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SUMMARY

I. Title

Preparation of Silk Paper from Sericultural By-products and Development of

Functional Materials from Discarded Silk Sericin

II. Objectives and Needs

The objective of this research is to utilize the by-products from sericulture
such as cut-cocoon and mulberry branches into silk papers. Another objective
is to utilize silk sericin, which is another by-products during the preparation
of silk paper, into novel functional materials after enzymatic hydrolysis.
Recently, Korean sericulture farmers produce Dongchunghacho, which produces
cut-cocoon that could not be used further as apparels. And also, during the
rearing of silkworm, a lot of mulberry branches are abandoned. These
by-products are not reused properly or mostly abandoned. Therefore, if these
by-products could be reused as another more valuable sources, the incomes of
farmers could be increased. On the other hand, during the process that will be
developed by this research, silk sericin is produced as by-products. This
protein is mostly abandoned even if it has high potential as novel source of
protein. There is some attempts to reuse sericin as novel functional materials.
However, the concentration of silk sericin solution is less than 1%, which
further concentration is needed to have economical value. Conventional
concentration processes utilize evaporation methods, which is time and energy
consuming methods. In this research, the extracted sericin protein will

effectively concentrated by the membrane process.



ITII. Contents and Area of the Research

This research contains 1) preparation of silk paper or mulberry/silk paper,
2) enzymatic hydrolysis of silk sericin using immobilized enzyme, and 3)
concentration of silk sericin using membrane system. First, to prepare silk
paper, we have developed new method of fibrillation of silk fibroin. Mulberry
fibers are blended with silk fibroin fibrils in order to improve the properties of
silk paper. Silk sericin that produced during the preparation of silk fiber is
further hydrolyzed with immobilized enzyme. The physiological activity of low
molecular weight sericin will be examined.

In this work a membrane process for concentration of sericin protein
extracted from a cocoon was developed. And to produce functional
oligopeptides from concentrated sericin enzymes were immobilized by covalent
bond on the surface of a polyamide membrane. Both reaction and separation
was occurred on the membrane surface. Because of the effective reactor
membrane fouling was decreased and only oligopeptides were transported
through the membrane. Moreover, to concentrate the oligopeptides effectively
high flux nanofiltration membrane was prepared. And an anti—fouling

nanofiltration membrane was developed.

IV. Results and plans for the application

It is important to achieve successful fibrillation of silk fibroin in order to
produced silk paper uniformly. Chemical processes was adopted to fibrillate
the silk fibroin. The silk fibroin fibrils are prepared into silk paper using a
mixture of PEO and starch as glue. In the preparation of mulberry/silk paper,
the bleaching of mulberry fiber was critical. This could be achieved by
combination of sodium silicate and hydrogen peroxide. The mechanical
properties of paper could be improved by introducing the mulberry fibers. The
mulberry/silk paper could adsorb formaldehyde in the air. Therefore, the

developed mulberry/silk paper could be applied as wall papers, which could



reduce the sick house syndrome.

The silk sericin could be successfully hydrolyzed by immobilized enzyme.
Fibers are chosen as a support of enzyme, and among the fibers, the silk
could retains more the activity and stability of enzyme. The silk fiber was
further modified by introducing sericin as a spacer arm. Several reactors are
developed to hydrolyze silk sericin more efficiently. By combining two
different enzymes, the efficiency of hydrolysis could be increased. The low
molecular weight sericin had scavenging effect on superoxide radicals.

On the other hand, instead of the distillation method, membrane method
which is economical than the distillation method can enhance the effectiveness
and solve the protein denaturation problem. To increase the application of the
concentrated protein a membrane reactor was developed. By immobilizing
enzymes on the membrane surface both reaction and separation was occurred.
A polyamide composite membrane should be prepared and enzyme should be
immobilized on the hydrolyzed membrane surface. When the sericin protein
contacts the reactor, a hydrolyzed protein can transport through the
membrane. A non-hydrolyzed protein can be retained in the reactor. The
transported oligopeptides which has a molecular weight of 3000Da should be
concentrated. Commercialized membranes have too low flux. There is a need
to develop a composite membrane which has a 10 times higher flux than the
commercialized membranes. By using results in this work, it is possible to
use a enzymatic membrane reactor, hollow fiber membranes and high flux
nanofiltration composite membranes for the separation of variable materials in

water solution.
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W A= Folol B4

