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WP IR A b o T35 B 5 1 7K i S BRIV JRR 2 L
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HEERGEEDIA 40 mL Z& ke, #1714
I B R A, B AR i £ = 4T 2RI
FEFFANE :4 °C/min J} %280 °C, {4 10 min, H{EX,
10 min, Hj3 300 W, FEIEE AT , TFHE A B2
RE =, FTIF RS I A O, 208 1815 3 &
AR R R B A

He MAE 2545 21 69 58 16 eh I v 21 218 1
YT RN AL 1 s B SAFE 255 2518
R AR 25 OB b 1 4 A U3, 5 7E 30
min A 0058 A8, 188 HE VBCEE O R 24 R IR TE A
ORI . SAFE S8 2510 3k Je Z IR K I
550 °C, ARG S FLE 10.3 x 107 Pa 545,
ZIRAR G BCT FO, %R T 15 52 O Rl 1k
J&  IMATEK Na,SO, e 1 /N R 25 Herhk o),
T IEAT L5 A #4825 1 UK 80 20 1) 88 W i RO o
IR 284 2 10 mL JF R WK E 0.5 mL 1 F &
BT

1. R

Dripping funnel

" 4.7k
Distillation head
5.758F Cold trap

2. ZEm 6. B
Distillation T Receiving flask
3. (RIGARE — 1 T RARE

Cryostat mean: Cryostat means

-

1 SAFE XETREE
Fig.1 Schematic diagram of SAFE

1.3.3  GC x GC/HR-TOFMS 73 # th 4t 4% 5 1 45

G A 4SO S A 55—+ DB-
WAX (15 m x 0.25 mm x 0.25 pm), 55 %
DB-5 (1.2 mx 0.1 mm x0.4 pm) , ¥y F L4
AW, PR G A AL T W] — AR iR A b, il B
A s LA Iy A0 . HEAE TR
250 °C ,# S/ He, 4l 99.999% , ik 1.0 mL/
min, Ji 7 30 psic JhIERFEF Q0T iR 40
C,LL1 C/min 743 70 °C,4%4F 5 min, FFLU 1
°C/min F}3) 130 °C , /54 Smin J5 L) 3 C/min F}
7230 C &5 S min, 3L 201 i B X THER
FEIF R W1 A TR 280 °C, A 1 C/min T} % 330
Co JAHI I 7s v W ] 300 ms, FEFERE N 1
plo

HR-TOFMS Z%f4: i 5% i (EL) 255, 1
THER 70 eV, B 7 IR T 230 °C, 15 f 2k i &
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1, 55 : MAE-SAFE-GC x GC/HR-TOFMS 3 % 48 th A S B 25 PR 1 631

280 °C, R E 7L 40 ~ 340 amu, TOFMS R4
FFiZ 100 Hz, %557 2E3R 6. 8 min,

FEMETT B RN A3 HY B GE E A Y Zoex GC-
image HRMS 2. 3 BAEFEAT 007, FIrAs G s 1 (&
SRR, B A, U3 5 h NIST11 35 1%
PEATRRZ . X T UCACEE 700 ~ 800 HYfLG Y, E—
AR RGBS i RO T 0
2 HER50H
2.1 GC xGC/HR-TOFMS 4458

K2 &/~ T i GC x GC/HR-TOFMS R4

PR P AR SR 4 Bl RE a5 A R R —
YERi . 7R 30, F-AF-G, M-A, M-G 23 54

6.132
5.110
4.088
3.066
2.044
1.022

0
6.000 29.825 53.650 77.475 101.300 125.124

() F-A HEEAERA

Column II/s

6.132
5.110
4.088
3.066
2.044
1.022

0

Column II/s

(c) M-A HEEERA

6.000 30.016 54.032 78.049 102.065 126.081

FEMEAER A (Female crab-Abdomen meat ) , Bt % {4:
% ( Female crab-Gonad ) , #E % {4 Py ( Male crab-
Abdomen meat ) , i %2 {4 I ( Male crab-Gonad)
TE_HEEUG b KA AR R AL S W TERE 1 Y
PREA T a], A6 WA A b 5 T i o S 43
B H A AR AR AL S AR A 2 B £R BRI I],
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%O

