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Food material development from cocoon

and application for demand enlargement
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SUMMARY

I. Title
Food material development from cocoon and application for

demand enlargement

II. Objectives and importance

- Silkworm reminds silk or high quality silk—thread. In 1960s and 1970s,
the sericulture produced approximately 1,130,000 boxes annually and
accounted for 10% of the total export sum. However, as clothes trend
changes for practical use, the usage of silkworm decreases and the
production has gone down to 30,000 boxes. The silk-farmers are under
economic difficulty and the sericultural industry meets the crisis of
maintenance or abolition. Now, the decrease of silk production amount
requires to plan for usage enlargement of cocoon.

- It has been recently shown that some proteins, which have low
digestibility, have a possibility to have a function similar to plant
fiber.

- As an example, the mechanism of cholesterol-lowering effect of
buckwheat protein is related to the low digestibility of the protein and
the concept of 'resistant protein’ was proposed in 1997. In addition, it
has been proved that fermentability in colon depends on the
digestibility of ingested fiber protein and the concept of 'resistant
protein’ was introduced. The low digestibility of these proteins play an
mmportant role physiologically and is similar to plant fiber.

- Cocoon comes to the front as resistant protein and is a physiological



functional material. Silk-thread consists of fibroin in the core and
water—soluble sericin. When cocoon is utilized for silk fabrics, sericin
is removed and fibroin is used.

— Sericin accounts for 30% in silk-thread and the value in use has been
expected in the textile industry from old times. Moreover, it has been
anticipated the usage of sericin as resistant protein in food, medicine,
cosmetics, which has a prominent functionality.

— The aim of this research is directed to extract resistant protein from
cocoon, investigate systematically the function(s) and develop the
second processing for promotion of public health, income increase of
silk—farmer by consumption and value added increase of cocoon and

contribution for the strain preservation project.

. The scope and contents of research
A. Food material development and product development for
demand enlargement
1. Screening of biofunctional material from cocoon
- Manufacturing indigestible protein from cocoon and
component analysis
— Screening of biofunctional activity
2. Pre—treatment technology for food materialization and
establishment of optimized extraction processing of active
material
- Measurement of resistant protein extraction efficiency

according to solvent



- Extract property
- Establishment of optimized mass yield extraction
condition
3. Separation and purification of resistant protein from cocoon
- Separation, purification and identification of resistant
protein from cocoon
4. Establishment of mass extraction processing of resistant
protein
- Mass extraction processing based on the result from
purified protein activity
5. Food and processing source material development using
resistant protein
- Powder material development
- Material development of concentrated form
6. Food development using resistant protein
- Development of functional drink and establishment of

manufacturing process

IV. Results and recommendation

Cocoon components were analyzed for screening of biofunctional
material and the establishment of pretreatment and processing
optimization of active material extraction for food materialization. Sericin
was extracted from cocoon and the optimized extraction method was
decided by measurement of sericin content. The effect of spray dried

sericin on the improvement In constipation in rat sericin injected was



observed with an increase in fecal water content and dried fecal mass.
Tyrosinase inhibition activity was two—folds in 1.096 sericin added in
comparison to the untreated control, therefore, sericin has an effect on
whitening. Sericin extract, which was acquired after boiling at 100°C for
30 min from cocoon (4 g/ 100 ml), has effects of improvement of
constipation and whitening function as above. Jelly product, sol drink,
and soybean paste product were manufactured using the property of
high viscosity and high water absorption force. In addition, a beauty
pack was manufactured using the freeze-dried powder and the
manufacturing processing was established. Meanwhile, sericin extract
with high water absorption force on synthetic fiber can be used in
textile industry.

A couple of patents have been applied with the results above about
jelly, sol drink and beauty pack using sericin protein powder and the
technology transference to the industry 1s going to be fulfilled.
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HZ= 595 nme EF =5 =43}l bovain serum albumin(Sigma

AR Zd et standard curveZ F-E o shekS g gt qiTh



5. Sericin9 in vitro &3+&

Sericin®] AW &4l 2% in vitro 42385 hammastein
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6. Sericin @ A 9] 3

Sericin® 3|4 371A ¢ Wy ow ATt WA, uxFE

5 A0CT7HA AZoA d43 & vg2s 10~70%7F HA =4
el

Zhske] EElste] oA s AP o pH Wt <ok
sericin®] ¥d#d = pH WY S 35~502 ZA3} sericing I AA7]
T AR E o] &ste] @A S 34 - HEFeld v 183l spray
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IAE 50 wEeY] FHTA ¥a 100CAA 303t sericing
FE3 & YzhA 7l thS, Haake ViscometerE o] &3le] 20C, 3

0C, 40T, 50C= WHX=E ZsA7IHA 300%3t sericin § 9]

1A FEEY A patterng dolr 7] 95t Laemmli9]
W] £3l9]  sodium  dodecylsulfate polyacrylamide gel
electrophoresis  (SDS-PAGE)E G333t Coomassie brilliant
blue R-250[Coomassie  brilliant blue R-250 25 g/L9]

methanol:acetic acid:water=5:1:5(v/v/v) &4]& A}&3le] JAa}ar,

i)

