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Abstract

In this thesis, both soap and enzymatic degumming method were adopted and the optimum
degumming conditions were obtained. Difference between the two degumming methods in
silk fiber state was investigated and analyzed on the basis of the results of physical testings,
polarizing microscopy, scanning electron microscopy, viscosity measurement, (o.+¢) amino
group contents measurement, birefringence measurement, amino acid analysis, thermal analy-
sis, infrared spectroscopy and x-ray diffraction analysis.

The results obtained were summarized as follows:

Physical test results of the degummed silk fiber showed that the tenacity and the elongation
of enzymatic degummed silk fiber were lower than those of soap degummed fiber. But SEM
observation and amino acid analysis showed almost the same tendency in the two degumming
methods.

The viscosity of enzymatic degummed silk fiber was lower than that of soap degummed
fiber, but (a+¢€) amino group contents was higher in the enzymatic degummied fiber. It can
be suggested that the enzymatic degummed silk fibroin was more degraded than the soap
degummed fibroin. ;

The birefringence, endothermic temperature of DSC spectrum, IR crystallinity and X-ray
lateral order factor of enzymatic degummed silk fiber were higher than those of soap degum-
med fiber. It seems that the enzymatic degummed silk fiber has the higher crystallinity than
that of soap degummed one according to the above results.

However, it can be inferred that these differences between soap and enzymatic degummed
fiber would be lessened if pretreatment and aftertreatment were included in the enzymatic
degumming process.
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e BT AES BHEY 5 d=E Agus
Titp s AAsk: HAS HFel=tr shy B
Aol g FAL )& Bat opvle) BEH, SRR,
KB, Bk ¥ e Fo FHd= Fo3 #AE
7HA AL yleh

R S RS e Qslel KRle) B g8
&3 2l ofsle] Aleale] B fFAS FIFshs
Wy HEE H6F BRe 5 fEHe FIEsE
weg A vE 7 vtk

A2 T &S FiFske He o8 A¥H
Ale-Eo] o o2 A #EH 0 = marseilles H]
%, sodium carbonate, sodium silicate, sodium bi-
carbonate, sodium tripolyphosphate &9 U7la]A
WHEF 353 alcohol %o o) R EHH, ether
B Jeol & A EHER Fo] o]8FHZ B 4
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EAE BERE o)&3h: Bk e g =4
A FEHE 37| dEol Bk A4 HH 2l
B 4 5 sle Wyez &8A gtk o]
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5o FEEEAtEe] Bk EAEC HE3le] o7E K
SFLI L Eol Ujd BEE F/HA7| 2R vy
= Grleltk B ol o Bk A9 v A
ZhA 2 JeHES)] 1981). B¥ER KK B8RS B M
g Foli Bk FHe) =5 Agie Wl &
EA171= BigE A4 3 Al=lAls S5 i Bk
B I, B3 BRE 3] 91 REE fe
=o} olchHhngE 1988). I+ EEE FEEES KR &
teell 7172 BRR(PH 6~8) A A7t 7edes
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o2 EHFY 24 d4e H 837 e §
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7tel & o] &3tH acetate Fh7} BIFIEe] e
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Azjalel el R 2Haol zlolst Slewl 1B Kkl
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B 2 4] serine, histidine, aspartic acidell #oshe=
EE5%o] 1L diisopropyl phosphorofluoridate % $8{¢]
$7) Qlat 3HgHEe 7bebd serine AV KiEdhe
EAL FHAZ QT thiolkE Hrske Aot £
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1. WS +iEt

BT BREE BEA Seket BITE el AR
—H B HERS o] 8] Z1E Al 9lslaE 21 denier
2008 HERHE o183kl A 3BHi= vT B
Ao 2+ marseilles Bl 7E AM4-sloly EEER BEA
22 Bacillus licheniformis23€] 583 EQH
i BEREA W Alcalase 2.5 L{serine type2]
endoproteinase 2.4 FA3 8- subtilisin carisberge] 3L
activity= 2.5 Aw/g)3} BEBIZ = polyethyleneoxide
F vlo]& FmE iEHHEIQ Monopol NX(BER A RHR)
< AHElgen 1 o9 A B AMskdth

