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25 AGEs FIZE Ik AGEs  JFAE N AR . AL, BR 61
BIRTE AGE 15 sl Hi B AL 3 F s e B il
P 3 5 K i R AGEs, X T 5 AGEs A %
AP AR S BT 2 Li SRS K B, AR VR
TEFR L RE R, i AR A 0 1 o A o T 2 B
il i o AGEs ML 52 5 i, Wang SEUBFSE 1K™
at H AGEs IR, A BUAS [R] 4] ) e 45 2
P 1 it A1 e S 3 o R 3P R A 32 1 S S
P A i B A 2 3 A4 AR

FUAT, XFF AR PERE AT 5T 32 22 ¢ T AN A Y
AR TT ACHE AR, TR OB J 6 #4258 35 11 T 1k
Rk DL RORE S Al 0 i A 0l A DL
£ 86 O JEURE , A8 0 JSAE 73 B 0.5 1A 4 SR B AT
JBE A R R, e AR SIS DL A5 T RS S o i 2R
Wl £ SR RIS BT AL R | TH AL W) — A5
AL LA B A i B XS AGEs & s i, I o
A RBE- IR PR BERL, B i RS 5 1
N-WEIEACEE 57 a5, O 22 WHAE £ JBE R JBE ™ il v 1)
W R BRI 2%

1 MRERE
1.1 R 5REH

fif 1 H.4 (Ctenopharyngodon idella) , (2 500+
50)g, WA BT YUK AT Y AR B
(Dextran, BR,7 000 u) , ¥ A= ¥y BL A FR A
) 5 L BOBE B AR Ry o A ali g

N, W o-JEMEE (150 U/mg) ,Sigma 23
;B PR (1:10 000, @ 4k) BEEE 1A (1:250,
BR) JENEEL, i It A W RECA BR S W) 5 P
TR AR P AR (BIR L A Ak R 2
ma, E MR A R A R, B b sl
%
12 E&EE5NHE

KWL, HEDEE AR L) %K BiKE L
BL, Z&IH i AE R LA BR 23 W ; SHZ-82 %X
BARBE IR G &, SInR AR A
CF16RXII = v VR & 0L, H 7R Hitachi 23 7] ;F6/
10 FREBIBHL, Bl (5 9k kA RA A
SKD-08S2 £ AN RETH ALY, b g i B 43 A A 2% A
FR 2 7] LE2002E HL F 43 A1 K °F FiveEosy plus
pH i1 ,Mettle Toledo [ Fx A FR 2 7] ;Nicolet—iS50

A B A 8 2T A1 G 1 AN, 56 [ A 20 ) 5 K9860 42
I sh Bl IE BN, IR T RE R = AR A PR A 7] 5 F—-
4700 646 EETT, H A Hitachi 24 7 ; Waters
€2695 = RO AR AT, 2 [F Waters 23 A,

1.3 Fi&

1.3.1 mAMmELERAE %S 2% Zhang 55
M7, drm Rt sk B R A 0
Ve R BOSE A R A ALIEAT SR A AL B K
BRI RPRE, H 5 IR 18 78 18 7K %
U, B0 R BB A 75 B 73 2K 0.5% ) NaCl 9 5
FE Ve ZE MR /K BRI VR, BJm 5 A AR R A 1l
FRIRK IRV B K LA AR A5 0 1R JBE |, > b 38 3ot 2 Uk
JEPRFFTE 10 CRATR o AR 73 f11 P BE A ft 0 HE K 43
T IR A R I T o PR T Y
JBE 3 Sl T £ 1R B J5 it 436 0.5% 114 4 A (DX)
DL K Jot 2t 53 B0 8% W R HL R R (4% 1 B4 0 s+
A%TENE ), - BEIR G WK & i R
80% , F AT FEAL i (7 4%4) Hr 3 min, & 30 s 15
1A HR A 15T o DURES o 0] i) £ B8 Sy
25 X BRA (CK), B RS b BT 00 A B 1 xoF BR
(CA). HUBHE A MEE, A 5 i 20 5 2% 1
NaCl, FI 5 #EHL & B (7 #4) 57 4 3 min, 1 JL5E K
b Wity i e A 50 mL B .08 R
BEHER, B0 4 .3 000 r/min, 10 min, 4 °C,
K P 20, 25— B Bz 40 CHITEA 60 min, 2
T BB 90 Chn# 30 min!'®!, i i K B A 15
min, & T 4 CURAH S BT, 0 H B AR 5
iR

