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T ARk R R 48%M, A KNG | &
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PR TF & A EZ LRGN T8 7 W —
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He S50 FH g1 25 1 T 6 A e £ 3k 22 > BT
R PRIGIG PE R B IR, o ZIR-FH &k, 440
XO 7% PE 1Cso “ 25.7 mmol/L., 4B HEISF] F v 4
B BB AR TS N, 20 B alifh S AR AT AL
A B DR R I 75 19 35 F IK-ACECD , HiA& 4 XO 1 ifi
TEME 1Cs  7.23 mg/mL, Ky T iF— 25 1 1 /& 16 P
IR, LA XO 0 28 KoK i B2 S Fa br , 2R il £
Wik DR IR it A 0 1 T 8 20 M LM O BRI
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1.1 MRS5S

111 EEA R R em, TS HEMA
BRAF, 23k B vl R NI SR P £ A
WG oy %6 28 A BH4% B T -20 CHRIMR R, i
# C (MWI2400), fFEME (MW1450) Gly-Gly-
Tyr—Arg(MW451) .Gly-Gly-Gly (MW 189) , |- Jji
A= R A PR W) SR AL AR =S
T | Bl R A5 34 R oy AT el g, 1 if ] 2 4R AT k2
FIA PR W) 5 PR R (5%10* Ulg) (R 14 48 1 i
(5%x10* Ulg) itk & 1 (2x10° Ulg) XUBR 2 1
(510" Ulg) AR 1 1 (8x10° Ulg) , JL 5T Solar-
bio 7~ w3 ¥ EERS S ALl (50 U/mg)  BAR i A1k 9
fifi (200 U/mg) \BEIEIS (T 2690 ) (4- 2 H 25 1L
MR BTEEgR ), 1122 se bR A IR A BRA ]
1.1.2 FEUEHRSEE  ICP-MS 7900 H & A
FEFRBTEAL, JEE LA ; Multiskan FC
BigEFRAL , 3% E ThermoFisher 2% @) ; KDN-812 Hl &
ERAL, LIRS A L-8900 4 H ) 2 SR 7
BrAX, H 7 H 5774\ 7 ;Waters 600 HPLC, 3£ [
Waters 24 7 ;5804R = # 250 HL, 72 [E Eppendorf
YT

1.2 REHE

12,1 UUEEEI LI E XO fMHl % JRBRERik 0
FEWER 290 nm A2 A7 9K 1 il A T AT e A A0
Trp 5555578 58 S I BOAFAE WIS 0 () 8 2, 7= 2B
T, R HERR THE, 1 b 2 Y 1 T 0 O K
HH] 508 nm A ME, S H AR I AEAR
B, B 02061 g 4-5 3% AR, 0.018 ¢ BAR
it ALY ,0.5594 ¢ KT, FH Tris—HCI 2% vh il &
AR L& RO, 7896 LA h & fLinA
50 Wl % B 4 AL i (0.52 U/mL) %5 50 wL 1%
MFESL, &% 30s 5, BT 37 CHERF 10
min, BFFJE A 100 pl # 4% (2.0 mmol/L)
5100 wL B EORIE A0k A, 5% th R e 0 I
VEWAC R Ao, T2 B FE T il o AL, SR THIK
¥4 96 FLAR & F 37 CH&AF RN 15 min, il A 30
pL NaOH (1.0 mol/L) Z& 1k & i, I 5 % K 508 nm
SEWEOGAE . = A (1) IHHE .

0 (%) =A2‘<;1171_AO)><100 (1)

122 AAERSEME R (B2 EE
B A R A A E ) (GB5009.235 -
2016) R B2 I 2

123 KMEMNE S5 LWFE2N Tk,
DR A A S B B A ERR, AR
(2) 115,

0 _ MR EARAS R
IKHSE (%) = J%Jr'é% %100 (2)

1.2.4 @40 5 DR IR KA T 22 Ak

1.2.4.1 HACEGGE SR 1 b & BT
it , & % B S I (6 000 Ulg) (B 18] (4 h) FIDRHR HE
(1:5), #E45 A il pH 5 440 T 3547 B
il 2 4 h J5 BT 100 CKE 15 min, BHIEZE
iR, F 10 200 r/min, 4 CE > 10 min, B F1E R, L
XO B0 S FK A B AR5, LA 85 1 1
RRUR

