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Analytical Technologies

High-Performance
Liquid Chromatography

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
e Excellent injections up to 100 pL in 0.0 pL increments

e Automated workflows with barcode reading for simplified setup and
tracking

e Maximum sample capacity with up to 23 well plates, or 8632
samples

e 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

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

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

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

Vanquish Diode Array Detector with LighPipe technology
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UHPLC Portfolio
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Analytical Technologies

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 Standard LC Systems
The extended flowpressure footprint of the RSLC system provides the performance for ultrafast Choose from a wide variety of standard LC systems for demanding LC applications at nano,
high-resolution and conventional LC applications. capillary, micro, analytical, and semipreparative flow rates.

RSLCnano Systems Basic LC Systems
The Rapid Separation nano LC System (RSLCnano) provides the power for high resolution and UltiMate 3000 Basic LC Systems are UHPLC compatible and provide reliable, high performance 0

I hermo fast chromatography in nano, capillary, and micro LC. solutions o fit your bench space and your budget.
SCIENTIFIC 0]
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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.

Dowex
Corona ultra

uHPLC ?
focused

e High sensitivity — single-digit nanogram on column

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

<X >


http://www.thermoscientific.com/CAD

Table of Contents

Introduction

Analytical Technologies

Beer

Carbonated Beverages

Coffee

Fermentation Broths

Fruit Juice

Infant Formula
Tea

Wine

References

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

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

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

An Auto Set-up function automates purging, equilibration, autozero,
and the control baseline stability and noise

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

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

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

ID chips on flow cells and lamps for identification and life-span
monitoring

Chromeleon CDS software for full control and flexible data handling

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

Flow cells for semi-micro, semi-analytical, analytical, and semi-
preparative applications

Flow 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

o0


http://www.thermoscientific.com/ECDetection

Analytical Technologies

Table of Contents

Introduction

Advanced Detection Capabilities

Analytical Technologies

Beer UltiMate 3000 Fluorescence Detector e Unsurpassed reproducibility with active flow cell temperature control for

- The Thermo Scientfic Dionex UitMate 3000 FLD-3000 is @ igh-sensiiy stabl fluoropnore achy independent of changes in ambient emperat.re
e fluorescence detector series for UtiMate 3000 HPLC systems. Itis availablein -~ @ Long-life xenon flash lamp for highest sensitivity and long-term operation
— Rapid Separation (RS) and Standard (SD) versions. The optics of the FLD- without the need for frequent lamp changing

Fermentation Broths 3000 series provide maximum stray-light suppression for best detection e (Qptional second photomuttiplier (PMT) for unique Dual-PMT operation,

SeﬂSiJ[iVity. Operated with the Chromeleon CDS software, the detector prOVideS Oﬁering an extended Wave|eng’[h range up t0 900 nm without Sacriﬁcing
automated qualification, various tools for method development, and instrument sensftivity in the standard wavelength range

wellness monitoring for ease of use, maximum uptime, and the highest degree

Carbonated Beverages

Fruit Juice

Infant Formul
R e Two-dimensional (2D) or three dimensional (3D) excitation, emission,

Tea of reguatory complance or synchro scans to provide the highest degree of flexibility for method
- ¢ Data collection at up to 200 Hz for optimal support of even the fastest development or routine sample characterization
e UHPLC separations (FLD-3400RS) o o | »
Innovative Variable Emission Fifter for real-time compound-related sensitivity
References e Standard detectors operate at up to 100 Hz data rate for optimum support optimization (FLD-3400RS only)
of 62 MPa (9,000 ps) Utiate 3000 standard systems Large front-panel display for easy monitoring of the detector status
* Lowestmit of detection wih a Faman signal fo-noise ato Two flow-cell sizes for easy optimization to application requirements: the
(SN):> 550 ASTM (> 2100 using dark signal as noise reference) 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
Thermo

<X >


http://www.thermoscientific.com/liquidchromatography

Table of Contents

Introduction

Analytical Technologies

Beer

Carbonated Beverages

Coffee

Fermentation Broths

Fruit Juice

Infant Formula
Tea

Wine

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.

o0



Table of Contents

Introduction

Analytical Technologies

Beer

Carbonated Beverages

Coffee

Fermentation Broths

Fruit Juice

Infant Formula
Tea

Wine

References

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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Analytical Technologies

Mass Spectrometry

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
MS detection.