A2 8N T [methanol:acetic acid:water=5:1:5(v/v/v)]= 157 Al
2% &I [methanol:acetic acid:water=2:1:7 (v/v/v))Z 30%, 10%
acetic acid® 3s}F W < A3 ol gel2 SigmailZ5-E
T4
Zy 45%, 10%( . A% marker= SigmaAlZFE  F QS

ol

1o stacking gel¥} separating gel(Sigmarh)e H=+ 7t

prestainning marker®=4] phosphorylase B(102 kDa), bovine serum
albumin(81 kDa), ovalbumin(46.9 kDa), carbonic anhydrase(32.7

kDa), soybean trypsin inhibitor(30.2 kDa), egg lysozyme(24 kDa)

o] B3ty AL A&+
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10. Tyrosinase A & &4

Ascorbic acidt} kojic acid 59 @AtsbA| o] RS dephd A
29 AFAAE AT, A depd A zplo] F e GAdAkA
o] T7E AJAlete FASHAEA TVes skl Wekd Ao 34
2 HFo Al 93 dystrel FUME AAGE dF ] WO
7)1 zfoltt, aksbAl 7 EAEtH =
dagA ¥ AAAoR mg AAEg & F Qv dekd
A o] AetAo] TolslE & A7) tyrosinase©|Th o] &9 Ao
3l A sericinel A& 28-S UEtl= A8 oAFE HASE7] 9l
Nagatu®] ®Wol| F3&o] 05% T 1.0%9 sericing AM&3d v
= 05% H=+= 1.0%9 sericin H7F ek FHIFTFE o] BA
tyrosinase(EC 1.14.18.1, Sigma, USA) 50 ug< 33+ 006 M
phosphate buffer(pH 6.8) 05 mLolA 30T, 10&3F WESA]A

=

L-3,4-dihydro-phenylalanine®] AF3}% =5 spectrophotometerE  ©]
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11. Lipid peroxidation A 8} &4

Lipid peroxidation< thiobarbituric acid WF-&-%Z(TBARS)S =
Aoz AAQsAT) Sericin® in vitro A EHE =A &7 Y
3Fo] rat brain homogenate 3 #-& AFEstAT WA A5 0.1

M phosphate buffer (pH 7.5)°] 10%<¢] rat brain

o
Y
()
e
>
)
K

o] ¥dAE 05 mLol sericin =+ bovine serum albumin®] %%
0.1 M phosphate buffer (pH 755 35 mLE &3t 37ColA
1204-7F QlFwo] A AlZITh Qo] & 25 mLe] 8% TCAS} 2

0.67% thiobarbituric acid& <Ai#lelAd MEF 05 mLY} =%
atal 95Tl A 167 7k gt o] A& 1,000 goll Al 107F A4l

9% ¥ 45S TBARSE #4317 99 532 nmel FHE8 3

_21_



Z

Al2Ad dn 2 1

H

o
mK

N

o
X
&

—_—

=

-

]

0

it
oW

=K

N

7h fpelanA o]

F 7S] fibroin? FH 9]

2ol

Lol A o}

sericin &

Fol4 g9t

D %)

(&

"W
i

W

i
o

i
-

0.12

85.4

1.84

8.92

_22_



=
>
o
.
o
w0

o)

=.
Q.
=)

o
o

ui
o
ot
Ho
ol
~
R=)
Sl
=2,
[42]

8.
Q.
5

flo
fz
)Y
oX,
o,
48
2
v
o
o
il
o
2
ht
>,

_23_



® 3. ol A AR Ao o4k 24
(mol%)
opw] k=2t Sericin Fibroin

Asp 18.0 15
Thr 8.1 0.8
Ser 31.0 78
Glu 44 1.2
Pro 0.4 0.4
Gly 19.2 50.7
Ala 3.8 31.7
Cys _ -

Val 3.1 21
Met - _

Ille 0.4 0.4
Leu 0.8 0.2
Tyr 3.3 29
Phe 0.2 0.3
His 1.0 0.2
Lys 2.7 0.3
Arg 3.9 0.2
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2. Sericin @9 & 9] A A

7}. SDS-PAGE
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wado] g worow AAH O oF 20000 olste] wMAR o

d

ot 84 dm Aol open columne ©] &3 12} A A pattern 2
H719E

7} Sephadex G-50°l ¢]3%F chromatography pattern

Sephadex G-50= %A%l open column (650x25 mm)ol| &
A @A (B0 mg/3 mL)E loading 3] 0.75 mL/ming &0 2
ARntEadaE FYstdvh. 1 A3 2% 39 o] fraction
number 15, 25, 36, 48, 74°1 A peak’} A=HAT. Z; peak H-F°
Gz By E A7l flske] 13, 15, 27, 31, 36, 40, 48, 74
fractione 7193 A3}, 139 fractiono| A= A=k 350002
20,0000] 15%¥ fractionl A= ++AF=F 35,0000], 2793} 319 fraction
AN = EAE 20,0000], 36 48 fractionol| A= A& 3500
~7,0009] Tulgo] HEEJAO™ ZF band®] H7|EHFH T ol
7 WA ad e Zhke Aol 361 489 fraction?] o=
Uebgoh @] ofm ik EA o opu gl vl B S 9] el
e gl AAgwdo] d4Holn=z 22k chromatography 7} 4~

