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Biological activities (a,a’-diphenyl--picrylhydrazyl (DPPH) free radical scavenging activity, fi-
brinolytic activity and reducing power) and biochemical properties (protein content and electro-
phoretical protein patterns) were examined in solid state fermentation with Bacillus subtilis and
Aspergillus kawachii using silkworm powder (SP) as substrate. The highest protein contents and free
radical scavenging activities were seen in the SP fermented for 12 days with B. subtilis and A. kawaclj,
and these were in a time-dependent manner. The highest reducing power was seen in the SP fer-
mented for 6 days with B subtilis and for 12 days with A kawachii, respectively. The highest fi-
brinolytic activities were seen in silkworm fermented for 6 days with B subtilis and A kawachii, but
this activity was higher in the A kamac/ii fermented SP than that of B subtilis When total protein
patterns were analyzed by SDS-polyacrylamide gel electrophoresis (PAGE), the proteins of the SP fer-
mented with B subtilis for 3 days were completely degraded, while the protein degradation in the
SP fermented with A. kawachii occurred after 12 days and this degradation increased proportionally
to culture time. As a result, the SP fermented with both B subfilis and A kawachii showed higher fi-
brinolytic activities after 6 days of fermentation and antioxidative activity after 12 days, indicating that
physiological activities of the fermented SP using these strains were highly improved compared to the
unfermented SP, and that this compound could be a candidate material as a dietary supplement of

healthy functional foods.
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91157) 2 Aspergillus kawachi (KCCM 32819) 75 —3— 3= w] A
THEAHZRE £ ol ARtk €% Ax 7ol &
2 7} 50 ¥ 500 ml Hlo] Ao ¥ FF th] 153}]9] z=
FE 7hte] B BE &4 A7l & 121°Cell A 1587 2t
g, Ao HAE W A A2 B subtilis ¥ FHE ol
T 1% (v/w) FToE Z 42 oS 37°ColA 1297t
HEA AT £ A f‘& A. fanachi A T 7ol £
5% (v/w) FELR 41L& T 37°Col A 1297 La A F T
ol waFY Fol AxE 9] Hote] B E FHTFE ¢
A W FHA BEE APAH F 75 Ao
A 2Y7AA LEA7IEA 39 HA0E A EE 747 F3)
of &3] AN F F4 AR

26g TRl pH I CHHE = £

BE FARES 44 FHF 1% 52 Hrbste] u
W ¥ pH meter (Methrohm 691, Swiss)Z 24 pHE &4

é.
stk LE rol T dlA FEE Lowry WH[18]S
A

2 540 nmoX EFFEAZ FFEE FH33, bovine
serum albuming ¥ FA|F0 2 ALE3te] Tl A g =4

.

15 ml performlc ac1d9} 6 N HCl 15 ml 7}k, 110°C dry
ovendl A 2447t o] & 7k Az £ E AR

55°C &0 A 7Hs% ¢ & pH 22 citrate dilution bufferi
25 ml& 9 ¥ 0.2 pm membrane filter2 A7 T3,
g IBFE A8t ofr| it AHE 4 7] (Biochrom 30,
Amersham Biosciences Ltd., Cambridge, UK)Z F/ o}w]=

e BASAG,

3

=
folr ol

TOEZ2| Native-PAGEO] 2|st CHHE! i H|m

ol o] il w§l-S Davis WH[7]o] wheh £
5}9.2.1, slab-type native-PAGE?] gel =+ 7.5%% A&
A & 29 gel 7.316% acrylamide, 0.814% bis-acryl-
amide, 376 mM Tris-HCl buffer (pH 8.8), 0.03% TEMED %
0.07% TSt EFS Aot 1 mm FAR 5] AHE-S}
Atk #2 gel Aoll= &5 gelS 2.7% acrylamide, 0.625%
bis-acrylamide, 61.4 mM Tris-HCl buffer (pH 6.8)& & 0]
40% sucrose—buffer@“’u o s AEE T35 gelldl 43
= wello] FFH FY3A T 1719 %F2 Tris-glycine $+3
¥ (25 mM Tris, 192 mM glycine, pH 8.8) 3}l A4 1.5 mA/gel
(m)®] AAFE T3] PshaL, 4°C A2l 2413 71
S AR A7) SEH gel& 7% RA4F &l &3
1% coomasie brilliant blue R-2502.2 G4 & 7% ZAF &
2 FEE GAANA dx 9 A Z9s skt

