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Solution for LC/MS and

GC/MS
_Gc/

m Phamacetical analysis
s Environmental analysis
m Proteomics

m Polymer Analysis
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ANVR Analytics

Agilent 5890 / 6890 / 6850 / 7890

Thermo Trace 2000 / FOCUS / CE 8000top
Shimadzu 14 /17 /2010/ 2014

Varian GC 3400 /3600 / 3800 / 3900

Perkin EImer Autosystem XL / Clarus 500 / 600
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AMR Analytics
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ANVR Analytics

Ubarade option Liauid = Headspace ®» SPME B TEX
LHS0 ' |

1. JERA DT R TLDEA
2. AYRAR—ZA T a0 DEM
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oy

S
\'\ 5
\\
— ' \
-
:
\
Y

Liquid Syringe HS Option SPME Option ITEX Option
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ANVR Analytics

s BEADOTO ATy EHRICEETTRE

s PEIELVEAZE: 100Nl — 500l

¢ FARE—F: 0.01pl/s — 250ul/s

c ZEAXMBEIZaVMO—)LAEE

o REFAIZHHAIE (LVI)

o E HFRGEBRNIDRT7—HAIHE

s AU TOFEEFLAFEDFHM

¢ TRTOFEAE—FIZHE (SSL, PTV, On Column)

s (T IVARIEREYS T ILDFEALATEE
(Liquid — Liquid Extraction in Vial)
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AR

Analytics

TOP 10 FINALIST FOR

BEST NEW
PRODUCT

AT ASSOCIATION OF
LAB AUTOMATION 2007
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AR

Analytics

EBEAHL Y BTSN -PALEROA—F v

— . 745 L

WLy

C18 Varian SPEC 6mg
C18 Orochem 10mg
C18AR Varian End-cap
C8 Varian SPEC 6mg
C8 Orochem 10mg
Phenyl, Varian SPEC
Phenyl, Orochem
Silica Varian SPEC
Silica Orochem
Cyanopropy!

Amino

EEPEI PP

Strong Anion Exchange

Strong Cation Exchange
Weak Anion
Weak Cation

0.45um

Page 10



AMR

Analytics

O O

A= T2 TS5—D) o h—bk
VIDRICFMMIRENDT=-HE
ERETIBMLHEBLEITIESIAABRH
IS5 EMTERFD/ A F1—LY
AT L (R5]) ZESHEMELN,
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AR

Analytics

O O
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HHELDY

C18 Varian SPEC 6mg
C18 Orochem 10mg
C18AR Varian End-cap
C8 Varian SPEC 6mg
C8 Orochem 10mg
Phenyl, Varian SPEC
Phenyl, Orochem
BELOY

Silica Varian SPEC
Silica Orochem
Cyanopropyl

Amino

AAT]LDY

Strong Anion Exchange
Strong Cation Exchange
Weak Anion

Weak Cation

T4 E—

0.45um
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ANVR CTC Analytics
HARANR=DDANh=X Ls

B AFR— BRI P H 30210 P80ul

HRAN—=D AP ARR—F

HARZA BN ALRR— Y
DICEBRSh Y )—2lanD
LI ARFERARDBN D
l 13 ey (%

AHREI)OO=Z—FILD %
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ANVR CTC Analytics
HREZAV-IILED BB SRES T O AH
BRHEA— )Y EREFTAZRALV:
KPDHMERFEDER

>S54 SPE-GC/MS
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ANVR CTC Analytics
H 7 )LRILIE SPEE‘EHH
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AR CTC Analytics
Y=a7 )L TOEMHEMEDORER

¢« FRINMAMYRILIBIZHMEZET S
« BIEMEMAFELONLGL
s« DHTDRBENFONLEL

- =

SPERILE N DFEA
= COHOHEE
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ANVR CTC Analytics
BT IVATRE D Ffih

aAVT43=24

V4 7542 THSPERILIED BE)L
HEno—K

\VA Bk

e BHBEY U TILOLKERKFIFHFEEINIDE

< FEIENHA=-OFFHRINEL

B 7K =

FxL o

v SPEEMHEMEBEZEDYTILGC/ MSIZA

B o3 (REFEAN)

4 a

o g SPE-GC/MS?) BE1t
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ANVR CTC Analytics

CombiPALTODYUFILFIMRE GCAozoiaDikrh

@ H—h)yPar T ia=ryd FrUIAFHY x1
@ A—tUyParTa4a= V5 AM/)—)L x1

@ h—K)yP arTFaia=rd H20 x1

@ Sample Loading 80uL x 25 times (Total 2mL)
®IITHkE A2/—)L x1

® DI TkiE TrbUIANFRHY x1

@ ooz TITF7—%/3— (80uL Syringe 3 Strokes)
AYYLHR/8—  5min

@ IULTKkiE TrbUIANXHY x1

B 50uL~ BHEAEEOD—F

D L)oozt F7—% /38— (80uL Syringe 5 Strokes)
@ Y TIVEGCITEA 20uL~

@ IIoTkiE A/—IL x2

@I TkiE TrbUIANXHY x2
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ANVR CTC Analytics
A 754 SPERILE B BE LA 54 SPERTLEE B B){E D ELES

754 SPERILIE HEI{E (300megSPELTY) LS54 SPERILEBREIE (12mesPELSY)

AV T4aA=Y AV T4aA=Y
Y A4
AEAO—F HEo—Fr 2ml/ 2n
= 500ml / 500ng = g
i i
A4 Y4
Rt 7K B5 7K
A4 A4
S 3ml / 500ng R S0ul/2ng
Y Y4
g g 3ml — 1ml / 500ng B WELL
KOET: V)OO TRIVERY T=a7 IV KOFRET: D) DIZHRINERY WHEL
RERRZE R RERREE RN
KOBRE2  BKFFHM (BRI L) KOBRE2: BoKFIHRM(RERTFR)D L) BELGL
A 7542
GC A1oox9iay 2ul / 1ng GC 1ooxyiay 20ul / 0.8ng
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ANVR CTC Analytics
XEZFADFH

