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, 3% Trace 1300 ISQ -
. 71 s s Thermo ; Flavour Spec -
GC-IMS MR , , GA.S ; UV-5200
) MR , ; DCY-2006
. (8]
GC-MS MR , 1.2
MR , 1.2.1 MR
MR _ 9] [13]
MR GC-MS , , 1g:10mL,
s 0.7%
MR , ( ) pH  6.0,50 , 3h;
> 100 10 min,
. MR 10min (3 000 r'min™"), 120 mL, 20
, . GC-IMS gL’ ,40gL" :
pH 8.0, 100 MR,
, 60 min, 10 min (3 000 r'min™),
, , MR 4
19 Ge-Ms
[11] 3
(21, ,  GCIMS 122
GC-MS , Dong !4 . MR
GC-IMS GC-MS 25 294 420 nm
, , MR
MR . MR
R GC-IMS GC-MS 1.2.3
5 MR 10
, MR
, MR MR
, 10 , , , 1.
MR , 1 MR
1 2.0~3.9 ’ ’ ’
1.1
) 4.0~5.9 ’ ’
’ 6.0~7.9 ’
; (1.5
. -1 . —1
AU-N-g™) (1100 LAPU-g") £.0-10.0 . ,

«C ) ;




4 .S 17
1.2.4 GC-IMS MR )
: 5mL MR , ,
20mL , 40 R R
20 min; 500 uL; 80 . , [1él.
GC : FS-SE-54-CB-1 (15 mx0.53 ,
mm, 1 pm); 60 ; 25 min,; MR
Njy; : 2mL-min” 2min, 10 o d
mL'min’  8min, 100mL-min” 10 min, 150 Yl g . M
mL-min” 5 min. 12p ) &3 _b_
IMS ; ; 45 08l [l
150 mL-min™".
1.2.5 GC-MS M o bl bl Ll [
5mL MR ()_L“J_E:EJ:EJ:]_:J
20 mL , 50
15 min, 20 min (50/30 um CAR/ 00
PDMS/DVB) 30 min, GC b MR
, 5 min. 2.2
GC  :DB-WAX (30 mmx0.25 mm, 2,
0.25 um); He; 1.6 mL-min’"; 1.0 MR
uL: : 250 . (P 0.03),
35 3min, 3 -min’ 40 MR
1 min, 5 -min’' 220 12 min. g g
MS : 70eV; 230 ’ >
50-550 m/z. ’
1.3 ’ >
SPSS 26.0 (ANOVA) MR
, P 0.05 ’
; GC-IMS LAV >
GC-IMS Library Search  Dynamic PCA 25 MR
; GC-MS NIST14.L
, 80% 727£0.15%  7.53+0.07°  7.69+0.08°
, 7.57£0.04°  7.3740.08°  7.06+0.15
; Origin 2018 7.00+0.13¢  7.68+0.13%  7.05+0.11¢
5 9.13£0.15*  9.09£0.10°  9.40+0.07*
8.70£0.11°  8.71+0.11°  8.85+0.14°
2.1 (P 0.05).
MR , 23 MR GC-IMS
, GC-IMS
s MR
, s MR , 2
3] 1 (A B C
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D E F A B C D E
) , 5 MR 1000
900
. 800
@ 700
2 600
, , 500
400 |
, 300
200
? 100 : : !
ol E y Lyt
’ 1.015 1015 1015 1015 1015 101.5
100~700 s 1.0~1.8 ms /ms
35 MR GC-IMS
GC-IMS s
, 5 MR 41
3 CAS
25 s 13 5 2 3
1 1 .
GC-IMS i C
C~Cio ,
5 MR GC-IMS
3 GC-IMS MR
A
CAS /s /ms
1 M 78-84-2  C4HgO 563.5 130.437 1.099
Methylpropanal
D 78-84-2  C4HgO 564.2 130.754 1.284
3-methylbutanal
3 590-86-3 CsH,(,O  649.9 172.249 1.406
Pentanal
4 -2- E-2-Pentenal 1576-87-0  CsHgO 744.1 236.478 1.104
5 M 110-62-3 CsH;(,O 6924 194.105 1.185
2-Hexanone
6 D 110-62-3 CsH,(,O  692.0 193.788 1.422
7 M 98-01-1 CsH,;0, 822.1 313.512 1.084
Furfurol >
8 D 98-01-1  CsH,0, 8224  313.864 1.334
9 M 66-25-1 C¢H;,0  790.4  276.540 1.253
hexanal
10 D 66-25-1 C¢H;,0  789.5 275490 1.564
11 2- M 6728-26-3 CeH,,O 843.8 338.821 1.183
12 2- D (E)-2-hexenal 6728-26-3 C¢H,,0O 844.1 339.193  1.526
13 2- P 6728-26-3 CeH,,O 844.1  339.193 1.831
14 M 111-71-7  C;H,,0 898.9  408.119 1.332
Heptanal
15 D 111-71-7  C;H;4,0 898.7  407.742 1.698
16 M 100-52-7  C;H4O 951.4  509.228 1.152