o0
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Beer Single-Point Control and Automation e (Chromeleon CDS software for single-point method setup, instrument
Carbonated Beverages We provide advanced integrated IC/MS and LC/MS solutions with CO”&:OB and data management compatble with existing IC and LC
Coffee superior ease-of-use and modest price and space requirements. UltiMate Methods
— 3000 System Wellness technology and automatic MS calibration * The complete system includes the MSQ Plus mass spectrometer, PC
Fermentation Broths allow continuous operation with minimal maintenance. The Dionex ion data system, electrospray ionization (ESI) and atmospheric pressure
e chromatography family automatically remove mobile phase ions for effort- chemical ionization (APCI) probe inlets, and vaccum system

free transition to MS detection. Now, you no longer need two software packages to operate your
et Formua e Thermo Scientific™ MSQ Plus™ mass spectrometer, the smallestand ~ LG/MS system. Chromeleon CDS software provides single-software
Tea most sensitive single quadrupole on the market for LC and IC method setup and instrument control; powerful UV, conductivity, and MS
Wine e Self-cleaning ion source for low maintenance operation data analysis; and fully integrated reporting,

References

MSQ Plus Mass Spectrometer

Thermo o
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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

Thermo Chromatography Data System for the entire lab. (A
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Beer The Fastest Way from Samples to Results e Enjoy a modern, intuitive user interface designed around the principle

Carbonated Beverages The 7.2 release of Chromeleon Chromatography Data System software of operational simplicity

e is the first CDS that combines separation (GC/IC/LC) and Mass * Streamline laboratory processes and eliminate errors with

—_ Spectrometry (MS) in an enterprise (client/server) environment. By eWorkflows™, which enable anyone to perform a complete analysis

Fermentation Broths extending Chromeleon 7.2 CDS beyond chromatography into MS, lab perfectly with just a few clicks

Frit Juice technicians can now streamline their chromatography and MS quantitation e Access your instruments, data, and eWorkflows instantly in the
workflows with a single software package. MS support in Chromeleon 7.2 Chromeleon Console

Infant Formula CDS is focused on routine and quantitative workflows, which provides

access to rich quantitative data processing and automation capabilities — * - Locate and colate results quickly and easily using powerful buift-n

.
= ultimately boosting your overall lab productivity and increasing the quality database query features

Wine of your analytical results. e Interpret multiple chromatograms at a glance using MiniPlots
References * Find everything you need to view, analyze, and report data in the

Chromatography Studio

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

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

X i Excel is a registered trademark of Microsoft Corporation.
A

-\ CHROMELEON 72

Simply Intelligent
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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

® 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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Complete Extractions in Less Time Using
Less Solvent

Thermo Scientific Dionex ASE systems extract of solid and semisolid
samples using common solvents at elevated temperature and pressure.
The Dionex ASE 150 and 350 systems feature pH-hardened pathways
with Dionium™ components to support extraction of acidic or alkaline
matrices, and combine pretreatment, solvent extraction, and cleanup
into one step. Dionium is zirconium that has undergone a proprietary
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Analytical Technologies

Accelerated Solvent Extractor System

hardening process that makes it inert to chemical attack by acids and
bases at elevated temperatures.

Dionex ASE systems are dramatically faster than Soxhlet, sonication, and
other extraction methods, and require significantly less solvent and labor.
Accelerated solvent extraction methods are accepted and established

in the environmental, pharmaceutical, foods, polymers and consumer
product industries. Accelerated solvent extraction methods are accepted
and used by government agencies worldwide.

Dionex ASE 150/350 and Dionex AutoTrace 280 SPE instruments
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English “bitter” ale

Profiling Beverages

The first step in the beer making process involves
soaking barley, and sometimes other grains, in warm
water. Enzymes present in the barley break down starch
from the grains, producing mostly glucose, maltose,
and oligo- and polysaccharides. This process is called
mashing, and the resulting solution is called sweet

wort. The sweet wort is then treated with hops, thereby
producing hopped wort. Yeast is added and the smaller
saccharides are fermented to produce alcohol.
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Beer Because of the different concentrations, chemical behavior, and molecular  This application describes the use of ion-exchange or ion-exclusion
Carbonated Beverages mass ranges off the various components in beer, their isolation and chromatography for the determination of five classes of compounds
determination can be difficult. lon chromatography, using polymer-based — of interest to the brewing industry, including: carbohydrates, alcohols,
Coffee resins, provides a means to monitor many of these important compounds  organic acids, inorganic anions, and inorganic cations. One of two forms
Fermentation Broths during the brewing process and in the final product. of elegtrochemmal detection is used, pulsed amperometry or conductivity
detection.
Fruit Juice
Infant Formula Column: Dionex Ca‘rboPac PA1 Peaks: 1. Glucose Column: Dionex CarboPac PA1 Peaks: 1. Glucose
R Flow: 1.0 mL/min 2. Fructose Flow: 1.0 mL/min 2. Fructose
Tea Injection Volume: 10 pL 3. Isomaltose Injection Volume: 10 pL 3. Isomaltose
. Mobile Phase:  A. Deionized water 4. Sucrose Mobile Phase:  A. Deionized water 4. Sucrose
‘ B. 500 mM Sodium hydroxide 5. Maltose B. 500 mM Sodium hydroxide 5. Maltose
Wine Gradient: Time %A %B Comments 6. Maltoriose Gradient: Time %A %B Comments 6. Maltoriose
- Initial 99 1 Reequilibrate Initial 99 1 Reequilibrate
References 5.00 99 1 Inject 5.00 99 1 Inject
E— 6.00 99 1 Back to Load 6.00 99 1 Back to Load
20.00 91 9 20.00 91 9
45.00 0 100 45.00 0 100
50.00 0 100 50.00 0 100
Detection: Pulsed amperometry, gold electrode Detection: Pulsed amperometry, gold electrode
1 5 6 600
600
6
nc 2 nc
4
3 5
0 123 4
o
0 5 10 15 20 25 30 , , , , , ,
Minutes 0 5 10 15 20 25 30
Minutes
Figure 6-1. Separation of fermentable sugars in wort by ion exchange chromatography with
pulsed amperometric detection. Figure 6-2. Separation of mono-, di-, and trisaccharides in an American beer by ion-exchange