¢ BERESTHAIEE
-RXEMEE (10N S100E D R E R LA EAFTESD)
-SCANSH (—F o . T—2EEEDME L)

¢ BILEBIRMEOARIEES LVEZIE
-HHEDLE1E
ETBIRIED BB

¢ NATR—aVFMTIDA3—T—X
HIALIBEELEDER. S MGCIMSH T AT L

(SPE—GC. LC-GC. GPC-GC%)

AISTI SCIENCE+t LVI-S200
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ANVR CTC Analytics

REFANE
- BRESUY—IRZORRIAZERILET.

1st Stage 2nd Stage  3rd Stage 4th Stage

EA IR ZA fRE
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ANVR Analytics

s EfEHHEMMAKEFAETTEEHIIET S EICKYBREDENT-E
B REGC/MSEEFT AT EE,

s REFATKELGIV) VO ORFERTHIEES. BFBENEICLELG-TL
F5ELSREAMH DM, COmbiPALTIZ+Ho 74k S BIEEHN R TE
A=, BRIDLTHHTES,

s WAWABKREEDVYOSHAXICHEIZEZ DN, T=-FDI)D
A XDBRRETEATHENTRETH S,

sHILSEREBLI-LVI-S200DEAOLBREDOTIAOOWMEEFDTEE
AT AZENTRETH S,

s LVI-S200ZFALVACETEAOD P CTHEEMARILZTOIEITHE,
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58" Annual Conference on Mass Spectrometry

Method Develo

oment for Determination of

Atorvastatin and Its Metabolites in Human

Plasma

Jsing ITSP System

A. Sakurai 1, Y. Bandoh 2
(Toray Research Center, Inc. !, AMR, Inc. ?)

@C‘ Toray Research Center, Inc, —



I TSP System

ITSP can automatize the process of conditioning, sample loading,
elution and injection using PAL.

Rinse solvent
Conditining solvent

@c Toray Research Center, Inc, s



Expected Benefit

1. Efficient sample processing
2. Reduction of re-analysis caused by human error

3. Saving reagent consumption

4. Improvement of reproducibility in SPE and

analysis
etc

ITSP system could have a high degree of availability
for processing of huge number of samples.
(e.g. clinical examination, clinical research=-- )

m Toray Research Center, [nc. m—"



Structures of Atorvastatin and Its Metabolites

R2

OH OH O

OH

Atorvastatin / R1:H, R2:H
M-I (p-hydroxy atorvastatin) / R1:H,

R2:0H
M-I11 (o-hydroxy atorvastatin) / R1:0OH,
R2:H
O
O
H H

OH OH O
IS (Simvastatin hydroxy acid)

W Toray Research Center, [nc. m—"



Quantitative Analysis

& Human plasma: 20 pL
& Calibration curve: 0.25 to 100 ng/mL

& Assay reproducibility
evels) QC samples; LLQC, LQC, MQC and HQC (4
evels

Acceptance criteria

Calibration curve
%Nominal: 85.0 to 115.0% (80.0 to 120.0% at the LLOQ)
At least three-quarters of the calibration standards including the
LLOQ and the ULOQ of the calibration standards should meet
the above criteria.

Assay reproducibility
%Nominal: 85.0 to 115.0% (80.0 to 120.0% for LLQC)

m Toray Research Center, [nc. m—"



Pretreatment Procedure

Plasma
sample

s Cycle Conposer PAL 1 {0 \Documents and Setting.... 0041 5Thurs ITSP for TORAY)

ITSP

STEP 1 SPE cartridge conditioning
STEP 2 SPE cartridge conditioning
STEP 3 Load onto SPE cartridge
STEP 4 Wash

STEP 5 Elute

STEP 6 Dilution

STEP 7 Injection

@C‘ Toray Research Center, [nc. m—"



Calibration Curve

045

= Atorvastatin

(1/x weighting)
Atorvastatin concentration (ng/mL)
0.250 0.500 1.00 5.00 25.0 50.0 100
0.215 0.538 0.984 5.36 24.9 51.6 98.1
86.0 107.6 98.4 107.2 99.6 103.2 98.1
Upper value: Observed concentration (ng/mL)
Lower value: %Nominal

y = 0.0046x — 0.000198 (y = 0.9996)

B
D“

nnnnnnnnnn

(1/x weighting) ‘ M-I

M-I concentration (ng/mL) :

0.250 0.500 1.00 5.00 25.0 50.0 100 |

0.236 0.505 0.983 5.38 23.8 52.8 98.1

94.4 101.0 98.3 107.6 95.2 105.6 98.1
Upper value: Observed concentration (ng/mL)

Lower value: %Nominal 7 Y= 0,00429x + 0.000146 (y = 0.9992)

(1/x weighting) ,
M-Il concentration (ng/mL) col M-Il
0.250 0.500 1.00 5.00 25.0 50.0 100 ‘
0223 0539 0964 530 250 512 986 =
892 1078 964 1060 1000 1024 986 }
Upper value: Observed concentration (ng/mL) i
: : ol o
Lower value: %Nominal =l y=000455¢ - 0.0000378 (y = 0.9998)

062 .
000 @

nnnnnnnnn

¥'¢" Toray Research Center, Inc.




