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Fig. 1 Effect of enzyme type on DPPH radical scavenging
rate of hydrolysates of K. pelamis swim bladder

1. bromelaine, 2. compound proteinase, 3. alkaline proteinase, 4. papain,

5. pepsin, 6. trypsin, 7. dispase
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Fig. 2 Results of single-factor experiments

(a) effect of enzyme dosage on DPPH radical scavenging rate of hydrolysates; (b) effect of pH on DPPH radical scavenging rate of hydrolysates; (c)

effect of temperature on DPPH radical scavenging rate of hydrolysates; (d) effect of time on DPPH radical scavenging rate of hydrolysates
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Tab.1 Factors and code levels of response surface design

S In#§H/(U/mg) g/ C It (&) /h
levels enzyme dosage temperature time
-1 6 5 45 4
0 8 6 50 5
+1 10 7 55 6
M 3 T S 0 4 SR AT I A UL, A F W

T [l ARy 7

DPPHH i B % =69.60+4.36 A-5.34
B+0.14 C+3.97 D+5.27AB+1.01 AC-3.55AD+
0.44BC+5.47 BD-2.01 CD-3.14 A>-3.81 B*-
2.07C>3.13 D?

FR A Ok mH 5 R A R g X i R/, /T
15 244~ [ 26 DPPH [ HH 55 35 b 558 19 52 1 K/ I
J¥ o pH> Nl > [ >1 %

Jr 5T al AL, BRI FE N 23.28 . P>F<
0.0001 % IR A 22 S48 B 3, LA RUR 5 17
A7 R — IR, S HI K —IKIA, B, D, AB,

*2 MEESEERTSER

Tab.2 Design and results of response surface

DPPH H H 4
Gis  NAEE WEE - WTE HERZE%
no. enzyme dosage temperature time DPPH radical
scavenging rate

1 0 -1 -1 0 68.92

2 -1 -1 0 0 70.34

3 0 -1 1 0 68.61

4 0 -1 0 -1 68.04

5 0 0 1 1 66.35

6 -1 0 -1 0 60.78

7 0 0 0 0 71.28

8 0 1 1 0 59.40

9 0 0 -1 -1 60.14

10 0 0 0 0 64.99

11 -1 0 0 -1 50.19

12 -1 0 0 1 65.66

13 1 0 0 -1 68.11

14 1 0 -1 0 65.37

15 0 0 0 0 70.26

16 1 0 0 0 67.19

17 -1 0 0 0 4791

18 0 -1 0 1 65.67

19 0 0 1 -1 63.50

20 0 0 0 0 70.77

21 -1 0 1 0 59.68

22 0 1 0 -1 47.01

23 0 1 -1 0 57.97

24 1 0 0 1 69.38

25 1 -1 0 0 68.54

26 0 0 0 0 70.69

27 0 0 -1 1 71.02

28 1 0 1 0 68.33

29 0 1 0 1 66.52

AD., BD. A’, B’, C’HID*435I %} DPPH H H 37
B A B A 1 3 (P<0.05); R fL151P=0.9027>0.05
F=0.383R 7R AR T4l 15 22 R A IUR 1 25, i B (3]
A5 5 PR AT 840 G s R?=0.9588, F W
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Tab.3 Variance analysis of regression model

Jr 7RI sources B SS HtE df  #95 meansquare  FfH Fvalue P Pvalue REYE significance
B model 1227.40 14 87.67 23.28 <0.0001 o
A 228.46 1 228.46 60.68 <0.0001 Hok
B 342.61 1 342.61 90.99 <0.0001 Hok
C 0.23 1 0.23 0.062 0.8074

D 188.89 1 188.89 50.17 <0.0001 Hk
AB 111.09 1 111.09 29.50 <0.0001 Hok
AC 4.12 1 4.12 1.09 0.3132

AD 50.41 1 50.41 13.39 0.0026 Hk
BC 0.76 1 0.76 0.20 0.6608

BD 119.68 1 119.68 31.79 <0.0001 Hk
CD 16.12 1 16.12 4.28 0.0575

A? 63.96 1 63.96 16.99 0.0010 *E
B’ 94.17 1 94.17 25.01 0.0002 *E
C’ 27.70 1 27.70 7.36 0.0168 *
D’ 63.41 1 63.41 16.84 0.0011 *E
5%7%  residual 52.72 14 3.77