132 BEMCSRIE R BEIRCRE A BT R IR OT- 1
h, SR TR HIRL RS B R F RS R R gE— YD 20
mm J5EJIE A [ A A 4 A 00 A o 7 T A A
G b, ZEE R PSS Bk TRk s A7
JE 79 1.00 mm/s, %05 72 P iz 47 3 O 1.00
mm/s, 1% [0 B 10 mm/s, JE4GFE B R 5 mm, & /)
TN ST 5 g0 BEDREGINGE 6 WCFAT 0 2 1 R b
e TR 2R

1.3.3  HAMESEAIEIL RSN S B E T
677 2% Minekus 557 5K 3¢ S USHT Wu 55095
B, FRER 1 BCHAH L Y R A 5T TR A AU (Saliva
simulation fluid, SSF) # Il H # (Simulated gas-
tric fluid, SGF) FIEIHL 7 # (Simulated intestinal
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fluid, SIF) HLfiff BT i 75 W . TERD R 1 B Be ,
5 g BEERESL AN 3.5 mL SSF Hi it i i 55 W IR &
JE M, A 0.5 mL 75 SSF H A J5 Ji i v e
il 1Y 1500 U/mlL 90 co—JE A VA VR, SR JE A
25 wL 0.3 mol/L. CaCl, 11 975 wL &8 7K, ¥4y
pH {8 7, HFFe 4 ALK 2 min, 753 2 000 1/
min, BEEB 10 mL iR OB S 7.5 mL SGF H
fift 5 it £ V. 1.6 mL 25 000 U/mL 19 %% B & A
it it £ 7 W .5 wL 0.3 mol/L. CaCl,.0.2 mL 1 mol/L
HCI #1 0.695 mL £ & F /KRG, W% pH HN
2.0, BN 4R BT 37 CR HIRAR & b IR
PE2h, RSB D, REFIEIIKRR pH H A
2.0, BB F Bk 20 mL B EES 11 mL SIF
FL fi7E IO £t 25 Y 5.0 mL R 7 W 800 U/mlL Hh 2k
TR AR PG I M Y SIF FL A A% 45 W . 2.5 mL 160
mmol/L #7 A+ 40 pL 0.3 mol/L CaCl,,0.15 mL
1 mol/L. NaOH A1 1.31 mL 2% F /K, LLik%| pH
7.0, 78 37 CH5 K5 728 R 4E 2 b IRFFIH AR R
pH N 7.0, WK 3 min KEFE, & 1kiHER
N W RS TE AR B B RE 5 #E 4 °CL 8 000xg T
B0 15 min, 708 BIEW S TIE, WAEK,-80
CUKFERAFH .

1.3.4 FEAFEISMEARGNE % (%
2 E bR E &5 AR A I E ) (GB 5009.5-
2016 )25 2 £ 58 B e 25 1 5T % o A AL 0 Y
BARE R, BNFEREL 3R, SHKRFE
J7 i, 0 BEEE R A R 4 (1) &

A RER (%) = %xloo (1)

b M, T AR &R T L /100 g
M, RIEACTE TTREY T & 1 & /&, /100 g,
1.3.5 HAFKMENNE S%558KRRS 7
LM E s, FERERESA T RS E(EMES
B AR B E R A A I E ) (GB 5009.
235-2016)2 HEf TP B S A RS B (B M EZ 2R
FARiE BT ER AU E ) (GB 5009.5-2016)"
BT 2 mL AR, A5 mL X ZE 7K (200 pl
0.5% 1 ERFE 7/~ 7] 2 mL vk B (BRACE A ),
0.01 mol/L #% 1t NaOH ¥ W 1% /& B3k o, il 5%
NaOH & ¥ T4 FEVRFR , LA K Ry 25 (% BR 4 4
AR 3K, B KRR A (2) 1

