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EaEERAUKIEIEMAR

Z @ EgKR"Y A
(L. P K= RGeS K =5
SEARRNEIRE T

WmlOEMM EEF!

266071; 2. IR KRS 2EBE

¥ 201306)

WE AR L #(Gadus morhua) & 42 7 J& b, 6 6 A F[E & & Bt AT AR, @At
By MR B K AR E 5 % DPPH B R tidlh e h, MM R ER oMY E6EAM, AL EHZLH
G pwm A L, B RERRIY: BARENY 6 hh, pH Y 721, BE N 58.56C. BMAmE
200 Uml, #ARZERE T, DPPH B HEFRE N 61.1%, HIEIN(E 62.0%H1T, 4 & & KK
SERE R EZRLN, BRI ERL W EESHENFFA LR - WERESY, A
B, BHRITW 4B FELE D BRAENEHHELE RN REARFER TN, FRExR, K4
BBUH N AKBEE R, O HENEREN E IR BT EARA AN TR, ETHREE

K, ZENEMHNE LSRN ENR £ —EN T, SR TRANEEHT X,

ES a5

hESERE S985.1  ICEkERIDAD A

B —FE RN LS A BREET Y
JREE KB REIR, BAGEASES, B
AR Gr 0 UG+ E 5 25 0 (k= 45, 2010,
Onouma et al, 2015; X#k%F, 2009), {H H Fijx} T
KR4 R, i iy £ 85 5 87 R T kL 57
(Onouma et al, 2014), K VG 6% i (Gadus morhua)4F:
PR (PN K&, 2017), #E FAO m#HS,
2016 AR PUTE 6 0 Y A BRAf45 f ik 1,329,450 t, 1 H:
0828 ) S 24 5 AR TR 1%, i) LK P R4 £ £
BERYAR P AR 13,295 to HAET, X KPP ES £ 3
W) &R, 22 0 UR i B8 45 sV S w4
AErEtaky. UL, 4N LU fa 00 R, BFIT &

N s s FAMK; WANTFN
XEHS  2095-9869(2020)02-0191-09

mEAF e B ia .

R R, AERNA A BN =4 5k 27
iy, ZRA A MESFEANERG, 5IREE.
967 i 25 ¥ f (Rahman et al, 2018; Wu et al, 2018;
Gallego et al, 2018). T A KEM TR, @ik ffEis
AT —E - FEuE ik, BARTMiiE
W, BBARUERIAENZ R A R R, 2013),
H5&5 046256 A £ 2R IR 0y Bt A 657 A
LU, TR AR R R B SR A IR LA B b A A i Pk HL
XPARTCE, BA T ANRMERE ., KR Z M2 h
R #E £ E 9 B A R (Atef et al, 2017; Shavandi
et al, 2017), AT LIS fa f6 650 kL, R FH A
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5 W) SO TR G A 1 AR A B £t SR SR AL IR B T 2 S
B, Bk A ) 0 A SN AR TR AR ST B A
PO RIRREVE , 2 S B ) & pt F AR R T2
£ N

1 HREHE
1.1 FRE5{F

VG - 65 00 £ B (VR ) - 38 i 1 R10.44 g/ L
HINARE T SERSERARAR M, 1,1-20%
e 2B (OPPHYIA T g A F ;. RYE
HEABHS0 Umg). HHEE 60 Umg) AN H
fitF(500 U/mg)M FA B AR AR AR, A
HHBF(100 U/mg). HHEFBF(500 U/mg) RS
(250 Umg)l FAb st & ERHE A R AR 0l Wt
N T LTS A BR AR pHIT I T RE
R 2 (i) A RA .

