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Stir bar sorptive extraction (SBSE) for
Trace Analysis of Aroma Compounds in
Beverages

Nobuo OCHIAI
GERSTEL K.K., Tokyo, Japan
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SBSE for Aroma analysis

For aroma analysis,

Beverages, Vinegar,
Fruits, Vegetables,
Herbs, Plant material,
Essential oils

m=) PDMS stir bar (Twister)

David and Sandra, JCA 2007
Lancas et al, JSS 2009
Prieto et al, JCA 2010
Kawaguchi et al, TrAC 2013
Gilart et al, TrAC 2014
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Theoretical recovery as a function of log K,
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Test aroma compounds

Compound ‘ log K,

Polar function

Guaiacol
Phenethyl alcohol
Indole

Phenethyl acetate
Linalool

B-Damascenone

1.34

1.57

2.05

2.57

3.38

4.21

-OH, CH,0- Smoky, medicinal

-OH Floral, sweet

Floral

C4HsN (pyrrole) (high dilution)

CH;(C=0)0- Fruity, sweet
-OH Floral
-C=0 Honey, Sweet
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== Comparison of recovery with or without salt addition

120 <c-=-=--- = Linalool | M
IOg K <20 IPhenethyl acetate log Kow: 3.38 Hco
I log Kow: 2.57, Rec: 96 % pac. 81 % oo Hy
HS
o T - L. T S b oo heoretical
. |
30% NaCl | z . B-Damascenone  Recovery (%)
? log Kow: 4.21
| H.C H. .

80 - | l ®  Rec:96 % PDMS: 24 pL
= l E ':\ Sample: 5 mL
- Phenethyl | : |
3 60 Alcohol ! : I SBSE: 2 h (800 rpm)
3 log Kow: 1.57 | : : .
é Rec:4.2% | | | Conc.: 10 ng/mL

]
Guaiacol o - : € without salt
40 - log Kow: 1.34 ©/\/ l * * ' )
Rec: 8.3 % \ I Indole & with 30% NaCl
HyCu € log Kow: 2.05
20 - © A Rec:29 %
"o \ | CId
‘310 vl ;
A oA ¢
0 ‘ ¢ | I | |
0 1.00 2.00 3.00 4.00 logk,,,

However, the recoveries for guaiacol and phenethyl alcohol, which have low

log K,,, of less than 2 are still quite low. Therefore, a new SBSE coating for GERSTEL
these polar/hydrophilic compounds would be required.
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Search for new coatings for SBSE

Criteria

» Should be used with thermal desorption (TD).

> Should give a significant improvement versus PDMS.

» The production of the coating should be possible in a
very reasonable way (as is the case with PDMS stir bar).

Polyethyleneglycole-modified Silicone (EG-Silicone)

To apply the coating, a metal mesh support was needed.

Y. Nie, E. Kleine-Benne, GERSTEL AppNote 3/2011, AppNote 2/2012.
N. Ochiai: “Flavor, Fragrance, and Odor Analysis, Second edition”, edited by R. Marsili, p.12 (2011), CRC press.

B. Sgorbini et al, J. Chromatogr. A, 1265 (2012) 39.
J. J. Cacho et al, J.Pham. Biomed. Anal. 78-79 (2013) 255. G ERSTEL

N. Gilart et al, Anal. Chim. Acta, 774 (2013) 51.



Comparison of recovery between PDMS and EGS stir bar

120

PDMS: 24 pulL
100

Sample: 5 mL
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== Comparison of recovery between PDMS and EGS Twister

120 .
Phenethyl acetate Linalool
log Kow: 2.57, Rec: 91 % log KOW:°3-38
100 HSRQ/O\./\G RHeCZ 933 % PDMS: 24 ‘,ll_
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3 ae " sample: 5 mL
! ample: 5m
- B I ¢ HCO p
50 VY uc Hs
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B 60 - Alcohol r Rec:71% log Kow: 4.21
S log Kow: .57 3 Rec: 74 % w/30 % NaCl
3 _ Rec:13% |
oc Guaiacol o
20 _ losKow:1.34 : ¢ PDMS 1 x
Rec: 21 % . :
H3C\0 S “\ . EGS 1 X
Ny ? 2
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The EG Silicone stir bar provides higher recovery for polar (hydrophilic) solutes,
specifically the solutes which can form hydrogen bonding. IGERSTEL |



o Bleeding from the decomposed phase

Robustness: 4

Although the EG-Silicone stir bar showed good performance in SBSE,
when re-used several times, increased bleeding from the decomposed
phase and decreased repeatability were observed. For those EG-Silicone
stir bars, numerous scratches were observed on the surface of the grid
by using microscopy and tiny exposed metal surfaces appeared.