17 D Benzaldehyde 100-52-7 C;HO 951.1 508.782 1.475
18 P 100-52-7 C;H4O 951.1 508.782  1.628
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CAS
/s /ms
19 M 124-13-0 CgH;cO 10057  612.532 1.404
Octanal
20 D 124-13-0 CgH;cO 10057  612.532 1.828
21 phenylacetaldehyde  122-78-1 CgHgO 10424  678.044 1.253 ,
22 n-Nonanal 124-19-6  CoH;sO 11058  791.399 1.473
23 Decanal 112-31-2  CjoHy0O 12259 1005918 1.535
24 2- M 78-93-3  C4HgO 585.1 140.890 1.059
2-Butanone
25 2- D 78-93-3  C4H30 585.1 140.890 1.252
26 2- 2-Hexanone 591-78-6  C¢H;,O 782.1 267.608 1.187
27 Cyclohexanone 108-94-1 C¢H,;,O 896.4 403.312  1.152
28 2- M 110-43-0 C;H,;4,0 889.3 391.843  1.262
2-Heptanone
29 2- D 110-43-0 C;H;4,0 890.4 393.154 1.634
30 2- 2-Octanone 111-13-7  CgH,cO 993.2 589.776  1.337
31 M 64-17-5  C,HsO 521.0 109.848 1.046
Ethanol
32 D 64-17-5 C,HO 529.5 113.966 1.126
33 3-Octanol 589-98-0 CgH;30 982.5 569.249 1.403 s
34 M 141-78-6  C4Hg0, 607.4 151.660 1.098
ethyl acetate
35 D 141-78-6  C4H0, 606.7 151.343  1.340
36 M 123-86-4 C¢H;;0,  804.2 292.643 1.238
Butyl acetate
37 D 123-86-4 C¢H;,0,  804.8 293.343  1.624
38 2 methyl 868-57-5 C¢H,0O 751.5 242.492  1.187
i 2-methylbutanoate e o ' ’ ’ ,
39 2,5- M ) ) 123-32-0  C¢HgN, 916.1 441.309 1.114
2,5-Dimethylpyrazine )
40 2,5- D 123-32-0  C¢HsN, 915.5 440.178  1.499
41 2- 2-Ethylfuran 3208-16-0 C¢HgO 696.4 197.394  1.048 s
‘M D P
MR )
R Gallery R
Plot 4 , -2- (18]
b b b MR b
, 4
R , MR
4 ,C D E
, , MR , 1
s ) MR
2- 2- 2- 2- , .2
2- ; MR .4
A 1 2 3 4 MR 3 2,5-
2,5- MR R
;5 6 MR
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4 , 5 21
, , 16 r
e
ur = ER
MR, ’ 3 B
MR 4 12 + E=
, GC-MS GC-IMS 10 i
, )5 8
=
MR 24 6 éE
-
2- 3,5- -2- -4- ;E ¥
,E »
2. 4- - 2 éi
P
2,5- 2 -36- 0
17273_ 9
MR 6 5 MR
4 GC-MS 5 MR
/%
1 3-Furaldehyde 3- CsH,0, 0.37 - - - - -
2 Furfural CsH4,0, 4.37 - - - - -
3 (E)-2-Methyl-2-butenal -2- -2- CsHgO - - - 3.62 - -
4 2-Methylcrotonaldehyde 2- -2- CsHgO - - - - - 2.32
5 Hexanal CeH ;O 214 226 072 237 148 2.72
6 4-Methyl-3-pentenal 4- -3- CeH; 0O 0.85 - - - - -
7 2-Ethyl-2-butenal 2- Ce¢H,cO - 0.66 - 0.68 - -
8 (Z)-4-Heptenal -4- C,H,0O 5.03 571 248 7.01 5.08 8.03
9 Benzaldehyde C/,HO 3.15 562 238 586 325 1539
10 Benzeneacetaldehyde CgHgO 044 193 031 127 207 -
11 1-Methyl-3-cyclohexene-1-carbaldehyde 1- -3- -1- CgH|,0 - - - 1.98  2.26 -
12 Nonanal CoH ;50 - - 1.00 - - 1.61
13 Decanal C;o0H, O 0.41 042 - - - -
16.76 16.60 6.90 2278 14.14 30.07
14 2-Heptanone 2- CH, O 184 272 081 099 1.05 1.98
15 2,3-Heptanedione 2,3- C;H,0, 095 149 - - - -
16 3,5-Octadien-2-one 3,5- -2- CH,O 7.19 7.82 424 396 7.08 -
Cyclohexanone, 2-(2- -2- )
17 ) CoH;3NO; 0.26  0.34  0.08 - 0.12 0.22
2-(2-nitro-2-propenyl)-
18 3-Heptanone, 2,6-dimethyl- 2,6- -3- CoH;3O 1.85 - - - - -