Th erm o chromatography with pulsed amperometric detection. 0‘
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Determining the levels of fermentable and non-fermentable sugars at
every stage of beer production is important because fermentable sugars
determine the final alcohol content, and nonfermentable sugars contribute
to the flavor and “body” of the final product.

Column:

Flow:

Injection Volume:
Mobile Phase:

Gradient:

Detection:

704 2

Dionex CarboPac PA-100
1.0 mL/min
10 pL
A. Deionized water
B. 500 mM Sodium hydroxide
C. 1 M Sodium acetate
Time %A %B %C Comments
Initial 57 33 10 Reequilibrate
1.50 57 33 10 Inject
6.50 57 33 10 Gradient Start
31.50 42 33 25 Gradient End
Pulsed amperometry, gold electrode

A. Maltose Oligomers

20007

nC 3

5 10 15 20 25
Minutes

Peaks:

Profiling Beverages

Beer: Carbohydrates

1. Ethanol
2. Glucose
3. Maltose
4. Maltoriose

5-11. Maltose oligomers

1600
2 B. First Mash
3
nC
4
0
800
1 D. Finish
nC 4
2
3
0
0 5 10 15 20 25

Minutes

Figure 6-3. Sugar and oligosaccharide profiles during beer production. In panel A, maltose oligomers are baseline-separated. Chromatograms B, C, and D illustrate
sugar and oligosaccharide profiles at different stages of the brewing process.
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U - 7 ¢ Beer: Chalcinoids and Bitter Acids

Analytical Technologies

Beer Beer is the most widely consumed alcoholic beverage in the world and /F:u?wp: | \LAE’FESS-S;OOOOOBTI\E/I;vaLith SR-3000 solvent rack

— . . . . utosampier: -

Carbonated Beverages the third most popular drink after water and tea. It is typically brewed UV Detector: DAD-3000RS diode-array detector
from four basic ingredients: water, a starch source such as malted barley, gﬂanne: ; : gg g nm 8Eanne: i: g;lg nm

Coffee brewer's yeast, and a flavoring agent such as hops, Many varieties of DEEr o petector: ~ Coulinay dotostor with thermal oganizer

i i i i iti EC Parameters: Model 5011A dual channel coulometric electrochemical cell
Fermentation Broths Ler(s;\illtl r{gogo(jégggigﬁga/ |endthese ingredients, the additives used, and the Mode) 50118
' E2: +850 mV

Fruit Juice . Column: Acclaim 120, C18 (3.0 x 150 mm, 3 rticle si

— Hops are the female flower clusters of a hop species, Humulus lupulus o fecia 120, G16 (3.0 150 mm. 3 ym partle 20

Infant Formula They are used as a flavoring and stability agent in beer, for various Injection Volume: 20 pL

_— . - . Mobile Phase: A. 25 mM sodium perchlorate, 50% acetonitrile,

. purposes in other beverages, and as an herbal medicine. Hops contain a 2.5 mM perchloric acid

ea . . . . i . -

— number of important phytochemicals including xanthohumol (a prenylated B. 25 mM sodium perchlorate, 90% acetonitrile,

) . . , 2.5 mM perchloric acid

Wine chalconoid) and alpha- and beta-acids. As part of the beer brewing C.90% methanol

S process, hops or hop extracts are added during the boiling of the wort, Gradient: 2(—)3 minrg 07//83//33//% i% min: 207//83//33//%

B The alpha-acids (humulone, cohumulone, and adhumulone) are slowly SR T SR
isomerized into the more soluble iso-acids, the main bittering substances e o 5 g A
in beer. Beta-acids (lupulone, colupulone, and adlupulone) do not N E 2 2 é s @ 5
. . . o . . T =] =2 o =2 S 8 o % ]
isomerize during boiling and do not impart bitterness initially. However, 5 |5 5| -8 I g 22 ge
during fermentation and storage, beta-acids slowly create bitterness bA s |z £ &2 ol & 8 = £8s