2 [2] TIC: FLV_Plus2_10ppb_30NaCl_EGS_LST_002.D¥data.ms E@
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This is mainly due to the much softer nature of EG-Silicone phase

compared to the PDMS phase.
I GERSTEL |
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Journal of Chromatography A, 1315(2013) 70-79

Contents lists available at ScienceDirect

Journal of Chromatography A

= . e __..
ELSEVIER journal homepage: www.elsevier.com/locate/chroma

Multi-stir bar sorptive extraction for analysis of odor compounds @Cmsmk
in aqueous samples

Nobuo Ochiai®*, Kikuo Sasamoto?, Teruyo leda?, Frank David®, Pat Sandra®

4 GERSTEL KK., 1-3-1 Nakane, Meguro-ku, Tokyo 152-0031 Japan
b Research Institute for Chromatography (RIC), Kennedypark 26, B-8500 Kortrijk, Belgium

The EG-Silicone stir bar is attached to
EG-Silicone the inner side wall of the vial.
Stir bar

A robust PDMS stir bar is stirring at the
bottom of the vial for agitation as well

Magnet as extraction of the solutes.

support
Both stir bars can complement each
other for more uniform enrichment of
a wide range of solutes without any
damage of EG Silicone phase.

After extraction, the two stir bars are placed
in a single TD liner and are simultaneously

thermally desorbed.
IGERSTELi
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Comparison of recovery between single SBSE and ™SBSE
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D
o

Recovery (%)

40

20

Phenethyl acetate  Linalool 8-Damascenone
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Multi-SBSE compensated the recovery of 6-damascenone, while improving the recovery of
phenethyl alcohol. However, the recovery for indole was decreased from 71% to 60%.
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== Comparison of recovery between single SBSE and ™SBSE

120 Phenethyl acetate  Linalool 5
log Kow: 2.57, Rec: 97 % 108 Kow: 3.38 s "one
T Rec: 93 % log Kow: 4.21
100 HSRQ/O\/\G o o Rec: 93 % PDMS: 24 uL
¢ I H,  EGS: 32 pL
\, Indole * ° L., N
log Kow: 2.05 . .. he . Sample: 5 mL
80 - Rec: 84 % A o : HyC 3
I
S : * SBSE: 2 h (800 rpm)
E ¢ Conc.: 10 ng/mL
g 60 - o Guaiacol ¢
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o Rec: 43 % - log Kow: 1.57 on
L g /’/ Rec: 37 % ¢ PDMS 1 X
40 +~ ? .1,,
P A ® EGS1x
I : 2
: PDMS 1 x
o i ® EGs1x
* $ ¢ PDMS 2 X
! \ EGS _
O e W12l i :
0 1.00 2.00 3.00 4.00 logk,,, T

The MSBSE approach not only combines the extraction power of the PDMS stir bar with the

EG-Silicone stir bar, but also results in higher recovery due to increased phase volume (and GERSTEL
hence the smaller phase ratio).
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==  Aroma compounds in roasted green tea (Houji-cha)

The Malllard reaction roasting process of Houji-cha replaces the fine green
and vegetative tones of standard green tea with more complex aroma (e.g.
loasty, nutty, and caramel-like), but those additional aroma compounds

iIncluding numerous polar/nydrophilic compounds are still only present at
trace level.