®1 TREABHRIBREEG

Table 1 Optimal enzymatic conditions
for different proteases
mE #ik
Bl 04 AP % AU/ R/ pHAE /(g
g) mL)
BMEGH#HE 6000 35 4 3.0 1:5
THEGHE 6000 45 4 7.0 1:5
BAEE A 6000 40 4 10.0 1:5
AINEGEHE 6000 45 4 7.5 1:5
Rk G 6000 50 4 7.5 1:5

1.2.42 PAPRZELE L XO WGP oy £ 58
FebR KA B 27 430 e AR R EE 1:5(gf
mL), F@E ] 4 h,pH 7 = & 8 000 Ulg
HEATHAPR RS A AR GE A A I B (35,40,45,
50,55 °C) , A [ B fin £ (5 000,7 000,8 000,9 000,
10 000,12 000 U/g) , NEIBFB HL (1:1,1:3,1:5,
1:7,1:10), KIAl pH 14 (5,6,7,8,9) LA K A [ i
fif sk iE] (1,2,3,4,5,6,7,8 h) X il 1 fif £ 550 28 (1)
AL

1.2.4.3 w0 LA B A U0 AR A R S
S5 W E R IRE (A) (A% pH H (B) (BB AN
B (C) HARIKF, LLXO 76 PR R (V) K i
FE(Y,) R v {8 , K Box—Behnken #5347 iy
o7 TE A A 0 TR 7 T ) (A (] AR
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Table 2 Factor level of response surface analysis

B &
KF ‘A(ﬁ@fé‘F B(pH 1) C(B5HR &)
= Z)/C /(Ulg)
-1 35 6 9 000
0 40 7 10 000
1 45 8 11 000

1.2.5 Gl fn 5 Ry £ B BAL IR AR S T 4 &
We Mg & Ko &t AR S & K
LL GB 5009-2016 £ ff 4 4= [ 505 1 77 15 0 2
% HFE(E R ZEER R 2R
(I E Y (GB 5009.268-2016) F&f — ik i B 5
S TR B v (ICP-MS) il 7 i 11 71 P (353 )
SRR TR 8. B, e S &R (ng/
ke), &% EH FhrfE(E M Z 2 FEZ AR &l
V5 YW PR ) (GB 2762-2017) /3 Mr ke dh b 8 42 )&
TSR

1.2.6 sr RS 2% (EFEaR k)
(GB/T 22729-2008 ) H i R 58 g i i €3 vk K ot
TR 10 mg/mlL BEARFE S B D0 5 1 A
() 53 o i

127 @RRAWITH S5 FIREXWN Ik,
B BUE B AE 5 i A 6 mol/L 358 10 mL, % WK &f
M,110 CHr &K f# 24 h, 2238 ,10 000 r/min
Bl B 0.2 mL EVE WA, A 0.02 mol/L £k
fif 2 mL %% ,0.22 wm JE B BE , SRR E RE A
KRAEMR S, WE &M BIRA B &1 7 A ke
(4.6 mmx60 mm) ; B 57 °C; 86 B BE M 5 BGHE 38 %
KN 440 nm F1 570 nm; N 4R EE 135 °C; B =
B 3 3 0.35 mL/min; #EFE T 20 pl, B FE AT
HEFE 3 IR,

1.2.8 FaE o
1.2.8.1 AN[F pH E R EE | 4 8 25 7 5 5L X Bl i

PRI E MRS K I VR TR T ) BT A
WA 15 mg/mL W, PRV EE Y 76 AR pH
18 (3,4,5,6,7,8,9,10) . A [A] il & (4,30,40,50,
60,70,100 °C) LA S AN TR 43 J& 25 + P55 (K* \Na*,

