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% Lice Guaranteeing the authenticity of a product is integral to quality

Ta procedures, essential in the compliance of food labelling regulations

Botanical Supplements and important to consumers when paying for premium products.

Tryptophan Supplements Adulteration refers to the addition of substances to foods or substitution

Olive O of components with cheaper alternatives, usually for economic gain (also
References called food fraud). Adulterants can lead to serious health issues. Food

authenticity and adulteration testing encompasses multiple approaches
and techniques that are constantly evolving to meet emerging
challenges.
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Thermo Scientific™ Vanquish™ UHPLC System and
Thermo Scientific™ Dionex™ UltiMate™ 3000 UHPLC*
systems offer excellent chromatographic performance,
operational simplicity and unrivaled flexibility. Choose
from a wide range of standard and unique specialty
detectors to extend your laboratory’s analytical
capabilities.
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The next generation in UHPLC innovations

The Vanquish system takes high-end UHPLC to a new level, offering more
resolution while meeting the throughput demands of modern laboratories.
The system is delivers better separations, more results and easier
interaction, simultaneously, without compromise.

——

Learn more at www.thermoscientific.com/vanquish

ical Technologies

The Vanquish UHPLC System

Delivering the new standard in UHPLC
e More powerful separations with 1500 bar of pump pressure at flow

rates up to 5 mL/min
Industry-leading flow and gradient precision
Excellent injections up to 100 pL in 0.0 pL increments

Automated workflows with barcode reading for simplified setup and
tracking

Maximum sample capacity with up to 23 well plates, or 8832
samples

More confident separations with a wide temperature range of 5 °C to
120 °C for two thermostatting modes and active column pre-heating
for improved precision

UV detection with linear response up to 3000 mAu and noise levels
as low as 3 pAu

Thermo Scientific™ LightPipe™ technology assures lowest peak
dispersion with UV detection

Available Vanquish Charged Aerosol detector for quantification of non-
chromophoric compounds

Vanquish Diode Array Detector with LighPipe technology
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UltiMate 3000 UHPLC* Systems

Best-in-class HPLC systems for all your chromatography needs

UltiMate 3000 UHPLC* Systems provide excellent chromatographic performance while maintaining easy, reliable operation. The basic and standard
analytical systems offer ultra HPLC (UHPLC) compatibility across all modules, ensuring maximum performance for all users and all laboratories.

Covering flow rates from 20 nl/min to 10 mL/min with an industry-leading range of pumping, sampling, and detection modules, UltiMate 3000
UHPLC* Systems provide solutions from nano to semipreparative, from conventional LC to UHPLC.

Superior chromatographic performance

UHPLC design philosophy throughout nano, standard analytical, and rapid separation liquid chromotography (RSLC)

620 bar (9,000 psi) and 100 Hz data rate set a new benchmark for basic and standard analytical systems

RSLC systems go up to 1000 bar and data rates up to 200 Hz

x2 Dual System for increased productivity solutions in routine analysis

Fully UHPLC compatible advanced chromatographic techniques

Thermo Scientific™ Dionex™ Viper™ and nanoViper™ fingertight fittings—the first truly universal, fingertight fitting system even at UHPLC pressures
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Rapid Separation LC Systems
The extended flowpressure footprint of the RSLC system provides the performance for ultrafast
high-resolution and conventional LC applications.

RSLCnano Systems
The Rapid Separation nano LC System (RSLCnano) provides the power for high resolution and
fast chromatography in nano, capillary, and micro LC.

Analytical Technologies

Standard LC Systems
Choose from a wide variety of standard LC systems for demanding LC applications at nano,
capillary, micro, analytical, and semipreparative flow rates.

Basic LC Systems
UltiMate 3000 Basic LC Systems are UHPLC compatible and provide reliable, high performance
solutions to fit your bench space and your budget.
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Advanced Detection Capabilities

Charged Aerosol Detection

Charged Aerosol Detection provides near universal detection independent
of chemical structure for non- or semi-volatile analytes with HPLC and
UHPLC. Thermo Scientific™ Dionex™ Corona™ Veo™ and Vanquish
Charged Aerosol detectors are ideally suited as a primary detector for any conna |0 |
laboratory, while providing complementary data to UV or MS methods. RS |
No other LC detector available today can match the performance of a
Corona Veo detector.

e High sensitivity — single-digit nanogram on column

Dowex
Corona ultra

uHPLC ?
focused

e (Consistent response — independent of chemical structure
e \Wide dynamic range — to four orders of magnitude or greater
e Simple to use — easy to integrate with any HPLC/UHPLC system

Charged aerosol detectors give the simplicity, reproducibility and
performance required for a full range of applications from basic research
to manufacturing QG/QA. With charged aerosol detection you get
predictable responses to measure analytes in direct proportion to their
relative amounts for quantitation without actual standards.

This detector offers the flexibility to use reversed-phase gradients, as well
as normal phase and HILIC modes of separation on any LC system.
And, in many cases eliminates the need for derivatization or sample pre-
treatment to provide real dilute-and-shoot simplicity.

Vanquish system with Charged Aerosol Detector

Learn more at www.thermoscientific.com/CAD

Analytical Technologies
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CoulArray Multi-electrode Array Detector

The Thermo Scientific™ Dionex™ CoulArray™ Multi-electrode Array
detector is the only practical multi-channel electrochemical detection
system that allows you to measure multiple analytes simultaneously,
including those that are chromatographically unresolved. The

CoulArray detector delivers the widest dynamic range of any available
electrochemical detector with unmatched selectivity for detection of
trace components in complex matrixes, even when used with aggressive
gradients.

e Measures analytes from femtomole to micromole levels

e (reatly simplify sample preparation and eliminate interferences

e Simultaneously analyze multiple analytes in very complex samples
e Fagsily produce qualitative information for compound identification

Multiple system configurations offer 4, 8, 12, or 16 channels that can be
upgraded anytime. The unique data acquisition and processing software
uses automatic signal ranging and a unique patented baseline correction
algorithms to provide identification and quantitation of single or multiple
analytes and powerful 3D data for quick sample fingerprint confirmation
with integration to pattern recognition platforms.

With the power of coulometric array technology, the CoulArray detector
can give you the qualitative data of a optical PDA with 1,000 fold greater
sensitivity to profile the characteristic qualities of products, determine
integrity, identify adulteration and even evaluate competitors’ products.

Analytical Technologies

CoulArray Multi-electrode Array Detector
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RefractoMax 521 Refractive Index Detector

The Thermo Scientific RefractoMax 521 Refractive Index Detector from
ERC Inc. This detector, in combination with the UltiMate 3000 system, is
the right choice for the isocratic analysis of sugars, polymers, and fatty
acids. It features fast baseline stabilization and excellent reproducibility,
combined with high sensitivity. The RefractoMax 521 is fully controlled by
Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System
Software (CDS), and can also operate in stand-alone mode.

e The detector is highly sensitive and applicable universally. It
provides very stable baselines with a drift of 0.2 pRIU/h and a noise
specification of 2.5 nRIU or less

e The optical bench, thermostatically regulated from 30 °C to
55 °C, and the superior signal-to-noise ratio ensure highly precise
measurement results

Analytical Technologies

Advanced Detection Capabilities

e The extended flow rate range from 1 mL/min up to 10 mL/min
and the operating range of 1.00 to 1.75 RIU enable the use of this
detector for a wide range of applications

e Applications include the analysis of all compounds with low UV-Vis
activity, such as alcohols, mono- and polysaccharides, esters, fatty
acids, or polymers

e AnAuto Set-up function automates purging, equilibration, autozero,
and the control baseline stability and noise

e (Operation with Chromeleon CDS makes the detector easy to use and
ensures maximum productivity in instrument control, data processing,
and reporting of results

RefractoMax 521 Refractive Index Detector
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UltiMate 3000 Diode Array and
Multiple-Wavelength Detectors

The Thermo Scientific Dionex UltiMate DAD 3000 detector is a high-
resolution, 1024-element diode array detector (DAD) available in Rapid
Separation (200 Hz) and Standard (100 Hz) versions. It operates with
Chromeleon CDS software to provide a variety of spectra views, including
3-D plotting and automated chromatogram handling. The high resolution
and low-noise performance of the DAD-3000 family makes it ideal for

the most sensitive and accurate library searches and peak purity analyses.

The detector is also available as a multiple wavelength detector (MWD) in
Standard (100 Hz) and Rapid Separation (200 Hz) versions.

e Data collection at up to 200 Hz using a maximum of eight single-
wavelength data channels and one 3-D field (3-D only with
DAD-3000 (RS)) for best support of ultrafast separations

e Standard versions operate at up to 100 Hz data collection rate for
optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard
systems

e Accurate compound confirmation with a 1024-element, high
resolution photodiode array

e Flexibility in both UV and Vis applications with 190-800 nm
wavelength range

e | ow-noise over the full spectral range using deuterium and tungsten
lamps

e fast and accurate wavelength verification using a built-in holmium
oxide filter

Analytical Technologies

Advanced Detection Capabilities

e The detector can be upgraded with the UltiMate PCM 3000 for
accurate monitoring pH gradients

e Excellent reliability and reproducibility with low baseline drift (typically
< 500 pAU/N)

e Simplified routine maintenance with front access to pre-aligned cells
and lamps

e |D chips on flow cells and lamps for identification and life-span
monitoring

e Chromeleon CDS software for full control and flexible data handling

e Front-panel display for easy monitoring of detector status to maximize
uptime

e Fow cells for semi-micro, semi-analytical, analytical, and semi-
preparative applications

e Fow cells available in stainless steel and biocompatible versions

UltiMate 3000 DAD-3000 Diode Array Detector
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UltiMate 3000 Electrochemical Detector

Electrochemical detection delivers high sensitivity for neurotransmitter
analysis, simplicity and robustness for pharmaceutical or clinical
diagnostics, and the selectivity for the characterization of complex
samples such as natural products, biological tissues and fluids. For
today’s researcher, there is a continuing need for detecting vanishingly
small quantities of analyte and often in complex samples. Because
electrochemical detection measures only compounds that can undergo
oxidation or reduction it is both highly sensitive and very selective.

The Thermo Scientific Dionex UliMate 3000 Electrochemical Detector,
designed by the pioneers of coulometric electrochemical detection,
delivers state-of-the-art sensor technologies complete with an entire range
of high performance and ultra-high performance LC systems optimized
for electrochemical detection. The UltiMate 3000 ECD-3000RS takes
electrochemical detection to the next level with UHPLC compatibility, total

system integration, and selection of detection mode, all with unprecedented

operational simplicity.