F1 HEUEHREBREHNER
Table 1 Preparation of simulated digestive

solution electrolyte

SSF(pH 7)  SGF(pH 2)  SIF(pH 7)
PR R RS RS
(mmol/L) (mmol/L) (mmol/L)
KCl1 15.1 6.9 6.8
KH,PO, 3.7 0.9 0.8
NaHCO, 13.6 25.0 85.0
NaCl — 47.2 384
MgCl, 0.15 0.1 0.33
(NH,),CO;4 0.06 0.5 —
B
HEURIE (%) = 11100 (2)

AN EE S B AR, /100 mL; N, H
FIK R LUTE AR S B b & RS A i e/
100 mL,

1.3.6 {HAL= YW R RSN EIE S S
% Li SR J5 vk PR L AR 4 2T S 5 AR
T 10 JBE B T AL PR s AR A, R T R
J& BORE B T -18 CUKAR AL . FH Nicolet FTIR O
%A% (Nicolet=50, Madison, WI, USA)ic s&Hf i
) FTIR G, 4 B2 2 4 000~400 em™, 4
TR 32 WK, 43 HER N 4 em™

1.3.7 WHALIE T AGEs e %86 AGEs 1l
WA SH Wu S AM S MR K
370 nm, & 95 % K 440 nm, B 4& 2.5 nm, 319 8 )
1200 nm/s, H & 500 V,

1.3.8  WHALOL AT AT Sl P85 A RO X £ JBE 2R 1
WEEEAAL 0, 5% 1.3.7 053k B S i R -
BRAE PR EE AUBEAY SR LC-MS/A BE Ak 25
N-HEFEACIRBEHE AT HE U 5 50T . 2 0Pl A
WN 0.1% F R K W, B BN 0.1% F 1R 2 K 3%
W(LMEN 84%) ., CiEHLL 95%1) A WT-fiF , A
i A st R RS SERE 2] [ #EFE (Thermo Scientific
Acclaim PepMap100,100mx2cm,nanoViper C18),
2 1514y B A (Thermoscientific EASY column, 10
em,ID75 pm,3 um,C18-A2) 5 &, i # & 300 nl/
min, B i 28 (033 53 3 5 Q-Exactive 581 515 {2
HEAT B3 4 B, &R A BAVE (PP {5 B & i i
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H L AF 5 5 STRING A4 (http : //string—db.org/ ) ao0p 5
M IntAct 43 A BAE T &R % (hitp : //www.ebi.ac. ok jc_ EE =
uk/intact/) "R 2 A5 LE T b
139 BRI GARRESHIREL I 5 T o = =
DL B bR fE 22 7 R iR g0 25 3L 190 50 ok H B =
WA GraphPad Prism9 Origin Pro 2021 #4b B 4 < 100f
&1, A SPSS 20.0 47 1 35 4 22 5+ 70 (P< N : ! L !
0.05), 0.0 0.5 %ﬁ;;ﬁ({ﬁmu],s 2.0
(Rl E==¢

2 HR5HW
21 EHEREIMELE

T TR AN T) % o ) B VR R B RS )
WAL R B 0 JBE BRE 5 R (307.64+27.42)
o, i JBE VR e 5 I T R VA o 1 18 o 22 2 B
JRBEARA S, 525 A ML, TR 0.5% 1 197
SR I 2 4 i £ B BBE RS B (P<0.05) . IR 1.0%
T SROME T £ B R 5 B i KA (343.89+8.17 ) g,
o5 (A L, B0 38.22% , SR, 3ot A 0 A 5
W 25 5 B0 f0 B8 B i iR i 3 R AR (P<0.05) , X AT
B2 T SRR RELAT T8 0 5 8 R R A AR
M, AR T &AW s, 805 i B %
i RL 3 HE 0.5% % R WEAS hn 2] £ BEHE S, #8
G B R R £ £ JBE I G AR v i R OR P AR
£
22 EHREIMEKE