Mg* Ca* Fe* Fe** NH* AI* Zn* Cu®, WK EE R
15 mmol/mL)%F XO i it 41 i R 21

1.2.8.2 B AL A X Bl = 9 XO 9 46 3 o
WIS 225 DO O ik IR RE B S, AT
B ECH . B 0.2 ¢ NaCl, A #ELIK 70 mL 5
730 wL #Hhe , B pH E8 1.2 J5, 2% 100
mlL, 7 H . W40 mL 8 W, A5 5 8 & G
(it bty 50: 1) E R o N TR Be il  FR 0.7
g IR AU T 25 mL B 2K Rk , A 19
mL NaOH (0.2 mol/L) 1 40 mL #8 4 /K , F§ NaOH
P& pH {E N 7.5, E & 2 100 mL, ECH A, AT
YR T ) T R 15 mg/mL B RE LA TR, 37 °C
KA, B 20 min B S mL 5416 & Tk Kk K
fiti , 585 F 4 CORAF, JL3HH AL 1 h, 285 FH 1 mol/L
WelR S ANK R 4r 25 mL HALTT) pH EHIH 2 6.5,
BB pH 6.5 B WA F] 25 mL A TR, 1
P A8 A . AR RS (P o 25:1)
T 37 CHifL, B 30 min B 10 mL I AL T3 K
KB, Ak 2 b, B S e 28 T A
PPN XO MR B AL X A Y
AN

129 #HHsgit 500 ARRYESL 31K,
M Origin 2018 #AHAE K, SPSS 26.0 #E47 75 22
30T, LA P<0.05 Fon s B A g it X B
EEER,

2 ZHR59W

21 tRERREBRKEBETIZNRN

211 R[W)ER AT i B OR (R R
1Al %0, 5 AR (I ZE 4 A BOE A T, Dirh iR
il 7K S 02 e 2 19 T A4 IR R 1Y) XO TR R AT )
%, 18 59.719% 5 11 7K fif BE LAKR TN H g i 1
(41.30% ) , HR o b Ve R (36.16% ) , 25 6
S8 R R AT S S AR

212 PRSI dE 2a TR TEHE R
AR TRV B0 T i e 38 3 T 8 BT XO
AR Y 2 2 LT E TR %, X0 #il
KUK BE 3 BIAE 40 CH 50 CHY et iiE 2b
AT I T S 0 K R B R 1 T T A
W XO RN AE 10 000 Ulg I ek, X Al AE &
P I it 0 R K R A B, A Y e £ 2R
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XODIE

T E & B B X 6 & B iR 20 R B 200

Effect of different proteases on the enzymatic effect of Katsuwonus pelamis

B AR 5 H D 2e FTHT, XO 1061 238 FHK ik 22 B 7K i
P ¥ ) 228 T3 0, ST 224 7K fige I ] 5 22 4 b 1
P8 oK fig s 1), XO 0 A2 A #2218 H AT B
BEAR, DL 4 h B
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§ To ) 7 5 B 3 §, N
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Fig.2 Effect of different enzymatic conditions on the enzymatic effects of Katsuwonus pelamis
o A 'T‘_’ /\ N . o A X /\
2.1.3 W py A AR RS, MO R r 2 M A Design—Expert 10.0.7 X} iK%

&S AR NIU] 3 1Y SN 3 R IF RN
e 3 AR R BEAT R AR R AR LR 3

2.1.3.1 LA XO 355 400 i) 2R A o 7 A 11 (5] 5 455 7Y

gE R PEfT Z oo mlA A, 53] XO 0 e
F A (BRIRE ) B(BE% pH ) .C (BRI )1
TR FE R .Y ,=81.89+0.314 +1.20B+1.82C+



262

S SIS = T SO 4 2024 445 10 )

0.854B+1.184C-0.17BC~ 8.35A4°-3.37B’-8.23C7,
[R5 AR A 7 22 0 M WA 4, AL UAVRE A S 4tk 2%

) e £ [ R R IO A T 25 A AL S50 [R) ) G A A
T B,C,A* B, C* H B E WA ZE F(C)>F(B)