Analytical Technologies

Advanced Detection Capabilities

Features include:

e Detection Modes — choose from DC and PAD for optimum analyte
response

e (Choice of sensors — both coulometric and amperometric sensors to
meet the demands of any application

e [JHPLC compatibility — ultralow peak dispersion and high
data acquisition rates for conventional or fast, high resolution
chromatography

e Modularity — easily expandable to multiple independent sensors for
unrivaled flexibility

e Autoranging — simultaneously measure both low and high levels of
analytes without losing data

e SmartChip™ technology — easy operation with automatic sensor
recognition, event logging and electrode protection

UltiMate 3000 Electrochemical Detector
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UltiMate 3000 Fluorescence Detector

The Thermo Scientific Dionex UliMate 3000 FLD-3000 is a high-sensitivity
fluorescence detector series for UliMate 3000 HPLC systems. It is available in
Rapid Separation (RS) and Standard (SD) versions. The optics of the FLD-
3000 series provide maximum stray-light suppression for best detection
sensitivity. Operated with the Chromeleon CDS software, the detector provides
automated qualification, various tools for method development, and instrument
wellness monitoring for ease of use, maximum uptime, and the highest degree
of regulatory compliance.

Data collection at up to 200 Hz for optimal support of even the fastest
UHPLC separations (FLD-3400RS)

Standard detectors operate at up to 100 Hz data rate for optimum support
of 62 MPa (9,000 psi) UtiMate 3000 standard systems

Lowest limits of detection with a Raman signal-to-noise ratio
(S/N): > 550 ASTM (> 2100 using dark signal as noise reference)

Analytical Technologies

Advanced Detection Capabilities

e Unsurpassed reproducibility with active flow cell temperature control for

stable fluorophore activity independent of changes in ambient temperature

Long-life xenon flash lamp for highest sensitivity and long-term operation
without the need for frequent lamp changing

Optional second photomultiplier (PMT) for unique Dual-PMT operation,
offering an extended wavelength range up to 900 nm without sacrificing
sensitivity in the standard wavelength range

Two-dimensional (2D) or three dimensional (3D) excitation, emission,
or synchro scans to provide the highest degree of flexibility for method
development or routine sample characterization

Innovative Variable Emission Fifter for real-time compound-related sensitivity
optimization (FLD-3400RS only)

Large front-panel display for easy monitoring of the detector status

Two flow-cell sizes for easy optimization to application requirements: the
8 1L flow cellis ideal for trace analysis, and the 2 L flow cell offers best
peak resolution with narrow-bore HPLC and UHPLC columns

Ultimate 3000 Fluorescence Detector

o0


http://www.thermoscientific.com/liquidchromatography

Table of Contents

Introduction

Analytical Technologies

Targeted Methods
Coffee

Controlled Substances

Fruit Juice

Melamine

Mixtures of Complex Materials

Non-targeted Methods
Herb Blending
Beer
Wing

Fruit Juice

Tea

Botanical Supplements

Tryptophan Supplements
QOlive Qll

References

UltiMate 3000 Variable Wavelength
Detectors

The Thermo Scientific Dionex UltiMate 3000 VWD-3000 is a variable
wavelength detector (VWD) series for industry leading UV-Vis detection.
The forward optics design and wide range of available flow cells ensure
optimal performance over a flow rate range of five orders of magnitude.
Automated qualification, performance optimization, and instrument wellness
monitoring deliver maximum uptime, simplify work-flow, and give you full
confidence in your analytical results. The detector is available in a standard
100 Hz (VWD-3100) and a 200 Hz Rapid Separation version (VWD-
3400RS) for the most challenging UHPLC applications.

High-Performance UV-Vis Detection

e The VWD-3400RS variant provides data collection rates of up to 200
Hz for optimal support of today’s and tomorrow's UHPLC separations

e The VWD-3100 standard detector operates at up to 100 Hz data rate
for optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard
systems

e Superior detection of trace analytes with low noise (< —2.0 pAU) and
drift (< 100 pAU/h)

e The detector's large linearity range of up to 2.5 AU is ideal for
applications with widely varying analyte concentrations

e Up to four absorption channels (VWD-3400RS) and spectral scans
support effective method development

e Active temperature control of optics and electronics for data
acquisition independent of ambient conditions

Analytical Technologies

Advanced Detection Capabilities

Front panel access for quick and easy lamps and flow cells changes
Automated qualification monitoring for full regulatory compliance

Large front panel display for monitoring the detector status even from
a distance

Maximize uptime using predictive performance—based on monitoring
the life cycle of detector lamps

The detector can be upgraded with the Thermo Scientific Dionex
pH/Conductivity Monitor (PCM-3000) for accurate and precise pH-
and conductivity monitoring

Unique 45 nL ultra-low dispersion UV monitor for dispersion-free UV
detection in LC/MS

UltiMate 3000 VWD-3400 Variable Wavelength Detector.
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Analytical Technologies

lon Chromatography

Thermo Scientific Dionex IC systems have led the
analytical instrument industry for over 30 years with
solutions that represent state-of-the art technological
advancements and patented technologies.
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Innovative lon Chromatography Solutions

Our High-Pressure™ lon Chromatography (HPIC™) systems include the
Thermo Scientific Dionex ICS-5000* HPIC system, which is optimized
for flexibility, modularity, and ease-of-use, combining the highest
chromatographic resolution with convenience. In addition, the Thermo
Scientific Dionex 1CGS-4000 Capillary HPIC system is the world’s first
commercially available dedicated capillary high-pressure Reagent-Free™
(RFIC™) IC system. The Dionex ICS-4000 system is always ready for the
next analysis, delivering high-pressure IC on demand.

Reagent-Free IC systems eliminate daily tasks of eluent and regenerant
preparation in turn saving time, preventing errors, and increasing
convenience. RFC-EG systems use electrolytic technologies to generate
eluent on demand from deionized water, and to suppress the eluent back to
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Analytical Technologies

IC and RFIC Systems

pure water to deliver unmatched sensitivity. RFIC-ER systems are designed
to use carbonate, carbonate/ bicarbonate, or MSA eluents for isocratic
separations.

At the heart of our ion chromatography portfolio is a unique set of column
chemistries that provide high selectivities and efficiencies with excellent
peak shape and resolution. Thermo Scientific™ Dionex™ lonPac™
chromatography columns address a variety of chromatographic separation
modes including ion exchange, ion exclusion, reversed-phase ion pairing,
and ion suppression. Our column chemistries are designed to solve specific
applications, and we offer a variety of selectivities and capacities for simple
and complex samples. Additionally, our Dionex lonPac column line is
available in standard bore, microbore and capillary formats for the ultimate
application flexibility.

Thermo Scientific Dionex IC instrument family
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We provide advanced integrated IC/MS and

LC/MS solutions with superior ease-of-use and modest
price and space requirements. UltiMate 3000 System
Wellness technology and automatic MS calibration
allow continuous operation with minimal maintenance.
The Dionex ion chromatography family automatically
removes mobile phase ions for effort-free transition to

Thermo MS detection.
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Targeted Methods Single-Point Control and Automation e (Chromeleon CDS software for single-point method setup, instrument
Loree We provide advanced integrated IC/MS and LC/MS solutions with CO”&:OB and data management compatble with existing IC and LC
Controlled Substances superior ease-of-use and modest price and space requirements. UltiMate Methods
Fruit Juice 3000 System Wellness technology and automatic MS calibration e The complete system includes the MSQ Plus mass spectrometer, PC
Melamine allow continuous operation with minimal maintenance. The Dionex ion data system, electrospray ionization (ESI) and atmospheric pressure
Nixres of Complex Meteris chromatography family automatically remove mobile phase ions for effort chemical ionization (APCI) probe inlefs, and vaccum system

S free transition to MS detection. Now, you no longer need two software packages to operate your

S e Thermo Scientific™ MSQ Plus™ mass spectrometer, the smallestand  LG/MS system. Chromeleon CDS software provides single-software
Herb Blending most sensitive single quadrupole on the market for LC and IC method setup and instrument control; powerful UV, conductivity, and MS
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Analytical Technologies

Chromatography Data Systems

Tackle chromatography management challenges with
the world’s most complete chromatography software.
Whether your needs are simple or complex or your
scope is a single instrument, a global enterprise, or
anything in between — the combination of Chromeleon
CDS’ scalable architecture and unparalleled ease-

of use, makes your job easy and enjoyable with one
Chromatography Data System for the entire lab.
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The Fastest Way from Samples to Results

The 7.2 release of Chromeleon Chromatography Data System software

is the first CDS that combines separation (GC/IC/LC) and Mass
Spectrometry (MS) in an enterprise (client/server) environment. By
extending Chromeleon 7.2 CDS beyond chromatography into MS, lab

technicians can now streamline their chromatography and MS quantitation
workflows with a single software package. MS support in Chromeleon 7.2

CDS s focused on routine and quantitative workflows, which provides

access to rich quantitative data processing and automation capabilities —
ultimately boosting your overall lab productivity and increasing the quality

of your analytical results.

+\ CHROMELEON 72

Simply Intelligent

Analytical Technologies

Chromeleon CDS Software

Enjoy a modern, intuitive user interface designed around the principle
of operational simplicity

Streamline laboratory processes and eliminate errors with
eWorkflows™, which enable anyone to perform a complete analysis
perfectly with just a few clicks

Access your instruments, data, and eWorkflows instantly in the
Chromeleon Console

e | ocate and collate results quickly and easily using powerful built-in

database query features
Interpret multiple chromatograms at a glance using MiniPlots

Find everything you need to view, analyze, and report data in the
Chromatography Studio

Accelerate analyses and learn more from your data through dynamic,
interactive displays

Deliver customized reports using the built-in Excel® compatible
speadsheet

Excel is a registered trademark of Microsoft Corporation.
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Analytical Technologies

Process Analytical Systems

Thermo Scientific Dionex process analytical systems
provide timely results by moving chromatography-based
measurements on-line.
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Improved Process Monitoring with On-line
Chromatography IC and LC Systems

Information from the Thermo Scientific Dionex Integral process analyzer
can help reduce process variability, improve efficiency, and reduce
downtime. These systems provide comprehensive, precise, accurate
information faster than is possible with laboratory-based results. From
the lab to the factory floor, your plant’s performance will benefit from the
information provided by on-line LC.