Column II/s

6.000 30.095 54.191 78.286 102.382 126.477
(b)F-G HEEREHE IR

6.132
5.110
4.088
3.066
2.044
1.022

0
6. 000

Column II/s

30.094 54.189 78.283 102.378 126.472
(DM-G MR

2 hEREBERESKRY R AEE
Fig.2 The 2D-image of Chinese mitten crab volatile compounds by GC x GC-HR/TOFMS
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X SENAEY Swiey FERLEY R RBX JiEES L2

2
Aldehydes Ketones S—compound
N-compound

Aromatics

Alcohols Esters Acids

Hydrocarbons

B3 heEFERELMSKYRSEXCEE

Fig.3 Summary of Chinese mitten crab volatile compounds
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2-PRE AL R OK 7 il v A R B
(RIS H 22 WA HLREE GC-O A3 M i) i v LA 7
AR DN AR (7/8 ) B 53 W 1) 31, B (LRI,

http: //www. shhydxxb. com

SEMERE 'k R A LR T 2- P 2T M R
TR TS P R P PPk it LT S
Wi (H (R, % A DTk PR, ASBIE S F 7 M
PERIA G

MRSEAE 59 (36 2) — BERA 7 A RS
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Fo AP EARERAYE , AU B WAL h ARG
B rpoR Hh 22 2 SR AR B 4H-2,3- 3,5+



4 4 4% i, 4 : MAE-SAFE-GC x GC/HR-TOFMS % % 5 2l v A B B4 R M XU I8 03 633
it 27 SRL R AL B IS A IR X7 iR e ) S | 0% 3 v 3 - N DS 2 O o U K (B - S~y e
RIVRT R A A 25 W, 22 2F R TEVE IR AR i A K W A B B, 7EME IR b 3 s, R %
H TR A ) 5 D0 0 A O e P A e DY R R MR R R A TR R
RRE AN [ 1 ] A P RS A 5 e A
®1 heegERaaiPUBERER TSR R
Tab.1 Aldehyde volatiles in Chinese mitten crab edible parts
P B I ] NN WA TR AR P 0
L 0% Retention time Library match/Reverse match factor Percent response% T
Compounds /k T T Identification
P (neke) R[. RT F-A F-G M-A M-G F-A F-G M-A M-G
I /min I /s
52 Aldehydes(18)
JR ¥ Pentanal 9 6.3601 2.0500 878/896 870/884 831,879 877/892 0.502 2.468 0.117 1.909 MS,AM
2R R 0.6 6.7147 2.5935 855/922 N.L N. L N.I.  0.106 N.I N. 1 N. L MS,AM
2-Methylpentanal
Eﬁ%ﬁkﬁ;% 0.025 8.2891 1.6729 N.I. 792/883 N.L N. L N.I.  0.217 N.I N. I MS,AM
Methacrolein
T\ ¥ Hexanal 4.5 10.2612 3.0995 865/870 891,892 835/858 882/876 0.460 2.515 0.114 3.283 MS,AM
2HOL2-THREE 450 9 10,7650 2.3072 802850 N.I  N.L NI 0.198 NIL NIL NI MS
2-Methyl-2-butenal
(E)-2- RSl 1500 12.6261 2.3131 N.L 8987899 N.I. 889/890 N.I. 0.234 N.I. 0.194 MS,AM
(E) -2-Pentenal
BEfiE Heptaldehyde 2.8 16.7432 4.6892 901/887 891/898 893/911 902/906 0.092 0.526 0.042 0.667 MS,AM
32 TR - 17.4635 2.3239 931/959 933/965 895/954 920,958 0.065 0.365 0.102 0.295 MS,AM
3-Methyl-2-butenal
(E)-2-CImRE 19.2 19.0112 3.2425 N.L. 9007906 N.I. 902/907 N.I. 0.005 N.IL 0.009 MS,AM
E)-2-Hexenal
(Z)4-Beliiie 4.2 21.3003 3.9447 N.I. 8537881 N.I. 782/868 N.I. 0.125 N.IL  0.038 MS
(Z)4-Heptenal
Y[ Octanal 0.7 25.7578 6.5521 N.I. 816/853 N.I. 831,862 N.I. 0.177 N.I. 0.178 MS
(Z)2-Petif 13.5 28.7610 4.3177 N.I1. 884,951 N.I. 899,950 N.I. 0.052 N.I. 0.032 MS,AM
(Z)-2-Heptenal
T Nonanal 1.1 37.7196 2.2223 817/861 856/879 820/876 877/858 0.074 0.317 0.124 0.384  MS,AM
(E)2-: il 3 41.2990 6.0822 N.I. 855/867 N.I. 845,910 N.I. 0.036 N.I. 0.202 MS,AM
(E) -2-Octenal
(E,E)-2,4-JR —IfiE
(E. E) 2 .4-Heptadienal 15.4 49.0062 3.5682 N.L. 902/910 N.I. 896,902 N.I. 0.356 N.L 0.621 MS,AM
R HE Benzaldehyde 350 51.7036 2.6854 901,919 911/924 868/926 918/958 0.780 1.634 0.150 2.313 MS,AM
(E,Z)-2,6-TJfiE
(E. 7) 2.6-Nonadienal 0.8 60.4545 5.1735 N.I. 833/909 N.I. 801,917 N.I. 0.079 N.I. 0.084 MS,AM
KO
4 65.9963 2.7003 N.I. 887,916 N.I. 889,917 N.I. 0.479 N.I. 0.103 MS,AM
Phenylacetaldehyde

