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R A Xk B, F L JHE T ™ 0 ) 2T 4 T 15 1 L
1L S ACE il 75 P4 | R 3 ik 22 7K 5™ @l 7 1y 2 75
T EL A AN R e BT e 22 KSR DI RE R A, AT
RUEA™ B ™ dh 255 MU B A Bk 1

1 MRERE
1.1 #HRS5iKH

Az v M TR Y TR S0 R 2 B9 RS VR R
B DR IWARE MG & R P SEa )
VU E R IR S e A BRA R i fa A BE IR R T
¥y, RIEmT Bl E R R ABRA R W
(Bacillus natto) , I8 2 AR A7 H A s ACE , S 56 %
FM S il v 2 5 21 45 2 11 5 (74 mg/32) | € I T
(150 BP/3Z) sl B (12 600 U/ ), Hh [ 245 4 A=
Py il K 5 BT 598 % 1 FR Ik — 21 44 Mk — % 24 R (Hip-
puryl-His—Leu-OH, HHL) .98% 5 JX i (Hippuric
acid, HA) . Z 5 (a4l ), 55 [E Sigma 24 Al ; £
i A AN S e R R 8 o [ b Al
APTT TT . PT iR &, Fgat @A) TR
ARRAF
12 NB5EF

M200 #4 il b5 2 5t % AL, Fi 1 Tecan Infinite
23] UV=5200 25050 006 EE T, B oA
PR/ F] ; KDN-103F HL G BAL , b 7 K AR A7
FRZS 7] 3 E2695 & 20 WA (354X, 35 E Waters 2y
A FE28pH 11, M i —FE R 2488 (i) A BR 2
A] s CF16RXII = 3% Uk 250 ML, H 57 HITACHI 2
A];SCIENTZ-IIT B 2 MV #7308 2 A=
Fe A BR 7 YXQ-LS-50SIT 57 28 7K /1 28 9 K 1
#r, RS A BRA F SW-CJ-2FD XA HL
L TAE G 75 N G A 4 A BR A ) s HH-4 4%
TR IR KA e, N R T S AR A PR
YXQ-LS-50SI1 7 3 He 77 Z8 OK i #% , b R S
AT BR 2
1.3 REHZE
1.3.1 FEAATALEE R R DIAR L T B kK iR
M5 h, TR 1 h K, IR T IO BUR ; 1 2 00
TIGFTRY s O 8 AE 0 B i R I 2585 R T )5 47
TR R . B 0 A TR R R T R R R LR,
B JFERTF-20 CEH
1.32 BEASEANE AR LR E A

L & e ) AR B A

1.33 MEREAR: ¥ R 30 mg/mL (L
FEEHEIMREREE T AT, P A RA
WP R 1% WA A0, P87 pH EZE 7.5,115 CH
JE 15 min J5 ¥ E0 Z 0 Tl PR B0k
3% N E R (LU N 107 CFU/MmL) ,37 CH 3¢
72 h, [EIF% 12 h BORE K & = P9 7E 7 000 1/min (4
AR B0 20 min, Y 35 W 43, LI 2F %
it 16 P S A

1.3.4 LFEMIEHENNE 2% Lee S5 Ik
D 5 T 7= 400 v A 2 VS T TG P o 51 B R T i
0,1,2,4,6,8 FU/WL (% 5 BT i W BE T W, 4% 1R
IR 5 3 00 2 2T s T P 22 A v i 28

1.3.5 WEMEASTEMME R Folin—# %k
e R EE =Pl s R A SR,

1.3.6 =& &R 1T % 1 25 BK (TCASOP) 75 i ()
RS TCA ULIEE S Folin—M B & & 1k h
TCA AT PESERR I & & . W L BRI S 20% TCA
SRS, #E 20 min J5,16 500 g B .0 15
min, > FH Folin—; 70 & [ , I 115 TCA mI & M
SERR L

1.3.7  PUEEMLTE MM e 4 B0 G Bl 1,
B 0.9 mL IEH NREA MM, A 0.1 mL % ™
Yy, FH4 B sl ok SO R K 1 kT i K
A 4356 11 75 B BT [H]) (activated partial thrombo-
plastin time, APTT) . #E IfiL fi§ Ji2 (5 [8] (prothrombin
time , PT) & I B i (8] (thrombin time , TT) FJ 52 1
FHAEXT B 1 pe/mL FZRAN, 25 FO0 REO 2R 4R
Ko

