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1.2 HEEARNEEHTE

DR a6l &, Pkt a2k A~
HUE—=WIH (4.0 cm X 3.0 em X 1.5 cm) =T A&
W E 1 NaCl B FEA) 4 CHEHI 6 h—Fr il
YE/Fe e m e e,

) AN R A R . 58 g TN EE K.
40 g FKTEH 1.5 g NaCl F1 0.5 g W ITHH IR & — i
A 130 mL X8 F K > B FE 2 i 17 ¥ 5 > % 4
30 min—>K i P BN ZER T — U 2 AN I
JBCi T — BEAR T A

30 JHI K R A0 R A . R AR S = A A 5T
FAAAE 180 °C A A7 AT I K ELA B iy XUk, Rt
[ T R 180 °C . B I 4 B4R & (180 £ 2) C
CZL 40 03 A 0 5 R BE D, JF 7E bR B T R 30
min, FIHEPEA 6 B (2 130 g) A 2R 2 2 M
FA R, 4 BIAE I KE 30,90,120,180, 240,300 s B
HURE AT 5 6 DR o 5 T 0 0 B8 20 2 55 0
Jei PIAINZ 43 FF K A [0 38k K Bsf i) B4 AS ) HHE VB 5
G IRA S T —80 CIAER .

1.3 #illA %

DKSy il g A (B B & & g E . % MR GB
5009.3—2016 17 FH 105 °C o 2 46 i 2 147
KAy B B AE 5 4% B GB 5009.6—2016 7 v F
FICHR B I A & i ifE 47 00 2 5 4% I GB 5009.5—
2016 5 3k I L R a3 00 A P R A

2)420 nm WIEMHME . % Kim F W
P METRFREL 2 g BES L INA 20 mL ARF 240 50%
U K 10 min, 4 °CF,10 000 r/min &
O 10 min, A JECEIER . EERI 2 K. A4
TUEITAE 420 nm AL W OGAA . AR 56 T
N7 B S A P S BARE AR 420 nm iF T HL AT B0 R
FEAE PR AT A I 0 B 114 T O (L 3 AF S5 7 48 S
(1 J5 W=

DWW SR E . SHBRARMRES 1
B REBURE S 2 g B A 100 mL B ZEHEE I T A
50 mL =& LRI G W, A G IMER H, 5 T
ARG 8 1 50 °C #R¥#E 30 min, BUB R HI ZE .,
FHRUZ 58 V18 08 402 U8, 53 25 00 0B W, 22 U8 R A%
. fER B E R IER 5 mL 20 B8 T 25 mL H3E
LN, 55 mL =& LRI A WAE R 2 H X
FELIMA 5 mL BRAC L b 22 R /K %5 . n 2L TR AT
90 CK ¥ I 30 min. BUH ¥ HI B = . 7F 532
nm AR R OGP 1.1,3,3-P0 2 A LN e bR

R HAr i E BN SR, N EmEAR
LB R SE 7=, T LS i i Sk R

4) R W I & 1R & & (N-carboxymethyl ly-
sine, CML) %€ . CML 2B EEH AGEs 2 —,
WA EE T AGEs W& . 2% Charis-
sou ZFE R E . FRELZ 100 mg # WS B RE LS
iR 3 mL K- 5-H R G W (R =0.8 :
2+ DIEAS .4 000 r/min B0 15 min, T2 B 2 1K
BEAVRE, ML TmA 400 pL NaBH, (pH 9.4)
M2 mL MIERER 2% 0, 4 Cad R i, 38 D) U 2%
EVEW ., W PRE M 5 mL 6 mol/L Y Eh W2 %
WP ARE MG 110 CHUF I 22 b, BUER R
IKAFEWE 500 pL #FAT HL2S T, R Z W T 500 pl 28
K ,0.22 pm JERE RSSO T . ) TR A
A 2 mL A5 4EF) (1,46 mL AR BEZA T 100
mL I EEA ) . 110 °C A 30 min ZJ5 60 °C il #4
ZiET. WTEEMES T EMA 2 mL =% H 5
400 pL =R O PREF, = N R 1 h, 60 C 4
2if T, BEEMEE T 500 pL & H k.
—18 CRAF . fif GC-MS i, GC-MS & {8 T
K 45 X, Polarisq # F BF 50 5 K I #5% {4 BX DB5-
MS E40HE (30 mX0.25 mm X 0.25 pm) ; 7 i 7 5
B 70 CHEHF 2 min,5 °C/min JHEZE 260 °C, 15
C/min FHE E 290 C . &5 5 min; 54 N E
£,1.5 mL/min W #;70 eV 7 E &, L om/z =
180 fE Mg 7 i 1,

5%t AGEs &Ml E . PRI g 7850 B i
Jo B A HRE B A 30 mL B B R £h 2% vh i (50
mmol/L,pH 7.4),37 CH+£ 1 h 5 3 000 r/min &
A 5 min, i3 U8R BB VR I FH 98O0 40 6 0 BE T e
T B FE R EATIN A 3 IR, AU S H ORI
K 345 nm, & P K 425 nm, B 4% %5 [ Ex/Em=
5 nm/5 nm, LK 700 V06 R BFE] 0.5 s, %3 By
PG AT LA e AGEs &1 25 11 5T 19 7K F-, S e 2¢
Jt AGEs A& &,
14 HIFELIE

