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Advances of solid-phase microextraction and current
status of application in food analysis

HU Guodong "

China National Research Institute of Food and Fermentation Industries Beijing 100027 China

Abstract Solid-phase microextraction SPME has been widely used as a sample preparation
technique in current chromatography. SPME integrates extraction concentration desorption
and injection in one step which is highly sensitive and easy to operate. This review briefly
introduces the evolution of the coating equipment and corresponding techniques of SPME in

recent years. It also summarizes SPME applications in food analysis and discusses some of the

common issues found in quantitative analysis.
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5 PDMS / PDMS/
SIGMA-ALDRICH Supelco DVB DVB/CAR/PDMS PEG
7 / CW/TPR
PDMS PA / CAR/ : 1
1 SPME "
Table 1 Characteristics of commercial available SPME fiber *

Application

Fiber coating ™ * Type
PDMS 100 pm nonbonded phase
30 pm nonbonded phase
7 pm bonded phase
PA 85 pm partially crosslinked phase
CAR/PDMS 75 pm partially crosslinked phase
85 pm
PDMS/DVB 65 wm partially crosslinked phase
65 pm
DVB/CAR/PDMS 50/30 pm
CW/TPR 50 pm partially crosslinked phase

PEG 60 pm

low molecular mass or volatile compounds

non-polar semivolatiles or large molecular mass compounds
non-polar semivolatiles or large molecular mass compounds
polar semivolatiles

gases and low molecular mass compounds

gases and low molecular mass compounds

volatiles amines and nitroaromatic compounds

volatiles amines and nitroaromatic compounds

C; _,, volatiles and semivolatiles
surfactants and other polar analytes for HPLC use only

polar compounds

% for use with manual holder.

#% PDMS polydimethylsiloxane PA polyacrylate CAR/PDMS carboxen/polydimethylsiloxane PDMS/DVB polydimethylsilox-
ane/divinylbenzene DVB/CAR/PDMS divinylbenzene/carboxen/polydimethylsiloxane CW/TPR carbowax/templated resin PEG

polyethylene glycol.
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Supelco

CTC Combi PAL SPME
GC
SPME
Varian GC
Agilent
GC - GC-MS
SPME
Pawliszyn ° in-
tube SPME SPME
HPLC
fiber SPME in-
tube SPME
HPLC

stir bar sorptive extraction
SBSE 1999
0 0.5



mm 1 mm PDMS 1 ~2cm
GC HPLC
SBSE
PDMS SPME
SPME PDMS 0.5 pL
SBSE  PDMS 50 ~ 250
Gerstel
Twister™
SBSE
cryofocusing
-100 ~ =150 C
PTV
SBSE
SBSE
1112 _
PDMS 300 C
/
GC
HPLC GC
SBSE
13 14
- PPESK
3
SPME 90

100 pm

90
15
3.1
mg/L mg/kg
70%
HS -
Pawliszyn o
1995 ~ 1999 56
SPME
Wang o
-2- 5
17 =20
21
DVB/CAR/PDMS
4- -2-
Camara 2
HS-SPME 42

ng/L ng/kg

purge and trap

SPME

SPME

60% ~

Kataoka

off-flavor

SPME

SPME
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Madeira wines 2.4% ~7.3%
Carrillo 7% SBSE
DVB/CAR/
PDMS 14 Zalacain 7’
2 SBSE GC-MS
4 6- TCA
Boutou Jonsson Co6 B- a- B
* SPME 60 C 90 min
ng/L ppb
Pinho Marin * Alves ¥
2 SBSE
75 wm CAR/PDMS Guerrero " SBSE  SPME
5 4- -
182
105 SBSE
Caven-Quantrill  *
o - SBSE
20 SBSE
27 SB-
SE 126
SPME *
» 98
SBSE
0 HS-SPME David  Sandra “ Stir bar sorptive ex-
AEDA traction for trace analysis” *
¥ HS-SPME 3.2
27 3.2.1
SPME
32 33
3
SPME SPME
Vesely * 0-234 1994 SPME
5 6- PFBOA SPME
on-fiber derivatiza-
tion
ng/L  ppb
Ochiai ™
“ " SPME-GC  GC-MS
SBSE
ng/L ppt -2- -2- 220 nm SPME-
-2 6- -2 4- HPLC
0.021 ~0.032 pg/L RSD SPME
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45
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Kataoka  Pawliszyn "
13 1999 SPME
Correia  *
PDMS 3 mL 30
min 9 11 23
5 wng/L Fernandez-
Alvarez ¥ SPME- ECD
30
10 PDMS/DVB
ng/L  ppb Cortes-
Aguado 54
- SPME
SBSE
David o 14
Sandra ¥
SBSE 60 min
GC-MS 300
SBSE
SBSE
LC-MS GC-
MS SPME SBSE
3.2.2
2 SPME

