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Food Safety Issues

» Caused by food contamination, or fraud

» Related to serious health concerns
Have received growing public attention
Consumers became increasingly sensitive
Almost daily reports about the safety of food
Cause massive economical damages

- Demand for more control and certification
« Global trade, global economy
Screening for more contaminants
Industrial quality control
Governmental control
For a steadily increasing number of samples

How can GC/MS and LC/MS analysis support the efficient control?




Workflow Solutions for Routine Food Safety Labs

« GC-MS and LC-MS Methods Benefit from recent developments:
* Very high specificity Triple Quads, Orbitrap accurate mass
* Very high sensitivity Only short or no sample prep
« Efficient multi-methods High productivity automated methods

 All methods compliant with the international regulations

- Selected Workflow Examples
Marine algae toxins

Pesticides

Dioxins

Processing contaminants like MCPD
Veterinary drugs

PAH in seafood




Efficient Workflows using GC/MS and LC/MS

~« Sample preparation/extraction
» Should be short, automated (ASE, QUEChERS, Headspace, online-SPE)

N

~» Clean-up
» Not too much for multi methods, check recoveries (dispersive SPE, GPC, Purge&Trap) |

» Separation (GC or LC Chromatography)

* Recommended with short columns for short cycle times, use matrix backflush

« Detection ( Mass Spectrometry)
-« Very high selectivity in matrix required (triple quad MRM, Orbitrap accurate mass)

" | « Data Processing
+ Control lab workflow, collect data, confirming information, QA/QC, final reporting




Efficient Workflows using GC/MS and LC/MS

 « Sample preparation/extraction Bottleneck 40% of labs*
» Should be short, automated (ASE, QUEChERS, Headspace, online-SPE)

e Clean-up
» Not too much for multi methods, check recoveries (dispersive SPE, GPC, Purge&Trap) |

» Separation (GC or LC Chromatography)

* Recommended with short columns for short cycle times, use matrix backflush

« Detection ( Mass Spectrometry)
-« Very high selectivity in matrix required (triple quad MRM, Orbitrap accurate mass)

| « Data Processing Bottleneck 40% of labs*
+ Control lab workflow, collect data, confirming information, QA/QC, final reporting

-

\\/ *LabOpinion Global MS Survey 2012, > 800 respondants




Marine Algae Toxins

» Classification Based on Chemical Classes (> 50 structures!)
« PSP toxins — saxitoxin + 20 other related toxins

« DSP toxins — okadaic acid & dinophysis + pectenotoxins +
yessotoxins

« ASP toxins — domoic acid + 10 or more isomers
AZP toxins — azaspiracids = at least 8-hydroxy analogues
NSP toxins — brevetoxin type A & B (9 toxins)
CTX toxins — ciguatoxins

Cyanobacteria — microcystins

Pectenotoxin Domoic acid, ASPs

Azaspiracids

Ocadaic acid, DTXs




Marine Algae Toxins

Shellfish
Homogenization
4 g Sample
Mixing with diatomaceous earth
ASE Extraction, 12 min
Centrifugation, 4000 rpm, 10 min

Dilution and filtration
Centrifugation, 10000 rpm, 10 min
LC-MS/MS analysis

O. Pardo et al., J. Chromatogr. A 1154 (2007) 287—-294

Acc. Solvent Extraction-LC-MS/MS

ASE 200, Thermo Scientific Dionex

» Oven temperature of 60 "C,

» methanol/acetone (9:1, v/v)

* 5 min heat-up time under a pressure of 1500 psi
and two static cycles with a static time of 2 min.

* Flushing

 Purging using nitrogen for 3 min




Marine Algae Toxins

2 g of sample + 9 mL of MeOH Methanol Extraction - LC-MSMS

Homogenize with Vortex, 3 min <
_ : Repeat the extraction,
Centrifuge, 2000g, 10 min homogenize 1 min in Turrax
Transfer to 20 mL flask

: Hydrolysis for total
Combine the extracts content of OA/DTX

Make up to 20 mL with methanol /

~

Add 2.5M NaOH
Filtration, 0.2um filter

LC-MS/MS Homogenize, 0.5 min

Heat to 76°C

for the determination of lipophilic marine biotoxins in
molluscs by LC-MS/MS, EURL-MB, Vigo, Spain

EU Harmonized SOP \ Neutralize with 2.5M HCI /
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Marine Algae Toxins

TSQ MRM, 41 pg/g domoic acid (CRM)

Orbitrap Screening for multiple classes
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All target toxins in one run: high TSQ matrix selectivity T e
LOD: 0.2 ug/kg (200 ppb) . ¥
Average recovery: 92% I N S
RSD: 7% Full Scan: Targets + Unknowns, only 7 min
Resolution: 20 000 — 50 000
LOD: 0.2 - 0.5 pg/kg
Blay, P., Hui , J.P.M. et al., 2011 .
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Analysis of Pesticides

