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Thermal Stability of Fish Flavored Maillard Reactant Microcapsules
Based on Catfish Head and Fish Steak

YU Deyang, MA Lizhen’

(College of Food Science and Biotechnology, Tianjin Agriculture University, Tianjin 300392, China)

Abstract: Catfish head/fish fillet was used as the base material, and Maillard reaction products (MRPs) were obtained
through high-pressure extraction, enzymatic hydrolysis, fermentation, and Maillard reaction, and microcapsule embedding
technology was used to prepare micro capsule powder. In order to study the thermal stability of the microcapsule powder of
MRPs, MRPs (sample A) and microcapsule powder (sample B) were prepared into solutions and heated at 90, 121, and
160 °C for 20 minutes. Each sample was recorded as A1, A2, A3 and B1, B2, B3 samples. The samples of each group were
analyzed by electronic nose, solid phase microextraction/GC-MS and differential scanning calorimeter (DSC). According to
the PCA analysis results of the electronic nose, from the main component 1, the distance between the A sample of MRPs
(not heat-treated) and the heat-treated samples A1, A2, A3 were relatively large, while the distance between sample B and
B1, B2 and B3 was small. GC-MS analysis showed that the different heat treatments of A sample and B sample would
reduce the types of volatile flavor substances in MRPs, and the higher the heating temperature, the more obvious this
reduction trend, but after microcapsule embedding in sample B, the type and relative mass concentration of volatile flavor
substances were significantly higher than that of sample A. According to DSC analysis, after MRPs was embedded in
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microcapsules, the temperature at which an obvious endothermic peak appears was 40 °C higher than that of MRPs, could

effectively broaden the release temperature of MRPs. In summary, after MRPs was processed by microcapsule embedding

technology, the thermal stability was significantly improved.

Key words: microcapsules; heat stable; catfish; Maillard reactants; flavor substances
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Fig.1 PCA and discriminant factor (DFA) analysis diagram of
heat treatment on MRPs and microcapsule powder diluent
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Table 2 GC-MS analysis results of heat treatment on MRPs and microcapsule powder diluent
AE B v B (pg/kg)
M5 Fhzk LEH B
A B Al A2 A3 Bl B2 B3
1 IR 1.76 - - - 1.11 - 0.79 -
2 2- HETR 0.37 - - - - - - -
3 =% V. - 2.08 1.17 - - 11.70 - 0.32
4 2- “HIBL(ZIREE) BRI =R - 0.34 - - - - - -
5 AR - 0.37 - 1.51 - 0.67 0.28 -
6 LI-ZHEEN S -2- 2RO R - 0.51 - - - - - -
7 RN - - 3.17 0.35 - - - -
8 JBE T 2 2 - - 0.44 - - - - -
9 WK 18 TEZZ - - 0.87 1.51 - - - -
10 3- IR - - 0.40 - - - - -
11 T - - 0.66 0.98 0.78 - - -
12 BEHR - - - 2.84 - 0.75 - -
13 2- Bk -6- IR - - - 0.70 - - - -
14 TR - - - 0.39 - - - -
15 &R - - - 1.51 0.42 - - -
16 2- AL - - - - - 6.31 - -
17 4- ZHERR - - - - - 4.80 - -
18 2-HTH - - - - - - - 0.32
At 2.13 3.30 6.71 9.79 231 2423 1.07 0.64
1 iz 14.18 12.34 - - 0.33 6.76 5.53 1.45
2 N-H K232 K 2 e 0.51 - - - - - -
3 NN-THHZ ke 3.62 3.52 - - - - - -
4 N-FP L o 2 P 3.62 3.4 - - - - - -
5 FE 3.11 2.76 - - - 1.13 0.99 1.66
6 SR - 8.78 - - - 1.54 - -
7 M2 (13%h) 1- BORRE - 0.99 - - - - 1.03 -
8 2- 3F i - - 7.07 - - 19.24 8.58 -
9 TR - - 1.46 - - - - -
10 4- FIE-2- 7 - - 7.07 1.23 - 19.24 3.16 -
11 K - - - - 0.26 - - -
12 1,2-IN K - - - - - 0.54 - -
13 Vi - - - - - - - 0.31
At 25.04 31.79 15.60 1.23 0.59 48.45 19.29 3.42
1 2,5- kg 5.57 6.67 2.55 1.74 1.67 6.32 4.52 4.20
2 2,6- L 5.57 6.67 2.55 1.74 - 0.43 4.52 420
3 2- 25k -6- FJEnbz - 0.91 - - - 0.59 0.42 0.36
4 MRS (770 2- 25k -5- F kg - 0.91 - - - 0.59 0.42 0.36
5 2-F - 3-H B ek 0.69 0.78 0.54 0.35 0.27 - - -
6 = HI St - - 0.87 - 0.67 1.93 1.44 1.14
7 2,5- gL 3-(2- LT3 kg - - 0.67 - - - - -
At 11.83 15.94 7.18 3.83 2.61 9.86 11.32 10.26
1 2,5-HISE-3-CUmE 2.18 - 2.05 1.90 - - - -
2 2-FJE-3- Bt 1.61 1.77 1.55 1.12 0.97 1.55 1.32 1.12
3 5-T-J 2.30 1.77 0.36 - - 1.74 1.34 0.73
4 1,2-0 " 0.47 0.88 - - 0.35 0.64 - -
5 2,2- " 3E-3- P 0.36 - - 0.35 - - - -
6 B (14FH) JF R 2.49 2.42 1.67 0.68 0.38 1.60 0.55 0.32
7 34-TRER TR 0.33 - - - - - - -
8 2,5- IR EL 0.36 - - - - - - -
9 1- B - 2.58 - - - 0.96 - -
10

