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Abstract: The hydrolysates were prepared from soft part of Corbicula fluminea, and three fractions of Corbicula fluminea hydrolysates

(CFH) (>10 ku, 5 ku to 10 ku, <5 ku) were isolated with ultrafiltration. Then, the 3 fractions of CFH were reacted with D-xylose respectively to
obtain the Maillard reaction products (CFH-MRP). The CFH-MRP’s antioxidant capacities, pH values, grafting degrees and browning degrees
of CFH-MRP before and after the reaction were measured and the structure of CFH-MRP was analyzed. The results showed that the antioxidant
capacity of CFH-MRP was enhanced through Maillard reaction. The CFH-MRP with the molecular weights range from 5 ku to 10 ku had the
highest scavenging rate of hydroxyl (an increase of 31%), superoxide free radical scavenging capacity (an increase of 33%) and total reducibility
(an increase of 152%), and the CFH-MRP with the molecular weights more than 10 ku had the highest DPPH scavenging ability (an increase of
106%). At the same time, Maillard reaction reduced the pH value and increased the browning degree of CFH. Fourier transform infrared spectra
(FT-IR) indicated that covalent crosslinking between CFH and D-xylose occurred, and the amino content of reaction products reduced. GC-MS
analysis showed that some new compounds generated from Maillard reaction including ketones, esters, alcohols, olefins, phenols and
heterocyclic substances, which could increase the antioxidant activity of CFH-MRP in some cases.
Key words: Corbicula fluminea hydrolysates (CFH); ultrafiltration; Maillard reaction; antioxidant; structure
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S LA, BEREN, X AA RIFH
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ftio Sun 5B BHAHE 504 21 5 (RN 35
Pz 88 S S = B AR A v P e TR I 41 R AR
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FR 2 &) s GC-MS A % - 5t 1 e A%, 38
Thermofisher 2 7]; Nicolet 67 {HEMH-2I4MGIEAL, £
Thermo Nicolet.

1.3 SLIF %

1.3.1 THLEME & (CFH) 94 4&

FREL— & BRI ATE 1.9 (wv) KRR EL N
ANEETIK, MRBEYLAIHR, 755 pH 2] 7.5, A
JiREE I 2000 Ulg, 1E 45 C /KB THIEIREH# 4 h,
SN EEH G AR 100 CIElF 205 71, 7E 4000
r/min FE T B0 10 min,  FIE R o b A -
132 ABIER R FTHBERR

VRN 0.45 um FLRRIIRTIACEE, PRt
SRR M FAE RN 10 ku A5 ku (IR, A 3L
IEPEALA 45 em®, BRI 16 s U SR
K, WERIEBAEA T — NIRRT . BNk
770.18 MPa, RWEIRE 35 ‘C, HEENAW pH 7.5, ¥
BEYAE LR ST, 53] =FF & (>10 ku.
5~10ku. <Skuw) [ iREE#4) (CFHD.

133 £354ER M =4 (CFH-MRP) #9414

MRIE TSI, R, #5551 & CFH 5 D-ACHE
1:1 (wyw) B R 8 mg/mL VAR, HUEE 81 C/K
BN 90 min,  FRAFAN[F] 73— E TR g A S A
SNFE VKK PEEA M E =R, A7 (E-4 C FitfT
T rEE T
134 E33ER =M BAEE ) AT
1.3.4.1 DPPH H H13&i5 kA

HRHE Chen 2 N7 ER B L. 4 1 mL &4
& CFH !l CFH-MRP 4 2 mL R ERZZmM (0.1
mol/L, pH 8) LA 2 mL DPPH VEWR S, AEER T
TN e T 8 30 mine BSOE ISR, 7E 517
nm APEWGE. DgEER C (Vo 1EAXR, K&
B4 8 mg/mL.