10 g of Sample

v

Extraction

Accelerated Solvent Extraction
EtOAc/cHexane, 120 <C, 100 bar

v

Clean-up
Gel Chromatography
Polystyrene gel, EtAC/cHexane

v

Concentration Step
RotaVap Evaporation

v

Analysis
GC-MS/MS
MRM method, 2 SRMs/analyte

v

Data Processing
Found/not-Found Reports
Opt. QC, recovery reporting

[ Dried Herbal Product ]

) ) ) ) )

Courtesy N. Ruckert, J.Kirchner, E.Hafner, Phytolab, Germany — EPRW 2012
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Analysis of Pesticides

T R  MRL level 10 ppb
; ; » Terbacil and Alaclor at 4 ppb
- : - Terbazil (left, 161.1 > 88.0, CE 15 V) and
i : Alaclor (right, 188.1 > 130.1, CE 25 V)
I5 i

- | s >

| b | 2

R Pesticides

| Only one [
: : GC-MS/MS
b fo
- £ method
i e d wlw « Tolylfluanid and Pyridaben at 4 ppb

 Tolylfluanid (left, 238.1 > 137.1, CE 15 V) and
Pyridaben (right, 309.1 > 147.1, CE 15 V)

11 ThermoFisher



Analysis of Pesticides - Multi-Component Methods

 Typical method for cereals covers 350 pesticides, MRM >700 transitions
e With TSQ 8000 GC-MS/MS multi-component analysis is made easy.

12 ThermoFisher



“Dioxin Incidents” — Serious Economic Impacts

. o Repeated “Dioxin” cases from only recent
- Dioxin and PCB incidents ... years:

. are expensive. « 1998 Milk from citrus pulp pellet feed
1999 Belgian PCB/dioxin in eggs, poultry
« 1999 Clay and zeolithes for feed

« 2000 Choline chloride

« Egg production enterprise with $5M hens
would cost in excess of $30m.

» Broiler enterprise producing 3M broilers
per week would exceed $85m.

- Times Beach, Missouri, road dust covered * 2002 “Carbosan Copper”
by oil spread. The cleanup cost $110m. « 2004 Potato pulp
 The total costs of the Belgian food crisis « 2005 Hydrochloric acid

are estimated up to $1000m.
« EU farms closed, damage > $350m

« 2007 Indian Guar Gum thickener

« 2008 Irish Pork Meat, Italian Mozarella

« 2011 Contamin‘d feed - 4000 farms closed
« 2012 Organic eggs contaminated




The POPs Analysis Workflow — 1 Day to Results!

Food, Fe
PCDD/Fs, P
BFRs, Toxa

Add '3C labe
and clean-u

Negative

(TEQ < ML)

Positive

TSQ Quantum XLS Ultra (TEQ > ML)

GC-MS/MS

Negative

Positive

DFS
GC-HRMS
ThermoFisher
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GC-MS/MS Screnning using the TSQ Quantum XLS

TCDD in Buffalo Milk Samples:

Blank (GC-MS/MS)

Buffalo Milk (GC-MS/MS)

I AA: 18154 |

Buffalo Milk (GC-HRMS)
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Complete Method Setup for dI-PCBs and PCDD/Fs

* For TSQ Quantum XLS Screening

Application
Note: 51843
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Application
Note: 10262

Analysis of PCBs in Food and Biological

Samples Using GC Triple Quadrupole

PCDD/F Screening at the Maximum Residue
Level for Food Safety Analysis using Highly
Selective Triple Quadrupole GC/MS/MS

Dhirk Kramuponds, Har-Jouckin Huebschmanm, Therme Fiaber Sciontfic, Brovern, Germany

Abstract
This paper presmnes 3 crace level screening meshod for
PCDDVFs and PCRs at the selevant maxsmum residue level
for boodstuff. The method described employe 2 miple
quadrupole mas equipped with hyperboli
gquadrupale rods for incressed selectivier. The described
MRM methed is nsing schected MSMS transinons for
palychlorinaind dioxisffirms and PCBe from two differcat
peecursor jons and detecring individual producr o for
ssch cblorinasion degres. The ansbracl sty follows he
l-eseablished Unissd Seanss E
Agency (US EPA] Method 16134 by using isotope diution
quantitarion with PC labeled inrernal sandards.

Introduction

Polychibcinaied dicxims (PCDDPCDFst and pobpeblorimated
Eiphengls (PCBsl are amongst the biggent concemns related
o foed safety considerations. Comsiderable effort is mken
warldwids 1o meduce global contaminaton with the effect
of comsmantly decressing levels foend in feed and food. In
contra to lower geoeral bevel an incrasiog mamber of
repiomal *incaderis® u the food chints hecu e publie
causing clevaesd levels of dioxins with workiwide impact
tkrish pok, lealian mozzarells, and otherl.