1.2 EXEFRSNE

K FH b 30 o 4 £ £ 828 JE R L A B A A 3R
WA E, HARSI: K GB 5009.3-2016; 5
GB 5009.6-2016; F& [ & & GB 5009.5-2016; K53
GB 5009.4-2016; & & GB/T 9695.31-2008,

1.3 EamEnsSd &
1.3.1 45 & & 62 FR A 32 5 8% £ 0 62035 v IS B AR

25 0.5 cm x 0.5 em AY/NERL, JIA 10 FEARFLEH)
0.1 mol/L NaOH #1224 h, #RJ5, HZEEK
VEE M FIA 10 F5 AT 10%1E T B e fie 1
12 24 h FEATIEAG, SRJE I ZR K s e, R
S B 1 i £ AR BN 10 AR TR 9 ZE B K AT A 3K
#% M (Liu et al, 2014),

1.3.2 Zadpeiiic  REAREEA . P
M. AREAN. SEAN. 245EAMPRE
FI 6 P I, [m] i LR A A oK R VR X R, DU
fity figt W 6F DPPH [ H L8 B B8 b5 , K
(DH) i Bh A8 A5 e 8 e HE B GR) 25 ) SCHR A 2 45
it 1Y e dd AR A PR 1), AR SRS, e
fitf -4 100 U/ml,

133 FRFAER ik REREARE, X R
FfE] . pH. IR RE S O v B R AT R L8R, DA
fif 6T DPPH 13 B R M i F5 b, AT 2 SRR R 1Y)
K

1.3.4 DPPHA ¥y 3L &k &l w 2 mlf £ £ S
FALIK(SWPYKIE A2 ml 0.5 mmol/L DPPHAY Z

R WIR GRS A, BEAL R B30 min, F #4517 nm
RIS, LL0.1, 0.25, 0.5, 1.012.0 mg/ml
GSH/K I AS B PEXT R, 25 F% B L2 mIZE IR 7K AR
BRI, B Y31 H 4 (Takaidza et al,
2018), IHBRFEM T AIHE

TR (%)= [1-(Asample—o1ank)/Acontrot] % 100%

K, Aumple HIRFEFIBICEE , Aconror X HREY
SIS RE GRIBAKACEFE ), Aprank 25 TR0
i (¢ 1 DPPH K

F1 SEGGEEELY

Parameters for enzymatic hydrolysis
of cod swimming bladder

Fifrim e R
Temperature i} [H]
(C)  Time(h)

Tab.1

LBZUIES

Kinds of enzyme

B

Solvent

EEARL" 0.5 mol/L FfR

37 4
Acid proteinase CHsCOOH
2R 1 BT 4
Dispase Deionized water
W 2 1 0.5 mol/L i 50 4
Pepsin CHsCOOH
AR L1 LHTK s 4
Papain Deionized water
FAEE EETA s A
Compound proteinase Deionized water
I 11 EBTK 4 A
Trpsin Deionized water
ok Tk s
Hot water Deionized water

1.3.5  RAFEME R R A R AR R Y

AR VRTINS o B0 ol i TRk VRN S5 PR R ) 25
BEFK, A HERPHET.OR, MIAT0 ml 38%H H g
VW, IRE5, FH0.1 mol/LIYNaOHIA W & Z PH
9.5, CRIHFEMINaOHIE AT, [al i FH 2% B 7oK AR
A A RSO TR, 3T S NaOH I3 TR FR (B SC 1 45
2014), KA T TR

—NHzé‘%(“m(’lj
6.38x N (mgj
ml

AP, -NH, & 86 E HAER NaOH [y & 1)
AT Y 5 N R I E BT IR ; u o JEORE % 25 -NH,
Ty ho AT 1 g 05 10 0 SRR iREE Y i A, St
iR & 1w E J5 158 9.48 mmol/g.,

13.6 B @kAEn 7RSI
H Design-expert 8.0 #{: Box-behnken H.(» 4 A 5L 5

DH =

—u |/ Ry, x100%
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B, Bt 4 PR 3 K R R 1l S 5
(R 2), MR SIRSE R0 E 2 3 A 5 4 B
KA AR T Z 2 B(BRIRIE 55, 2018).