DPPH H HZETE R R (%)=[A0-(A-A))/ Agx100%

A A AFSIERNZ G DPPH BUE; A4 F LEf
XA DPPH MIAF 69 B AAL; A AAnAf 52 49 DPPH BAAE.
1342 FPEAME (OH) HkREE

J] Jang MH 2 A\ U 77 306 -OH 5 B iR AT 1
&, RN, 710 mL W ERE T, A1 mL
%4y CFH 1 CFH-MRP. 0.5 mL 9 mM FeSO, Al
0.5 mL /KMQ-LBEEW, BN 0.5 mL 6 mM
H,0,, 37 C/KIM 30 min. EMEP KN 510 nm
TIEIRCEE . AR C (Vo) fERXTIR, WKREN
8 mg/mL.
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1343 BEETHBRE (0 HhEE
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0.1 M Trise-HC1 ZZ 04 W (pH 8.2) F12.4 mL L5+
KA ERRE H o M3 min J&5, 1A 0.1 mL 10
mM ERRRIARIT IR N . DAGEAZR C (Vo) FENXTER,
WIEN 8 mg/mL.
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Hd: Ay hEBFRRAHLNZGBAMM; A, A
AL, Ap b T AnAR R Z B A S AT 4G AR
1344 BIBERESIIE

K H Oyaizu 2 NS5 RIS L 0.5 mL
CFH-MRP, JIIA 2.5 mL 0.2 mol/L 222l (pH
6.6) F12.5 mL 1% K3[Fe(CN)s], o/RA . KHRED
7E 50 ‘C/KIEH M 20 min, JI 2.5 mL 10% TCA ¥
W, AR AY) 3000 g #5010 min. HX 2.5 mL |
JZIEWL NN 2.5 mL Z&187K A1 0.5 mL 0.1% FeCls, R
HH5), EAFRE, TEPK 700 nm A0 2 LR GE .
PIgErEZR C (Vo) fERXNHIE, WREEHN 8 mg/mL.
1.3.5 pH/aR &

M pH i1 4 5l W 2 A [F 4y ¥ & CFP #
CFP-MRPs 1 pH {H -
1.3.6  JEAENZE

FRARHE I (OPA) VEME R, FREL
40 mg [¥] OPA ¥ #T 1 mL [ FFEEA, 2 200 g/L
- e mgsy (SDS) 2.5 mL. 0.1 mol/L [FjHifb
25 mL. 100 pL g-#itk 407, feJa HZBKERZ 50
mL, A OPA iR7). B OPA X7 4 mL Tk,
S AEN 200 pL FE SRR, WRAIET 35 'C M 2 min.
7E 340 nm FIFHIIEAE Ags FEFE 340 nm FIMEIE
B A, P22 AA340 BIENFE SR G, DL OPA
AN E o PR FE N IR SR F b S BT TG 25
AL = DG).

PERE(%) = %x 100%

0
S A AR TR A, AR B
s R RARL.
1.3.7 BARAZENZ
DL 294 nm AWRIGAR A/ EAAE G [ =40 i
o WONER RN EERTARPY, £ 420 nm
Kb RTINS S5 A B 8 i 3907 A s etk A, i

Gy HEICRETHAr M E A E] 47 & CFH. gk ik
(H-CFH) UL}z CFH-MRP ({4558 %, 294 nm T

At ZR UK RRE 120 %, 7 420 nm FAEAHF 2808K

Rk 15 fi%5.

13.8 GC-MS 5#1

SRR, FRRSEANPPE, RiEEK.

ol 245 %N HP-5 (30 mm=0.25 mmx0.25
um) SRVEA LR AR TR, VIR
50 “CAf4F 2 min, RJ5 LA 4 “C/min FHEZE 220 C, %
FF 15 min; #FEE 1 uL; ANy, & 1 mL/min;
A3 10:1,

JRiE A AR 280 'C; HFZ&d (ED
BT 70 eV, B TIRIRE 230 °C, i FUEERE m/z:
301-450 AMU; VUFRAFREE: 150 C; AR IEE L
P Willey A1 NIST bk i i %

13.9 “sfkigntr

K VR 5 A3 % 4> & CFH R

CFH-MRP ¥ £, 8 id 25 &b ol i 5 8 4 & 5t ik

(ATR-FT-IR) 433ill5E D-AHE. %45 F& CFH
CFH-MRPs [OZ0 4k P20, iR e 1o &R,
4T MG 500~3950 cm™.

L4 Gitaar

T SEBG 28 /D HEAT = ML SRS, S5 IR DPIME
+hrE(m ZE RN, 459 Excel 2010 A1 Origin 8.0 24T
TR AR 2500, p<0.05 AZEREE.

2 HR59MH

2.1 FHLEEEEY (CFH) #IE 40047

R AR IR LLSRAGAS [F) 23 F e e 1)
FEfd), 16 0.45 pm FALIERETIAAEL S, 7 FR<Sku
(K122 BRHRAGRE0E (68%), 7 FE>10 ku IZREFRES
KRz (17%), 5318 5ku-10 ku 2 k3R R 5D

(15%).