In food production and contral the continusd low
level mrveriing In requuired o mosivor the abiesce and
compliance of saw esarcrials ax well as bood peoduce with
current directrves. [n the Furopess directves the maxamum
bevels for dicann and dioxiorlike PCR comtaminants are
regulased for foodsmutl, as well as the methods of analysis
e screening and confirmason.? Requiremenss on
perlormance of anabrtical methods applied are regulamd
by prowiding identiBcation poines 1 anabyrical techniques
and ther combinations. ! Here the GUMSMS eechnigue
praviden thi potertil For wa kil Hrecurig
method sarning five identifications poine when measuning
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o the TS0 Cugmeum G TRACE GC

and DFS GC-HRMS Confirmation

Application
Note: 30112

Koy Words
*DFs

* Dioxin

* Dioxin-like PCBs
* Farams

* HRGL/HRMS

Application
Note: 30174

Dual Data Acquisition for High Throughput

Analysis of Polychlorinated Dioxins/Furans

Confirmation of Low Level Dioxins
and Furans in Dirty Matrix Samples
using High Resolution GC/MS

Dirk Kenmawiede, Hams:Joachim Huucbschmann, Thermo Fisher Scientific, Bremsen, Gamssny

Introduction

Over the past 30 years, dioxin TEQ levels and body
burden levels in the general population have been on the
decline and coatinue to decrease!<. More than $0%

of human exposure to dioxins and dioxin-like substances
is through food™. With increasingly lower dioxin kevels in
food, feed, and rismes, more demanding limits of detec-
tiom, selectivity, sensitiviey and QC checks are required

to confim their presence at these ever decreasing levels.

B

Figues 1. Thesn Scientibc DFS High Resolution SOMS with two
TRACE BT Ulras™ and TPl fstosampler.

o,z 0 ol
|
o = [ ]
Figuee £ 23,78-Fetrachiorodihenzo-pdionia (OO0,

Because HRGCHRMS possesses all of the above
«riteria, it has become the most efficient analytical tech-
wique for this application, and is now required for dioxin
analvsis in food and feed by European directives, as well
asby the US EPA for Method 1613 Rev.B-. Also,
because of its specificity, HRGC/HRMS is requised by
these directives for the positive confimation of the
exbstence of the analyte in the sample.

The new directives demonstrate the continuing seed
for even more sensitive analytical instrumentation. As an
example, the new methods for confirmation require limit
of quantitation (LOQ) to be 80% lower than the lowest
reported level in the method. This requires the instrumen-
rtation to reach even lower kevels of detection, and reduce

the necessary sample olumes needed for analysis

Madem instrumentation, like the DFS, can achieve
these lower levels of detection as preseoted for the first
time at the “Dioxin 2006™ in Oslo, Norway, cven at the
g level®, and as o resukt, samples can be prepared
quicker and analyzed with higher sample throughput.

The high seasitivity of 2 DFS HRGOHRMS systen makes
it the perfecr solution for crirical samples

Experimental Conditions

All measurements were carried out on the Thermo
Scieatific DES High Resohition GO/MS system coupled to
4 Thermo Saentific TRACE GC Ultea™ gas chromato-
wraph equipped with a splitsplitkes njector Samples were
injected using the Thermo Scientific TriPhus™ Aurosample,
see Figure 1. The imjection vohume was 2 pl of cach
sampk measured. A Thesmo Scientibe TRACE™ TR-SMS
GC colhunn with the dimensions 60 m lengeh, 0.25 mm [D
and 0.1 prn film thickness was used for the apalysis, The
remperature program is shown in Table 1

The injection was performed using the hot needle
technigue. The empey needle was beated up in the injector
for 2-3 scconds before injecting the mmple, thus climi-
nating any discrimination of higher boiling congeners.

The DFS mass spectrometer was st up in the mubtiple
lon detection mode {MID) at a resalution of 10,000
{10% valley definition ). FC43 was used as a referance
compound to provide the inferent lock and call masses
These reference masses are monitored scan-to-scan o
imsure the highest ma s precision, stability and moggedness
necemary for moutine target compound analysis on a high
resolution mass spectrometer. For all native dicxinfuran
congeners, ax well as for their specific "C labeled internal
standards, coe quantification mass and one ratio mass
were implemented in the MID sct up, as shown in Table 2
The chtective resclution is constantly monitored on the
reference masses and documented in the dara files for each
MID window.

Modifications of the MIT descriptor used in this
application might be necessary for different applications
As an cxample, the EPA method 1613 standards typically
do not coneain the octa-furan BC labeled intemal stan-
dard, so the masses in brackets in Table 2 can be deleted
for a purc EPA 1613 MID sctup. To sct the boundasics
of the MID retenticn time windows for each individual
conggenict group, 2 window defining standand {such as a fiy
ash) must be used to properly set the MID time windows.