Assay Reproducibility

Quantitative results

Compound Atorvastatin M-I M-Il
name
QCsampe  LGC LGC MQC ULQC LLQC LQC  MQC ULQC LLQC LQC MQC ULQc
0250 0500 500 80.0 0250 0500 500 800 0250 0500 500 80.0
Found 0.301 0524 468 719 0215 0468 447 695 0235 0561 490 725
Concentration  0.263 0.384 561 777 0211 0520 524 699 0213 0464 534  77.1
(ng/mL) 0287 0495 466 707 0247 0448 429 682 0202 0466 454 72.1
Mean 0-284—0-468—4-98—73:4———0.224— 0 A479——4-67——69-2——0-247—0-497—4-93—73.9

%Nominal 1135 935 997 918 89.7 957 933 86.5 86.7 994 985 924

_ X %Nominal:
%Nominal = C—XlOO LLQC 86.7t0
nom 113.5%
_ _ LQC, MQC and HQC 86.5 to
C,om : Nominal concentration 99 7%
(ng/mL)

The accuracy (%Nominal) values of

X: Mean found concentrations (n=3) o
analytes met the acceptance criteria.

@C‘ Toray Research Center, [nc. m—"



Run Cycle

Run Time

5 min /sample

Sample § ™ :

Injection

injection 5 .

SPE by LC/M alysis

Y Toray Research Center, [nc. e m——



Conclusion

Other evaluation items

Item Conditions Result
Atorvastatin 72.7t0 75.6%
Recovery test M-| 78.51098.6%
M-11 71.6 to 89.3%

IS 67.8%
System reproducibility zr? EezaO‘; area 8.9% (%CV)

Cotamination — Not detected

This method can be useful for quantitative assay on Atorvastatin and
its metabolites in human plasma.

m Toray Research Center, [nc. m—"
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Analytics

¢ SPMEVY A yhEEE (S

¢« SPMEVYL P IPAIN—FE B L-F TR
BE: 250rpm — 750 rpm

6 DPAN—a0T 1A=V T RATF—avIiz&Yor
AIN—DAVT 1A=V T HEEIE

¢ BEEFRAVGEWNWYUTILER

R O
£ P | ;
S
c gy B b
¢ ke y \ y —

Merlin Septumless Injector
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AR

CTC Analytics

SPME Fiber Conditioning Station

|

L

|

SPMEZ7A/\—DaYT4a=>J O BEENE
350°CE CREATIBE

AF—MEHRATIS— (He or N2)
thoRarTF4ia= o R— AR

. PAL fiber holde(

3
spare fiber
\ \‘_—1

-
«1L—r- A

SPME fiber J < 5

[| | heated
capillary
purge gas tube
( —>=fE =
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ANVR Analytics

BIEBSBLETI—ILRY TG RAgEIZiE B ENVANA
BB EREENGERICED YT ILEAEMLZ<D
SPMEZ7A4/\—D S DL EIZIES,

7424 SEIFLEBIEE (B J1—ILF, Bk, IR, Ii5.
RoHY AL XPassiveSPME Y2 75— KB, ER) TOERYE/NOCHE=R)VYJ

PALZ 74/ \—HRILE —IZ3E5E (25K)
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ANVR In Tube EX ITEX$ Analytics

ITEX I

TenaxFDOWBEHFIZ ) ORKICEREL THRIE/BREETS,
BHEICBEBREAYFAR—ZDTH T EE

PALS RT LD #2357 AT REAL B il

GCOBBRYPERE., V5314 74A—hI T HBRLY,

34T DITEXIAFTLavIIBITOPALD AP H 53—
B (CHEETTRE (ZEAT LA E)

L

L

L

L

L

. & -~ &S > H -
s DY OZ—FR)UIFSiltek B (FFHEAL)
. - ITEX Sample Extraction Procedure
Sample i hewted (| o agytated The ITEX Trap neadie pessces | The foaded 1TEX Jnp & fenhy Ahet thermal descepion fhe
0 & wded samphe vl usi T bl sarnphe vl wnd the | Sedied up 10 550C aned Dot (TEX Trap & dhatrwad with
wouitriem i ached It gus bttt syringe purgs | oo 1% the bt O ot funh g
e hedgane theough B | jecioe
[\ TEX W | By _’
, , . l\‘. s 2
m&*, BELYY = i
M Tenax TA 80/100 =1 1\ N
Ml Tenax GR 50/100 : N A=
\\ll]  Carbosieve S3 | g J
ol 801100 : 3 A
a‘m Carboxen 1000 60/80 : 1Y
S Carbopack X 60/80 : !,->‘
g’é‘ﬁ Carbopack X 20/40 sihe J
b;&d Carbopack C 80/100 : i
O [Hayesep D 100/120 s
Porapak Q 50/80 o
Porapak Q 120/150
Porapak R 120/150
Tenax GC 60/80
Sample conditioreng Adsorphion . | Desorption Trap dearmng

PAL GC&HPLC | TL | Version 1.0 Page 37




CTC Analytics

GC Conditions

Injector:
Split:
Flow:
Liner:

Column:

Oven Program:

MS Parameters

ITEX-2 Conditions

Headspace Conditions

Varian 1177 — 250 °C Trap Temp.: 180 °C Trap: Tenax TA 80/100 mesh Syringe Temp: 80 °C
11a ' Transfer Line Temp.: 200 °C Agitation Time: 5 min Agitator Temp: 80 °C
thim ~l Iio mL/ml: lass fi MANEN TEmi:. o T Agitation Temp.: 80°°C Incubation Time: 5 min
iitek split liner with glass frit Mass Range: 41-200 Da : : 3
(Varian Part Number RT21045214 9 : Extract‘lon Strokes: 20 Plunger Fill Speed: 100 pl/s
EactorEnul VE-Sms o Target TIC: 20,000 Extraction Volume: 1.0 mL Injection Speed: 250 pL/s
30 m x 0.25 mm x 0.25 pm, Emission Current: 10 pA Desorption Rate: 50 pl/s Injection Volume: 1 mL
(Varian Part Number CP8944) WScans: 3 Injection Volume: 1 mL
Temp Rate Hold
(°0) (°C/min)  (min)
60 0 1
150 10 0
275 25 0
MUt
ITEX
195 HEADSFACE _
1.00 _
o5 _
O 50 |1 '
035 { m I\ '
d i | |\
|
P ---Sisq_.—_z—_l_zr'-fﬁ-z_ﬁ_xﬂ'.._;'\‘s_ s S, N ._n._,-.J — P ’_.-._‘“ ™ 'I.-: poned b L) '{L&—:
' ' z ' x T L ' > ' :

i nufes

Figure 2. Overlay of TICs for standards run with static headspace (green) and [TEX-2 (red). In this example, ITEX-2 is 10-30 times more sensitive

than static headspace.