Process Analytical Systems and Software

Analytical Technologies

Characterize your samples completely with multicomponent analysis

Reduce sample collection time and resources with automated
multipoint sampling

Improve your process control with more timely results
See more analytes with unique detection capabilities

The Thermo Scientific Integral Migration Path approach lets you
choose the systems that best meets your needs

Integral process analytzer
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Analytical Technologies

M Automated Sample Preparation

Solvent extractions that normally require labor-intensive
steps are automated or performed in minutes, with
reduced solvent consumption and reduced sample
handling using the Thermo Scientific™ Dionex™ ASE™
Accelerated Solvent Extractor system or Thermo
Scientific™ Dionex™ AutoTrace™ 280 Solid-Phase
Extraction instrument.
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Analytical Technologies
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Introduction

Accelerated Solvent Extractor System

Analytical Technologies

Targeted Methods Complete Extractions in Less Time Using hardening process that makes it inert to chemical attack by acids and
Coffee Less Solvent bases at elevated temperatures.
Controlled Substances Thermo Scientific Dionex ASE systems extract of solid and semisolid Dionex ASE systems are dramatically faster than Soxhlet, sonication, and
Fruit Juice samples using common solvents at elevated temperature and pressure, other extraction methods, and require significantly less solvent and labor.
Melamine The Dionex ASE 150 and 350 systems feature pH-hardened pathways Aocelerat@d solvent extraction mgthods are accepted and established
Mixtures of Corm ‘ with Dionium™ components to support extraction of acidic or alkaline in the environmental, pharmaceutical, foods, polymers and consumer
plex Materials . . ,
matrices, and combine prefreatment, solvent extraction, and cleanup product industries. Accelerated splvent extrlaotlon methods are accepted
Non-targeted Methods into one step. Dionium is zirconium that has undergone a proprietary and used by government agencies worldwide.
Herb Blending
Beer
Wine
Fruit Juice
Tea

Botanical Supplements

Tryptophan Supplements
QOlive Ol

References

Dionex ASE 150/350 and Dionex AutoTrace 280 SPE instruments
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Fruit Juice
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Targeted Approaches

The less costly Robusta varietal is commonly used
in decaffeinated coffee and as an adulterant in the
preferred and more costly Arabica varietal.

aration and Authentication
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Coffee Adulteration

Table of Contents

Introduction

Analytical Technologies
Targeted Methods Organic acid profiles of coffee are used to determine Robusta content brewed coffee samples with the characteristic higher quinate (quinic acid)
Coffee in Arabica coffee. Additionally, organic acids are of interest because they ~ concentration present in the caffeinated coffee. Lower quinate and lower
Controlled Substances are primarily responsible for the coffee’s acidity. The chromatograms malate concentrations than normal would be indicative of adulteration by a
i Juice shown here compare the differences in decaffeinated and caffeinated Robusta varietal coffee.
Melamine , i - Column: Dionex lonSwift MAX-100G, MAX-100, 0.25 x 250 mm
Column: Thermo Scientific™ Dionex™ lonSwift™ MAX-100G, A 12 WLl ’ ’
| | MAX-100, 0.25 x 250 ow: HL/min
Mixtures of Complex Materials Fou 124Ut x coUmm Column Temp.: 30 °C
Column Temp.:  30°C Injecton Volume: 0.4 pL
Non-targeted Methods |n?elé?0nn \ﬂjpme: 0.4 1L Eluent Source:  Dionex EGC-KOH capillary cartridge
Herb Blendin Eluent Source:  Dionex EGC-KOH capillary cartridge Gradient: 0.1 mM KOH (-10-4 min),
nel Bendng Gradient: 0.1 mM KOH (104 min), 0.1-2 mM (4-6 min),
Beer 0.1-2 mM (46 min), 2-15 mM (6-12 min),
— 2-15mM (612 min), 15-35 mM (12-16 min),
Wine 15-35 mM (12-16 min), 65 mM (17-30 min)
_— 65 mM (17-30 min) Detection: Suppressed conductivity,
Fruit Juice Detection: Suppressed conductivity, DionexlACIES 300 suppressor, recycle mode
Tea Dionex ACES 300 suppressor, recycle mode Sample Prep.:  1:50 dilution
—_— Sample Prep.:  1:50 dilution Peak 1 Peaks:
. _ ©aKS: _ 1. Quinat
Botanical Supplements 35 1 Quinate 35 ” L;é';:t g
Tryptophan Supplements 1 2. Lactate 3. Acetate
— 3. Acetate 4. Propionate
QOlive Oil 4. Propionate 5. Formate
5. Formate 6. Chloride
References 3 6. Chloride 7. Bromide
E— 7. Bromide 3 16 8. Nitrate
8. Nitrate 9. Glutarate
9. Glutarate 10. Malate
12 10. Malate usS 1. It t
S 1 1?4 11. ltaconate 12 Si?fg?: ?
10 15 12 Sulfate 13. Fumarate
13, Fumarate 14. Oxalate
14, Oxalate 15. Phosphate
15. Phosphate 16. Citrate
16. Cltra_te 17 17. lIsocitrate
. Isocitrate W\x_\
-0.1 T T ]
-0.1 . . 1 0 10 . 20 30
0 10 20 30 Minutes
Minutes L ) o ‘
Figure 7-2. Determination of anions and organic acids in a brewed caffeinated coffee sample o
Thermo Figure 7-1. Determination of anions and organic acids in a brewed decaffeinated coffee sample typical of the more costly Arabica coffee. ‘

more typical of the lower cost Robusta coffee. 01
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The identification of controlled substances in food
samples is challenging due to the wide range of drugs
available and the complex nature and diversity of the
sample being analyzed.
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Controlled Substances: Cannabinoids

Table of Contents

Introduction

Analytical Technologies

Targeted Methods Marijuana is the most common illegal drug in the United States, and each  This traditional approach works fairly well for leaf marijuana, hashish, hash
Coffee year U.S. law enforcement agencies seize more than two million pounds oil, and residue collected from smoking paraphernalia.
Controlled Substances of marjuana in various forms. Seized evidence submitied to forensic An alternative method to positively identify marijuana cannabinoids
S Iqboratones s screened for marijuana by microscopic inspection anq in complex food matrices is to use UHPLC/MS. UHPLC/MS offers a
— S|mp!e chemical tests sgch as the Duquenms—Levme test. Presumptive hreefold benefit compared to GC/MS; simpler sample preparation, no
e e e positive results are confirmed by using gas chromatography-mass derivatization, and less instrument clean up time. Application Note 433
spectrometry (GG/MS) to positively identify cannabinoids including demonstrates how a working forensic laboratory uses UHPLC/MS to
Non-targeted Methods A*-tetrahydrocannabinol (THC, the main psychoactive component), analyze baked goods for three cannabinaids of forensic importance.

Herb Blendng cannabinol (the main degradation product of THC) and cannabidiol.

Beer
: 100+ =
M Column: hermo Scientific™ Hypersil GOLD™ PFP (‘)80 § o
Fruit Juice (pen‘luor_inated phenyl) 1.9 pm,100 x 2.1 mm § % §
Flow: 1 mU/min = | A Standard S £
Tea Column Temp: 45°C < o
_— Injection Volume: 2 pL partial loop injection, 25 pL loop size %
Botanical Supplements Mobile Phase: A: Water with 0.06 % acetic acid &
B: Acetonitrile (MeCN) with 0.06% acetic acid 0
Tryptophan Supplements C: Methanol with 0.06% acetic acid 100+ o
: : Gradient; T (min) A% B% C% 8 =
Olive O 0.00 95.0 0.0 5.0 5
1.00 60.0 32.5 7.5 2 B. Brownie
References 2.00 500 400 100 s
5.00 45.0 45.0 10.0 %
6.00 25.0 60.0 15.0 o« Lo A P
6.50 5.0 0.0 95.0 0
7.50 5.0 0.0 95.0 100 7 %;’
7.51 95.0 0.0 5.0 3 a
8.00 95.0 0.0 5.0 ] .
Syringe Speed: 8 pl/sec é C. Cookie
Flush Speed: 1 100 pl/sec o
Flush Volume: 400 pL s
Wash Volume: 100 pL DB : : T : T T :

Flush/Wash Source: Bottle with methanol

o
N
N
w
o
[&]
[e2]
~

Minutes

Figure 7-3. Extracted ion chromatograms (m/z 310.5-311.5 and 314.5-315.5) of cannabinoid standards: (A) extracts from brownie,
(B) extracts from cookie, and a standard (C) by UHPLC/MS.
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http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Mass%20Spectrometry/LC%20MS/Single%20Quadrupole%20LC-MS/AN433_62876_MSQ_ForTox(1).pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Mass%20Spectrometry/LC%20MS/Single%20Quadrupole%20LC-MS/AN433_62876_MSQ_ForTox(1).pdf
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Controlled Substances: Cannabinoids

MS analysis was carried out on a MSQ Plus single quadrupole LG/MS
detector with Thermo Scientific™ Xcalibur™ 2.05 software.

Mass Spectrometer Conditions

lonization: Electrospray (ESI)
Polarity: Positive
Probe Temperature: 500 °C
Cone Voltage: QnV
Scan Mode: Full scan with mass range of 50-500 m/z
ESI Voltage: 3.5KkV
Scan Time: 0.2s
80  A(RT: 41 min) 31531

40 |

I“ ‘I ‘I T I‘ T T T T 1
200 220 240 260 280 300 320 340 360 380 400
315.33

0

80 7 B (RT:5.1 min)
40

Ll o Lt
T t T

20 220 240 260 280 300 320 340 360 380 400

[+
2
s _ 311.31
= 801 C (RT:5.4 min)
Q
<C 40 -
[}
=
B0 A .I‘\ Lt I‘ iy L I\ul » el : .
ég 200 220 240 260 280 300 320 340 360 380 400
) 315.33
80 D (RT: 5.1 min)
40 -
0 SNSRIV OSSR Ao
200 220 240 260 280 300 320 340 360 380 400
315.27 ;
80 ) . (adduction)
E (RT: 5.1 min) 369.25
40
0I llk mIJ :‘ lI . T “‘I‘ T I‘A I‘ lI
200 220 240 260 280 300 320 340 360 380 400

m/z
Figure 7-4. MS spectra of cannabinoid standards: cannabidiol (A), THC (B), cannabinol (C), eluted

at 4.1 min, 5.1 min, and 5.4 min respectively, and extracts from brownie (D) and cookie (E),
eluted at 5.1 min.
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Lysergic acid diethylamide (LSD) is a controlled substance in forensic
chemistry that is notorious for being difficult to identify. Ilts myriad
evidentiary forms include paper tabs, eye drops, sugar cubes and smal
sugary candies such as sweet tarts, valentine hearts, or mints. Because it
is such a potent hallucinogen, typical street doses require only 40 to 120
ug of LSD. The small personal-use amounts seized by state and local

law enforcement often lack sufficient drug to allow both forensic analysis
by traditional means and archiving of some of the evidence for follow-up
testing. Most forensic laboratories confirm the presence of LSD by using
gas chromatography with mass spectrometry (GC/MS).