L , 2 =1 S| S5 g\ = 5 8ts

through oxidation affecting the long-term character of aged beers. - 8 8 8=
Furthermore, some secondary metabolites contribute to the degradation 0 SN : : :

of beer during storage with the formation of haze (e.g., catechins and

. L _ g 2
their polymers, the proanthocyanidins). s1|| E 2 & 55 = B
5 Sl 25 , 5e
E B s |° 3§ g &S
g 2 2 8 2lg E £E
wifll ] 2 g2l lo%lg 87
5 = B2\
> -~ Q
i P
ol bl | L
0 10 20 30 40

Minutes

Figure 6-4. Chromatograms of (A) bitter acids standard mixture; (B) Ultra IPA beer sample.
Blue trace at 550 mV; green trace at 850 mV. The cis-isomers were cis-rho-isocohumulone, 0

I hermo cis-rho-isohumulone, and ¢is-rho-isoadhumulone.
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Analytical Technologies

Beer Application Note 1020 describes how gradient HPLC with selective and ~ Table 6-1. Hops biftter acids data presented in mg/L.
Carbonated Beverages sensitive Spectro—EleptrQ Array dgtecnorj, can be used to S|mulltaneously
measure many chalcinoids and bitter acids in beer samples, without the Compound Beer 1 Beer 2 Beer 3 Beer4
Coffee . . . Ultra IPA Ultra IPA Regular Light Beer
need for solid phase extraction. This approach can also be used to study
Fermentation Broths beer stabilty. Isoxanthohumol 210 1.3 0.38 0.28
I — Xanthohumol 0.52 048 ND ND
Fruit Juice cis-iso-acid 1 0.90 04 ND ND
Infant Formula frans-iso-cohumulone 10.6 70 ND ND
[ Cis-iso-acid 2 191 12.2 3.8 16
Tea trans-iso-humulone 8.4 76 0.20 ND
Wine frans-iso-adhumulone 12.8 1.0 32 2.6
- Cohumulone 6.8 6.4 0.03 0.02
References Adnumulone/Humulone | 9.2 90 ND ND

Did You Know?

According to a diary entry from a passenger on the Mayflower, the pilgrims
made their landing at Plymouth Rock, rather than continue to their destination in
Virginia, due to lack of beer.
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SCIENTIFIC Download Application Note 1020: Chalconoids and Bitter Acids in Beer by HPLC with UV and Electrochemical Detection


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-1020-Chalconoids-Bitter-Acids-Beer-HPLC-UV-Electrochemical-Detection.pdf
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Analytical Technologies

Beer

Carbonated Beverages

Coffee

Fermentation Broths

Isohumulones (iso-ow-acids) are derived by humulones (oc-acids),
essential constituents of hop resins. The poorly water-soluble ow-acids are
isomerized to the better water-soluble iso-ow-acids during wort-boiling.
IS0-oc-acids form approximately eighty percent of the typical bitterness
of beer. Their antimicrobial effect leads to a sterile beverage, their

Application Brief 153 describes a rapid HPLC-UV method with on-line
sample preparation for the routine analysis of bitter acids in beer samples.

System: UltiMate 3000 System with On-Line SPE RS Configuration
Temperature: 35°C
Injection Volume: 15 pL beer (orange trace) or 5 pL isohumulone standard (purple trace)

. . -, I Mobile Phase:  A. Water with 1% formic acid and
— tensioactive character stabilizes the foam, and they have a major influence 100 m/L ethylenediaminstetraacetic acid disodium salt dihydrate
Fruit Juice on the general flavor, smell, and smoothness of beer. B. Acetonitrile
Pressure: 720 bar (max.)

Infant Formula

The three major iso-ow-acid variants which are basically present in beer

Analytical Flow Path Parameters

o only differ in their acyl side chain and comprise iso-nhumulone, iso- Elg'vuvf:“”i gg%eﬂnfgw column, 1.9 m, 100 x 2.1 mm
— cohumulone, and iso-adhumulone. Due to the stereochemistry of iso-ot- Isocratic: 50% B
Wine acids, all of them occur as cis- and trans-isomers. Each iso-ot-acid variant Detection: UttiMate VWD-3400RS Variable Wavelength
e , , . . Detector, 2.5 L flow cell, 270 nm
provides different contributions to beer taste and foam stability. Recent Automated On-Line SPE Parameters pnales:

References

investigations have shown that these differences are even true between
both cis- and trans-isomers of the same iso-ow-acid. Furthermore, the