19 Cyclopentanone, 2-cyclopentylidene- 2- CoHi,0 - 0.17 - - - -
20 Cyclohexanone, 2-(2-butynyl)- 2-(2- ) CioHi,0 - - - 0.36 - -
21 3-tert-butylcyclohexan-1-one 3-( ) CoH 30 - - - - 0.24 -
22 3-n-Propyl-5-methylhexan-2-one  3- -5- 2-  CyoHyO - - - - - 0.24
2,2,6,7-Tetramethyl-10-oxatricyclo[4. 2,2,6,7- -10-
23 C;3HyO, 135 3.08 233 648 4.10 6.15
3.0.1(1,7)]decan-5-one [4.3.0.1(1,7)] -5-
2,6-Di-tert-butyl-4-hydroxy-4- 2,6- ( )-4- 4-
24 ) CisHO, 025 023 034 025 0.79 1.29
methylcyclohexa-2,5-dien-1-one -2,5- -1-
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/%
7,9-Di-tert-butyl-1-oxaspiro(4,5)deca- 7,9- -1-
5 Ci7H»40; 0.05 0.05 - 0.02 - -
6,9-diene-2,8-dione 4,5) -6,9- -2,8-
13.74 1590 7.80 12.06 13.38 9.88
26 2-Penten-1-o0l, (2E)- -2- -1- CsH; O 0.07 0.04 0.02 - - -
27 (2Z)-2-Penten-1-ol -2- CsH;,O 4.51 393 152 346 3.60 3.86
28  1,2-Cyclopentanediol, 3-methyl- 3- -1,2- Ce¢HpO3 0.19 048 0.07 029 0.20 0.21
29 2,4-Hexadien-1-ol 2,4- -1- Ce¢H ;O - - 019 087 031 0.83
30 2,4-Dimethylcyclopentanol 2,4- C;H,0 - 0.06 0.11 0.24 - -
31 5-Hepten-2-ol, 6-methyl- 6- -5- -2- CgHisO 221 218 097 2.01 1.52 -
32 1-Hexanol, 2-ethyl- 2- CgHisO 1933 22,11 3.13  4.69 - -
33 Cyclohexanol, 2,4-dimethyl- 2,4- CgH ;4O - - 007 020 - 0.09
34 3-Nonen-1-ol, (Z)- -3- -1- CoHisO  0.93 - - - - -
35 Trans-2-Nonen-1-ol -2- -1- CoH, 50 - 0.98 - 0.78  0.86 -
36 1-Allyl-1-cyclohexanol 1- CoH;40 - - - - 0.90 -
37 Terpinen-4-ol 4- CioHO 099 1.16 0.66 125 1.21 2.62
38 alpha-Terpineol a- CjoHO 0.80 093 0.13 138 122 224
39 2-Cyclopropyl-2-nitro-1-phenyl- ~ 2- -2- -1- - C H;3NO _ 501 065 0.94 _ _
ethanol 3
40 3-Methyl-2-(3-methylpentyl)-3-buten- 3- -2-(3- )-3- CLHWO - _ B 0.27 _ _
1-ol -1-
41 2-Nitrohept-2-en-1-ol 2- 2- -1- CysHypO3 - - - 0.37 - -
29.04 33.88 7.50 16.74 9.83  9.85
42 2,4-hexadienyl isobutyrate 2- -2,4- CioHis0, - - - - - 2.84
Cyclopropanecarboxylic acid, 20 3@
43 2,2-dimethyl-3-(2-propenyl)-, ethyl CHigO, - - - 0.33 - -
ester, trans- )
4 2,2-Dimethylpropanoic Acid Phenyl 2. CLHLO, - B B _ 0.80 B
Ester
Propanoic acid, 2-methyl-, 2- -3- -2,2.4-
45 i CpH40; 023 041 0.11 036 037 045
3-hydroxy-2,2,4-trimethylpentyl ester
46 Hexanoic acid, 2-methylphenyl ester C;3H 30, 0.45 - - - - -
47 Dibutyl phthalate CisH04 022 0.13 - 0.18 - -
2,2,4-Trimethyl-1,3-pentanediol 2,2,4- -1,3-
48 . CigH3004 - - - - 1.69 -
diisobutyrate
49 Phthalic acid, hex-3-yl isobutyl ester CisHysO4 021 039 0.06 0.51 030 0.26
.12 093 0.16 137 3.15 3.55
50 Pyrazine C,H,N, - 0.68 - 1.38 26.10 -
51 Pyrazine, methyl- 2- CsHeN, 1.51 1.11 0.87 - 2.98 1.22
52 Pyrazine, 2,5-dimethyl- 2,5- CeHgN, 6.78 4.66 4449 546 558 15.19
53 Pyrazine, 2,6-dimethyl- 2,6- CsHgN, - - 0.14 - - -
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/%