1

(e

10 r&'ﬂo

&g o2l SDS-PAGEY 2|5t CHEA TiEdH|w

Bg FolEwe] ¢ Hd -‘:#418 Weber % Osborn*
H[29]0] F3tH=H, SDS-PAGES] 242 10% acrylamide,
1.5 M Tris-HCl buffer (pH 8.8), 0.4% SDS (Sodium dodecyl
sulfate), 10% H2+3t4 25 2 0.05% TEMEDZ FHEo] A&
AT F5 gel® 42 5% acrylamide, 0.5 M Tris-HCl
buffer (pH 6.8), 04% SDS, 0.05% TEMED Qt}. A] &¢Hu] 4 <]
SDS A= #HFF = 2% SDS, 144 mM B-mercaptoethanol,
60 mM Tris-HCl buffer (pH 6.8), 25% glycerol % 0.1% BPB
Egeqelx 100°CE 583 EA st A719ES
Tris-glycine $% (25 mM Tris, 192 mM glycine, pH 8.3)
3hol 4 130-150 mA/gel ()} BHFE E3}e] 147k 0%
2 EA A71EE $ gel 1178 9 (Methanol:Acetic acid:
Water=10:10:80)l 1% coomasie brilliant blue R-2505 %7}
3k 10A17F FA g & g2 (Methanol:Acetic acid:Water=
10:1080)o.2 &3] BAAA Ax 3 ARIEYS s

U5 Fo|RLY EHSH FL BY 2
B rolRde] BAEH Lk

/42 fibrin plate H[1]<
H 8k lysed zone o & A3 A& 24 54
AH&4 fibrin, flbrmogen, thrombin2 Sigma Co. (St. Louis
MO, USA) A& H3ste] AT Fibrin plate™ 0.06%
fibrinogen< 0.2 M borate buffer (pH 7.5)9 £31A1Z1 ¥ petri
dishell 10 ml¥ £33} thrombin (5,000 unit) 40 unit& 7Y
3HA Hol== 7}s }”“1 T 579 fibrin clots F44A171
& "]i°ﬂ/‘1 30E3 LA F AR T AR SFRT
1% #=2 §&A7) & oI (Whatman filter paper No. 2)3}
4 fibrin plate ol 50 ul"/“ A3k 37°Col A 3A1ZE &<
HEAIZ & A E £ B89 43S S48 4%
< AR FAA F 7H«] A5 SA% FHYY WA

T8le] unit/mlE XEA]SFE .

2 o2l DPPHYO| 2/t Eitel ey £3
WE o] 3kst 242 Bloisd] Wl wel 58
3} tH2]. & DPPH (q,a’-diphenyl-B- plcrylhydrazyl) g

&
A
100 ml o &-&9] DPPH 16 mge =< ¥ $H4 100 mlE
E3sto] o F X (Whatman filter paper NO. 2)Z o Z}A]A
W=t DPPH £ 5 mlo] 01% (1 mg/ml) A8 & 1
mlE E3ste] Ao A 3087 HHSA17] & 528 nmol A &
FEY #AAE AT HxT2d A% 34kskA] BHT
0.05%% #7kste] 7)o Tds WHOE 3= AE
73ttt DPPH free radical scavenging activity= A& %
T FHNTY FHEAE WEE(%)E EAISAT
DPPH free radical scavenging activity(%)
={1-(Abs/Abc)} ¥100

Abc: Absorbance of control treatment at 528 nm

ﬁ\L |\ r{r

Abs: Absorbance of sample treatment at 528 nm



gts FolEato| Fe B3 XX
LE 79 Fe-848 542 Zhu 59 W31 whet

2459tk &HE ol 01% EFEE 075 mlE #3202

M sodium phosphate buffer (pH 6.6) 1.25 ml % 1% (w/v)
potassium ferricyanide [KsFe(CN)e] 1.25 ml& &3}3ke] 50°C
oA 20%3F HBHES A F T o] Whg-He] 10% trichloro-
acetic acid (w/v)E 1.25 ml 7}3}¢] acidified A]713, 3,000
rpmo A 2027F AAEE] AR FEd 25 mE Hsta
distilled water 25 ml & 0.5% ferric chloride (FeCls) 0.5 ml&
EFS T A2A 1087 ¥ AlA Spectrophotometer
(HITACHI U-2900, Tokyo, Japan)¢] 700 nmo| A §3E=E =
Aottt ojml g HuE 9ol Ald FsHAR Bol

AHEE AL Q) ascorbic acid, BHTS 247} A9 5Y 552

E l
wEol $U¢ P o8 FI=E 374
NE WA FEA 2718 0T T BULE vhehy)
oz
S

Ao 2HE FoH AIA = one-way ANOVA Al
o3t Y9} EF A (mean+SE)Z A3 THSI.