2. M B

v FEES R EKEC disled BH 1:50,
marseilles B 0.5% BK, BES gD 305
) AERREE Bl Bkt ohe] 16 8 Sl so-
dium carbonate 0.06%2} 0.04%2] BEEtA] &%
1 3} Z&kel A of=idl Kigstel MRk AEsts
o}, BER FEES R v B 2 HEF
KRR e BREstdledl B I5HE 11502
3} 3. sodium bicarbonate 1g//, Monopol NX(HF
B Vol EMED 1miiet BEHE o BE 1
ml/le] BAEHBAA BE BEES o)8sle] £9&
F5A17 o 55T ol A 1008 Eob #58ET 5 oJepi

Kggste] Rishslch

3. ZH=Zelo| WMN

B de I8 2ele wax 5 TS AHA
3}7] sisled soxhlet #%E-S ©]£3}o] diethylether
o 4] 24 A7}, ethanolol|A] 48 A|z} zH7h A ]l
¥asestict.

4. M FA

Rk #EHe) BB serigraghGUEE 7Z2¢] 10 cm,
2 HEE 15cm/min)E FAESGI, Young Fe
PlE-e 53k ¥ RABHE(DY-21B, Adamel Lhomargy,
FEde] 10cm, 515K EE 10 cm/min)E. 77t ##E
BRI A ZA 189l n Young H fhik #(boll
i3 BiE BMEe) AN ¥l 55E EREE
T3k o7 @ifEe] HEE et AAssich

BFHNE BEL N BN BHE ksl
FHE 9ol =3 ion coaterZ gold coating¥ t}5-
fBihe] Rime & FT BME(Hitachi S-570)2.3
Blgzstsict

¥ERE-S #F0 lithium bromide 10 miel fibroin 0.2
g 60T oA 30 7l BB obg glycerin 5 mi}
KK 5mi-& FHmmste] 60C oA EE] FHA 3
B SEA A R flE-e 20T o B B K
f#oll Al Cannon-fensks ¥ifEstol kS 93 258
Foll ZAsIAT FEE] AL o-g3 o] ok

specific viscosity n,=

Akte] AR —blank ] SRR
Blank®] @i BE]

viscosity n=

Nsp
1+0.5X1,

(a+¢) amino group?] &2 Knott & Rossbach
(1980)2} Knott ef al(1983)2] whfell w2} o}&7)
o] stoict
e 8B pyridine-water(10—90, v/v)
isopropanocl-water(10—90, v/v)
ethanol-water(50— 50, v/v)
ninhydrin solution ;
sodium propionate 20.18g
propionic acid 9.3 m/
methyl cellosolve 50 m/
ninhydrin 2g
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5% FHEe 2% 20 mgel kil isopropanol-water
1ml, pyridine-water 1ml/¢}- ninhydrin solution 2
mE 9L ¥ 4L 2ty 608 Ee 4 % etha-
nol-water %<4 20ml #iingk ¥ oF 158 F A
)k o) Bkl FEAKE sl 1000m2 g H UV
/VIS spectrophotometer (Stasar-IIDE 570 nmollA|
optical density(0.D.)& ZA st old blanke 5§
fibroing ¥R 92 7o 2 &9l standard refere-
nce2+ g-aminocaproic acid2 A&} fibroin
2] amino group ¥ ofujel el AAlsisic)

