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1 MRERE
1.1 #HRSKFH

Vo URHLBE (AAA 20, BEIA I F1 7K 7= 6 d e 0y
ABRA ) FOKTERY A TR R
T SbFI A e Al K2z |

IECBE A AR R AL 2,
4- ZRH TR U (DNPH) 55 2 2 73 M 4l 2, 1] 24 4 ]
ezl A BR A 7] B G ¥ R s sl g, 26
Thermo Fisher 2w ; K& R, 5% [ Sigma-—
Aldrich 22 ) ; 2 W BL 61 2408 (CML) R & i 24 IR
(CEL) , W 5 2 — ¢ S Dk e i (MG-H1), I &= K
Toronto Research Chemicals A R 2w .
12 EFE5EE

HD9232 % A, CRIH (D) #5847 FR 2>
A UV-1750 A W—2240 0 O0EE T, HARR A
Al @, 55 [ Hunter Lab 23 7 ;62696 R
HETEAL, Acquity UPLC #8 &5 80 UH 635 A3, Xe-
vo TQ-S JEik{X, 3&[HE Waters A B2 F] ;F-4600
BN, L RS = R R A R A
1.3 Fik
1.3.1 FESSles k4. SR TR T 4
CHEVR 12 h, JRBEHLZS 1 1.5 min J5 A VKK FI &
FE:, PR BT HE 3.5 min, 0 B 25 5 f 10 BE A
K (EAE 35 mm)F3 0,40 CABFAH 1 h K
ROV J S Y40 1.2 em JRERY HDF,

HNEERI & . K 58 o TR HY ,40 ¢ £ OKTE
¥,0.5 ¢ AT R I 1.5 ¢ AR R IR A R A
110 mL ZE 187K, PR i P il o8 2R 5

I 0 0F BEAT LA B AL BT X B4 . 7 £ f
FARE A B G 25 SHES] 5 ming W0 AELL
MDA 180 CHATHXE 5 H T 4 2.5 min, 25
YE I 5235 2 min; TRORKE+8 VR IV G 4 0% 0 A
180 °C1 ¥/ K % Hh By 4 2.5 min J5, LA -18 °C
UKFE TR R 48 h, BU R VR G A 2 SUE R h &
2 min; ZEWI UM AR AL B PR AN R, 2y
20 s JE B, FRANEERION BB T S Y50 2 L
UM, RN FERER AR E T 180 CHY I KE B
o BOMAE 2.5 min 5, 2 S MER Z 2 min, HF
ARIVEAYRIZ RN Z o8, Hrp 2 A 5
3EWE MPERIZRNE) Koy 8- Uk iR &
Y57 B BE Al B T80 CHKA -7 45 .

1.3.2 JKAFIMAR & B K 5> FIIM AR & &t
Gy ONAE R (R A E R AR E K S i
FE Y (GB 5009.3-2016) Fl (£ i % & W F AR i &
fn IR I A2 ) (GB 5009.6-2016) H1#{ 105 °C
THRE AR [CHR UL A0 5, Horpih AR & &t DA
FHIT,
1.33  @ERME 2T R o k2
TR, BRI IR E @ 220 R ER EN &
I 25 AURE S IS TR D A 6 WK, SRR
) L o (B b (H, 3 B 20 () I ik
JE R AE {H.,

AE=\ (a-a)) +(b'=b ) +(L'-L,)" (1)

