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GC-MS Analysis of Volatile Components in Non-heading Chinese Cabbage
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(1. Department of Horticultural, Jilin Agricultural University, Changchun 130118, China;

2. Vegetable Institute of Shandong Academy of Agricultural Sciences, Jinan 250100, China)

Abstract: The composition of volatile compounds in non-heading Chinese cabbage was analyzed by head space-solid phase
microextration and gas chromatography-mass spectrometry (GC-MS). Forty-two, forty-one and thirty-eight compounds were
detected in Wuyueman, Jingguan, and Suzhouqing Chinese cabbage varieties, respectively, mainly including aldehydes,
ketones, alcohols, nitrile, esters and heterocycles. Moreover, 2-hexenal, 2,4(E,E)-hexadienal, 2,4(E,E)-heptadienal, 2(5H)-

furanone, 5-ethyl, 1-penten-3-one, 3-hexen-1-ol, 2-penten-1-ol, benzenepropanenitrile and benzene (2-isothiocyanatoethyl)

were the major aroma components in non-heading Chinese cabbage.
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Table1 Volatile components and relative contents in non-heading Chinese cabbage

X5 8/%
B wEY
AT S byl

2- Ui 2-hexenal 29.70 26.86 2223

3- U4 (2)3-hexenal(2) 2.07 7.96 —
2,4-Ji "I (E,E)2,4-hexadienal, (E,E)- 5.15 7.10 2.12
2,4-11134 (E E)2 4-heptadienal, (E,E)- 0.50 0.56 334
C\#¥hexanal 1.95 - 0.35
7k . benzeneacetaldehyde 0.87 0.97 0.56
7 Hl ¥ benzaldehyde 0.15 0.37 0.35
beta-3Fr 1 1-cyclohexene-1-carboxaldehyde,2,6,6-trimethyl — 0.11 0.30
2- %% W5 (E) 2-pentenal, (E)- 0.14 0.17 0.25

T:#¥nonanal — — 0.11

5- -2 IE WY F % 5-methyl]-2-thiophenecarboxaldehyde — 0.08 -
L7 H i benzaldehyde, ethyl- — — 0.06

3- FJk-2-IEWy {1 % 3-methy]-2-thiophenecarboxaldehyde 0.05 — —
2,6-T ", (E,Z)2,6-nonadienal, (E,Z)- — — 0.05
2-PJiE 1l (Z)2-heptenal, (2)- _ _ 0.04
beta-% % > li3-buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-, (E) — — 1.95
2(5H)-5- £, F5-WRIs I 2(5 H)-furanone, 5-ethyl- 0.86 1.47 1.72
1-)%Jfi-3-il 1-penten-3-one 0.52 0.63 1.33

2- ] J#&Wi(E)2-butenal, (E)- — — 0.41
R E-2-4%-1,4- i 1,4-cyclohex-2-enedione 0.14 0.24 0.05

7-4A 4% F[4.1.0]PE)E-2-li 7-oxabicyclo[4.1.0]heptan-2-one 0.19 0.24 -
4-[2,2,6- = I HE-7-48 2% 3R [4.1.01P¢-1-3£]-3- T Jfi-2-ili3-buten-2-one, 4-(2,2,6- _ _ 016

trimethyl-7-oxabicyclo[4.1.0]Thept-1-yl)-
6,10- " F3E-5,9-+ 4 Jfi-2-Wi(E) _ _ o.11
5,9-undecadien-2-one, 6,10-dimethyl-, (£)-