Qe Aol 9 }04 AR Azxd Folo EAS SAHAGt ¢4 ALS
B2 PEOS g} | 18k &% 100,0007 200,0002] PEOE o] &3]
Aa Folg 77t Axstn AFFES ZAso] 1 AF3ES F 20 JERA

PEOS] &=+ 5%E frAsdt Alxd Folo 7= Az &2+ 100,000
200,0000] Z+7} 3373 308m= ol &= Aol o3k IR UTE Axge] Ak
[Q1gheh. wepa SAlo] ek FEFs Bt AgeA Hrketr] fsidE Fol 9
A T (grammage) &2 JAGFES] FS BAOF gk 7} Alge] HAY
T 59.40(MW  100,00003  53.90(MW  200,000)°]At.  o]E& B AT
Stress/Grammagedt2 =43 100,0003 200,0000] Z+7zF 8503 26.69%2 ®AF=F
200,0002] PEOE ZA|Z o]&3l= A9 Folo A4 =r AA 489S & &
ATt o= AwEAFFe AEAE Xitz}%“’% aEAtel] Hlake] FEARE ¢glo] ®
O Astar B dojuy] wjtelty ojefdt AIE nwpg o o] Fof AHF
A= A 200,0009] PEOS *]‘B‘O]'Oﬂq T 349 wE 5% A5 H2E

N
[¢]

(2
lo

RS -1
2 W ety AR E= PEOSH Aol Fol vl 8] Wl TAls HAF
of &= FASAAM AxEs daFols o= AR RS A 7 e HA
FhE Ztobdl A 1%°] gLt Mg AAE AR YERoen® off dYE

FTAY TEE 1%l A @@é}%t}.

F 2. PEOO| A%l mE Jddd =

PEO &A%
100,000 200,000
Thickness (zm) 337 308
Grammage (g/m?) 59.40 53.90
Force (N) 1.38 1.64
Stress (kPa) 506.77 1438.47
Stress/Grammage 8.50 26.69

Alg A7] :3cm x 1 em
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# 3. PEOS} d29 &gl &o wE AFgA:=

Starch PEO P:5=7:3 P:5=8:2
Thickness (m) 387 388 507 398
Grammage (g/m?) 54.37 63.10 79.80 52.27
Force (N) 8.38 1.56 8.19 3.48
Stress (kPa) 2186.50 406.66 1623.38 383.79
Stress/Grammage 40.32 6.62 20.91 17.17

Als A7] : 3 cem x 1 cm
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F 4. PEOS} e Egnlgo] we JId=

Starch PEO P:S=7:3 P:S=8:2
Thickness (zm) 472 363 430 435
Weight (mg) 0.31 0.26 0.28 0.26
Grammage (g/m’) 73.15 62.20 67.18 61.79
Tearing (mNm) - 178 121 34
Tearing/Grammage - 2.86 1.80 0.55

A& Z7] : 7 cm x 6 cm

3.0+

2.5+

2.0+

1.5 1

1.0 1

Tearing/Grammage

0.5

0.0 , . , . , . ,
PEO P:S=8:2 P:S=7:3 Starch

19 9. PEOSH 2o &gl &l wa A Folo A=
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Hrh % 59 1% 102 47 AE AMEste] Az Tolo wIAEE
Yeld  Aolt}. Bending resistance: Agd 5° 32 weo HE=ZA
Bending/Grammage # < H| 23 w] PEO W59 0.0331=% 714 ¥ HAE o=

< 0.0304E5 etttk SbA sAle] Gl PEO WS A AUAA Folrt
S

ol glrtar akl=dl o] A3k siieiFa gtk PEOS diEs E¢st= 7

=
+ Hl&o] 7:39 w 74 =A et ol dAd = dXE= AEgdor
A3 F

1
2 Fole] A% PEOSH ARS 7302 E@st] ol &k Aol Y A
& neFn .