Asojof & Aol
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M1 2 3 4 5 6 M1 2 3 456

58 - "' - |
475 kDa =
L]
35.3 kDa -
28.2 kDa
- -
20.8 kDa

%Y 2 584 wuAn sxde] Sebo] wwAel A7]9%
(A) 10% acrylamide gel (B) 15% acrylamide gel
M, Low range standard marker; 1~3,

T84 GmA; 4~6, spray dry Tz
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M 13 15 27 31 36 40 48 74 M

81.0 kDa = L —_J
475 kDa —_— -

35.3 kDa -
28.2 kDa

20.8 kDa —

0.20

0.08

0.04 -

OOO 0% NG T Y . P LN
0 20 40 60 80 100

Tube No.

a9 3. 84 @A Sephadex G-50 chromatography pattern
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1}) DEAE-sepharose®] €] 3%} chromatography pattern

.

Sephadex G-50¢] ¢]3%F chromatography®} 714 %3 23}

o

AMER gl dwdo] fraction HA| ol &g A @A

837 $3Fe] DEAE-sepharose ion exchange chromatography £
FAH Y 4). o] w EAZASE column size: 15x250

mm, %< 0.75 mL/min, &5 42 0.02 M Tris-HCl, pH 9.00] %}
o gradient= 05 M NaCl/0.02M Tris-HCl, pH 9.05 A}&3I
of. 2 23 949 fraction?] H7]GE W=7 @AW=l Aoz o

it o ojuj o] A2 3500~7,00091 Aol o= e T

M 122 107 101 94 & 79 73 60 M

81.0 kDa s —_—
475 kDa =«
35.3 kDa . -
28.2 kDa -
20.8 kDa s
0.16 - 05

012 r

008 - NaCl (M)

0.04

L 0.0

0.00
0 30 60 0 120 150

a9 4, 84 @z o] DEAE sepharose ion exchange

chromatography pattern
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t}) HPLCE o] &3k AA| pattern
WA gel filtration 23258 F W=z A5 19 39 369

I 48 ¢ fractionS FAA LA C18 columneg ©]-&3}e
HPLCE 33ttt A %Z71E acetonitrile £ HS 60E7F 100%°]

A i, §452 1 mL/min®l o™ 215 nmolA FAsET 1
A3 19 59 o] chromatography Z%7]% 3, 4% oA peak”}
AEHA=Y 28 29 369 fractiond A= 3709 peak’} HA=F
3 489 fractionol A= & WMEoA wuldoe] 3H FE|E peak
7F HE=H A

o.oE-o

o o 4+ =0 =¥-t.1 oo 15 [0 Fevede=]

o O =T |

(B)

% 5. HPLCE o] 83 A A pattern

A, fraction No. 36; B, fraction No. 48



g a9 49 7b7be] peakE obw|kAb RA S Ay ofm At
o] HEHA Yo} HEEYol FAEFOY  sericing  obv] =4k
sequence w4o] 753 Ao 2 AU

Sericin® N-terminal amino sequence #4]< $3to] thA] open
columns ©]83}¢] chromatographyS 2 A3FA 24 sericin®] A A

zoll Aol AetA F&etel BAE T ol MAsA KA
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3. Sericiny 7| A

7}. Sericin®] WH] A T

RS SATORA 2AGch 1 dn, 19 6l 2ol 4

g A4 T atroping 7FgF oA EF sericing AFH A, WO
sericin 435 Al oF 2wje] FEFFe] FE& Aoz eyt A

a9 79 W AxF QojAE atroping T A &S ratol
Me AxFsEFdA & Aole floy atropin 7 ratoll A=
sericin® A H el 93] of 1.6vje] WeFo] F7kgk Ao = eyt
olelgt A¥ZHH sericin> ¥H] A 37} wjg Hold A=

s o,

0.25

0.2 r
_ 015
<
(@]

0.1 r

0.05 r I

0
Control Sericin Control Sericin
Saline Atropin

1% 6. Sericin®] WH] A gH(He] FEETH)

_32_



0.35
0.3 r
0.25
0.2
0.15
0.1 r
0.05 r

a/hr

Control Sericin Control Sericin
Saline Atropin

19 7. Sericin®] WH] A (W AxRF)

1}, Tyrosinase # 8l &4

Spray dry 3F sericin® tyrosinase A3|&A S ZAME A, %
4o A ¢} o] sericin FHZFTA HlE] "I A oF 2H] ]
tyrosinase /o] A EH= AOoZ e ojgdt AIEA
sericine Wzhd M4 FA S A= v Edrt s Holdt

Ao wy nusgFone] AL A5d o weu
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¥ 4. Sericin®| tyrosinase A3 &3}

