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1.3 Fi&

1.3.1 il MR35 DUAR S R T8 RS B D4R i
229 KW 10 min ZEPEAL PR S  R T, MR
F-30 CIRAFEH .

1.3.2 SDS-PAGE 4r#r  Z: B8 Zhao %" J7 15 XF
MR 5 B DL 10 VR 1 1 2 1 B4y B O A i AT
ST . I Ix b RE 2 o i i A 5 1 T R R
mg/mL AL S, 2K 10 min J5 #5350 12
h K 8 ORE (10w i 268 380 58 D 44 T Ji 58 e
T (5% 1 W45 1S, 10919 53 85 I8 ) BEAT 4 BT, W 46 g
LR 7 mA, /B HEHLE R 15 mA, IREGE5H 5,
FH25 T s W G250 Yy (o i 0] e S it 47 e £, i £
Ji A%

1.3.3  HliRg 5 DIAR s gy SRR A
it (TG 24 204 326 U/g) %F IR o B DLRR 340 R+
17 WAtk | B 250 R < N 2 3 000 Ulg & KW
T4 5320 4% pH 7.0 Bl I BE 50 °C, Bl i B[R]
53 0.5,1,2,3 h, AR IS BT WK 10
min J& B0 4 000xg, 10 min , ¥ b 75 B4 5 4 %
A, AR AN [ e A R0 ) B 3 B DL A 0 e
(SMHs) Jf-38 & pH-stat ¥4 153 HK fif & (DH) ™,
HAtE AT .

DH(%)=BXNb . 1 . 1 100 (1)
Mp a hy

f B—— {3 #5 pH 7S 78 Ji 1 #E B8 (NaOH )
A B mL s Nb——i /) 4 Bt 1 &5 ¥ B2 mol/L;
Mp— IR Y i H A g h,—— R E B h
Hj(%ﬁi'é\ﬁ,mmol/g,,ﬁéﬁpzlxﬁﬁ%* ha N 7.5;0——
KA a- BB R, BRIk AL
T

_ 1 OprpK
10 )

A pH—%F W 19 182 0 2 s pK——Ha 25 1
LN
1.3.4 il & RATEONL ) 1 2 88 T K T
20 mg/mlL. [ il f7 40 5 WOFD 40 mg/mLL R L,
R WA AR LG 151 IR G /5 %= pH 7.0, 43
T 4mL e IMD, REE T TG TTE
95 CAAF T M 4 h 5% 12 h LAARAS R 3 ks DLUAE i
Tit A ) — R W 26 LA K2 77 ) (MRPs ), 4 26 i 7
JRL )% VR T8 5 T =30 CORAEF H

1.3.5  SERIAEI N YRR AR R R IR A 28
LA B2 N 7 v O 25 B T KA R B A TS AR B
FH S5 43 606 BE T H I AR B 4K 294 nm (H3 B
100 %) Fl 420 nm (Fi BE 5 5 ) &b 1 WG 1E

1.3.6  EHi BN = W R Y A B B 3
mL & 17 78 P2 4 BT 10 mL 3 Fr /i, inA
20 wL I MFRY) AT, 100 mg/L) J5 8 i HS—
SPME/GC/MS #4745, €43% ¥ 5 HP-5MS 5%
IR S B S8 30 mx250 wmx0.25 wm, FHik
2N W1 35 °C, - %F 3 min; DA 3 °C/min ) 3
JE T 70 °C, LA 10 °C/min (13 FE THE 2= 200
°C, LA 20 °C/min 193 B TR 2 260 °C, /4F 5 min;
ARt RE | 3 i (He) A 1.5 mL/min, JFRE 4
1 pLo R 2GEH. BiE AR 29~
400 amu; L T HE T 70 eV ; 55 4R I & 280 °C; U
e FFREE 150 °C ;8 7R 230 C.