An alternative method to positively identify LSD in complex food
matrices is to use ultra high performance liquid chromatography with
mass spectrometric detection (UHPLC/MS). UHPLC/MS offers a
threefold benefit compared to GC/MS; simpler sample preparation, no

derivatization, and less time wasted baking out or cleaning the instrument.

Application Note 432 demonstrates how a working forensic laboratory
uses UHPLC/MS to analyze sugar candies for LSD.

Download Application Note 432: Identification of Lysergic Acid Diethylamide (LSD) in Candy by UHPLC/MS

Controlled Substances: LSD

< J>)
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Controlled Substances: LSD

Table of Contents

Introduction

Analytical Technologies

Targeted Methods Column: Hypersil GOLD PFP (perfluorinated phenyl)  Syringe Speed: 8 pl/sec Mass Spectrometer Conditions
—_— 1.9 um,100x 2.1 mm Flush Speed: 100 pl/sec lonization: Electrospray (ESI)
Coffee Flow: 1 mL/min 5\'/“32 \\//ollume: ?88 Ut Polarity: Positive
ColumnTemp.:  45°C ash volume: H Probe Temperature: 500 °C
Controlled Substances Injection Volume: 2 L partial loop injection, 25 pL loop size  Flush/Wash Source: Bottle with Cone Voltage: 90V
Fruit Juice Mobile Phase:  A: Water with 0.06 % acetic acid methanol Scan Mode: Full scan with mass range of m/z=125-425 amu
R B: Acetonitrile (MeCN) with 0.06% acetic acid ESI Voltage: 3.5KkV
Melamine C: Methanol with 0.06% acetic acid Scan Time: 02s
. . Gradient:
Mixtures of Complex Materials T(min) A% B% C% 8071  A(RT:4.1min) 31531
0.00 950 00 50 40 4
Non-targeted Methods 1.00 950 00 50
. 150 900 50 50 449 |
100 0 L L 1 L
Herb Blending { 270 700 100 200 LSD 20 220 240 260 280 300 320 340 360 380 400
Beer 80 A 300 50 150 80.0 315.33
— 700 50 00 950
Wine 0] 710 950 00 50 80 1 B (RT: 5.1 min)
— ] 800 950 00 50 101
Fruit Juice 40 7
— n 1 Astandard 0 i gt b
E ] S 200 220 240 260 280 300 320 340 360 380 400
Botanical Supplements g 0 v s 311.31
_E 100 -§ 80 C (RT: 5.4 min)
Tryptophan Supplements g o LSD 20
Olive Oil E 2
[ 60 =0 VY R TRTITN " Ll H\{ Ll
@© T 1 T T T T T T f T 1
References g © 20 220 240 260 280 300 320 340 360 380 400
- E B: candy heart . 315.33
2 80 D (RT:5.1 min)
0 40
100
0 T T T T T T l T T T T 1
8 200 220 240 260 280 300 320 340 360 380 400
60 :
C: sugar cube 80 E (RT:5.1 min] 315.27 (adduction)
40 e 369.25
40
2
0
06""1'””5"”5”"4‘1””%””6”";”” 200 220 240 260 280 300 320 340 360 380 400
m/z
Time (min) /
Figure 7-5. Extracted ion chromatograms at m/z = 324 + 0.5 amu obtained by UHPLC/MS on Figure 7-6. MS specta of LSD obtained by UHPLG/MS on a Hypersil GOLD PFP column: (4) LSD o
I hermo a Hypersil GOLD PFP column: (A) LSD standard; (B) methanol extract of LSD-doped candy heart; standard; (B) methanol extract of LSD-doped candy heart; (C) methanol extiact of LSD-doped |

SCIENTIFIC (C) methanol extract of LSD-doped sugar cube. Sugar cube. oz
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Controlled Substances: Pyschotropics

Table of Contents

Introduction

Analytical Technologies

Targeted Methods The identification of controlled substances in food matrices is a challenge 100 1 LCConditions
—_— , . . . 7] Column: Hypersil GOLD PFP (perfluorinated phenyl),
Coffee for forensic laboratories. Classical techniques, such as color tests and 1.9 um, 100 % 2.1 mm
Controlled Substances thin-layer chromatography, do not provide molecular structural information $Iow: 1 -E)OOCmUmin
L . PR ture: °
—— and cannot be used as a principal means of identification. Infrared iection Volume: 2L patil ogp infecion
spectroscopy (IR) and GC/MS can identify controlled substances, but Mobile Phase: ~ A: Water with 0.06% acetic acid;
Melamine ffor f | shortcom T liorate these i tensi B: Acetonitrile with 0.06% acetic acid;
‘ | suffer from several shortcomings. To ameliorate these issues, extensive C: Methanol with 0.06% acetic acid
Mixtures of Complex Materials wet chemistry preparation methods have been developed: unfortunately, Gradient: Time i) A% B c
Non-targeted Methods they are time-consuming and often require greater amounts of the 30 5 5 90
Herb Blending controlled substances than are present in the evidence. j? 92 g 92
Beer Given the increasing emphasis on instrumental methods of analysis and g 5.0 95 0 5
o the limitations of the traditional instruments in the field of forensics, another 2 NS Conditions
Wine . w 2 o
— solution is necessary. LG/MS holds several advantages over the traditional & lonization: Electrospray (ESI)
oo A ) ) faud Polarity: Positi
e methods of analysis. For example, psilocybin does not decompose e Tomperature: 500 %0
Tea at the lower temperatures used in HPLC. The low concentrations of gone Voltage: 90V f ,
- . . 0o . . o . Mode: Full ith 100-400
Botanical Supplements psilocybin and psilocin are not an issue due to increased sensitivity of this ESivoege SHR e "
Tryptophan Supplements technique. Many matrix components that interfere in GC/MS methods do Scan Time: 0.2
Oive O not inltgrfere in HPLC methods beoausg of greater differences in analyte Poaks: 1. Psilocybin
solubility as compared to analyte volatility. 2. Psilocin
Foferonces Application Note 428 describes a method that can be used to separate L\/\ 2
and confirm psilocybin and psilocin in mushroom and chocolate samples M,,N/\
. 0 T T T
using UHPLC/MS. 0 1 2 3 4
Minutes

Figure 7-7. Methanol extract of chocolates containing psilocybin and psilocin.

Download Application Note 428: Identification of Psychotropic Substances in Mushrooms and Chocolate by UHPLC/MS
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—— Fruit juice adulteration presents an economic and
regulatory problem. The United States orange juice
industry estimates that orange juice sales gross more
than one billion dollars annually. The most common
forms of adulteration include simple dilution and
blending of inexpensive and synthetically produced
juices into the more expensive ones.

The o Learn more about US Fruit Juice Adulteration Regulations oz
SCIENTIFIC Learn more about the History of Fruit and Vegetable Juice US Regulations 01


http://dash.harvard.edu/bitstream/handle/1/8965558/Ward%2c%20Ryan.pdf?sequence=1
http://www.gao.gov/archive/1996/rc96018.pdf
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Fruit Juice Adulteration: Organic Acids

Table of Contents

Introduction

Analytical Technologies

Targeted Methods The concentration of organic acids can be used to assess whether Peaks:
ive iuice has b il IV adulterated with h I, 1. Quinate 55  ppm 9. Malate 116.0
Coffee an expensive juice has been ilegally adulterated with & cheaper juice. > Fluoride 13 10. Malorate/Tartrate 190.0
Controlled Substances Because organic acid profiles are distinct to each type of fruit juice, 3. Eamte 46.2 1; . g/laﬂceate 2;1?
: : : I, 4. Galacturonate 60 . Sulfate .
i Juice deenge of tampering can be evaluated by comparing the known juice = Chioride o 13 Oxalate T94
: fingerprint to that of the suspected adulterated juice. 6. Nitrate 0.6 14. Phosphate 270
Melamine _ ' , o . 7. Glutarate 0.7 15. Citrate 80.0
‘ ‘ As shown in these examples, the major organic acids in grape juice are 8.Succinate 1.2 16. lIsocitrate 18
Mixtures of Complex Materials , , o ,
malate, tartrate, and citrate, whereas in orange juice the primary analyte 20- 10
Non-targeted Methods i citric acid, Both lactic and acetic acids are typically low in these juice Gradient Produced by an
. . . Eluent Generator
Herb Blending samples — elevated levels of lactic and acetic acids may be caused by
Beer microbiological spoilage, so it is important to monitor the concentrations of
i these organic acids as a measure of product quality. 15
Frutt Juice Malate is the major constituent of apple juice, whereas in cranberry juice 14
- cocktail, there are high concentrations of succinate and quinate, which 16
— provide cranberry's tart taste. /
Botanical Supplements , o . o . . . : :
o S The presence of galacturonate in cranberry juice cocktail and grape juice 20- 10
fyptopnan Stipplements can be attributed to the degradation of pectins in the skins of fruit. Freshly Conventional Gradient
Olive Ol squeezed juices generally show lower levels of galacturonate.
References 15
41 16
N /

0 5 10 15 20 25 30 35 40
Minutes
Figure 7-8. Determination of anions and organic acids in grape juice.
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ation and Authentication

geted Approaches

Fruit Juice Adulteration: Organic Acids

Table of Contents

Introduction

Analytical Technologies

Targeted Methods Peaks: Peaks:

S 1. Quinate 40 ppm 9. Succinate/Malate  161.0 1. Quinate 345 mg/L 10. Malate 250.1
Coffee 2. Lactate 9.0 10. Malonate 3.0 2. Lactate 148 11. Malonate/Tartrate 0.8

3. Acetate 0.5 11. Sulfate 44 3. Glycolate 0.6 12. Maleate 1.6
Controlled Substances 4.Propionate 1.9 12. Oxalate 13.8 4, Formate 05 13. Sulfate 17
Fruit Juice 5. Formate 3.0 13. Phosphate 23.0 5. Pyruvate 1.2 14. Oxalate 0.5
- 6. Chloride 2.0 14. Citrate 400 6. Galacturonate 15 15. Phosphate 12.6
Melamine 7. Nitrate 0.1 15. Isocitrate 4.0 7. Chloride 0.4 16. Citrate 6.6
e — ‘ 8. Glutarate 13.0 8. Nitrate 0.8 17. Isocitrate 0.4
Mixtures of Complex Materials ” 9. Succinate 9.0 18. Cis-aconitate 0.4
304
A. EG50 Gradient -

Non-targeted Methods 10 10
Herb Blending
Beer
Wine s
Fruit Juice
Tea
—_ . 1o P13 15
Botanical Supplements 351 B. Conventional Gradient 14 QT | T ; 89|11 | / 16 713

6
Tryptophan Supplements 0 AN I/
Qlive Oil 0 5 10 15 20 25 30 35 40 45
Minutes
References Figure 7-10. Determination of anions and organic acids in apple juice.