NH(umole/g)=

OD.of fibroin
QOD.of standard solution

qt.of e-aminocaproic acid
Mass of dried fibroin

BEHTRS iB#kS Labolux(Leitz 12 po)ell 4] ne-
gative®} positive BE-S F3la 5 =g $F 3ol
compensator constant-g T]sle] Zto]EolA] phase
difference® Fahedch = HEHTS phase differe-
nced B4 TAME WhEgkeE AEsged)
o714 fBke FAL A et el skt
(&% 1986). & R=14\/D, *I7]4 R fE#e) AS
(um), D-& #EFhe] WEE(d)el)

olu|i= it EA-e FA¥E 6N HCL 110T o)A gis
¥ F EZ pumpR HCLE BRET o8 8 o9
»FE SPri(Hitachi 835)% ¥-413}ich

# oS BE BHE 712 3 AE F R
FE B S (DSC4, Perkin-Elmer)2 #A3}
o). RIEMEAES A gas ¥917)0A AR FE 10
T /minZ 3ich

IR spectrum 7#7-& & Bt &A A8 o+
KBrigoll 9l3le] kst 4% JEFHEFT-IR, Hitachi
270-503))2 1800~800cm~'2] #H$lelA IR spect-
rum< 2% IR crystallinity= Bhat ef al.(1980)2]
uh ol 2)3te] D1265/D1235 band& H:E:Ee) HHE
slgich.

Xeray BT 51478 46 84S 71912 B ek
x-ray diffractometer (Rigaku, RTP 300 RC)2= 30
kV 20 mA, Cu-K radiationel| 4] [EHiFAE 30=4~35

°ol A FlEdlt T2 lateral order factor+ Manjunath
et al.(1973)9] Hyell oJste] AbEssict.

BR % 3%

1. e 1Bk Pt

B 1B B4 B9 % 139 2o Wk
¥ R ABFRE 21.3%, BER KR fBfhe 214%24
vl=slich ¥ BB v KSR iBkRE 3.84 g/d,
B3R e fBihe 376 g/doll, HEs vlT FERR
Bffe 18.0%, BER R fBffe 17.2%°192m,
Young’s modulus¥ ¥l%F FESR #BHke 522 kg/mm?,
BEE FEBR BE 481 kg/mm2e] It} #:%:(1986a)-2
Alcalase BYR FE6E fBHS) BMES vITF B B
Fhet wimsts KEEE A7 1 A7l & Aolr)
ot fERR A7) Aol A E BESR BER Bt
VI KRR fBkkell wste] aRfhpre] A3t Axsh A
L EEE BRRS A2(55C) 2 of odrle] A
Pl m2 w95C) F Udvte] oA st
A vl KRRl vl R AAF AEEEA
BES 44 FE AR FE39ch 2=y £ A
A3} EHT) HEE A4 Fo3k= gdodo) BER
FEHE fBfE7E v RERR fEiech <7t Zheestaedl,
$ie) AY dAvle BE BRE 06g/ldM 6087 A
2o} KR At Aele T b, B AN B
Fitg A2 glol LOmi/lelA 10087} M2 KR
270} Abo] FdlA 7]algt zZlez A=A, o]s)
Zro) FA AT o)A BMEZL 7348k Young's mo-
dulus7} F& gHe zhe 92 2 Aol A=
proteaset= 743} endopeptidase J72 7}#|aL Qlev 2
B FAS TBER ox AR A4S e 7
o2 APl 198D).

2. BT B %

Hil BHe) XES & BT BENEes 33
Ans ¥ 13 23 29 AAEct ¥ KR
IBffe ki Zo) wiko 2 22 Fo) B B AE
st o a® 1), BEE R fBkhe Mol it

Table 1. 7enacity, elongation and Young's modulus of deqummed silk fibroin fiber

Degumming method Degumming degree(%) Tenacity(gf/d) Elongation(%) Young’s modulus(kgf/mm?)
Soap degumming 21.3 3.84(0.16) 18.0(1.53) 522(50.9)
Enzymatic degumming 214 3.76(0.16) 17.5(1.32) 431(51.5)

LSD.* at 0.05 N.S.** N.S. N.S.