Sericin(%) Tyrosinase €73 (F3%/i)
0.0 0.085"
0.5 0.065
1.0 0.042

Y Mean values(3 replication)

t}. Lipid peroxidation # &l &4

¥ 5% rat brain homogenate systemolAbovine serum albumin

o

A7rek el A 05% H7F Al TBARS F%7F oF 20% A% of
b Ak AFold oy sericing H7FEE FollAE 05% H7H
< @ TBARSTEZE7F A 100%7+A #astes Aoz Ry
sericine A/ @ #qstE o] A S AT = e ATt de A

o2 et
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¥ 5. Sericin® Lipid peroxidation A3 &4

BSA T Sericin TBARS (nmol/g tissue)
H7F=F . .
BSA A7} Al Sericin 37} Al
0.00 195 193
0.05 198 145
0.10 190 113
0.30 165 25
0.50 155 5

2}, Sericin®] RatollAle] A5 7= a3
AFEE I3 8 AR spray drydt @A 5% (w/w)Falo® A
7hste] Azt A 45HE FAFH(SD ra)s FYste] AFol
125216 ¢ H U= W FI ¥ (randomized complete block design)
of whe} 8whe] wiA|ste] 7H3F FaAstAT 2 A 3E 6ol At 2
o] 4FZF UWA g E HFHAI xR ATl 3217 gddl vl S|
ol iz @A AHAIZ Ao AT 2821 g2 tixatel

A

_<,l
Hl gl oF 12%9] Alzeo] #xdd 2 ATt

B

=
=
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=
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D9l o ven, Zelosnzs sve] £FE 489 FEE
g0 714 morem 1 thgoel AW Ao ehutth wehA
sericin F&&52 A/ FEZFES T7MA7]I=d T8 95
drbe Aoz veht dAmRelA delubs ojEmy ¥ 3
Aol A ARbE AR g hs® Aow drrEn
%7 4% A% FEETY
FSE--A =2 = Sericin F& %
G A 34174 641 7F 34171 641 7F
@)z | (2718%) | (2718%) | (2712%)
A, Zdo2HE 20155 2.0567 2.0979 2.1052 2.1305
+ A3} ’ (102.0) (104.1) (104.5) (105.7)
B
’ 2.2451 2.2613 2.2787 2.3051
ol A E] o] E50%| 2.2289 ’
+ 7] 0] 250% (100.7) (101.5) (102.2) (103.4)
2.3515 2.3603 2.4055 2.4158
W42 .
C w|t 234251 (00.4) (100.8) (102.7) (103.1)
D, W+ 94164 2.4242 2.4322 2.4474 2.4905
2794 ’ (100.3) (100.7) (101.3) (103.1)
3.3156 3.3399 3.3165 3.4186
Ak
i 3.2914 (100.7) (101.5) (100.8) (103.9)
V=71 89% @ A4TAS 10002 39S wo) 34
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t}. Sericin®] 3
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2) pH
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ki3

3) Spray dryel <]

31

100Cel A 303t F=3to] spray dry
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Sericing 3]

btk 7 A3t o 78 go
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=
IHH
=
I8

Nl 3 & SericinE 0=l

A1 A AdAE 3 A

T FEES o83 & 19 A AF9 texture 5L
texture analyser(TA-XT?2, stable micro systems, UK)ZS o]-& 3}
=43t A . TPAE 20% strain, 0.5 mm/secS % 28 3L, probe

o178 Agdtgion P20 E 83 2k

s

TPA 54 w3 A(springeness), %% (gumminess), 5HA4
(cohesiveness), %A (cohesiveness), 7 &=(hardness)®] 57}# &

of disl] A en, BE AEL 6~8TA 4=t

¥ 8. Sericin Ae] B2z =4 A

Parameter Condition
Pre test speed 5.0 mm/s
Test speed 0.5 mm/s
Sample rate 200.0 pps
Force threshold 200 g
Sample area 1.00 mm®
Contact force 5.0
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Folanx] FEES o83 WS AxstAo AFA wFAx
TN A Aspergillus oryzaew Potato dextrose broth(DifcoA}l)el,
Bacillus subtilis¥= nutrient broth(DifcoAb) el E3te] 30Tl A 48
AIZE wieFstder. o] wigFels Z4zh e EA#olB 3k el 5%7F

HE==F HEote] 30TolA 3043 gt 5, Ad2ddA F5 AxA

O % A9 13%%} sericin FEE H4%E ¢S o HF 33%
5 E3ste] "A4e Alxste] 30TolA 3097 sAAATE ol
sericin FE 22 Folax HrbEe wgl B B 2L FoluAE
80 g(1/25), 40 g(1/50), 27 g(1/75)°] 2o 303+ 714 - o33l
Az AT

Ao Fsteo] wF AE7FE E9s
eto] T3 v Fopgel Yol 30TelA
0L SAAANA AFFdS Axzsdrh old dwo wigHl &2 v
T 50 g, & 18 g, AF7HF 222 g, A 50 g, &= 110 g,

sericin %% 500 g, & 500 mL°] %t}
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] Ay &4

48 5 g8 AYALAT 45 mLoll ¥ TZIAA|IL o] E A
Wy A3 & pouring WoewE &E+E PDA(Difcorl), ZATFE
MRS(Difcorh), &1t PCA(Difcort) #iAIE o] &3te] Faaf

sttt ER9 ZHTE 30TColA 4047, ZAFES 30ColA 644

7k w3 & colony S Al=3dFdt}.