Ferentifrc, Brawen, Germany

meter was set up in a multiple ion
)! at a resclution of 10,000

on). FC43 was used as a eference

ille the inhcrent bock and cali masses.
Liup refer to Application Note 301121
framy 120 (2-10-220{10)-3-235
ied to both GCs. The autosampler
{5cientific TriPlus XT model with
berving both GCs from coe common

fﬁltulu‘izﬁ
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aconiinuoush datalion.
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3-Chloropropane-1,2-diol (3-MCPD)

« Known as food processing contaminants since 1978

* soy sauces and soups
bakery products, malt, \

vegetable protein (HVP)

Edible oils, e.g. palm oil
+ 15-20 times higher in refined oils (deodorization)
grilled cheese and meat products, fish products

3-MCPD and other CPs are carcinogenic (group 2B), and possibly genotoxic

- 3-MCPD is formed from glycerol, acylglycerols and chloride ions
* major part is ester-linked with fatty acids

 determined as free and bound 3-MCPD
. . OH
« European Commission regulation \)\/
* limit of 0.02 mg/kg for 3-MCPD (20 ppb) Cl OH
* in liquid soy sauce and HVP products
free 3-MCPD
17 ThermoFisher
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3-Chloropropane-1,2-diol (3-MCPD)

« Sample preparation
 Acidic hydrolysis with sulfuric acid/methanol
 Derivatization with HFBA or phenylboronic acid

* Internal standard isotope-labeled 3-MCPD

« GC/MS analysis
 using ISQ single quadrupole systems
« Trace GC using PTV injector and concurrent backflush
 TG-5MS fused-silica column (30 m, 0.25 mm, 0.25 mm film)

Apunasnce 1
2000 4
2000 ﬁ\ / | Cl
!
>

TO00

0
6000 4 Cl, _,-""L“

BEEN

U H o 1T | l | | | Lim,Y.G., Ch'ng, A. L. 2005
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3-Chloropropane-1,2-diol (3-MCPD)

* Results on 3-MCPD - EU MRL 20 ug/kg (ppb) — GC/MS Analysis

» Barbecue steaks found up to 365 pg/kg

« Smoked sousages up to 103 pg/kg

Elution se

quence 1,3-DCP, 3-MCPD

N

Soy Souce at 16 pg/’kg 1,3-DCP
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10.85 b i
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70 ] 5
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B &0 1103 o 3 1
= o 0 & -] \ .
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< o = < 50 1089 1.00 1118 '
o 50 o i o o x 1108 - 1120 SISt
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= . Mida
35 g 5 - 1,30CP 16 npig e
- —f M5
a0 - 59: FAR,
25 ] £
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o 100+ AT 1138
15 14,58 R AT 1118 :
10 503 Vi N
5 10.23 1142 1182 1187 1266 1315 a4 14.11 1502 1523 1 ; E,_._._.—-—-—-—'—"—' '3_‘—'—-—-—5
0= T T T T T T R LAk RRA T T [l s T TICErsnre oy T T 1 0 T [T, E—————— b ALAS Akt LA A2 hadd AAR Lt Lt b | r. T 1
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Abu-El-Haj, S., Bogusz, M.J., 2005
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Veterinary Drug Residues

* Analysis of Chloramphenicol in Milk by LC-MS/MS H OH

« Simple sample preparation : ‘
* Only the acetonitrile protein precipitation O\\E* |
» Validation

 according to the European Commission Decision 2002/657/EC

0.5 g Milk + d5—CAP (0.3 ppb) as IS

Chromatography Conditions
HPLC Module: Thermo Scientific Accela High Speed LC
+0.75mL CH3C[:I( vortex 1 min System
Centrifuge @ 14000 rpm for 10 min Column: Thermo Scientific Hypersil GOLD 50 mmx2.1
mm and 1.9 pm particle size

v Column Temperature: Ambient

Flow Rate: 500 pL/min

Take 0.7 mL Supernatant + 0.3 mL Mobile Phase: A: Methanol  B: Water
Water, store at 4°C for=1hr Gradient: Time (min] A%
0.0-0.6 5%
A 2 2.3 100%
Pipette 0.8 mL upper solution for 5 N
LC-MS/MS Analysis 2.35-3.0 5%

Injection Volume: 20 pL (with loop)

