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Abstract: The extent of Maillard reaction has an important impact on product quality during the thermal treatment of abalone. This study
investigated the effect of thermal treatment temperature and time on the formation of a Maillard reaction intermediate, 5-hydroxymethylfurfural
(5-HMF), and the browning of abalone. Fresh abalone samples were treated for different durations at different temperatures; the change in the
5-HMF content was measured using high-performance liquid chromatography-mass spectrometry (HPLC-MS), and the changes in browning
intensity, fluorescence intensity, free amino acid content, and reducing sugar content were monitored. The results indicated that 5-HMF did not
significantly increase in abalone when the sample was treated at 60 ‘C or 70 ‘C for 2 h, but increased significantly from 4.05 ng/g to 17.56
ng/g when the sample was heated at 90 ‘C for 2 h. The change in 5-HMF content was positively correlated with abalone fluorescence intensity
and browning intensity. Meanwhile, the content of reducing sugars and free amino acids in heat-treated abalone gradually decreased as the
heating temperature and time increased. When the sample was heated at 80 “C for 8 h, the reducing sugar content decreased from 1.25 mg/g to
0.69 mg/g, and the free amino acid content decreased from 18.14 mg/g to 14.03 mg/g. Consequently, controlling the Maillard reaction during
thermal treatment of abalone can effectively control the production of harmful substances and the loss of nutrients. This study provides important
insights for improving the quality of heat-treated abalone.
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Table 1 MS/MS ion fragments and MRM parameters

#5T/mz) THT/(mz) CE DP CXP

53.1% 32 8
5-HMF 127.1 81.1 24 671 13
109.2 15 5
BC4-5-HMF 133.1 H5.1* 5 e
86 24
E: AR EBT.
WA B LC-20AD WAH{ %, Synergi

Fusion-RP C18 &34 (50 mm*2 mm, 2.5 um), ¥
Vet CRBhA A: 5%HEE, 95%HE4EK, 0.1%FR;
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Fig.3 Abalone fluorescence intensity under different heating
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Table 2 Effect of different heating temperatures on abalone free amino acid content (mg/g)

5 R 0h 60~2 h 70~2h 80~2h 90~2 h
1 Asp 0.010.01 0.01£0.00° 0.03+0.01% 0.02:£0.01% 0.05+0.01¢
2 Glu 0.37+0.03" 0.410.02° 0.44+0.07* 0.36+0.05" 0.49+0.07"
3 Hyp 0.25+0.05" 0.36+0.05" 0.34+0.08" 0.26+0.04° 0.34+0.08"
4 Ser 0.60+£0.03 1.12+0.10° 1.02+0.36™ 0.86+0.04° 0.87+0.18™
5 Arg 1.530.08" 1.700.13" 1.46+0.01° 1.3540.38" 1.58+£0.22°
6 Gly 1.49+0.16" 1.790.05" 1.57+0.33" 1.34+0.16" 1.80+0.31°
7 Thr 0.65+0.05" 0.68+0.06" 0.71+0.17* 0.55+0.05° 0.77+0.19*
8 Tau 10.22+0.20° 10.110.66° 9.70+0.97* 9.01+1.36° 10.40+0.75°
9 Pro 0.48+0.02° 0.53+0.03" 0.52+0.12° 0.44+0.01° 0.55+0.12°
HTR
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10 Ala 0.62+0.05° 0.66+0.06"
11 Val 0.23+0.03° 0.24+0.01°
12 Met 0.14+0.01° 0.12+0.02°
13 Tle 0.11£0.01* 0.13+0.01*
14 Leu 0.2140.01° 0.22+0.03
15 Trp 0.25+0.16* 0.32+0.03
16 Phe 0.2140.04 0.17+0.05"
17 His 0.10+£0.05° 0.10£0.07*
18 Lys 0.14+0.03* 0.18+0.03%
19 Tyr 0.53+0.18" 0.59+0.11°
20 Cys e -