7. pH, 2t 2 olmiE] AA& FH
B3 2 goll 100 mLe SF/FTE 7Fsl 14
o 7} 3Fo] (Whatman No.2) 100 mL= A 83 & o]9]

R
=
ju9
ofr
o

7bel A A3 v EHS lactic acid® Akt pHE = of 7o
< pH meter(Orion, US.A)Z FA43Ath ofuxd] diAes &Y

ofshele 2 Bolola St

VxS iR A4S AAA(Minolta CR-300, Japan)® =
Astod, L, a, bgto®2 RASHAY. %F L, a, bk 27 96.86,

-0.07, 2.02%t}.
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A 24 A3 9 uF
1. Sericin® =4 HA W3
Sericin®] S 7R &= Ao o= AEAAE FASH] $3}

of ol a1x] 4%¢°f 2% 5 ZH7 100TC A 30iE7F 7FE s8] sericines

FE=T F, 4TCdA 50T ®AdA Hes A6t
a4

ddow BAol wobxt AFolqrh ol AL sericin®] 4

500

—@— 4%
400 —O— 2%

300 1

200

Viscosity (cps)

100 +

0 10 20 30 40 50 60

Temperature (°C)

a9 12, rellanA] 2%¢} 4% FEwel 2R AR W
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A7t

Sericin F%%(160 L)

¥
2,
2

u] 2 7]

}01,
=
T

A 79

4
-
kl
e

2,
Y

(100Col A 30%)

(¢

&

Bzl

1% 13,

FA41x(05 kg)

Sericin®] A% FA
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)& em AZE SF agarel A4 WAE 24

Z FRAxE HdlH= WA agare] AA HUMES =AME 2
87F ok oluf el Ao MUl 4% H7F Al sericin®] Aol
kel ol A E 4% FH7MEe] sericing FEEF oW = FA A
sericing  15% % A3 AL 1 o)A FLoAE FoA Fou

A wfel dabeh e gagel FAHE Aow Ut o3l

AT olg g FAA agare] FHIFEHS 0.42%° 4 0.55% 2]
Welw zAsle] 6C~-8Ce SwdoA TPAZ ¥Aae 4%

agar®] #H7lgS FAFSHA T

I A3 2% 14-18% o] agar 0.45% FH7FA Aol A F2HAd )
BE7t F7beke Ao ® UEw o™ 055%°] agar H7HA= A
AF FARRE A= S 581 gl 2 Yy Z5Aol AUA A vol
= gREAMY JteAe] we we Aow AdHIAY. A, agar
5 042% H7MA= AE7F 785 g AER vl vlol & SEEA
FAgs Aoz eyt a8y agar H7FEol 045 & 0.5%
d AFeE AE7F 300 ¢ gew ©@EAdS 089~091, HAS

59.51~71.26, F-24 & 279.6~349.2%1 A S & LELYTH
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Agar content(% )

1% 14. Sericin 15%°l agar #7F=E g2 HE}
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Gumminess
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o o
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I

N
=
I
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Agar content(% )

19 15. Sericin 15%°l agar H71=4d 7149 A3}
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0.2 4
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Agar content(%)

19 16. Sericin 15%°l agar H71=d S-3Ad W}

560 —~

480 4

400 +

320 4

240 +

Adhesiveness

160 -

80 1

0+ T T T T T
0.00.35 0.40 0.45 0.50 0.55 0.60 0.65

Agar content(%)

19 17. Sericin 15%°l agar H7t&d F2Ad o] Ws)
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800

700 -

600 -

500 -

400 -

300 -

Hardness(g)

200 -

T T T T T
0.00.35 0.40 0.45 0.50 0.55 0.60 0.65

Agar content(%)

219 18. Sericin 15%°] agar # 7= ZHx o] W3}

.

M

S g9 A=z

=

= &2E Azxsy] 9o & 9% Zo] FrE AxSAT A
71 7F9] sericin H7FE9l 15%0l agare] 7S 0.42% ~0.55% 2]
M2 2dste]l wAA7IaL, S 8% HUMEE ¥, 90=74A 7t

Aol T AxF B, AATINEE 62BxE 9%, A7

0.1%)¢ A B (FAEZ 4 0.01%, 9324 0.01%)S H7Hs
B9 674%~6733% A7H T, @@mZE o ol WE F 10

0ColA 2023 7FdAatsto] AlFS A8kt
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j s j s
761.1__, 761.1__
A3 3%