1.3.7 DPPH HHEMIGEREE M E  FIH B R
Eh 2% Wi W (PBS) (pH 6.0,0.1 mol/L) it il A [ ()
FESA W, B 300 pL A5 A S 200 pl. DPPH
(200 pwmol/L ) # iR A ¥ 57 ) it % &0 30 min,
2 000xg &0 10 min JG 4R BV, BB EEHE
B A0S Y — i FH L AR DS AT R 15
ORI G ESR O 04 % Sk s v W 3 i
331771 G, DI 5.07 mW, B 5% 0.44
GHz, il B 1.00 G, #4451 %624 100.00 kHz, B}
B] H %L 327.68 ms, FE40ci[H] 160.00 ms, [F] i LA
BHT 4 Xf f8 ,DPPH (1) ¥ B& 2% (E) 19 3155 2 =X
T

E(%)=""" 100 (3)

h,

Ao h,——4% PBS % W2 AR o i WS
73 ESR I3 v [H) 5 e U6 1 0 1 5 h——FF 5 S R
DAY ESR I r (] A feg 6 0 8 1
1.3.8 BFAMEERE NN E S| Wa FBJ7
TN R 5 s D iR A 0 S o 4 S N 7 ) I Ll B
THBRAE T AT RGN . R FH i 1R h 2 ol s MR (PBS,
pH 7.4,0.15 mol/L) e il A~ [F] i 4 il VA o BBURE B
W 78 L, DMPO % (1 mmol/L)5 wL,EDTANa,
Ml FeSO, 1R & (6 mmol/L)10 pL,H,0, (6% )8
pl, WA BT 40 CHAFF B 30 min 554
FNBYE R B L ARE O Rk
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B L 4EAE R C o X IR 3 A SRV B R (B iH 5
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Ay Rl i VA TR
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1.3.9 ABTS HHEIERREE M E S M8 Han 551
B AT . B R AT (2.4 mmol/L) 5
ABTS % (7.0 mmol/L) ¥ FEARFALL 1:1 1Y L BTE
B4 G TR EER N 12 h §il % ABTS HH
FAB SR, HHFTLL pH 7.4 (9 PBS % # (0.2 mol/
L) MWFIRBE ABTS H M BA8 &R 2K 734
nm AW G N 0.7+0.02, %5 10 L RESER S 1
ml 5 B J5 1) ABTS ¥ IR A 3k SV 6 min J5 78
FeK 734 nm A0 P HW G AE I EF an R A it
BRES Y ABTS A HJEEBR R (S) .

ﬂ%ﬁAT“Am (5)
X, A R Al K AR T G A ——FF 5
A G
1.3.10 Sit e I 5E L b v 25 3R

7~ o K H http ://www.physics.csbsju.edu/stats/t—test.
html 7E L FAFHEAT student’s ¢ #2552 , P<0.05 &R
SERAARENER

2 Rt
21 NEBRBEIEARS FRESH

I E AL R R], IR A DUAR IR T8 h
T TP E A5, T Al AT iR R DA 34
HER R B0 T 200 ka (LEREE (H E4E) ,97
ku (Rl LR EE 1) #1142 ku (WLBhE H) o LBk H &
HEANLSN & H 2K sh ¥ WA B
He AT S 48 ( Trachurus  trachurus ) M1 K 8 A5
Nozawa S5 % BEHF 3 53 DAL o A9 2 (2 40 &
B AE 230,210,100 ka F1 45 ku, BLA, 53F i
A 97~110 ku W REIWUERE B0 )2 77 78 T 1

PSP LA H U7 L an B A USRI S0
2.2 HRN3EE MAE AR EE AR B £

A 2 Fros 72 EE# AT 30 min P 7K M B PR
T, A BERE T 17.33% 40 8.37%, 1E 30~120
min 212 T+, 120 min J5 B FREE, fEKHKE 3 h
J& , WF 3 B DL AR 1 AR R K fi# BE (DH) 35 %)
28.95% . Wu S, & 30 FH H P R 1 T S A
DUMEME A AR 3 h 5, HoK R IE e85 3 34.25%,
Xt S SR B b R R B R DL AR i HLA R
b ) Bl

ku

200 > MEEAESE
P > mmEES
664 "=

43 | . > mHES

EAFERE FRENR
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B 1 #REHENEisl SDS-PAGE & #f
Fig.1 SDS-PAGE of scallop (P. yessoensis) mantle
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Fig.2 DH curve of scallop (P. yessoensis)
skirt powder in the process of hydrolysis
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JERETFHE, NI 4 h 12 h 5 3R A 56 R A
N7 A 1 T ' R A 0 1 3.33 A5 AT 10.67 %
1S W ) - S R R Y e B R T
ARBL R 25 S0