Master Template CTC Analytics | 01.01.2009 | MR | Version 1.0
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ANVR CTC Analytics
ITEXEBEDAYRAR—X 5T ED LL B

ITEX Extraction versus Static Headspace Analysis

Static Headspace Parameter
60C/ 10min / 1ml sample volume

= ‘

ITEX Parameter:

Extraction Speed:100l / sec.

Total Pumping Strokes: 50

Temperature Pumping Syringe/ Sample Incubation: 60C / 10min.
Desorption at 200C, 15sec. splitless

Chromatography:

Injection: Splitless 15sec. at 250C / Carrier gas: 0.2bar hydrogen
Column: Rt-502.2 60m x 032mm 1D, 1.8m film

Temperature Program: 40C - 1min. - 10C/ min to 220C

1[I S - i — - Detection: FID 250C

J,J]_" . T

i_ I DI S— "

| ILLJ L'LM‘HJ i ,J'}

Headspace wl® 7

4 58

el e Treet e | s

Comparison of [TEX analysis versus Static Headspace
Sample: Purge and Trap calibration mix (Restek Cat.No. 30431 502.2 CAL2000 Mega-M)

Page 39



ANVR CTC Analytics
HHhERAFEEINT-Clean PALLHR (AMR) TODITEXSHT
IN—DU5 A FBHRIZEDAVFZIR—2a0 BRENESLEMH

HIZTRESNh-AMRM BEAFE D CleanPALIL#RE T
HLTENT-SINEZERK

c\xcaliburt  \blankvial 11/6/2006 3:37:11 PM
RT: 0.00- 34.01 SM: 5G
100—: i
80 1.00E7
m TICF. MS
b CI ean PAL blankvial
60—
40|
20 o 2147 2185 26.35 2653 2766  31.88
. 252 4.75 567 W 984 ‘15-14_ 1645 18.79
100 NL
o _ ] 1.00E7
g2 807 TICF MS
5 CleanPAL blank
5 60
<
g 40+
Z » 825 107 a8 i B0 DAL 281 s
] 445 464 598 9.34 1360 18.78
B il B OO | A
0
100 NL
] 19.13 1.00E7
80 TICF MS
ﬁ*&ﬁ 16.67 2523 27.88 blankos
60— |
1 20.39
] 18.16
40 2841
. ==-%1 30.95
20: 21.88 24.74 | 2591 J
_: 4.75 752 10.28 309 1537 [ |7
ETTIR ol e il vt U L O
L e e e e e e e R e e e e e
0 5 10 15 20 25 30
Time (min)
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DARTIZH VT ILET T /‘MR

_Introducing the latest in DART technology




BDARTE(X?

DARTAA>{tiL
2&BHLWNEATDEESHRAFE

El (BFa171b)i&

Cl (kZa1x14b)iE

MALDI (RM)YORXEL—F BB A1E) &
ESI (TLorBRTL—aF2140) %

APCl (KSE{LZAA1L) %

APPl (KEEXAA1L)E

D A R I (VP LS4 LTHEEAFAL(?)) 5%
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MNEST = TAA 1L




— " DARTSVP

DART 100 CE






HD on Source .

He(23S) + H,0 — H,0*" + He(11S) + e

H,O* + H,0 & H,O*+ OH" JO—RBIC& o TELf-HeD A4 R

T—ITILBKREHF DK FEAAIE

H;0* + nH,0 > [(H,0),H]* —HSRA—|lEot= kA AU h YT
[(H,O),H]"+ M 2> MH*+ nH,O vizzarrEsm (RKOEF4TE—R)

Sample
Region

o Sl

J et NV oltage, Needle

Voltage

M/S
Inlet




BKTEDR LAY,

#90%(ZahAfFF ! ?
DOP

AF I Iz=FT—F
N)ITAR/—ILTSY ahAY

l P l ol L T

1. MIR/—ILTFEUE, LR TRV SpHARABAR S TY

2. {eE2MEIMHELTERHSNET

3. % EFo—BNLEYE: B, BRKITF(DEET), ZaF> . 5
JO—)L, RYTFL2F)a—)L (RTINS ?)