6- F JE-5-JEJfi-2- i 5-hepten-2-one, 6-methyl- — — 0.04

1,4-3 ) —fii1,4-cyclohexanedione — 0.04 —

3--fi3-octanone




254 2012, Vol.33, No.20 St EA

X Bkl

gkl
XS 7%
&5 WEY) - — ——
H G 5 N
L JiEethanol — — 9.64
3-CUHi-1-23-hexen-1-ol 4.63 5.89 6.36
2- %47~ 1-1 2-penten-1-ol 1.30 1.28 1.85
PU S LI -2- FH 822 H-pyran-2-methanol, tetrahydro 1.07 1.39 —
1-J}J5-3- 18 1 -penten-3-ol 0.82 0.75 0.41
2-C - 1-l(E)2-hexen-1-ol, (E)- 0.57 0.80 0.19
L1 1-hexanol 0.16 0.11 —
2K . phenylethyl alcohol 0.11 0.14 0.08
3-2&)4-1-l%(Z)3-decen-1-0l, (2)- — — 0.14
4- U 5-1-1%(Z)4-hexen-1-ol, (2)- 0.13 0.11 —
3,7- - JE-1,6-°F -3 1,6-octadien-3-ol, 3,7-dimethyl- — — 0.04
7% Jifbenzenepropanenitrile 1.87 2.59 6.26
3-J% /i 3-pentenenitrile 0.04 5.15 1.28
T-fiinonanenitrile 0.37 0.30 —
5-HJE- U lfhexanenitrile, 5-methyl- 0.33 0.18 —
Cfifhexanenitrile 0.11 — —
- ffoctanenitrile 0.08 0.10 —
Ffibenzyl nitrile 0.07 0.04 —
5-F AL K i pentanenitrile, 5-(methylthio)- — 0.06 —
2-J%/fi2-pentenenitrile 0.06 — —
2,4-pentadienenitrile 0.04 — —
4-3E T Hifbenzenebutanenitrile 0.03 — —
K HE SR % Bsbenzene, (2-isothiocyanatoethyl)- 0.59 0.47 9.22
1-1 4 Fk-4- 555 R I 1 -butene, 4-isothiocyanato- 5.19 — 413
5-% R CLR ' fifhexanoic acid, 2-oxo-, methyl ester — — 1.79
PESE S T R Bigheptane, 1-isothiocyanato- — — 0.07
CUIE 57 U R hexane, 1 -isothiocyanato- — — 0.04
2-CVfilR2-hexenoic acid 0.22 0.34 —
4- LU R 4-hexenoic acid 0.07 — —
L% hexanoic acid 0.03 0.05 —
3- U R (E)3-hexenoic acid, (E)- 0.05 — —
7K F ibenzoic acid — 0.04 —
1,2-FR 53R R bE6-oxabicyclo[3.1.0]Thexane 0.46 — —
3-4.%5-1,5-2% i 3-ethyl-1,5-octadiene — 0.26 0.26
2-H%E-1,5-F¢ — % 2-methyl-1,5-heptadiene 0.17 0.05 —
75 FILER = fiE 4 S cyclotrisiloxane,hexamethyl- — 0.10 —
UL = i dimethy] trisulfide — 0.52
- HJE T Hilikdisulfide, dimethyl — 0.08 —
2- £ FEWE IR furan, 2-ethyl- 1.83 3.53 —
2- 3L Wy thiophene,2-ethyl 0.07 0.17
H1 ¢, Ifacetic acid, anhydride with formic acid — — 0.05
4 H%Emethylene chloride — — 0.18
2Ky phenol — 0.50 —
62.79 71.80 77.52
W — L RORARK .
AP RG22 1 o o “ T 187 B KUK A9 Jo At 28
S A . NN
2.1 AR TR %, —HRWH T2M0EY), SRR, Bk
NP Sl s S N N > TN 2>
FE3AN S fepr, LRI % e 122869 M4k 54« SFh, WESESFh, JEIE10Fh, WESK2Fh, MRK4Fh, K2

Horh ARRER15F, WS, BERMMERE11F, BEEA ity ZRIR2AN HUE TR T AR A, AR
MRRASHI, JeIeaRh, BESRRIRIAES2M, MREF. X WE, SHEW, SBRNE, TAMNE, 1RMEE, 3MPER, 3Pk, 2%



X TPkl

E6miltl =

2012, Vol.33, No.20 255

fik, 2FhIRIRAL A AN LRI . < RN TR I 2 (AL A
P b, HA38M, HrhafEmEs12%, Hi8Fr, wE
JF, MEI2F, ERISSHN, JRAKIFN, BREFLRP, x4k
EYFR,

3A b o LA R R A 1T R, i A 2- O
. 2,4-BF IHE(EE). 2,4-IWANE(EE). KO, A
WL 2-JRIMEE . 2(SH)-5-LFE-IRIEEA . 1-304-3-1 . 2K
C-2-0-1,4- P 3-CU - 1-BE 2-/R-1-B2 . 1-)300-3-
BE. 2-CU-1-BF . KOWE. KNG, 3- 005, R
T SRR R