1.4 {KSNERR B BHERADNE

VBl = 1 B R T S R AT AR SN R PR SRS
ARG AL BT BRSC g L AR T T RS
55 . SRR N e R A A N, AR I A £
R R SN AR TG, RIS, DAY B H R (GSH)
A A B X AR

Fx2 MEEERRREKFER

Tab.2 Factor and levels of response surface methodology

KT A B B: C: RpE D: finfg &
Level T" b FRUKJE  Temperature Enzyme
evel  Time () py (C) added(U/ml)
-1 4 6.5 45 100

0 5 7.5 55 150

1 6 8.5 65 200

1.41 A AdAFRENE 2 ml SWP K% W
fILA 1 ml 1.5 mmol/L FeSO,, 0.7 ml 6 mmol/L H,0,, 0.3 ml
225 mmol/L 7K#iR . 37 C/KIE M 1 h J5, T 562 nm
T RE WG (B (Liu et al, 2018), R T i1

THERF(%) = [1~(Asample—Potank) Acontrot] X 100%

AP, Ample FIFEFIIWOECRE , Aconror R HRIY
SO BE GRIB AR ), Avtan 25 F BT
JE GEIBKAE H 0, R
142 BEMBT A GERARFMNT 1 ml SWP
JKIEWMA 1.25 ml 50 mmol/L Tris-HCI (pH=8.2).
25°CH%HE 20 min J5, A 0.5 ml 25 mmol/L 487K =
I, 5 min Ji5, HIA 0.2 ml 10 mol/L HCI, F 320 nm
I E WO (Li et al, 2016).

HERFE AT A

THERA(%) = [1~(AsamptePotank)Acontrol] X100%

K, Agmple HIAEEWICEE , Aconior XA
SO E GRIB AR, Avtanc 25 IO
B GRIB KRR AL IR = AR 5
1.43 T4 & FHSwANE FE&5H MES ¥
(10 mmol/L, pH=5.5)fc il 0.25. 0.5, 1.0, 2.0, 5.0,
10.0 F1 20.0 mg/ml AYWREE, HUAS [m] v B2 A il 5 K
1.96 ml, fIIA 0.28 ml %) 0.2 mmol/L FeSO4 7H,0 ¥ ,

RAJE 37°C/K% 3 h, JEA 0.56 ml FERE R
(5 mmol/L), =R TAE 10 min, F 562 nm AbKs
Wz S B {H (Zhang et al, 2018a).,
B (%) = [1~(AsamptePolank)/Acontrot X 100%
K, Agmple HIRFEFIHBICEE  Aconror X HREY
SO BE GRS Avtan 25 H T2
J& FEIBKARER FeSO, - TH,0 TR -

1.5 {RSMEBURHE TN

BN E AN, Fefa7e 8 5 Wi gl
fb, LS Zha %(2014) 0] F4 ZAARSMEL S 171
BT, Ao £ £ SRR AR A S BARE AR AR
1.5.1 ARSMEEILE K AL ¥ SWP i 10 mg/ml
VS IRAEZEE K R, 1 0.5 mol/L i HC1 875 pH % 2.0,
37°C/Kif 20 min, FZRE 5P 1 40 WY LB E &
R, 37°CAMBHETE 20 min J5 B LB BEZE R,
0.5 mol/L NaOH % 77 pH % 7.5 &1k H H AR
Mo BRI T, DA e e m i
1.5.2 4R SMEBL K AL 1 5 T b B B R A T A
37°CHI 15 min, B 5IEYHIR 1 2 25 9 LRl A iR
fit, 4k%E 37°CE4AF RV 120 min, W EEHGE, #
FESHITHE] 100°CHFLE 10 min KIGEF . &1k, %
TR
1.53 RIMEM R M F B ER TR Xt
B WAL 5 M T A R R T AT KRR I E S iR
AMERE B SRR D, HBCAR LIS Ak i i A
FRA BT EATE PR AR A L
1.6 HELESHH

K H] Design-expert 8.0.6 Fl Excel 2007 3k {fiE17
AR AT, VAP {EAAR1E 22 (Mean=SD) K .

