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In food we trust — the passion of food analysis

Advanced beer aroma analysis:

Erich Leitner, TU Graz, Institute of Analytical Chemistry and Food Chemistry, Graz, Austria

Characterization of the Oxygen Heterocyclic Compounds (Coumarins, Psoralens
and Polymtehoxylated Flavones) in Food Products

Mariosimone Zoccali, Francesca Rigano, Luigi Mondello, Chromaleont s.r.l., c/o University of Messina, Messina, Italy

Adriana Arigo, Paola Dugo, Luigi Mondello, Dipartimento di Scienze Chimiche, Biologiche, Farmaceutiche ed Ambientali,
University of Messina, Italy

Marina Russo, Paola Dugo, Luigi Mondello, University Campus Bio-Medico of Rome, Italy

How Safe is Safe? Analytical Tools for Tracing Contaminants in Beer

Uwe Oppermann, Jan Knoop, Carola Schultz, Anja Grining, Shimadzu Europa GmbH
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FOR TRACING CONTAMINANTS IN BEER
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Food Analysis

Is our food safe????

Nobody can answer this question.........

......... but It has never been ckecked better than today

Dioxin scandal: Germans warned
about contaminated eggs

Germans have been urged to keep an eye
out for eggs that may have been tainted
by contaminated animal feed.

Thousands of chickens have been culled and
1,000 farms ordered to stop selling their
products after toxic dioxin was found in poulfry
and pig feed.

Authorities say more than 100,000 eggs that
may have been contaminated have been
produced by two farms in the past two weeks.

The dioxin is believed to have come from feed
contaminated with industrial fats
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EC Approach to Food Safety *

e Every European has the right to know how food is
produced, processed, packaged, labelled and sold

e The goal of the EC's Food Safety policy is to ensure a
high level of protection of human health regarding the
food industry — Europe’s largest manufacturing and
employment sector

e The EC's guiding principle is to apply an integrated
approach from farm to fork (white paper)

e http://ec.europa.eu/food/index en.htm



http://ec.europa.eu/food/index_en.htm
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Food Quality.......

Properties to determine: Laws and Regulations:

e Composition * Drinking Water Regulation

* Essential Elements * Beer Purity Law

* Toxic Elements * Foodstuff and commodity Act
 Taste, Color.....  European Food Law

« Contaminants  European Food Safety Authority
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One Stop Vendor in Food Analysis

GCMS
FTIR €5

AAS &)
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Beer Analysis - Overview

e Introduction

e European Regulations

e Analysis of Beer

® Spectroscopy

e Chromatography

e Mass Spectrometry
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Regulations

e 500 Years German Beer Purity Law

e Oldest Food Law in the world since 23 April 1516

e Beer is the most popular alcoholic beverage in Europe. In
Germany, beer enjoys a particularly high status due to the
German Beer Purity Law of 1516 (the “Reinheitsgebot”).....

e https://www.shimadzu.eu/sites/default/files/beer catalogue c10
0-€049.pdf



https://www.shimadzu.eu/sites/default/files/beer_catalogue_c10g-e049.pdf

) sSHIMADZU

Regulations

e MEBAK

e Mid- European brewing commission

e EBC

e European brewery convention

e Testing chemical/ physical parameters
e QOrganic components
e Element concentration
e Density
o
o

Turbidity j
Color
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What's inside the Beer ??7?

Water 95 %
Ethanol 5%
Aluminium 0,20 mg/L
Arsenic 0,01 mg/L
Lead 0,04 mg/L
Antimony . 0,01 mg/L
Cadmium 5,00 pg/L
Copper 0,20 mg/L
Zinc 0,20 mg/L
Tin 0,10 mg/L
g

Ochratoxin A . 5,00 pg/L*
Glyphosate 20,0 mg/L**

*in barley **in barley
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Quantitation of Heavy Metals

R

....for highly sensitive determination of more than 70
elements using ICPMS-2030

20—

10—

Standard Torch Mini Torch Eco Mode
(conventional) (with mini torch)

https://www.shimadzu.eu/icpms-2030



https://www.shimadzu.eu/icpms-2030
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ICP- Spectrometry Coupled to Mass

Mass detector
Detection, identification
and guantification of
lons

Bstimanzy,

Mini Torch
Technology

Analysis Technique:

Multi-element analysis : simultaneous as in ICP-OES
Extremely sensitive => analysis of ultra-traces (< ppb => ppt).
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Welcome in the World of Trac%

115|n < 0,05 ppt 209Bj < 0,01 ppt
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Sample Preparation