GERSTEL



e Comparison of TICs of the roasted green tea by
single SBSE and MSBSE-TD-GC-QMS

Alkyl pyrazine congeners (Nutty, roasty)

bar log K w :1.03-2.07 CHy n, C\E r/c =

1000000 I I

500000 L JL
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Itis interestmg to observe that several alkyl pyrazine congeners detected with the single SBSE

using the PDMS stir bar, are much smaller peaks with the single SBSE with the EG-Silicone stir bar.
But they are clearly detected again with multi-SBSE.
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Comparison of TICs of the roasted green tea by

gle SBSE and MSBSE-TD-GC-QMS
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Itis also clear that dommant late elut/ng peaks such as p-vinyl phenol and mdole wh/ch can form
hydrogen bonding are more intense with the single SBSE using the EG-Silicone stir bar than with
the single SBSE using the PDMS stir bar. And they are also clearly present with multi-SBSE.
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#xd Hierarchical cluster analysis of aroma compounds
in roasted green tea by single SBSE and ™SBSE
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EG-Silicone PDMS mSBSE

Furfural
Indale
4Ethylbenzamide

p-vinyl phenol
&.Amino-2-methoxyphenal
2-formyl pyrmole

Benzyl alcohol

Pyridine, 2-[(tert-butylthio)m
Pynole
G-Hydroxynicotinic acid di-r
(25 6R.75.BEH+}2.7-Epaxy
Furfuryl alcahal
cis-3-hexenol

Z-acetyl pyrrole

1-Hexanal, 2-ethyl-
Guaiacol
. Phenylethyl Alcohal

2 4-Heptadienal, (E.E}
2-Methyl-3H-quinazalin-4-01
2H-Pyran-2-one, tetrahydro-i
2{4H} Benzofuranone, 5,6.7
Pyrazine, 2-ethyl-5-methyl-
1.3-Benzenediol, 0,0"di{2-
Phenol, 4 propoxy-
2H-Pyran, 3,4 dihydro-6-me
1-Ethyl-2-pyrolidinone
SH-5-Methyl-8.7-dihydracye
Pyrazine, ethyl-
Pyrazine, 2,5-dimethyl-
Pyrazine, tiimethyl-
Pyrazine, 2,3-dimethyl-
Fyrazine, 2-ethyl-8-methyl-
2,3-Dimethyl-5-ethylpyrazin
Pyrazine, 2.5-dimethyl3-(1-
Pyrazine, 2-methyl-5-{1-proj
1H-Indol-4-amine

Furan, 2-(methoxymethyl}
Tetradecane, 2.6,10-timett
Benzene, 2-methoxy-1,3,5-t
Ethanone, 1-(1H-pyrnok2-yl}
M-{1-Cyano-3-methylbuta-1,
Cicazole, 4.5-dimethyl
Oxazole, trimethyl-
Ethanone, 1-(3,5-dimethylp
Pyrazine, 2,8-diethyl-
Coumarine, 7-formyl-4-mett
1,5-Heptadiene, 2-methyl-, |
Pyrazine, 2-(n-propyl}

4 Pyridinol, 3-methowy-2-me
Pyrazine, tetramethyl-
Myristic acid, <methoxyphe
1H-Imidazo{4,5-d)pyridazine
Acetamide, N-(1,3-dimethyl
Pyrazine, 2-methyl-5-{1-proj
SH-Cyclopentapyrazine, 6,7
3-Formyl-4.5-dimethyl-pyro
2.4 dimethyl-1H-pyrrole-2-c;
1,3-Benzodioxole-5-acetic
Pyrazine, 2,3-dimethy-5-(1-
Ethenamine, N-methylene-
Pyridine, 3-methoxy-
3-(Methoxyiminojindalin-2-¢
3.5-Dihydroxybiphenyl
TH-Pyrazolo[3.4-b]pyridin-3-
45 -Dimethyl-2-isopropyloxa
1,23 4 Tetrahydro-2,3-dime
Phenal, 3 4-dimeth
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Comparison of normalized peak area of the
representative compounds

MSBSE

EG-Silicone

8.0
7.0

X 6.7 W EGS

Guaiacol
(log Kow: 1.34)

Furfuryl alcohol
(log Kow: 0.45)

Benzyl alcohol
(log Kow: 1.08)