ey A8 i Al 22 8 FH R R AE 12 0 1) 25 o 48 2 g
FERE, I 3b B, AR R O h (14 95 7 78
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Fig.3 The UV-vis spectra of the MRPs of scallop (P. yessoensis) skirt hydrolysates were obtained
at 294 nm (a) and 420 nm (b)
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FIH GC—MS X il fife 4y S JFE 56 Hor 7 7= ) 1 44
R AT AT BT S5 RNk 1 PR R R
A 25 P KRR AL EE 13 FhEESS 3 R 2 1
FREEZE 1 RPERZE (1 FIRSE 3 Fh AL 3R 26N 3 At
FE2e, T S AR S ) A R 153 4 S A )
32 Ff (SERLFE SR 4 h) A1 30 Fh (98 H7 48 R 12
h), SEEfEDA L, PR NG A 1 RS 2
RS (6 FhBEZE 4 FPERSE (11 R 2 PR 25 F0 2 F
e R A L DL AN [R] i BR s 1] 345 1 38 ir 4™
W, e R KR A Rt A 25 5, iR 1 AT,
Fe AL W B i B G S B T 38
0 HL R B (S 7 18 5 By AR R R = ), 28 3%
PLAE SN 4 h J5 RS A Fp2E38 n , (H gk Z2 17 56
PLAE RN 2 12 h B, B 2SR 2 S LR IR 1
B, AT RE R R ) S B 2R ) Y

iR AR R R

T2 2 MR R st DL 30 ik 40 o G S i 4 g v
) B R MRy . AR SRR R R
A AR T R DR 0 A ) S L S B
HR S T 5 R,k SEER AT LR A A
PSR, AN e 5 R PR G Wi wT D
T B XU 4] G 4 R (R SRR RHBR ) RN 11—
T b T KRR ) X R g AR B SR A
AT LA ok e 2 0 5 Bt DL R 300 A 0 1) DR

1 Al AL 2B W2 12 h J5 B hLiE
N E KR T, JCHORARE, s
o Han FBFSE A B0 BRBE & 12 5 R Hi 18" 1)
DPPH H i 275 bR BE 71 Z 8] B9 AH & R 5k 0.958
BeAh, SEhr R N 5 2H - IR -6 ke 2H it
MR —2— ] P 5 kA1 B Sl 30 3T A 2 el 3
FH T BR BB 0, RS e DL AR 30 i A B HL 56 A
PR A SR BRRE ) T B
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x1 NRBREBDBEBEYREEZRESWH GC-MS &R
Table 1 GC-MS analysis result of the scallop (P. yessoensis) mantle hydrolysates and MRPs

N . A%
4% & B 18] /min PR RN R4 AR SMHs MRPsd b MRPo—I2 b
B % 5.368 RS 1.26 2.14 0.71
10.16 %3 0.34 1.49 0.29
14.869 B 1.74 2.85 1.27
17.187 R B 0.69 1.32 1.10
18.369 Fk 1.93 2.42 1.56
19.456 2-F - L 0.65 - 0.49
19.742 B —=2—3 ¥ - 0.10 -
19.73 2-T A2 T hEs 0.09 - -
20.668 £33 0.43 0.47 0.22
20.79 2,5- (= Wk m AL ) K P B 0.13 - -
22.456 R 0.31 0.32 0.29
23.36 B —2—F i B 0.10 0.11 -
23.985 +—m 0.11 0.10 -
27.809 + vg 0.06 - 0.11
BR % 17.866 2,5-¥ = 0.05 - -
20.42 -+ 0.18 0.32 0.37
17.778 2,3-F - 0.15 -
24.477 3- KM -2 A 0.69 0.97 0.51
23.791 2—+—& - - 0.13
Bk 19.082 2-THh-1-TE - - 0.33
19.482 FF g - 0.10 -
20.546 1-F B - 0.11 -
21.621 Fo—-1,3-T = ¥i—1-5 - 0.05 -
23.985 F—9—+ A M—1-BF - 0.19 -
25.19 B2~ 1B - 0.43 -
26.627 1,1-+==8 0.39 0.15 0.38
B % 6.608 T 0.23 0.62 0.84
B % 17.523 VB G - 0.35 -
21.495 FWEE 2= W R AR A - = W AP a0 AL R s - 0.16 0.12
22.067 2—vk v WL |2 F Ak Xk By 0.20 0.06 -
26.345 2-FMER 2 Z VR A A= W AP Ak L R By - - 0.09
26.345 T =8, = F e A By - - 0.16
Z IRk 11.834 33 - 12.67 92.98
13.424 3(2H ) —vik v BA - 0.05 0.12
15.41 2t vty — 1 BE A - 0.14 0.26
17.523 2H—vit v —2— B - 0.13 0.42
17.698 3,4-= W A -1-H-wbo - - 0.11
18.064 25 Ak vk v 0.18 - -
19.341 2,2— 3k v 0.28 - -
19.345 5— Btk —1H-vwko& -3 - - 0.11
19.738 3,4-= A"k vh - - 0.09
21.625 21(H) Wz &R - 0.04 0.10
22.258 2 iE— & H ok vk 0.04 - -
22.067 4wz - - 0.08
23.463 4-F R R ke - - 0.04