A a b7 L e i B 2 KE D
(B 30, by L, Fm X HRZE KR €0 DF i) B
1.3.4 WEESEMNE B (EREeER
PRt 5 T A E ) (GB 5009.181-2016)
105 ¥ FfEB B, % 20 mL = O RIBSBINA
AT 2g M EOES D, BHESE, BT 50
CHERZ P RFEIOmn, BHNEZRE,H
MUZEACITUE , 75 W NE W o B B A 8 R A s o
ZHNEWAS 5 mL, T 20 mL BLZE OB N, LS
ml A LRIEGWEZS A, 4IMA 5 mL BiAt
EL e Z MR i, JNZEIRAS), T 90 C/AKE I 30
min, B H 2 =G HAE DK 532 nm 4L A%
W YEME . L 0.01~0.25 wg/mL (1) 1,1,3,3-1U 2%
SE TR It b b R BRI R bR VRV R, I AR D K
532 nm 4k B OGAE I 2 il bn i £&
1.3.5 HEEFABRE S EMNE  HhEEE AR
2% Huang S0 J7 ik FEAE B 0, TR 2 ¢ #F
a, INAIE C e IR BEBLAR , 57 R IE O bt K+
5 20 mL %A S AL AN (0.55 mol/L. NaCl) 19 & &
1 2 2% b ¥ (20 mmol/L,pH 7.0)1R & J5 T 10 000
r/min F¥JM30s, #HEMEA4CTFHFE 3hFEL
10 min (10 000 r/min )75 2| I35 W& , K H lowry 75l
SE R IR

BB G 2% Mesquita 5 U8R 7 75 | 1%
ESH . 78 2 mL 8 W MA 2 mL 10 mmol/
L DNPH(% A 0.5 mol/L. H:PO,) IR EHI5), 18
J5 N W 10 min J& , A 1 mL 6 mol/L. NaOH ¥
T, Ak S AE 2R ROV 10 min, N IR T 1450
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nm A0 5E WOGAE , LA G £ %1 22 308 L/ (mol - cm)
WREABREMAEY S &,

1.3.6 HAMRSTEHME S % Trevisan 5
J7ik BRI 0.1 g fiF, B T i 2L 208 A
5mL 6 mol/L RV MIRS), £ 110 CHEFE fm #4
24 h, BB EHRZZEHR)E, 5 0.22 wm JE IR, B
0.5mL & T/REEET 1 mLERH (OK:FEE:

£=95:5:0.2), i 0.45 pm /K RUERE B,
f HPLC M 22 , {4 3% #: R H Hypercarb & 3% f
(100 mmx4.6 mm,3 wm), il K 280 nm, ¥i
NAH A B 23R 0.29% 4 F R K 1 TR Y I R
# 0.8 mL/min, £ & 30 °C, #E#£ 5 30 WL, R H &
JFEVEE A SR e i, BREEVEOLER 1,

1 BERBERREH

Table 1 Elution gradient of furosine

A 18] /min 0 6 12 18 24 30 36
A AR A% 100 90 80 70 80 90 100
A3 48 B/% 0 10 20 30 20 10 0

1.3.7 #WAEREMNNE 2% Jiang FPH Ik,
TEEH 2 g FEMIES LB TIA 20 mL 50% & 1
FEHIF (8 000 r/min,30s), VK AMFE FALE 10
min, fE 4 °CF LI 10 000 t/min &> 10 min )5 , i3
AR, R 2K, BIFATIERORE K
420 nm A0 5 WA

1.3.8 96 AGEs WlE 2% Wu W7 ik,
FREC2 g FE&, A 18 mL B iR £ 28 wh % (50
mmol/L,pH 7.4), F 37 CHIERE# FIR% 1h
J& ,4 000 r/min 2.0 5 min, o WA IR T 22
ORI EDOEE , (R SEOE . MRK
345 nm, & % K 425 nm, FLEE 5 E S nm, B TR
700 V., Wi [ 5 [E] 0.5 s,

1.3.9 CML.CEL #l MG-H1 Bl & £ % Qin
STV FRELZY 100 mg %R TRES, A 3 mL
1E 2 BE,4 000 r/min &0 15 min, BE 2 K, [
BEFE S A 2 mL B AR $h 22 #P W (0.2 mol/L, pH
9.2) 1 0.4 mL W EA LB (2 mol/L, T 0.1
mol/L. NaOH ¥ ) ,4 CHMF Tk 8h J5, ¥ 4&
HULTER# 2 BB A T, A 4 mL 6 mol/L
B LR VA W, 110 CRRf# 24 h, HU 1 mL &8 R /K fit
W, TE 60 CHAMTNMEEE T, 2% T 1 mL B4k
oLt 0.22 wm JETRUENR . B AR A R MCX
FHAE B (60 mg/3 mL), >R H 3 mL 2% H iz /K
WA 3 mL WP BRI BR 2%, BT /5] 2 mL
5% 119 28 7K I T B, s R U, AU & 0
Tla,ZB%F 1 mL@aiKp, i 0.22 pm KR JE
JEE = E AT, R AR I R AT A I 2 o, bR

