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Abstract: Inthis study, trypsin was used for the enzy matic hydrolysis of proteins from Pacific saury. Based on the protein utilization ratio
and oxidative free radical absorbance capacity (ORAC), the enzymatic hydrolysis technology was optimized for the preparation of antioxidant
peptides from Pacific saury proteins by using a resonance surface analysis. The characteristics of the enzymatic hy drolysates were also examined.
The optimal enzymatic hydrolysis conditions were & follows: enzyme dosage, 1,085 U/g; liquid-to-solid ratio, 3:1; and hydrolysis duration, 8 h.
Under these conditions, the protein utilization ratio was 76.86%, and ORAC value was 883.40 pumol Trolox equivalent/g. Thetotal amino acid
content was 4,576.69 mg/100 mL in the enzy matic hydrolysates from Pacific saury, of which 34.28% were free amino acids and 65.31% were
peptides. Among the total amino acids, essential amino acids accounted for 34.76% and antioxidant amino acids and branched-chain amino acids
accounted for 26.25%. These results indicated that Pacific saury has high nutritional value. Hydrolysates with molecular weights of 1000~3000
Da were the most abundant and accounted for 44.18% of the enzymatic hydrolysates of Pacific saury. Moreover, the enzymatic hydrolysates
showed DPPH radical scavenging activity (ICso value, 3.32 mg/mL), O radical scavenging activity (ICso value, 5.08 mg/mL), and light
absorption power (0.67 at 10.0 mg/mL). Thus,enzymatic hy drolysates of Pacific saury have relatively high antioxidant activities.
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Table 1 Nutrient content (%) of Pacific saury
AR E AR s Fv Ko R
# 7] &5 18.18+1.32  19.6240.91 60.2040.31 0.7440.11
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Ul 1 S G /N B A R g DV B A R o
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Table 2 Factors and levels of the resonance surfaceexperiment

HE K-
<L 0 1
Xi[Bs%/(U/g & &) 750 1000 1250
Xo(K#FEE) 21 31 41
Xa(B 1] /h) 6 8 10

=3 MEE DT RN LR
Table 3 Experimental results for the resonance surface

methodology

K5 X X2 Xs Y1 Y2
1 0 1 0 66.01 703.56
2 1 1 1 73.26 718.65
3 0 0 0 73.84 906.61
4 0 0 0 76.31 896.17
5 -1 1 1 61.2 578.13
6 0 0 0 73.40 911.40
7 -1 0 0 63.42 708.34
8 0 0 0 77.21 882.81
9 1 1 -1 69.33 660.87
10 0 1 0 77.20 777.16
11 1 1 -1 80.91 732.62
12 1 0 0 74.18 811.35
13 -1 1 -1 75.22 674.11
14 0 0 1 71.90 886.14
15 0 0 0 72.13 849.19
16 1 1 1 78.04 688.26
17 -1 1 -1 54.98 514.35
18 -1 1 1 66.33 587.84
19 0 0 -1 72.19 796.68
20 0 0 0 73.58 877.08
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Y1=-61.64+0.13%X1+23,865X2+3.435X5-4.48x10°
5X1 Xo+9. 21 XL 045K Xa-1.37 3K X5-5.32 3053, *-0.52
%X5"-0.0255"
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Table 4 Analysisof variance for the response surface quadratic

model for the protein utilization ratio

TEXRR HAFTE ARE FHA FAE P EFHK

=yaEAl 71835 9 79.82 1779 <1x10* *
&£ 4486 10 4.49

Xt 26.19 5 524 140  0.36
iz £ 1867 5 3.73

B £ 76321 19

Xi 29735 1 29735 66.28 <1x10* @ *
X2 27973 1 27973 6236 <1x10* *
X3 0.35 1 035 0078 079
XX, 1003 1 1003 224 017
Xi1Xz  1.70 1 170 038 055
XoXs 6019 1 6019 1342 44x10° *
X:2 3044 1 3044 679 0.03 *
X2 0.75 1 075 017  0.69
X2 0018 1 0018 4.05x10° 0.95

7 5 ORAC {EAYNI Rz R ARBY S E 57
Table 5 Analysisof variance for the response surface quadratic
model for ORAC value