2 R

21 EXREFHDEARST

M, £ 11 B 3R AR 4 AN 3 BT, A
FUKT SRR, 240 76%; BRI & 5 B & i
%, 20510 0.55%5 1.02%, FEE IR NEH R,
AR EEE Y 22.08% (5 T HE 91%), R
B2 —FPICAR W = B B R

*3 EBEEEREKLERNS

Tab.3 Essential nutrient of cod swimming bladder

i H FA 4> Elementary composition
Item K4y Water R4y Ash NE i Fat FE M Protein JSBE Total sugar
£ & Content (g/100 g) 75.74+0.13 0.57+£0.07 0.55+0.04 22.08+0.34 1.02+0.05
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2.2 EBEBHRIE

Xof H B P O, AR R T 6 Rl 5 Al
POKHEE AT B3R o 2845 ) SCHRAA 2 25 i 14 f o T
5 e pH, 100 U/ml (i it 55040 F K 4 h, ik
JH'Y DPPH H Hi L5 BR 3 5 K it FEAE VPN P8 b5 o S5
WA R 1 BoR, 26 E A /K I DPPH A H
SRR K B AR B 1Y), ELE R JE R R
HEAT b U R v, A2 G B 1 TR L P R A R e R R
P, PRI A R R RO T, R,
M R 2 AR

O 7&K Scavenging rate/%
60 r W /Kf#BE Degree of hydrolysis/%

50t
40t
30t

20}

T4 I Percentage/%

10}

ol
1 2 3 4 5 6 7

7 i Proteinase
S I g = i

Fig.1 Proteinase selection

1 MRYVEE AN, 2: sPIEE AN 3 HEAM, 4 AREA
i, 5: EAEAM; 6: B 7: FUKGHE)
1: Acid proteinase; 2: Dispase; 3: Pepsin; 4: Papain;
5: Compound proteinase; 6: Trpsin; 7: Hot water (Control)

W A U A
S O O O O
T T T T 1

DPPH H 1 BT R
=

DPPH radical scavenging rate/%

—_
(=)
T

(=]

DPPHH B THRER

DPPH radical scavenging rate/%

& 2

2.3 BERXE

PR R LR LA 2, A5 R, BRI
pH . il 55 T AR B2 2 X ARG B DPPHL [ &
(I RE 1A B ) % #41 #6 SR W6 DPPH 1 i
(5 B3R R 7 B Tl gk s 18] O B8 T i g K, i 5 h 2 )m
BTV B pH 5B I L A T i 5 S R D8/
fka%, HAE pH o 7 RN 55°C g BRAE /1 otk
AT pH AN RE i e s R R R, R
T 15 5 T BT T [ DPPHL [ P & )2 )
e RIS R R IEARSCRY o I, BRI g 4G
e T RN TR SE R 4 PR KB

2.4 Wi EEA

i# 33 Design-expert 8.0 B4R 3 4 WEHE #1743
Mr, fMEIZ5RE 5 FiR. BFEI(P<0.01) RGN il &
(P<0.0)XFHT AL RRIREUEZ I 3% . LA DPPH H 3%
HERF W NAE, fEEMA)E, 58 B0

DPPH %[ %=-941.15-21.58A+213.49B+7.38C+

0.46D-2.37AB+0.32AC-0.004AD-0.32BC-0.03BD+
0.0008CD+2.57A%-11.99B*-0.06C*~0.06D?

207 22 AT L, 3 [m1H R 5 i T 2 ()
[ R P<0.01 J2& 35 1Y, I F=0.5084 A~
3, RUIGHIFEIHUA TR, BTk, AT LRt e
VAT R R e A A T2 o Ao BTt o 1 e A 2 R
{Eh: BEfFESIES 6 hy pH R 7.21. IREEN 58.56°C . fiff
AN 200 U/ml; BHETEA 62.0%, k50545 1)

W A N A
S © O o O
T T T 1

DPPH H i EE R

DPPH radical scavenging rate/%

—_
S O
T

45 60 75
R

Temperature/C

W
o

N W A U &N I
S O © O O
T T T T 1

DPPH [ B L3 R %
[=]

