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A AHREHAERBEARAEERRES.ARER
B, —~HRERTUHGTES GC . REARE
SR RBRMEFERR, O LEHHEEEY,
B, B 46 3 BU s R (SPE) 1 [ i % B (SPME) £
REMBESLEVH IR AKEEL,
1999 4F Baltussen #1 Sandra Z 42 15 — F %7 0 BE
o i b FB B AR —— i 48 % B 3 BU(SBSE) , B £
BRER P EEREER(PDMS) M B R,
SBSE KR # 5 SPME #i [ . 4[5 89 2 i 4 4 0 B 36
BB A 25~100 uL ) PDMS(Twister, Gerstel) #
10~20 mm KB HEAEZT SPMERNESYRE
Fo HIKEPEREBERAREFNERETEEN.
f1F SBSE A% H SPME /M8 £ 40 # H OK H i 4K
BB L PDMS MM D, Ak SBSE H SPME ] 3k
BEEOEBEER, BT, 5Pk g 5 B A % m
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1 xn#HL

L1 {(HFR5XA

TDS-2 # @ % %t (Gerstel, GmbH) , ¥ 4 % &
L& T Agilent 6890N/5973N ¢ GC/MS K 48
i % B I | (Agilent, () ,GC LRI %EH
CIS4 ##£ O (Gerstel,GmbH) , #it#//m# & (supel-
co, £HE), AB204-S 4> #7 X F (Mettler-Toledo, %
) ,SBSE B HZE BB H# (10 mmX0. 5 mm,25 pL
PDMS, Gerstel) ,

NaCl, kR4, LBk AANERAG: HEHE
HR&ATE.

L2 UEEH

TDS:30~60°C/min—250°C ({##% 4 min); R4}
WA ,50 mL/min @R HE.

PTV.—50C(ABEEEEE) —12°C/s—270C
(£ # 3 min),

ik HP-5MS,30 m X 0.25 mm i.d. X°
0.25 pm,

#5 :He, & 1. 0 mL/min,

BF F B 50C (1 min)-5C/min — 150°C —
10°C/min—250°C (10 min),

1 28 : Agilent5973N MSD,
L3 HRLBNSH
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YW B 20 mL & WA S TF 20 mL TSR,
WA B, AFHETL 1100 r/min 7 3 8 # 60
min, ERTHS BB, A R IE K RE R
H.AFAERERRERANKS BARBARKE
#1(4 mmi.d. X 178 mml),# GC/MS 43¥7.

2 BR5%%

2.1 EMERREHER
2.1.1 EmEatig

EERSRP EHEFHE-C . ENARE T,
ZEHatE X PDMS XM B R4 W, AR 4
1 100 r/min, F & T 43 5B 30 min, 60 min, 120 min,
240 min, 480 min # 47 %F PDMS Mg fff £ 1] 4 &9 5 el
BB ZRNE 1R EEERNANER, B4Fk
AYHEWE RIS K, 7 90 min BHAE| 4. Brid,
B S LI IEFE 90 min Ay RE & I FE AT fA]
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L78e+0.009] - -
1.71e+0.00

1.63e+0.003.
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1.49%+0.097 -

1.41e+0.00 . - v . . r
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B 1 FEA AR AR B R M W
2.1.2 BHEE '
TR R, UL NaCl fE R th 47 7 BE 17 @ i 4
o T THEERFMA 5%4.10%,.20% K 14 F
NaCl#1 %5 (115 8L T X PDMS IR Bt 15 1 47 89 3% o i

B,45RNA 2 iR, BE NaCl B A Kk E 3%
. B EARTREES. TREH, 80
SBSE ¢ B %5 1 8 K M RO R PR 4y AR i
YE T, B B 7E S5 82 3238 TR R R NaCl,

1.76eH1.09

1.61e+1.00 4

X 1.45e+).09 1

LT}

= 1.30e+0.09 1

" 1.15e4+).09 §

9.98e+0.08

8.46e+).08
{

10 165 220 275

NaCli /¥ / %

Xi} SI.S 33.0

B2 #HHTEMAXT PDMS F BB E MR

RmARMAOER

R P IE 38 08 38 v 1 MO0 A 0t B R i K B 3 4
PR 2% - J RS ORLFEE (A (i B B i) (B) R it e 11 9 B VL 1K
OCB3IMKFHEERZR. MR 1R, WET
ARFZHMAREROE W, HLHBE TERTHAR
SR AT B AR B0 R 0 T B R AE 1 Y B
R REH. )