TEXRR HHFZE AWK FiA FA
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X1 3.01x<10* . 1  3.01x10* 33.25 2x10* *
X2 8.09x<10° 1 8.09x10° 893 0.01 *
X3 6.46x10° <1  646x10° 071 0.42
XiX; 2.05x10%. 1 .205x10° 226 0.16
Xi1X3 ~1.61x10?° 1  1.61x10° 0.18 0.68
XoXs  7.95x10° 1 7.95x10° 877 0.01 *
X412 27110 1 2.71x10* 29.92 3x10* *
X2? 3.88x<10* 1  3.88x10* 42.82 <1x10*% *
X3? 8.66x10° 1  8.66x10° 0.96 0.35
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LR 2 A R 2 A 76.86%, ORAC 18 883.40 pumol
Trolox equivalent/g.
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Fig.1 Analysis of the protein utilization ratio and ORAC value
using resonance surface methodology
224 IERE
KA FIRAAL J5 1 BE R L 25 AT g R 1085
Ulg dH, ZKBHEE 3:1, Bgf@ms[al 8 h, A EE i
I 20 ORAC 1 45 5371104 77.16% 41 877.92 pmol

Trolox equivalent/g. i#id OriginPro 8.5.1 A4,
TRV 8 KT P<0.01 BTHR T, TRINME RIS PrE TG
TR, RPTEERTAT.

2.3 PSPHs 45 M #F 57

2.3.1 PSPHs #97% #2451
A EFRNER KR FH T BT R (it
W T B IERR A AN E ) . PSPHs H = FE FRZH LR 7.
X 7 PSPHs UREER 47 (10 mg/mL)
Table 7 Amino acid analysis of PSPHs
A FRAK REAL
¥ Bmew BEE

R A

X AR B(Asp) - 43433 6471 369.62
7 2B (Thr) 252.81 /3253 220.33
# 7B (Ser) 209.11 22.93 186.26
7 #E(Glu) 786.51 . 104.88 681.58
H 28 (Gly) 259.93 12.22 247.74
7 A5 (Ala) 32527  57.34 267.93

AR ((Cys)2) 27.98 - 27.98
4 A % (Val) 17743 5131 126.16
& &5 (Met) 93.22 41.59 51.59
F 7% 2B (le) 178.04  54.41 123.66
56 £ (Leu) 33415  187.48 146.66
B4 £ 8% (Tyr) 148.72  109.11 39.60

¥/ AB(Phe) 16771  108.62 59.07
48 2 B (His) 241.72  165.01 76.74
# A B (Lys) 387.57  294.02 93.56

il

H B (Arg) 289.02  260.23 28.84

i #.8% (Pro) 263.17 2.73 260.48
AL EZ 4576.69 1568.01  2957.82
% F AR 1590.93  769.92 802.52
X et AR 689.63  293.15 396.47

REMERRLR 51163 31573 177.39

E: F A AR AdElle. Leu. VAIF, RAMLFHALAR T
2@ #His. Tyr. Cys. Met%¥.

M 7 AT LLE H, PSPHs ik Sk ifh 2555 42,
JUTALE TR RGEE AR T A2 5., AR
RIEMR R IRIM I . PSPHs Hijf B & JER
4 15.69 mg/mL, AkAZ IR S5 29.58 mg/mL,
I3 AR R R & N 34.28% 1 65.31%, AR T
JRAS Z R BRI g KTV 9 s B BRI LUl . 7 PSPHs
e ERERA RS TR RA S, RER S =R,
REGRIRZ, MR Era ik, 7E PSPHs [ & &
B, MRS B, MR, AR
R, 1X0] BeAs R sk A B R &
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B, W TEHE T IR IR I L2 . PSPHS
b TR SRR S S BRI B 34.76%, His.
Tyr. Cys Al Met <5 BAT HUA IS PER ZIE IR e
Leu. \al &5 SCHE RIS B A m, X RE AR S
W SER A (Y 26.25% . HHIEAT WL, PSPHs ELATH
[y TR E NPT E A TE M .
2.32 PSPHs 8% T A& NH

IR SR RE T PSPHs (15T &AM it AT
b, Hoabra R WK 8.

% 8 BRI EIESITER
Table 8 Analytical results of enzymatic hydrolysates by gel
filtration chromatography

A yFaE KGR M/ I AR
/Da /mL (MAU mL) &5t

>10000 9.78 127.36 0.53
10000~5000 10.52 1594.23 6.63
5000~3000 11.00 6907.89 28.74
3000~1000 11.16 10619.24 44.18

<1000 12.68 4786.38 19.91

H3 8 A&, PSPHs H1/rF-&7E£ 1000~3000 Da
JaE NI N F S, o 44.18%, HIKAs
H{E 5000~3000 Da yulf WA, 15 28.74%, 4> F
AT 10000 Da 4 73 fe 2, X 7 0.53% . ki,
NG IR B E A A A B N S5 ) A B TR
H A1 P A4S 0 B4y PR AE 3000.Da LA R
(17N 431 BEROT, PSPHs H 3000 Da LA R/ ING-FiK /5
65.00%, iX—2H53 MK B PSPHS [rE F= B FILE D)
TR HEEA
2.3.3 PSPHs &9} 4t AAAER S

PL GSH Ak HEW, Jl ik sMb St B Ak 2%
£ R % 1521 PSPHs (1) DPPH J&F:AE /1. O B FR
REJJRIE 57 5 64T T VF0Y, 25 2.