(P<0.01), R UE A I F (P=0.3965>0.05) ,R*= SF(A), BI4% R ZE X XO 6] 2107 52 00 K /N 4351

0.9859,R.’=0.9677, VWA A 0] LI A5 v ffy b Tt

A AN T > T pHLAF> Bl

% 3 Box-Behnken X3 i&it &R
Table 3 Box-Behnken test design results

KI5 A(BGf% % )/°C  B(E&E# pH1EL) C(BsA A2 )/(Ulg) XO #41  (Y)/% KR (Y) 1%
1 40 7 10 000 83.80 +0.71 38.04 =+ 0.09
2 45 7 9 000 63.39 + 0.57 34.04 £0.17
3 35 7 11 000 66.04 + 0.34 36.93 +0.16
4 40 8 11 000 72.81 +0.39 37.95 +0.27
5 40 7 10 000 84.06 + 0.46 38.48 £0.18
6 40 6 11 000 72.93 +0.61 36.30 £ 0.71
7 40 7 10 000 83.73 £0.34 38.51+£0.11
8 45 7 11 000 68.71 £ 0.25 39.26 +0.24
9 40 8 9 000 69.32 +0.19 35.00 £0.14
10 40 6 9 000 68.07 +0.22 33.52+0.26
11 35 8 10 000 70.97 + 0.66 3454 £0.13
12 40 7 10 000 82.97 +0.36 38.83 +0.33
13 40 7 10 000 83.76 £ 0.13 38.87 +0.38
14 45 8 10 000 72.85 +0.47 35.72 £0.26
15 35 6 10 000 68.30 + 0.75 34.02 £ 0.04
16 35 7 9000 64.42 +0.47 33.84 £ 0.31
17 45 6 10 000 67.86 + 0.31 35.08 +0.22

F4 XOMEFEHHENERFRAEDH
Table 4 Variance analysis of regression equation of XO inhibition activity
F E KRR - A= B E ¥ 7 F1a P& 2HK
=] )3 AL A 794.48 9 88.28 54.31 < 0.0001 ok
A 1.19 1 1.19 0.73 0.4213
B 9.66 1 9.66 5.94 0.0449 *
Cc 29.25 1 29.25 18.00 0.0038 K
AB 1.34 1 1.34 0.82 0.3945
AC 342 1 3.42 2.11 0.1901
BC 0.46 1 0.46 0.28 0.6109
A? 337.76 1 337.76 207.79 < 0.0001 ok
B? 61.31 1 61.31 37.72 0.0005 *
c 280.92 1 280.92 172.82 < 0.0001 ok
& R 5.56 1.85 1.27 0.3965
iR £ 5.82 4 1.45 — —
& Ao 805.86 16 — — —

TE % RN E 25 (P<0.05) %, RoR 22 5 M 3 (P<0.01) . R’=0.9859,R,,’=0.9677,

2.1.3.2 DAOK# I S o i ﬁéﬁ@)ﬂ*ﬁ”)&ﬁ%“
#r FIH Design—Expert 10.0.7 X i 45 45

AT

Z LIS A3 BUK A RE G T A (B %I ) B

(Tt pH A (C (BEES I ) 89 — W )3 J7 B2 58
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s b T JR B8 AR B 00 6 ) 4 b BRI 63

Y,=38.55+0.604 +0.54B +1.76C +0.0294B +
0.534C+0.043BC-1.694°-2.02B°-0.84C*, J5 %4}
BribEe 5, [m] 0 485 78 B & 2 (P<0.01) ,R*=0.9741,
R.#=0.9409, K BE A &% (P=0.1117>0.05) , i

A 22 A TR0 ] L), s o Tl 0 0 A DR TR B 1) i A T
S B H T B .C B EEWMRNE  F(C)>F
(A)>F(B), Bl 45 R £ 52w 58 R /MK A < B 7S

> A RS T A pHL {E

x5 KBEMOPRFRAESHR

Table 5 Analysis of variance of regression equation of hydrolysis degree

FE KRR T e AP Eab F A& P& RidE
= )2 AR 66.31 9 7.37 29.28 < 0.0001 o
A 2.85 1 2.85 11.34 0.0120
B 2.30 1 2.30 9.14 0.0193 *
C 24.64 1 24.64 97.95 < 0.0001 oK
AB 3.318x10° 1 3.318x107 0.013 09118
AC 1.14 1 1.14 4.53 0.0709
BC 7.430x107 1 7.430x107 0.030 0.8684
A? 12.04 1 12.04 47.84 0.0002 ok
B? 17.12 1 17.12 68.05 < 0.0001 *
c 2.95 1 2.95 11.72 0.0111 o
& WA 1.31 3 0.44 3.88 0.1117
ik £ 0.45 4 0.11 — —
h¥ i 68.07 16 — — —