KA lack of fit 25.65 10 2.56 0.38 0.9027

4% pure error 27.07 4 6.77

MAT total 1280.12 28

i * ZEREFEP<0.05), ** ZEFEFEP<0.01)

Notes: *.significant difference (P<0.05), **.highly significant difference (P<0.01)

R FUINAE 5 SEBRE i LA G 5 R?04;=0.9176,
DL RIS R M E MR LK TRt BRI,
UG A (S M L R 16,173, K T4, i ki
A[FEPETR ; R RB(CV)N3.01%, Uil 525y
REmm e o . S n 5. ok, 3% W 7 R
il T 352 o B 1t 43 A R T N £ 822 R A 9 14 B SR T
RE S 5 nigs . pH. IRERIE R SC R, S
10 02 it 1 o AR 2% 1 o

M) /S T ] 4 47 B2 45 SR 38 E

R R T 7 T S 50 2 SR R L A [ 3 R
I R A ) A L e 7 T T (P81 3) o pR EETRT T, g
NAH AT B A, &0 hr, GREEHT A 1L B R )
il # I HE T2 4 & 8.53 U/mg, pH
5.54, JRFES50.03 °C, BF[A]5.07 h, M 7 T 5 75 15
U 45 144 T W DPPH H H JE W5 BR % R 71.60%, K
5 JIF e 1 TGRS A A AT RE M, R LR T2 SR

2.7
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BRR(E4), —EEN, MERENEm, %
4H 4> W) DPPH F H B R 6 FEAS 52 1 i e 3
AR ET, 3B AHE, 41453 (<3000 u)y
DPPH [ H 3G BRI Mo ;. 7R BE /N T70.5 mg/mL
FIFEE N, 2043 T (>10 000 u)#i IT (3000~10 000 u)
FE A R ¥ B AU DPPH [ AR 3 1 bR R A — 3,
M 7E M K T°0.5 mg/mLIs, Al R B T 414 11
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Fig. 3 Response surface plot of different factors on DPPH radical scavenging rate of hydrolysates of
K. pelamis swim bladder

(a) effect of enzyme dosage and pH on DPPH radical scavenging rate of hydrolysates; (b) effect of enzyme dosage and temperature on DPPH radical
scavenging rate of hydrolysates; (c) effect of enzyme dosage and time on DPPH radical scavenging rate of hydrolysates; (d) effect of pH and temperature

on DPPH radical scavenging rate of hydrolysates; (e) effect of pH and time on DPPH radical scavenging rate of hydrolysates; (f) effect of temperature
and time on DPPH radical scavenging rate of hydrolysates

http://www.scxuebao.cn



968 KopE o R 41 4

100

&
e 8
& 2
sz 260
=8 40}
.5 o— |
T &
£z 20| g1l
a4 —A— 1l

(o)

O L L ! I )
0 0.2 0.4 0.6 0.8 1.0
W JE/(mg/mL)

concentration

B4 RERE T 8RE2 4% R B ARLE 5 1Y
DPPHH B & B FE
Fig. 4 DPPH radical scavenging rate of
hydrolysis fractions of K. pelamis swim bladder with

different molecular weight

FJDPPH H HH RIS BRB K T4l 4 1 &ti, 447
I . IATAYICsy 55 40.64 . 0.524110.37 mg/mL.
3 e