R EE LI + fRuE2E"FRRA Or-
igin 8.0 #AFAEK L SAS 8.0 Ge it #AF #4775 2 7 b
R FVE T (P<<0.05 BARTFAETEMELET) .
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R R R AR A R B, EVAE 120 s
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Fig.2 Protein content of DFN and BFN during frying
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Moisture(A) and oil(B) content of DFN and BFN during frying
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A oo o (H TS 50 25 1G22 B 36 08 f 7 A B B vl AR
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{E T DFN, %8 BEN 4hZ Y 36 Fi7 £ iz vy i i o
LI 2ZEIFAS K. hKE 300 s B, BFN ANZ Ry
A o o THIE 120 s ) 2.98 4% .1 DEN ZMNZ 19 A 1 o
{4 120 s 19 1.49 5, X F B E 120 s J§ BFN 42
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Fig.4 Malondialdehyde content of DFN and BFN during frying
RN RN S Rk T AN Rl T
1 L PN ER B0 i S AR O EL N R B A R
AFIF i Ag A ALY & 4. DFN #1 BEN 2N
T 5 B4 S AR PR T AR E L X R REJE A D £ B
W2 B AR TN S R B, DFN A
BEN N JZ N Tl & B 2 (8] W 8 W e 22 5 (P >
0.05),
25 HMITTESH DFNFIBFN M CML 224
Wi 5 AT, B KR ) RY SE I, DEN A
BEN ZMZ ) CML % #8823 b I 3 (P <
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Fig.5 CML content of DFN and BFN during frying

Xof 1 e P2 SR CMIL 5 2 A, i 9 kg Bisf i) ) 9iE
T30 AEL 3 o B AT AR 2 L R 300 s B
W2 CML &% A 5MNZ 15.7 % (DEN) FI 17.7 %
(BEN) , AT BEJ2 K A 1 B 1 )22 04 U B2 IR HL b s &
HAG NG A AL TR (P9 I i) S8 i 1 sz vy AR
B8 4h T AR K . Il KE 300 s B BEN )2 CML
N (6.54+0.28) mg/kg, BEMET DFN HEM
(8.8740.13) mg/kg, 1] A& J& K S A1 2 40 A {34
JnT g R RE, R AR T M Py R R B L IR A
(R DR i (4,

2.6 MMETFEH DFN #1 BFN g9%55¢ AGEs & 21
Tl

& 6 nf %0, 78 30~120 s, BEN 4h 2 i 24 6
AGEs & HA W E S In(P=0.05) , X 7] G8 & A
i BEN ApJ2 8 1 o & s 30, HAE I B B S hi s )
N5, S EE AGEs L8 . 120 s
ZJ5 . BFN 4MZ2 15t AGEs & & JF 4 il E ),
X5 A oo (8 192240 FOJ2 — B0 (B 3D, R I
W55t AGEs (19 T i a2 38 i 48 B 0 i i i A7 1 45
B, XF DFN SRZ2K UL, H9%k AGEs & i 5 CML
i I AR ke e, R WA AR R AT L N
LT s AGEs %t 23 Bl %5 i1 KF B[] ) 28 A B 7 e
BT DFEN SN2 B AT 2 8 1 it AGEs &1
FSEOCHAE 90 s ZFF—HEA® T BEN #2800
AGEs &, X T WNZ kUL, in it # & DFN Al
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Effect of batter treatment on the formation of advanced

glycation end products of fried grass carp

JIANG Yang,SHI Haonan,JIA Caihua, RONG Jianhua, XIONG Shanbai, LIU Ru

College of Food Science and Technology s Huazhong Agricultural University/
National R& D Branch Center for Conventional Freshwater Fish Processing (Wuhan)
Wuhan 430070, China

Abstract Deep-frying is one of the traditional method of food processing with multiple advantages.
However there are some safety hazard factors in deep-fired food which recently received many attentions.
Advanced glycation end products (AGEs) is one of the main harmful compounds in deep-fried food
which leads to human aging and insulin secretion defects. N°-carboxymethyllysine (CML) and fluores-
cent AGEs are usually used as the marker of AGEs. Grass carp is the largest freshwater fish in China. A
large number of grass carp is processed using deep-frying every year. Therefore it is necessary to study
the level of CML and fluorescent AGEs in deep-fried grass carp and to find effective methods to reduce
the content. The purpose of the study was to investigate the effects of frying time and batter on the con-
tent and distribution of AGEs in deep-fried fish nuggets and to develop processing method to reduce the
safety concerns. In this study deep-fried fish nuggets (DFN) and breaded fish nuggets (BFN) were pre-
pared using grass carp for 0,30,90,120,180,240 and 300 s. The AGEs content and physicochemical
properties of the crust and internal of the fried fish were measured. The results showed that water loss
oil absorption, Maillard reaction and oil oxidation mainly occurred on the fish crust during frying. There-
fore the CML content in the fish crust of DEN and BFN was 5.6 and 6.4 times that of the interior, re-
spectively. Extending frying time resulted in higher water loss and oil absorption in both the fish crust
and interior while the malondialdehyde content firstly increased and then became stable. Extending fry-
ing time could also promote Maillard reaction in the fish crust and significantly increased the content of
CML and fluorescent AGEs. Compared with DFN, the BFN crust had lower moisture content and higher
fat content. The Maillard reaction and fluorescent AGEs content rapidly increased during the late frying
period but the use of the batter prevented the protein from directly contacting the high-temperature oil
and thus the CML and fluorescent AGEs content in BFN crust were significantly reduced by 34.6 % and
20.8% compared with DFN at 300 s. The use of the batter also significantly reduced the CML content in
the interior of fish but had no significant effect on the fluorescent AGEs content. In conclusion the use of
the batter and reducing the frying time could reduce the AGEs content in the fish crust and interior.The
study provided basic information for the development of the healthy aquatic food.

Keywords frying; grass carp nugget; frying time; batter treatment; complex preservation; oil oxi-

dation; food safety
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