%3 /(mg/g) 18.14+1.06™ 19.40+1.26®

0.61£0.12° 0.49+0.04* 0.60:0.14
0.28+0.10° 0.20£0.01* 0.28+0.09°
0.16+0.04° 0.1240.01* 0.10+0.06"
0.14+0.03% 0.09+0.01° 0.15+0.05°
0.23+0.09° 0.17+£0.03* 0.22+£0.12°
0.25+0.12° 0.24+0.04* 0.34+0.08"
0.13+0.09° 0.17+0.08* 0.27+0.12°
0.12:£0.06 0.13+0.03* 0.15£0.05
0.14+0.01% 0.11£0.04* 0.19+0.02°
0.48+0.10° 0.44+0.13* 0.64+0.19°
18.31£2.26® 16.35+2.00° 19.77£2.14°

E: FATRRF AT T HMLE p<0.05 AP RERER, SArith,
% 3 ARIAIER AN A RS ER S ER (ng/g)

Table 3 Effect of different heating times on the abalone free amino acid content (mg/g)

i 0h 80~0.5h 80~1h 80~2h 80~4 h 80~6 h 80~8 h

1 Asp 001001  0.03£0.02*  0.03£0.02°  0.02£0.01*  0.04£0.03*  0.03£0.01*  0.02+0.00°
2 Glu  037+0.03®  042+0.06™ 0.40+0.04® 0.36£0.05°  044£0.16°  026£0.03®  0.24+0.02°
3 Hyp  025:0.05"  030£0.03"  0.30+£0.09°  026+0.04°  033£0.05°  0.19£0.07"  0.30+0.06"
4 Ser 0.60+£0.03*  1.0240.12°  0.92+0.17°  0.86+0.04>  0.83+0.22°  0.51+0.08"  0.53+0.06°
5 Arg  1.53£0.08"  1.55£0.28"  147+0.17°  135£031°  1.78+0.66°  1.03£0.08*  0.98+0.10°
6 Gly  149+0.16°  1.61£0.13°  1.62£027°  134£0.16°  1.52£021"  0.95£020°  1.29+0.36™
7 Thr  0.65:0.05°  0.61£0.08°  0.59+0.10°  0.55£0.05°  0.60£0.14*  0.43£0.09°  0.54+0.08"
8 Tau  1022+020° 9.49+2.03°  9.40+1.18"  9.01+1.36°  9.50+1.78"  7.72+0.58"  7.97+0.47"
9 Pro  0.48t0.02°  047+0.05° 0.42+0.07° 044001  047£0.10°  033£0.06°  0.41+0.05"
10 Ala 0.6240.05°  0.51£0.07°  0.50£0.06™  0.49+£0.04°  0.54+0.12  0.40£0.06°  0.43:+0.04°
11 Val 0.23+0.03"  0.22+0.14°  0.16£0.01*  0.20+£0.01°  0.1120.06°  0.06+0.04*  0.05+0.10°
12 Met  0.14£0.01*  0.13£0.02*  0.11£0.02®  0.12£0.01*  0.13£0.02"  0.08£0.01°  0.10£0.01%
13 Tle 0.1140.01*  0.11£0.01°  0.09£0.03  0.09+0.01°  0.10£0.03*  0.07+0.02°  0.04+0.07"
14 Leu  021£0.01*°  0.19£0.02°  0.13:0.07*  0.17£0.03"  021x0.04°  0.09£0.10*  0.08+0.11*
15 Trp  025£0.16°  0.29+0.04*  029+0.05°  024+£0.04*  0.17£0.06  0.23£0.03"  0.25+0.04"
16 Phe  021+0.04"  0.16+0.08"°  0.13£0.01*  0.17+0.08"  0.19£0.07°  0.15£0.05"  0.14+0.06"
17 His ~ 0.10£0.05°  0.08£0.04*  0.09+0.05*  0.13£0.03*  0.10£0.01*  0.07+0.04°  0.08+0.01°
18 Lys  0.14£0.03®  0.16£0.02®° 0.17+0.01®  0.11£0.04®  020£0.09°  0.06+0.03*  0.09+0.03®
19 Tyr 0.53£0.18  0.50+£0.09°  0.54+0.02°  0.44+0.13®  0.50£0.05®  0.30£0.08°  0.50+0.20®
20 Cys - - - - - - -
EF/(mg/g)  18.14£1.06° 17.85£2.99° 17.36£141*° 16.35£2.00° 17.75+3.43" 12.97+0.77° 14.03+1.58°