Minutes
Figure 7-9. Determination of anions and organic acids in orange juice.
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Peaks:
1. Quinate 210 mg/L  11.Succinate 257
2. Fluoride <0.1 12. Unknown -
3. Lactate/Acetate 10 13. Sulfate 10.3
4. Glycolate 2.6 14. Oxalate 14.8
5. Formate 3.7 15. Phosphate 1.8
6. Pyruvate 2.1 16. Unknown -
7. Unknown - 17. Citrate 163
8. Galacturonate  16.9 18. Isocitrate 1.0
9. Chloride 2.3 19. Trans-aconitate 2.7
10. Nitrate <0.1 20. Unknown -
11 17
10+
y
S 13
9 14
2 8
57 6 19
|34 6| 10| 12 1516118 1”9
0
0 5 10 15 20 25 30 35 40 45

Minutes

Figure 7-11. Determination of anions and organic acids in cranberry juice cockail.

Fruit Juice Adulteration: Organic Acids

Authentication

Did You Know?
There are three types of adulteration:

Replacement (complete or partial replacement of a food ingredient with a less
expensive substitute). Examples include addition of melamine to milk, and
water/citric acid to lemon juice. This form of adulteration also includes false
declaration of geographical, species, botanical or varietal origin.

Addition (addition of small amounts of non-authentic substance to mask inferior
quality ingredient). E.g., addition of Sudan red dyes to enhance the color of
poor quality paprika.

Removal (Removal or intentional omission of an authentic and valuable constit-
uent). An example is filtering of poor quality honey to remove pollen or other
residue in order to make it difficult to trace and identify the source of the honey.

<X >
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Fruit Juice Adulteration: Oligosaccharides

Oligosaccharides are routinely determined in food and beverage products Column: Dionex CarboPac PA-100
. . . . I . Flow: 1 mL/min
forla variety qf purposes, including qulahty Control,lvelnfylng food—lqbelmg 51 Injection Volume: 25 1L
claims, establishing product authenticity, and monitoring fermentation Eluent: Sodium hydroxide/Sodium acetate gradient

Detection: Pulsed amperometry, PAD, gold electrode

processes. Oligosaccharide profiles obtained using HPAE-PAD with the

Thermo Scientific™ Dionex™ CarboPac™ PA100 column can be used

to establish the “fingerprint” of food samples. Suspect samples can be m Pure Orange Juice
analyzed and compared to the known praofiles. This technique is useful in

detecting adulteration and in quality control. For example, oligosaccharide

profiles are used to detect adulteration of natural fruit juices, establish

the geographic origin of molasses, and analyze for polysaccharides in

hydrolyzed glucose syrup. 0

OJlAJ

Figure 7-12. Oligosaccharide profiles of pure and adulterated orange juice. Oligosaccharide
composition profiles can be used to detect the adulteration of natural fruit juices by inexpensive
sweeteners such as beet sugar.

Orange Juice Adulterated with
Beet Medium Invert Sugar

10 20 30
Minutes

_ations: Dionex CarboPac PA100 Column for Oligosaccharide Analysis

ation and Authentication
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Fruit Juice Adulteration: Profiling
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Targeted Methods One adulterant currently in use is partially inverted sucrose, wherein about S0 that the ratio of "*C to °C is about the same for sugars in orange
Coffee one-half of the sucrose has been hydrolyzed to glucose and fructose. This  juice and beet sugar. This fact renders SIRA inadequate for detecting
Controlled Substances ratio of approximately 1:2 (glucose: fructose: sucrose) closely matches adulteration by beet sugar.

Fruit Juice the ratio g“%? 'T otrange RJUt'loe'AWTeU C(asr;g As)ugar 'E the o;Tvggtedﬁ Recently, investigators using high performance anion exchange
sucrose, Stable Isotope Ratlo Analysis can be used to identi : : - i
etarmine adulterated juices begause the ratilé of "C 10 '2C is different for su Be/lrs in chomatograpny wih pulsed amperomelrc defecion (fPA%-PAU) bave
s of Complex Meteials 160 g discovered several components in beet medium invert sugar (BMIS) that
’ orange juice and cane sudar. Beets, on the other hand, produce SUgar 41 not present in orange juice — such as late eluting components as well
Non-targeted Methods via & metabolic pathway different from cane and similar 1o many fruits, as raffinose as markers of orange juice adulteration.
Herb Blending
Beer 4004 300 1
— A. Orange Juice B. Orange Juice
Wine Adulterated with BMIS
Fruit Juice
Tea
Botanical Supplements
Tryptophan Supplements
— —> nA
Olive O nA
References
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Figure 7-13. Chromatograms showing (A) unadulterated orange juice and (B) orange juice adulterated with medium invert sugar. Note the late-eluting finger-
print between 50 and 60 minutes.
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_— Figure 7-14. Chromatograms showing (A) unadulterated orange juice (note the lack of any peaks eluting at 20 minutes ) and (B) orange juice adulterated 1o

12% with medium invert beet sugar Adulteration can be detected by the presence of raffinose at 20 minutes.
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Pomegranate is extensively cultivated worldwide and has become a
high-value crop for juice production. The retail market now contains
numerous pomegranate-related products such as juices, smoothies,
flavored waters, and sports and energy drinks. Due to the high demand
for pomegranates outstripping the supply, adulteration of pomegranate
juice (PJ) has become widespread. Manufacturers have attempted to
extend the limited supply of PJ by blending with filler ingredients such as
cane sugar, corn syrup sweeteners, and lower-quality juices containing
sorbitol, malic acid, and sucrose (e.g., grape, apple, and blackberry). To
establish an authentication criterion, an International Multidimensional
Authenticity Specifications algorithm was developed based on the
analysis of commercial juice samples from 23 manufacturers in the
United States, Iran, Turkey, Azerbaijan, Syria, India, and China. There

is universal agreement that the anthocyanin profile in PJ consists of a
constant group of six anthocyanins, regardless of the origin. However, the
anthocyanin concentrations can vary depending on the geographic source
of the PJ. The anthocyanin profile is one of several chemical analyses
that are required to determine the authenticity of PJ. Additional chemical
profiling methods include measuring other polyphenols (i.e., ellagitanning),
monosaccharides (e.g., fructose and glucose), organic acids, amino
acids, and potassium in PJ samples. Determinations of monosaccharides,
organic acids, and punicalagins in fruit juices have been previously
described in AN 82, 143, and CAN 106, respectively

thentication
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Column: Thermo Scientific™
Acclaim RSLC 120, C18, 2.2 ym,
Analytical (2.1 x 150 mm)
Eluent: A: 9% CH,CN, 10% formic acid

37 B: 36% CH,CN, 10% formic acid
Gradient: 0.0-0.9 min, 100% A
0.9-8.00 min to 28.5% B
Hold for 2 min at 28.5 % B
Temperature: 30 °C
Flow Rate:  0.475 mL/min
’ ¢ Detection: Absorbance, vis at 540 nm
Inj. Volume: 0.5 uL
4 Sample: Pomegranate Wildberry Juice
Peaks: 1.Dp3,5 39.0 pg/mL*
2.Cy3,5 54.0
mAU 3.Dp3 10.0
4. Unknown —
5. Unknown —
3 5 6.Cy3 50.5
7. Unknown —
7 N '
w
-0.1 T T T 1
0 1.3 2.5 3.8 5
Minutes

Figure 7-15. Typical profile of anthocyanins in pomegranate wildberry juice.

Download Application Note 82: Analysis of Fruit Juice Adulterated with Medium Invert Sugar from Beets

Download Application Note 143: Determination of Organic Acids in Fruit Juices

Download Customer Application Note 106: Determination of the Punicalagins Found in Pomegranate by

High Performance Liquid Chromatography
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(Grape juice contains four of the six anthocyanins present in PJ but at
much lower concentrations. Simulated adulterated PJ was prepared by
combining PJ and grape juice, then diluting 1:5 in mobile phase A prior to
analysis. The adulterated juice shows all of the signature anthocyanins and
several other late-eluting peaks not characteristic of PJ. The anthocyanin
content of the adulterated juice is also lower than that of PJ, as expected.

d Authentication

Column: Acclaim RSLC 120, C18,2.2 um,  Eluent:  A: 9% CH,CN, 10% formic acid
Analytical (2.1 x 150 mm) B: 36% CH,CN, 10% formic acid
Flow: 0.475 mL/min Gradient:  0.0-0.9 min, 100% A
Temperature: 30 °C 0.9-8.00 min to 28.5% B
Injection Volume: 0.5 pL Hold for 2 min at 28.5 % B
Detection: Absorbance, vis at 540 nm
357 a Sample:  5A: Adulterated PJ
5 5B: Grape Juice
Peaks: 1.0p3,5  33.50 pg/mL*
2 2.Cy3,5 61.00
3 3.Dp3 26.00
4.Pg3,5 515
5.Cy3 73.00
mAU 6.Pg3 2.10
*Calculated Concentrations
4
Adulterated PJ
-0.1
3.5 1 B 3
Peaks: 1Dp35 —
2.Cy3,5  4.95ug/mL*
3.Dp3  33.95
5 4.Pg3b 7.25
5.Cy3  110.70
mAU *Calculated Concentrations
2
Grape Juice
-0.1

2.5 5
Minutes

7.5 10

Figure 7-16. Separation of anthocyaning in simulated adulterated pomegranate juice (5A) overlayed
with a separation of anthocyanins in grape juice (5B).

Download Application Note 264: Fast Determination of Anthocyanins in Pomegranate Juice

Fruit Juice Adulteration: Profiling
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Anthocyanins are water-soluble plant pigments widely present in fruits,

Authentication
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Chromatographic Conditions

System: UltiMate 3000 RSLC System  System:

vegetables, and flowers. Anthocyanins have gained considerable interest Column: Acclaim RSLC 120 C18,

in the scientific community and consumer market due to their anti-
inflammatory action and strong antioxidant and radiation-protection

2.1 x 100 mm, 2.2 ym
Flow: 0.5 mL/min
Temperature: 40 °C

properties. Bilberries are known to have a high anthocyanin content and Injection Volume: 5 pL
. . \ , , Mobile Phase:  A) CH,CN, B) DI water,
are, therefore, one of the most expensive botanical ingredients in the €) 20% formic acid

health food industry. The high price of the extract makes bilberries more Gradient: C held constant at 10%, A

susceptible to adulteration.

from 0% to 8% from 11
to 42 min, held for 13 min,
return to 0% in 5 min

Analytical characterization and quantification methods for anthocyanins Sample: NIST Bilberry Extract

specific to bilberries are therefore required. This study demonstrates a
rapid separation liquid chromatography-mass spectrometry (RSLC-MS)
method using the MSQ Plus mass spectrometer for the determination
of anthocyanins in bilberry extractand pomegranate juice based on
previously developed LC separations.