RS PR R AU A 3- FE - 2- Iy
3-2Wd. E5. 2-J%i5. 2,4-pentadienenitrile, 4-2KFE ]
W5 4-CG IR 3-CMIR(E). 1,2-FRE I EESE9H) .
HUE” R I R T A S - R - 2-Emy L 1,4
WO Wl S-Wmi G K. S H T =R
fi L CRREE. O IE AR Ry SRR AR
BHOMRAE IR T T, CHEORHRE, 2,6-T
(E,Z)s 2-BEIGEE(Z)s B-HRY 5. 2- T HG(E) 4-[2,2,6-
LTS AR IR [4.1.01P8-1-3E]-3- T U -2 (E)-6,10-
AR50k T -2-T L 6- U AE-5-PEdd-2- . 4
fis . 3-ZEM5-1-W5(2). 3,7- W EE-1,6-¢ " H5-3-lF. Bikk
RN . ORI REE. H Ol a5
16
22 JRRP RS

TN R AR A, R TR
62.79%, ‘5T R 4 TR A, o R T R
71.80%, “ Jp PHTF K 38 Fh AL A, o B 0 T B
77.52%. 1E3/N IR SR TR AL A, AR i
F1%H N 2-ClE. 3-CE2) . 2,4-PF Il
(E.E) 2,4-11BE(EE). Ol p-RW2H]. 2(5H)-5-24
FEWE W 1R300 LWL 3-OUE-1-E . 2--1-
ME. DUSUMEm-2-FHEE. ZRANE. 3-SR R
MRl 1- T Mdk-4-mmiEm e, S-A RO lE. 2-43
W AL 18F)

XIS LA Y, 2- CUREELE3A 123 A X
T, 16 TP R 29.70%, 1ERE” F
TRNT T 26.86%H122.23%; 2- UGS, 2,4-P
TIGWE(E,E) 2,4- 1AL (E E)y 2(5H)-5- 2 KL i |
1-R-3-1 . 3-CU-1- . 2-)R0-1-1 . KNS 3-1%
G~ R CHE BRI AL 3 S PP AL AT I R sy, A
SEAINERE SIS )i

3 9 ®

BT NAE P AERIR S AL I RIS . IR TR2K

MRS, FiR. SRR SHE R MY, HAEARED.

ANTR] b AR [ AN ] 6 73 o XU JOE FR ) RS 25 5
S, BRFEIN T 7 et 2 7= A R vk oy 1 22 5 Y0 3
FE LR DR Ay IRV A7) J5 2 i SR it JB 1) L A S O, B
S RN R e o PRl A% DR 3 BRI R BE S5 AT 50, Qi
Filts SRS R 252,

BAR T A ARG T I R AL o A 22 5, (A
K TR Z M a RN . A RERR . IRV,
AT RE A PR R A 2 B e T AR RS I A
WY I, HARKAE R AT LA ARG R i SR R
SRR A ARSI SR A R, A I 4
S T 122869FMLG W, H AR L Rt A RN
TR BRI T 42, 41, 38BMEL A . Hh2-cnEE
TE3AN SN AR & By, RO Ol RSk
SR 3-CUREE(2). 2,4-BE IR (EE)S . X34
1 3 st o 2 R M R 2 ) 222 S T R R ) R Rl
AR SE A B0 O ]k AR ULR WA il 4 B AR SR L
FISCHE R 5T, A5 — Oy AR b RIS e T 3TRME S
W, tEMNEEMZEAZ, Rl T 5H. 4AFRIL Y,
BAL SRR A ZBOR, Hh & & hmih —
PO K, LOORFRIEREE, —aitbax. IR,
FRRER bE . RAEI & s AT ReAE B ik FH i &
SRS, FRICT A T HTIE L . Liu Weixin®5PUR
3% [E Agilent Technologies 6890N"T il 4, ¥ H]2cm-
50/30pm DVB/carboxen PDMS, X P4~ [ MRtk AT T
KR oM — A T34 b5, o <=3
PRI S T 248, TR BN S TR S T 208, Mo
1-J#5-3-0F, LPR LW, 3-Ch-1-B%, 2-80d-1-1%, 1-CRF,
(Z)-3-CRHERR, 1- T Iidk-4- e miaUR e, TR, 3 -GS,
1SR, Z-3- T -3 O TR A5 P9 4 b A I
K, B RIRY) IR . I PR S AR
TRV AR, 3-CU-1-BERI2- - -l . 54
S L, Liu Weixin 26! il (¥ KUsd i (1) Fh 24 /b,
SR TERK, WRem TR AR RS S
AERKIAEEAEAEZE 5], T DA BLARSR R 1R OAH £33 - S35 5
SATAHTE], A8 RN RO Z 8] R 22 e K

