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Uberblick 1

 Weinaroma: Zielkomponentenanalyse
- Problematik und Bedarf fur High-End Analytik

Beispiele: Methoxypyrazine (MPs), Haloanisole

HS-SPME-GC(xGC)-MS (SIM)

SPE // on-line-LC-MDGC-MS (SIM)

SPE // LV-OC-MDGC-MS (SIM)

SPE // LV-PTV-OC-MDGC-MSMS



Uberblick 2

Weinaroma: Profiling-Analysen
- Erfassung molekularer Veranderungen durch

weinbauliche und oenologische Massnahmen
Beispiele: Alterung; Micro-Oxygenierung
HS-SPME-GC(xGC)-MS

Klassische und pixel-based Verfahren
Statistische Auswertung; Korrelationen

Zusammenfassung und Ausblick



Weinaroma fur den Analytiker

 Weinaroma ist sehr komplex zusammengesetzt
« Aromastoffe in sub-ng/L bis mg/L Konzentrationen
e Organische Chemie in breiter Abdeckung

e Matrixzusammensetzung oft problematisch fur Extraktion,
Chromatographie und Detektion

 StOrungen — gerade bei (sub-)ng/L Bestimmungen

Zur Biochemie des sortentypischen Weinaromas

Wein — Qualitat entscheidet sich
INn Nanogramm

Matthias Wust, Chem. in Unserer Zeit 37 (2003) 8-17



Methoxypyrazine im Sauvignon Blanc

Aromastoff Struktur Geruchs- Geruchs-
eigenschaft schwellenwert

[ng/ 1]

2-Methoxy-3- gruner Paprika,

isobutyl N 0O Pfeffer
[ I)\
—
N
2-Methoxy-3- | grune Erbsen, 1
sec. butyl N gruner Paprika

O
N )
N
3-1sopropyl-2-

gruner Paprika, 2 Methoxypyrazin
N
| A\
(
N
N
A\

2@/ Pfeffer, erdig
1

2-Methoxy-3-
isopropyl

griiner Paprika, 400 Enger — an_genehme_r -
erdig Konzentrationsbereich

2-Methoxy-3-
ethyl [
= von etwa 8-15 ng/L

N

Wist, M., Chemie in Unserer Zeit. 37 (2003) 8 - 17



MPs In Vitisvinifera var.

e Dominierendes MP ist IBMP

- MP-Konzentration
hoch in unreifen
20 - Trauben und
geringer werdend
15 .
= @ Sauvignon Blanc mit zunehmender
= o m Cabernet Sauvignon Reife
5
: | m @

IBMP IPMP SBMP

Allen, M.S., Lacey, M.J., ACS Symp. Ser. 714 (1998) 31 - 38



Methoxypyrazine mal nicht aus Trauben

Klimawandel und das Vordringen des Asiatischen Marienkéafers
Harmonia axyridis (nicht nur) in pfalzischen Weinbergen ...

« Kafer enthalten (in der Hamolymphe) IPMB, IBMP, SBMP und
DMMP

« Gehalte [ng/g Kafer] gefunden in (lebenden) Kafern:
IPMP (4.2); SBMP (1.9); IBMP (<0.01)!

« Sensorisch bestimmter Schwellenwert fur off-flavor durch H.
axyridis (in der Lit. auch “ladybug taint; LBT” genannt) liegt bei
0.3 bis 1.9 Kafer/kg Trauben?

Interesse der amtlichen Lebensmitteliberwachung an der Analytik von
Methoxypyrazingehalten in Weinen (insbesondere Sauvignon Blanc und Cabernet
Sauvignon) ... --> IBMP (173 ng/I stidafrikanischer S. Blanc?)

11th Int. Symp. on Hyphenated Techniques in
Chromatography (HTC-11), Bruge, Belgium, 26-29
January 2010



Methoxypyrazine

Harmonia axyridis ...

3-1sopropyl-2-
methoxypyrazin




Analyse mit einer oft beschriebenen Methode:
HS-SPME-GC-MS

pH Einstellung auf 6.6
SIDA fur Quantifizierung der MPs (d;-MPs)

HS-SPME-GC-MS (SIM);
Divinylbenzene/Carboxen/PDMS Faser, HP-5MS column, SIM-MS1

In unserer Situation ergaben dotierte Proben (Most)
nicht die erwarteten Resultate !?

Spektren bzw. “Quantifier/Qualifier’ lonenverhéaltnisse
auffallig

GCxGC-gMS fur Fehlersuche (Trace GCxGC-DSQ)

1 Kotseridis, Y.S. et al., J. Chromatogr. A, 1190 (2008) 294-301



@ Yiew 2D-GC spectra (D:\...\Most_2008_08_1B8c_SIR_137.dat)
File Qs =

GC contour plot

Intenzity scale from: 0. to: 5.387 mialt

m/z 137
(extracted ion plot)
base peak von IPMP

Kritische
Quantifizierung:
Co-Elution bei
1D Trennung

rave Scan# 3437 Ret time 104002 min(Scan

Double click for library search or drag for zooming




Wost_2008_0B_18c_SIR_140.dat)

m/z 140
base peak von d;-IPMP

Kritische
Quantifizierung:
Co-Elution bei
1D Trennung

(i)

Filename d:A.\methoorpyrazine_spme_simimost_200 Seraw Scan # 3437 Ret time 10,4002 min (Scan # 3437

u} 10

Double click for lbramy search or drag for zooming




(D:1...\Most_2008_0B_1Bc_SIR_138.dat)

Sample: Mos

Kritische

Quantifizierung: m/z 138
Co-Elution bei base peak von SBMP

1D Trennung

Filename d:.hm

Double click for libra ch or drag for zooming




@ Yiew 2D-GC spectra (D:\...\Most_2008_08_1Bc_SIR_141.dat)
File Edit ‘iew Help

5 12.0000 min h Sample: M

Kritische
Quantifizierung:
Co-Elution bei
1D Trennung

Filename d:A.\methoorpyrazine_spme_simimost_:

m/z 141
base peak von d,-SBMP

Secan# 4219 Ret time 11,9407 min (5S¢




ﬂ View 2D-GC spectra (D:\...\Most_2008_0E_18c_SIR_124.dat)
File Edit View

unkritische
Quantifizierung:
kaum Co-Elution

bei
1D Trennung

m/z 124
base peak von IBMP




[rmiir)

Intenzity zzale from: 0. to; 1303.63 mialt

m/z 127
base peak von d,-IBMP

d,-IBMP

unkritische
Quantifizierung:

Keine Co-Elution _ {_A\B ER ! -
bei Nicht erklarbares Peaktailing

1D Trennung _ sichtbar
- hicht typisch ftr d;-IBMP

u Sean # 4635 Ret time 124138 min(Scan ctag]




Alternative Analysenideen ...

GCxGC-ToF-MS
eventuell mit anderen lonen und/oder Spektrendekonvolution
—> evtl. mit hochauflosendem ToF-MS
—> (beide) nicht verfugbar (in unserer Gruppe)

GCxGC-NPD
- evtl. = aber dann SIDA Quantifizierung problematisch mit d,-MPs

Probenvorbereitung
- SPE mit LiChrolut® EN als Sorbenz!

Anderer chromatographischer Ansatz
- andere stationare Phase(n), Saulendimension, Gasfluss, ...