(); standard deviation, *least significant difference, **non-significant
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Fig. 1. Scanning electron microscopic feature of silk
fiber degummed by soap.

ol FaEe) aldem(2d 2(a), BER KEH 18
49 diethyletherol] 24 X7}, ethanolell 48 A7t Zvz}
fERsto 24 el gl AR HAon
2(ag 2M), o} AAZE AeAl —ife} wax HE
= 9 Ao® HFEHW T B Al Rk ot
Jeb vl AR gl ) Wi THmE
AA=E Aolgtr A"} wleld BE BRS
R BHTe R BEe 27 Rove BREEE W
gslolol & HAea Az E)I)(1959) HIES B
FR2 EEe Tn2 giite] 19 A7 oF 400~
500 A9] fibrilo] #EhEdkO 2 MF ol kel
MG S o) o) e o) Wigko T wjdgh 3ot
o) Zo) wreko w F a7 iR (crack) S 71 F
27} slebs shodch Lee ef al (1987)-2 ¥k S58| =
KT fBhhe xm Bde & 2R 9o BF
#Whrrh 2R BEssles vy K B b
ARsiel steich & BER RS vl B 6l
slo] fiE Kol B8 2% EAFe Ao
A2},

3. K ERel WE

FERE fBfhe] KIS B 1B Blsle] 2AF
Az ¥ 2 of 7ol vl K Bl HiEw 0.590]
X B B ks 0.560]%dc)

Knott ef al(1983)-2 ¥5i& Bkl Bl A
23 A=) v B BRI 0570192} 120
T2 1 A7t Rsh 0472 Zhashed] olozke

b

Fig. 2. SEM micrographs of sitk fiber degummed by
enzyme (a) and purified with diethylether and ethanol

(b).

el 8 B 2919l degradationol] 7[elgichil &}
gor, HES} (a+eg) amino group contentsh= 2
Ag A7 d=d KE7E o] A4Z (a+e) amino
group content+ FotZcki 3lgich Lee ef ol (1987)
< BE B8 diEld HES £33 A by
Rt 2289 gEE 06601 R &l <%
BEE SRS 044~048019%n) S (a+e)
amino group content®h= %49 HEHe] UL KEE
SFES} B 9l degradation® EEBEAME
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Table 2. Viscosity, (a+¢) amino group content and bi-
refringence of degummed sitk fibroin fiber

Degumming  Viscosity (a-+¢) amino Birefringence
method groun content*

(pmol/g)
Soap 0.59 495 0.033
degumming
Enzymatic 0.56 536 0.036
degumming

*Total amino group content of fibroin was 19.1X107°
eq/g(Kato 1988)

WEZE 3o fHEoletn kgt B A B
R BH7 vl B B} RV 4 2
vebded o] A2 BEE M B A B =
A2l zlolo] oJEtA] degradatione] Yo] Fo =
HEL o7 e ghg Bgon oS #3 (g
+¢) amino group content”} BEE 1S AS$ o
& el F=A0] o1& siutilsle] o
ek

4. (a+¢) amino group content

BT B8 #B#= (a+e) amino group content&
2% Az X 29 2o vl KB B A
%= 495 umol/g, EBEE KRR #BHRe 53.6 umol/gel %
t}. Knott et al.(1983)-2 ninhydrin®} o}v]xAtz}e)
ulh-g-o| 4] Ruhmann purple® %4214l blue water-so-
luble compound”} §H43 ==l # s B2} ninhy-
drin¥}e] [KHE BEHES opv) ) B4R HA3 A
ninhydrin& lysine¥= (a+¢) amino group RF
uh-2-&h} arginine primary amino group®t 2H-g-
ek 3kgich g9 Knott ef 2. (1980, 1981, 1983)-&
ninhydrin E& F}2 2 polyamide®} woolol] o3t
(0.+¢€) amino group®] E&E FHHolA ninhydrinz}
amino compound$}9] WSS 3FAF}3 insulin,
polyamide, wool %2} (a+¢) amino groups °©] W
wWog Axgt Ax o WYyPo s TR AH F
Qg AAT AUk Atk o] WHS Akl W
Fste] 4fhe] Kk BE e degradation A= E &
A 3Gl E 3 ol B nle} o) A KR
B Hr2qnct Algjile] &3 lysine FeFol
w7 uFo| ¥ssel) Aol (a+e) amino group?
gko] 714 WA R FEEel A FEske]l A=A
weight loss7} 371842 (a—¢) amina group®] &
Zdasizl oF 308 Folle LA Hed B
A17ke]l AR At 713} KfRel 4] B2 2 hydro-