ARSI 0 T S KUK 5 D 5E S B BAR W e
S R it BT+ 0 AR 5 I R v 328 FH G IR o P B 1 S R
FUE R R A — iR R e HlH T ARSI B3 2011
B FURAEREE AT 5 SR S Rl B R ALy,
PRLIHEOOE - AN TR i o AN TR AR A o AN [R] R 55 it i s A [+)
IELHRAT N AT AR RN, Hfr T — 2T
5T
2% Ik
(17 el R AR B ERS: SMES0MI. Abat: gL

HiAL, 1989: 31-35
[2] ARTHUR C L, PAWLISZYN J. Solid-phase microextraction with



256 2012, Vol.33, No.20

Bl F

X Bkl

B3]

[4]

[5]

(6]

(7]

(8]

9]

(101

(1]

[12]

thermal desorption using fused silica optical fibers[J]. Analytical
Chemistry, 1990, 62(19): 2145-2148.

ARTHUR C L, KILLAM L M, MOTLAGH 8, et al. Analysis of
substituted benzene compounds in groundwater using solid-phase
microextraction[J]. Environmental Science and Technology, 1992,
26(5): 979-983.

LOUGH D, MOTLAGH S, PAWLISZYN J. Dynamics of organic
compound extraction from water using liquid-coated fused silica
fibers[J]. Analytical Chemistry, 1992, 64(10): 1187-1199.

POTTER D W, PAWLISZYN 1J. Detection of substituted benzenes
in water at the pg/mL level using solid-phase microextraction and
gas chromatography-ion trap mass spectrometry[J]. Journal of
Chromatography, 1992, 625(20): 247-255.

AR, I, AR, SIS [ SRR RS T (]
LR, 2008, 41(6): 1742-1748.

HKURFTT, A0S 3, RUFAIR. S TR0 23 PR T2 [l A A TR ek
FAF T[T 2254, 2002, 29(6): 581-583.

HKIF, LI, AR, 5. LDA TR SR F R & U85
FRIZH 1 S AR . T ARNE AL 2, 2007, 40(6): 1222-1228.

JKISV, EHEEE, W, A5 SRS SRR S B R A AT 0], I
2R, 2008, 35(3): 433-437.

RIET, FARME, PR, A5 R XUBRA T AR 00 2 ] AH AR -
MM, i ELE, 2010, 31(8): 185-188.

FARNE, A, RIET, 55, KA SR IT ) - 53 43
[0]. fr i EHE, 2009, 30(4): 145-148.

B, AR, TR, A R R AR ROR S A R A

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

1oy 3 M. RS, 2005(5): 20-21.

LIU Weixin, QIANG Wei, XU Kun, et al. Volatile compounds
identification in a local cultivar of non-heading Chinese cabbage with
solid phase micro-extraction and GC-MS[M]. The 3rd Conference on
Key Technology of Horticulture, London: London Science Publishing,
2011: 322-325.

ZHAO Dayun, TANG Jian, DING Xiaolin. Analysis of volatile
components during potherb mustard (Brassica juncea Coss) pickle
fermentation using SPME-GC-MS[J]. LWT, 2007, 40(3): 439-447.
Uk, e, ARBERE, 48 RIS E A e RS 3%
AR B, 2005348 T 1): 39-42.

DAXENBICHLER M E, van ETTEN C H, WILLIAMS P H.
Glucosinolates and derived products in cruciferous vegetables.
Analysis of 14 varieties of Chinese cabbage[J]. Journal of Agricultural
and Food Chemistry, 1979, 27(1): 34-37.

BUTTERY R G, GUADAGNI D G, LING L C. Additional volatile
components of cabbage, broccoli and cauliflower[J]. Journal of
Agricultural and Food Chemistry, 1976, 24(4): 829-832.

van ETTEN C H, DAXENBICHLER M E, WILLIAMS P H, et
al.Glucosinolates and derived products in cruciferous vegetables.
Analysis of the edible part from twenty-two varieties of cabbage[J].
Journal of Agricultural and Food Chemistry, 1976, 24(3): 425-455.
AL, A, RTE, S5 AN TR R SR S U
MIGC-MSZMHT[J]. A4 2=4R, 2010, 27(4): 591-597.

X, L0, F ), 55 NIRRT R SE i R b A 4 5
BNZSIHTD]. AR AR, 2008, 23(2): 49-54.