Mass Spectrometric Conditions
MSQ Plus single quadrupole
mass spectrometer
lonization interface: ESI
Probe Temperature: 500 °C
Needle Voltage: 2000V
Nebulizer Gas: Nitrogen at 80 psi
Detection Mode: ~ SIM
Refer to chromatogram for
SIM Acquisitions

Standard Reference Material

3.0e5+
DelGal MDeIGIu 465 m/z
25657 DelAra A 435 m/z
45659 CyaGal| | CyaGlu 449 m/z
“ “ PetAra
;@2'285' PetGlu 479 m/z
3 PetGal Aj\
=.7.0e57
g Cyahra J\ 419 m/z
=
T 25655
PeoGlu 463 m/z
PeoGal LA MalAra
14643 493 m/z
MaIGaU\MaIGIU
4.5e4 5
PeoAra a 433 m/z
60+ UV:520 nm
mAU MM
s
0 10 20 30 40 50 60
Minutes

Figure 7-17. Determination of 15 anthocyanins in bilberry extract by LC-MS.
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The primary mission of the Office of Dietary Supplements (ODS) at the
National Institutes of Health (NIH) is to promote the quality, safety, and
efficacy of dietary supplements. To accomplish this mission, authentic
reference materials that closely match the matrix components of the
dietary supplements are needed.

Standard Reference Materials (SRMS) for vaccinium (e.g., cranberries,
blueberries, and bilberries) are being developed at the National Institute
of Standards and Technologies (NIST) in collaboration with the NIH-

ODS to evaluate these types of dietary supplements. Several SRMs with
certified values for organic acids are currently available from NIST to aid
dietary supplement and juice manufacturers in their analytical method
development and QA/QC operations. Further work to certify anthocyanins
and anthocyanidins is under way.

The popularity of cranberries is primarily associated with their reported
ability to combat urinary tract infection and their high organic acid,
anthocyanin, and polyphenol content. The primary health benefits of
cranberries my be derived from their antioxidant properties, and their
anthocyanin profiles are important in determining good quality and
authenticity of the products. Cranberry extracts are prone to adulteration
with lower value products in order to offer consumers competitive prices,
therefore making it important to ensure the quality, safety and efficacy of
these products. Organic acids present in cranberries impart flavor, and
their specific ratios can be used to detect adulteration.

Organic acids in cranberry extract were measured using suppressed
conductivity detection. Ratios of quinate, malate, and citrate can be used
to identify potential adulteration.

Authentication
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Anthocyanin content were measured by 14 participating laboratories and
results were submitted to the NIST. An overall consensus of the average
reported concentration was observed, indicating validity of the data and
the method.

Column: Dionex lonPac AG11-HC, AS11-HC, 2 mm
Flow: 0.38 mL/min
Temperature: 30°C
Injection Volume: 5 pL
Eluent: 1 mM KOH from -8 to 8 min, 1—30 mM from 8 to 20 min,
30—60 mM from 20 to 30 min, 60 mM from 30—45 min
Eluent Source:  Dionex EGC Il KOH with Dionex CR-ATC
Detection: Dionex ASRS 300 suppressor. 2mm, recycle mode, 57 mA
Sample Prep: 0.1 g cranberry extract/160 mL DI water
(centrifugation at 25 °C for 15 min for each 40 mL aliquot)
Peaks: 1. Quinate  11.7 mg/g
2. Malate 55
3.Citrate ~ 21.7
59
3
HS 2
1
0 T T T T 1
0 10 20 40 30 45

Minutes
Figure 7-18 Separation of organic acids in cranberry powder.

Download Application Brief 112: Determination of Organic Acids in Cranberry and Bilberry Extracts
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Column:

Flow:
Temperature:
Injection Volume:
Eluent:

Gradient:
Detection:
Sample:

Peaks:

Fruit Juice Adulteration: Profiling

Table 7-1. Comparison of the experimentally determined anthocyanin values to the average values
determined by the NIST collaborative study.

Thermo Scientific™ Accucore™ C18,
2.6 um, analytical, 2.1 x 150 mm

0.65 mL/min

42 °C Analyte Experimental Values Average Values Reported by
2.0 L (mg/g) Collaborative Study
A:10% Formic acid n=3 (mg/g)

B: 10% Formic acid, 22.5% methanol,

22 5% MeCN Dp3Gal 0.021 = 0.01 0.019+0.03
10% B, 015 min Dp3Glu 0.097 + 0.05 0.057 + 0.06
Absorbance, Vis 520 nm
25 mg/mL cranberry extract Cy3Gal 0.090 = 0.04 0.130 = 0.04

*Conc. in mg/g Cy3Glu 0.041 £0.07 0.059 = 0.08
; nggfu' o Cy3ha 0.157 = 0.03 0.200 = 0.06
3. Dp3Ara - Peo3Gal 0176 = 0.02 0.047 = 0.05
. gggfﬂ oo Peo3Ara 0.170 = 0.02 0.150 = 0.05
6. Cy3Ara 0.157 Mal3Gal 0.088 = 0.05 0.060 + 0.09
7. Peo3Gal 0.176
8. Peo3Glu 0.032
9. Peo3Ara 0.170
10. Mal3Gal 0.088

*Calculated Concentration

T

3 4
Minutes

Figure 7-19. Separation of anthocyanins in cranberry powder.
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Targeted Approaches

elamine Adulteration

In 2008 investigations of death and health problems
of babies in China revealed that some baby foods
(milk powder) were contaminated by melamine. Some
manufacturers illegally used melamine as an adulterant
to increase the apparent protein content.
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Melamine in Milk
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Introduction

Analytical Technologies
Targeted Methods Standard methods enacted by the Chinese government for determining HPLC-UV Detection
Coffee melamine in raw milk and dairy products included HPLC-UV, LC-MS, and
Controlled Substances GC-MS methods. However, the high cost of operation and maintenance Guard Column: ~ Acclaim 120 C18, 5 ym, 4.3 x 10mm  Traces: A. 0.2 pg/mL
— of GC/LC-MS systems as well as the labor intensive derivatization that Anal. Column: Acclaim 120 G18, 5 ym, 4.6 x 250 mm B 0.5u0/mL
Fruit Juice ) o , , , ) Flow: 1.0 mL/min C. 2.0 pg/mL
- GC-MS requires limits their use in the milk product factories. The Column Temp.: 40 °C D. 20 pg/mL
glamine _ : i Injection Volume: 20 pL E. 25 pg/mL
et HPLCI UV method therefore is presently the popular choice for most i o 10 M citric acid and F. 50 gl
Ixtures or Lomplex Viaeriais factories. 10 mM sodium 1-octane sulfonate (pH 3) G. 100 pg/mL
CH,CN (92 : 8, /) , .
Non-targeted Methods Detection: Uvsat 240 nm Peak: 1. Melamine
NH
Herb Blending 700 1 | ?
- SN
Beer L
— HzN)\N)\NHz
Wine
Fruit Juice
Tea
Botanical Supplements
Tryptophan Supplements R .
Qlive O = il Al
References r o
i i 6 L
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Figure 7-20. Analysis of standards.
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_ Note 224: Determination of Melamine in Milk Powder by Reversed-Phase HPLC with UV Detection



http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-224-Determination-Melamine-Milk-Powder-LPN2184.pdf
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Targeted Methods HPLC-UV Detection HPLC-Charged Aerosol Detection
Coffee
— Guard Column:  Acclaim 120 C18, 5 ym, 4.3 x 10 mm HPLC-Charged Aerosol Detection Parameters  Sample Preparation
Controlled Substances Anal. Column:  Acclaim 120 C18, 5 um, 4.6 x 250 mm Column: Amino, 4.6 x 250, 5 m A sample of 0.5 mL of milk was placed in a
Fruit Juice Flow: 1.0 mL/min Flow: 1.0 mL/min glass tube and 2.0 mL of 80% acetonitrile added
IR Column Temp.: 40 °C Column Temp.:  30°C to help precipitate any proteins. The tube was
Melamine Injection Volume: 20 pL Injection Volume: 25 pL mixed well and centrifuge. The supernatant was
—_— Eluents: Mix of 10 mM citric acid and Mobile Phase: ~ 80/10/10 MeCN/MeOH/H,0 then poured onto previously condition SPE
Mixtures of Complex Materials 54 10 mM sodium 1-octane sulfonate (pH 3) columns as described below.
Detection: 8{73?\;‘%2 -8, vA) Solid Phase Extraction Protocol
Non-targeted Methods election: atzatnm ; 1. Condition SPE* Column: 2.0 mL MeOH, 2.0 mL 0.1% TFA,
Herb Blend Peak: 1. Melamine 2. 0.5mL milk + 2.0 mL 80% ACN, mix, centrifuge
erb blending 3. Pour onto column
Beer 4. Wash: 2.0 mL 0.1% TFA,
— 5. 2.0 mL MeOH, vacuum dry for 30 seconds
Wine 6. Elute: 1.0 mL 5% NH3 in MeOH, Dry for 30 seconds
_— 7. Repeat Step 6
wo Sample 5
Fruit Juice _jL/J 8. Evaporate at 40 °C
e e e
S /AMW 9. Reconstitute with 0.50 mL 50% CAN
Tea 10. Analyze
Botanical Supplements __,JJKJ UU\J Sample 4 N i f
Tryptophan Supplements AU ﬂ
QOlive Qll
U\J Sample 3
References
- 7.5 ppm spike
Sample 2 Volts 5.0 ppm spike
y 2.5 ppm spike
1.0 ppm spike
Sample 1 i :
Unspiked milk
=37 T T T T T l
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Figure 7-21. Analysis of milk powder samples. Minutes
Figure 7-22. Analysis of milk spiked with melamine.
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Melamine and Cyanuric Acid
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Introduction