(Data courtesy of JEOL)



100
80
BO
40
20

100
80
60
40
20

Relative Abundance

100
a0
60
40
20

100
80
60
40
20

216.93

A (5207) 150 °C
23387 goad
163.00 1gpop 199.00 27083 95787
11093 128.93 148.00 165.93 345.93
G 181.07 | 207.87 239.00 260.07 318.00 e
152.07
D
0
D 250 °C
28787 500
paw T e e o N
27220
A GzoD) D
350 °C
P
? 302.87
132.93 | 287.93 77
11483 199 180.07 ) D i 1
D
450 °C
A P
III||II|II[||I|III|III|III|III|IIJI]III|AIII‘-|III|II
120 140 160 180 200 220 240 260 280 300 320 340



—

% Relative Intensity

100 A

80 A

60

40 -

N
o

o
|

100

80 A

60

r—

5 = sy
3 _ .ESU:TitO)_IEi.?%ﬁJ\*ﬁ'&O)EL\
2 1A BT ILHY
DART SEAMAAOE ) WS 7RIAOBEESHT
D FIWIERRGRILD i
FonIEd. 3
6 . I
: ' H,C O\
7 4 : 0 @)
[M+NH,J*
; - CHy O
O\/\)»OH
(b) a© 1 g
) & [M+Na]* F—F 2% —
5 ESlit :: 17 16‘/_/[M+K]+ (Artesunate)
T i

200

355" 400 405 410 415 420 425 430 439 [2M+NH4]+
L~

_ [2M+Na]*
| e [2M+K]*

1000



= G2 =

CioHi (pinene, terpinine)
C,oH1,0 (methylchavicol)
C,oH150 (citral)

C,oH1,0, (eugenol)

5. C;sH,, (sesquiterpenes)

6. Hydroxytrimethoxyflavone
7. Dihydroxytrimethoxyflavone
8. Hydroxytetramethoxyflavone

50



I Lycopene and carotenes
'S

MMMM

Phytoene
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Polymethoxyflavones
n=6

Limonene
n=5

n=4
n=7

Sinensal

NV DT %#wl IPL -

200 250 300 350 400 450
m/z




Thiabendazole

MH* \

190

195 200 205 210 215
m/z

Thiahendazole
CqoH7N;S
Measured: 202.0444 Da

Calculated: 202.0439 Da
Difference: 0.0005 Da

53



m Present in fresh extra-virgin olive oil
m Reported to have ibuprofen-like activity

m Beauchamp, G. K. et. al. Nature 2005, 43/, 45-46.
“Phytochemistry: Ibuprofen-like activity in extra-virgin
olive oil”
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Oleic -
Acid

ol

Oleic —
Acid

Gourmet Olive OIl

Cooking OiIl
Comparison

L

Grocery-Store
Olive Oil

Linoleic—,
Acid :
Spray-on Ol «— Triglycerides
| \,I. L ,Ll“JLMu VIR . o
Linoleic ™
Acid Sesame Oil
L lu..l ._..lu.l..h R Lk

56



8500
" 12
AL b ot . 2T
BERABE A FILT R FIL (FAME) g s Cio
AF NIk >TREESAELS: 3 1400 4 8 E120
& S50 ?o°c3.°‘
f ey w1y Erao
1 13C 101
800 1 2 3
10 ma
o {, R34 E
= LR EE
(kpe@s S LI “o08 1ab 360 Wb %65 566 485 6. 555 8e0 00 8o 2%
B6O00
J/ . 1 L\ /L
DAERRL Y IRE (55 L) e 5. Pyogenes [S- i
\2‘ * & . 4 C101
v e 8 G111
\ . ' B gcc"zd‘!
-~ 1400 4 :C‘Ol

Tty (A
g 8
~
é‘ |
<
02
:o

NG T) 7 DI O EmMK S R A F )Lk -
M. DRT-T0F ST e | J

100 120 140 1600 80 200 220 240 200 200 MO A0 MO
~e

Carrie Y. Pierce, John R. Barr, Robert B. Cody, Robert F. Massung, Adrian R. Woolfitt,
Hercules Moura, Herbert A. Thompson and Facundo M. Fernandez, Ambient generation of fatty acid methyl ester ions from
bacterial whole cells by direct analysis in real time (DART) mass spectrometry, Chem. Commun., 2007, 807-809



ey,
Mraced. TRACEABILITY TOOLS

< Fingerprint methods employing

advanced instrumental techniques

-

|
Near infrared spectroscopy ;
Fourier-transform mid-infrared spectroscopy T 0 |
Fourier-transform Raman spectroscopy ;! f\'l
Nuclear magnetic resonance spectroscopy A \ 4 |

-

» Direct infusion mass spectrometry
+ Gas / liquid chromatography-mass spectrometry ==

_~  TOF BTSN oA

orsirap I T




DART-TOF MS DART-Orbitrap MS
medium resolution (1~ 6000 fwhm) high resolution (10k-100k fwhm)

Jana Hajslova, Lukas Vaclavik, Lipodomic fingerprinting: a novel approach to detect fraudulent fats containing high levels of
contaminants (3-MCPD esters and others), Detection Technologies for Intentionally Added Adulterants/Contaminants, 11th 5 9
Annual Fera/JIFSAN Symposium, York - UK, 16-18 June 2010



& CHEMOMETRIC TOOLS

Investigation of data structure, statistical model formation
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* Principal Component Analysis (PCA)

» Partial Least Squares Discriminant Analysis (PLS-DA)
» Linear Discriminant Analysis (LDA)

= Artificial Neural Networks (ANN)



Metabolomic based analysis

Derivatization
mandy for GC analysis

Separation j' x
LC GC CE //

Data trestmant
Peak cantfisaon Algrment. Sttt
arahess: ANOVA, PGA, PLS LDA G, NF, HCA

LM Covallos-Covallos e ol / Trends in Food Science & Technology 20 (20G9) 557566



Case study # 1

OLIVE OIL, ANIMAL
FATS




OLIVE OIL

Examined samples
various quality grade and botanical origin:

% Extra virgin olive oil (EVOO)
& Olive oil (00)

% Olive pomace oil (OPO)

& Hazelnut oil (HO)

. EXTRA VIRGIN OLIVE OL
b The oil obtained from the fruit of the olive tree solely by
\ mechanical or other physical means under the conditions.
particularly thermal conditions, that do not lead to alternations in
the oil, and which has not undergone any treatment other than
washing, decantation, centrifugation and filtration.