T 3R R 35 25 5 (P<0.05) 3% R 22 W .35 (P<0.01) . R*=0.9741,R,7=0.9409,,

2.1.3.3 WA N AE R AT BRI R . BN
O pH (A =N R AL HEAER K 3, %5
LERT R N ZM M B EH B ES R,
WP R HEAEH B, FIERRZEHAERN
T AR = A S AR 1 I i AR AT R 4% TR R
XoF i) 7 L P 52 0

L XO {5 P40 1 28 A i 17 (B (Y, ) 1) Wie) i TG 3
B UL 3a~3c, & B JE KB i 345 pH {E 22
HRE EAELE T, SR pH KR
JL 1 37~43 °C,pH 7.5~8.0 } 9 500~10 500 U/g

#5954

sy
=]

o
]

XO inhibition
3

2 LR ' 37 39 41 43
o A: B I

Enzyme temperature/°C

() At i Uk JSE A% pHL{ELXT XO 16 32 4 52 g

B il AR VKT X O T P 400 ) i £ 5 DA K 8 Sy i
IEAE (Y ) B e 8 18 43 B UL L 3d~3F, Wi pH H &
i i 2 M 38 AR B . MR pH {E K il
VNN A9 [ 4 0 R 39~41 °C,pH 6.75~7.5,
10 000~10 250 U/g Hsf, i fiff 0 K fife £ A6 W AL

214 Ef A SRR A Design-
Expert 10.0.7 F 4, BT XO $ i 5  7K i 5 AH [7]
B HEAT IO, B AR S R 40.598 °C, i fiF
pH 7.138, F§¥ s 10 368.835 Ulg, ML fA XO
0 2 RoK ik B ) S 437 4 83.97%F1 39.19% .,

39 41
Ac T R EE

Enzyme temperature/°C

43

() it e 3 52 00 g pH {00 7K A J3E 4 52 )



264 oE g S W 2024 4E45 10 1

11000

0
[

ot
=)
@
=3
=4

10000

XO 41l %
XO inhibition rate/%
3
C: BEW i
Enzyme dosage/(U/g)
C: BN
Enzyme dosage/ (U/g)

11000‘{( ))> =
10500 7k
Q%’IQ % By 9 ;@%&e\ 900 : o 9000
o Wi, A @@Q& 350 37 30 4 43 o) 35 37 39 41 43 45
S A TR E A AR IR EE

Enzyme temperature/ C

Enzyme temperature/C

(b)%%ﬁﬁm RV % 00 X6 X O 104 25 7y 52 1) (e)Eﬁﬁ@/ﬁ RN VA8 o0 X 7K i 2 049 52

11000 11000-

Tl < g =
e 5 g =
EE 2] =& B %10500
22w % g = b
25; 65| eg—310000 = T;’ s -2 10000
- 3 £ 5 g
g ® ) Sg z £
11000 oo 900 5 9500
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%% r}? "3% 000070 B 70 75 8.0 85 90 1 (2 =20
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/(0 P
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(o ) Bl 2% - 0 A% pHL (6 X O 3041 >R (14 52 iy (F) VS Tk 0 il i pHL (BDGF 7K fige B2 19 52 i)

B3 HBEEXEERAI XO &G 2R KoK EN 0

Fig.3 Effect of interaction of various factors on the XO activity inhibition rate and hydrolysis degree

SRR T R I A5 1 R L S TR 40 °C, A &l 4 3% 6 AT, G fh i i 4 R AR R A 43
pH 7.1, B /N4t 10 400 Ulg, M 2518 XO M & PR ELI0TE L ka LN, A7 16 91.9% ; B 5
KA BE 53 590 O (83.91£0.16) %, (38.67£0.39)% , B 43 F it KT 3 ku M ARBUAL &7 0.88%, 73+
fEDIAF 3N (18.2421.02) %, I WZBERI AT LIy FBidk/NT 1 ku B BR B B o & H5 XO #0461 7
TOUI % £ 1) ik A R PR EA Sy,