1.3.8  ACE MiliE MM E S5 A WA 52
Trids, B 25 pL KB, I ATRIIAR RS ACE ¥R,
Weiw ¥ 3% 2 min, 37 CJX V. 5 min, Sl A 50 pL
HHL,37 C/ M 1 h J§ A 20 pl. HCl (0.2 mol/
L), DAZEIB AR R S A Sy 23 vt R AL 2 Ry v 3k
0.45 pwm 5, FH & 200 AH €631 (Waters ) Kl HA
SR, O3 N Ghall 12S05-2546 C18 (250
mmx4.6 mm,5 pm) . A5 FEAEART 10
WL, A 20 1K (25:75, % 0.05% TFA), ¥
JB L 0.5 mL/min , 58 SR K 228 nm, ACE {1}
H3R (% )=(Ag=A)/IAox100,A, K25 [ X% I 4 v
HA VTR A I AP HI 541 HA SR
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1.3.9 #dugitatr ARy i#T 3 kE
S0 B DUV A 05 o 25 o, T SPSS #k
PR 2R FH B0 R 5 25 40 M (ANOVA) 147 50805 4 31
ST, LA P<0.05 R i R S bR . R Origin-
pro 2019b 1R [A] — 5 A [R] 7 B R 7R 22 57
#(P<0.05),

2 HRESMH
21 KEYHHHEERSE

IR B 2 A e A S P B e i, 4
W, BN S0 A A A RS DR I A
A fn fz 2 & R 39.17%,60.43% ,49.35% ,
T4.72%H 95.91%, L& 4 Flok =gl 7= i i i & A
TR, RN G 4 U Y 9 S e A e
TR 2 R A ROk
22 HABEEME

B o, B & B (] A ZE 4,5 B 9 1)
EAR AR S vp ) )l o (D S R R vt )
o125 B IR SR S B 48,60 h ik B 2T 145 1l i 1k 04
B, 1 % AR 0 e T 200 F R DLAR 5 7 36 h ik
B KA BN R 0 R A 21 0 i 0 M el
AH T FLA X e i, 2978 5 760 FU/mL 2247, B3 DUAR
VAR I M AR B R R WA I S 16 R R
A0 FLAR X R 05 2 R e A st TR AR X R e, T 1 )
LGS 00 R, Zad SR A 98 S R W
) £F %5 B 1% 1178 36 h n] 35 %] 6 723 U/mL Y I {H
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Fig.1 Change of thrombolysis activity during fermented

by Bacillus natto (n=3)

TP YRR AR W] B 2 1 Al 21 I35 il e {1
B IE) G ) 22 S 00 R BN, W A £ p il £a
B MR A 2 B 1 ) 4 S S A 7 1R S R
2.3 FAIAMEAS=(SPC)

2 oK, FEREEO h, B S FhFURRY 220 TR
KU e, L SPC BN R, 3 T f % e
016 SPC AR X i &5, 1 S B0 ) SPC ik, X
THEATRSEARIWICY , 9909 WE BT SPC
BRI, REES R BT PR
0 K2 Fs DUAE 300 % B 7= Wy v 1) SPC. 22 SE 18 i Jis 1%
A%, 43 5 1E 36,36,48~60 h ik F A | 1M
0 A BH i RN 2 09 % 1 7 ) vh SPCTUAE U %% Y
72h WRrgE EJF, 5 0h kb, 8 Gk Bk
ARG B DUAR A 2R SPC B 430 T
2.68,1.79,4.31,6.06 Fl 8.63 mg/mL; Ifii & % 72 h
J& b SPC W 4 51 B T -0.66,-1.07,4.31,
5.73,8.61 mg/mL, Lo WL, & et fE v, 40 5 B
53 W AN R (22 R B ) R HE IR O
G e IR A S R (A i B ERL =R S
SPC it — LK AR R AR 8 58 BRI i 1, =
2 SPC i [, LA A ARl O R S
PR — B AR L, JBAR T SPC AR ANk R
() B B AR AR 50 5 1 LA S 01 R DA i i £
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Fig.2 Change of SPC during fermented
by Bacillus natto (n=3)
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24 =S ZEFAMEK(TCASOP)