20




Veterinary Drugs

* Thermo Scientific TSQ Quantum Access LC-MS/MS H OH
« ESI negative ion, MRM method 1
. H
- Screening O\\E
- LOQs < 0.050 pg/kg CAP (MRPL of 0.3 ug/kg) i
cAP
Y=0.148836 + 255752"X R*2=0.0954 W: 1/X
35 -
30
25
20
15 - [ TR il K20 vatie
i d - 321> 152 321 > 152 o
05 LE o ] AN
/f( p. | " S T | e 1 " 3215257 e i
ng/kg 5.,: : 1
25: 22561 i‘ A[ . =
o 321> 194 ., 321> 194 Ej‘
_:: 326 > 157 (IS) :5 = 326>157(S) B
e - " Thllillu " " : ol o n-_n'%-_ln b 8 .
Figure 2: SAM chromatograms for milk blank and 0.050 pg/kg spiked milk samplas
ThermoFisher
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Polycyclic Aromatic Hydrocarbons (PAHS)

[ Sample (Oyster) Homogenization ]

%

(Sampfe 2.0 g + Isotopically Labeled IS]I

1. Weigh sample in 15 mi glass fube and add 15 ‘
2. Vortex samples (10 5

3. Equilibrata 10 min

( Liquid Extraction j

4. Extract with b mL hexane in Wirasonic bath {10 min)
5. Transfer in round fask with pasteur pipette

b. Hepeat steps 4 and 5 three more times

1. Evaparate to about 1 mL

( Clean-up ]

8. Condition SPE with 3 mlL hexane
9. Apply sample
10. Eiute up to & mL with hexane

( Concentration )

11. Gently evaporate under nitrogen stream to dryness
12 Reconstitute in 180 UL of cyclohexane + 20 pl of
injection/surrogaie standard.

( GC-MS/MS )

« FSRC Method
« Developed for oil spill Gulf of Mexico 2010
* Full scan + MRM method

« Matrix
« All type of seafood, here oysters

* Aliphatic hydrocarbons
« Pattern provides source of contamination

22



Polycyclic Aromatic Hydrocarbons (PAHS)

1592 1963 2I]£EI

100

3 e . (\,Hydrocarbon pattern

g | * From Full Scan data
E - JJL - Complete 16 PAHSs
* Individual MRM quantitation
- |, - Here 10 ng/g in oyster matrix
i ‘ » Cylcle time 35 min only

Phe Ant
Hydrocarbons (PAHs) and Aliphatic

H\drnnrlmns in Ovysters h} GC- MW\‘IH
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Sudan Dyes

« Sudan dyes are red dyes

» Used for coloring solvents, oils, waxes, petrol, or as additives in shoe and floor
polish.

* Found in food products such as chili or chili-containing products.
« Banned as food additives in the USA, the EU and many other countries
* Links to cancer and other negative health effects.
* Most popular methods for analysis
« LC-UV/vis and solid phase extraction (SPE), or using fast acetonitrile LLE
« LC/MS using autoamted TurboFlow sample prep with Exactive MS

A G N, (o
N b N— S—N
OH @ oH " : on v
Sudan | Sudan Sudan Il
[1-phenylazo-2-naphthol) 1-{2,4-Dimethylphenyl) azo)-2-naphthalenol 1-4-[Phenylazo) phenylazo)-2-naphthol
¢ ) A
N N ", &
g O 8 G0
Sudan IV Para Red
142-Methyl-4-2-methylphenylazo)phenylazo)-2-naphthalenol 1{E)H4-Nitrophenyl)diazenyl]-2-naphthol
ThermoFisher
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Sudan Dyes

* Recovery 80-120%

* LOQ LC-HRMS (Orbitrap)

« R50 000

* 5 ng/g Sundan I-IV,

« 20 ng/g Para Red

BT 3m0-450 SM 76

1 ParaRed /\

Thermo Scientific TurboFlow Method Parameters

Column:
Injection Volume:
Solvent A:

TurboFlow XL C8 column 0.5 x 50 mm
25 L

0.1% formic acid in water

0.1% formic acid in ACN

Mass Spectrometer Parameters

MS:

MS lonization Source:

Thermo Scientific Exactive high
performance benchtop Orbitrap™ MS

Heated Electrospray lonization (H-ESI)

lonization Mode: Positive
AA 25TEM
g N s .:_I-I. X
— /‘\\ Scan Range: m/z240.0 to 390.0
’ Z Resolution: 50,000
- fh' )
o1 Sudanll I\ 5
: J
o RATY T wLsE
ol L Formula Exact Mass [M+H]*
m = NG
w1 Sudan I \ x: Para Red CoHyNy0, 293080041 294.087841
: — Sudan | CH,N,0 248.034963 248.102763
i
” Sudan Il € HN,0 276.126263 277134063
. Sudan IV |
Sudan Il CpHEN,0 352.132411 353.140211
" i Sudan IV CyHyN,0 380.163711 381171511
Figure 2. Representative chromatogram (20 ng/g in Hot Sauce 1)
ThermoFisher



Sudan Dyes

» LC-UV/vis method
* Quick acetonitrile extraction
« Automated 2D LC
UV 478 nm detection

« MDL 3 ppb (ug/L) Sudan I-IV

Sudan |

Sudan

Sudan |
Sudan IV

ﬁ/\f

Sudan Il
Sudan il
Sudan IV

Sample Preparation

Weigh 10 g of a curry paste sample into a 50 mL glass
bottle, add 20 mL of acetonitrile, and shake. Put the bottle
in an ultrasonic bath for 10 min, then filter the sample
using a 0.2 pm syringe filter before sample injection.