> on-line LC-(MD)GC statt GCxGC

L Culleré, L. et al., J. Chromatogr. A, 1216 (2009) 4040-4045



on-line LC-(MD)GC

HPLC GC1 SVE GC2
v |
- | TFL . T
| o
v oc ® P1 ~
R INJ
transfer
volume;
500 pl \— " )
DPC RPC AC AC

MCSS — Moving Capillary Stream Switching;

Schmarr, H.-G. et al.
H. Sulzbach, C.E. Instruments patent

J. Chromatogr. A, 1217 (2010) 6769-6777



SPE // on—line LC-MDGC-MS (SIM)

Probenvorbereitung:

HPLC:
Trennsaule:

Eluent;

Transfervolumen:

Abdampfrate:

GC Vorsaulen:

1D Saule;

Saulenschaltung:

2D Saule:

Detektion:

Quantifizierung:

SPE (LiChrolut EN, Merck); 100 ml Most, 1 ml Extrakt
Phoenix20 (Thermo) + TM 486 (Waters); UV (277 nm)
12 cm x 2 mm i.d. HyperSil Si (3um); 20 ul Inj.vol.
n-Hexan/MTBE (70/30; v/iv) @ 200 pl/min

0.5 ml

172 pl/min @ 72 °C, 100 kPa He

10 m x 0.53 mm i.d. unbelegt, desaktiviert (Phesil) +
2mx0.32 mmi.d., 1.5 um PS-255
Y-Stlick, early solvent vapor exit

20 m x 0.25 mm i.d. ZB-Wax, 0.5 um
72 °C (8 min), 8°/min to 250 °C (10 min)

MCSS (Domdruck @ 25 kPa)

15 m x 0.25 um i.d. ZB-35, 0.5 um
55 °C (3 min), 10°/min to 250 °C (10 min)

Quadrupol MS (MD800, Thermo); El+, SIM
SIDA mit d;-IPMP, d;-SBMP, d,;-IBMP
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extracted ion Chromatogramme nach SPE // on-line-LC-MDGC-MS (SIM)



MPs In Riesling

MPs in Vitis Vinifera c.v. Riesling (Traubensaft); Neustadt, Pfalz

Quantifizierungsmethode: Standard Addition

spike level [ng/L] [ng/L]
5 25 100 av. |std.dev.| cov [%]

IPMP 2.5 2.6 2.5 2.5 0.1 3.9
SBMP 5.8 5.3 5.6 5.6 0.3 4.6
IBMP 4.3 4.3 4.0 4.2 0.2 4.2

Bisher waren kaum Daten fur Riesling publiziert: <0.2-6 ng IPMP oder 0.3-
55 IBMP in ng/L Saft oder ng/kg in unreifen Beeren.

Hashizume und Samuta, Am. J. Enol. Vitic. 50 (1999) 194-198



Kalibrierungsbereich: 0.4 — 8 ng/I

arearatio IPMP/d,-IPMP

Kalibrierung (SIDA)

Kalibrierungsbereich: 0.2 — 8 ng/I

2.5; /.// o E ) -
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MP-Gehalte in Sauvignon Blanc Most

Most?
[ng L™
Reife Lesetermin  IPMP SBMP  IBMP Cmps

Serie A€
08.08.07 <0.4 nd 9.6
14.08.07 <0.4 nd 6.9
23.08.07 <0.4 nd 4.6
28.08.07 <0.4 nd 1.2
09.09.07 <0.4 nd <1.1
10.09.07 ¢ 0.6 nd 3.6
Serie B¢
14.08.07 <0.4 nd 5.3
23.08.07 <0.4 nd 3.5
28.08.07 <0.4 nd 3.4
05.09.07 <0.4 2.4
11.09.07 <0.4 5.7 1.4
17.09.07 <0.4 5.0 1.8

"
Z Most nach SPE mit LiChrolut® EN
C

Serie A von Weisenheim (Sand/Lehm; warm), Serie B von Hochstadt
(L6R/Lehm; kalt), 2 unterschiedliche Standorte (Boden, Mikroklima)
Lese zuvor fur Reifemessungen , hier komplette Lese



MPs Iin Sauvignon Blanc Weln

MPs in Sauvignon Blanc

[ng/L]

(Wein); aus Neuseeland, Probe
Marlborough Region IPMP

SBMP

IBMP

(2007) SB_NZ ?

RT: 8.07 -11.11

100, 9,96

80—

60—

40 9.61

20—
o 8.21 8.31 8.45 8.59 8.68 8.92 9.01 9.11 /L9.75

TIC

10.212 10.34 10.42 10.58 10.71 10.83 10.91

8.59

100
80—
60—

£ 40

204

=

IPMP m/z=137

1005
80— /l
3 /|
| /
60 /
B /
40—

204 o.61

10.56 10.71
5 ).
N N \,\7}79;?2 10.84 )

SBMP m/z=138

N DO @
O 0 0 0O o

8.21 8.31 8.40 8.54 8.68 8.84 8.96 9.11 9.61 9.74 10.17

10.37 10.56

IBMP m/z=124

10.82 10.91

L e e B e s B B B B . B B B B B B e B e B e R L
8.2 8.4 8.6 8.8 9.0 9.2 9.4 9.6 9.8 10.0 10.2

Time (min)

T
10.4 10.6

T
11.0



SPE mit Kationenaustauscher

N OMe ) N‘R OMe
[ ““I Ans&uerung [ I
>
= _ P
H
3-Alkyl-2-methoxypyrazin 3-Alkyl-2-methoxypyrazin Kation

Plexa PCX™-Saulen (200mg):
* Wein (75 ml) + MPs-D3, einstellen auf pH=2

« Konditionierung:

» 1. Waschschritt:

» Trocknung:

e 2. Waschschritt:

» Elution:
* 3.Waschschritt:

Dichlormethan (DCM)
Methanol
milli-Q Wasser

milli-Q H,O0/Methanol(30%) pH=2
Argon
DCM

Triethylamin in DCM (10g/L)
milli-Q-H,O (pH=3 mit Weinsaure einstellen)

R. Lopez et al.
J. Chromatogr. A 1218 (2011) 842



MPs Iin Sauvignon blanc

Peter Schoenmakers:

MPs in Vitis Vinifera c.v. Thank God for the matrix!
Sauvignon blanc

(Wein); Herkunft sample [ng/L]

Neuseeland, g IPMP SBMP IBMP

Marlborough Region
SV_nz 2.3 0.4 17.1

Quantifizierung: SIDA _
... asking for expert(s)

hyphenated techniques ...

Problem geldst !

SPE mit Mischbett Material (Bond Elut Plexa PCX™, Varian) welches auch
starke Kationenaustausch-Funktionalitat enthalt!

Ermdglicht wesentlich selektivere Extraktion der MPs, durch die Ausnutzung der
N-Protonierung bei saurem pH.

Zur Analyse von MPs in vergorenem Most (Weinen) ist dies unbedingt angeraten!