o]
=4

F 4 AAFole] wIA=

Starch PEO P:S=7:3 P:S=8:2
Thickness (um) 354 346 382 482
Weight (mg) 0.09 0.12 0.12 0.13
Grammage (g/m?) 4953 60.54 64.4 70.37
Bending (mNm) 1.64 1.38 2.46 2.16
Bending/Grammage 0.0331 0.0227 0.0379 0.0304

A& A7] : 5 cm x 3.8 cm
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19 10. PEOSE Ao Eenl&ol we da Folo wdid=
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| ot A Z3AT. dHEE Yellow 17(Rifa Acid Fast Brill. Yellow)¥} Blue
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3 Sodium silicate 10%
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A n

(a) A= B2 100% (b) B+ 75% +
Aa 9B 2 25%

(c) #u7 A+ 66.6% + (d) B A 100%
A=A 7B =l 33.3%

a9 13 AR BUR/Aa Folel G
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Aol o gme B3

F 7. FUF/AA Fole A=

Grammage Strain Stress Stress/
(g/m?) (%) (kPa) Grammage
Silk 100% 153 2.8 610 4.0
Silk/Mulberry 1/2 147 3.8 2500 17.0
Silk/Mulberry 1/3 167 3.3 1960 11.7
Mulberry 100% 187 4.04 5340 28.6
A& Z7] : 3cm x lem
30
25 -
& 204
[]
1S
S
O 151
Q
2
2 104
(0]
|_
5
0 T T T T T
Silk S:M=33:67 S:M=25:75 Mulberry

a9 15, ByF/Aa Folo A=
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Sample ID Activit?f Specific z.ACtiVity
(umol/min) (umol/min/mg)
Free CT 0.89 282.89
SFx2 13.8 32.78
SFx6 15.0 41.67
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A FE AbgE

PAN 2} & HS reservoire] Hgh & 7|ojPxzR =52 o] FAZITEH
59 bores P77 Yt WFSaxoA HHFHEZE o] §3le] FIE A
FIHA RGIEoR AGA I FFA FE o] FHIL AHH AES 9
sto] AH FoA AEH o AFHste] HIFAoR BujE AAFoRZA BAEA

3) eofaurel Az

DA e EolaEZYEH(PAN)S AMEstal &vlE+  dimethylformamide
(DMF)&  AF&3t3itt. H7FAl2%  triethylphosphate (TEP)®F  poly(ethylene
glycol) 600 (PEG 600)& A}-&3F )

TEPE= T34 E8lwte] @i 3xE ~EA Fx2 I 9 H7HA =
AHE-% 31 PEG 600> 7133 A= AR&FTh
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, FIEe 250L/m’hrolal HPLCE jAl&S 283 A3 50%2 wjA&<
AT 2 Aol Alzd gheloj ko] WAl S F 47 YERH AT
At o g ngdA AFAE ol &dte] FElws AT Ag EE xwol
macrovoidZt AHAl A= o] Algte] wE obdst Aol @At Tk
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3% 2091 MPD®} piperazines AH&3 A As& wlugh Aotk 84 mF
Agg weas ArbebA &gk # 20014 MPD 842 %2 A7 &S BolX
piperazine &% W& A A &S Helth MPD7} piperazine®th #AF #3224
o2 B u IFAolar & oA A4 XA F2Fo] =AM piperazine
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. 31 A7 &
(m*/m*day) (%)
piperazine 14 85.3
MPD 0.3 98.8

H2AE &9 MgSO, 2000ppm F=8H; HAE 8 225psi; &%, 3.0L/min; 30% &4 & =3

amine/TEA (2/1wt%); TMC 0.1wt%
25% 60%; oF¥l & HAXAIZE 1H; TMC & HAAIZE 18, A2 A7