DPPH radical scavenging rate/%

—
(=]
T

(=)

50 100 150 200
S
Enzyme added/(U-ml™)

—
(=]

Fig.2 Single factor test
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x4 EREOBMEERITRER

Tab.4 Response surface design and values

e DPPH [ IR | DPPH f1 i HE 1%
No. A B C D DPPH radical scavenging No. A B C D DPPH radical scavenging
rate (%) rate (%)
1 0 0 -1 -1 40.67 15 0 1 -1 0 36.47
2 -1 0 -1 0 48.80 16 0o -1 0 1 45.93
3 1 0 1 0 52.27 17 0 0 -1 1 46.67
4 1 1 0 0 41.33 18 -1 1 0 0 37.69
5 1 0 0 1 62.87 19 0 0 0 0 52.83
6 -1 0 0 1 55.67 20 0 0 0 0 53.73
7 -1 0 0o -1 43.47 21 0 0 1 1 48.27
8 0 0 0 0 50.73 22 1 0 -1 0 45.13
9 0 -1 -1 0 33.47 23 0 0 0 0 49.87
10 1 0 0o -1 51.47 24 -1 0 1 0 43.27
11 0 0 0 0 48.80 25 0o -1 1 0 37.27
12 0 -1 0o -1 32.07 26 1 -1 0 0 50.27
13 0 1 1 0 27.32 27 -1 -1 0 0 37.13
14 0 1 0 1 40.20 28 0 1 0 -1 33.73
29 0 0 1 -1 40.73
£5 EIERFEM
Tab.5 ANOVA for response surface quadratic model
TR Source  FJ5FH Sum of squares  F 1 df 377 Mean square F {i F value P {f Pvalue 3%k Significance
7 Model 1786.64 14 127.62 28.45 <0.0001 Significant
A 115.98 1 115.98 25.86 0.0002
B 31.32 1 31.32 6.98 0.0193
C 0.36 1 0.36 0.08 0.7809
D 275.20 1 275.20 61.35 <0.0001
AB 22.53 1 22.53 5.02 0.0417
AC 40.11 1 40.11 8.94 0.0097
AD 0.16 1 0.16 0.04 0.8529
BC 41.90 1 41.90 9.34 0.0085
BD 13.69 1 13.69 3.05 0.1025
CD 0.59 1 0.59 0.13 0.7228
A? 42.75 1 42.75 9.53 0.0080
B? 932.91 1 932.91 207.97 <0.0001
c? 238.41 1 238.41 53.15 <0.0001
D? 5.09 1 5.09 1.13 0.3047
5% 7% Residual 62.80 14 4.49
JRAUIR Lack of fit 45.96 10 4.60 1.09 0.5084 Not significant
4l % Pure error 16.84 4 421
SUAT Total 1849.44 28
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1 41 £ 451
100 t P LIk SWP
ol W B H B GSH

DPPHH H#E k%
DPPH- scavenging rate/%

0
0.10 025 050 1 2 5
W

Concentrations/(mg-ml ™)

10 20

100 f5fa fA T B
90 ALK SWP
S0 m &ttt GsH H

R A HAEERE
HO- scavenging rate/%
3

010025050 1 2 5 10 20
WEE

Concentrations/(mg-ml™)

i e £
100 r HLE AR SWP
[ B ABEH Bk GSH

0% scavenging rate/%

AR T B h AR

10 20

010025050 1 2 5
W

Concentrations/(mg-ml ™)

1% £ £ 4 B 2z

100 - HUEALIK SWP —#i EDTA-Na,

90
80
70
60 -
50
40 |
30 -
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10 -

0
010025050 1 2 5
W

Concentrations/(mg-ml™")