lytic degradation®] djus }A] F715lE 2 (a+te)
amino group content A} 02 1B 2 qlo)) th§t deg-
radation®} 7|&e] & £ 90§ Aolzlw sk =
Knott et al.(1983)2 (a+¢€) amino group content+
¥ KA BES 5172 pmol/gel oy 120T 2
1 A7 719t K5gkshs 58.31 ymol/g2 Z7}sh=v)
olepzre Al JnEE KK <lsle] 4B ZlB=2qle
degradation wj-F-o]2}1 3}gi.om Lee et al(1987)&
ek #5apo) H3te] (a+e) amino group content
ZARRY A WF BH B 474 pmol/g, R\
&) 213 kel M= 51.5 pmol/g W lelql o,
¥ESE (0+e) amino group¥= A9 #HRFo] tin
stk & A¥elx BER B B2 (a+e) amino
group content+ BIF F5#E fAfhEch Rated FelA
FARY BER KR ABhhe] RiREel XE WiE 29
2 A9 gdste] o2 HZESY endopepti-
dase B MEME proteaset =& AW FAE /K=
Aol FHe) webr & peptide AT 7R
zlo] 7} dvhe B 1981)2) #EHfR B E <l
a9 23 BRE 27 A3 slu =29l H
ok L #19 ¥as doxide daHER 1989)= vl
Fof, o] AYPoHE B 219 ol 3= peptide
bond 9} 7ol o3te] degradatione] U} 5%
fhEE, ¥5E, (a+e) amino group contentol] X}o]7}
A7 ALR F32E F glow w3 Hulr Alald
o8 AR ZQd AgAale] A% e ez F
ZEABE R ER B A=A B5E e
amino group content™ total amino group content®]
Z7te) 73l AL F5 Ao

5. Wi W WEIRE

¥abE ABhe) BETEE T 2004 B upe} o)
U] BERR fERRe) BEITE S 0033019l B Kk
Be HEYTES 0036031t

BN} - FEEH(1955), F)11%(1956)2 Beckekel 93}
o] e EEs) el A2 wieke] EifTRS
Zzy Fehal § JRITRS A& HEIE siKed
B} @ig el aA gl BER ek HETS
< 005101 =19t Al=l4l BREE 60% 7HA= KK
BES Bndss @it Hme Btk St
ftEhel 27 wheke] ETERS AIste BRI
kgt skgvh = RIIE(1960)2 BHE 5%
A4 Ik ofEste] J& BER R HEEE] &
A g ste] X5 wERLES HENES S48l
YA Aol Sle AL Akl MLE196DE
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st 2e wpHOZ MBHHIRS) KEMhG) oFE MRS
A AT EME 21R5E EERE 9 2
hicka sl olgh e AL iEfhe] whzba
AT fgtko] 27187 WEelalz sl =
FUF(1967)& Beckeoll )3 #Ekke) BUEHTL 0.026