PRSI Ak 2 H8 BT B W 7E R I T £k
AR, TSRS B s R
A3 B AL SRR AT A2, R AR AR I A
Al DA e v 2R AR B W v T A B
VA O3 SR X £ JBE U5 e 2 10 IO 3 A 2 A 5 i) [%]
2 it FE E AR B, 5 CK L CA 41AH L, %5 m
S 1) £ B 8 I T Ak R B E R S (P < 0.05) s 7E
THALBY B, 0 2R 0 %) fa JBE A R i 5 2 A0
HEZH R L 0 22 5 3K 3 W S o ) SR W AN 52 i) 2 £
1 BE B I WA TE Ak o T T AR B B T Ak R i
B IHAL B BE (P < 0.05) , id B £ 88 56 e 114 78 b 3 22
AT A B, A ST 3 I R 2R A 257
14 75 37 o A AR KRR B L B T2 (R T 1k
Bl Abdel - Aal HiIE R 15 1k 26 1 22 5 S i iy
S R 1 JTK A T TR A A DL R 1 R IR B
W iE AL By BOF AR 3y 5 S AR T R

Addition of dextran/%
B ARG TR 22 53 835 (P<0.05) , T AL
B1 ARFAMEFRENEEEREKEBENTMN
Fig.1 Effect of different amounts of dextran

on the strength of grass carp surimi gel

FKff A 6, B8R A e — e R (g, s
SE N YR T IR R B, R TR E
(14 = B 3 437 2 I 7K 35 TR 110 2 ok A 17 A
RNETR AR TR |5 2 R 55 B K M g
it Fy S BEREYIAL B A5 A b R T Ak B B
I A R AFAE 22 5%, T BEJE: IR A £ JBE 28 in A, A
RWSMBERAMEIEN, MEATEKER
SETR 7 5% A A T8 B O 0 B UIAE DL 5
TERABRME AR, HEAh 7R 0 0T R A A
1 JE8 B e A 3 A R R | A T BB 2 )
JBE (e A A1 T Ak 2
23 EHRKBEE

KA B SR B A R B VI RCR I R AE, A K
fifp S — P L AV 4, oK O B b A G e S 5% Ak
RRTRIE , TRBE KA BT 7= A 1 02 /N o3 F- BRI Rk
B LIRS & 3 I N (1R 2 A RO oF £ JBE U S T
FEK i BE RS2, T AR S I RE S TE R T AR B BE Y
IK i BE 5 v T T AR B B, U0 B SR R A T Ak
TR AT B, R a5 5 A T Ak 1)
SEMEIN 5 A RE AR R A5 R — B
24 BUFYHLAMNRER —_REHSENE
#R

1 J5E B JRE AR SMSEDLIH Ak 7= 0 1 4 B o 21 A AR
Bt G m g A& 4 fs . SR RE
a4 AR F R AE 0 % AR AR T R TR B RO
3 247 em™ (—OH $7fi ) kb (9 FRAE 16 45 58,2 927.41
em™ (=CH, X FR4EIRS) ) 2 852.68 cm™ F1 1080.42
em™ (C-0 .C-C 1 O-H i 45 4iz 2h ) Ab i) A i 25
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Fig.2 Effect of dextran on protein digestibility

of surimi gels after in wvitro simulated digestion

A3, R TR T Ak 7 0 ) G A R R B
Jié 1717 (1 700~1 600 em™ ) H i A1 B34 H PO 3k
HUE e 1 4% 1 600~1 700 em™ 3 Bt F Jl Peak Fit
A XoF A0 JBE 5 e A AMBERLTE AL 1 Y FTIR il £k
S LB SRR LA BT LA A
SR E R E R E, E 4b iR,
52 PO IRAL CK A L, 78 0 3R 05 119 £ J38 55 it
EAR M e R LB XS, S8t
Wy B A4 £ JBE VAR s B i 1Y) qe— M AR T 5 2 s

ten! . 1080.42cu-1

L . A : . . . '
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B3 #BREMEEEREMIMUELEERR
7K % FE B 32 1
Fig.3 Effect of dextran on protein digestibility

of surimi gels after in vitro simulated digestion

T 22.73% B~V B AHX GG T 41.18%, EH
THALE B, (0 BEEEIE 19 BT fa A X & =/, &
I R R K R S, A B A 258 K, JE R
Bl A E A S Z M L 75 B BB, S T
AW B R AR IR VR, fa BEBE
G K R IKEE ZE L, 25 1 0T 45 M A R AR
B4 (R B 2 08 5 AR 1 B TA) Y SRR IR
B 25 3R 1 AR G AR,