Chromatographic Conditions

First Dimension

Column: Thermo Scientific Acclaim™ PolarAdvantage
Il (PA2), 3 pm Analytical, 4.6 x 150 mm
(P/N 063191)
Mobile Phase: A: Water
B: Acetonitrile
C: 2-Propanol
Inj. Volume: 300 pL
Temperature: 30 °C
Detection: UV, 478 nm

I\ ! L i) & Second Dimension
— f"‘"‘['l N A Column: Acclaim Phenyl-1, 3 pm, Analytical,
4B I _ 4.6 x 150 mm (P/N 071969)
0 2 4 6 8 10 12 14 16 18 20 22 25 .
Minutes Mobile Phase: A: Water
Figure 5. Overlay chromatograms of Panang curry paste and spiked Panang B: Acetonitrile
curry paste samples. C: Methanol
o6 ThermoFisher



Sudan Dyes

Koy Words

Acclaim Phamyi-1 Column, Acclaim PAZ Column, 20-1C, Food

Determination of Sudan Dyes -1V

in Curry Paste

Supenak Tudaaod and Jatrey Fobn

Theanmo: Fished oM, Sangsos, Thasand, 7T Fohar SO, Sunmoi, C, LEA

Introdisstion
Sudan dpes are 3 dass of synthetic dyes thar are mainky
e fior indusinial applications such: as the coloning of
jplastic. These dyes ane banned a3 2 food-coloring agem
bocgume they are classfied svcarcinagem. For sosnomical
measoms, bowever, Sudan dyes ape somesimes illegally
wed 10 colir food to improve its appeasance. Therefore,
methads are needed 1o determine if food producs have
heen adulterased with these dyes.

Tymally, fuitan dypes are deteomined by reversed-phase
chromategraphy with L'V or mass spectromezry | M5]
dhtectiom, but complex food samples wsaadly requice
extensive off-line mmple preparsson, such as solvent
extraction, salid-phase extraction (SPE), mmple
evapormion,, andior sample recomsitulzom.

Previously, Dionex™ inow part of Thermo Soestific™]
Application Note [AN) 187 demomssrated chat
ewn-dimessicmal (10 high-performance liguid
chromazog raphy | HPLC)H combined with an-line 3PE
oam successfully determine Sudas dyes 1 0L 1L, snd 1Y
m chili ol The sample was fine extracted off line

with methylens chlonde and acetonerile. The extracsed
mmple was thes partaliy sepazated oo the first dimesson
column, and the dys were sehsequently trapped =iy
an om-lime SPE cameridge between the two dimensions.
The trapping requared 3 tkard pump to dilute the mohile
jphase from the fine dimension to ensure that the dyes
were complesely trapped on the SPE crtndge. The dyes
were thes sent to the s=cond dimension for separatson
i a0 M desecron.

The method shown here is 2 different 20-HPLE approach
for determining Ssdam dyes 1, IL 111, and IV im corry
jpaste that requires sgraficanely besy time, and therehy
seduces the oot per asalyss. After sample extraction
ming, scetommrile snd weheequen fltration, the mmple
m impecied o the fine dimension for partial ssparation_

Hy exsuring that the sclves? strengsh of the sampls entering
the first deenwoa & low, sufficient mmplecan be injecind
i enable a sessmive method Simmilady, by ensunisg that
the mobile phase streagehs of the fractsons from the fist
dimesmion emering 1he seoond dimesson are low
ensugh, the Sudan dys can be smply trapped onche
second dimension prcs oo separation and UV detection.

This meshod requires pether an SPE columa between
the two dimensions nor ibe third pump to dilute the
mohile phase from the first dimeswon. The ame UV
detector i used for both dimesssoms. To determine
Sudan dyes m curry pasie, only sample extraction and
{ltraisos are performed off [ine. The remainizg vepy are
autcmated wang 3 Themen Scimanfic Deomex L Mase=
300 x2 Dual Rapid Separatica LT (RSEC) sysiem
cmmrofed by Chromeleon™ Chromatography Daga
Sywiem (C1S) softwars.