Zo H 1
g T2l A 55 3 ololelt =Y
Park S[25]% 7 (2619 HPNM nv JFLA2 7}
FEL Qe FATLE dHA 2o o] Hold Bacillus B
Aspergillus < V|42 2 HEAA Q& EE FolFLoAM &
0 g 571 At A8, 24 g8 48, EHEAA 2
3 Aok 2E AR EdHEo] HE A FolRTEn S8}

rr

AE HAon, w3 SDS-PAGE 49 9 g 23 sjel
TN E 6697 kDa = F719] Tjdo] Eafxo] Mesd
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A ol FFol 93 BE ol HAH AHS Fopr )
et A 129A7HA] 1ALEE AR 1 A |
Hg Fo e Tld T 48.6+0.28% 5 YENIS o0,
Ba roll el A vl ko] FUigk Ao ' JEhgt
(Table 1). & PBacillus 70 93t & Folfdy @i
FEe a4 A7 i Z]"-?Z‘]QE EopAE AdE
HYed, 28 1294 55.6%Z AU FFS BRA. Baallus
é?— b0l FFE o] &3 A= A <] protease R e O

F 9Y7HA % Fk S7hE BYte 43 Z23% Bad nt

Aspergillus 750 g HE T BT v

%E—t— uh g 9%&1177} A 2 ¥t ot 1294 523% =
o SFE HAoY, Bacllus 759 93 @g FoEge
gl FrEge 9 e vehyodd.

Bacillus 4 JH209 75 2 9l A #3) G402 Fol ¥
7l FE de B4 9idS /Hed Bl 53
7] 913 AROIA pH 50904 HA kS Holthr} pH7L o}
Aol upg} A FEFo] MY Frehe AFE Byt
SFATH16]. & é_‘fé"ﬂfﬂE Baallus 7501 &gt da oA Al
Ao pH gto] A& Z7IstuA v §3) g9 2o

ZstA o] Fo1A4 ‘4““;“ ol 71 Aoz Bl

(Table 1). B3+ Agpargillus 75l o] LA M = 9UA71A]
pH gkollA 2 #37} glozh 1294 S7kshd A SA o e
4 TRk S7HE Ao g YEhy ol W] el 5

b AR o2 UEgT.

gls  FOo|E2Ho| Native-PAGE 2! SDS-PAGEO] <23t

RN T~ = T':
o2M GdASe ¥t & HolA] e ow b}E}‘r}
(Fig. 1). 22|\ A fanachi 70 93 L& Foll 2T & A
e BE Azte] AastuA W= =7t 242 dsiAl=

Table 1. The pH and protein content in silkworm powder fermented by B subtilis and A. kawachii according to the fermentation

time

Sample Time (day) pH Protein content (%)

Silkworm powder (SP) 0 7.11+0.20 48.60+0.28

3 7.27+0.10 51.40+0.38

, . 6 7.43+0.10 52.51£0.12

Bacillus suttils 9 7.53+0.10 53.53+0.18

12 7.97+0.00 55.60+0.08

3 6.55+0.10 49.60£0.26

, .. 6 6.56+0.10 49.60+0.28

Aspergillus kawachi 9 6.74+0.10 50.10+0.36

12 7.26+1.10 52.32+0.38

Values are meanS.E. of three samples.
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Fig. 1. Electrophoretic patterns in silkworm powder fermented
by B. subtilis and A. kawachii according to the fermenta-
tion time using native-polyacrylamide gel electrophoresis.
0: Silkworm powder, 3: Silkworm powder fermented for
3 days by B. subtilis or A. kawachii, 6: Silkworm powder
fermented for 6 days by B subtilis or A kawachii, 9:
Silkworm powder fermented for 9 days by B subtilis or
A fawachii, 12: Silkworm powder fermented for 12 days
by B subtilis or A. kawachi. The molecular weight mark-
ers: phosphorylase b (97.4 kDa), BSA (66 kDa), ovalbu-
min (45 kDa), carbonic anhydrase (31 kDa), trypsin in-
hibitor (21.5 kDa), and a-lactoalbumin (14.4 kDa).
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Fig. 2. Electrophoretic patterns in silkworm powder fermented
by B. subtilis and A. kawachii according to the fermenta-
tion time using SDS-polyacrylamide gel electrophoresis.
S: Standard proteins, 0: Silkworm powder, 3: Silkworm
powder fermented for 3 days by B subrilis or A. kawachi,
6: Silkworm powder fermented for 6 days by B. subtilis
or A kawachi, 9: Silkworm powder fermented for 9 days
by B. subtilis or A. kawachui, 12: Silkworm powder fer-
mented for 12 days by B subtilis or A. kawachi. The mo-
lecular weight markers: phosphorylase b (97.4 kDa), BSA
(66 kDa), ovalbumin (45 kDa), carbonic anhydrase (31
kDa), trypsin inhibitor (21.5 kDa), and a-lactoalbumin

