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Fig.7 Effects of different MRPs on the temperature distribution of minced Antarctic krill during microwave heating
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%1 MRPs 55 MRPs 555 R ER P BEH93E & M B 5 %3 Bk 43 4
Tab.1 Comparative analysis of volatile components in MRPs and MRPs-added minced Antarctic krill
ARSTR] s B R (R4 Xk i B 43 %0 Absolute mass fraction at different heating time/ ( wg/mg)
N lsnﬂ‘~ ‘H
%5 EWEFT ﬁ :[')“ tiﬂej/ SEEFPIBE  MRIUFPIBE MR3 SFIBE MRS HFPYBE
Category Compound name ’min ’ MRP1 MRP3 MRP5 Pure minced MRI1 minced MR3 minced MRS minced
krill krill krill krill
2-Z BRI
LKL 1.085 - 3.48 0.06° 11.92 +1.19% 1.40 +0.379 0.18 £0.04¢ 1.14 £0.42% 4.64 £0.07"
2-ethoxy-propane
Bk o
Alkanes  2-CHRI-THE 1.182 - 2.24£0.25" §.72£0.66" - - - -
2-ethoxy-butane
/1N Subtotal - 5.72+0.31" 20.64 +0.53% 1.40 +0.379 0.18 +0.04¢ 1.14 £0.424 4.64 £0.07°¢
@7/% 4 ¢ be b a
2-T'[% 2-butanol 2.42 - - - 0.69 £0.15¢ 2.12 £0.33" 4.32 £0.9" 19.56 +2.22
Alcohols
. Ethylbenzene 4.656 - - 1.01 +0.34 - - - -
13- Hi
SRR 4.952 - 0.31x0.02" 0.74 £0.32" - - 0.15+0.05° 2.24 +0.39°
1,3-dimethyl-benzene
FELK X H %K P-xylene 5.882 - - 0.80+0.17" 0.93 +£0.20" 0.09 +0. 08¢ - 5.09 £1.412
Aromatics £ Z 4 Styrene 7.689 - - 0.82 +0.09" - - - 5.15 +0.25%
A JEME B Methyl-pyrazine 7.864 - 0.72 £0. 12" 4.83 +0.50% - - - -
2,5- Ak g
2 ,5-dimethyl-pyrazine 9.212 - - 1,06 £0.43 - - - -
/1N Subtotal - 1.03 +0.14¢ 9.26 +1.51" 0.93 £0.20¢ 0.09 +0.08¢ 0.15 +0.05¢ 12.48 +2.05*
2,3-74-3,5- RS-0 k-
UALES AH-NH e 4 -]
Pyrans 2,3-dihydro-3,5-dihydroxy-6- 24.83 9.03£0.91
methyl-4h-pyran-4-one
AR TR . .
Dibutyl phthalate 27.796 - - - - - 0.14 £0.11° 2.99 +0.53
10, 13-+/\ B —IRER T it
10, 13-octadecadienoic acid 28.896 - - - - - - 1.65 £0.37
[0 methyl ester
Esters - L% s [ i
TR R 28.944 - - - 2.87£0.10° 2,22 +0.28" - -
7-octadecenoic acid methyl ester
8- P
+/\ﬁ&)ﬁﬂ!&ﬂ*§u 28.944 - - - - - 3.02+£0.48" 12.00 + 1. 832
8-octadecenoic acid methyl ester
/M Subtotal 0 0 0 2.87 +0.10" 2.22 +0.28 3.16 +0.59" 16.64 +2.73*
HAfL &Y e
Other #ﬁ] 2T 1.424 - - 2.88£0.76 - - - -
Di-sec-butyl ether
compounds
St Total 0 6.75+0.45°0 41.81 +1.89" 5.89 +0.529 4.61 +0.651 8.77 +1.02¢ 53.32 +2.832

{I: MRPI \MRP3 \MRP5 7} JlI7R B NEA 1,35 min BSEHIEE 0™ 4 s MR SR P BE MR3 SR P58 MRS S P 58 3 ) 2R A0 T 3B AN 1,35 min
FERLESL YRR R 5 — . RAG s B — R A ) EAR A AR TR 2% 5 2 (P<0.05) .