SAMPLE PREPARATION

@ TAGs analysis: oil dilution with toluene (1:30, v/V)

@ Polar compounds analysis: 2 min shaking of oil with
MeOH-H,0 mixture (80:20, v/v)

DART-TOFMS method

= |ONZATION MODE: positive

= ANALYSIS TIME: 1 min
= GAS BEAM TEMPERATURE
(i) 350°C,
(i) 220°C
= For TAGs analysis ammonia solution was
employed as dopant

DART-TOFMS [+] mass spectra of DILUTED OILS

Extra virgin olive oil
FRAGMENT IONE

Tin
||||||

H
1

=
-

=.“

&
ﬁr“
:Eh =
aHGC

.'__. 'H IIIIIIIIIII I-Ll.. 1 f-l.'l lllllllll
Hazelnut il
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e DART-TOFMS [+] mass spectra of POLAR EXTRACTS

2 -

HEW

Extra virgin olive oil




GROUPING ANALYSIS USING LINEAR
DISCRIMINANT ANALYSIS (LDA)

= Based on profiles of TAGs

s A Evoo  * EVOO,HO, 00, OPO,
P O HO MIX — objects

3 |o ™ <& 0PO

SAMPLE PREPARATION 2 °l oo o 8 9 00 * TAGs: markers — 11
2 a A %Q%o MIX masses —» variables
- 2 o :
o o
@ TAGs analysis: oil dilution with toluene (1:50, v/v) 3 %

@ Polar compounds analysis: 2 min shaking of oil with

Prediction ability 100% for
MeOH-H,O mixture (80:20, v/v)

the EVOO/HO mixtures in

the range 50:50 — 85:15 (v/v)

DART-TOFMS method

Sofiware statistixL 1.8
= |ONZATION MODE: positive O
= ANALYSIS TIME: 1 min @

= GAS BEAM TEMPERATURE

\\ GROUPING ANALYSIS USING LDA
(i) 350°C, *

(i) 220°C
For TAGs analysis ammonia solution was

i1 Based on profiles of POLAR COMPOUNDS
employed as dopant

A EVOO = EVOO, HO, 00, OPO,

O HO MIX —» objects

& 0OPO

C 00 = Polar compounds:
* MIX

markers — 12

masses —» variables
Software statistiXL 1.8

(%p6i) € ud

Prediction ability 100% for
the EVOO/HO mixtures in

the range 50:50 — 94:6 (v/v)

Note: Prediction ability was obtained on the basis of leave-one-out cross validation (LOOCY)



TRIACYLGLYCEROLS PROFILES OF LARD AND TALLOW

Dissolved fat (toluene, 1:50, v/v)

DART [+1
£ 350°C
LARD \_*\
TACe 3 -
s e LARD
> |
e ‘ :
- ,1 3 H B
. 'A ._.,»—*:J;'.‘-M‘,.__J'I!Y.._..;_;.A,;_
TALLOW TALLOW
’. |
i
i _u._;_l‘\.u“ M Al‘:' il
'A A l A

CHEMOMETRIC ANALYSIS LINEAR DISCRIMINANT ANALYSIS
TRIACYLGLYCEROLS DART [+]
Mixes of lard and tall (34 ions used as variables) A Llard
from 3:95 to 90:10 {w/w) O Besftaliow
A
- /\"" Taga . L \
3 .‘ EY oo_.-' > fl '
X AT T3 L
g y s /-i-\ g e e .._\ NG o
'::' ' 7N\ /aB g P .\
—- ~ — - t Lopaa
T il t 74 L BRI N
\a b \ ,': - N .:’/"
; \ 4/ \\’#/" e
* \a_/ ~—e . 4
¥ 2 f
* Puret 1 (82.1%) ' " " ‘:sn‘) I ¢ "

= hoth recognition and prediction ability of the LDA

model was 100%.

= detection of 5% of tallow in lard and 10% of lard in

allow.

Mixes of pork and beef
from 12:30 to 90:10 {w/w).
corresponds to mixtures of
lard and tallow from 7:93 to
80:20

= ysing mass spectra of fat isolated from meat, model
enahles detection of 10% pork added to beef and vice

versa.



Case study # 2

HONEY

@ Floral origin?




Can direct be honey
analysed directly?

| 4 DART source
%, saturated !

| Honey A 3
"1 L l High intensity of non-
A |G2% [Ty oy IATEE] T & i . G2
2 @ (R = = = = 4 characteristic ions -
o i mostly degradation
& { l Honey B products of sugars
ebl _1 Rkl l_ . /_ (caramelization)

DART: positive ion mode, DART temperature: 250°C
Honey + water (2g + 2 mlL)



3
x10"  Area (274553

- 152 1200

DART TOF MS
Head-space
SPME profile

[¥]

Honey A

Fiber:

DVB/CAR/PDMS 50/30 pm
(divinylbenzene/Carboxen!
polydimethylsiloxane) 1 R R

P PRE-CONCENTRATION USING SPME T

DART temperature: 250°C

2106070 by 44 a4n2

® jsolation of volatile compounds in the presence
of (abundant) non-target compounds (e.g. sugars)

or

lower MW compounds
® absorbtion also less volatile (more polar) fraction extracted

by immersion of a fibre into sample solution?