Analytical Technologies

Targeted Methods A few years ago contaminated food led to numerous pet animal deaths Column: Acclaim Mixed-Mode WAX-1,  Mass Spectrometric Conditions
- . . . 5pum, 2.1 x 150 mm lonization Interface: Electrospray lonization (ESI)
Coffee anq heallth problems. The toxins were foundl to be melamine and cyanuric g, 0.25 ml/min Detection Mode:  Selected lon Monitoring (SIM)
Controlled Substances acid, which when present together form an insoluble crystal, causing Temperature: 20 °C Probe Temp.: 500 C
. . . . . . Injection Volume: 5 pL Needle Voltage: 2000V
S kidney failure. Since cpntammated wheat gluten, rice protem concentrate,  gent 90% Acetonitile Cone Voltage: 50V
I — and corn gluten used in animal feed can be also used in human food (for 10% Ammonium acetate buffer,  Dwell Time: 0.5's for each SIM
" . . 20 mM, pH 4
e example, bread, pasta, and baby food), it is crucial to monitor the presence  peegion: s
Mixtures of Complex Materials i icacid i i i i
P of melamine and cyanuric acid in raw materials and animal tissue. 80,0001 SIM_01 126.75-127.25 m/z
Non-targeted Methods 2 Melamine - 3.80
=3
Herb Blending 1087 1974 HN TNY NH, §
o NN £
. 0
Wine Y
— y NH, 18000 51M_02 129.75-130.25 m/z
Fruit Juice 168.1 Melamine % Melamine -1°Ns - 3.80
<
- z
Botanical Supplements 3 g
5 139.1 =
Tryptophan Supplements g o Ll 239.6 344 0
Olive Ol < 100 150 200 250 300 350 400 8.000 7 sim_03 127.75-128.25 m/z Cyanuric acid - 5.6
'*;3; 1087 1282 mz E
References = OH 9 <
- H H =
Nl /&N \N/U\N/ é
% ' 2,000 1 sImM_04 130.75-131.25 m/z Cyanuric acid -13C3 - 5.68
Cyanuric Acid g
279.1 s
z
210.2 g
ol.1184| 16541832 | 2334 | 294.4 361.0 £
100 150 200 250 300 350 400 600 - ; ; ; : : ; .
m/z 0 1 2 4 5 6 7 8

3
Retention Time (Minutes)
Figure 7-23. Structures of melamine and cyanuric acid and full scan MS spectra.
Figure 7-24. SIM chromatogram of an FDA control sample (pork) spiked with melamine, cyanuric

acid, and internal standards.
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Mixtures of Complex Materials
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Understanding the dynamics of a mixture of complex
materials poses difficult analytical problems. The most
R ronaer common analytical approach for solving this issue is to
assay for a single, hopefully unique, analyte for each of
the constituents in the mixture. However, such marker
peaks are not always seen by the analytical approach
being used, or if found are not always known.
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Approaches

Deconvolution of a Spice Mix

Gradient HPLC with coulometric electrochemical array detection is
showing promise for distinguishing components contained in complex
mixtures. In Application Brief 168 this approach was used to measure the
contribution of cumin and coriander to a curry powder.

25 A
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Minutes

Figure 7-25. Curry powder mixture constituents (A) cumin and (B) coriander.
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Figure 7-26. Curry powder blend.
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Figure 7-27. Contribution of single components to a complex mixture based on marker peaks.
Peak 2: abundance of cumin in mix. Peak 3: abundance of coriander in the mix. Only a single
channel is presented for clarity.

Download Application Brief 168: Deconvolution of Curry Powder Constituents Using HPLC-ECD
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Part 2

Non-targeted Methods

The measurement of patterns of both known and unknown analytes in a
sample to authenticate product and to highlight possible adulteration. This
is also referred to as metabolite profiling or metabolomic approaches.

aration and Authentication
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S and Blending with Adulterants
Herb adulteration can include both inadvertent
misidentification of the herb and deliberant blending of
the herb with cheaper or more available substitutes.
Although the adulteration of herbs is a frequent
phenomenon, there are few simple methods available
for the screening of large numbers of commercial
batches of product.
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The challenge to herb screening arises from the complexity and variability
of genuine material combined with unrelenting conduct of adulteration.
Herb and fruit variety, growing region, season, ripeness, and processing
methods all contribute to the variability of the authentic product, making
unambiguous characterization difficult.

Currently, one of the most reliable and applicable authentication methods
is based on analytical chemical fingerprinting (non-targeted metabolomic)
techniques. Gradient HPLC with coulometric electrochemical array
detection is particularly suitable for generating information rich metabolite
fingerprints of endogenous electroactive metabolites termed the
‘redoxome”.

The analytes that form the redoxome are compounds that influence
color, flavor, nutritional, value, stability, and aroma. Such fingerprints can

d Authentication

[ Screening Herbs: Chemical Fingerprinting

be interrogated using pattern recognition and unsupervised statistical
programs such as principal component analysis (PCA) to evaluate the
authenticity (or possible adulteration) of an unknown sample by comparing
its chromatogram with a compiled population of authenticated reference
samples in the database. Poster Note 70534 illustrates the use of this
approach to examine deliberate adulteration of herbs.

Authentic herbs and deliberate blends were extracted and analyzed using
a gradient HPLC with coulometric electrochemical array detection method.
The resulting chromatograms, containing patterns of both known and
unknown analytes, were then used to form a database. An herb extract
sample can then be analyzed and its metabolite fingerprint checked
against the database to confirm authenticity or identify adulteration.

Marjoram Thyme

Oregano

Download the Poster Note: Evaluation of Herb and Fruit Juice Adulteration and Authenticity by Coulometric Array Detection and Pattern

Thermo o
0‘


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Liquid%20Chromatography/Liquid%20Chromatography%20Systems/Standard%20Systems/PN70534_Revised_HerbsJuices.pdf

ation and Authentication

Metabolomics

Screening Herbs: Reference Samples

Table of Contents

Introduction

Analytical Technologies

Targeted Methods
Coffee 2.51

Controlled Substances

rosema

A. Pure Oregano

enzyl alcohol
¥-hydroxycoumarin

cid

thlgroxybenzoic acid

Fruit Juice = s — A
Melamine bA = = o\
I — ‘ — S = A =
Mixtures of Complex Materials = ~
- pra N
Non-targeted Methods Column: Acclaim 120, C18, 3 x 150 mm, 3 pm . =
. Flow: 0.65 mL/min
W Injection Volume: 10 or 20 pL
Beer Mobile Phase:  A: 20 mM Monobasic sodium phosphate,
— 3% acetonitrile, 0.2% tetrahydrofuran, 25 £ B. Pure Marjoram
Wine pH3.35 g
I B: 20 mM Monobasic sodium phosphate, %
Fruit Juice 50% acetonitrile, 10% Tetrahydrofuran, 3
I pH 3.45 SN s N
Tea C: 90% Methanol A —\/ . z = P
Botanical Supplements Gradient: 0-2 min: 2% B/3% C.; 30 min: 97% B/3% C; ~ [— i E— -~ 3N '\ =
45 min: 97% B/3% C — - FE— i —
Tryptophan Supplements Curve 7 A = =y ) = ‘h’\—’o E —
— EC Parameters:  16-channel array from 0 to +900 mV X S e 2 g: £ £ 4
QOlive Ol in +60 mV increments 0 % A W
Data Station: ~ Chromeleon CDS 6.8 - - - - - - - -
References SR9 and CoulArray software 3.1;
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Figure 7-28. EC array chromatograms of A) dried pure oregano, B) dried pure marjoram and C) dried pure thyme herbs (low sensitivity presented for clarity).
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Melamine S Coro%T

In this way the location of an unknown sample can readily indicate

authenticity (fingerprint similarity), level of adulteration, or whether a G ot

Mixtures of Complex Materials

Non-targeted Methods sample is totally different from samples in the database. As discussed in Cosao%T
Herb Blending Application Note 1064 this approach can also be used to authenticate or ‘o Coraon
Beor access adulteration of many different samples such as botanicals, wine, i

. . . ' o T o m e e O %
— beer, tea, coffes, honey, essential oils, olive oil, and juices. o
Wine Factor 3 (2.6%) < os60%T
Fruit Juice Costo%T
@ M = marjoram < 0e80%T
Botanical Supplements T =thyme
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Tryptophan Supplements DS
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<>r

References Figure 7-29. Principal component analysis of oregano-marjoram and oregano-thyme blends

showing how the position in 3D space shifts according to the parent herb and the amount of
blending taking place (shown as % in the figure).
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Beer is the most widely consumed alcoholic beverage
in the world and the third most popular drink after
water and tea. It is typically brewed from four basic
ingredients: water, a starch source (e.g., malted barley),
brewer’s yeast, and a flavoring agent such as hops.
Many varieties of beer result from differences in these
ingredients, the additives used and the brewing process
followed. ;
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Authentication

Screening Beer:

Principal Componenent Analysis

As discussed in Application Note 1065, gradient HPLC with coulometric
electrochemical array detection could readily differentiate different beer
styles, country of origin, and whether samples were normal or light.

Factor 2

Belgian

Figure 7-30. Various beer samples differentiated using principal component analysis.

Did You Know?
e  Beer s the second most popular beverage in the world, coming in behind tea.

e  After consuming a good quantity of a patent brew they called aul, or ale, the
Vikings would head fearlessly into battle, often without armor or even shirts. In
fact, “berserk” means “bare shirt” in Norse, and eventually took on the meaning
of their wild battles.

Download Application Note 1065: Gradient HPLC Method for Analysis of Beer Polyphenols, Proanthocyanidins, and Bitter Acids

Using a Novel Spectro-Electro Array Platform
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Screening for Fraudulent Wine

References

Wine fraud is a major problem dating back to Roman
times. Fraud includes adulteration and packaging
cheap, poor quality wine with labels of more expensive,
better products.
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Wine adulteration is usually done the addition of cheaper products such
as water, juices, or cheaper wines, but can also include the addition of
harmful chemicals and sweeteners (e.g., ethylene glycol and lead acetate)
to compensate color or flavor.

)n and Authentication

Table 7-2. Targeted analysis of some of the more abundant analytes measured in different
wine samples. Wine 1: Cabernet Sauvignon, Argentina; Wine 2: Cabernet Sauvignon, South
Africa; Wine 3: Cabernet Sauvignon, US; Wine 4: Cabernet Sauvignon, Chile; Wine 5: Hearty
Burgundy, US.

< Wine #3

< Wine #1

Figure 7-31. Initial study showing principal component analysis of wines and the ability to distin-
guish between wine types.