P —
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Indale
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p-vinyl phenol
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2-formyl pyrole
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Furfuryl alcoho
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2-acetyl pymole
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2, 4-Heptadien:
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Pyrazine, 2,5-d
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Pyrazine, 2,3-d
Pyrazine, 2-eth
2,3-Dimethyl-5-
Pyrazine, 2.5-d
Pyrazine, 2-me
1H-Indol-4-ami
Furan, 2-{meth
Tetradecane, 2
Benzene, 2-me
Ethanone, 1-(1
N-{(1-Cyano-3-m
Oxazole, 4,5-d
Oxazole, trime
Ethanone, 1-(3
Pyrazine, 2.6-d
Coumarine, 7-f
1,5-Heptadient
Pyrazine, 2-(n-|
4 Pyridinol, 3-r
Pyrazine, tetral
Myristic acid, <
1H-Imidazo(4 £
Acetamide, N-{
Pyrazine, 2-me
SH-Cyclopenta
3-Formyl-4.5-di
3. 4dimethyl-11
1.3-Benzodiox
Pyrazine, 2,3-d
Ethenamine, N
Pyridine, 3-me-
3-(Methoxyimir
3.5-Dihydroxyb
7H-Pyrazolo[3.:
4.5-Dimethyl-2
1,234 Tetrahy
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X 10

2,5-dimethyl
pyrazine
(log Kow: 1.03)
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2-acetyl pymole
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2H-Pyran, 3.4¢
1-Ethyl-2-pyrral
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Pyrazine, 2,5-d
Pyrazine, trime
Pyrazine, 2,3-d
Pyrazine, 2-eth
|| 2.3-Dimethyl-5-
Pyrazine, 2.5-d
Pyrazine, 2-me
1H-Indol-4-ami
Furan, 2-{meth
Tetradecane, 2
Benzene, 2-me
Ethanone, 1-(1
N-{1-Cyano-3-m
Oxazole, 4,5-d
Oxazole, trime
Ethanone, 1-(3
Pyrazine, 2.6-d
Coumarine, 7-f
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Determined values obtained by MSBSE using
standard addition calibration (5-250 ng/mL)

Benzyl alcohol (logK,,
Response
HOﬁ<
1 O0e+006
| 22 ng/mL
r>=0.9971
U‘I?||
0 100 200 (ng/mL)

11.08)

IIIIII

4.00e+006

2.00e+006

0

Response CIS-3-Hexenol (logK,,: 1.61) gnge

2.00e+006

6.8 ng/mL
r> = 0.9987

0

100 200 (ng/mL)

2.00e+007+

1.00e+007+

Guaiacol (logK,,: 1.34)

HyCx,

2.5 ng/mL
r-= 0.9994

100 200 (ng/mL)

Indole (logK,

m

W 2.05)

I

L

43 ng/mL
r> = 0.9960

i 4

\-—r

100 200 (nghnL)
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== SBSE with in-situ derivatization (der-SBSE)

For specific hydrophilic/polar solutes,

SBSE with in-situ derivatization (e.g. acylation,
esterification, and oximation) can be also used.

Higher K, values
Higher Recovery & Sensitivity

Higher molecular weight
Higher selectivity in GC-MS analysis

GERSTEL
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Analysis of stale flavor aldehydes in beer

Oxidatively produced unsaturated aldehyde
?l\/W\/EH such as E-2-nonenal plays a major role in the
o 3

development of stale-flavor in beer.

E-2-nonenal (logk,: 3.06)
Odor threshold: 0.1 ng/mL

Analysis of E-2-nonenal and similar congeners in beer is generally

rather challenging taking into account the relatively high levels of
matrices (e.g. fusel alcohols, fatty acids, and esters).

GERSTEL
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BGIENGE@DIBEGT* IOURNALOF
CHROMATOGRAPHY A
Joumal of Chromatography A, 986 (2003) 101-110
www_elsevier com/locate/chroma
Determination of stale-flavor carbonyl compounds in beer by stir
bar sorptive extraction with in-situ derivatization and thermal
desorption—gas chromatography—mass spectrometry
N. Ochiai**, K. Sasamoto®, S. Daishima®, A.C. Heiden®, A. Hoffimann"
* Application Development Department, Yokogawa Analytical Systems Inc., 2-11-13 Nakacho, Musashino-shi, Tokyo. 180-0006 Japan
“GERSTEL GmbH and Co. KG, Aktienstrasse 232-234, D-45473 Milheim an der Ruhr, Germany
R F R F
H H or CH = CHCH,,
Hy—O—NH, =+ O:C< CHZ_O_N:C<
CH = CHCH,, CH = CHCgH,; or H
F F F F
0-(2,3,4,5,6-pentafluorobenzyl) E-2-nonenal L
hydroxylamine E-2-nonenal PFBHA derivatives