2.2

®1 BEE-KER
AKFE AGRMIRED /T BORKIMED/min  CORBHRRE /°C
1 150 2 0
2 200 4 —25
3 250 6 —50

HERRW & W EI TR LR W KM K
ACABHRMEBEMNLRERYME K. K
MK FHEA ABC,, BB S E 250°C LB 6 min,
EA—25°C v B IR B 2 AT 058 » BT 3RS B 3 I 49 Jo 9
W i ALK .

®2 EXXRARRER

K A B ¢ PR
it B 38 732/ °C fi% Bt B 8 / min CISmia/T 4 F # H AL

1 250 2 0 132 973 740 1
2 250 4 =25 134 866 077 7
3 250 6 —50 816 543 952
4 200 2 —25 743 745 621
5 200 4 —50 962 351 343
6 200 6 0 429 914 516
7 150 2 —50 585 991 783
8 150 4 0 467 991 478
9 150 6 =25 . 174 044 956 7
K 349494 213 3 265 947 480 8 222 764 339 8

K, 213 601 148 0 277 900 359 8 383 285 596 5

K; 279 443 282 8 298 690 803 5 236 488 707 8

ki 116 498 071 1 886 491 602.7 742 547 799

k2 712 003 826.7 926 334 532.7 127 761 865 5

ks 931 477 609. 3 995 636 011. 7 788 295 693

R 452 976 884. 3 109 144 409 535 070 856
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2.3 FAERME | B A BRI 46 B0 E AR A 6 WM B0
RTHMHEEMEHRTERFIERERE SRR (RSD) £ 0.83~10.06, % R H& 3,
HRPELA YRR, 5 3% HR 20 mL THE 6
3 NEBAKRRAESR

K+ R EE3H/ min oy VCACIE TRV % RSD/ %
1 6.19 Hexanoic acid. ethyl ester( (% B Z.B8) 84 0.104  8.65
2 7.57  Pentanoic acid(j{#) ) 86 0.856  1.56
3 10.43  Nonanal(F®) 90 0.347  5.55
4 10. 80 Phenylethyl alcohol( 2 Z, ) 97 5.529 5. 64
5 12.36  Nonanol( T-8%) 80  0.199 4.33
6 12.75 Butancdioic acid, diethyl ester(T M 2. %) 91 11.548 6.87
7 13.12 Detanoic acid, ethyl ester{ ¥ M 7 K) 91 8.733 8.56
8 13.69  Benzofuran, 2,3-dihydro-(% & #) 86 0.101  3.01
9 14.34  Benzeneacetic acid, ethyl ester( KZ M ZB) 90 0.303  8.47
10 14.47  Isopentyl hexanoate(c B 7 1% 8§) 80 0.042  10.06
11 14.66  Acetic acid, 2-phenylethyl ester( Z B-2-%K Z. %) 90 0.167  9.06
12 14. 99 Butanedioic acid, hydroxyl-, diethyl ester(3 % &~ 7 &) 86 0. 550 2.51
13 15. 08 Decanol (3% B2) 90 0.162 8.79
14 15.5 Nonanoic acid( £#) 87 0.456  5.42
15 16.56  Benzoic acid,butyl ester(k R T’ 82 0.143  3.60
16 17. 10 Benzenepropanoic acid, ethyl ester( KR M 2. %) 87 0.075 1.73
17 17. 46 2(3H)-Furanone, 5-heptyldihydro-(y-F 4 /) 80 0. 095 4.04
18 18.05 2-Buten-1-one,1-(2,6,6-trimethyl-1,3-cyclohexadien-1-yl)-, (E)-( R X -g-K D &) 90 0. 487 0. 83
19 18.11 Nonanoic acid, ethyl ester( T 8 £ 88) 87 0.675 755 5.05
20 18.24  Decanoic acid(%#) . 92 0.534  3.64
21 18. 38 Decanoic acid, ethyl ester(Z M 2 8) 91 7.474 6.12
22 19. 59 Qctanoic acid, 3-methylbutyl ester( /# 5% /% B§) 86 0.119 5.69
23 19.76  5.,9-Undecadien-2-one.6,10-dimethyl-( &0} 55 ) 84 0.126 2.74
24 20.08  2-Propenoic acid, 3-phenyl-ethy! ester( BJtE#k 2 &) 93 0.397 4.16
25 21.68  Hexanoic acid, 3-hydroxy-, ethyl ester(3-}3t- M7 K) ‘ 86 0.181 7.05
2 21,91 1H-2-Benzopyran-1-one, 3,4-dihydroxy-3-methyl-, (R)-(3,4- Z % -8- 5 %-3-F 3-1H-2-% 3 ot 95 0.193  '3.76