TE M5 a MS,NISTH SR ZERR ZE M, AM, KSR BT EUE M s BIME b. A B A G SCHRIRAS , R 5 7k
Note: Identificationa method: MS, compared with NIST11 Mass Spectra Database; AM, agrees with the accurate mass determination; Threshold
b :mainly obtained from literatures which applied water as the matrix
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Tab.2 Ketone volatiles in Chinese mitten crab edible parts

78 i IE] E/ I DE e jE TR 2
YR i/ Retention time Library match/Reverse match factor Percent response% EETT
Compounds (pg’kg) RT RT Identification

1 /min 11 /s F-A F-G M-A M-G F-A F-G M-A  M-G

M-G [fiZ& Ketones(20) -
3 - L3 T Hs-2-f
3-Methyl-3-buten-2-one
4R
N HE-2- L
4-Hydroxy-3-
propyl-2-hexanone
2,31
2 ,3-Pentanedione
4-H1-2-C
4-Methyl-2-hexanone

2-F#fifi 2-Heptanone 141 16.5415 4.4197 N.I. 808/844 N.I. 817/842 N.I. 0.054 N.I. 0.025 MS,AM
3-HHE3-
-2~ T
3-Hydroxy-3-
methyl-2-butanone
2D 4
L3R
2-Hydroxy-2 ,4-
dimethyl-3-pentanone
2- LB I I
2-Methyl-cyclopentanone
35 FE TN
3-Hydroxybutanone
1 FE2- P
1-Hydroxy-2-propanone

- 6.7202 1.8597 825/848 846,870 783/831 847/866 1.145 0.873 0.285 0.733 MS,AM

- 6.7223 2.5847 N.I. 840/850 841/856 837/847 N.I.  0.083 0.040 0.069 MS

20 9.2528 1.9155 N.I. 871/881 N.I. 865/872 N.I. 0.678 N.I. 0.665 MS,AM

16.6015 4.399 N. L N. L N.I.  799/844 N.I. N.I. N.I. 0.028 MS,AM

- 21.3335 1.8021 801/826 N.I. N.I.  795/825 0.044 N.L N.I. 0.026 MS,AM

- 21.3704 1.8012 N.L N.I.  786/892 N.L N. L N.I.  0.020 N.L MS

24.7936 3.4283 N.L N. L N.I.  786/877 N.L N. L N.L. 0.047 MS,AM

- 24.9357 1.5999 847/848 818/821 841/844 837,838 5.309 1.021 1.191 1.483 MS,AM

- 26.136 1.4302 913/914 922,922 904/906 921,922 6.288 1.798 1.349 2.365 MS,AM

1243 - 26.9626 5.2819 N.I. 853,901 N.I.  790/835 N.I. 0.155 N.I. 0.074 MS
1-Octen-3-one

WENEMERR Furazolidone - 52.2613 1.425 N.L N. L N.IL. 796,922 N.I. N.L. N.IL.  0.069 MS
(E,E)-3,5-
¥ -2-
(£, E) 3.5 150 52.8646 4.3164 N.I. 805/878 N.L 867/858 N.L 0.066 N.I 0.076 MS,AM