25.106 2-F Rk vk vl - 0.05 0.11
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(Ex1)
. e HA 2t A F 1%
4% 8 B 18] /min N Ty 4 AR SMH: MRPs—4h MRPs12h
PR 17.873 3-THA-2-F AR - 0.18 -
20.027 1,2-=FEA-KTH - - -
21.724 1,2-=FA-K Ak - 0.09 -
23.802 6- ¥ A -22[3.1.0| Tk 1.08 - -
24.118 1,2,3-Z[ZF AT ale A |-F 0.80 - -
27.592 1,9-% =%k 0.15 0.32 0.45

TE =7 RN ARG I H X I ) 5

25 MEBNEBLBBYREENERNY
KB B EEREE

25.1 FAmMEMNERES RAMESEETEDY
WEEE, HAMRMRWAIGE S, #F— i ESR
4 53 Sk A 00 A B8 Jad DL 300 T e ) R EL S A
NI ¥R A BB BRBE 0, B 4 nT e TR
— BRI RIR 2 A R AERRGE ) 28 MRPs-12
h > MRPs—4 h > SMHs [ #a % I HE§f# 1 h U5,
it i Wy A B 2 B e BRI BRE D W E R L O

Hb, EPLAE N 12 h 5 2R A0 BN = 5 H
FETEBRAE R BRI 0 1.51~1.80 1%, i i it 3
h 5 1) it ik A S R N 7 S A B 7 0 9 ESR
ST LA W, A RN 95 R A I N 7R P ) ESR
GO R B I, ELBE % 6P s N I [R] 4E
K A5 0 B AR A A B I 35 M L B DL AR 30 il
i B0 V1) 5 o A S INE 7 ) AT 5 5 R — 3, ik sk
SEALFRW, SEPLFE RN AT LA B T 4R R U P R D
Wi BRI R R A R SR R e

[0 SMHs B MRPs-4 h @ MRPs-12 h

I

Z 80 bC be

g TFAXME

=

]
R ° aC
S we0  aC ,
=® aB
& £ aB i
i bA bcA | SMHs
o3 40 I
H ahl
ar .S

!
HE ) A JY—JL ! MRPs-4 h

=

g

.- e MRPs-12 h

f‘ 0 I I I ]

0.5 1.0 2.0 3.0
3320 3360 3400 [G]
TR A ) (1] -
Enzymatic hydrolysis time/h 27

TE < B AN ) /ING 5 Ry 27 T — R (i 7 AN [5) A 10 18] 9 22 S

T Y25 5% (P<0.05), T,

Magnetic field/G

 (P<0.05) ; B P AN TR R 5 52 R 3 7R 7R [R) B b £ (6] — it A 1o 1)

4 MRBNUBEDBHYREERNBERN~YHEBBEBRENT ESR B
Fig.4 Hydroxyl radical scavenging capacity and the ESR spectra of the scallop (P. yessoensis) mantle
hydrolysates and MRPs

2.5.2 DPPH HHAEWERRAES K5 B THEA
[vi) it A B (0], R 5 D0 RS i g A 4y B L SE hr 4l
SR =4y DPPH H el B2 3 BRiE T o ARk B2 (9 il
it W E A TR) A 51BN DPPH A R 2R 35 BR i 138
0%, JCW i DPPH H B JEIE BREE T, SR, 280

FHLFE N 5, MRPs £ H T #5E 9 DPPH H i
SETEBRAE T, MEAN B 1~3 h 5 A0 B 6T R )
P B A DPPH A R 3R 75 BR fiE

i 3 WA 3 h I TG A A B LR I ) 9 4
Y ESR {55 0] LUE 1 B 1) ESR {55 3%
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Yrit) ESR {55 98 B2 2% [, ELIE 5 S 8 S B
IR I S 4 55 B R PR AR A B B S, o — 2P X BR B
e DL 20 ot A ) e G S P A S 1 P ) AT R T e

[0 SMHs @ MRPs-4 h @ MRPs-12 h

ST, R 1Cs {6 43 51 4 10.3 (SMHs) ,0.57 mg/
mL(MRPs—4 h) 1 0.37 mg/mL(MRPs—12 h), ¥
F BHT(0.016 mg/mL).