Bl 3 Won,5 PR & EE O h (1) TCASOP &
KT 1 mg/ml, NE R AR, DR MY
K=Y H ) TCASOP & & bt , T 12 h 5k
F+Z 5.26 mg/mL,24 h BT B IE(E 2 5 MUKy
e PR IR AR () HLE (A By . 88 M R DURR D |
13290 & W= ) TCASOP T 24 h Py [ 7,4y
e 60 h BGKE(E , 2 5 TR, fiff0 A 5 R fe ok Ry
A, & Wi FE o TCASOP R 24542 7, & B 60~
72 h J§ TCASOP & A IR, 5 0h e,
WKy AR R e AR SR B DR L RN S
O & T 7= ) i TCASOP W AE 43 ) |- T+ 6.62,7.33,
5.24,6.42 ,4.44 mg/mL, X &8 P HE fa fz B DL AR
AR SR 3 T A N TR R T R A T R R4 R
*,
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Fig.3 Change of TCASOP during fermented

by Bacillus natto in different time (n=3)

2.6 EMmEgREATE(PT)

B 5 o, fif 6 g B AR B LA i e D e
6] PT 4K AR, (HBE A T2 (0 E 47 76 1 3 7
%, 5 200 % BP0t PTG SE K AR FH 2 348 58 ) [
K, & 5ok B AR AR AR S0 0 R = AN
AEAER PT PT B T ifi 2% o AMJR P 6 1 3 42 BT v
KB B 0V VI X T Pk LR BE 1 1
PRI 15 32 B fd AR PT 7E 9.5~15.5 s,

HEFF 22 0, 7 i 5 & T 80 14 2 4<% TT 9 48 4
VEFHUS S, AR AT A 2 0 0 A il AR b PO s v 4 4y
B2 T o WA R AN R R A TS .60 h JE TT 1Y
FERAE BRI e, EA55 1 we/mL RN
R, R A HB B VR AS BE R A 0 4 00 & 5
PUBEAE T o % Al f0 R R I 7 % TT (4 38 KA FH Bl
S W A) F5 22 1998 60 h 5 5T 1 pg/mL BT &K 4
MIPTBELE ] ; 200 1) & = Pt RE ZE & TT, 1
JC B B A A A

4 I T RF ) (T ) 2 52 A i 2% o A b AL 1
Rl NS (&2 e S VR s e g W
FR A ]P0 ft e N TT &g 14.0~21.0 s, TT Jiz e fi J2:
I 2% v i il P B 2T A R R AR,
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i 4 0 7 5 L i ) PR AL Sy, P AR R R Y
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Fig.4 Effects of fermentation products
by Bacillus naito on TT (n=3)
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KO h o RS APTT SEKAER, HRE%
R AT IZAG HEAR DI 2% o bl DR 340 B LR i
FEYIXE APTT R0 . APTT — B T34 AR N
TR R 1 A A T W R i P IV VL X R
TR It A L B A RO f BEN APTT 2 23.0~
43.0s,
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ol N U 2 ) L 0 I T M L A5 S 7E il 1R
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3% PE2H 2346 ) (B R ) Z 2R T . (A5 i
TGN TR R T 4 i T AR AV £ R KR T 1
TR, B R AU REAE AR AT e 2 20, A
SCAE A R o e 1 T Ak L e P R K AR B A
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Bacillus natto fermentation product
B 5 MEBRKLEBSYX PT MM (n=3)
Fig.5 Effects of fermentation products
by Bacillus naito on PT (n=3)

2.8 ACE ##ili&E
BT B S R AR 9N B A e L R
s h—E ) ACE 75 PE . A8 36~60 h 1

FE BT VI 36 P T R B g6 o g 3% 14 LT
Jang SFVO T 44 K G B % 8 0 it N Bl 3R 4R
717 0B < B8 I A IR, Sumni S5 38 44 505 T A9 i i
TR 590G R R A IR A G B’ 4~
6 SN, VYN TR R I 7 DA BT
AR B 5% T ) B8 7 2 ) 27 T i L S 4 0 A B
R =2 I AN RELE K TT PT APTT,, i b4 &
Ak f0 fz e R TT A 2E KA AR v] fig /2 3L
B B8R KT T2 AR IR LB
J5 LA B BH e K, - DL A e B o % R GE L H S5
T AER g LA F T g D R R 1 TR A ) LA
I T4 A5 P, T B o R A
T, FLHTBE K 0 0 P O g 3 RIS R BT
BEWGVE IR A RS S S M0 A DL 2
22, T S e i LA 3 P 0 A R B (A-
GRSLNP) ML Z ik Bt (AGRDGNP) , 708 1 7
LRI, FI 4k, Suojaranta SFHFHE T HH JE X0
A A5 AN BCEE M I EIAE . i, AT RIS
W, 29 A je 28 AR TR I G 1 4 e s B
DL R /Ny PR, A s i TT /E A
TEN TR K ERTT , #2577 A bk
VE TR WA e K, DRIt Bl 25 48 & 781 & I 1 iR A, 2 R
i J7 R T kr TT 18 KA RS (K1 4)
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Fig.6 Effects of fermentation products by Bacillus natio
on APTT (n=3)
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Fig.7 Effect of fermentation products on inhibition