2-7. H-1-0 0.85 0.61 - - - 0.45 - -

1- - 1.17 - - - 0.65 - -




043 % 5 144 TAERH , 45 BTSRRI & (R SEHR S N P R AR e MR Y - 23 -
k2
AHXT BT v B (pg/kg )
P e [zt E2
A B Al A2 A3 Bl B2 B3
12 1- 3L -3- B 1.57 1.86 1.26 0.63 - 1.76 - -
13 2- WG Y - - - - - - 1.03 -
14 12745 -4-1% - - - - - - 1.74 1.42
At 12.52 13.06 6.89 4.68 1.70 9.35 5.98 3.59
1 AR 1.39 0.92 0.55 0.48 0.33 0.80 0.31 0.21
2 RO 0.66 0.58 1.05 0.98 0.48 0.50 0.45 -
3 2,4- R FR P 1.86 1.72 - - - 1.52 - -
4 2- -2 Bl 1.83 1.68 0.65 0.52 - 1.23 0.96 0.82
5 2 0.59 0.52 - 0.49 - 0.38 0.28 0.20
6 A (11F) 3-FE- TR - 0.30 - - - 0.2 - -
7 5- F Ok -2- ey FE R - - 0.30 - - - - -
8 L - - - - 0.24 - - -
9 e - - - - - - 0.35 -
10 PR 2.63 2.80 0.60 - - 254 1.13 0.43
11 2,4-T- It - - - - - - 0.31 0.25
At 8.96 8.52 3.15 2.47 1.05 7.17 3.79 1.91
1 43 0.62 0.67 0.46 0.35 0.31 0.45 0.43 0.22
2 2-HI -4 ] 1.24 1.16 1.05 - - 0.54 0.36 -
3 2,6-—H1 5-4-Ffi 0.86 0.93 0.63 - - - - -
4 S5 8.48 527 5.33 432 0.35 2.54 1.94 0.86
5 2,2- HIE-3-CL 0.84 0.95 - - - 0.76 0.34 -
6 2,4-— F B3 BT 1.83 2.07 - - - 1.96 1.23 0.93
7 A2 (13Ff) 3-F J-4- R 2.05 1.95 - - - 1.86 1.55 1.18
8 ZA-5-PHE2(3h) -HE AR 0.36 0.45 - - - 0.32 - 0.32
9 3- Z,3k-4-PEf - 0.51 - - - - - -
10 2,3-T - - 0.61 0.56 - - - -
11 1-(2,4,6- =32 FHHRHL) - 2T - 0.82 - - - - - -
12 [EIE] - - - - - 0.75 - -
13 2- - - - - - - 0.67 0.21
At 16.28 14.78 8.08 5.23 0.66 9.18 6.52 3.72
1 R B - - - - - - - -
2 R TR 0.36 - - - - - - -
3 SR T R 0.32 - - - - - - -
4 2- THPUE R E Y 0.36 - - - - - - -
5 WK (10FH) EU&@ETE‘& 1.70 0.62 - 0.52 - - - -
6 2 B - 2.58 - - - 2.33 1.95 1.67
7 IR PR - 3.47 - - - 3.20 2.30 0.63
8 SR 5 T e - - 0.63 - - 0.25 - -
9 b R e - - - - - - - -
10 SRR C g - 0.85 - - - 0.76 0.52 0.36
&t 2.74 7.52 0.63 0.52 - 6.54 4.77 2.66
2t 79.50 94.91 48.24 27.75 8.92 114.78 52.74 26.20