L

x v Natsserc

@) DART TOF MS i

~—t—p HEADSPACE: honey + water (2g + 2 mL)

et DIRECT IMMERSION: honey + water (2 g + 6 mL) direct immersion

SPME profile

Fiber: DVB/CAR/PDIS 50/30 pm
(divinylbenzene/Carboxen/ PR G RN
polydimethyisiloxane) A0 Aiwe (W0742)

y 2000007y
DART: positive ion mode
DART temperature: 250°C

Lo

Larger range of :
compounds extracted ki




I

Rape

4504
“‘och‘m—-
el e

LT

Sunflower

CLASSIFICATION USING PCA
(20 marker masses selected)

Rape

":f: Lime
1. n (\C\

Sunflower
@ Acacia

- 2 2 2 4 5

Faclor 1:53.6%



Case study # 3

MEAT

)

%. @ Meat freshness




POLAR COMPOUNDS ANALYSIS

Sample preparation

5 g meat
. = ¥
15mL

distilled
water

Homogenisation 11,000 rpm
2 min 5 min
Ultraturrax

DART

—_—

analysis




DART MS PROFILES: PORK

Bl mtomaly 15

e RRCNL )
22T 1IN

DART [+]

miz

Frelabive irdersty (%)

100

@
=)

DART
negative
ion mode

Not too many
diagnostic ions
present. ..

A lot of markers
present in MS
spectrum

DART

positive ion
mode

wafor 1O

Identified compounds

Analyte El. composition [M-H[
Lactic acid CIHA03 89024
Glyceric acid CIHE04 105.018
Creatinine CAHTNIO 112051
Slceinic acid C4AHa04 117.01%
| 5-Oxooroline CEHTMO3 125.035|
Hypoxanthine CEH4NAD 135.031
Glutamine CAH10MZ203 145061
Glutamic acid CEHINOE 146045
Xanthing CAHAMADZ 151028
Glucose CEH1206 179058
" Camosine i R
Ansering C10H16MN403 238114
6-Hydroxyl-1,8-divydropu C10H14N405 2649 088
Identified compounds
Analyte El. compasition [J'-'I+H]+
Glycine CIHING? 76.040
Cadaverine CHH14N2 103124
GABA CAHING? 104.071
Histaming CEHING 112 087
Creatinne CAHTNIO 114067 |
Proline CHHAND? 11607
Threonine CAHYND] 120066
Micotinamide CEHENZO 123056
Scatole COHIN 132.081
Hypoxanthine CHH4ANAD 137045
Spermidine CTHT9N3 146166
Methiorine CEHT1IND2S 150,059
Histidine CEHINIO2 156077
| Camosre COH14NAD3 227114 |
Anserme C10H16MA03 241130



MEAT
PROFILES

DART
negative ion
mode
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PORK FRESHNESS

Day 5 Day 12 |} Day 19 [}
3 pc 3 pc J pc

Chilling: 3£1°C
Freezing: -231t1°C

3 pc dpc

Day 5 A Day 12 A



CHEMOMETRIC ANALYSIS

Step 1: 30 markers selected mm=i>-
(DART negative ion mode)

Step 2: Normalisation to a maximum
variable in the spectrum of each
sample

@ Step 3: Principal Component Analysis

Step 4: Linear Discriminant Analysis
— model formation using the most
important principal components

miz
Marker  Marker
10501 22610
1701 237.06
12803 23911
13502 241.09
14505 25114
14604  267.07
14703 269.09
17400 27140
7703 27510
17905  203.16
20208 31543
20807  333.09
21807 35612
2308 43418
2510 45120

CHEMOMETRIC ANALYSIS

2.5 1
20 4
1.5 1
1.0 1
0.5 4
oo

Discriminant Plot

:

-0.5

Fumct 2 (16.3%)

-1.0 4
15 4
20 4
-2.5

B g
. % %
%

-2

-1 0 1
Funct 1 (77.0%)

>p> ERCO®

Day 0

Day 5 (chilling)

Day 12 (chilling)
Day 19 (chilling)
Day 5 (freezing)

Day 12 (freezing)



BEER CONSUMPTION IN THE WORLD

Question: Where is the darkest spot...?7

Sov covnarapten 1)
=

15-103
L - L1499
S0
L B
%3

[ w e

Source: en.wikipedia.org



BACKGROUND OF THE STUDY

: ﬁ' P
= Aim of study race . Tracing the origin of food [l

DISTINGUISH ROCHEFORT BRAND FROM
OTHER TRAPPIST AND NON-TRAPPIST BEERS

= 400 different beers in Belgium
* Trappist beer is local speciality
= Beer samples involved in study:
= Rochefort
= other Trappist
= non-Trappist

OVERVIEW OF SAMPLES

O Trappist beer (n = 137) ?'65
= Rochefort 6 (n = 6)
= Rochefort 8 (n = 48) aﬂ‘p
= Rochefort 10 (n = 26)
@ = Other Trappist beers (n = 57)
@ Non-Trappist beers (n = 128)

Samples were collected continuously
over one year to cover possible
seasonal variability of the products.




A. HS-SPME-GC-TOFMS

Step 1.
SPME extraction

e

Step 2:
GC/TOF-MS

of volatiles

TruTOF HT
system

HS-SPME-GC-TOFMS VOLATILES PROFILE

|

Compowms nr
1 Fagy ncetem s
1 Cotemat "
1 Covyl bepmraae »
At o
2| sty e s 01w »

EEEEEEEEELL SRt Lt i1 L1 EET
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1 1
Time () 400 =00 0 700
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DART-TOFMS SPECTRA
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Development of rapid screening
methods for a specific class of
fungicides (strobilurins) in cereals




o

o7 EXPERIMENTAL SET-UP
BioC

& New Technologies o Screen Multiple Chemical Contaminants « Foods Alternative gampm hand“ng
Work to be completed at ICT Prague... . = ’ s '
(iv) Testing of a new generation of DART ion source . 12.59 of sample J 59 of sample |
“Baby DART" — improvement of performance A 8 0
characteristics expected... SLE PLE QuEChERS
g {50 mL of EIOAC. (~50 mL AcN, 15g Na,SO, 10 mL ACCN /
159 Na,S0,) at 90°C) disp. SPE
| Final volume adjustment to 25 mL |
AccuTOF™ DART™
m‘u Direct analysis of solid sampie LC-MS/MS