22 LR A = LA R PR A LA T BE T

% 1 NAFE4SF& CFH f1 CFH-MRP LA xR
Ve iikR E HIERE I ALEIR R 71 Eeiss . WEH AT LLR
H, X Ve BfA&E DPPH H AR AE
CFH-MRP % HAH[F 4> CFH [ DPPH H H3&E %
Re1E . HA - FE>10 ku () CFH-MRP BA
f =) DPPH H HHIEERE 38N 106%), 5~10 ku
S FEJEEM CFH-MRP 2 (3i0 33%), 7T &
<5 ku CFH-MRP AL GEIn11%), H=#HEE&EM%
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ZE5t (p<0.05), FKHISERAE I NS ASF 7T WK
fi#) DPPH H HHZEIEFRAE ) HA 22 5200 B Fi b,
CFH-MRP —fReidid iRt a1 :\5 DPPH
B RS, RaiERae . B ve 15
B ISR RIAF] 99.91%; %7 T CFH 4354
TN, FREEE HARTERRRE 1Y g TR, H 5~10
ku 4> FEVEE K CFH-MRP W&, HiE%REH
67.27%F+ % 88.07% (3411 31%), i+ E>10 ku 1]
CFH-MRP £ H HIEEREE SR Z (N 56%). #
AE T H RN P2 A A TS A B R
(4, o FIEBR e 7 AT 4F b A v 1 1) B 248 R
CTI, H2e 1 AJN, S S N P R i B e T Rl
frd E B H RS RRE, AFS 24
BT HBAEERRE N EFEEEER (p<0.05), iHkE
KRB MK 5~10 ku CFH-MRP (3411 33% ).
<5 ku CFH-MRP(2%).>10 ku CFH-MRP (341l 37%),
X Ve B A o A T H RIS R e

(87.68%). il 5 BE S R BT AMTE VPN 1) B R
e, TEAHFIRREAEEC T, OGO E J5 5e /7,
M1 ATRLEH, XHR Ve MRISERE N 145, %
A N5 & R R RRAE S5 e 7135 B G O,
Hr 5~10 ku 4> 7% CFH-MRP BA fEnd 7 AE 77,
BEAHIE Sy 8 CFH 401 152%, >10 ku CFH-MRP it
JREE IRz, N 173%, <5 ku CFH-MRP ifJ& A
HEAK, (EMtpIER K (273%), KRR NFERE
SRR A=A I F A S P LA B A i TR S5 i
P ) PR B T SR

DA ESERERE, R R R AR R =
) B HH RS RRAE 71 LA IR IR e J 135 T
H 5~10 ku CFH-MRP A5 iz i (PFe 5 H B 3E A
+ A HAEERRE AL FEE /T, >10 ku CFH-MRP
BA &m0 DPPH H HEERRAE /7; 1i>10 ku CFH 41
IIEFEPBIR N G H HENERRAE IR %, <5 ku
CFH W5 &l g B8 S 3 s % -

1 FRE1%FE CFH F1 CFH-MRP EU3TE HIEMEEL AL
Table 1 Antioxidant activity of CFH and CFH-MRP with different molecular weight

A %8 Ve SENTE
>10 ku 5~10 ku <5ku
CFH 34.54+3.95° 40.07+5.97° 44.34+2.69°
DPPH A e A F MR % /% 91.68+2.17 CFH-MRPs 72.20+3.60° 52.99+0.34° 49.38+0.89°
3 /% 105.71 32.50 11.36
CFH 55.2142.19° 67.27+1.69° 74.54+0.78"
BB R EFRE/Y% 99.91+0.98 CFH-MRPs 85.55+2.96° 88.07+1.81* 82.1443.11°
3 /% 56.36 31.34 9.33
CFH 34.97+3.66° 44.54+5.34° 49.77+3 43
REET B BAFRE % 87.68+1.28 CFH-MRPs 48.35+2.54° 59.68+1.67° 50.59+2.65°
¥ Hm/% 37.14 33.33 2.00
CFH 0.22::0.009° 0.29+0.007° 0.11£0.005°
BLRAE A 1.45+0.19 CFH-MRPs 0.60+0.007° 0.73+0.035" 0.41£0.015°
¥ Hm/% 172.73 151.72 27273

E: RN ARFEATERFEE (p<0.05).