* Direct analysis with internal standard or ~ /&--
 Dilution with H,O 1:1 or 1:10 ”
« Ultrasonic pretreatment

 Alcohol concentration approx. 2,5 %

* HNO; concentration 0.1 %

« Calibration range: 0.002 pg/L to 20 mg/L.
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Argon Plasma with Minitorch

System Parameters:

e RF Power 1.2 kW
e PL Gas 10 L/min
e AX Gas 0.6 L/min
e CA Gas 0.7 L/min

e Exposure time 15 sec g |

St drdT h |||||| h E Mode
ooooooooo (with mini torch)
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Water Analysis

Clement EPA Max. Limit Value samples: ISAC0301-3 Samples: JSAC0302-3
for Drinking Water (pg/L) Quantitation Value Certified Value Quantitation Value Certified Value
A 200 16 2| 151 66.9 661
As — 0.20 0.20+0.07 5.29 5.2+0.1
B 8.52 8.2+0.3 58.0 59+1
ﬁf i 0 55‘ 0.53+£0.01 0.55 0.52+0.01
C Cd 5 0.0018 ) 0.0018 (Reference value) 0.991 1.00£0.02
o +96 Ay 0.160.01 10.0 10.0+0.2
Cu 1300 0.4 0.37+£0.03 10.0 9.9+0.1
Fe 300 6.5 6.4+0.2 58.5 58+1
Mn S50*** 0.21 0.2+0.01 53 5.1£0.1
Mo 0.20 0.290+0.004 0.30 0.290+0.004
MNi _— 9.63 9.5+0.3
(Pb 15 0.005 5 0.007 (Reference value) 9.68 9.9+0.2
e o 0.08 (Reference value) 495 5.0£0.2
Zn 5000*** 0.17 0.17+0.04 10.5 9.8+0.2
Unit: mg/L
K 0.48 0.47+0.02 0.48 0.48+0.02
Na 453 4.34+0.07 447 4.32+0.07
Mg 3.37 3.34+0.07 3.34 3.32+0.06
Ca 250*** 13.2 13.0+0.2 13.1 13.0+0.1

***: National Secondary Drinking Water Regulations
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Beer Data

Element Beer 1 Beer 2
BAs 2.05 3.49
i 0.07 0.05
65Cu 29.10 28.70
66Zn 5.28 23.90
B0Nij 2.25 5.62
208pp
12igp 0.39 0.19

2.39

0.07 0.08 0.15
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in Beer by ICP-MS and LC-MSMS



https://www.researchgate.net/publication/315860965_How_Pure_is_Pure_Determination_of_Contaminants_in_Beer_by_ICP-MS_and_LC-MSMS
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Mycotoxin Analysis

Consumers want to trust in safe, non-toxic food

EU: strictest regulations of the world

Aflatoxins: Aflatoxin B1, B2 {AFB1,|AFB2), G1, G2 (AFG1, AFG2) (Grain)
AFB1: most genotoxic and carcinogenic

Ochratoxin A (OTA), Zearalenone (ZON), Deoxynivalenol (DON), Nivalenol (NIV)

(Grain) 8 emd.
Mellle

2
|
& |
o5 it gt
e
Loty
Lo oy

Aflatoxin M1 (AFM1) (Milk) 1—})

and Patulin (PAT) (Fruits)
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Features of Mycotoxin System

High sensitivity

— EU directive level (*)
(* not applicable for baby food)

— no derivatization

— combination of PDA detector and RF-20Axs
Fast and easy screening

— 10 mycotoxins are monitored in 14-minutes.
— Step-by-step explanation

Quick result =
— Results and reports are produced automatically after analysis
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Comparison of Beer Charges

uVv

{Data1:Beer_charge1_046.Icd Detector B:Ex:365nm,Em:450nm
1Pata2:Beer_charge2_051.lcd Detector B:Ex:365nm ,Em:450nm
25000+

Beer Charge 1 and 2

20000
15000 ||

10000} | | i

Clear differences concerning the mycotoxin content in different
charges of the same beer
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Determination at EU Regulations

Examples of

U

Target compound targeted product EU (Codex) Japan
Aflatoxin el 2
Grain, Grain po/kg Total 10~15
B1,B2,G1,G2 _ Total 10 pg/kg
(AFB1,B2.G1,G2) product (Flour etc.) |AFB1 2~12 ua/kg
Ha/kg
Aflatoxin M1 :
(AFM1) Milk 0.05 pg/kg 0.5 pg/kg 0.5 pg/kg
Ochratoxin A (OTA) |Wheat, Wheat flour | 2~10 pg/kg 5 ug/kg Not regulated
Patulin (PAT) Apple 25~50 ug/kg 50 ug/kg 50 pg/kg
: N 1100 pg/kg
E)Deg);l);mvalenol Wheat, Wheat flour SO?k L0 1000 pg/kg (provisional
HO/Kg standard value)
Nivalenol (NIV) Wheat, Wheat flour Not regulated
: : 20~400 pg/kg
Zearalenone (ZON) Sl EIE (feed : 2~3 Not regulated NI

product (Flour etc.)