1 R. Lopez et al.: J. Chromatogr. A 1218 (2011) 842



On-line LC-MDGC-MS

WL




Verbesserte SPE und LV-OC-MDGC-MS

\ Maskottchen
senspektro g

e

—

- .
*C MEGA Saring




Modernes Equipment: Triplus RSH & MDGC-QgqQ-MS

Methodenvergleich




MDGC-QqQ-MS: Schematics

DPC: uncoated, deactivated pre-column (3 m x 0.53 mm i.d.
phenylmethyl silylated)

1D AC: analytical column Rtx-200MS (15 m x 0.25 mm i.d.,
0.25 pum)

2D AC: analytical column TG-5SilMS (30 m x 0.25 mm i.d.,
0.25 pm)

TriPlus RSH

RC: restrictor column (~0.75 m x 0.10 mm i.d. phenylmethyl
silylated)

FID

FID: flame ionisation detector, EPC: electronic pressure
controller

EPC

PTV LV OC

h 4
RC
g &

G C TSQ Quantum XLS Ultra
TripleQuad MS

) Deans Switch

AC

-
a ) J
> > —>» —>»—»
V] )

AC




Variable Injektionstools




Ansteuerung der Deans-Schaltung

! 3-Wege Ventil flir Deans-Switch Ansteuerung

T—




PTV On Column Injection

Turn 1 inlet into
two—with a simple
liner change!

26 gauge syringe needle

column and liner taper

Column

PressTight seal betwee r/

It is not fullly a
PressTight
seal:

A small flow is
guaranteed to
avoid solvent

I : vapours to
S | generate a
5 | ' | Injections are made on- broad solvent
4§ i : column when the 26- peak in case of
] E [ : gauge needle enters the bl Lt
o T 1 0.53mm ID celumn head ik el L
T |i B e et conditions
E |
> |I Liner wall Datector
|
Calumn
connection
JJ_;':'F;-- - '*-u,;":\'\‘“n..___ o~ — -
V4 N\ Va4 R\
E i/ H\-, N .-"r".ﬂf W
g | [ os3mmip || W _ W\
& || retention gap |] \ ||| Analytical  1ji
U .\ I/ N W column m/
G W 4/ LY W/
% o 1 I
ThermoFisher

24

SCIENTIFIC



59°C (8 min iso); He @ 2ml/min const. flow
20ul @ 2ul/sec (last 3ul w 10pl/sec)

RT: 0.00 - 25.00

280000007
27000000
260000007
25000000
24000000
23000000
22000000
21000000
20000000
190000005
18000000
170000005
16000000
£ 15000000~
§ 14000000~
13000000
12000000
11000000
100000005
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
10000005
e

MPs und Alkanreihe in DCM (Sdp. 40°C)

20.33 1.41E8

20l DCM

“

11.03

11
10.63

L

12

72

47

13.83

13.10

14.40 m/mm'

15.09 16

19.28
18.86
.28

18.30

17.41

"‘\\\\

19.88
19.61

NL:

FID

Analog
120425_M
P_PTV_OC
_20ng_d

20.54
20.74

bad
chromatography,
—> severe flooting

Question:

too much liquid
or

too fast injection
speed

21.58

23.36 23.49

10

12

14

Time (min)

18

20

22 24



59°C (8 min iso); He @ 2ml/min const. flow

10ul @ 2pl/sec (last 3ul w 10ul/sec)

RT: 0.00 - 24.29

25000000
24000000
23000000°

22000000~
21000000
20000000~
19000000~
18000000
17000000
16000000~
15000000~
. 14000000~
< 13000000
S 12000000
11000000=
10000000
90000007
8000000
7000000~
6000000~
5000000
4000000
3000000
2000000
1000000

18.16 18.58

17.59

SBMP, IBMP

15.49

12.74 14.20

6.69 I P M P 11.01]

16.67

8.91

9.95 11.82

202 701 873 cassygl o L U

NL:
1.41E8

FID

Analog
120425_M
P_PTVv_OC
_10ng_g

18091

19.85

20.06 gOOd
chromatography,
—> no flooting

20.90 2113 22.70

0

| A R L A R IR RN IR RN R
6 8 10 12 14 16 18

Time (min)

20 22 24



70°C (8 min is0); 270kPa He constant pressure
20ul @ 0.5pul/sec (last 3ul w 10ul/sec)

RT: 0.00 - 23.90

NL:
1.40E8
FID

Analog
16.88 17.57 120427_M
’ P_PTV_OC

18.81 _2_Oul_a
14.45 19.37
13.01 15.73 19.62

18000000
17000000
16000000
15000000

11.37

14000000 708

13000000

9.39
12000000
11000000

£ 10000000

5

o

O 9000000

8000000

7000000

6000000

5000000 9.80

8.18

4000000

3000000

2000000

1000000

20.84
R P 1 P S I R 1 vy
AR AR R AR AR B AR AR AR LR RN RERRE RN LR RRARE RN N IR AR R AR R RN RARR AR R

o

T N T R N N I I I e R I RN R RN RN R
12 14 16 18 20 22

Time (min)

o
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Definition der Schnittfenster

IPMP IBMP

RT: 7.85 - 13.54 NL:
2D column (MS) SBMP 107E9
] ) TIC MS
14 (TG5-SIIMS) 120427 M.
] _20ul_ad
12j
% 10 (Zh\ C:h\
. cut-signals
2{ L
0 NL:
2000000 \ 1.29E7
] FID
w00 1D column (FID) 15067
1600000- (RT X-200M S) Ez_gl&joc
1400000
ﬂlZOOOOOé
2 1000000 p p p
O 7
800000% y I" f‘ f‘
6OOOOOW
400000
200000
O:”\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““““\““\““\““\““ T
80 85 90 95 10.0 105 110 115 12.0 125 13.0 135

Time (min)



MPs: MS-MS Fragmentierung
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Full scan und product scan Spektren der MPs. Qualifier und Quantifier ions fir MS-MS mit entsprechenden
Farben unterlegt. Strukturvorschlage fur die relevanten parent ions.



B MP_MSMS_Q1 -FWHM-0p7_Q3-FWHM-0p7 CID-9-11-12¥_CGP-1pOmTorr_SIM_AS-Liquid LVI-OC.meth - Thermo Xcalibur Instrument Setup Q@]g|
File T30 Help

D= 8| x|?]
Sean Editor | EI/C1 | Method Summary |
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Pl Run Settingz
TS0 Quanturn PS5 Acquire Time [min): |11.00 v Usze GC Runtime Seqments; |1 j Current Segment: |1 ﬁ
W To display a chromatogram here, use Quantum/Open B aw File.
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Same vl for l S Single reaction monitoring (SRM)

Scan Width [m/z); ¥ [0.002 :II
Sean Time (s} W [0.010 :Il

memww - Mit dem Quantum Ultra geht auch

e e— Ultra Selective SRM (U-SRM).
Q3 (FwHM) @ (070 =] |
Die hyperbolischen Stabe erlauben =

eine Auflésung bis zu 0.1 Da. ]