M K] 2a A%, PSPHs A1 GSH X} DPPH 444 &%
(135 BREE 11, H. PSPHs R EE S5 i8R FIAIFE—2 1
HMEAHRNE, WH AT MG B TN
y=0.14x+0.04( iFEE #5 R=20.99), 115 %1 PSPHs
{f %% DPPH ) 1Cso fE 4 3.32 mg/mL.

MK 2b B A, GSH BARIRN O JHkRAEST,
WPEN 1 mg/mL IHEFREEATIE 72%, MikEHINE 5
mg/mL FHERR A 97.42%. PSPHs tHE A&
(1 Ox §5 K11, HIKRE 598 bR A7 AE— & IR
KA, 0 HHE AT B A 157 #224 y=0.18In(x)+0.22

(A AU R=20.98) , 1151 PSPHs jEEk O 41
ICso fE A 5.08 mg/mL.
M 2c ATLAE H, PSPHs FRHILH— EHIIEJR 11,

170

F U PSPHs T LMEN Tk, M RS H HHB T
ghA I 221 E 4R N . PSPHS W w5 Hid J5 7ok
AN B — BRI LRPEARSSPE y=0.05x+0.07 CHFERLE &R
¥ R20.99) , U] PSPHs ftHL T 1 HE /I B FE 42
MR . 4 PSPHs (18 FIR A 10 mg/imL B, F
W GAE R 0.67,

a lo0r- _5—p—3

-+ PSPHs
-~ GSH

o
.3
=

@

DPPH 5 EETE A /9

2 4 [ 8
SEEKIE / (mg/'mL)

b 100 5
—
X _—
= P
S 6 st
=0
5-
20 —— PSPHs
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() 1 4 1 d '
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HCIHHE [ (mg/mL)
C 250

200 ; /

I
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A
o
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2 PSPHs ;5[ DPPH #1 0,” #IEE I RIEIR A1
Fig.2 Scavenging activity of PSPHs against DPPH -and
O2 -radicals, and reducing power

M BB G FAT i B 22 KR A B fiE A
. BRI T S E R . T
KNG R AR, PSPHs BA B bt AL
PE,  ATREAEHS 2 HEER A2 ons P (R S v o
BRICR,  dnmTES AR E ik ) His 53L& His 1)
K, IR MBS Tyr LARCRTVE S BT 514 (155 75
PRI, X R AA BRI PUEEACE . 1
b, IXEEGEE R RS BESE M YRR B L A E
T B EEE A, PSPHs H S b TG 2



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.10

TEAN1118%, FHEMEERS EN6.91%, EilZ
PSPHs HA HUA MR M EE Y Skt . 53— T,
PSPHs H1/) i E4F 1000~3000 Da 2 [8] ZH /3 i %2
15 44.18%. WuRSHEEHRIE fifi o 55 1 (1 fder =4+ 1400
Da Jik Bt Bt 4k 1% b 200 Da 88900 Da [k BEoE ;
Chang-BumP4S5 [FIAH G 1B T Y, A Bt B 1 FROTI A
P B R AR R AT K By T
143 4iifE 1000~3000 Da 2 [11] . PSPHs 5% =il Hi ik
ML AT REFN 43T i /E 1000~3000 Da 2 [&]fI4H 4>
&= K.

3 Zhip

3.1 MU EREABUNRD SRR, Al 18.18%
F119.62%, A& —FPIRUF 18 RN I BT YR
3.2 Iz FHma BT Ay Ak A A RK ) 8 A% e AL
KRR 12, 43 B AU R 2% A « i & 1085 Ulg
WA, ARy 311, AR E 8 h, B A FA
ZHM ORAC 73l A 76.86%#1 883.40 pumol Trolox
equivalent/g.

3.3 PSPHs JUT- 08 T H BUEE FUR AT A2 548, H
MEIEMR S8 N 4577 mgmL, HALFEEER S
34.76%, PrAE IS A IR AN S RS AR 15 26.25%,
Ut B PSPHs H A8 & 8 7= {5 . PSPHs i &
DPPH 1] 1Cso 8 4 3.32mg/mL, 5/ O 1 1Cs0 1
5.08 mg/mL, 4 PSPHs [ F#E v 10 mg/mL B,
LG A8 M 0.67, Ut W PSPHSs FLA3 4% m it réa s i
3.4 RTINS FRIN A P S T S R IR R U
W B FEA/AINVE IS PSPHs rhi s fb im T S Ik R,
75 7 PR L LA K 3000 Da LLRE /Ny Tk & PSPHs
FAE FRNE A DA G PR S
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