N-
NDMA SPME
Andrade 7 HS-
SPME-GC-TEA
NDMA N-
NDEA 4 Pérez '
HS-SPME-GC-MS NDMA
PDMS/DVB
0.88 pg/L
Aguinaga PDMS/DVB
SPME 16
0.003 ~1.5 pg/L 2002
Lee 7
SPME - -
GC-PCI-MS/MS
0.1 pg/L
3.3
2000 > SPME-GC-FPD
4
0.25 ~0.55 ng/g s
SPME GC-
MS 19
% SPME
SPME
2008
7
CNKI
SPME
2 2005
2007

Table 2 Literature published in Chinese journals on applications of SPME in food analysis in recent years

2000 2001 2002 2003 2004

2008 six
months

2005 2006 2007

Total

1 1 4 8 11

17 37 60

34 173
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Table 3 Statistics according to SPME application objects published in Chinese journals
Fruits Vegetables Alcoholic beverages Soft drinks Meat and meat products Condiments Others
Apple ginger and wine fruit juice traditional meat soy sauce tea
7 papers onion 8 papers 13 papers 11 papers products 10 papers 4 papers 9 papers
Pear others fruit wine others fresh meat vinegar others
5 papers 11 papers 5 papers 1 paper 8 papers 4 papers 33 papers
Others beer others
21 papers 10 papers 4 paper
Chinese liquor
7 papers
rice wine
2 papers
Subtotal subtotal subtotal subtotal subtotal subtotal subtotal
33 papers 19 papers 37 papers 12 papers 18 papers 12 papers 42 papers
57 -59 60 - 62
63 64 65 66
67 68
SPME
69 70 4.2
SPME
mg/L ppm pg/L ppb
4
4.1
GC-MS
63
GC-MS 2-
66
71
GC-MS
.. 6
simi- ' pg/L
larity 80% 8
60 63 69 SIM _4_
SPME
GC-MS ?  HS-SPME-GC-MS 18
SIM
GC-MS
80% SIM

80%
7 SBSE



SIM

SPME

SPME
SPME

2~3
PA HS-SPME

118 469

530 0.05

Howard % HS-SPME

SPME

C6 ~

C10 “ ”

SPME

SPME

SPME

SPME
SPME

SPME
SPME

SPME

Arthur C L Pawliszyn J. Anal Chem 1990 62 2145
Fu R N. Chemical Reagents 2008 30
1 13

Sigma-Aldrich Inc. SPME fiber assemblies. 2008-08-18 .
http /www. sigmaaldrich. com/catalog/search/TablePage/
9645337
Huang MJ YouJ Liang B et al. Chinese Journal of Chro-
matography . 2001 19 4
314
XuY Fu Y J. Chinese Journal of Chromatography

2004 22 5 528
Huang J X Hu YL Li G K. Journal of Analytical Science
2008 24 1
97
Zhang LF Zhu ML LiXJ etal Acta Chimica Sinica
2008 66 12 1465

LiuW HuY ZhaoJ et al. J Chromatogr A 2006 1102
37
Eisert R Pawliszyn J. Anal Chem 1997 69 3 140
Baltussen E Sandra P David F et al. J Microcol Sep
1999 11 10 737

LuWM Wang HW Guan Y F. J Chromatogr A 2004
1045 15

LiuWM HuY Zhao J et al. J Chromatogr A 2005
1095 1

Guan WN XuF Liu WM etal JChromatogr A 2007
1147 59

Guan WN Wang YJ XuF etal JChromatogr A 2008
1177 28

Kataoka H Lord H Pawliszyn J. J Chromatogr A 2000
880 35

Wang LF Lee JY Chung J O et al. Food Chemistry
2008 109 1 196

XieJ C Sun B G Zheng F P et al. Food Chemistry
2008 109 3 506

YuAN Sun BG Tian DT et al. Food Chemistry 2008
110 1 233

Tian HX Wang Z Xu S Y. Chinese Journal of Chromatog-

raphy 2006 24 2 177



27

20

21

22

23

24
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40
41

42

43
44

45

46

47

48

49

50

51

LiuY ZhouGH XuXL etal. Food Science
. 2006 27 1 166

Howard K L Mike J H Riesen R. Am J Enol Vitic 2005
56 1 37

Camara J S Alves M A Marques J C. Talanta 2006 68
5 1512

Carrillo J D Garrido-Lopez A Tena M T. J Chromatogr A
2006 1102 25

Boutou S Chatonnet P. J Chromatogr A 2007 1141 1
Jonsson S Uusitalo T van Bavel B et al. J Chromatogr
A 2006 1111 71
Pinho O Ferreira I
1121 145