Y i BT A 2 S L R 0.01~0.20 pug/mL

g A 0F . Ak A E B BEH Amide (100 mm
x 2.1 mm,1.7 pm), ENA A Al B KK 0.25
mol/L £ &k W R K W (T R A AR HCh 19%) Fl
CNE K 35 °CL, R 3w, Jii# 0.3 mL/min,
Tofs B VI L% 2,

% 2 CML.CEL #1 MG-H1 #8 & % Bit & 14
Table 2 Elution gradient of CML, CEL and MG-H1

B 8] /min 0 1 6.5 9 10
AR A% 15 15 35 35 15
A3 A8 BI% 85 85 65 65 85

FRRE AR B TR S TS
X EBE T RO, 2 RN
(MRM); TH:ZHESE 350 °C; FHAME 101/
min; 55 L 2% & 71 20 psi; B0 L E 4 000 V; %
ZLH R 135V, MRM &=t CML CEL #l MG-H1
(R B T 45 F 2 S 2 205>84,219>84 Fil 229570,
1.4 HEZITHH

TR0 B 24 LS B AR R 227 3R, R H
Origin 2022 # {4 f4 & ,IBM SPSS 23.0 i 17 545
ST (P<0.05 RRAETEREMEZER)

2 BR55W
21 BAEARMNE=SEH &G AGEs SEN
=AU

P 1 g AN [ i A B 254 T 2 A0 o e 0
7t AGEs (CML.CEL #1 MG-H1) %% AGEs



312 hoE g

ol

2024 4E55 10

i, RASKREE 550 R AR L, T3 R0 A+
W URI AL R B P i 2 AGEs ZAERL (P<
0.05), b FUyh J +¥8 VR I b 3 240 1 1F 3R 2
CML &8 hn 1 1.51 4%, 1 228 Fuh 4 B R 1%
T AGEs Wy /E B, M CEL & & fit £ n] [ K
59.32%., AGEs #IA K& e 58 H i = AR
S5 W) J5 11 B2 B 3 Ak 36 PP N I Y B 7 e,
AGEs 1, ] 38 £ 45 25 5% 1 3 2 &4k Fig T ot 4804k
A AL S ) S J A A R Y, TE R
K2 AR v, SE A S R I A AR 5 AR A R A
LAk RN AT () & A= R a4 D 5 g L L Ak
SR PR R AL 23 5 LB KR il fa JF v AGEs & 8211 22
5o 2 RNE R DR RS SO AEIRA T, 76 B
5 THT TG 2> 5t JH T AN S 98 A AR R A
—IUF AR ML Z R, TN T 2 5 il
FENPAET BT N IR TR K A R

ool [P 22 % TR MR
—~ Aa
= 2w T
o
;&é A:’b /_)6
Wz * %
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E‘A #g
ggg /f
© 16t /
- / Bb)
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% B 23 AR T AR ARG XS A RN A 0F T ) AGEs
B2l A T A B T, 25 T AR A
HeaPERZEN AGEs & & I B, Xnlge T
TR S A RO 2 D828 T A il 3 R e B 1)
PIEBAL 36, ) 55 1 2% 2% 1 & P AR g S Ak S
X AYEANRER M S, AYFRZEM AGEs & &
B T 2RO Z S KE R b s SRR N
TRAE IR A s SO0 DR E AT A, o H R T I
WG T, KA BT EUR | 0 F 3 )2 i SE R
o7 (LA R 1 5 L AR K A3 PR T 2 )2 R K A Ak
Ji , T BE AR 1] P 2 A 3 DR I e 0 4 o £
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[E] 47 % 22 5+ (P < 0.05), F I,