1. Trans-iso-cohumulone
2. Cis-iso-cohumulone
3. Trans-iso-n-humulone

Column: Hypersil GOLD C8 column,
5um, 20 x 2.1 mm
100. Gradient: 0~2 min 25% B at 2000 pL/min,

lifetimes of cis- and trans-isomers significantly differ from each other. 2-4 min 100% B at 2000 yL/min, 4. Cis-iso-n-humulone
Degradation products of iso-at-acids influence the important beer ‘7‘:; i gg; E ii 388 o“u”ﬂl?fn 2 Z?”.ifﬁdﬁﬂﬁ]”urﬂﬂﬁ”e
attributes mentioned above and the avoidance of less stable iso-ot-acid Valve
varants is beneficial Position: 0 min 6_1,1.5min 1_2, 2 min 6_1
4
0 0 0 0
H H 5 3
<<
)\/‘ )v‘ E 1
N i R N R 2
H \
0 OH 0

Trans-isomer \ Cis-isomer 5 6

R= CH(CH,), Iso-cohumulone

R= CH,CH(CH,), Iso-n-humulone

R= CH(CH,)CH,CH, Iso-adhumulone J : : ]

Figure 6-5. Chemical structures of cis- and trans-iso-at-acids.

Minutes

Figure 6-6. Chromatogram of isohumulones in beer and isohumulones standard (overlay).

Download Application Brief 153: Save the Flavor — Robust Iso-c-Acids Assaying in Beer within Ten Minutes

(A
O


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AB-153-Robust-Iso-alpha-Acids-Assaying-Beer-Ten-Minutes-AB70882-E.pdf
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Analytical Technologies

Beer Glutamate is naturally present in low concentrations in beer and is also glolum": ﬁ\csc'aiB PA, C16 5 pm, 4.6 x 50 mm
- , , . . ow: .5 mU/min
Carbonated Beverages a legal flavor additive in some Jur|sd|0t|pns. This assay s quick, selective, Temperature: 30 °C
and automates all the sample preparation. The Acclaim PA column 'h”fg.*,"’"PVh"'“me: (ZSKAL o
\ , . , . 0Dlle FNAses: ethanot
Coffee provides high resolution, even in this complex sample. (B) 20 mM phosphate, pH 7.0
. Gradient Times: 0.0 20 3.0 50 51 65
Fermentation Broths %A 10 30 75 75 10 10
- %B: 90 70 25 25 90 90
Fruit Juice Detector: UVD 340U; UV at 330nm and spectra 200-400 nm
- Samples: (A) Beer
Infant Formula (B) Beer + 250 pg/mL glutamic acid
o Derivatizing
Tea Did You Know? Conditions: ~ (Reagent A) 2 mg/mL o-phthalaldehyde n 0.5M borate buffer, pH 10.4
— . ! (Reagent B) 6 mg/mL (CH3)2NCH2CH28H HCl in water
Wine e Acollector of beer bottles is called a labeorphilist Program: 75 1L reagent A + 75 L. seagent B + 15 L sample,
- e A beer lover or enthusiast is called a cerevisaphile ~_ mixed in round-bottom glass vial
References e (Cenosillicaphobia is the fear of an empty glass rescionine: 5 mietcon emperature
300+
50 Glutamate
y = 0.9047x + 4.483
R? = 0.9997
mAU
0 T T 1
0 200 400 600
Added Glutamate (ug/mL)
1B |
oA