Gom

T ciebarming Sudan dyes |, L 1L, and IV in cury pasta
by 20-HPLE without of-ine ZPE mmpla pratreatmant

Thermo
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Analysis of Illegal Dyes in Food Matrices
using Automated Online Sample Preparation

with LC/MS

Yy 5hi, Cathoring Lafortaims, Mat dew Berwbe, fobe Fiuk, Frampols Espoartelle

Tharmo Fliber Sohewtific, Frankl, WA

Introducllon
Sudan dyes are red dyes wed for colaing solvenes, ails,
waxes, petral, or ay additves in shos and foor polish
Inaddidon, they have been found in a mumber of food
products such as chili or chili<ontaining products. Sudan
dyes are banned as food additives in the [5 A", the EIPY
and many other couniries due to links bo cancer and other
msgative hiealch effscts

Liquid chromamgraphy-uleravicle viible (LC-LV -is)
and liquid chromatography-mass spectrometry (LC/ME]
are currently the most popular mechads for anakysis of
Sudan dyes.* Traditiona] sample preparation methwods,
epecially solid phase extraction SPE], have alwo bemn
widely wed inthe detarmination of Sudin dyes. However,
these procedures can be laborintensive, time-comuming
and costly, resulting in lowr sample throughput when
pefommed manually Lower cecoveries have also been
cecticed associated with SPE cleanup.* Thers is comsemmn
that ane of the major scientific challenges in the 1oalysis
of Sudan dyes is to achieve high sensitivity and selecrivicy

method wing i Thermo Scieniific Transcend TLX-1 syseem
powered by TurbaFow™ techoology couplad to o Therma
Scierpific Exactive M5 to analyze five dlegal dre residues in
& variety of sauces.

Gaal

Develop a rapid and sensitive ueomated online sample
preparation LCMSMS methed to detect and quantify
muiriple Sudan dyes in a varisty of food matrices end also
to sheocten assay time and increase throughput,

Exoperim ental

Tha Matrix Standard Curve

Five inalyess, Sudan 1, Sudan T, Swdan 0, Sudan IV and
Para Red (Figure 11 were chiained from Sigma-Aldrich
(5, Louis, MOV, A toial of four differmt food preducts
purchassd from local grocery stores wers used in this study:
Chili Sauce I; Chili Sauce I; Hot Sauce [ Hot Sauce I

while minimizing sample clean up.'
.\u-". ! o é"‘" "
Sudam | Sudan Il Sudan 1N
(1-phenyieze-2.napmhol) 1-{28-Dimsthwiphenwi) 220 2-regivhakancl 1-{a|Phenylez i phary ke g-2-neginthel
L a S
Pl A ¥, ."_C}_"g,

Sudan IV Para Red

Mtz 14EH 8 Nivmahoryism eyl 2 rapirhal

Figuan 1. Chesical siucturs of fist conpaunds
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Volatile Organic Carbons (VOCs)

« Samples

* Food packaging like paper board, multilayers, etc.

* Typical setup for VOC uses

« Headspace or Purge&Trap sampling

* Trace GOLD TG-624 column
« GC/MS single quad detection
* TriPlus RSH with 1ISQ GC/MS

 Automated standard dilutions
 Automated standard addition

» Automated staggered incubation

« Automated analysis
« Complete reporting

« LOQ below 0.01 mg/m?

» For 23 commonly analyzed solvents

TriPlus RSH Method

Sample Volume (pL) 1000
Incubation Time (min) 15
Incubation Temperature (°C) 80
Syringe Temperature (°C) 120

n-butyl acetate R? = 0.9996
4500000

4000000

3500000
3000000
2500000

2000000

Peak Area

1500000 i
1000000
500000

0
001 0 00 002 0.03 0.04 0.05 0.08

Concentration mg/m?
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Volatile Organic Carbons (VOCs

* |ISQ with Trace GC 1300
* Triplus RSH autosampler

« Headspace
- SPME
» Automated tool change to liquid inj.

Koy Words

Unattended Automated Standard
Addition and Headspace Analysis
for the Quantitative Determination
of VOCs in Food Packaging

Sinnn Paiagti ' Sikia Gomma,' Andnee Canes,' Faosit Pigoed; ! Meestmo Sanimn, | and Eric Phllpss k.
TThermn Fissar Soiontfic. Mlan, Ealy; "Thanmn Fishar Econtfic, s, Toms, LSS :_;

TRACE 1310 GC, 120 GC-MB, TriPhus ASH,
Violatila Organic Compounds in Food Paclaging

Gozl

To demonstnes fully meomated quantitsive datermination
of wolatile componants in food packnging

Introdeciion

‘Headspace anabysis by means of a dedicned semsampler
= & sandard cechnique for the deermenation of volatile
organic compossds (VOCs) possibiy present in food
jpackaging mazeraks. The packagang sample & typically
ot a0 square pieces and placed i hesdspace vialk

for incubazion 3 3 desermaned pesyperature before the
Beadspace sampling. The main challenpe with th kind of
anzlbyws is the quantification of volaple componnds char are
\present bermese these samples a7e ty pically byered soiids
that generate adsorption amd migration effee. Enermal
aalibration w oot reliable beciuse & does not conmdes the
matrix effec, which i significan ior these smples.