ENTENCR/GYS Y R vy SN Y
FeAR M Pra b 2k, A 2P 3R S 6 A
T 32 o T 4R AL Tl A A 1 o R T 2R TR, A
177 A 1) % 8 2 11 B SRR AR R A R AR T
M. EHEABINERS.53 U/mg, pH 5.54,
IRJE50.03 °C, WfE]5.07 h, H&4FADPPHH
SRR NT1.60%, BHRIEEPRHEAEA
it X 16 A 24 M T A ) T f B S R AT R, T
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obesus)th S F [ T ) 8 U8 5 1 45 4 o P 1k
W, HoA (<1000 w) BTG YR 4, XFDPPH
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i o & TR R R K, T
839.87 u, HZ KWL )T 54 Gly-Pro-Ala-Gly-Pro-
Ala-Gly-Glu-GIn-Gly, XfDPPHH H &Y ICsoH A
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Glu. LysHliLeu; Chi%5 %6l i (o P op o 5 (A il
il i %0 R R B 1 T T AR ) G R DR A B Y /D
F3000 ul 43 XF DPPH [ i % 1Y 1Cso 1l 43 51 A
3.09M12.21 mg/mL, —EHWE & Glu, LeuflAspss
IR o AW 5T o3 8 Uk 0 65 4] il e 7, AR
F 1 2043 T (<3000 u) XF DPPH [ H JE 1Y 35 B3 16 1
(IC5¢=0.37 mg/mL)¥J & T FiR s 45 R, (HALT
Wang=5 P F— FR &S00 B HOR M H AR (Preum-
atophorus japonicus) /K fift W 2l 4k H 19 5 - 1=
H1664 uftiHiL A ML K (1C50=0.2335 mg/mL), Xt
Y 02 45 it £t ) vF /N T 3000 i) 4 2 BLAT B85 1 4t
AT PR, (P AR ) T R b A
Yy, 0T A 2 AT AE iR e H ik — 2P 4 e Al
b, 132 EAE MO ZROF I % 0E, D
W Z KRS EAE S H e K. &
FETR Bk HE D AN A LR T AN F IR R OC R
T LI B oy P %) B8 4 A 3001
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Methodology of the preparation of enzymatic hydrolysates with antioxidant
activity of skipjack tuna (Katsuwonus pelamis) swim bladder protein

XIANG Zemin, QIU Xiaoting ', LOU Yongjiang, YAN Xiaojun

(Key Laboratory of Applied Marine Biotechnology of Ministry of Education,
School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: In order to obtain higher added-value of skipjack tuna (Katsuwonus pelamis) swim bladder, compound
proteinase was selected for enzymatic hydrolysis of skipjack swim bladder from seven enzymes including
bromelaine, compound proteinase, alkaline proteinase, papain, pepsin, trypsin and dispase. With the DPPH radical
scavenging rate of hydrolysates as evaluating index, single-factor experiment was employed to investigate the
effects of enzyme dosage, initial pH, reaction temperature and time on the antioxidant activity of hydrolysates
separately. On the basis of the above observations of single-factor experiment, the optimum conditions for
preparing antioxidant hydrolysates of skipjack tuna swim bladder were explored through response surface
methodology ( RSM ). The results showed that, the optimal hydrolysis conditions were as follows: 8.53 U/ mg of
enzyme dosage, 5.54 of initial solution pH, 50.03 °C of reaction temperature and 5.07 h of reaction time.
Furthermore, the hydrolysates were primarily sorted into three fractions with different molecular weight above
10 000 u, 3000 to 10 000 u and 0 to 3000 u by using ultrafiltration. The inhibitory concentration 50% (ICs) values
to DPPH radical of three fractions were 0.64, 0.52 and 0.37 mg/mL, respectively. It is demonstrated that DPPH
radical scavenging rate of the hydrolysates could be up to 72.00% under these optimal conditions, which was in
good agreement with the predicted value of 71.60%, and that fraction below 3000 u of the hydrolysates possesses
the strongest effect. Preliminary results indicate that the hydrolysates of skipjack swim bladder could be an
effective ingredient for antioxidant products such as health food or cosmetics.

Key words: Katsuwonus pelamis; swim bladder; enzymatic hydrolysis; antioxidant activity; response surface
methodology

Corresponding author: QIU Xiaoting. E-mail: xiaotingqiu@126.com

Funding projects: National Natural Science Foundation of China (31400683); Natural Science Foundation of
Zhejiang Province (LQ14C050001); Talent Plan of Ningbo University (013-E00843134702, 013-E00843144702,
013-421504460); the K. C. Wong Magna Fund in Ningbo University

http://www.scxuebao.cn