Notes: MRP1, MRP3 and MRP5 respectively represent Maillard reaction products heated by microwave for 1, 3 and 5 min; MRI minced krill, MR3 minced krill,
MRS minced krill respectively represent minced krill added with Maillard reaction products heated by microwave for 1, 3 and 5 min; —. Not detected; each type of
compound is marked with a different letter to represent the difference significantly (P<0.05).

%2 MRPs 570 MRPs iff R S MNERELEWN B REN S E

Tab.2 Number and relative content of volatile components in MRPs and MRPs-added minced Antarctic kril

%
WA AR E] R AR 2 5 Relative mass fraction at different heating time
LT P BE MR1 3R P B MR3 JF P B MRS JF P B
Substance t
Hhstance ype MRP1 MRP3 MRPS Pure minced krill MR1 minced krill MR3 minced krill MRS5 minced krill
fedtds Alkanes 0(0) 2(84.79+1.06) 2(49.4+0.97) 1(23.52+4.22) 1(4.04 £1.45) 1(13.49 £6.4) 1(8.72£0.6)
f£2% Alcohols 0(0) 0(0) 0(0) 1(11.93 £3.61) 1(45.92 +0.69) 1(48.9 £4.61) 1(36.61 +2.22)
F575% Aromatics 0(0) 2(15.21£1.06) 6(22.07+2.62) 1(15.67+2.02)  1(1.81+1.49) 1(1.77£0.78)  3(23.59 +5.1)
ML Pyrans 0(0) 0(0) 1(21.69 £3.16) 0(0) 0(0) 0(0) 0(0)
525 Esters 0(0) 0(0) 0(0) 1(48.88 +2.630) 1(48.23 £0.73) 2(35.84 +2.58) 3(31.08 +3.48)
H AN,
JHbfen 0(0) 0(0) 1(6.84 +1.51) 0(0) 0(0) 0(0) 0(0)

Other compounds

{I: MRPI \MRP3 \MRP5 75l ZR B NEA 1.3 .5 min ASEHEHESN ™47 s MR SR P BE \MR3 4R A58 \MRS 4F P BE 535 2R 80 T BB # 1.3 .5 min 1)

SERLE SIS R A BE

Notes: MRP1, MRP3 and MRP5 respectively represent Maillard reaction products heated by microwave for 1, 3 and 5 min; MR1 minced krill, MR3 minced krill,
MRS minced krill respectively represent minced krill added with Maillard reaction products heated by microwave for 1, 3 and 5 min.
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Effects of Maillard reaction products on microwave heating characteristics
and volatile components of minced Antarctic krill

XU Haixia'*?, QIU Weiqiang', JIN Yinzhe'*"

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering Research
Center of Food Thermal-processing Technology, Shanghai 201306, China; 3. National Experimental Teaching Demonstration
Center for Food Science and Engineering , Shanghai 201306, China)

Abstract; The effects of Maillard reaction products on microwave heating characteristics and volatile
components of minced Antarctic krill were investigated to improve its heating characteristics and flavor.
Dielectric properties (300 —3 000 MHz) , required energy barriers, and volatile components of lysine and
glucose Maillard reaction products (MRPs) were measured at different microwave heating time (1, 3, and 5
min. ). The effects of MRPs on the dielectric characteristics, heating characteristics (temperature curve and
temperature distribution) , surface color, and volatile components of minced Antarctic krill were measured .
The results show that; microwave heating reduced the critical frequency of MRPs from 1.6 GHz to 1.2 GHz
(5 min) , the required energy barrier was (6.73 +0.10) x 10 *' J, the dielectric constant corresponding to
the critical frequency decreases significantly, and the dielectric loss increased significantly. At the frequency
of 2 450 MHz , the dielectric loss of minced krill with MRPs increased significantly. The penetration depth
did not change significantly, temperature history increased, which could increased the heating rate of minced
krill. The MRPs deepened the color of minced krill, and with the microwave heating time increasing, the
color difference (AE) of minced krill before and after microwave heating decrease. The addition of MRPs
increased the aromatic and ester compounds of minced krill by two kinds, and the absolute content increased
12 and 6 times respectively. MRPs could effectively increase the microwave heating rate of minced Antarctic
krill and enrich the flavor.

Key words: microwave heating; maillard reaction; dielectric property; minced krill ; heating characteristics ;

volatile components analysis
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