Octadien-2-one
ZK 1 Acetophenone 65 66.641 2.9231 889,901 871/834 881,907 859/861 0.252 0.326 0.631 0.537 MS,AM
2(SH) -k
2 (5H) -Furanone
2(5H) -5-Z Hk g
2 (5H) -5-Ethylfuranone
72 ZE [ Maltol 35 101.0682 1.8418 N.I. 869/894 N.I. 866/890 N.I. 0.224 N.I. 0.179 MS,AM
4H-2 3-T5(3,5- -
6- A I -4- i
4H-2,3-2H-3,5-Dihydroxy-
6-methylpyran-4-one
5 Yk — Sk -2 -
5-Hydroxymethyl - 124.7854 1.2082 N.L N. L. N.I.  892/919 N.L N. L. N.I.  0.543 MS,AM
dihydrofuran-2-one

2(3H) 4-FHE-
MR
2 (3H) 4-Hydroxy-
dihydrofuranone
TEEVETr i a. MS, NISTUL 35 RS 2R @ T, AM, A 0 BBk B0E T 5 B b. A5 IR & SCRARAS , Rl 4 B 7K
Note ; Identificationa method: MS, compared with NIST11 Mass Spectra Database ; AM, agrees with the accurate mass determination; Threshold b
mainly obtained from literatures which applied water as the matrix

- 77.3614 1.533 890,912 830,903 906,937 825/898 0.207 0.061 0.184 0.046  MS,AM

- 78.2847 2.0446 N.I. 836/884 N.I. 865/818 N.I. 0.042 N.I. 0.032 MS,AM

- 118.1558 1.2557 N.I. ~ 828/927 N.L N. I N.I.  0.024 N.L N. L MS,AM

- 128.2077 1.151 875/904 N.I1.  882/912 858/938 6.003 N.L  5.059 2.407 MS,AM
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Hill, % : MAE-SAFE-GC x GC/HR-TOFMS 4 %7 il v AR S50 B 5 0 A KUK B o3 635

FRAGY (K 3) IR RN A
ST , T URBIER AR (S ~ 10 mg/kg)
AR R I BTIRAR K 0 AP ge A 7 Ry
AL WAL, BR PR E G R AL 590 Z 51, 300
EHRTRMAGY. RIS RASY, it
R IR JIEE % 455 1 T e i RO T e 2
T i1 JUME 2 [ 1 S 1 48 SN L 2 kTR 11 A ik %
B R IS , 2Rt R AR Aok i T
AHFFENIIAGEAT A T8 A, o™ A R
BRI A SR AN = L g8 Oy 1A P Fh kA Y
RS 73 , B A b SR R AR P R R R e Y
FRAG Y, B EAR, 7T LA 2R A f
WERAO R, AT RRERRE " ik
P B e SR PP 5 R R R, X 2 A 0B M XU AT —
SE TR, 8 SR LS PR, AR F

2- B i (S A P JU R R ), 8 I PR
WAL=, B, A T 4 b SR 7
VRS o A B 35 B mT BE X P it 114 XU A
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Tab.3 Nitrogen-containing and sulfur-containing volatiles in Chinese mitten crab edible parts