In comtrase, the standard addzion clibation & 3 rasmahle
quantificasion procedune for thee diffiodt matnes beeause
o e real sample for the cfibraton procedure. Untl now,
preparation of samplss for the andard sddition alibraton
iy been periormed off-Sme, typiclly exeneed mannsly

by the nperator hefore hesdspace analyss of the ample.
This = a time-onsumg and eroe-prone procdure, whils
perfcrming; sample preparation by means of the ame
robotic amper wed for hesdspac anabpos mabis the
quanirfiction squence i be nm anomatically moan
wrarttended way. Detsction and quamshiation are performed
oy means of 3 gas chromatograph (G0 coupled with 2
single quadnipole mass spetrometer (WS,

Materiais and Methods

Lie ihe Thermoe Soemsific TRACE 1310 GC, coopled wiik
the 50} Single Cusdnupole GC-MS, for asalyss of ihe
samples. Configure the GO with an insant connect sphef
spitlem (5511 module, operated im spiz mode.

The headspace incubation temperature & Bl % and the
mouhaon time is 15 mm The headspace inpoed wolume
= { ml. Usethe Thermo Scennfic TraoeGOLD TG-224
GIC Cotburm § 1.4 pm film thickness; 0.25mm [D; 6m
lengthi.

The WO standards solution is:

= Resadw| Sobvents in Packaging Material Miooee |,
analytical seamdard, 7. 147 (w'v {Sigma-Aldnich™)

» Rissdnl Sodvenes in Packaging Maserizl Mincuee 2
analytical stanchird, 0.00%, (wiv} [Sigma-Aldrich)

Mix 10 pbiain 3 single comprehensive sock soluixon.

Automatically perform subsequent sample preparation
and injecting siegs using the Thermoe Saentific TriPlus
RSH Awivsampler. The tool exchasge capahility and
wortes micmg, allow the dilutson step, the gandard
additiom wep, and the headspace analyxis sep 10 be
oumbined togrther in the same ssquence.

Procedures

Automatic Standard Dilution Procedurs

The mock siluticn i frst amomatically dilued 10000
with waier by the TnPko™ R5H autesamples. In this
cycle, the autosampler takes 1he necssary aliquor of
waies and places it in an smpty wal, adding the amount of
stock solution to brsg bo fmal volume (m chis cse, 1 =l
wang 3 differens volume syringe.

The ditesed yolubzon ohenined contains all the compozents
m 3 comeniration rasges of (03500045 gl that is
munzble for the deermination of kow levels of residal
solvent m packaging matenal.

Thermo
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Selected Threats to Food Safety and Methods

» Biological
» Microorganisms/ Food-borne illness Microbiology, Orbitrap HRAM
« Mycotoxins, Marine algae toxins LC-MS/MS
* Residues and Trace Chemcials
* Pesticides GC-MS/MS, LC-MS/MS
» Persistant Organic Pollutants (POPs) GC-MS/MS, GC-HRMS
* Veterinary Drugs LC-MS/MS, Orbitrap HRAM
» Polyaromatic Hydrocarbons (PAHSs) GC-MS/MS
 Production/Packaging Related
 Volatile Organic Carbons (VOCs) GC-MS
* Plasticizer GC-MS, LC-MS/MS
« MCPD GC-MS
* Mineral Oil hydrocarbons (MOSH/MOAH) LC-GC-FID
* Intentionally added compounds/fraud
« Sudan dyes LC-MS/MS, LC-UV

30 ThermoFisher
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Where Does LIMS Fit into my Workflow? Everywhere!

BN Exploring - My Example Folder ‘Z”E”Zl
3 My Example Folder

ere to group by that column

Name Aliquot 1 Sample | - Sample
T Aot 2803:20061] 41641 61
g% ¥VD"‘T“:'E“ L Aot 200320062 f1642 6
ermplates
B wortfions T, Aot 26032006430 41543 51
& (3 Environment T Aliquet 2803 200614) 41644 61
B3 nstruments L Aliguct-20-03-200645] 1505 3
(0 system T, Aot 1004200611 11681 81
@% Syntaxes 1, Aliguat-10-04-200612) 41682 21
gD if;:‘v";?ﬁe’; T Aiquot 0-04-200643) 41663 a1
= T, Aot 10042006 (4] 168 81
T Aliguct10-04-20065] 1588 g1
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Thanks to the Thermo FSRC Food
Response Center Team:

Ebru Ates
Katerina Bousova
Laszlo Hollosi

Thank you very much
for your attention!

food quality and safety
expertise delivered

. Scientists at the Thermo Fisher Scientific

Food Safety Response Center
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