X
Z 80 - cC
g
% bC bC
RVAY NS
4= bB bB|
" 60 | aC ab
& ¥
#z 'ga aB|
B e
E S 40 -
m w0
= 3
&=
ZE or
jun
& o L2A ahA aA aA
= i ; :
0.5 1.0 2.0 3.0

WNJUUVVV”""'EE”E
‘J\f\[\/\/\/—v SMHs

—— /\/\f\/\/\,—— MRPs-4 h
-—/\/\/\/\/v———— MRPs-12 h

it fige 1 I
Enzymatic hydrolysis time/h

3320 3360 3400 [G]

5%
Magnetic field/G

B 5 NERENBEIBBYREEZHNERN=YWE DPPH B f1 &5/ ESR Bk

Fig.5 DPPH radical scavenging capacity and the

mantle hydrolysates

2.53 ABTS AW ZEMIERE S Bl 6 B T iR
2 bt DURE i ik A K FL S i A B 1 7 I ABTS
H RV BRAE T . 7ER]— WA AR ABTS H
R BRAE 1 S B MRPs—12 h > MRPs—4 h > SMHs
k%, JF BLRE# 1 h LS, B % 0 A8 B i ABTS
HHEEREE DWW E 4w, B 3 h FRE
it e ) EL A e 1Y ABTS H L5 BRAE 11 (31.64% )
BUAb, 26 SEhr 8 S N Je , A [R] i A B[] 3R A5 1) il A
Yy ABTS H B EIEBRBE 139 1 W42
HSERLAE I N 12 h 3R BRI ABTS H 3%
T 4 RE 7 B Y 2.18~2.49 175, 52 i I i
Wy — A% W S T 7 W A R R AL 2 R 25
e, SRR RN AT LA A 4 e A S e DL R 30 e A
Wbt B AL BE B RO

3 it

FEPLAE IS, R T A DR 34 T g ) 1 v )
PR A6 7 AR R XU ) S 4 A i n O HLJE
¥ A i3k DPPH F1 ABTS [ rh 3L i K BE 1 th 5 2
W R b, LA S AT T R AR 5 D
R AR (0 PR RIS BRAE T, R 3 B DA
it e 0 ) SE A R I 5 E H BRI BR B DD 2Z 1R G

ESR spectra of the scallop (P. yessoensis)
and MRPs

0 SMHs @ MRPs-4 hm MRPs-12 h ‘
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E6 MEBNEIBBYREENERN
U ABTS B E BB
Fig.6 The ABTS radical scavenging capacity of the
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Free Radical Scavenging Activities of Maillard Reaction Products

from Scallop (Patinopecten yessoensi) Mantle Hydrolysates

Cui Xiaofan, Du Yinan, Sun Shiguang, Han Jiarun, Yan Jianan, Jiang Xinyu, Li Aoting, Wu Haitao"
(School of Food Science and Technology, National Engineering Research Center of Seafood,
Dalian Polytechnic University, Dalian 116034, Liaoning)

Abstract In this paper, the scallop (Patinopecten yessoensi) mantle was used as the raw material, and the enzymatic
hydrolysate was prepared by neutral protease. P. yessoensi mantle proteins (SMs) were primarily distributed 200, 97 ku
and 42 ku. The SMs were hydrolyzed by neutrase for 3 h  (SMHs) and the hydrolysis degree of SMHs reach 28.95%.
Maillard reaction products (MRPs) were prepared by reacting ribose and SMHs, and its antioxidant activity and flavour
composition were investigated. The Maillard reaction produced more intermediate products and brown matter, and the
SMHs produced more volatile components after the Maillard reaction, especially an increased variety of heterocyclic com-
pounds. Moreover, the SMHs had hydroxyl and ABTS radical scavenging capacity of 42.7% and 31.64%, respectively,
but no DPPH scavenging ability. But after 12 hours of Maillard reaction, the hydroxyl, DPPH and ABTS radical scav-
enging capacity of the SMHs was significantly improved. These results suggested that the scallop mantle hydrolysates—ri-
bose MRPs had potential antioxidant capacity and which had potential to use as an antioxidant in the food industry.
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