Download Application Note 1064: Product Authentication and Adulteration Determination Using a Novel Spectro-Electro Array Platform

Wine #1 Wine #2 Wine #3 Wine #4 Wine #5
{ ; ] Cabernet Cabernet Cabernet Cabernet Hearty
Conformation of lfraud IS nlot easy, arjd many analytical approaches have — et | e | e, | ane | i
to be used. As discussed in Application Note 1064, one approach that Argentina | So. Africa us. Chile Us.
: . . (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
can be used to study differences between grape varietals, blending, -

. ) . } o . ) Apigenin 16 17.5 9.5 13 41
vintage, ml|s|abe||ng, and Ieﬁects of growing region is Gradient HPLC with s . . . o S
coulometric electrochemical array detection. This approach can target Catechin Fydrale - = 65 ” -
potential marker peaks and can differentiate samples based on their Elagic Add Dinyclate 5 133 84 94 100
metabolic fingerprints. Epicatechin 19 15 165 1 4

Ferulic Acid 1 1 2 3 2
Gallic Acid 57 335 37 35 29.5
Factor 2 Isorhamnetin 6 55 2.5 6.5 2
< Wine #4 Kaempferol 05 05 05 1 1
Myricetin " " 5 8 15
« Wine #5 p-Cournaric Acid 85 16 25 145 35
Quercetin Dihydrate 13.5 15.5 3 14 4
Cabernet -
B::'ez::’i Sauvignon cis-Resveratrol 1 1.5 05 2 0.5
gundy Factor 1 trans-Resveratrol 25 2 1 25 15
Factor 3
« Wine #2 Sinapic Acid 2 2 2 2 2
Syringic Acid 19 95 9 12 7
Vanilic Acid 6.5 4.5 25 8 4

Wine: Adulteration and Mislabeling
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Fruit juice adulteration presents an economic and
regulatory problem. The most common forms of
adulteration include simple dilution and blending of
inexpensive and synthetically produced juices into the
more expensive ones. Adulteration can also include
dilution followed by addition of peel and/or pulp wash.
Learn more about US Fruit Juice Adulteration Regulations ol
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Orange Juice Adulteration
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Analytical Technologies

As discussed in Application Note 1064 one approach that is showing
promise to distinguish between orange juice varietals, juice dilution, the
inclusion of peel or pulp wash or the effect of growing region is gradient
HPLC with coulometric electrochemical array detection. A database of
sample analyte fingerprints can be used to assess whether adulteration of
pure orange juice has taken place.

Targeted Methods
Coffee

Controlled Substances

The United States orange juice industry estimates that orange juice sales
gross more than one billion dollars annually. While it is possible to identify
orange juice adulteration through the measurement of some marker peak,
or changes in levels of targeted analytes (see carbohydrate and organic
ions earlier in the chapter), sometimes this is not possible.

Fruit Juice

Melamine

Mixtures of Complex Materials

Non-targeted Methods

Herb Blendi A Grapefruit GggﬁFs B 20%

er ending o PEEL

Beer ’

— 0UB0%GF 044095 PEEL

Wine - 0J70%GF 0J3 0J6

Fruit Juice S 0J60%GF ~

& g @ 0J2
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Botanical Supplements Appled . 10%
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Tryptophan Supplements ?’ﬁﬁéles 0J20%GF
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References mPS())HJO%'1‘12 PULP
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Figure 7-32. Measurement of orange juice adulteration by blending with other juices (A) or by addition of orange peel or pulp wash (B) using the
Spectro-Electro Array and PCA. GF — grapefruit; OJ — orange juice; 0J10%GF — orange juice blended with 10% grapefruit juice. POOL — equal blend
of several orange juice samples.
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coal tar and added to normal tea leaves to bulk up the
amount for sale. Non-tea leaves may be used. This is
especially true for green tea where paddy husks and “lie
tea” can be added, as the latter closely resembles tea
leaves.
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Tea Adulteration
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Targeted Methods As discussed in Application Note 1064, one approach that is showing Factor 2 hite Toa
- . . \ . L . Ite_lea New
Coffee promise for authenticating tea, distinguishing between tea varietals, + Black Tea Old White Tea Old

Controlled Substances and with the potential to identify adulteration, is gradient HPLC with = Black Tea New
— coulometric electrochemical array detection. A database of sample analyte
: fingerprints can be used to assess whether adulteration has taken place. < Earl Grey Black Tea New
Melamine < Earl Grey Black Tea Old
; . Factor 1
Mitures of Complex Materias Table 7-3. Targeted analysis of some of the more abundant analytes measured in different types Factor3
Non-targeted Methods oftea. + Standard Mix
Herb Blending Compound Green Tea Black Tea White Tea
Beer (mg/g) (mg/g) (mg/g)
i Catechin Hydrate 3.7 3.0 8.1 *GreenTeaQld
— Epicatechin 50.8 9.3 39.8 ) y ‘ . ) " .
Fruit Juice - - Figure 7-33. Initial study showing principal component analysis of tea and the ability to distinguish
Epicatechin Gallate 65.3 40.6 95.9 between tea types.
Tea Epigallocatechin 49.2 25 323
Botanical Supplements Epigallocatechin Gallate 180 31.3 211
Tryptophan Supplements Gallocatechin 18.8 3.2 22.0
‘ ‘ Gallocatechin Gallate 59 7.0 3.0
QOlive Oil

References i}
— Did You Know?

All true tea (white, green, black, and oolong) comes from the same plant, the
Camellia sinesis. It takes a minimum of three to five years for a tea bush to
grow and be ready for harvesting.

SCIENTIFIC Download Application Note 1064: Product Authentication and Adulteration Determination Using a Novel Spectro-Electro Array Platform

Thermo o
O;


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-1064-Product-Authentication-Adulteration-Spectro-Electro-Array.pdf

Table of Contents

Introduction

Analytical Technologies

Targeted Methods

Cofe A e [y [ 395 ' ation and Authentication

Controlled Substances

Fruit Juice

Melamine

Metabolomics

Mixtures of Complex Materials

Non-targeted Methods
Herb Blending
Beer
Wine

Fruit Juice

Tea

Botanical Supplements

Tryptophan Supplements
QOlive Ol

Adulteration of Botanical Supplements
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It is estimated that there are more than 50,000 dietary
supplements currently available to the consumer. More
than half of the U.S. adult population (563%-55%)
consume dietary supplements. Although the most
common are multivitamins, a growing proportion are
botanical supplements. Unfortunately, there is great
opportunity for fraud to take place, including selling the
wrong plant species or using the wrong part of the plant

Thermo (bark instead of root, leaf instead of flower, etc). g
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Authentication and identification of botanical supplements is difficult due
to the complexity of samples, the fact that they often lack marker peaks,
differences in harvesting and drying processes, and the natural variations
in metabolite levels due to geographical location and season.

As discussed in Poster Note 70540 one approach that is gaining
acceptance for studying botanical supplements is gradient HPLC with
coulometric electrochemical array detection. Hoodia supplement is used
to illustrate the capabilities of this approach.

on and Authentication

Adulteration of Botanical Supplements

Table 7-4. Some examples of botanical supplements and their known adulterants.

Proposed Botanical

Ginkgo (Ginkgo biloba) leaf extract standard-
ized to flavonol glycosides and terpenes

| Adulterant

Ginkgo (Ginkgo biloba) leaf extract with added
flavonol glycosides or aglycones (e.g., rutin,
quercetin, etc.)

Asian species of Akebia and Clematis stem

Aristolochia manshuriensis stem
(guan mu tong)

Skullcap herb (Scutellaria laterifiora)

Germander herb (Teucrium chamaedrys)

Plantain leaf (Plantago lanceolata)

Digitalis lanata leaf

Black cohosh root/rhizome (Actaea racemosa)

Chinese cimicifuga root/rhizome (Actaea spp.)

Did You Know?

The leading food categories with reported cases of food fraud include:

e Qlive Oil
e Milk and milk-based products

e Honey, maple syrup, and other natural sweeteners

e Fyuit juice

e (offee and tea
e Spices

e  (Clouding agents

Download the Poster Note: Profiling Hoodia Extracts by HPLC with Charged Aerosol Detection, Electrochemical Array Detection, and

Principal Component Analysis
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Figure 7-34. HPLC-ECD Array chromatograms of Hoodlia gordonit. (A) mixed parts extract #3165 and (B) commercial product tablet extract HG6. Thanks to Drs.
lkhlas Khan and Bharathi Avula of the National Center for Natural Products Research at The University of Mississippi, Oxford, MS, for providing the plant materials and
hoodigoside standards.
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Figure 7-35. Principal component analysis of hoodia samples showing differentiation between authentic dried
plant, capsules/tablets and adulterant.

You Know?

e Grocery Manufacturers Association (GMA) estimates that fraud may cost
e global food industry between $10 billion and $15 bilion per year, affecting
proximately 10% of all commercially sold food products. Compared to

e trillions of dollars spent on food and food ingredients globally each year,
wever, the prevalence of food fraud is ultimately very low.
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Eosinophilia-Myalgia Syndrome (EMS) is an incurable
P icture of and sometimes fatal flu-like neurological condition

tryptophan first recognized in 1989. EMS initially reported in New
Mexico, was found to be related to use of L-tryptophan.
Evidence suggested that the cause of the problem
was improperly prepared tryptophan supplements,
contaminated with potentially toxic metabolites. EMS
resulted in 37 deaths and the banning of tryptophan

Thermo supplements from 1991 to 2001 g
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Figure 7-36. Structures of some possible tryptophan contaminants.

_: Metabolic Fingerprinting to Determine Tryptophan Contamination
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Adulteration of Olive Oil

Olive oil, high in monounsaturated fatty acids, is a
key component of the heart-healthy Mediterranean
diet recommended by doctors. But not all olive oils
are nutritionally the same. There are a number of
commercial grades of olive oil differing in quality,
nutrient levels, antioxidant activity, and final chemical
composition.
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“Virgin” olive oil is the juice of freshly harvested olive fruits; “extra virgin®
is virgin olive oil of the highest quality based on both sensory and

and Authentication

Screening Olive Oil for Adulteration

the product such as passing off inferior olive oil as superior olive oil, or
blending olive oil with cheaper oils such as sunflower, soybean, sesame,

physical—chemical, characteristics. “Refined olive oil” is one that has been
chemically purified; commercial “olive oil” is a blend of virgin and refined
oils. Finally, “pomace” olive oil one that is obtained from the solid remains

rapeseed, canola, comn, palm, and hazelnut. Blending with peanut oil is of
concern for those with peanut allergies.

of olives already pressed for juice using solvent extraction.

Unfortunately, as consumer demand for extra virgin olive oil (EVOO) is
set to outpace production, the inevitable increase in EVOO price makes
it an ideal target for adulteration. Adulteration can take many forms. The

As discussed in Poster Note 70689, to help tackle the problem of olive
oil adulteration a simple HPLC-based method using charged aerosol
detection was used to generate patterns of fats (triglycerides) found in oil
samples. These patterns can be used to determine pure EVOO samples
from olive oil blended with corn oil, hazelnut oil, or pomace.

ones that impact health the least are those that maintain the safety of
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Figure 7-38. Principal component analysis of hydrolyzed EVOO with hazelnut (HA-HF), corn (CA-CF), and pomace oil (PA—PF) adulteration
at six levels (1, 5, 10, 25, 50, and 75 mass-%, respectively) using hydrolyzed oil data. Inset showsresults for pomace oil analysis.

Download the Poster Note: Determination of Olive il Adulteration by Principal Component Analysis with
HPLC-Charged Aerosol Detection Data
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