PR B ek ] 1E/ R VE B AT AR o
L [ {ij>, Retention time Library match/Reverse match factor Percent response% Py
Compounds k, Identificati
P (ne/ke) RT, RT F-A F-G M-A M-G F-A F-G M-A cnitiedtion
I /min I /s
A& ALE Y Nitrogen-containing compounds(7)
AL E Pyridine 2000 16.3618 2.0712 N.I. 869,907 N.I. 810/891 N.I. 0.176 N.I. 0.122  MS,AM
- IR Mg
3 Eﬁ%}{ﬁq 19.0112  1.993 N.I. 820865 N.I. 8137858 N.I. 0.078 N.I. 0.036 MS,AM
3-Methylfuran
JLA2- (200 k) UK 27.083 6.1339 N.I. 799/891 N.I. 801/866 N.I. 0.095 N.I. 0.072 MS,AM
trans-2- (2-Pentenyl) furan
2’5-.#'13%%% 800 28.7528 3.3389 N.I. 781/841 N.L N. L N.I.  0.051 N.L N. L MS
2 ,5-Dimethylpyrazine
N’N_.#EP%EP M}H 100000 29.1968 1.87 894/914 890,920 891,930 875/905 0.861 0.477 0.207 0.346  MS,AM
N, N-Dimethylformamide
:@%ﬂ[:tﬂﬁ 350.12 38.5315 4.7926 831/872 N.1. 801,872 N.I. 0.088 N.I. 0.032 N.L MS,AM
Trimethylpyrazine
H % Formamide 83.5856 1.1566 N.I. 798/931 N.I. 9137930 N.I. 0.123 N.I. 0.202 MS,AM
E AL &) Sulfur-containcompounds (4)
#Hﬂ)j’_‘l#ﬁjﬁ 9.7212 2.3819 832/849 823/815 834/879 813/813 0.049 0.033 0.035 0.033 MS,AM
Dimethyl disulfide
]
ﬁﬂﬁfﬁ%[ B 0.45 44.1237 2.4777 881/903 917/923 862/906 916,921 0.159 1.630 0.124 1.255 MS,AM
Methylthiopropanal
- - IGE IRA
2 Z%ng 4 66.7306 2.4073 799/862 877/912 831/897 863/868 0.061 0.134 0.042 0.099  MS,AM
2-Acetyl thiazole
— L 93.2363 1.3427 923/927 914/922 909/930 921,931 0.610 0.498 0.341 0.395 MS,AM

Dimethyl sulfone

TEEVETT % a. MS, NISTLL 3% PRAS 28 E P, AML, A B 5B 230 18 5 BR(EL b. 25 [ AR 52 SCHRARTS , feril 2 i A 7K

Note ; Identificationa method; MS, compared with NIST11 Mass Spectra Database ; AM, agrees with the accurate mass determination ; Threshold b ;

mainly obtained from literatures which applied water as the matrix
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Identification of Chinese mitten crab volatile compounds based on MAE-
SAFE-GC x GC/HR-TOFMS

LI Nan', WANG Xichang', ZHENG Fuping’

(1. College of Food Science and Technology, Shanghai Engineering Research Center of Aquatic — Product Processing &
Preservation, Shanghai Ocean University, Shanghai 201306, China; 2. Beijing Key Laboratory of Flavor Chemistry, Betjing
Technology and Business University, Beijing 100048, China)

Abstract: Microwave-assisted extraction combined with solvent assisted flavor evaporation( MAE-SAFE) was
applied to extract the volatiles from two edible parts of Chinese mitten crab, abdomen meat and gonad part.
The volatiles were quantitatively analyzed by the comprehensive two-dimensional gas chromatography/high
resolution-time of flight mass spectrometry ( GC x GC/HR-TOFMS) , and identified by the retention index
with an aid of the NIST11 library. A total of 122 volatile compounds were identified, which is the largest
identification number among similar researches of same material, and 60 compounds were double identified by
the accurate mass ( AM) determination. More aldehydes, ketones, nitrogen-containing compounds in gonad
part with total of 108 compounds were identified, while only 75 volatiles were identified in abdomen meat.
MAE-SAFE has a better effect on the extraction of polar thermo-sensitive volatile compounds than other
volatile enrichment method, and 20 ketones, 27 alcohols, 7 nitrogen-containing compounds, 4 sulfur-
containing compounds were identified. The gentle and rapid heating method ensures the authenticity of the
aroma components. GC x GC / HR-TOFMS with high resolution and high peak capacities enabled isomeric
compounds like (E) -2-penten-l1-ol and (Z) -2-penten-1-ol to achieve full separation. Compounds like
formamide ( ammonia flavor) , maltol ( baking-like flavor) and its precursor 4H-2 ,3-dihydro-3,5-dihydroxy-6-
methylpyran-4-one were first detected in Chinese mitten crab. Therefore, this study provides comprehensive
and reliable volatile component information for subsequent screening of key aroma compounds.

Key words: Chinese mitten crab; microwave-assisted extraction-solvent assisted flavor evaporation ( MAE-

SAFE) ; comprehensive two-dimensional gas chromatography/high resolution-time of flight mass spectrometry

(GC x GC/HR-TOFMS) ; volatile compounds
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