 R E 2 N T AR, il
M2 R EOSHBONTEE, BEfrEeEZE, B
X} 22 R R SR AR AT IR NI T
ASCIT H BILE T 84— Py i SE 0 P AE 22 5%

FAMAHT MR A TX—HI, EaffEd
DA 22 35 0 1 (1) 56 A T AR T TR RN P A 22 21 B 1 IRV AR

(NSD Mfabw, WHICEARIA RER, WETR&H D
TR FEANVE AR 0] 22 R Re ), [ ISP AN
L RAEFMAS . LB ROK PR A R AT N,
FHRMEIIAZREIEIRAN  [B — EEiEASRN XS 2R AT A 55
ST AR 22 R E L ISR, DA B 22 20
AT AT o

1 HRSES

L1 S is

1.1.1 A5 KA
i, WL 2 EAML A TR AF] s HRER

IK Y ek, R A

ZEHTAS, EEREAL AT,

1.12 BEL5EE

&

V R RS RER

le 1 Composition of solvent systems used for silk fibroin dissolution

101-1 BUHEIGRTEAE, JERMHE AU
FRAF]; SHI-A BURAERRL KA, BN R
TAHRAT; DC-1500 W55 L, kR &
BHERAT; IDGO.2 HAAET L, ZMEHLESS
T HARBRAT; 5418R B5.0041, #%E EPPENDORF
AF]; SKD800 HANILEEAL, Bk
HHRAF; Micro MR20-025V-1 K% RS B 4
i, BigAIE R TRHATR AR MOS-450 [
4%, ¥:E CBIO-LOGIC A7]; F16502 F14 s,
fii*2 PHENOM A ]; SMARTLAB3KW X-£87047
10 RSB E AT .

1.2 i
12.1 “TiEMBAA %L EORE &
23 RO i IR RS G, PRI 50 g %

Z2JNA 5000 mL, |5 /L HIGRRREAE T, £ 100 “CHn
40 min L RIS TGN 2R B, BRI 2
REEAHEE TR T REESH. K8 g%k

éeg% 120 ml, JESVEMR NP, AR T

60001/min ﬁmin J&» 48 8000 u iEMTASENT 3 d
iiEh, B4 h F—IREE TR MGG L RE
A TAEHEXVIRE 150~160 °C, Y XUREE 70~80 C R
M55 TR BRI A SRAT P VAPE R E 2 R E R
12.2), 2 F5&QIEMBEAR
NP EA RIFEMENHAELREA, BT
VSRR RICERE . VMR R IIAA RS VA AL P S5 2%
BRI, LSS 4V ] T (min) AIEVARTEE NSI
(%) LA b, WAIAR 1 R ERrKE
TR AT it

TR B A PR,
\ CCW CaCl,-H,O ( Calcium chloride-Water )
( , CCEW CaCl1,-C,HsOH-H,O ( Calcium chloride-Ethanol-Water )
y CNW Ca(NO5),-H,0 ( Calcium nitrate-Water )
CNEW Ca(NO;),-C,HsOH-H,0 ( Calcium nitrate-Ethanol-Water )
MCW MgCl,-H,O (Magnesium chloride-Water )
MCEW MgC1,-C,HsOH-H,0 (Magnesium chloride-Ethanol-Water )
ZCW ZnCl,-H,0 ( Zinc chloride-water )
ZCEW 7ZnC1,-C,HsOH-H,O ( Zinc chloride-Ethanol-Water )

123 “4F&EGIEMBIIARLEMTNOFR
TELE E R G SR L SR A T, bR — g I [,
e B TR 22 EQERE, FFRUH KRB 2
R, WHEREIK S 5 RIS AZ LRI i 1)
R St PRA 10]s VATV 22 2 8 A A B — il s