Fresented Dy Chemalys with sades from

jens Hajziove =

Fresented Dy Chemalys with sades from

jens Hajpslove

Polarity: positive (DARTY) | \uheat extract
Helium flow rate: 2.6 Limin

Discharge voltage: 2400V s

Peaks volatage: 1100V s T"“°""".°"'£
Beam temperature; 200C PIMHH]+ mass spectra o
i Azoxystrobin
. Picoxystrobirs PV'“‘“""‘I'" },_,
g \ properm e e
Dimoxystrobin 6 o
Kresoxim methyl / s
R l -~ 538 1T
206 Ty l.l:.;?!ll |.Dt‘l?)‘ o
1420184 . »T0m J e J ‘ l
4 1 BEITe.
s JJ | [ JJ | J‘ LL_, L _LIJ .Un HL | LJ .L 1....h I LLA.
T & 14 R = i ';‘ v 3 ) T k 2 B L] ¥ i v L] L ‘h v L L
s

Crude ethyl acetate extract spiked with strobilurins at 120 pg/kg

Fresented Dy Chemalys with sades from

janz Rajziove -y



Institute of Chemical Technology, Prague, CZ

=
. Leading Czech research
. institution in chemistry and
related fields with a long history
~ of relationships with industry
both in the Czech Republic and
* abroad.

Direct successor to the
Chemistry Department of the
Prague Polytechnic, officially
called the Royal Czech
Polytechnical Institute, founded
by Emperor Francis Il. in 1803.

59 International Symposium on
CA| RECENT ADVANCES
IN FOOD ANALYSIS

2011 I- 4 November, 201 | « Prague, Czech Republiic

* Allargens
* Flavours and odours \\g
" Genetically modified organisms (GMO’s) N

* Induserial contarminants ﬂa b
* Mycotoxing, marine and plant toxins

* Nanoparticks

i * Packaging contaminants

* Authenticity, Traceability, Froud * Pesticide residues

* Novel foods & supphements * Processing contaminants
" Organic crops & foodstdls * Veterinary drugs

* QAVQC and chemometrics In food analysis, Accreditation
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ID CUBE™

Enabling Near Instantaneous Characterization of
Chemicals using DART Technology







Fundamentals of the ID CUBE

Stand alone source

High current power supply MS Instrumentation
Enables consumable: ittt W |
OpenSpot™ sample e
consumable card (OSSC) e
Designed for rapid L e

+  TubelensVoltage: 120V -£20V

vaporization of sample into LRI R R
the DART ionizing gas :

No method development
required for different
samples

*  Forzll ID-CUBE experiments the Exactive Spray
Voitage was zet to 4 kV and the following
parameters setto zero:

*  Shesth Gas Flow, Aux Gas Fiow, Sweep Gas Flow




The OpenSpot Sample Card
(OSSC)

Consumable for ID Cube
Business Card shape and
size

Sample applied to narrow
cutout in metal screen

Sample information can
be written on the card

Integral part of the
thermal desorption
process




Spotting the card

e Spot solution with pipettor, E S
. . .
or place droplet of liquid
containing analyte on
center spot

* Card is ready to analyze




Actions

I AL
I ptn t Lo ST
’ 'y
— A " -
8N

* Finger clamps
are squeezed

e Sample card is
inserted into the
guide slot

e User releases the
clamps to complete
the electrical
circuit




Positioning

* The card ca rrying ID CUBE ™ with sample in place
the sample
positioned in the
circuit

 Without current
no desorption
occurs unless the
sample vapor
pressure is high Vapur ® interface removed for picture




The Power Supply

A novel power supply Variable current power
provides high current supply

through the circuit

User selects heating rate
(High-Med-Low)

Push button to start and
release to stop

Resistance in the wire
screen generates a
localized heat

Simple and easy to use design!



Rapid Heating of the Sample

* Depressing the power
supply on switch drives
several amps through the
mesh screen

* Vaporization is rapid as the
screen becomes red hot in
seconds

* Releasing the power supply
switch stops the current and

ion production as well

Sample Vaporized in 5-10 seconds!



ID-CUBE™ lonization Source

How it Works B cuse”
¥

1

I I an-:- -
- ‘ >
— ) — ‘ Current Runs

g Though Screen
to Heat Sample




Thermal Assisted DART
Next Generation Open Access

T 0C0-587

100 217
%03
50 Analysis with conventional DART gas-
0 heating method. Wann-up, analysis,
o E cool-down: 5.5 muanutes
8] S0
% o . —
g 3 2 ' o -
§ o minutes
303
0
103
- 198 220
11—
0o 05 10 5 20 2 30 3 a0 5 50 55
Time (min)
Analysis of quanane with cirent-heated
DART method: warm-up, analysis,
1-d : 0.16 munutes.
o
&P
=
i 0 0.14
.................................
oQa 010 01 0.34 018
Tine (min)

Instantaneous Up and Run time!




Analysis of Tylenol Tablet

. 0.00-0.61
- 021
] m/z=151.50-152.50
2 Acetaminophen
A0
c: o 012 031 034 039 043 046 050 054 05
v 0.21
8 100
g m/z=272-273
C -
3 - Dextromethorphan
90+
% M
% ] 046 056 060
§ E 003 009 014 016 025 029 036 039 ﬂm% - !
100+
; 167.50-168.50
g Phenylephrine
50
1 003 006 0.11 f‘— 0.27 032 036 038 044 046 049 051 055 087 06C
U|||l|l||l[||||lllllllll||||||||[lllll||||]||||||||l||||||
0.00 0.08 0.10 U 20 030 0.32 040 045 0.50 0.35 0.6
Time (min)

0.2 minutes




Effect on Thermal Degradation

Conventional DART 450° C ID-CUBE Technology

Reduced fragmentation!