22 MWMEYNSFRENH
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Fig.4 Chromatogram of molecular weight distribution of the enzymatic hydrolysate



248 10 G

[ F BR PR B fif 2y 04 ) & o M B AS T B R 265

R6 WMEBMBUSTRENS

Table 6 The relative molecular mass distribution of enzymatic hydrolysate

ST REFEB/ 8 A2/ % HA T REh EH 5T REN
>10 000 0.09 12 606 13252
10 000~5 000 0.34 6946 7238
5 000~3 000 0.45 3739 3822
3 000~2 000 0.84 2348 2379
2 000~1 000 6.36 1270 1314
1 000~500 20.83 652 681
500~180 62.86 267 291
<180 8.21 — —
23 MBYNIERARSN 18.56%,16.37% , VIse &R & i fewm, AKX
R 0 A ) R LR AL T LR 7, 17 M 2, HMEWTEER ™ 1) T K R R R R I L PR R
%ﬁiﬂljﬁﬁﬁﬁﬁa P EREIERR W R A T R SRR
R Pk 2 R 1Y & & 40 o 49.61% ,17.04% ,
x7 MEBBRYHEEBRSNT
Table 7 Amino acid analysis of the enzymatic hydrolysate
AR BRAY 4 ¥/(g/100g) R BRAY 2 %/(g/100g)
R & ZBR (Asp ) *#%% 6.59 +0.47 B ZUBR (Tyr)** 2.76 +0.68
&8 (Thr) 5.14 +£0.29 KA 2R (Phe )™ / #* 4.50+0.32
2 Z 8 (Ser) 371 £0.34 H R (Lys ) ok 5.81+0.33
2 ZER (Glu )i 8.53+£0.71 20 SR (His ) [ stk 9.77 £ 1.08
H 4B (Gly) 7.85 +0.64 My R (Arg) 297 £0.24
7 AR (Ala)* 9.58 +1.17 # i 2R (Pro)* 421 +0.31
F e AR (Cys) 0.31 +0.09 BRI (HAA) 49.61
4 AR (Val )* 7.90 +0.41 % A AL (AAA) 17.04
B ZUBR (Met ) * 3.10+£0.91 Ao B AR B (PCAA) 18.56
5t 52 2B (1le)* 6.37 +0.42 B2 M R B (NCAA) 16.37
5% AR (Leu)* 10.87 + 1.34 & R AR (EAA) 43.69

TE % RN B K BAE PR ;% 7R 07 T R B AL IR 5 o R ME BB PR 5 o RN TR T AL TR

2.4 EBFRYKIEERRS S
B2 8 Al A, fRfafa N oK oS i, h
(72.67£0.70)% , 3 1 & 8 K Z (21.87£0.77) % , &
105 5 K 43 8 AR, 430 R (6.0120.12) % Fl (1.40+
0.07)% , F W60 25 (1 T & it £ 5, Rl E IR
B B EUR}  WEEARF , 7 H RLER 1 RO Gy i
i TR T I A BT v 2 W O A AR T AR
. Ha?@%’q’:ﬁﬁ pH V5 S 2K 73 % = A
PETV . T AR AT R W fa £ TR 5 A A R 4
R YR AR, AU TR E, S AR
)5 Pb .Cd \Hg .Cr & #4314 0.0073,0.0695,

0.1284,0.0040 mg/kg) , & B il fitt 4 P Cr & &
A Arsm, i Cd 5 He & &0~

25 EHBREVHBREEAR

2.5.1 IR pH IR J 4 a8 7 %o i 4 e
(5 FH & Sa~5c FIAT, B 5T ER Ak A B HL
ARG e . R 4R B 1 6 A ) e v
s A (UK 5¢), Hr Ca? Mg AP K,
Na* NH*E - XF Bl 9 1) B P 52 il A 2 Vs
Zn* Cu* W] g 35 3% Jin il i ¥ XO # ) 3E i
Fe?* \Fe* I A7 76 W b 2 BEAIK 1 WG A 4 XO H0 I
P R UG, 26 0 T2k A v RS o S il Fe?t e
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Table 8 The nutritional composition and heavy metal contents of enzymatic hydrolysate
o B IR Y F 4284 ¥/ (mg/kg)
Koyes MEaAaRLE HEHEE ks 45 (Pb) %4 (Cd) & (Hg) % (Cr)
ke & A 7267+070 21.87+0.77 6.01+0.12 140+0.07  0.0020 0.0190 0.0351 0.0010
BpfE =4 206039 9298 £0.17 — 5.58+0.03  0.0296 0.0530 0.0810 0.5150