100
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E 60
Lol
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W E
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£l
= 20
CK CA DX CK CA DX CK CA DX
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B4 BERENEFREREMIBUSLWHEEN TR EIEE (a) I ZREMEE (D)

Fig.4 Fourier transform infrared spectra of dextran on in vitro simulated digestion products of surimi gels (a)

and secondary structure content (b)

2.5 iHEH AGEs HE L R

AGEs R 04% BLAL 2K 77 9 (Advanced gly-
cation end-products, AGEs) 2 [ Bl &% I (1) Jif
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WO % A HHR S S SN TE OB B A g
e IR 2 RS R L AR A ) — RIS
MEPR, AL 45 DR 45 220107 ) AR P 4 2 TR
FAETCT W) . AGEs J&— A T I P 78 e g ™
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Y, 6 AR s B AGEs 7E & S i T
5% 22 DU 2R A ROBEfE & R R o £, &R
MR EAS S S WiENEAE, Ak i
AGEs FUBEAL K 5 7K 8 8 11 5T 25 6 % 1o T 1
R,

Pl 5 Ay A 2ROl T £ JBE 5 Jig A4 AN S80I Ak )
AGEs &t (1 78 25 R, 2 8- Ak i & v | £ JBE
HERE 26 AGEs BECRE BE R < i IH AL B B> 15 T
TEBY B> WG . FERI IR B B, 45 4 fa BE R A 2Z TRD 1Y
Pt AGEs i Jo i F Ak, X R In £ i1
SR VR AR ) JBE R X I ARG R Ak A AR o AR
9t AGEs WISZ A K . 78 B I AL B, U in 7 2%
W 11 £ 58 B A i 2901 AGEs B 2 5 T CK(P<
0.05) , [] B 5 7 ol 0 J58 58 e AH Eb AT 58 3 108 O i
(P<0.05); #5210 BEBE A S AE I I AL B BE 5
ALY B2 Rt 3 — 3, X 5 FF 5 rPod 46 = Ry
rh RO (R 20 I ARE A DG, TR TR R R
A% THERE +4% 11 BB B | 5 H Sk 7 RO i 1)
16 %, 5 SR Ml 0 J5E B A6 3 A 72 v i R 3
BRI F N AGEs, WAL , /N Tk s SE R Al
Ak S0 3 SR O B A AN, TR
Gy FWEALEE 110 A 52 458 3 s 3 40 B 2 A8
A e S2 i IR HE 12 1A (PepT—1) 5 1 THUSi FE E A Ji i
) R N e R A A S R R S N B
IR S PE 2 6 DR AL B 05 e N2 I 4 L
R A A BN o PRI 00 DA A B 1 A S T T
A R A EEE X, EAREZTFZRR
(52 ) | A 35 2 11003 55 22 B 1 0 I 1 o 1L B T
(R AR A 1 A ST FH TR B B il
2.6 MEWIERIET

SRR TR TS N SR 5 0 JBE R I e A W R
b AR A A5, DAWLER B 1 R A6 42 3 57 A
R JILEREE (AR (DX -Myosin ) , 38 1 1 22 A 7]
Jn#AET[E] ) DX-Myosin 245t AGEs F W il Ho Ak
RS W&l 6 o, Bl A Iin Bt E) 9 28 4 2R
75t AGEs 235 P 1S K (P<0.05) , Jiln 4 i 8] 2y
3.5 h B, KA AGEs ASFR3% i, e i 2 G (E 18
B, 4 (248.32+35.78 ) a.u. , LA A BEAL 2 B 1
R,

2.7 HEE5RE

AR BA S B . R BERE Q

%*

1200 :l—

O CK
0 cA
= DX

C

1000
800 b
600 fl a |ﬁ|

S e R
20
150 a =1 b
100

i A .
Yk EE] | 72]]

5 HBRMEI AR AIMENE K AGEs il E

Fig.5 Determination of AGEs by dextran on in wvitro

L

Gk
Fluorescence intensity/a.u.