=

Ready MOT SAYED




IPMP: Quan: 152 - 137
Qual: 152 - 109,124

120507_Kalib_1p0000-1_MSMS-nD-D_LVI-OC 5/7/2012 8:27:46 PM
RT: 11.52 - 11.93
100 1171 1172 11.75 1175 1175 T
N 11.71 11.76 120507_Kalib_1p0000-1_MSMS-nD-D_LVIOC
] 11.70 1,77
—| h 11.78
50: e 11.69 [RREIRC
7 Y AR U’Alﬂlfi?zr 1184
o0 TIVIWIVIVIVIVIVIVAWUIVIAV \ W AWAMMAANANAANAAANANA,
11.75 NL: 7.10E4
100 TICF: + ¢ EI SRMms2 152.090
] I P M P [109.059-109.061, 124.099-124.101,
] 137.069-137.071] MS
50 120507_Kalib_1p0000-1_MSMS-nD-D_LVOC
] 11.84
07
11.72 NL: 6.83E4
100 TICF: + ¢ El SRMms2 155.090
N [112.059-112.061, 127.099-127.101,
] D 'l P M P 140.069-140.071] MS
50| 3 120507_Kalib_1p0000-1_MSMS-nD-D_LVOC
1 11.83
Oi““““\““\““\““““““\““\““\““““““\““\““\““““““\““\““\““““““\““\““\““““““\““\““\““““““\““\““\““““““\““\““\““““
11.55 11.60 11.65 11.70 11.75 11.80 11.85 11.90
Time (min)
137 NL: 5.28E4
10m: 120507_Kalib_1p0000-1_MSMS-nD-D_LVI-
3 80 OC#9874 RT: 11.75 AV:1SB:2 10.43 ,
8 1 10.67 F: + ¢ El SRM ms2 152.090
S 604 [109.059-109.061, 124.099-124.101,
-2 i 137.069-137.071]
g 407
% ] 124
& ZCF: 109
140 NL: 4.49E4
100 .
B 120507_Kalib_1p0000-1_MSMS-nD-D_LVI-
80 OC#9816 RT:11.71 AV: 1SB:1 10.39 ,
7 10.68 F: + ¢ EI SRM ms2 155.090
60 [112.059-112.061, 127.099-127.101,
i 140.069-140.071]
40
207 112 127
7““\““\““\““““““\““\““\““““““\““\““\““\““““\““\““\““““““\““\““\““““““\““\““\““\““““\““\““\““““““\““\““\““““““\““
100 105 110 115 120 125 130 135 140

m/z



Probe: IPMP

Thermo Xcalibur
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e

| &0 7]

20514 W05 _WEMS-nD-D_LW Unknown 735G

72 120514 W03 MSMS-rD-D_LWI iUnknawn Manual Integration Cvaves. 0 sm3qmo

3 120514 W04 MEMS-ND-0_LVI Unknown ‘Manual Integration 4830 455507

24 120514 _Wi005_MEMS-ND-D_LI {Unknawen Method Setiings 22185 105400

25 120514 _iWN-23_MSMS-nD-D_LW1 iLnknawn Manual Integration a0E1E 319302

25 120514 21 _MEMS-nD-D_LY| Unknown Msthod Settings o244 430442
NS AN DD RASHAS nn D 1AL IRk, Iul Bd=thod Setting: LS ThL i 20R01R

[TINA £ andards AGCS A Blanks 4 Uninowrs 7 el

n1a7
0188
0211
0253
0163
n7ra

hA

HA

[y

[

i3
[Py

"NA

hlot Found

Bracket in use |Bracket 1 - Calibration File |Embedded Calibration
- i
File Hame Sample Type Sample Name ‘ Integration Type Area ‘ ,I,S,LI: ‘ l':;:: 5::1"::2‘: ‘ c::‘::l":td %Diff | %RSD-AMT | Peak Status Level ‘ Units ‘ F—I
B 120507 _Halla_0pS000-1_MEME-n Standard Kall 0.5000:1; ngi; EMP ethod Settings a2070 152860 0508 1534 1B 1076 oo 05000 [T
B 120507 _alia_1p0D00-1_MEME-n | Standard 1; gl IBMP Manusl Integration 193874 | 170163 1133 3665 2005 646 oo 1.00001 g
7 120507 _Kalia_1 pS000-1_MSMS-n :Standard ngi; BMP Manual Integration 287423 182866 1572 5501 5460 07s 0.0 1 50001 ngiL
& 120508_Kalia_2p0000-1 Standard ; EMP  hanusl Intsgration 413578 201254 2085 oA 730 034 0o 200001 gl
[ 120509 _Kalia_0p1000-1_] Stancard ; EBMP Manual Integration 30556 | 191563 0160 0367 032! 208 oo 010001 ngiL
10 120509 WWNINF_dat-171_WMEMS- Linknown Manual Integration 174327 165124 1088 [rs 3604 [T A NA ng
fE] 120511 _iA-20_MSMS-nD-D_LY! iUnknown Method Settings 9253 304462 1048 [ 3579 “hA, M, A ngil
12 120500_VAANF-2_dot-1z1_MEM ‘Unknowen Method Settings 189008 157715 1198 Bl 4117 (i o o ngil
13 120500_WENF-2_dot-2z1_MEM Unknown sthod Settings 7aET 132522 2109 [ Tam 1A MA, Response High M gl
14 120500 ANONF_dot-221_MSME- Unknown " ‘Manusl Integration Cspizas 0 qssodr 2072 hA 728 e The T s ol
15 120508_W-Nativ-2_MEMS-n0-D Unknown “Manual Integration 17952 157793 0114 FA (¥ MA, Responss Low MA, gl
15 120509 Wa-Blank_MEME-nD-D_ Unknown Manual Integration 5427 151354 003 P TN M Response Low N gl
17 120309 _Wii-Mativ_MEMS-nD-D_L:Lnknowen ‘hiethod Settings 11621 © 164290 o7 P& MA MA Responze Low MA nigl
18 120509_WNAVF-ELISA, dotA 71 nknown Manual Integration 330592 - 307264 1078 T M WA, M ngil
19 20511 W1 §_MEMS-nD-D_L Y| Unknowen Manual Integration 17357 38155 0272 [ e o i ngil

[120511_WW-19_MSMS-nD-D_LVI-OC (Method Settings)

5152012 1:04:20 PM

RT: 11.37 - 1212 M 1G
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Probe: SBMP
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File Wiew Zoom Options GoTo Help
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Bracket in use |Bracket 1 ad Calibration File |EmbeddedCahb|alion