w-1-8)

27 22,41  4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-Buten-2-one(B- 5% % = ) 82 0.386  2.35.
28 22.49 (R)-5,6,7,7atetrahydro-4,4, 7a-trimethyl-2(4H)-Benzofuranone (R- — & $5 4% Bk /3 8K) ) 86 0. 295 2.44
29 22.76 Dodecanoic acid(+ —#) 93 0. 376 6.57
30 22.86  2(3H)-Furanone,5-heptyldihydro-(5-#¢ ¥ —&(-2(3H) -5k Wi ) 86 0.251  4.48
31 24.71 Benzoic acid, 4-hydroxy-3-methoxy-, ethyl ester(4-83-3-BH K- X P L 2 &) 92 0. 107 5. 20
32 25. 48 Dodecanoic acid, ethyl ester(+ — & /. f§) . 88 0. 342 5.81
33 26.35  Dodecanoic acid, 3-hydroxy-, ethyl ester(3-$3#+ _ M Z.&) 90 0.589  3.83
34 26.41  Tetradecanoic acid( + &) . 96 1.972  6.53
35 26.67  Petadecanoic acid(+ &) 95 0.183  7.66
36 27.71  5-hydroxymethyldihydrofuran-2-one(5- %3 §1 %-2 (- ik i -2-§4) 97 0.921  4.26
37 27.94  n-Hexadecanoic acid(+7x8) ) 89 3.248  2.00
38 28.10 Hexadecanoic acid, ethyl ester(+ A& Z. B§) 82 0. 181 4.92
39 28.94  Benzeneethanol,4-hydroxt-(4- 5% % 2. ®) 90 0.342  3.54
40 29. 87 Isophytol (5 f &%) 94 2. 499 3.68
41 30.55  9,12,15-Octadecatrienal(9,12,15-+ A =4 R/) . 82  0.078 1.32
42 30.77  Octadecanoic acid(+ AR) 94 1479 2.94
43 31.21  (Hexadecanoic acid, 2-hydroxyl-1-Chydroxymethlyl) ethyl ester)2- 33t 1- (3 F 3 Z SEA7HI RS 95 0.067 2.52
44 31.55 9,12~ Octadecanoic acid, (Z,Z)-methyl ester(+/\B&-9,12- Z# M P &) 80  0.214 5.32
45 33.24 9,12,15- Octadecanoic acid, (Z,Z)-methyl ester( + /\#&-9,12,15- =468 &) 82 2,227 6. 94
46 33.27  11,14,17 Eicosatrienoic acid, methyl ester( —.+#&-11,14,17-— 4 8 77 §§) 80 0.547  5.23

2.4 HRSH HUAYPEERSET 24 M MEA S EMNNIE

WERFEMETHAT D 46 MEREREE SHTHETHAYRRLERM80.21% . AEH —F
AHAESY AEFRERTIONE 3. MELRS BOBABBEEAYRE XELAYRNTHEHNE
FHRS. SRV HEWP 6 HELUREER SIS, ‘

2009 FEIHBEIM(BE2558) (145




3 &p BEHFHRE R EEE D ERERERFELEL
- YRR IR G T — PR T 68 A
A3 Bl SBSE-TDS-GC-MS H ekt T ik

BEEREREREERERS. BT TREER

HERMERENRE, ARARHTERNE L ES

HEh 46 BhIERH R LERMR S . BFxE B SBSE- 1 Ortega-Heras M, Gonzalez-SanJose ML, Beltran S. Aro-

ma composition of wines studied by different extraction

TDS-GC-MS Jr ik RA BT AL B R Ty sk #E it 4 B methods[J]. Analytica Chimica Actta, 2002,458.:85~93