mg/kg)

(feed : 1 mg/kg)
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Quantification

Quantification was conducted in the range of EU regulations until
10 x EU regulations

Area Area Area
1 40000 7500
| AFG1 | AFG2 | AFB1
200007 30000 ]
] ] 5000
| 20000
25000 . 2500.]
] 10000+ ]
O- 1 1 O: N N D T o T
0 10 20 Conc. 0,0 250 50,0 75,0 Conc 0 10 20 Conc.
Area Area Area
3000 100000 15000
AFB1 __AFM1 | OTA
2000 ] 10000~
] ] ] ®
50000
| ] ] o
1000 ] 5000
] 25000—_ ]
O- 1 ' ] ' ' ' 0- ' ' ' ' 1 ' ' ' ' 1 ' ' ' 0- 1 ' ]
0 10 20 Conc. 0 10 20 Conc. 0,0 25,0 Conc.
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Features

Quick feedback: Reports are immediately available

(1) Sample
preparation

(2) Data
acquisition

Data browser

14 Bier frisch ohne MT_046Icd

15 Bier frisch ohne MT_047 Icd

16 Bier frisch mit MT_048 lcd Quant.Range(High)
17 Bier frisch mit MT_043 lcd Quant.Range(High)
18 Bier alt ohne MT_050.Icd

15 Bier alt ohne MT_051lcd

20 Bier alt mit MT_052 lcd Quant Range{High)
21 Bier alt mit MT_053 lcd Quant.Range{High)

(3) Data processing

—
"‘.';’c

Analysis report

e T TN g

Flagged screening

report*

* Multi data report (LabSolutions DB/CS)
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Analysis of Pesticides

..for highly sensitive determination of Glyphosate in
Beer using LCMS-8060 qermany

sa‘ “e‘“ de‘a_“oﬂ
any's T

e

Ger™”

Glyphosate
tli} NH.
Haﬂ—T—».H_fﬂ - _OH
OH

Qo

http://www.laboratory-journal.com/science/food/secrets-beers



http://www.laboratory-journal.com/science/food/secrets-beers
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Glyphosate: Background

February 2016:

e Glyphosate residues found in 14 German beers
significant above the maximum residue limit of
0,1 pg/l for German drinking water

e Method: ELISA test
e Acceptable Daily Intake: 0,3 mg/kg body weight

e Federal Institute for risk assessment (BfR):
no risk < 1000 L/day

~ Hopfenund Malz

—verloren?

Glyphosat-Ruckstande im deutschen Bier
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Glyphosate: Existing Methods

e Vegetables: EURL-SRM Quick Polar Pesticides
Method (QuPPe)

e Mother's milk: BfR-method for Glyphosate
(J. Agric. Food Chem. 2016, 64, 1414-1421),
LOQ 1 ng/ml

e Environment: PROMOTE project (UFZ)
Beer is a difficult matrix due to:

m=m interferences during derivatisation with FMOC

Highly polar compounds such as glyphosate...

== ...have a low mass and less product ions

Risiken erkennen — Gesundheit schutzen

Mell

,—‘rg.‘?‘. ——

B
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Two Workflows %

With derivatisation Without derivatisation

500 pl supernatant ﬁ
+ 25 pyl EDTA-borate buffer
+ 75 ul FMOC
60 min incubation at 50 °C
30 pl 0,2 % phosphoric acid
+ 125 ul water

Analysis with Nexera MX and LCMS-8060
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Nexera MX with LCMS-8060

1I0OIOOIO

https://www.researchgate.net/publication/315860965 How Pure is Pure Determination of Contaminants in Beer by ICP-MS and LC-MSMS



https://www.researchgate.net/publication/315860965_How_Pure_is_Pure_Determination_of_Contaminants_in_Beer_by_ICP-MS_and_LC-MSMS

] SHIMADZU

LC-MS/MS Parameters

Compared Final
Columns, Obelisc R, SM-C18, SW-C18, ZIC-HILIC, Hvoercarb
without derivatisation ZIC-cHILIC, Hypercarb and Synergi Fusion yp

2] c18 (100 mm x 2.1 mm, 5 um)