BB FE AR
Iron bonding capacity/%

10 20

B3 MRS A RS BREE T

Fig.3 Antioxidant activity in vitro

H61.1%, MEEARRE | MiZe/), UEBTRES RGPl EE
2.5 EEfEFMIASNERR B BHERE

Foe B AR & T2 5P, IR FAT UR T
A fn BEK SWP,  AS I HAKRSNE bR F fr 3 RE )
5WHETFEAE . NE 3 nTLIAEH, SWP X
DPPH [ 5 5 A & A i 5L B — 2 I bR g
F1, BKIEBRRDBIRERIL 71.4%H1 63.6%, 1Cs 4351 H
8.29 F15.03 mg/ml; i id Fenton JZ i, SWP f/n it K
UF iR [ BRI BRAE T, IFHA R vk B R4
PR, 1Cso N 5.43 mg/ml, SWP 52k FE5 68
FIEE R o, 8 £ fa 0K H A AR A Wk T B
e, TEMREE N 2 mg/ml B, JL-FAik%]5 2 — %y
LR RIAHIE S A M 35T 100%,1Cs0 K 1.35 mg/ml,

2.6 ESMERUEH M EALFEETH

ZAASMEAE I AL 85 AR SRR Y K i B2 AR
b5 HTE ke Ty A2 an il 4 FNIEL S BioR o IR 4 rpT
PAFE H, ARAMELIEL 1 1l -5 i 1 A 32 (o g Ak = 0 Y
JKCAE BESE I, Ul B M T A A R Y 1 R S R
oA = Wt — 2K e, AR RO Z2 BT B el Ak . #ET
KRBT AL Dy HEAT IR SN 1 i A PR SE 5, 2521 8
AT IR, B AR S A T AL RO DPPH
FIF S RS ) 2 | B R BT T A el R T BR AE
50 BB T 25 5 RE I IF TR TH(EL 5).

i E

20 F
15

KA
Degree of hydrolysis/%
S

(%
T

(=]

#f 5] Group
Kl 4 RN AL K i
Fig.4 Degree of hydrolysis after vitro digestion
1. BT, 20 ML 3: SWP
1: Stomach digestive juices; 2: Intestinal digestive juices; 3: SWP

3 itig

T AL 5256 v % FIDPPH [ rh BL 15 8 R4 N F
Wragabn, 8k R 2R S 5w Ry T AR AR B T
fiff 55 £ £ S5 M 22 R ) S AR AR MR T2, ik It (1] oy
6h, pH}7.21, IRE H58.56°C, EEAINE 4200 U/ml,
JIT A5 Bt VR A DPPH [ HH G BR R T 3561.1%. [n] L
ZE(2017)ff 12 A 2 il o] i £ (Katsuwonus pelamis)
BEEATEEA% , LADPPH A HH BV BR B A S H 455,
aob B PR 2R S0 5 e 7 TR Ak AR AT e TS
g~ 8.53 U/mg, MMpHNS5.54, BRI A
50.03°C, BfFITE]}5.07 ho BEZE RS AM LS R —
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— DN W A A X0

DPPHH Hi#iE k%
DPPH- scavenging rate/%
S O O O O O OO o C
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0% scavenging rate/%
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Iron bonding capacity/%
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K5 MRAMEUIHE 1™ P bR A i R RE )

Fig.5 Antioxidant activity after in vitro digestion

1: 2 mg/ml B {H b7 Stomach digestive juices; 2: 2 mg/ml % 7H L7 Intestinal digestive juices;
3: 2 mg/ml SWP; 4: 1 mg/ml GSH

HERE G EAMAE LA AN, B E A & A
HAZAWYIMNLS, F, o] LIRS T 2 8020 ik
e a3k, WA LR H R BREE D) WA
B RS, ol li R b & & 8 A i A i
PR 5 C L A AN AH R] S B50H: e A e 3 ol A Uk 2 5 e
iE pH BASTA]