3% 2 T[E4FE CFH-MRP fy pH (BRI
Table 2 The pH value and grafting degree of CFH-MRP with
different molecular weight

%Rk pH
A CFH CFH-MRP

>10ku 7.1£0.49% 52£1.01% 32.87+0.98"
5~10ku  6.9+0.16* 5.0+£0.86™ 32.85+3.77°
<5ku 7.240.44"2 5.7+0.855 2236+2.15

B/ %

E: ARXBFH (A, B) AFR—THEBELFEE
(p<0.05); RRNEBEFHE (a, b) ATR—FIHKEEZFRE

(p<0.05).

192

2.3 LR AR A A SR P A e pH (B R HE

BE

pH B BRI 36 4 i S R P 1Y) B L A A
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HHUR, RSP, X 5K G E KB (PHS)
SERIHEIR N, pH E AR IREE AP, BRI
BE 18 I S =) R S B 1 i, PR B PR,
RIS SRR R i 2 B, 5~10 ku
CFH-MRP #1>10 ku CFH-MRP B8 & ek, H.
THRFMZER, <5 ku CFH-MRPs 5 F &K, X
BB T 5~10 ku FI>10 ku Ja]WHEGARY) Iy 4
RNFERER R, PR MR A

24 wELEE

a 08

ICFH
07l EaH-CFH .
Zz2CFH-MRPs
0.6} b
“E o05f c
< 04}
!
= b b C
02r b ¢ B N\
20303 SIS
0.0 RS KX
<Sku 5~10 ku >10 ku
b 2 =scFru a
EaH-CFH
10T zzaCFH-MRPs b
~ 08}
5 4 33
< 06} S
~ 351
id ¢ S
2 o4l B
= 04 7 b ] /
= :E:i:i:/
02t b 3:3:3:1/
o it N S
’ <5ku 5~10 ku >10 ku

[ 1 CFH. H-CFH F1 CFH-MRPs H#83558E
Fig.1 Browning intensity of CFH, H-CFH and CFH-MRPs
JE: ar 294nm KK; b: 420 nm K K.
Agos wm SR T 7 A 52 AR B0 HR ] P

I, IR L) 32 BRI K 3 A DA SRR = AR R
RN TR, B 1a hTTAR, ZSEh iR M
[ B (R RH I P A 5 R % & CFH WROB(E G R
EVEAR L, SRR WA AR AR B TR AR b
EE AR} 2 A SR Y o UL Sl FR ST E SN
KA KBV Amadori 7T EHE= =AY, b
5~10 ku CFH-MRP MW GME &K, Uiy &
CFH-MRP g4 T KERP B Aso nm 20
W AR P Ay S A e AR FEE (S TR, P 1
AT DA Y, Aot o] i A2 ) 4 725 e P55 el T DA 722
i, >10 ku CFH-MRP Wit & K, 1M 5~10 ku
CFH-MRP 7E 420 nm AW SElEEINZF K (85%).
IXRUMEE RN EHT, AR T KRERAPEAENIETE
(RIAB SR B R - S SRS D), R 1 TR AR A
1LRET T

2.5 GC-MS 4

KH GC-MS X148 43F & CFH-MRPs [FH% K M
B AT T e BHER 3 AT, TEAHFENELE R =R
F& CFH-MRP JL[EF=AEIRFERA. KA B, 2,6-
TR R4 2,4- R T IR (2)-1
Filfc-9-Mi-1-BE . + AR EY), Ha sk
89.96%+ 84.85%F! 79.95%. HrPIFPER & IE JEPERR,
B —EHEAIEE, 2,6- - FE-4-H B ZE My RR
BizZ7%) BHT. #Hi%57 BHT, &R MFER, HE
BN 12.49%- 19.83%F01 9.12%. 2,4-—-Hl- T K
M m] F T & s R skl e — b AR R
e, AR HIR T RS EER L SRR E A S AL
221 ANl R ROA T AE RS (7- 2.3 T he-4-H
15T \e-3-B%5) | 1,4- — FISENRIBREE 5 N 4234825
WEY), EXEVFEA RGPS, HEyi
HE S i ISR s,