T Rl = Fon AR E]

S 3.15, 2.47. 1.05 pg/kg 1l B1, B2, B3 FHEEZEY)
AT 717, 3.79. 1.91 png/kg. B 2,4-F
i, B B R AR AR, X AT BR & B Ch MRPs
H A BIRENT, BEE IR AR I T AU E AL
fid, TE LT B e AU Joi 201

Hiis 24 S5 e g s S A AN SE P ) v =, HAT
THA . WA S RS N i &7, Wi A
B 2-BEMAE . Al. A2, A3 HAYIRZEIBS351 R 8.08 .
5.23. 0.66 ng/kg 1M B1. B2, B3 SRS 54551~

9.18. 6.52, 3.72 pg/kg., MEIS. FRZSFNEEISI L A3
A U s, A XSRS A al, DT H R
PSS . WA 2 R B SRR =, R
Z R G W = HH B T A A N B 1 B K ff AR
Mo AN 1-2F0-3-l5 0k EHAERE, t g T S AR =,
T BE I A s D R T A A, M ERAE R B Y
FEARF AT IH b AR E S

Al. A2, A3 IUBRZEYI B 53 5k 0.63. 0.52,
0 pg/kg 1 B1. B2, B3 HERZEMIT5-HIR 6.54. 4.77



- 24 - £ Tl B4

2.66 ng/kg, #H—L5rHTZE B, B1. B2, B3 HAhH
F 2 A DAUAR 99 i 1) R X I S ok 3 43 931 A 94,91,
114.78., 52.74. 26.20 ng/kg, Mi A. Al, A2, A3 F£5h
4 S XU ) o A A T o e B R 43331 A 79.50
48.24.27.75. 8.92 png/kg, B1. B2, B3 £ 5 b &k
XU 4 JB3 %) R o o o A BE 4 R AR T Y B9 AL
A2, A3 [¥J 2.38, 1.90, 2.94 1%, £i EFFiR, MRPs &
THOBE #E AL RS 1O RE &Y BT O TR & H 1
MRPs(FEhh Ao
2.3 ¥ MRPs FAR EMTNEXEHRITHE (DSC)
ST

2RI E (DS C) S W ity 255 PR AH 5%
MPERE A AR . FERRT THESAA T, RIS
PR FAIAL AL S S B AR IR it A 2 RE i 22 TR P A7 2
EI S i B AH E A RN, . DSC RESM T iUl 2 Jikr
KA ARAR B RS AR TRLRE , T MRS 2 7 i T T A
1,\%3%[29730]0

MRPs(A £E5)Y DSC HIZRULKE 2 . ME 2
AT LUE Y, R IR VSRS 110~150 C, BIE W)
W BRI PR B HR R S 115 °C. 4IREEIAF] 120 °C
Bk, W RGE A . ] 3 s S L MRPs SRt bt BB e
FERYF (B FEAL)DSC BZR, IE 3 Ha] DIE ), H
fE IR L A 120~300 °C, BH 52 1 W Aigs H B AsF 1)
PRJE SR 155 °C, 78 180 Fl1 250 °C X435 H B HT-1~45
A, HE R R S R R L AR O TRRE B
T 40 °C, X UL MRPs UM 2 BEA L5 7T DAY
¥ 2 P S, A LA o R R v R R e e Y
— B, THUCRE N TG RE T BT Rl 32 3o R A B s At
FEAR , PR RN 2R E | A AR A 2 R AR A AR
1t BA YOS AL T A 1 N 232 21 R A 1
J1, P ZYRE A 2 BRI Y i B, A
B PO B RE A SR A7 PRSI R S 43 B A 1, IX ]
AT T FH A BERA TSI LA 24, AR SR A A
YER . ME 3 BT LU IR 2T LI H, MRPs 19
P AR 2R AR AR B B I R U e A e Rk . 25
BT, E IR #E AL MRPs J5, A RHLYT T
MRPs [P R HCIEE , 18 i H A BRORE T30 40T 58 174 1o FH 9
FBl, DAl RS s P B

IS
o % if #1250 | 300
-10| \
m AR LR | 200 - 250
= \ =
= 20 \ , . 21200 &
= \ i |10 5177 &2
Lmv) =30 o 1005% 150 4%(
R DIL - ==t
A 40 fremmrmpinnrneeiprmneememcmneed] 5 i 100
S
50 o 50

0 5 10 15 20 25
Fif ] (min)

K2 MRPs(F:dh A)BY DSC HiZk[&l
Fig.2 Thermal degradation (DSC) curve of MRPs (sample A)
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