2 = ISTD Area Specified Calculated 2 2 ;I
File Hame Sample Type Sample Hame: ‘ Integration Type Area ‘ s ‘ Ratio ‘ At ‘ et % Diff %RSD-AMT | Peak Status Level ‘ Units ‘ F :Eng3
& 120507 _Kalin_0ps000-1_MSMS-n i Standard Kallk 0.5000:1; nglL; BMP Manual Integration 37954 47503 0799 2003 22200 1081 0.0o: +0.5000:1 ngiL
B 120507 _Kalib_1 p0000-1_MSMS-n :Standard 1, ngll; IBMP Manual Integration 60405 | 45145 1.338 4.005 3865 -350 0.00 1.0000:1 ngiL
& 120507 _Halib_1 pS000-1_MZMS-n {Standard nolL; BMP Manual Integration 59184 45455 1962 6.008 5769 -398 000 11.5000:1 ngiL
i) 120509 _Halih_2p0000-1 Standard . BMP Manual Integration 139445 a0344 2770 g.010 0.234 280 0.00 ‘Response High  2.0000:1 ngiL
] 120509 _Kalib_Op1000-1_# Standard i BMP Manusl Integration MF 36710 MF 04m IMF MF MF ‘Mot Found (010001 ngiL
10 120509 _MNINF_dot-121_MSME- Unknown dethod Settings: 61945 42628 1453 Pl 4216 A, [P [P ngiL
11 120511 W20 _MSMS-nD-D_LYI {Unknown Manual Integration  © 24085 70120 0.343 P& 0529 MA MA ‘Response Low WA nogl
12 120509 _3AAANF-2_dot-1 21 _MSM [Unknowen Manual Integration 49974 32169 1554 A 4522 R, P, P, nol
13 120509 _WWN-WWF-2_dot-221_MEM (Unknown ethod Settings i 110812 33786 32N FA 8763 A, Ma& Responze High  MA ngiL
14 120309 _WN-F_dot-221_MSMS- Unknown Manual Integration 121837 37593 3.240 P& 9670 A, Ma& Response High (ha nogl
15 120509 _W-Mativ-2_MSMS-nD-0 Unknown ‘Manual Integration MF 38786 MNF & H MF MNF ‘Mot Found A ngL
168 120509 \w-Blank_MSMS-nD-D_ Unknown Manual Integration MF 34232 MF MA MNF MF Mot Found A ngiL
17 120309 _Wii-Mativ_MEMS-nD-D_L:Lnknowen :hanual Integration MF 34044 MF P& i MF MF Mot Found kS nigl
18 120509 _MMANANF-ELISA_dot-121_ :Linknown Method Settings 191858 ¢ 127656 1.504 M A, A [FS ngl
19 120511 -1 8 _MSMS-nD-D_LYVI {Unknown Manual Integration ¢ 18541 | 117882 0157 Mo ; MA MA ‘Responze Low MA ngL
21 20514 _WMN-06_hShS. _LW1 iUnknowen H MF 8282 MF B H MF MF Mot Found A, ngilL
22 120514 _AAN-03_MSMS-nD-0_LYI iLinknown Manual Integration MF 85111 ¢ MF MA MF MF ‘Mot Found I, ngill
23 120514 M0-04_MSMS-nD-D_LYI iUnknowen ‘Manual Integration MF 105832 MF M H MNF MF Mot Found MA ngil
24 120514 _WN-05_MEMS-nD-D_LYI iUnknowen “Manual Integration MF 25292 MF P MF MF Mot Found MNA ngiL
2 120514 _WAAN-23_MIMS-nD-0_LYI {Unknown tanual Integration MF 71786 MF M MF MF ‘Mot Found [ES ngilL
26 120514 _3A4-21 _MSMZ-nD-D_L%] {Unknowen Manual Integration hF 101507 HF [l MF MF Mot Found T, naiL
1NS1A WAL BASEAS n | L ok, Inl hdznuial Intesration MIE F7a377 hiF na hIF MF RIF Rt Frond ma LG bl
[Ty I\Ai { Sandards £0Cs {Blanks £ Unawn 7 i | »
[120511_WW-19_MSMS-nD-D_L¥I1-OC (Manual Integration) 571172012 1:04:20 PM SEMP
Y =0.0716658+0 3276847 R™2= 09948 W 11X
RT: 13.10-13.85 SM: 1G 4
J0 13.85 NL: 3 BoE4 2
7 miz= 122.60-123.60 F: +c El |
BIII—: SREM ms2 151.080 2 5
3 [95.018-95.021, 119.058-119.061, =
03 123.088-123.101] M3 ]
B 120511 _WW-19_MSMS-nD- =
i D_LvI-OC 204 (]
g 4 c .
< 605 = 1
S = o —
EE %]
s g 9
= 3 -
& 404 )
B RT: 13.48 1.0
304 3 ||
204 054
103 1358 1367 2|
D7|||||||\||||||‘|||\|||\||\|||‘|||\||\ 00\l||||\|||||\\\|||||\\|||||||||||\\|||||\\\|
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Time (min) nafl
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Probe: IBMP

5 Thermo Xcalibu
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S = 883 ¢+ 9[s[3 relelo sl M| 2|

View All)

Bracket inuse |Bracket 1 A

Calibration File  [Embedded Calbration

25 120514 _WAWAW-23_MSME-nD-D_LVI

Unknown

Unknowin

Unknown

Unknawwn

Manual Integration

" Manusl Iﬁtegraﬁun
“Manual Integration

Manual‘ Inte‘gration

MF

Cqraz@r
111374

29679

Lnknawn ‘htanual Integration 30359 216213
120514 WMAN-21 _MSMS-nD-0_LYI iLinknown Manual Integration 31526 283089
hdzruel Inberation TERTD 235N

26
19N514 IAMAL DD WSS nDLN L AL Inkposn,
ﬁﬂ\mlﬂstandards,{QQs Blanks A Unknowns /

0140
o111
[aleet:]

Mot Found

2165 [UFS M Response Low Na
1603 A MA Response Low MNA
Ma 2 adn T hiL [

File Hame Sample Type Sample Name Integration Type Area ":IL'; ‘ l‘:;:: 5:::::": ‘ c:'r”r"‘;zt:td %DIff | %RSD-AMT | Peak Status Level ‘ Units ‘ F
5 20507 _Halio_Tpa0N0-1_MEhs-n Standard Wl SO0, g, IBMP Msthod Settings 51 B4 15454 ENTE 15475 18510 FES] GIH [T g
& 120507_Kal_1p0000-1_MSMS-n ‘Standard Kalla 1.0000:1; ngiL; IBMP Manusl Integration Canaeis: 0 dste2 2000 37850 Camaez agT Coon 100001 ol
¥ 120507 _Kalia 1pSO00-1_MEME-n Standard ‘Manusl Integration 476EST 165764 2824 S5 425 55818 184 oo 1.50001 gl
] 120509_Kalin_2p0000-1_MSMS-n i Standard Kall 2.5000:1 ‘Method Settings f56152 172202 3810 7500 75523 00 000 2.0000:1 nogil
] 120509_Halia_0pd 000-1_MSMS-n Standard Kally 0.1000:1; ngd; IBMP Manual Integration 37889 147451 0223 3785 3.835: 104 oo 040001 il
10 120509 WA _dot-121_MEMS- Uinknown Method Settings FTIETE 102003 1067 [ 38 Ea2 A, h, N, ol
11 120511 _Wis-20_MEME-nD-D_LYI Lnknown Manusl Integration 152588 207718 0735 [ 14.057 (i M s gl
12 1 20505_WAANF-2_dntA 71 _MEM Unknown Manual Integration G 184448 1793 HA 35217 HA. s s g
13 120309 _WN-F-2_dot-221 _MWEM (Unknown ‘Manual Integration B33776 157226 ¢ 403 & 794932 MA MA Responze High (MA ngL
14 120500 WWENE dot-221 MEMS- Unknown Method Settings E4E292 174835 3708 HA 73478 1A, o o e
15 120509_iW-Nativ-2_MSMS-nD-D iLinknown ‘Manusl Integration MF 202526 MF [ W MF WF Mot Found N il
16 120509_iWN-Blank_MSMS-nD-D_ iLnknawn ‘Manual Integration HF 177760 HF [FS P NF MF Mot Found M il
17 |120509_WW-Nativ_MSMS-nD-D_LiUnknawn ‘Manual Integration NF 163612 NF A NF NF WF NotFound  NA ngiL
[E 120508_WCNF-ELIZA dot-121_ Unknown Msthod Settings 153376 | TETEIZ 2024 [ 30,334 (i o oy ngil
15 120511 _iWW-1 8 _MSMS-nD-D_LY1 iUnknawn Manual Integration aE4a0 - 315527 0280 [ 4982 “hA, M, s ngil

[120511_WW-19_MSMS-nD-D_L¥I-OC (Manual Integration)

51172012 1:04:20 PHM
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MDGC-QgqQ-MS: MPs-Analysenbeispiel