# 3 TE49 T2 CFH-MRP L MRS 4
Table 3 Volatile compounds of CFH-MRP with different molecular weights

gy o RENH feodh %4k >10m&@ﬁjzﬁzﬁw% | EEE
1 3.711 ARZH R 0.96 1.56 0.78 93
2 4.160 KU 1.45 2.39 1.18 91
3 6.495 3-24-2255-mF LTk 0.35 0.54 0.22 92
4 7.947 IR ER) 0.75 0.41 0.36 82
5 7.936 D-FF R 3-W R IRR -2 R 0.41 - 0.17 90
6 8.528 5-TAIR 0.32 0.31 0.2 86
7 8.683 5-FHRS-mA TR 0.12 - 87
8 8.831 PRI - 0.13 79
TR
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EER

9 8.833 1,4-=F fokk - 0.46 - 83
10 9.370 3-THh2-F2 IR K 2K B 0.12 - - 81
11 9.919 2,77-ZF A8 0.08 0.13 0.06 87
12 10.063 eSS - 0.33 - 87
13 10.066 (B)-T-6#%-8- 1k - - 0.09 83
14 10.068 (B)-%-2-¥-1-B% 0.21 - - 88
15 11.658 B ABA - - 0.42 86
16 12.847 O-Fh#ahs 0.14 0.2 - 76
17 14.734 xR - 0.15 - 74
18 15.482 JRAA b T B Y 0.23 0.43 0.19 85
19 18.32 7- T TN -4-FR - 0.09 - 77
20 19.146 5-TH-3-FAFIR 0.15 0.22 - 86
21 20252 L1'(1,3-2 3 38) = LB - - 0.07 73
2 21.475 + —kz-1-8% 0.57 1.01 4 88
23 21.735 1-(4-2-#2 3 A-2- 2 R R AR 0.15 0.35 0.13 80
24 21.820 3-9 A voke-3-B 0.32 - - 78
25 22011 8-+ Lk 0.12 0.54 0.23 81
26 22.438 2,6-—-#-T HA-4-F A KEy 12.49 19.83 9.12 92
27 22.734 8a- T < A.A-1,8(2H,8aH)- — R 0.13 1.17 0.37 80
28 22.840 24-—d-T A KBy 0.18 0.38 0.14 89
29 23.089 +-kz - 5.53 - 0.26
30 24.854 N1-+ Z2-N2-( k- 2-3R) AU BR B - 1.14 0.31 87
31 26.505 -8+ \J5-3-F7 0.15 0.33 0.65 88
32 26.729 1,3,5- =M A #-1,3,5- =71 ©3R-2,4,6- = BF 0.11 0.12 - 83
33 26.924 Fe i 2- R GBS - 0.43 0.75 87
34 27.522 =t - 0.34 - 83
35 27.898 FTAQFALI-FTEATHE-FLATAL SR - - 0.21 67
36 29.472 + kB 3.6 0.25 - 83
37 31.491 AR B =T B 1.06 0.254 0.17 93
38 32.359 (B)-F A+ 8%-11-Hr B2 B 0.11 - - 80
39 32.677 AT - 0.25 - 79
40 32.901 AR ER F B 0.31 0.5 0.08 85
41 34.301 1,2,3,5-m9 5% A IR Tz - - 6.14 74
42 34.400 (Z)-+ w9 B 12- M 0.3 - - 79
43 34,575 8- AT M 0.17 - - 74
44 36.249 (B)-=+=#-10-% 0.09 - - 64
45 33.680 (10E,13E)-F =+ #%-10,13- =} BR B 0.71 0.92 0.21 79
46 38.183 (Z)-+ B AR-9-Hh-1-BF 51.36 39.35 4824 85
47 38.508 13-38+vaheig 0.08 - - 71
48 38.708 R B 3Rk - - 1.53 89
49 39.467 + A2 k-1,1- 2R SR 0.06 - - 78
50 40.821 + AR E AT 1.66 1.42 1.73 85
51 42.801 —(6-FHh R T B 0.33 - 0.36 80
TR
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BER
52 43.237 6,6'- T F 3 = (2-(4- T #)-3-F ERE) 0.79 0.73 - 86
53 43374 (B)-3-#2 3k 7 2+ N -9- Wi B B 1.41 1.01 1.56 80
54 43.967 16-#2 >k ih - 0.21 - 63
55 44.209 (2)-8-F A+ I B-9-4-1- 2K LELES 15.56 11.7 12.74 72
56 44723 16-#2 ki 0.42 0.59 0.56 73
57 48.185 TEACGRTI) =T akatls 0.11 0.74 1.03 83
2.6 LA KIE A AT 3 g
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