. Different concentrations of ammonium
Mobile phases,

without derivatisation acetate, ammonium formate, ammonium 1% acetic acid,
2] hydroxide, formic acid and acetic acid. methanol + 1% acetic acid
Methanol, acetonitrile
with 3Z|r?\23:;tion Raptor Biphenyl, Raptor C18 and other Raptor C18
C18-columns (100 mm x 2.1 mm, 2.7 ym)

[1]

Mobile phases
with derivatisation Shimadzu application note

[3]

5 mM ammonium acetate
Acetonitrile

Drying Gas, Nebulising Gas, Heating Gas,
ESI-Voltage, Desolvation Line Temperature,
Heat Block Temperature, Interface
Temperature

DG 3.00 I/min, NG 3.00 I/min, HG
15.0 I/min, ESI + 4/ - 3 kV, DLT
150°C, HBT 400 °C, IFT 325 °C

lon Source Parameters,
for both

[1]

[2] Highly Polar Pesticide Analysis in Food Samples by LC-MS/MS, WP-351, ASMS 2014, Poster WP-351

David R. Baker!, Mikaél Levi?, Eric Capodanno?

1Shimadzu, Manchester, UK 2Shimadzu, Marne-La-Vallée, France 3Phytocontrol, Nimes, France

[3] Application News 120, Analysis of Glufosinate, Glyphosate, and AMPA in Drinking Water Using a Triple Quadrupole LC/MS/MS
System, Nov. 2015
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11:169.90>88.15(+)
10000

1 Glyphosate
15 ng/ml
in pils 1

9000

8000

7000

{1:392.00>88.05(+)

1 FMOC-Glyphosate
115 ng/ml

5000 —

Tinpils 1

6000

@rea
ssoo00] 12 = 0,9991
1 5-100 ng/ml
#0999 lin pils 1 QC 15 ng/mL, spiked in beer
350000 Glyphosate
300000 Conc
250000 Accuracy [%]
] pils1 15.81 105.4
200000 pils2  17.67  117.8
150000 weiss beer 17.3 115.4
100000 weiss beer 17.48 116.6
50000 pils2 15.62 104.1
] pils1 16.57 110.5
00I - I'IIOI - I2|0I - I3|OI - I4|0I - I5|0I - IGIOI - I7|0I - I8|0I - I9|OI - I(I3<)In<I:.
Area
1250001 g;O%ggjl-Gl ¢
1 5-100 ng/m
] s 1 QC 15 ng/mL,
1000004 P spiked in beer
] FMOC-Glyphosate
75000- Conc Accuracy
| > . [%]
1 pils1 18.28 121.8
50000 pils2 13.04 86.9
° weiss
250001 beer 16.68 111.2
] weiss
o beer 13.32 88.8
0 10 20 3 40 5 6 70 8 9  opils2 17.1 114
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Beer Samples

Results
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Summary

A routine method for the determination of Glyphosate was developed
LOQ: 10 ng/ml in beer

Accurate and sensitive quantification without derivatisation

Nexera MX allows higher sample throughput

Application Notes available (request: info@shimadzu.eu)
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Residual highly polar pesticides in beer: A comparative study
about sample pretreatment with and without derivatization

Sigrid Baumgarten'; Anja Griining?; Julia Sander’; Rebecca Kelting'
1Shimadzu Europa GmbH, Duisburg, Germany

[l sSHIMADZU

Highly Polar Pesticide Analysis in Food Samples by
LC-MS/MS

David R. Baker!, Mikaél Levi2, Eric Capodanno?
'Shimadzu, Manchester, UK 2Shimadzu, Marne-La-Vallée, France 3Phytocontrol, Nimes, France

Liquid Chromatography Mass Spectrometry

Analysis of Glufosinate, Glyphosate, and AMPA in
Drinking Water Using a Triple Quadrupole LC/MS/MS

No.C120 |7
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Conclusion

Shimadzu is offering the full range of instruments for
,State of the art” solutions in beer analysis

In order to maintain the highest level of food quality

and food safety.
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Thank You!

....and please enjoy your beer !

SHIMADZU

Excellence in Science

Brand Statement "Excellence in Science"

We in the Shimadzu Group have delivered products and services to enable our customers around the world to develop a
diverse range of new products, to protect and improve the environment, and to improve the health and lives of
mankind. This brand statement represents our sense of pride in this endeavor. It is our commitment to society and
ourselves that Shimadzu remains dedicated in our pursuit of technology and accumulation of knowledge, so that we can
offer even more outstanding technologies, products, and services, so as to be recognized for excellence in the field of

science.