0 1 2 3 4 5
Minutes

Figure 6-7. Glutamate in beer by automated precolumn OPA derivatization.
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Analytical Technologies
Beer Beer production has been of interest since the beginnings of civilization Elolumn! giggex B"Eac AST1-HC-4ym set, 2 x 250 mm
I . . . . . . oW . mL/min
Carbonated Beverages with brewmg Processes gdvancmg along with somety. Beer is a complex Temperature: 30 °C
sample matrix that contains numerous components including proteins, Injection Volume: 2.5 L ,
Coffee bon dioxid bohvd , , \ q , ldehvd Eluent Source:  Dionex EGC 500 KOH cartridge; Channel A, Water Channel B, Methanol
carbon dioxide, carbohydrates, inorganic anions and cations, aldenydes, Gradient : 1 mM KOH, 2% methanol (8 min), 2-10% methanol (8-8.1 min)
- organic acids, and ethanol. These can be passively introduced from the 1-15 mM KOH, 10% methanol (8~18 min),
Fermentation Broths g ) P , y , 15-30 mM KOH,10% methanol (1828 min),
—_— minerals in the water, extracted from the brewing ingredients, generated 30-60 mM KOH. 10% methanol (28-38 min)
Fruit Juice in the fermentation process, or added to achieve a desired characteristic ~ Detection:  Suppressed conductivty, Dionex ASRS 300 suppressor, 4 mm,
AutoSuppression, recycle mode
Infant Formula flavor. Sample Prep.:  5-fold dilution
_— ) , . " Samples: A: Lager beer 2; Sample, B: Sample A plus 10 ppm butyrate; C: Standard
Organic acids are end products of yeast fermentation critical to the flavor P ! P ple Aplus 10 o buly
Tea . . . Peaks (Standard): mg/L 4. Acetate 5 13. Malate 10
— of beer, but are also products of bacterial fermentation that introduce a 1 Quinate 5 5 Propionate 5 14, Tartrate 10
Wine sour flavor, either purposely or unintentionally due to spoilage. 2. Fluoride 3 6.Formate 5 15 Sulfate 10
e . ‘ . 3. Lactate 5 7. Butyrate 5 16. Fumarate 10
References Technical Note 126 describes the advantages of the 4 um particle- g Eﬁrluv%te 1g g grxlalats t 12
— size Dionex lonPac AS11-HC-4pm column combined with the Dionex 10 O Bomde 5 locie 1
ICS-5000* HPIC system for optimal separation of organic acids and 11. Nitrate 5 20.lIsocitrate 15
) . . nb | . | wicall q 12. Succinate 10 21. cis-Aconitate  —
inorganic anions in beer samples using electrolytically generate 22 rans-Aconitate 15
hydroxide eluent with and without an organic modifier. -
11 15
18
2 6 10, 13, 16 1950 22
HS 4 7 12 e
c 195
i ! ' ' 19
Trivia Question 2 A, |
3 17
Q: Do you know where the word “bridal” originates from? B ! J\_.,J
A: The word "bridal” comes from 19th century Englishmen, wha took out their ) 1‘31“ 18 19
friends for a final “Bride Ale” the day before their wedding. 8 21,
A 3 17
-10 T T T T 1
0 10 20 30 40 45
Minutes
Th Figure 6-8. Analysis of Lager (A and B) and Light Larger (C) samples on a 4 mm i.d. column.

Download Technical Note 126: Determination of Organic Acids in Beer Samples Using an HPIC System

(A
O


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Systems/114786-TN126-IC-Organic-Acids-Beer-Samples-TN70792_E.pdf
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Profiling Beverages

Carbonated Beverages

The determination of inorganic anions and cations and
organic acids in non-alcoholic carbonated beverages
is of importance from both health-related and
manufacturing perspectives.
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- 7" Carbonated Beverages: Acidulants
Acidulants reduce the soft drink’s pH and thereby assist in beverage ﬁommm ?‘B"BTJ'O”,P“ Fast Anion Ifl, 3 mm
oW .UmL/min

preservation for long-term storage. Acidulants can also be used as
chelating agents, buffers, coagulators, and flavoring agents. In the latter
role, the acidulant imparts a tart taste. The most common acidulants

used in soft drinks are phosphoric and citric acids. Phosphoric acid is
more effective in lowering the pH than organic acids, while citric acid
produces a stronger tartness. Phosphoric acid is commonly found in colas
whereas citric acid is typically added to fruit flavored beverages. However,
these acids may be used alone or blended together to produce a more
distinctive taste.

The National Soft Drink Association estimates that a modern bottling
facility can produce as many as 2,000 cans of soft drinks per minute on
each line of operation. This results in the production of nearly three million
cans of soft drinks per day. To maintain product consistency and quality, it
is critical that an accurate amount of acidulant is used for each production
line and bottling facility. This requires a rapid, accurate, and rugged
analytical method to confirm that an appropriate amount of phosphoric
and/or citric acid has been added to the soft drink formulation.

Application Note 169 describes a reliable and rapid ion chromatography
suppressed conductivity method for the analysis of phosphate and citrate
in carbonated soft drinks.

Temperature: 30 C
Injection Volume: 1.2 pL
Eluent: 20 mM KOH
Eluent Source:
Detection: Suppressed conductivity,

Dionex ICS-2000 EG with CR-ATC column

35.0 Dionex ASRS ULTRA Il suppressor, 2 mm,
' AutoSuppression recycle mode

Peaks: 1. Phosphate 444 mg/L (ppm)
2. Citrate 41.9
y

uS

-0.5 T T 1

0 1 2 ) 3 4 5
Minutes

Figure 6-9. Determination of phosphate and citrate in a low-carbohydrate cola on the Dionex
lonPac Fast Anion Il column.