E: FATAR FEATFHMAAE p<0.05 KFRFMZF, SRTARKH.
Jacek S B T LA BT K G Pl B UL RR I

CLLSVIR

SN, RIS R IR S A R I R AR A
FERBESFE PR . 2RI ER BB IR A R
it Al RS RGN, RN AT RES S5 hE
JNE, HITTRE H 5 32 AR A I N B R P
e BRSBTS B B 35 T R 2%

FHEA R, St g X, 60 C.
70 Chi# 2 h JEliEes E R o AR R A S,
80 Chn#k 2 h Je &2 0 K, HENILAM NI
RAEMTReS S T HRERNL, WATRESZ AR A FEfR
R 90 CHI# 2 h J5, i A 2 5L e B ) T v,

187



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.10

HEM A N REE A BE R AR (WK 2).
80 ‘Chnhfita L, BEEINFN A IELR, JiF kg
AR SR S EE Y, SR A, gk
6 h A1 8 h Jr MR B AR, DR T
MR RS 5B N B RO A R (WK 3D,
EI IMTERE B AT O DB R SRR
Zogit g, R FIGTERT BEAER
AT BRI, BN A FE bR T A
TEPRIEAT . S E R AT, SR EIZA
IME LRI PRI [ R RS, RIZERHE R
BTk, U HIZAE S0 R TR RO

a

4.725¢-03 1.278e-02 2.083e-02 2.888e-02  3.693e-02  4.499¢-02
03k Scores :
6 i 2
: 7 :
: ) 8 3

0.0f - 4
QL

-03r

1
-0.6
20 -1.5 -1.0 -05 0.0 0.5 1.0 1.5
aa result-6.4, X-expl: 93%, 4%
PCI

b 1 Correlation Loadings (X)
[
L) -
5 0

-1k

-1.0 -0.5 0.0 0.5 1.0
aa result-6.4, X-expl: 93%, 4% PCI
El6 ttpEE AR TS S AR S E PCA 1SS
5&frE

Fig.6 Score and loading plot of PC 1 vs. PC 2

E:oa, 1. BEEBIE; 2.60 Chafk 2h; 3.70 Chedk
2h; 4.80 CAn#2h; 5.90 Chnzk 2h; 6.80 ChAufk 0.5h; 7.
80 Chuf% 1 h; 8.80 Chuik 4h; 9.80 ‘CAuik 6h; 10.80 Cha
# 8h; b, 1~19 REATRF # B BLEATE, FT5HK2.14R.
R4 TEHMERH TS AR S 87 2 M ERMS HRVETT
Table 4 Loadings of free amino acid content on two principal

components under different treatment conditions

Gly 0.908 0.28 Phe 0.533 -0.537
Thr 0.906 0.184 His 0.613 -0.155
Tau 0.998 -0.666 Lys 0.847 0.257
Pro 0.908 0.773 Tyr 0.808 0.624
Ala 0.925 -0.641

PC-01 PC-02 PC-01 PC-02
Asp 0.163 0.111 Val 0.854 0.139
Glu 0.896 0.242 Met 0.525 0.988
Hyp 0.677 0.5 Ile 0.871 0.581
Ser 0.668 0.712 Leu 0.916 0.461
Arg 0.887 0.211 Trp 0.422 0.129
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