L EZRARUE GB 2762-2017 oK 7™ i (P &b ) BOHC i 19 3 42 8 75 Yo W BR & . Pb 8 0.5 me/kg (5 VRK ™= 31#) , 1.0 mg/kg (K 7™ il i ) 5

Cd 4 0.1 mg/kg; Hg M 1 mg/kg; Cr 4 2 m/kg, —. KA,

XO il %
XO inhibition rate/%
¢ 88 3 8 8 8
€ 5 8 23 3 88 8

g B
ey

XO #pfil %
XO inhibition rate/%

2
T
3
T

=

4 30 10

50

W
Temperature/C

(b)

60

XO il &
XO inhibition rate/%

0
CK K* Na® Mg* Ca* Fe* Fe* NH,” AI* Zn* Cu*
ENCEAEE- =R
Different metal ion

(c)

B5 AEpHE.REREESFIBEBRUREENZMN
Fig.5 Effect of different pH, temperature and metal ions on the stability of enzymatic hydrolysate

BT,

2.5.2 IR AULI AT 08 £ T A 00 R P ) T
HITET 6 nT 0, A 0 (6 B R A XO B3

BFE , BWHAL 60 min J5 , HoX XO fy1 il 4CR

To e AL s TR S B W, 2 T A T A

O XO 00 ) 375 1 S 2 AR R, SR T R A o

SRR AN T FIS S TE St

3 iTtig

it A v LA d s R 8 0 R R Y R
Ik Z—, AT e A 0 B A ) X0 11
il 38 K il A A 3 25 S . ASCHESE TR R
P i i) 25 1 2 £ it A 0 % XO Rk 6 1, & B
Pk ARG IE T H T 4 i B AR IR
R, iV R e R G A TC K i RK D £ Tl
ity ) AR S XO 30 P B U 2R 5 PR
I Autodock Vina =y 38 5 i 326 75000 1 A% Bk U5 B PR
PR AR XO IS T, e D i i o B R B A
N i {57 & A )T B PR IR K (9 XO S0 1,
EHMRIN S L, H—BAEH T35 & E
TR 81, e 0 TG gk 7 ) v B R TR IR A % N i O
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Fig.6 Effects of simulated gastrointestinal digestion
on the stability of enzymatic hydrolysates
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JIK o 25 0 K 1) ) R R P A2 L R 5 A 15 )
Rk DR TR R AR Ry — Fofr A= 40 % A Ot A L o o 1) 285
., XO F71E 25 i Mo—pt, 43 F Ji i #5/N H 2 A il
5 235 R 1) A DR T K5 BE T A L 45 F B B X XO
SERL A R — BRI RZ I, He SFE IS Trp
Phe 1[4 bR 2 K ELAG 535 0 XO 936 P | I 4
B K R HE R R 5 0E A XO 3% e 1 8 7K 45 ]
AT 535 1 XO MlE P, o 48 R0, BT il
7 T A ) B K M L R 5 Ll e, 1A E 49.61%
BEAh, WA R A — o R M SRR S B
RIER , EFAR—Z R AR R, & R Bk
BRI TN & BRIt E LSRR e,
i 1A 55 27 R 2 11 % S 181 25 5 0% B AR B VR T
T e R AR LA LA S e e i, I S RO e /N A
R, 0T L AR B TR 2 A
BB K S LR A, BEAE R AL B T AR MR i R M Bl 1k
LR AL AT B T B PR KA ) XO B IS M, Liu
SEBALLK AR A JEURL , $2 BOUE P K9 R Sephadex
G-50 BE A4y 5 alifh 15 2 B R 12 IKAAAAG
AKAR, FIH 4> F X AR B H 5 XO 2544 8] 1)
FHEAE FH, e R 2 B f e oy SR AR
AAAAGAKAR WA B AE 7 ik A e e ik 5 &
P TD A LTI 5 |, 2 B LA P X 3 DR T K 19 3%
PEWEA —EEH.