Download Application Note 169: Rapid Determination of Phosphate and Citrate in Carbonated Soft Drinks Using an RFIC System

o0


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/cmd-documents/sci-res/app/chrom/ic/sys/AN-169-IC-Phosphate-Citrate-Soft-Drinks-AN71409-EN.pdf
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Analytical Technologies

Beer Column: Dionex lonPac Fast Anion Ill, 3 mm
— Flow: 1mb/mn
Carbonated Beverages Temperature: 30 C
Injection Volume: 1.2 pL
Coffee Eluent: 20 mM KOH
_— 40.0- Eluent Source:  Dionex ICS-2000 EG with CR-ATC column
. Detection: Dionex ASRS ULTRA Il suppressor, 2 mm,
Fermentation Broths AutoSuppression recycle mode
Fruit Juice Peaks: 1. Phosphate 540 mg/L (ppm)
1
Infant Formula
Tea
Wine
usS
References
_05 T T T T 1
0 1 2 3 4 5
Minutes

Figure 6-10. Determination of phosphate in a regular cola on the Dionex lonPac Fast Anion lll
column.
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Analytical Technologies

Beer Organic acids such as citrate and malate, and inorganic anions such Column: Dionex lonPac AS11 Analytical (4 mm) Eluent:  A. Deionized water
— . . . Di lonPac AG11 Guard (4 B. 1 mM Sodium hydroxid
Carbonated Beverages as phosphate are monitored due to their function s acidifiers or flavor P 6,100 mM Soclum hydrodde
enhancers. Chloride is monitored due to restrictions imposed by different IFIOW: " ;mLL/min o ? Methg;lol 5 6
. , jecti 025 ient: Ti
Coffee countries and many Group | and Il metals are monitored for purposes Detecton: |+ Suppressed conduciviy P e 80 20—
, of mass balance. Thus, the content of these compounds needs to Dionex ASRS 300 Suppressor, 000 8 20 — —
Fermentation Broths . o : external water mode 500 66 20 — 14
—_— be monitored by the manufacturer to maintain product quality and to 1800 42 — 38 20
Fruit Juice investigate possible patent infringements in competitive products. 14 ACola
Peaks: 1. Chloride 1.9 mg/L
Infant Formula 5 Nitrate 42
3. Unidentified —
@ 4. Sulfate 2.7
5. Phosphate  36.0 5
Wine . 6. Citrate 4.2
— Did You Know?

References
Coca-Cola® was originally created by a chemist searching for a headache and

hangover remedy. John Pemberton added kola nut extract to coca extract to
produce Coca-Cola.

Coca-Cola is a registered trademark of the Coca-Cola Company.

4
14— B. Carbonated Lemon Drink
Peaks: 1. Chloride 8.1 mg/L
2. Nitrate 1.2
3. Malate 1.8
4, Sulfate 2.5
5. Citrate 130 5
b 1
2
3
0 T T T 1
0 5 10 15 20
Minutes

Figure 6-171. Separation of inorganic anions and organic acids in A) a cola and B) a carbonated
lemon drink.
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Analytical Technologies

Beer lon chromatography is a well established technique for the determination Column: Dionex lonPac AS11 Analytical (4 mm)  Eluent: A, Deionized water
— . ) , . . , Dionex lonPac AG11 Guard (4 mm) B. 1 mM Sodium hydroxide
Carbonated Beverages of ions in solution. Application Note 25 describes the use of ion exchange ATC-1 Anion trap C. 100 mM Sodium hydroxide
or ion exclusion chromatography (ICE) with suppressed conductivity Flow: 2 ml/min _ D. Methanol
Coff . L \ , , , \ Injection Volume: 25 pL Gradient: Time E1  E2 E3 E4
Loriee detection for the determination of inorganic anions, cations, and organic Detection: Suppressed conductivity, nital 80 20 — —
, acids in several popular carbonated beverages. Dionex ASRS suppressor, 000 80 20 — —
Fermentation Broths Pop g external water mode 500 66 20 — 14
- 1800 42 — 38 20
Fruit Juice 14 A. Carbonated Synthetic Grape Drink
Peaks: 1. Unidentified — 5
Infant Formula 2. Chloride 2.1 mg/L
3. Nitrate 4.6
Tea S 4. Sulfate 43
— W 5. Citrate 130 4
Wine
_ i 2
References Did You Know? 0
The term seltzer used to refer to effervescent mineral water obtained from ' ' ' '
natural springs in Germany. Now, seltzer is used to describe well-filtered water 1
with added artificial carbonation. 50 B. Flavored Carbonated Water
Peaks: 1. Chloride 42 mg/L
2. Succinate 2.5
3. Sulfate 11
pS 3
2
0 L L
0 5 10 15 20

Minutes

Figure 6-12. Separation of inorganic anions and organic acids in A) a carbonated synthetic grape
drink and B) a synthetic carbonated water.
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Download Application Note 25: Determination of Inorganic lons and Organic Acids in Non-Alcoholic Carbonated Beverages


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-25-Determination-Inorganic-Ions-Organic-Acids-Non-Alcoholic-Carbonated-Beverages-LPN0662.pdf
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- v Carbonated Beverages: Inorganic Cations