LiuM M Zeng Z R Xiong B. J Chromatogr A 2005
1065 287

Camara J S Marques J C Perestrelo R M et al. J Chrom-
atogr A 2007 1150 198

Pino J A. Food Chemistry 2007 104 1 421

Fan W L Qian M C. J Agric Food Chem 2005 53 7931
Fan WL XuY Zhang Y H. J Agric Food Chem 2007 55
9956

Perego P Fabian B Cavicchioli M et al. Food Bioprod
Process 2004 82 4 291

Sanchez-Palomo E Diaz-Maroto M C Perez-Coello M S.
Talanta 2005 66 5 1152

Chin ST Nazimah SAH Quek SY etal JFood Comp
Anal 2007 20 1 31

Vesely P Lusk L Basarova G et al. J Agric Food Chem
2003 51 6941

Ochiai N Sasamoto K Daishima S et al. J Chromatogr
A 2003 986 101

Zalacain A Marin J Alonso G L et al. Talanta 2007 71
4 1610

Marin J Zalacain A De Miguel C et al. J Chromatogr A
2005 1098 1
Alves R F Nascimento AM D NogueiraJ M F. Anal Chim
Acta 2005 546 11

Guerrero E D. J Chromatogr A 2006 1104 47

Guerrero ED Marin RN Mejias R C et al. J Chromatogr
A 2007 1167 18

Caven-Quantrill D J Buglass A J. J Chromatogr A 2006
1117 121

David F Sandra P. J Chromatogr A 2007 1152 54

Liu Y C Ye F. Pesticide Science and Administration

2007 4 14

Yuan N Yu B B Zhang M S et al. Chinese Journal of
Chromatography
2006 24 6 636

Correia M Delerue-Matos C Alves A. J Chromatogr A
2000 889 59

Fernandez-Alvarez M Llompart M Lamas J P et al. Anal
Chim Acta 2008 617 1/2 37

Cortes-Aguado S Sanchez N Arrebola F J et al. Food
Chemistry 2008 107 3 1314

Sandra P Tienpontand B David F. J Chromatogr A
2003 1000 299
Andrade R Reyes F G R Rath S. Food Chemistry 2005
91 1 173

Pérez D M. Food Chemistry 2008 107 3 1348

Santos L. J Chromatogr A 2006

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Aguinaga N Campillo N Vinas P et al. Anal Chim Acta
2007 596 2 285
Lee MR Chang LY Dou J P. Anal Chim Acta 2007 582

1 19
Chen W Q Hou X F Zhang L P et al. Journal of Xiamen
University Natural Science

2000 39 4 509
Luan TG Li G K Zhang Z Y. Acta Scientiarum Naturalium
Universitatis Sunyatseni
2001 40 1 54
Luan T G Zhang Z X Mo C L. Journal of Instrumental
Analysis . 2002
21 1 51
Qin LN NiYY Liang F H et al. Liquor-Making Science
& Technology
2008 2 40
Wang F Wang W YinJ T et al. Modern Instruments
. 2007 3 66
Shen HY Fan WL XuY etal Liquor-Making
2008 35 2 71
Hu G D Zhang X L. Food and Fermentation Industries
. 2004 30 2 1
Wang J Cui WW Wang L N et al. Food and Fermenta-
tion Industries
2007 33 8 127
Wu QJ Chen HL Yang C X. Chinese Journal of Analysis
Laboratory . 2007
26 4 38
Wang LP XuY Zhao G A. et al. Journal of Wuxi Univer-
sity of Light Industry
2003 22 1 1
LiuLP ShiYG Yue TL etal Liquor-Making Science &
Technology
2007 5 105
Fan WL Xu Y. Liquor-Making
2007 34 1 22
WuJH Zhang ML Chen F et al. Journal of Instrumental
Analysis
2005 27 4 101
Chen J L JiangY WuJ H et al. Food and Fermentation
Industries
2007 33 3 107
Wei HC Wang G X Liang L S et al. Food Science
2007 28 7 347
Zhan J F Lu S M Meng Z Y. et al. Chinese Journal of
Chromatography
2008 26 3 301
DouHL LiCM GuHF etal Journal of Tea Science
2007 27 1

51
Qiao Y Xie BJ Zhang Y et al. Chinese Journal of Chro-
matography 2008 26

4 509
Shi Z X Yang X Feng JF et al. Chinese Journal of Food
Hygiene
2006 18 6 497
HouY Cao QE Xie X G etal. Chinese Journal of Chro-
matography 2007 25
1 25