IBMP 2
IBMP-ds, D-MS-MS

100

Relative Abundance
!
I
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g
5
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3
|
o
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P i f i, ot ’\N\,—r\,rwq"v\_/\—\._,-‘\v’\r
T

| e — — — — —_
- o~ . JI I — -
o :
11 14 Time (mln)

Intensity

4000000 D-FID
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IL_ P S k/}\.ﬁ../\

_A__ e MK x LK__J\M

PR 1 (R

o= T T [

3 10 Time (min) 19
1D GC Trennung (FID) mit heart-cuts eines Weinextraktes, spiked mit 4 ng/L (IPMP, SBMP) und 40 ng/L
(IBMP) sowie den Deuterierten MPs (unten). Im Bild oben sind die lonenspuren dargestellt (m/z; Quantifier
und Quialifier) fur MPs: a) 140, 127, 112; b) 137, 124, 109; c) 126, 119, 98; d) 123, 119, 95



MDGC-SIM-MS versus MDGC-QqQ-MS

In der Regel ergaben beide Verfahren vergleichbare
Ergebnisse fur die in einer weinbaulichen und oenologischen

Studie untersuchten Proben !
(Ergebnisse z.T. in das deutsche weinmagazin, Juni 2012, S. 30-34)

Allerdings wurden mit SIM-MS einige Proben mit auffalligen
und unplausiblen SBMP-Gehalten gemessen.

- Hier ergab die MS-MS Messung, dass es sich um
falsch-positive Werte handelte !

Table 1. Matrix effect for MP analysis with critical samples [ng/L]

Sample IPMP SBMP IBMP
Sauv.Blanc A 292 | 0.7° 392 | ndP 482 | 2.2°
Sauv. Blanc B 2.12 | 0.6° 222 | ndP 562 | 54°

b

n.d. not detectable; @ LVOC-MDGC-SIM-MS] ® PTV-LVOC-MDGC-MS-MS




Haloanisole mit HS-SPME-MDGC-ECD / QgQ-MS

o 2,4,6-Trichloranisol (TCA) als Leitsubstanz fur muffige
Korktone; daneben auch Tetrachloranisol und 2,4,6-
Tribromanisol (TeCA und TBA)

* Routineanalytik mit HS-SPME-1D-GC-ECD,
jangst wegen Matrixproblemen in Wein umgestellt auf

HS-SPME-MDGC-ECD L same
(Poster ISCC 2012, Riva del Garda) (wine, cork extrakt) o/

1 g NaCl internal standard
P ‘E ¥y
L & pos

« Quantifizierung uber Dc-Isotopenstandards (SIDA)



Haloanisole mit HS-SPME-MDGC-ECD

Stable Isotope Dilution Analysis of Corky Off-Flavour Compounds at Ultra Trace Level
with Multidimensional Gas Chromatography—Electron Capture Detection

E  [= Eco

GC1 GC2

© RC 7> Deans Switch

B T

AC AC

-

A 4




Area Ratio (Analyte / ISTD)

Haloanisole mit HS-SPME-MDGC-ECD

¢ [ngiL]

Time (min)

h o Geruchsschwellenwerte z.T. bei 1-3 ng/L
cl cl cl cl Wein; Qualitatskontrolle bis < 1 ng/L
Cl
L N Cl
? TeCA Standard-Chromatogramm
Br Br
o TeCA
TBA
o TCA-ds
. . 65
Kalibration A TCA
- ] TBA-dSIHTBA
g ' |||||
. ! o 55—‘—‘# S e
L*,'v,‘ir" +TCA = TBA aTeCA
o] 1 2 3 4 5 6 7 8 9 25 SIU 3‘5 4‘0



Haloanisole mit HS-SPME-MDGC-ECD

5 Hy Kork-Extrakt

(10% vol. Ethanol)
TeCA

70 I
TCA |
|

TCA-ds

654

TBA

TBA-ds

60

L

25 30 ) ] 35 40
Time (min)

Figure 5 HS-SPME-MDGC-ECD chromatogram
of a cork extract sample (3 ng/L)



Haloanisole mit HS-SPME-MDGC-ECD

5Hz

70—

TeCA
65 TCA |
|
TCA-ds
60 | TBA
R TBA-ds
55—
25 3|0 3|5 4|D

Time (min)

Figure 6 HS-SPME-MDGC-ECD chromatogram
of a wine sample (3 ng/L)

Wein
(ca. 12% vol. Ethanol)



Haloanisole mit HS-SPME-MDGC-ECD

Analyte LOD LOQ

TCA 0.12 ng/L 0.43 ng/L

TeCA 0.10 ng/L 0.37 ng/L

TBA 0.12 ng/L 0.45 ng/L

Analyte Repeatability (n=3) Recovery (n=3)
wine cork extract wine cork extract

TCA 3.6 (£0.3) ng/L 3.4 (£0.4) ng/L 112.7 (£10.3) % 108.3 (£11.1) %
TeCA 3.7 (£0.4) ng/L 3.8 (£0.3) ng/L 85.1 (£5.6) % 93.8 (£6.2) %

TBA 3.2 (x£0.4) ng/L 3.1(£0.3) ng/L 100.9 (£13.8) % 08.8 (£8.9) %




Haloanisole mit HS-SPME-MDGC-QgqQ-MS

:122' - SPME: PDMS (100um) 55 e
= TCA (210 9195) 2 min incubation 209.870 [195.100-195.500]

60| MS
g . . o 120320_TCA_mix_nd_d5
407 20 min extraction @ 50°C m o SPME 500 12032013
g . . . 0756
207 2 min desorption (splitless)
108i NL: 7.53E3
80 TIC F: + (E EISRM ms2 |
B 216.930 [198.920-199.320
60 TCA-d5 (217 > 199) MS
7 120320_TCA_mix_nd_d5_sr
404 m_g_SPME_50C_12032013
20 0756
108§ ,‘ NL: 7.89E3
E | TIC F: + ¢ EISRM ms2
807 | 245.860 [230.630-231.030]
60 I MS
] A 120320_TCA_mix_nd_d5_sr
404 TeCA (246 9 23 1) A m_g_SPME_50C_12032013
20~ /' 0756
OE S : \\*¥ .
100 NL: 9.66E2
3 TIC F: + ¢ EISRM ms2
804 343.810 [328.980-329.380]
= H MS
©- 2 ng/L in 10%Vol EtOH TBA (344 - 329)
407 m_g_SPME_50C_12032013
0756
20
100~ | NL: 1.79E2
g I TIC F: + ¢ EI SRM ms2
805 Il 348.850 [331.010-331.410]
60: | ‘w‘ MS
| || 120320 _TCA_mix_nd_d5_sr
40- TBA'd5 (349 9 33 1) [ m_g_SPME_50C_12032013
I 0756
20— I
B - 1 AN~
07\““\““\“”\““\““\““\““““\”“\““\“"\“"\“"\““\““\““\““\“““"\‘”‘\‘“‘\‘“‘\““\‘“‘\‘“‘\‘“‘\‘“‘\‘“‘\““\““\“”\““‘“‘\‘”‘\‘“‘\‘“‘\““\‘“‘\‘“‘\““\““\“”\““““\““\““\““\”“\““\““\
11.0 115 12.0 12.5 13.0 135 14.0 14.5 15.0 15.5 16.0