2

S W

simulated digestion of fish surimi gels

3 Control
= DX

%96 AGEs

Fluorescence AGEs/a.u.
2

100

0.0 1.0 2.0 3.0 35 4.0
Ak I 1]
Glycation time/h

TE ARG 5 B R 2 ) 22 53 i 35 (P<0.05) , AR RS 7 B
FORH N 28 7 .35 (P<0.05)
E6 BRBESE&REAELEERBEED
Fig.6  Time monitoring of the degree of glycation

of dextran and grass carp myosin

Exactive Z 4 JF {48, 768095 R 24 #2 rponl DUAR 5
KLU0 o i 25, O B KR A i o EE A MST A
MS2 i, WA 7a fios , A %08 N-FESA0 KB
(0 B O 22 £ E0 A AE 10 ppm AN, TR %58
ZE IR UER T 5E & 7b B, MS2 ) Andromeda 1%
IYECNEAR . 2 4.099999999999999% L I i 4 i
JIKBEAR oM 1E 60 73 L b IKBeAs ok th i %k 25.53
5o
28 N-HEEUEARLETEMSH

£ Q-Exactive LC-MS/MS Ji i i 3 %5 5 1 (1)
N-WERAL T 5 N-BE 56 A0 R B V-4 3 1k 037 5
B% 3 510 69,70,122 (& 8a) , Hir 56 4~ & ifii
HH LA 56 %] 5 N-HE3 LAk BE,96 4~
T N-WEIEAL AT 55, 47.83% %K (5t L4340 2 A~ B LU
B S, Hob AOABNOXK78 AR & A £
ik 4 B AL L ( 8b) o Ak, i A4 5E 1 4& 1
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Effect of Dextran on the in Vitro Digestive Properties and Glycosylation of Surimi Gels

Que Feng'?, Shi Liu', Wu Wenjin', Chen Sheng', Wang Chao®>, Wang Lan"
('Institute of Agricultural Products Processing and Nuclear Agricultural Technology, Hubei Academy of Agricultural
Sciences, Key Laboratory of Agricultural Products Cold Chain Logistics,
Ministry of Agriculture and Rural Affairs, Wuhan 430064
School of Biological Engineering and Food, Hubei University of Technology, Wuhan 430068)

Abstract The effect of dextran (7 000 u) on the digestive properties of surimi gel was investigated using grass carp
(Ctenopharyngodon idellus) and dextran as an antifreeze agent. An in wvitro digestion model was used to simulate the
gastrointestinal digestion process and to study the changes in digestibility, hydrolysis, free amino acids, digestion product
structure and advanced glycation end—products (AGEs) of surimi gels at different digestion stages, to analyze the effects
of dextran addition on the digestive properties of surimi gels, and to identify the dextranization sites by glycomics. The
results showed that the digestibility of surimi gel was (69.56 +0.59)% and the degree of hydrolysis was (1.91 = 1.27)%
at the end of simulated digestion, that the digestion of surimi gel occurred mainly in the small intestine stage, and that
the addition of dextran did not affect the digestibility of surimi gel. The relative content of a—helical results of proteins
in the gel of minced fish after digestion decreased by 28.55% and the relative content of B-folded structures increased

by 41.04%. In the surimi gel with dextran added, there were substantially less AGEs formed after digestion than in the
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CA group (P < 0.05). The main sites of action of dextran involved in the glycosylation reaction of surimi gel were
AOA3NOY8X2 (N698, N699) and AOA3NO0Z907, and there were a total of 122 N-glycosylation sites, 69 N-glycosylated
proteins, 70 N-glycosylated peptides (N74) identified in the LC-MS/MS mass spectrometry.

Keywords dextran; grass carp surimi gel; digestive properties; N—glycosylation