B A MRS BENE A EESEEME A H
Efefits DNA, HEBRHE RS, 51IRPUAE
KR4S (Zhang et al, 2018b), HrEALIARSNERR E
FESLE, WoR T A S i A5 BT A AL ks DPPH H i
e B A A A B A A 2 nIE BRAE
01, IR BAFERE TG RE T, HOA BETERRGE
15 SWP WRERIEM K, WM 2017) LR fa
(Ctenopharyngodon idellus) 2 A JFRE, 38 1 i i ol
HYURMZAK, XF DPPH H 3533 A A% A
A BB BRAE ST, JL ICs0 7351 0 8.05 1 3.54 mg/ml,
AR R, 5 £0 f0 BT AU R T 6 1 R A
BTSRRI T, HASHIF 58 % 5 £ £ ST 4010 IR B
A B 1 AR S 2A WA S R i T 1T lE
A THT ) S W A £ £ SRR A AR S S AT PR . ELBE
FAER N, #1510 0 SRR LA AR AT 1) Bk B8 12 G e
1, JE BB ST AR e T A K- EE B, R
R4 HLAK TG 2 b FE R B AL SR R IR

RAMERL S AL SC R, R4S TR E kS

AL T A AT ™ 00, R T AGLI K S B2 5 TR A B
FI i ZE R RE T B2 AL , S5 2R R B, 2B E i AL )m
il ™ 1) B4 K it BE Rt — AP B R, HHAR M B3 11
HIZERE ) 5 RS T 25 S RE A —E R TR
U255 5 B IR e Th i 3 R R RIEA—3, 1
SCHR LA S R )17 20 B 408 (1 SCIE A, 2014, #E25F
55, 2016), J-HTHATREIR y, FERCIDLE i 1H AL e
e, BRSONE SR PR ZE AL, T pH (B k2R X 22 Ik i 20
AR A — R IR, R T 22 KB LR i
P, BARBEA Ryt — P SCR IIE

ASBIE ST 3 I W T ) A T A — R PR
YRR S 0 IR, S50 R R AL, kR
WO , PO ), 2% P A EL o 5 f) e A
Py A A TE RS g o R, ASBIESE T i 6 B 6 £ £ 5
IR AR TR PE R BT R, R T R £ SR BT IR A 2545
TFR S AR B4 1 B M ABR S

£ % X M
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Research on Preparation of Antioxidant Peptides from Cod Swim Bladder

LI Na'?, ZHOU Deqingl(‘D, LIU Nan', WANG Shanshan', MA Yujie'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Laboratory of Marine Drugs
and Bioproducts Products, Pilot National Laboratory for Marine Science and Technology (Qingdao) , Qingdao 266071;
2. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai  201306)

Abstract To reduce the wastage of aquatic resources and improve the additional value of cod swim
bladder, we determined the optimum technological conditions for antioxidant peptides from the cod swim
bladder and observed the changes in antioxidant activities after being digested in vitro. Six kinds of
proteases, namely, acid proteinase, dispase, pepsin, papain, compound proteinase, and trypsin, were used
to hydrolyze the cod swim bladder in order to select the optimal protease by determining the degree of
hydrolysis and DPPH radical scavenging rate. Combining the single factor method and response surface
methodology, the optimum process was ensured at the hydrolysis temperature of 58.56°C, hydrolysis time
of 6 h, pH of 7.21, and enzyme addition of 200 U/ml. The results of the confirmatory experiment showed
that the scavenging rate of DPPH was 61.1%, which agreed with the predicted value of 62.0%, and the
results proved that the optimized extraction process was stable and reliable. The free radical scavenging
rates of peptides were detected, and the results showed that swim bladder peptides have good abilities of
scavenging free radicals of DPPH, OH, OZ', and chelating Fe*". Besides, the half maximal inhibitory
concentration (ICsg) of these was 8.29 mg/ml, 5.03 mg/ml, 5.43 mg/ml, and 1.35 mg/ml, respectively.
After being digested in vitro, the degree of hydrolysis increased while the free radicals scavenging
abilities and chelating power of Fe** decreased. This might have occurred because the changes of reaction
conditions in the simulated gastrointestinal digestion process such as the change of pH value lead to the
changes of composition and structure of the peptides. Meanwhile, the changes of composition and
structure lead to the changes in antioxidant activities. In conclusion, swim bladder peptides had potent
antioxidants and could serve as useful ingredients in the food industry.
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