E1 AEMLEZGTHERNEHHH AGEs 28

Fig.1 AGEs contents of fried fish cakes under different pretreatment methods
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2 AEMABELZGETHEHEGF RS (a)fiimiE(b)&=
Fig.2 Moisture (a) and lipid (b) contents of fried fish cakes under different pretreatment methods
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Fig.3 Malondialdehyde (a) and carbonyl (b) contents of fried fish cakes under different pretreatment methods

24 MLEFANZTSEHNEGFPENERE
I M

i R i 5 L 7 I R 30 4 AR S W, T
TP £ 0 A PR AL BERR R 8] da BN BRER
B TR OR R Y Ab B ALRE P e B 3 25 S (P=
0.05), 10 22 48] b B0 20 B i F A B AR 2 R &
B B RRAE O S 7 S SR T G AR
ot — RIS SRS, LR )
o # AGEs it i & & F B, BN A5 7 B0,
R 15 pd D A P, Trevisan SEUMIF 5T K B
T 2 DAV PP 2 R 5 Bt 5 R e T ) S B
Je3 JE IR R A, B BA R S sl B
M o fi IR AR A B G DRI A 00 A 2R A 4k 2 2

F 20 IR R HE T RE AR SRR B iR BN T
UM AR LR TR R ER, REB T
KA R ZRR X T 0 F 1 A [R5 43>k 1t £ F Y
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HAS [ ab 320 [8] O 2 2% 22 5 (P=0.05) , iX £ 22
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Fig.4 Furosine content (a) and browning intensity (b) of fried fish cakes under different pretreatment methods
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Table 3 The color of fried fish cakes under different pretreatment methods
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Fig.5 Correlations of AGEs and physicochemical properties (a) and the formation of AGEs (b) in air-fried fish cakes
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Effect of Pretreatment Methods on the Formation of AGEs in Air—fried Fish Cakes

Wu Runlin, Qin Ruike, Rong Jianhua, Jia Caihua, Xiong Shanbai, Liu Ru"
(College of Food Science and Technology, Huazhong Agricultural University,
National R&D Branch Center for Conventional Freshwater Fish Processing (Wuhan),
Engineering Research Center of Green Development for Conventional Aquatic Biological Industry
in the Yangtze River Economic Belt, Ministry of Education, Wuhan 430070)

Abstract To investigate the effect of pretreatment methods on the formation of advanced glycation end products (AGEs)
in air-fried fish cakes. Fish cakes were prepared from frozen silver carp surimi, and the fish cakes in the experimental
group were treated with three pretreatment methods (pre—frying, pre—frying + freezing, and pre—frying with coating) be-
fore air frying, and the direct air—fried fish cake was the control group. The AGEs contents, physicochemical indicators
and their correlations in the interior, surface and batter layer of air—fried fish cakes were analyzed. Compared with the
samples of control group, the pre—frying and pre—frying + freezing significantly increased the oil absorption (83.83% and
203.48%) in the surface layer of fried fish cakes, which accelerated the Maillard and lipid oxidation reactions, leading
to an increase of 120%~151% in CML content. On the contrary, the golden crust formed in the pre—frying with coating
group reduced the oil absorption (72.63% and 60.00%) and water loss (3.87% and 0.70%) in the interior and surface
layer of the samples, and further decreased the generation of AGEs by weakening the lipid oxidation and the degradation
of furosine. And the CEL content decreased by 59.32%. Correlation analysis showed that oxidation reaction and Maillard
reaction had a positive correlation with the generation of AGEs in fish cake, and the highest correlation coefficient was
found between lipid oxidation and AGEs content. In conclusion, the battered pre—frying not only improved the color of
fried fish cakes but also decreased their AGEs contents via depressing the lipid oxidation and Maillard reaction.

Keywords air frying; pretreatment; fish cakes; advanced glycation end products; lipid oxidation