54
55
56
57
58
59
60
61
62
63
64
65
66

67

68
69
70

71

72
73

74

75

76

77
78
79

80

81
82
83
84
85

Pyrazine, 2,5-diethyl-
2-Ethyl-3,6-dimethylpyrazine
Pyrazine, 2,6-diethyl-

2,5-
2- -3,6-
2,6-

Pyrazine, 2-methyl-5-(2-propenyl)- 2- -5-(2-

2-Ethyl-3,5-dimethylpyrazine
Pyrazine, 2-methyl-5-propyl-
2-Acetyl-3-ethylpyrazine
Pyrazine, 2,3-diethyl-5-methyl-
Pyrazine, 3,5-dimethyl-2-propyl-
Pyrazine, 3,5-diethyl-2-methyl-
Pyrazine, 2,5-dimethyl-3-propyl-
3,5-Dimethyl-2-isobutylpyrazine
Pyrazine, 2-butyl-3,5-dimethyl-
Pyrazine,

2,5-dimethyl-3-(3-methylbutyl)-

2-Hydroxytetrahydrofuran
Furan, 2,5-dihydro-3,4-dimethyl-
Furan, 2-ethyl-5-methyl-
Tetrahydro-2,2-dimethyl-5-(1-methyl
propyl)- furan

2,2-Dimethoxybutane
1,5-Cyclooctadiene
4-Ethenyl-3,8-dioxatricyclo[5.1.0.02,
4]octane
Ether, tert-butyl 3,3-dimethylbutyl
Cyclohexene,
1-acetyl-2-(1-hydroxyethyl)-
trans-4,5-Epoxydecane
Pentadecane
1,2-15,16-Diepoxyhexadecane
1,1'-Bicyclohexyl,4-ethenyl-4'-pentyl-,

(trans,trans)-

Disulfide, dimethyl
1,2,3-trimethyl-Benzene
1-ethyl-3-methyl-Benzene
Phenol, 2-methyl-5-(1-methylethyl)-
2,4-Di-tert-butylphenol

2- -3,5-
2- -5-

2- -3-
2,3- -5-
3,5- -2-
2,6- -3-
2,5- -3-

3,5- -2-
2- -3,5-
2,5- -3-(3-

2-

3,4- 2,5-
2- -5

2,2- 5-(1-

2,2-
1,5-
4- -3,8-
[5.1.0.02.,4]
1- 33-
- -2«(1-

45-

1,2-15,16-
4- 4

1,2,3-

2,4-

)

CsHiN,
CsHipN,
CsHipN,
CsHioN,
CsHipN,
CsHipN,
CsHioN,O
CoHi4N,
CoHiN,
CoHi4N,
CoHiN,
CioHi6N,
CioHi6N,