(144 kDa).
kavachi W& o B2 679,708 ppm o2 AE3] B o
A% ArHTable 2). ¥ E Fo]Ewe) T4 ohul =it FX

<= glycine (48,519 ppm), alanine (46,349 ppm), glutamic acid
(42,402 ppm), aspartic acid (32,498 ppm) % serine (29,882
ppm) £o2 F4 HoHH3]. 2y & AN o5 F
ol o LE FollRTY 74 ofrest FollA Tt B
o] 48 of| =4+ glutamic acidZ 63.25-63.51% 5 21A]3}
of daAH e FFS BAY. B subtlis TE &L
T4 oAt AL glutamic acid 418,536, aspartic acid
32,335, serine 30,190, tyrosine 21,848, leucine 21,145 ppm &
o2 Yelgth A fkanachi E FolEHe] 74 ofn|iit
ZAe glutamic acid 431,660, aspartic acid 32,135, serine
29,195, lysine 24,270, histidine 23,857 ppm =2 & YE} F
ol ok BE Foll BT FA opw]ist A M E Aol
7b e ALE #FHUT 53] HIER oL glutamic
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B AS7HA ¢2E4 3F =4 B AFollA glycine, glu-
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Table 2. Compositional amino acids in silkworm powder fer-
mented by B. subtilis and A kawachii for 12 days fer-
mentation (ppm)

Sample

. ; Silkworm [3] B subtilis A. kawachii
Amino acids
L-Aspartic acid 32,498+125 32,335+150  32,135+135
L-Threonine 15,930£75 16,341£50 15,108+80
L-Serine 29,882+105 30,190+95  29,195+120
L-Glutamic acid 42,402+200 418,536+230 431,660+210
L-Proline 9,359+40  13,831+55  13,629+60
L-Glycine 48,519+250 8,270£50 9,256£55
L-Alanine 46,349+210  7,818+35 8,021+30
L-Valine 17,027+80 3,059+20 3,493+25
L-Isoleucine 13,103+50 14,256+60 13,822+65
L-Leucine 18,820£80  21,145+90  20,369+85
L-Tyrosine 20,114+95  21,848+90  23,557+90
L-Phenylalanine 13,769+50  14,926+45  15,349+60
L-Histidine 9,373+40  20,708+£90  23,857+90
L-Lysine 19613190  20,526+95  24,270+90
L-Arginine 17,553+80  17,905+80  15,987+65
Total 354,610+105 661,692+82  679,708+84

Values are meantSE. of three samples.
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WZ o] 74 ofu|imak 24 H % serine 31%, aspartic acid
8% X glycine®] 19.1%E A3t lom, w3 ¢3&
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fof ox G i o

g FoELe EMSsH &y

ol o] e A HH ALES Walste] 1
&, A, HEF, AT 58 o=, o i ¥A
§3 471 2438 E g4 Aol JAH 4 £8I1A
AWE disted 237 ok A dTH23] A A
EAS= B subtilis, Fusarium pallidoroserum, Katsuwonus pela-

mis, Streptococcus aureus VA3 E el A=, 278, 2XA
Zt, natto (nattokinase) % shiokara (katauwokinase)%} 22
A E AF T g4 & axd A4S A3 LA=
o] A/ H3loH, 2 serine proteaseZ #7513
TH23,28]. &3 ) AW TF 765025 H 34T FEE
oA o], A, HIG=dA] F 10FNA 538
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g FEEME g S A Yebt ot v
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[B]. o]A 9 AgoM EF AX Tl BTl B subtilis T5T5
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Fig. 3. Fibrinolytic activities in silkworm fermented by B subfilis
and A. kawachii according to the fermentation time. SP:
Unfermented silkworm powder, Bs3: Silkworm powder
fermented for 3 days by B subtilis, Bs6: Silkworm powder
fermented for 6 days by B subtilis, Bs9: Silkworm powder
fermented for 9 days by B subfilis Bs12: Silkworm pow-
der fermented for 12 days by B subtilis, Ak3: Silkworm
powder fermented for 3 days by A fkawachi Ak6:
Silkworm powder fermented for 6 days by A. kawachi,
Ak9: Silkworm powder fermented for 9 days by A. ka-
wachi, Ak12: Silkworm powder fermented for 12 days
by A. kawachii Values are meantS.E. of three samples.
*bed different letters are significantly different (p<0.05).
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letters are significantly different (p<0.05)
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