FasE MRS 2RI, R B pH (EDGT AR 00 1) TR
PESE M/, o F BRI 2 K — N By =
G UKL TR R IRIRIKZ Ol 2~10 ik, H =
LG RRE RNy i R A i R
S8 K 2 [ PR R IR 52 SN RS R A N R IR 22— R
M, B 32 Zn™ Cu Fe* 4 8 B T I AL K
AR TR IRIR KNS S T &8 5 1
Ao IREB S IR A EL AT Ak 3 R
BTN, G5 Fer Fe* Zn™ Cu™ Co™% 4
J& B T IE R A BT 45 7 i) BE o Bk
IR XO Ml E T, dLE R IKEA XO Wi iE
WURKAE A —Fh 40 S R B 2 5y & )8 & 1
IR, WMES I RIT U EREE R B A
Fe?  Cu LA/ K P B i 4804k S i Pel, A1 ke, e
G JE B F X WA B XO 10 T P 5 o A i 4 v
Kok PR IR IR 4 5 I i AT G i i ) 2 18 BB 4k 60
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TR, DT XO 0 7 P T

4 g

AR S g DR 2R S R o T O A 3 Ak
0 [ R R K A T2 S5 AR R A
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il £ 0 A A A G XO R R 5 K A
435 A (83.91+0.16)% 5 (38.67+0.39)% , [if§ fi#t 4
138K (18.24+1.02)% , 43 F Joi 2 43 Aii S R FHE R 57
Mr&wl, BEfY & AR TR N T
1 000 u, HA SR DL g K 2 LR 0y 3 o AR pH i
B E AL AL & Ca> Mg AT K* Na* NH*E F
X B XO A SE 5N, RN Zn® Cu®
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Preparation, Analysis and the Stability of the Enzymatic Hydrolysate
of Hypouricemic Peptide from Katsuwonus pelamis

Jiang Han', Zhang Wu?, He Luyao', Cao Shaogian', Yang Hua', Qi Xiangyang”
(“College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, Zhejiang
College of Food Sciences & Technology, Shanghai Ocean University, Shanghai 201306)

Abstract In this paper, the preparation technology, analysis and stability of hypouricemic peptide from Katsuwonus
pelamis were discussed. Taking the inhibitory activity of xanthine oxidase (XO) and the hydrolysis degree as indicators,
enzymatic hydrolysis process of hypouricemic peptide was optimized, and the molecular weight, amino acid composition
and stability of the hydrolysate were also analyzed. The results showed that the neutral protease was the most suitable
protease for preparing the hypouricemic peptide of Katsuwonus pelamis, through single factor and response surface opti-
mization tests, the optimal process conditions were determined of 40 “C temperature, pH 7.1, 10 400 U/g enzyme addi-
tion, enzymolysis time 4 h and material to liquid ratio 1:5 (g/mL). Under these conditions, the XO inhibition rate and
hydrolysis degree of the prepared enzymatic hydrolysate were (83.91+0.16)% and (38.67+0.39)% respectively, and its
yield was (18.24x£1.02)%. Molecular weight distribution and amino acid analysis showed that the prepared hypouricemic
hydrolysate was mainly composed of small molecular peptides, whose molecular weight less than 1 ku and hydrophobic
amino acids accounted for 91.9% and 49.61% respectively. The prepared hypouricemic hydrolysate had good stability to
heat, acid and alkali as well as metal ions such as Ca**, Mg*, AP*, K*, Na* and NH*. Adding Zn** and Cu®" could
significantly increase the XO inhibitory activity of hydrolysate, whereas the presence of Fe* and Fe* significantly reduced
the XO inhibitory activity. In addition, the enzymatic hydrolysate was relatively stable in the gastrointestinal simulated
digestion environment, and its XO inhibitory activity was significantly enhanced after in wvitro intestinal simulated diges-
tion. This study provides a theoretical basis for the deep and high value—added utilization of Katsuwonus pelamis re-
sources.

Keywords Katsuwonus pelamis; hypouricemic peptide; enzymatic hydrolysate; preparation; characteristic