%o 7)54, e g ol wmA A WrbEo] FEAQ

Ao ey,

S%7F 71252 A4 M 75T =2

BRE 4T & 85

7]§E, EHJJ_FH%/E]’ %SLXJO

=0

1001 A ¢ 2ol agarE 05% H7bg oA Az

-

ol W

® 10, & 559 #sH7}
A% | Agar 0.42% | Agar 0.45% | Agar 0.50% | Agar 0.55%
S A7Fe AE | A AE | AR AE | A AE
A8 2+ 7.00+1.31 6.25+1.90 6.75+1.16 6.25+1.03
Zu) 7.63+1.06" | 4.87+1.45° | 7.38+1.18" | 5.00+1.19"
A= b b b a
450+1.77 4.63+1.30 5.63+1.19 7.25+1.58
(Hardness)
AT 75 %
5.75+1.75 5.76+1.66 6.13+2.03 4.87+1.89
(Hardness)
A" )
vl 2 5 6.63+1.06" | 5.75+1.39" | 5.88+1.50" | 4.50+2.50"
(Smoothness)
Gl 7.00+151% | 450+151° | 650+1.60° | 4.37+1.60"
234 713" | 675+1.16™ | 538+1.92% | 7.25+1.48" | 4.12+1.64°
Mean+S.D

Means in the same row with different letters are significantly different
by Duncan’s multiple range test(*: p<0.05, **: p<0.01, #**. p<0.001)
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4. A AFY Ax

7hoAe A4S 9% AdRe AA b

A A Fwes Axst7] del WA AspA 2 AL&starzr o= A
gl o] Aslss FASA st F&Fol AHRE 0.5%CA
5.0%° ®eI= Z+7 F7bste] AuE Az oen YxraLows
S84, AAEL, AAE2, sericin FEE ol 4FE AL&5te] Ax

g Axste] 6C~8C9 %EOHH TPA SA4S A

T Ay, a9 19-23, 3E 1lelA el #Zo] AlFol dAujE &
A AEe] AEE 5819 g, 8724 gol¥ o} sericin FEES 143
[e] 9_—5—]

goz vjg ugton dHAdI HAYLS of 1/20]°4J_ S L
# A|FE B o Aoz

4, A0l Bl w2 Aow L]rE‘rME]r gk, Al
AEE YEtd7] 9 AR "7 25% HF2d A

Springeness

T T T T
0 1 2 3 4

Gelatin content(% )

2]
o

a9 19 ARd HUF wrd wEAde) ¥t
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¥ 11. A 3E 2 sericin 59 TPA £4

TPA
A
=4 | wEd | oad | sdd | w34
el (e)
Agkel 0% 0.091 0.004 0.001 N/A 3.1
NE A 0806 | 50701 | 0379 N/A 581.9
ASEB| 0904 | 89632 | 0350 11212 | 8754
Sericin 0381 | 31.082 | 2178 N/AY 14.3
TE =

UN/A : not available

v AgkeEl 2.29%9] H7FEE sericin 29 A A

o

7

Zholl A AstA = A AMESE Aetelo]l A HIhEFo] 25%<1 A
9} sericin F&E AAY AEES 1#]dto] sericin FEEY A4 H
hEE FAFstazr skelvh WA Aebd o] HUbEs 22%% LA
3 79l sericin FEES 0%~97.8%2 WHWHZE 10%<2] T =
7Fetel TPA 545 ZAbske] A4 sericin FE&9] H7MdS A
skl

2 Ay, % 24-28% o] ©EAe % 119 A#Ed} vy
S o, Al#FEe] 0.8~09°] e sericin F7FeE A9 HIbFo] #

Aglol 095~0979 Wz <zt o oz Jeyon AL

ofr
2

i)
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0%~50% Z7Fgt -7} 6586 g~8614 g WA= A|FF<] 5719
g~875.4 gl ®elek dA 8= Aoz YES
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. '/\\/—Q/‘\'/.
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a9 28, AEE 2.2%09] sericin®] HUlEEW F =] W3}

=3
o

=

i

Ay

o e AEe] Az 9 7}

0.

Lol A Aetde] H7bEe 22%2 148 H S w sericin F&
o] HA FH7bFo] 10%~50%2 W= A W2 HeldA dx
7F AlBER FrAREE HS aelete] WA sericin FEES] HUMES
1095, 30%, 50% = TFH3sla o 7o AgE S 22% HAHAIZ oS
A 8%S H7FE §F 90CT7HA 7hdate] & Az F, 28Bx9

Asl 5 13%, ANF 03%F A/lska pAE FRE A9
QG g7l Hol WA AE AxF vhe, BEAE A4
fex]
AN

=
I Ay, F 120149 o] Mzre A9 sericin 10% 3 7hst

Age 7|axr7F 71002 7F =ko 1y sericin 30% F7bE E
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3% 12. sericin @A H7IFS Gt Ao #

o] 7127, v A,

ute] 713 %7 7}

713 %7k 6.90] A .