PFBHA

GERSTEL



30 mL beer (10-fold dilution)

0.45 mL PFBHA (10 mg/mL)

47 uL PDMS stir bar

der-SBSE@1000 rpm (1 h)

TD-GC-QMS (SIM)

IGERSTELi
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Method performance

| CH, Linearity: = 0.9993 (0.1-10 ng/mL)
=
LOD: 0.023 ng/mL (SD X 3@0.1 ng/mL)
E-2-nonenal Recovery (%): 99 % (0.5 ng/mL)

Repeatability: RSD 2.4 (%, n=6)

Method walidations for the determination of stale-flavor carbonyl compounds in beer by SBSE with in-situ derivatization and TD-GC-MS

Compound Correlation coefficient () LOD/ng ml ™" Recovery (%)° RSD (%), n=6"
(0.1-10 ng ml ')*

E-2-Octenal 0.9994 0.021 100 3.7
E.Z-2.6-Nonadienal (1.9995 0.032 101 7.3
E-2-Nonenal 0.9993 0.023 90 24
E.E-2.4-Decadienal 0.9994 0.023 o8 3.4

* Linear range of the standard addition calibration graph.

® The LODs were calculated as three times the standard deviation (3 s) of replicate analyses (n=6) of fortified samples spiked at the
lowest concentrations of the calibration graph.

“ The recoveries and precision were also examined by replicate analyses (n=6) of fortified samples spiked at 0.5 ng ml . For both

calibration and determination, the sum of the isomer peak area for each analyte was used.



. Analysis of polyfunctional thiols in beer

SH SH o R
/\/\/\ OH /\/\/\ o A
3MH 3MHA

Odor threshold: 0.0015 pg/L*  Odor threshold: 0.055 pg/L* Odor threshold: 0.005 pg/L*

Blackcurrant, Fruity, and catty. Passion fruit, Grapefruit, and catty. Grapefruit, Passion fruit, and sweaty.

Polyfunctional thiols have received special attentions due to their
extremely low odor threshold levels and high sensory impact.

Several thiols, e.qg. 4-mercapto-4-methyl pentan-2-one (4MMP),
3-mercaptohexan-1-ol (3MH), and 3-mercaptohexyl acetate (3MHA),
are known as important aroma in some beer (e.qg. strongly-hopped
beer), as well as wine.

* T. Kishimoto, A. Wanikawa, K. Kono, K. Shibata,J. Agric. Food Chem. 56 (2008) 1051-1057. GERSTEL
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o0 Ethyl propiolate as derivatization agent

Journal of Chromatography A, 1312 (2013) 104-110

Contents lists available at ScienceDirect

Journal of Chromatography A

journal homepage: www.elsevier.com/locate/chroma

Ethyl propiolate derivatisation for the analysis of varietal (B
thiols in wine
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Ethyl propiolate (ETP) 4MMP ‘
MW: 132 cis-/trans-4MMP ETP derivative
logK,,,: 1.07 Mw: 230

183  der-SBSE-GC-QQQMS(SRM)
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E der-SBSE-TD-GC-MS/MS*

10 mL BeeratpH9

ETP solution

Salt addition (NaCl 30%)

24 uL PDMS stir bar

der-SBSE@1500 rpm (3 h)

TD-GC-QQQMS (SRM)

* N. Ochiai, K. Sasamoto, T. Kishimoto, in preparation (2015) GERSTEL
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Introduction

Multi-stir bar sorptive extraction ("SBSE) for non-targeted
analysis of aroma compounds

SBSE with in-situ derivatization (der-SBSE) for targeted
analysis of off-flavors and key aroma compounds

Conclusion
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Conclusion

Multi-SBSE ("SBSE) and SBSE with in-situ derivatization (der-SBSE)
can be successfully applied to the non-targeted analysis of a wide
range of aroma compounds, and the targeted analysis of off-flavors
and key aroma compounds, respectively.

These two SBSE modes can be considered as very complementary
for aroma/off-flavor analysis of beverages, and can offer more
accessible information content of the resulting data and/or
improved sensitivity/selectivity when combined with TD-GC-
MS(MS/MS).

(L aiC
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