38

HHARBOCE . B ERRIF LR EARTET, Ko
TR 22 R AT S TR Y XS AT
I FLARTI0E e AT - B A B SR AR I 3
124 £F&GQUEMIEE 6RE

AR A AT AERAN PR R 22 38 SR A O ATV P Y



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.9

HAZZEABLREABRTHART, BEEHLR
Yise Ao, FTRERT IR AR A T (min).
125 BA2LEZRO RSSO %
SHAIEN N TR EAE L, HERIFRER 1 g RS
%2 0.0001 g) WA R E R RFEMS T 50 mL ke
Mo, EHL40 mL 23 1/K, F=Ei IR 120 min,
RIGERZE S0mL, §E L8, BCEZE 1500 r/min
B0 10 min, SAJEHGEC S IS 10 mL. HBLK
SE R I E IR mT i I 22 2B R R I
Brg, BN TR EE AR EI(NSD:

A0 =N x100%

Kb N, Eikiad SR B(me); N AHHEE QBT8R
S & (mg).
12,6 “EFQEMERT

P22 2 B TR R P InFas il — BYi (], B
RIGARI 22 R L B 7K, T 100 CHET.
M-M,

BRRZR(%) = x100%

AF: M, ARBEMRAOLFZOREmE); M HIEMA L
*%& 48 Z(mg).

12.7  #£F% 4 8RS AR S R AT 18]
(Ty) WE

SRS T R E S L TR A

A% BT S 5 A A AR 22 2% (VO ) st PR i A0
SEVEF Q-CPMG 751, HZ%ftish: SW=200, NS=4,
SF=18.38 MHZ , TW=2000 ms, NECH=4500
RFD=0.02 ms, TE=0.385ms. Z%XE 55, IR
B, BN ESR 3 K. 7

fifE i 22 25 55 LR Micro MR20-025V-1 {%371%H '
Al, Al

G B = &g
| BRI W22 REA
W kR £ N 53%107 g/mL, A H
MOS/—g 1% M B B — (il 500,
AN R T BN 190~250 nm, H5 R A
WRERE 10 R JEME; 1RSI — ki a oy
250~350 nm, R ARG RE 2 A5 fE Il . A gekE
SRR 1.0 mm, MHESH: W5 1.0 nm; FHHE
2 100 nm/min; WANTE] 0.5 3 4MHF% 0.2 nm; F14
UHL6 IR
129 #ZEZEFOfHELEROHITRIK
FIF F16502 BN ER 2 R EAMEAEZER
HATE SRS R OIS, R 10KV,
RIGIARN 22 2 B ABORAREL 1100 £, FAE 22 KR AR
KAEHCH 2000 i, XFAE S AT 4 S

12.10 ZEZZOFFHALEZEOY X-SELT
5t A

22 L'y 7%, ) SMARTLAB3KW X-5f4k
RSO R 8 0o) it Je 2 22 A AR 22 R M AR AT
X B, 0% 20=10 °~50 °JF)fIRTHTREE 2k
PRS- 440 Cu Ka(A=0.15406 nm) & HiIE 40 KV
EHUL 40 mA. HIEEN 4 °/min. FIH] JADE6.0
o PRV SEAT 40T, B S AT DAt T [R) BE
1.2.11 #dEae g | 4

IEFH SPSS 17.0 Seit- B st AT 5L R 3R
77 25341 (One-way-ANOVA ) /ERARZE Tl 2517y
M1, HIAERA SN-K kL, BA p<0.05 M 28 el »
B lE 2/ B3 K.

2 BREHH ..
21 AR

2 S8 AaEE R A

25F "

T RINE] / min

COW CCEW CNW CNEW ZCW ZCENMCW MCEW
AR
B 1 LREEENEIARARPARHRETE
Fig.1 Dissolution time of silk fibroin in different solvent systems
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Fig.4 Nitrogen solubility index of regenerated silk fibroin at

different temperatures
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Fig.6 Dissolution time of silk fibroin and nitrogen solubility
index of regenerated silk fibroin in solutions with different
ethanol concentrations
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Fig.9 Near-UV circular dichroism spectra of regenerated silk
fibroin solutions
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