H
[«
b

o]# gt piperazine®] W& T TS H 37| 9138t piperazine T8 e %

FA 1EBEXE HUtelgoh JeA 2EAEE polyvinylpyrrolidone (PVP) 10000,
40000, 360000, polyethylene glycol (PEG) 10000, 35000, 100000, polyvinylalcohol
(PVA) 10000, 40000, 83000, 250000, polyethyleneimine (PEI) 350000, sodium
alginate (SA) 200000, hydroxypropylcellulose (HPC) 360000,
polystyrenesulfonate (PSS) 200000, polyacrylic acid (PAA) 500000 5-& A}-&3}
Atk 53] PVAS 749 deacetylation degree’} Joldt FHFES A&t
deacetylation degree’} 99%, 88% + Z=HZ= Al-g&3ssitt

i 212 Aegd niZA SR wE 549 dss vEd el # 219
A B AFolA = g e 1dA FolA PVAE AH&s)
Zdeacetylation degree’} 88%°]™ EA}=Fo] 880002 FFE AF&3Ath
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F 21 e nRBA SR mE FHEE
A2 mea T A&
(m3/m2day ) (%)
PVP 10000 1.78 98.8
PVP 40000 2.25 91
PVP 360000 2.32 87
PEG 10000 1.45 94
PEG 35000 1.82 97
PEG 100000 1.92 91
PVA 99% 10000 2.01 99.0
PVA 99% 40000 2.13 93.9
PVA 99% 88000 2.32 98
PVA 99% 250000 2.14 96
PVA 88% 10000 2.32 99.0
PVA 88% 40000 241 93.9
PVA 88% 88000 2.82 98.7
PVA 88% 25000 2.87 97.3
PEI 350000 2.52 96.9
SA 200000 1.23 94
HPC 360000 2.13 96.1
PSS 200000 0.92 95.8
PAA 500000 1.80 98.1

HAE &9 MgSOs 2000ppm 8 9; H2E 43, 225psi; %, 3.0L/min; 30% &4 & =4
amine/TEA (2/1wt%); TMC 0.1wt%; J+A 222 1wt%
255 60%; obFl g AXA|ZE 18, TMC £ HAAIZH 138 A AZAIZH 10

e
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¥ 22. piperazine =W 3}l W EIAT
piperazine 5% 55 A AE
(Wt%) (m3/m2day) (%)
2 2.82 98.7
1 3.27 98.5
0.5 3.85 97.3
0.1 4.23 95.1
H2~E &9 MgSO, 2000ppm 58 <; Bl2~E 9F#, 225psi; %, 3.0L/min; 30& &4 § 54
TEA, piperazine®] 50%; TMC, piperazine2] 5%; <4 &2} 1wt%
2BE 60%; oFwl gl HAAAIZE 18, TMC &9 AR Az 18 A2 AxAzE 102
¥ 23 A5 AEA FEEstl 48 Eg
PVA & T A AL
(Wt%) (m3/m2day) (%)
0.5 2.98 97.8
1 3.27 98.5
1.5 3.30 98.1
2 4.26 93.8
H2AE &4 MgSO, 2000ppm F8; B 2E st# 225psi; o2, 3.0L/min; 30% &4 & =4

TEA, piperazine®] 50%; TMC, piperazine2] 5%
25% 60%; oF¥l g HAAIZE 18 TMC €9 HA A, 138 42 AFA7L 108
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E 24. TMC & ol A o] ghgA|ztol] wh& A eH]
TMC &< RF&AIZE T A AL
(sec) (m3/m2day) (%)
10 3.62 98.0
20 3.45 98.1
30 3.35 98.3
60 3.27 98.5
H2~E &9 MgSO, 2000ppm 58 <; Bl2~E 9F#, 225psi; %, 3.0L/min; 30& &4 § 54
piperazine/TEA (1/0.5wt%); TMC, 0.05%
25% 60%; oF¥l &N HAAIE 18, d2 dx=AZH 10+
¥ 25. Piperazine ¥=Wslo] & F3fx 4 R A
piperazine &%= T 3R
(Wt%) (m*/m*day) (Da)
2 3.16 300
1 4.14 500
0.5 4.68 1000
0.1 5.65 3000
0.01 6.90 5000
H2~E &9 PEG 1000ppm 8 9; H2~E 9F=, 225psi; %, 3.0L/min; 30& &4 $ 54

TEA, piperazine®] 50%; TMC, piperazine?] 5%
255 60%; oF¥l & HAAIZE 1%, TMC & AAAIZH 10%; 3
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