0.033, 1207 oA+ 0.037, 140T olA]+= 0.038% B
gt Qlth B Aol A KRR B EmEITE S ghol
BEZ KSR fBkhel Aol v KRR #BfE of 7t
=A - AE AH™E 7179 Zele) st 13
s ke Bk BES BE AddA ooz
AzdA =4 EmE 72 £ compactdt F+ERZ
Hed vlF BRS B OBES mdM A A
Ae|gre g4 B 2919 compactd FZE7} BHF o]
Az HANA loosedtA ALt Elake]) 7hAdle
Ko whed vlste] BR Rk A Aelolnz
Ea® 2 =X compact® 727} 2| & ol gl 7]
g ol fhdtEe] ¥ ez F&Ir o9zt
Zzo) AR AR EH FEate) @
ale] Afhe B TRCA BE RiEA Hel W
go 2 EHE wowA Ax =Hed i EEs)
WEFE E Ax 2501 EETE FRLES A4
Ho] Afke HEFESA =m o|FA o) wigkoz
EHE wow i) A=A AR B BEs
wslsle] Gz B g dogictn Hm
ghp glch

= EER RS BREYTEES) ghe) BER KSR ABHhe)
757t vl R ERECE 7 24 U AL de-
gradatione] FEkEdL iGN U] JBEA AA
el i3t 5 RS v go] AH R Folx|n
webA S gake] FEtk 2 RS AA

F71l 7@z & 5 ek

6. OlD|‘\ché M4

B RS delste] d2 viT Bk Bl BR
Kok fBFhS ofu|:Al MBS BW X 33 o
Btk dRe F AF 97|14 olvlzAKHis, Lys.,
Arg)& AA olvxAl Fek5 ulF B Bk 0.72
%, BFE FBE B 073%2 Jebhdon oA
A8 YE AR AME ol mAKAsp., Glu)& A A
olm| XA vl RS IBfkE 2.90%, EBER 1B
fhe 3.08%% FER 7o TE olu):Ab MK 2
apole flich = RF(1962)3) (LE(1976)7} Radh
v]B 2419 olm Al Mkt v]as) Bolm v KRR
fEff el BER FBRR 1BHRS) oAl Mgkl 2 o)7}
ek 18 FHB 2]l oinx 4l MR G ATE
Lucas ef al.(1960)2 &g Eipol 4E3= T4fE8H
e ¥ B E_l(silk-like fibroinyol] tis}e] o}w| -
B S-S I o)F 2680 AN ER HIHS
3 Az} ofv| g Mkl £ =bel7t AX|at glycine,
alanine, serined 3§22 ol 3h§3la Qrikx

stk MR (1962)2 g2 50 f5E2 0.5% marsei-

Table 3. The amino acid compositions of silk fibroin fiber degummed by soap and enzyme

Amino acid Soap Enzymatic Kirimura Yamada Sericin*
degumming degumming (1962) (1976)
Glycine 4474 44.04 46.11 45.00 13.55
Alanine 30.04 29.94 2941 29.18 519
Serine 10.46 10.79 1131 10.71 33.09
Tyrosine 5.14 5.16 5.27 497 312
Aspartic acid 1.59 1.75 1.05 1.84 14.58
Glutamic acid 131 133 0.96 1.23 7.93
Threonine 0.88 0.98 0.78 1.04 8.84
Proline 0.50 0.51 0.4 042 0.50
Valine 245 249 2.09 2.20 3.06
Methionine 0.13 0.13 0.05 0.09 0.08
Iso-leucine 0.67 0.70 0.54 0.75 0.53
Leucine 0.52 0.55 042 0.52 0.79
Phenylalanine 0.69 0.72 0.56 0.68 042
Histidine 0.09 0.10 0.17 0.29 1.04
Lysine 0.25 0.27 0.25 0.36 4.35
Arginine 0.38 0.36 042 0.47 2.79
Cystine 0.16 0.18 0.02 0.26 0.14

Data are expressed as mole percents, *Kirimura(1962)
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Fig. 3. DSC thermograms of silk fiber degummed by
soap (a) and enzyme (b).
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Fig. 4. Infrared spectra of silk fiber degummed by
soap (a) and enzyme (b).
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Fig. §. X-ray diffraction curves of silk fiber degummed
by soap (a) and enzyme (b).
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