Time (min) Vorteil: U-SRM

60°C (2 min)10°/min / 210°C / 50°/min / 270°C (5mi llisi 15V QL10.3Da
(2 min)10°/min 50 /min (5min) collision energy Q3 0.7 Da



Haloanisole mit HS-SPME-MDGC-QgqQ-MS

RT: 11.00 - 16.00
1005 NL: 2.58E3
3 TIC F: + ¢c EISRM ms2

TCA (210 >195)

60 [195.100-195.500] MS
E 120315_TCA_mix_nd_
40; d5_srm_g
20
o
100 NL: 9.49E3
805 TIC F: + ¢ EISRM ms2

] 216.930

TCA-d5 (217 > 199) e 10m201

120315_TCA_mix_nd_

40} d5_srm_g
20
100+ ; NL: 6.90E3
80 [l TIC F: + ¢ EISRM ms2
E [ 245.860

[230.630-231.030] MS

e TeCA (246 > 231)

E | | d5_srm_g
1082 o _ _ - — NL: 2.04E3

- Liquid-Injection: TICF: + CEISRMms2
® 1pl splitless (0.5pg/pl) TBA (344 - 329) e

B 5_srm_g

20~
10U§ | NL: 1.28E3

80~ ;ﬁgz:;oc EISRM ms2
60 1 [331.010-331.410] MS
TBA-d5 (349 > 331)
204 |

e s T s T e e T o U-SRM

. 1 0.3 Da

60°C (2 min)10°/min / 210°C / 50°/min / 270°C (5min) collision energy 15V Q

Q3 0.7 Da



Profiling-Analysen

Oenologie
... die Wissenschaft vom Weinmachen
(ausser weinbaulichen Aspekten)

Wein-Aroma
Flichtige Stoffe, die unseren Sinnen (Nase) und den
analytischen Methoden (GC) zuganglich sind

(Multivariate) Statistische Analysen
Principal Component Analysis (PCA):
Linear Discriminant Analysis (LDA)
Partial Least Squares Regression (PLSR)
Analysis of Variance (ANOVA)

Applikationen
Alterung, Mikro-Oxygenierung (MOX)



Analysis: HS-SPME-GCxGC-MS

|

-0 -

38 samples HB{SIPRIE analysis via
10 origins standards GCxGC-gMS
4 vintages or

GCxGC-TOF-MS
subset of a larger

number of samples quantification via internal
from the Palatinate standards

Terroir project




5% phenylmethyl silicone

Analysis: Reversed column set-up

separation space

alcohols

polyethylene glycol '




Alterung von (Riesling) Welin

 Nach Ende der Géarung,
umfasst die einsetzende Reife
(Alterung) viele komplexe
substanzielle Veranderungen

* Farbe, Mundgefiihl, Aroma und
Geschmack unterliegen z.T.
drastischen Veranderungen

o Sauerstoff und konzentrations-
abhangige molekulare
Veranderungen (MWG), aber
auch Zersetzungs- und andere
Reaktionen

* Neben individueller Prafe-
renzen fur alte Weine ist die
Kenntnis des Alterungspoten-
tiales wichtig fur die Industrie




Aging of Riesling Wine

e 1200 peaks detected

« 300 peaks identified according to their mass
spectra and retention indices

 random selection of a chromatogram as
reference

« 130 analytes present in all samples

« quantification relative to a reference standard
(2,6-dimethylhept-6-en-2-ol,
[°H:]-ethyl cyclohexanoate)

\ . .{ e statistics with individual peak areas — the
N\ classical workflow, based on integrated peaks

Non-Targeted Multi-Component Profiling

... blased ...



Riesling Aging (ChromaToF), LDA, F1 F2, 15 most relevant signals

F 2 (16.18 %)
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confidence
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Riesling Aging (ChromaToF), LDA, 15 most relevant signals

Confusion matrix

Validation: ~15 % Test data set
85 % Model data set
20x Repetition

20056 2006 2007 2008

2005 0% 5% 0%
2006 0% 16% 0%
2007 6% 6 % 0%
2008 0% 8 % 21 %

~ 84 % correct correlation
(differing sample number in individual groups, due to randomization of vintages)



Riesling Aging (ChromaToF), LDA, F1 F2, 15 most relevant signals, loadings

0.75 Octan-3-ol ©
Styrol

Ethyl heptanoate\ / Terpinolene
0.5 p-Cymol Ethyl 3-phenyl-pentanoate
Hexyl acetate

Phenyl acetate

Linalool

: TD
1,1-Diethoxyethan
0.25 / —

Anhydrolinalooloxide
0

5-Methylfurfura

-0.25 Decanol

05 Furfural

F2 (16.18 %)

-0.75

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1
F1 (78.48 %)



Aging — Chemical Issues

CHj
HsC_ OH
ﬁ
OH o
H3C CH3 C

H
H3C Hs

/ a-Terpineol 1,8-Terpin

HsC. OH HyC. OH
H,C —~=CH;
| | o) CH3
CHzﬁ CH2 HO (_‘,H3
| OH
HsC CHs HsC CHs

Linalool \ Hydroxylinalool Linalooloxide (f.)

H3;C_ OH H;C_ OH
CH CH
X 2 ﬁ X 2
OH
H,C CH, H,C CH,

Terpendiol | Hotrienol

O

AH + o "

l pH 3-3.5; time

e g

1,1-Diethoxyethane,
Acetaldehyde diethyl acetal



Riesling Aging: Petrol or Kerosine note

OH

HO
-2
O
iz\)k
l -H2

T

1,1,6-Trimethyl-1,2-dihydronaphthalene (TDN)

H,O
=
OH
@)

Proposed pathway of TDN formation (from Winterhalter, JAFC 39 (1991) 1825)



Profiling — via Fingerprint Analysis

Clearly non-targeted.:
Visual comparison

only for limited sample numbers

Cabernet Sauvignon

2nd dimension
o| rettimels) o

Ind dimension
o| reLtme(s) o

0 15t dimension ret. time {min) 37 |n 15t dimension ret. time (min} 7



Advanced Image Processing

Image warping

compensates for fluctuations in signal position
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.. Image/pixel-based analysis ...

H.-G. Schmarr, J. Bernhardt, J. Chromatogr. A 1217 (2010) 565



Advanced Image Processing

Rolling ball model

applied for background substraction

:” A Y _;\_1
&

¥

L l
l'»l \ w k
T (1

H.-G. Schmarr, J. Bernhardt, J. Chromatogr. A 1217 (2010) 565



Volatile (aroma) - Profiling

fingerprint analysis;
approach is based on image processing techniques

Joermal of Chromategraphy A, 1217 (2010) 565-574

Contents lists available ot ScienceDirect

Journal of Chromatography A

H.-G. Schmarr, J. Bernhardt / J. Chromatogr. A 1217 (2010) 565-574

journa | hamopa ge: www.elsevier .com/locatel lchroma

spot detection

Profiling analysis of volatile compounds from fruits using comprehensive

and ed lting two-dimensional gas chromatography and image processing techniques
= = Hans-Georg Schmarr®*, Jorg Bernhardt®
—— S - ', (% B et Ay oL et AR, A B e 0 107 Gt o
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Riesling Aging (Delta2D), LDA F1 F2, 15 most relevant signals

F 2 (29.42 %)
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Riesling Aging (Delta2D), LDA F1 F2, 15 most relevant signals

]
Confusion matrix

Validation: ~15 % Test data set
85 % Model data set
10x Repetition

2005 2006 2007 2008

2005 0% 0% 0%
2006 0% 0% 0%
2007 0% 0% 0%
2008 0% 0 % 0%

Potential explanation for better validation of the model:
ANOVA yielded 15 most relevant signals - but considering all signal information (unbiased)




Analytica Chimica Acta 672 (2010) 114-123

Contents lists available at ScienceDirect

Enology,
Winemaking

Analytica Chimica Acta

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

Two-dimensional gas chromatographic profiling as a tool for a rapid screening of M OX
the changes in volatile composition occurring due to microoxygenation
of red wines

Hans-Georg Schmarr*1, Jorg Bernhardt®!, Ulrich Fischer?, Alexander Stephan®<2, t re atl I I e n t Of

Patrick Miiller?, Dominik Durner?:!