2 Sabon I, Revel G, Kotseridis Y, et al, Determination of

200000 7 volatile compounds in Grenache wines in relation with dif-
7 ferent Terroirs in the Rhone valley [J]. J Agrle Food

$ ¥ X M

H000

Rl Chem, 2002, 50: 6 341~6 345

BLLLELY 3 Mallouchos A, Komaitis M, Koutinas A, et al. Evolu-
AXON0) tion of volatile byproducts during wine {fermentations using
300000) Immobilized cells on grape skins[J]. J Agrlc Food Chem,
2000000/ 2003, 51:2 402~2 408

1113151718 21

20 4 Lepez R, Aznar M, Cacho ], et al. Quantitative determi-
H(’ 101214 16

: : nation of minor and trace volatile compounds in wine by
500 104%) 1540 200 Solid-phase Extraction and GC-MS[J]. J Chromatogr A,
Wit / min 2002, 966, 166~177

80000 39 5 Silva Ferreira A C, Pinho P G, Analytical methods for
00K, determination of some aroma compounds on white wines
000! by solid phase microextraction and gas chromatography
SO00004 [J1. J Food Sci, 2003, 68(9):2 817~2 820

4000000, 6 Baltussen E, Sandra P, David F, Cramers C. A Novel
00000 Extraction Technique for Aqueous Samples: Theory and
2000 Principles(J]. ] Microcol Sep, 1999, 11. 737

7 Hayasaka Y, MacNamara K, Gayle A, et al. Application

10000,
(1}

29313

Hooon) 287 3007 f . . .
ol ‘_ . ! " of stir bar sorptive extraction for wine analysis[J]. Anal
5400 0 Hm B0 Bioanal Chem, 2003, 375; 948~955
tffe]/ min 8 HBXNIR BRA,XETR. BAERHEEER—S
j . ,2005,33 .
F3 WEWNP6HERERLERERS ﬁ%ﬁg;ﬁf&&*ﬂ@g%%ﬁ[]] (Al

Analysis of Volatile and Semi-volatile Compounds in Wine
Using Stir Bar Sorptive Extraction-Thermal Desorption-
Gas Chromatography-Mass Spectrometry

Wang Hongping', Yang Lei’, Wang Baoxing?, Hou Ying?,Yang Yong?

1¢ Yunnan Center for Disease Control and Prevent, Kunming 650022, China)
2( Yunnan Reascend Tobacco Technology (Group) Co. » Ltd. , Kunming 650106, China)

ABSTRACT A novel and fast method for the determination of 46 volatile and semi-volatile compounds in wine samples
was established. The wine samples were analyzed by stir bar sorptive extraction-thermal desorption systemr-gas chroma-
tography-mass spectrometry (SBSE-TDS-GC-MS). The stir bar was a twister coated with polydimethylsioxane (PDMS)
used as the extraction phase. In the present work, the different parameters affecting the extraction of the analytes from
the wine samples to the PDMS—coated stir bars and optimization of conditions affecting thermal desorption were investi-
gated. The optimized results were obtained after stirring the wine sample at 1100 rpm with the stir bar for 60 min at the
room temperature. The addition of sodium chloride did not enhance the extraction effectiveness. Desorption was carried
out at 250°C for 4 min under a helium flow of 50 ml/min in the splitting mode while maintained a cryoforming tempera-
ture of —50°C in the programmed temperature vaporizing (PTV) injector of the GC-MS system. The relative standard
deviation (RSD) of 46 compounds for six repeats was estimated between 0. 83% and 10.06%. Volatile and semi-volatile
compounds in wine samples were determined rapidly by this method: Under the described conditions, about 46 com-
pounds were identified from the wine, and the compounds which mainly contributed to the characterization of the aroma
were esters, carboxylic acids, aldehydes, ketones, etc.

Key words  Stir bar sorptive extraction, thermal desorption, volatile and semi-volatile compounds, gas chro-
matography-mass spectrometry, wine
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