Hi
rlo
pou)
o
fru
i

A & Sericin 10% Sericin 30% Sericin 50%
7 A7 E A7 A7 A E
A7 7.10+1.10 6.20+1.75 6.30+1.26
Zn) 6.90+1.59 7.30+1.41 6.20+2.04
An
° 5.00+1.56 5.10+1.66 6.30+1.82
(hardness)
AZ 7]3%
6.50+1.43 6.80+1.31 6.70+1.70
(Hardness)
118 -2-A)
vz e g 5.80+1.13 7.10+1.02 6.20+0.87
(Smoothness)
ot 6.20+1.04" 7.00+1.15% 6.60+1.04™
z=37 75 6.10+0.84 6.90+0.99 6.30+1.19

Mean+S.D

Means in the same row with different letters are significantly different

by Duncan’s multiple range test(:: p<0.05)
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5. Sericin ®Z2E % o/ &3 v & AFY Ax

A 2 AolA sericin @A FEHEo] FAo] ZFslal tyrosinase
A dgdol A AdrFH LA R ThgAo] o] W&
s Alxstazt gtoh F 139 x2AH|e Fste] ARl 56.75%
sericin FZ2E2 2.0%% agar 0.15%Z o] 80TolA 1087 714
sto] Adl F, HAHEE 0.7%, HHAET 6.0%, ATAET 5.0%,
52 10.0%, FolHA 1.0%, d&5 15.0%, Vit. C 1.0%, =&

2

5%g H7teto] Z st Az

¥ 13. Sericin &5 o] &3 v &WAF] vl ey

A= A7 (%)
Sericin &% 2.0
Agar 0.15
=52 0.7
LR R 6.0
A 5.0
ey 10.0
SolH A 1.0
Lemon = 15.0
Vit. C 1.0
o = 3F 25
A 56.75
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wn
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3.
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o,
N
ofN
N
olr
oX,
filo
2
oo
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o
rlr
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T
=0

N @=elol

=
Mg Qe gol HANE ARE Adstel Az A

HAAZA AVEE d59 H7Ee F 149 29| sericin
9 22ES 3502 Yol Az
I 14, A=A AFEE A5 vl

da
= (g) 2a(g) FE==(ml) =(ml)
2%

Control 330 130 - 540

1/25° 330 130 540 -

1/50™ 330 130 540 -

/757" 330 130 540 -
* o rollarx] 80 goll 58 2 LE F7Fske] 100TellA] 307k 3o +=
wr o3 40 goll -84 2 LE F7ske] 100TAIM 3083t & =
wxx Ol 31| 27 goll 58 2 LE 3H7Fske] 100TCAA 3083t 38o] &
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3z #l

b FRZFR a8 HArbeRed mE &7, pH, AE, FE2EHAE
2 Fgges 2 Aolrt 9l Ao® e, sericing ¥ Al
Al AHTFE dde] sA4dE Ae 9 MAA e Aew UE
1)

¥

3 15. Sericino]l H7bed @& A4 713 st

AYdgs | FE AT |TEEEHA A A5
94 € | " oo | mgee | (L va vbat
Control| 58.00 | 690 | 0.54 266.0 55.84+8.95+23.91
. 1/25 | 5757 | 691 0.56 269.5 55.74+9.29+24.39
e 1/50 | 5767 | 6.88 | 0.54 273.0 56.03+9.21+24.37
1/75 | 57.69 | 691 0.52 266.0 56.08+9.24+24.27
Control| 58.19 | 6.67 1.01 441.0 50.32+10.19+23.57
N 1/25 | 57.81 | 6.66 1.06 441.0 50.49+9.98+24.18
s 1/50 | 59.47 | 6.66 1.06 441.0 51.26+10.25+24.45
1/75 | 5829 | 6.67 1.04 441.0 49.53+9.96+23.48
Control| 58.24 | 6.62 1.08 532.0 50.51+9.75+21.50
N 1/25 | 5747 | 6.63 1.13 528.5 50.81+9.75+21.69
0 1/50 | 57.78 | 6.61 1.10 5355 49.97+9.10+20.35
1/75 | 58.63 | 6.59 1.13 528.5 50.06+9.38+20.63
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=74 307te] PCA, PDA, MRS #iA & o] &3 mAE +& 54
g Azl F 169149 2ol 7] #FE BE A CA 90x10° A
Fo] #F7F AP oW &4 15U = sericin FEEY HIMT
o) HFF7F AR Tl v oF 15w #TF Tk Aol
U oS4 30 Aele TR w4 rE 15l wls) oF 3w S
Z7hak Wk sericin A7FTE TR o /302 e AFgow
LhERSE

ol W3k wsHrrE AAS A F 17948k 2ol 1/509]
sericin F7FE AQstaie A FFoAA FASHA FHIFE Ao
sericin F#7F9 £8# e 713%7F 6o EA vHWFH 535
H7b= o], sericin®] #7td wel 73 E7} shEtetE Aoz ey
t}.