rate of ACE at different time (n=3)

(91.7%), 6 i A= B¢ g A0 %0 F 0 7 % W5 7 90 Y
ACE 0% P AR XS el . A BF ARk 7= b iy
[l A R R R S & ] S N
L H T, ACE $06I BE B0 78 K 2B R 3 T 5
1 T e ) ) 86 T 3, TSR FH AN 5 TR K T AN g
% A B ELAT W A (8 ACE 306 B, 34 £ bl 7 3L
C RS I 2F IS B A5 T 2 BRI A2 ARl
I 9 TR T s ) (IR AR = R A ) 25 ACE 0
WK, Irfs 2 K ACE #0415k 80.49%, T 155
ORI FH 4 T R BV 2 B0, 3Rk A8 T ACE S 5
K 90% 1) K T 7= ) o v Tk SR T 40 TR K T
DURR 1125 ACE $I il K , #0128 15 %) 83.7% . Gao
SRR e DU IO 9 B R ) R 2 K AT T
43 B8 Ak I R R B v I A R 06 T 22 B B
FEAEF o et Al O R P 9 ST R Y T VR e A
TR IR0 T % Xt 20 f g i e A B AR, 404
O R B ACE 0035 B o T 2 — 2
P Ak AR DA 75 38 AT A0 T k8 4 ACE
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Comparsing of the Bioactivity of the Fermentation Output from Four Kinds
of Fishery By—product by Bacillus natto

Zhou Genghui"?, Geng Mingyang'?, Ma Siyuan'?, Wang Ting'?, Wang Zhenyu'?, Sun Liming"*
(“‘School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, Liaoning
*National Engineering Research Center of Seafood, Dalian 116034, Liaoning)

Abstract To use aquatic by—product effectively, obtain more valuable bioactive component from them. Abalone gonad,
scallop skirt, tilapia skin, and sea cucumber roe were used as substrate material, taking soybean powder the typical
substrate of Bacillus natto as a control. All these substrate was inoculated with Bacillus naito and liquid fermentation
were conducted. Fibrinolysin activity, soluble protein content (SPC), trichloroacetic acid-soluble oligo—peptide (TCA-
SOP), anticoagulation activity, angiotensin converting enzyme (ACE) inhibitory activity were measured to evaluate if the
above fishery by-product was fit for function food preparation by Bacillus natto fermentation. Results showed that the
peak fibrinolysin activity of soybean powder and tilapia skin was almost equal and highest, up to 5760 FU/mL. Bacillus
natto could transform insoluble protein into soluble. The most significant and stable increase in SPC was the fermentation
product of sea cucumber roe, with a peak content of 8.63 mg/mL. TCASOP content of the above five material at O h was
lower than 1 mg/mL, but increased to a peak level of 4.69-7.87 mg/mL in each fermentation respectively, with the
highest level occurred in tilapia skin. At O h, anticoagulation activity of abalone gonad showed a strongest effect, pro-
longed TT, PT, ATPP significantly, but decreased along with the ongoing fermentation. Fermentation of sea cucumber
roe and tilapia skin also showed increased anticoagulation activity. During 36-60 h, the fermentation of all the five mate-
rial showed ACE inhibitory activity, and a highest and stable activity observed in soybean powder. But the activity of
scallop skirt was equal to that of soybean powder after 36 h, and a high activity was up to 94.66%. Above results
demonstrate that, four fishery by—product each and its fermentation output by Bacillus naito has specific property in the
aspect of fibrinolytic, anticoagulant and ACE inhibitory activity. They could be combined applied in developing relevant
functional food.

Keywords fishery by—product; Bacillus natto; liquid fermentation; bioactivity