-
2 Dienstleistungszentrum Lindlicher Raum (DLR) Rheinpfalz, Viticulture and Enology Department, Breitenweg 71, D-67435 Neustadt a. d. WeinstrafSe, Germany r e d W I I I e S
b Ernst-Moritz-Arndt-University Greifswald, Institute of Microbiology, Friedrich Ludwig Jahn StraRe 15, D-17487 Greifswald, Germany

¢ Technical University of Kaiserslautern, Food Chemistry and Environmental Toxicology, Erwin-Schrédinger-StrafSe 52, D-67663 Kaiserslautern, Germany

3 —= 1 e Y P
(A} ;;n-r:: img L ronm {B] /,—"H’ 1.9; ! ‘%2‘“11\\
& preta L= 300 mg U ot / ® o z . i
=MLF: Smg L manth' g
&> l?} m‘--M LF: 20 g L menth” " \\
15 } 05| / . 5\
o g #\
ey wE o / g \
3'“ = Jf:'.: E“' ||l .15 - Ill
= £E8 by *e
o~ 0 .E g & < a o 0 ; @
g - LA 2 |\ P /
.- @ II\\- ‘E" H r’;‘
-1.5 + -0.5 N 4 ‘f.f
Effect of post-MLF \\ ,-’f
microuxygenation . o
3 1 R -l
-3 -1.6 0 1.5 3 -1 -0.5 0 0.5 1
PC 1 (22 %) PC 1 (22 %)

Fig. 5. Principal component analysis { PCA) of volatiles in MOX treated Cabernet Sauvignon wines. (A) Scores plot and (B) loadings plot. Bold circles and numbers in (B) refer
to components listed in Table 3.




MOX: Changes in composition

"Fermentation-Metabolom" dependend on loadings on PC1-PC3 were
multiplied by their per-
- oxygen dosage and timing centage of explained vari-

ance, summed, and arran-

- grape variety (polyphenol structure) ged according to size

Loadings of tentative marker compounds on PC1, PC2 and PC3 and their contribution to discriminate between pre- and post-MLF-MOX.

Loadings: Assigned number PC1 PC2 PC3 PC1 PC2 PC3
Contribution to: Post-MLF Pre-MLF Pre + post-MLF
Alcohols
2-Phenylethanol 1 0.631 0.651 —0.158 + + -
1-Hexanol 2 0411 0.811 0.185 + + +
3-Methylthio-1-propanol 3 0410 0.722 0.344 + + +
2,3-Butandiol 4 0411 -0.539 0.484 + - +
2,3-Butandiol 5 0.461 —0.459 0.406 + — +
2-Hexen-1-ol 6 —0.385 0.479 0.216 — + +
3-Hexen-1-ol 7 —-0.067 0.843 0.233 - + +
Aldehydes and ketones
Octanal 8 0.306 —0.423 0.433 + - +
Decanal 9 0.704 0.235 —0.002 + + -
3-Hydroxy-2-butanone, acetoin 10 0.005 —-0.206 0.681 + - +
Esters
2/3-Methylbutyl butanoate 11 0.499 0.808 —0.039 + + -
Ethyl hexanoate 12 0.164 0.375 0.380 + + +
Ethyl octanoate 13 0.854 0.094 -0.015 + + -
Ethyl decanoate 14 0919 —-0.086 —0.095 + - -
Ethyl dec-2-enoate 15 0.765 0.467 0.198 + + +
Ethyl dodecanaote 16 0.750 0.124 0.082 + + +
Ethyl hexadecanoate 17 —0.436 0.855 0.063 - + +
2-Phenylethyl acetate 18 —0.106 0.931 —0.195 - + -

Miscellaneous
[B-Damascenone 19 —0.124 0.809 —0.279 —
TDN (1,1,6-trimethyl-1,2-dihydronaphtalene) 20 0.848 0.366 —0.021 + + -

e
|




Image Analysis and Signal Labeling

Drawback: Off-line Signal Identification

e [

cut-out (amplified)
. Delta2D Analyzing 2D-Gels



Zusammenfassung

Komplexe Matrices (z.B. Wein) erfordern mitunter besondere
Behandlung fur Zielkomponentenanalytik!
- Ansonsten drohen falsche Resultate!

* Madglichkeiten fur verbesserte Analytik seitens:
- Probenvorbereitung
- Separation (Chromatographie)
- Detektion

« MDGC (Deans-Switch oder MCSS)

) TrIPIUS RSH iiﬁ ererieqende
- Variable Injektionsméglichkeiten g7 5 % N e

ki
Y
e Quantum Ultra K

- QuQ-MS und evtl. U-SRM W N

i




Ausblick und Erwartungen

* Profiling — Analysen und Statistische Auswerteverfahren
zur Erfassung komplexer Veranderungen im Weinaroma
(Oenologie)

e Advanved Image Processing fur GC x GC-Daten sehr
vielversprechend (stoffliche Zuordnung derzeit off-line)

« Korrelation oenologischer/sensorischer Daten mit
chromatographischer und spektroskopischer (UV/Vis, IR,
NMR) Information

e 2 Oenometabolomics
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MDGC: A comprehensive review ...

Trends in Anaktical Chemistry, Vol. 34, 2012 Tremnds

Multidimensional gas
chromatography

Philip . Marriott, Sung-Tong Chin, Bussayarat Maikhunthod,
Hans-Georg Schmarr, Stefan Bieri

Most Downloaded Trends in Analytical Chemistry Articles

8. Multidimensional gas chromatography

April 2012 Support the Authors: Go & Download ©

Philip 3. Marriott | Sung-Tong Chin | Bussayarat Maikhunthod | Hans-Georg Schmarr | Stefan Bieri

AbstractAnalytical multidimensional gas chromatography (MDGC) and the excellent separation efficiency it
achieves serve advanced characterization of complex volatile and semi-volatile samples, which is unlikely to
be accomplished by single-dimensional chromatography. Here, we provide a technical overview of recent
method implementation in MDGC, for both the classical sense (i.e. conventional heart-cut MDGC), including
recent approaches to MDGC, and the comprehensive two-dimensional gas chromatography (GCxGC)



MDGC: MCSS

[ B ] Moving Capillary Stream Switching, Brechbihler

|

Bl

B2

l Manometer
fPurge
(optianal)

Det

EPC

TrAC Trends in Analytical Chemistry 34 (2012) 1 - 21
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EPC




MDGC: SilFlow Deans Switch

[ E |SilFlow Micro-channel device, SGE Analytical

|

TrAC Trends in Analytical Chemistry 34 (2012) 1 - 21

E2

EPC
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