Az 459 AFS o= AsHAE AAg 43 3 179
A ef #ol sericin FH7F] M3 FR7F sericin F7FE T H]

WA 92 GriHe] FEAR VIEx FHolA B FH7FS
controlo] 6.00.ZA 53 Ao 2 Yehykow fAlstA H7EE A
o2& 1/259 "ol vlwA A H7FE o] sericin®] ¥ el A 9

A7 0l e Aem HrhE o] WMHlE AT & = A

=

ol

BN
o
>
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¥ 16. Sericin®] H7FE B9 A7 HF4H 3

28 g v A E-(xCFU/g)
9 PCA PDA MRS
Control 86x10° 92x10° 55%10°
1/25 104x10° 106x10° 74x10°
0d
1/50 90x10° 171x10° 78x10°
/75 88x10° 95%10° 77x10°
Control 96x10° 79%10° 94x10°
1/25 140%10° 106x10° 121x10°
159 -
1/50 139x10° 118x10° 133x10°
1/75 120%10° 104x10° 123x10°
Control 334x10° 227x10° 269x10°
1/25 78x10° 69x10° 75%10°
304
1/50 79x10° 63x10° 63x10°
1/75 65x10° 62x10° 67x10°
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¥ 17. Sericin®] H7}¥ =

©
k)
o,
X

w5

. Control 1/25 1/50 1/75
& 6.25+1.71° | 6.00£1.41* | 575+2.06° | 5.75+0.96
v 525+2.63" | 5.00+1.83" | 575+1.71° | 4.75+1.50°
EShs 5.75+1.50? 6.00+1.83% 5.25+1.26° 450+1.73
PN 6.00+1.41° | 650£1.73* | 5.00£1.41° | 5.75+1.50°
2k 4504058 | 475+1.26% | 375+2.22° | 5.75%1.50°
294 715% | 6.00+2.31° | 575+1.89° | 450+2.38" | 5.00+1.41°
U a5 Az

F 189 Ym wigHlel] F3te] sericin H7FTe FHAT
(controD®] 11574 4FS Axstar 309z 30TAA A 71HA
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dg | vF | ZF2 2327 B9 | 27 (75| FEE 5
IF (g) (g) (g) (g) | (g) (g) (mL (mL
Control 50 188 222 50 110 70 - 500

1/25% 50 188 222 50 110 70 500 -

1/505 | 50 188 222 50 110 70 500 -

1/75%=#x | 50 188 222 50 110 70 500 -

* 7ollatA] 80 goll 584 2 LE F7ske] 10Tl 303t & =
wr polaz] 40 goll S8 2 LE H7betel 100TellA 30w3E o] +=
ek ol %) 27 goll 85 2 LE A7Kske] 100TAA 3083F #e] 5

Sericing #H7Fst 15339 vAE 5 3047 3 @AY Ax
Ak A3 ;1 200049 2ol sericin H7F9F T THl
o] = Qe

A= A9 FS VA= Fe ALE HENH
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Sericin®] H7l¥ 133
2ol 1/259] 5 e 7

T WA 7lEgde]l F& Ao Yy, FFAQ 7EE7F 6.02
=4 =4 B7EEo] sericine] L e FRE &8s & o=

UERs
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¥ 19. Sericin®] H7Fe aFAo A7

dE¥E | 72 A |EEEgds A

R 0 | "Moo | me% | (L va cbw
Control | 4852 541 1.01 150.5 36.02+18.98+15.68

" 1/25 46.13 5.40 1.06 154.0 35.07+20.33+17.44
t 1/50 4721 5.40 0.99 140.0 36.56+19.25+15.78
1/75 46.34 541 1.01 147.0 34.61+20.64+17.18
Control | 48.89 5.36 1.01 1575 33.87+20.70+17.58

o 1/25 46.18 5.34 1.08 164.5 32.72+19.32+15.82
0% 1/50 47.67 5.35 1.06 1575 33.61+20.38+17.19
1/75 46.72 5.35 1.01 1575 33.56+19.70+16.52
Control | 48.76 5.36 1.01 1575 37.45+18.22+14.12

o 1/25 45.88 5.33 1.10 168.0 36.03+16.54+12.11
0E 1/50 47.29 5.35 1.04 161.0 36.34+16.98+12.58
1/75 46.14 5.34 1.06 161.0 37.01+18.10+13.64
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3 20. Sericino] H7FE 1 o] SA7IE dewst

Ay v 4 & (xCFU/g)
A PCA PDA MRS

Control 194x10° 146x10° 212x10°

. 1/25 201x10° 163x10° 166x10°

e 1/50 223x10° 196x10° 227x10°

1/75 283x10° 228x10° 311x10°

Control 42x10° 198x10° 38x10°

R 1/25 46x10° 236x10° 51x10°

e 1/50 65x10° 328x10° 55x10°

/75 53x10° 282x10° 54x10°

Control 35x10° 198x10° 34x10°

. 1/25 45x10° 312x10° 36x10°

e 1/50 32x10° 211x10° 28x10°

/75 46x10° 195x10° 37x10°
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¥ 21. Sericine] #H7}

.
k=l
n
o
Lo,
r
olf

Control 1/25 1/50 1/75
5.25+1.71* 7.50+1.00" 7.00+0.82° 6.00+1.83"
5.25+1.26 6.50+1.73% 6.25+1.50° 5.50£2.08
4.75+2.99° 5.50+1.91% 4.25+2.36" 5.50+1.73"
5.25+1.71% 5.25£0.50" 4.75+0.50° 4.75+0.96
5.75+1.71* 6.00+1.41% 5.25+0.50" 5.50+0.58"
4.75+1.71° 5.50£2.38" 4.75+1.26° 4.75+1.89
5.75+2.22° 6.00+1.83" 5.25+1.26" 5.75+0.50"
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