CiHysNy

C4Hg0,
C6H 1 OO
C,H,,0

C IOHZOO

CsH140,
CsHy,

C8H1002
CIOHZZO
CIOI{I()OZ

CIOHZOO
C15H32
C16H3002

C 1 9H34

C,HgS,
CoHy,
C9H12

CioH,40
Ci4H»0

0.16
4.92
0.50

0.24
0.76

3.78

18.67

1.02

2.53

3.55

0.92
4.77
4.85
2.99
1.79
1.81
16.21

0.24
6.00
0.79

0.36
1.06
1.10

2.39

18.39

0.18

0.32
0.28
0.47

0.27

1.52
3.18
5.23

3.32
1.05
12.78

0.23
13.39
0.88
0.80

0.28
1.88
0.44
0.11
0.82
0.38

6.12

70.82

0.00
0.42

0.26

0.16

0.01

0.85
0.77
2.18

2.28
0.73
5.96

0.40
5.51

0.48
1.41
1.32

2.69

18.65

0.23

0.28
0.36
0.04

0.91

4.04

23.45
27.49

0.27
5.95
0.64

1.00

0.37

1.07
1.08

4.20

49.23
0.21

0.10

0.32

0.11

0.23

0.15
0.30

0.16

0.96

3.54

3.94

1.51
8.99

2.55
10.38

1.08
0.77
1.07
1.99
2.84

1.46

38.55

0.00
1.99

0.29

0.07

0.02

2.37

4.03

1.70
5.73
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MR
, Strecker 29.04% 33.88% 7.50%
(20 16.74% 9.83%,
16.76% 16.60% 6.90% 22.78% 14.14%. C3- 0 -12-
MR 2- 4- MR
4- , , 4-
[21-22] _4_ [33] MR . 2_
4 , MR , ,
19.33%  22.11%, B34
Strecker (221 s , MR
MR ’ 23] ’ [35]
MR
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[25]
MR , [36]’
MR ., GC-IMS , 1.79%
2- 0 2 , 3.32% 2.28%  3.94%.
[26]’ MR
MR
b [37] b
, Strecke (27,
9.88%, 18.39% 18.39% 70.82% 18.65%
4923%  38.55%, MR
, 13.74% 15.90% 12.06% ,
13.38%, . 2,5- MR
MR 3, 2- ., GC-IMS
(281 3 5. 2- MR ,
, MR
7.19%
7.82% 4.24% 3.96% 7.08%, (29, o 381, ,
MR
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The difference analysis of volatile components in Maillard reaction products
prepared from hydrolysate of Antarctic krill powder and five kinds of
reducing sugar

WANG Mengyun'~, DU Jieyu'”, SANG Shangyuan'*, TANG Haiqing”, OU Changrong'*"
( 1.College of Food and Pharmaceutical Sciences, Ningbo University, Ningbo 315832, China; 2.Faculty of Food Science,
Zhejiang Pharmaceutical College, Ningbo 315100, China; 3. Key Laboratory of Animal Protein Food Deep Processing
Technology of Zhejiang Province, Ningbo University, Ningbo 315211, China )

Abstract: The current study was aimed to explore the difference of the volatile components in Maillard reaction
products prepared from hydrolysate of Antarctic krill powder and ribose, xylose, fructose, glucose, and galactose.
The Maillard reaction products were detected by intermediate products contents, degree of browning, and
sensory quality, and volatile components were analyzed by gas chromatography-ion mobility spectrometry
(GC-IMS) and gas chromatography-mass spectrometry (GC-MS). The results showed that Maillard reaction
products prepared by ribose produced the most intermediate products. The same reaction also produced the
largest degree of browning and an attractive color with strong shrimp flavor. GC-IMS demonstrated that five
kinds of Maillard reaction products displayed significant differences in the volatile flavor. The fingerprint and
principal component analysis could effectively distinguish the Maillard reaction products prepared from different
reducing sugar species. GC-MS indicated that the causes for the discrepant results were the content of volatile
compounds and the difference of characteristic compounds. Furthermore, the cluster heat map could
comprehensively and intuitively reflect the changes of volatile components. GC-IMS has a much stronger
distinguishable power and GC-MS possesses more reliable identification. The combination of GC-MS and
GC-IMS has complementary advantages and could better reflect the differences of volatile components in five
kinds of Maillard reaction products prepared different reducing sugar. The results provide a scientific basis for
the selection of optimal reducing sugar and the development of flavor products of Antarctic krill.

Key words: reducing sugar; Antarctic krill powder hydrolysate; Maillard reaction; gas chromatography-ion
mobility spectrometry; gas chromatography-mass spectrometry; volatile components