Column: Dionex lonPac CS12 Analytical (4 mm)
Dionex lonPac CG12 Guard (4 mm)
CTC-1 Cation trap
Flow: 1.0 mL/min
Injection Volume: 25 pL
Eluent: 1. Deionized water
2. 100 mM Methanesulfonic acid
Gradient: Time  E1 E2
Initial 84 16
5.00 84 16
5.01 60 40
10.00 60 40
309 Detection: Suppressed conductivity, Dionex CSRS suppressor, recycle mode
A 1 Peaks: 1. Sodium 17 mg/L
2. Magnesium 1.5
3. Calcium 10
3
usS
2
0_
T T T T T 1
18 4 .
B 1 Peaks: 1. Sodium 11 mg/L
2. Magnesium 0.3
3. Calcium 2.3
uS
3
2
0
T T T T T 1
0 2 4 6 8 10 12
Minutes

Figure 6-13. Separation of inorganic cations in A) a carbonated lemon drink and B) a
carbonated synthetic grape drink.

For chromatographic conditions see Figure 6-14A

40 3
A
Peaks: 1. Sodium 6.9 mg/L
2. Ammonium 0.9
3. Potassium 96
us 4, Magnesium 2.5
5. Calcium 2.6
1 4
5
2
0
T T T T
0 2 6 8 10
Minutes
207 1 Peaks: 1. Sodium 17 mo/L
B 2. Ammonium 1.5
3. Potassium 21
4. Magnesium 1.5
5. Calcium 2.6
3
uS
4
5
2
0
T T T T 1
0 2 6 8 10 12
Minutes

Figure 6-14. Separation of inorganic cations in A) a carbonated apple drink and B), a
carbonated grape juice.
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v Carbonated Beverages: Organic Acids
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Column: Dionex lonPac ICE-AS6 Analytical
Flow: 1.0 mL/min
Injection Volume: 25 uL
Eluent: 0.8 mM Heptafluorobutyric acid
Detection: Suppressed conductivity,
Thermo Scientific™ Dionex™ AMMS-ICE™ 300
Anion-ICE MicroMembrane Suppressor
124 A Regenerant: 5 mN Tetrabutylammonium hydroxide at 5 mL/min
1 Peaks: 1. Strong acid anions
2. Unidentified —
uS
2
0
T T T 1
0 5 10 15 20
Minutes
20
B 2 Peaks: 1. Strong acid anions
2. Citrate 200 mg/L
3. Unidentified —
usS
1
S B
0 —
T T T T 1
0 5 10 15 20 25
Minutes

Figure 6-15. Separation of inorganic anions and organic acids in A) a flavored carbonated water and

B) a carbonated lemon drink.

127

uS

For chromatographic conditions see Figure 6-18A

2 Peaks: 1. Strong acid anions

2. Strong acid anions

3. Citrate 6.0 mg/L
4. Unidentified —

10

uS

( Peaks: 1. Strong acid anions
2. Strong acid anions
3. Maleate 1.8 mg/L
4. Pyruvate 1.7
5. Citrate 11
6. Malate 460
6 7. Formate 4.7
8. Unidentified —
9. Succinate 0.6

5 10 15 20
Minutes

Figure 6-16. Separation of inorganic anions and organic acids in A) a cola and B) carbonated apple

drink.
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Brewed coffee, one of the most popular beverages
worldwide, is prepared from fermented and roasted
coffee plant seeds (beans), typically Coffea arabica
(Arabica). Coffea canefora, variant robusta (Robusta),
provides a less desirable flavor, is less costly, and
therefore is often blended or adulterated in Arabica to
create less expensive coffees or to increase profits.
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Coffee carbohydrates constitute the major part (at least 50% of the dry
weight) of raw coffee beans. The carbohydrates in coffee contribute to
the flavor of the beverage as they undergo complex changes (react with
amino acids, i.e., the Maillard reaction) during the roasting process. They
act as aroma binders, foam stabilizers, and also impart viscosity to the
coffee beverage. Carbohydrates are also good tracers for assessing the
authenticity of soluble (instant) coffee.

Currently, the Association of Analytical Chemists (AOAC) official method
995.13 — which is based on high-performance anion-exchange (HPAE)
chromatography with pulsed amperometric detection (PAD) — is used for
determining the free and total carbohydrates in instant coffee. This method
IS also used by the British Standards Institution for testing coffee and
coffee products. Application Note 280 compares a fast 1C-PAD method
to the official AOAC method 995.13.

Did You Know?

Coffee is the second largest traded commodity in the world, with oil being the
largest. Specialty coffee revenue in 2006 topped $12.2 billion in sales.

g Beverages

Coffee: Carbohydrates

Column: Dionex CarboPac PA1 Analytical Peaks: 1. Mannitol
(4 x 250 mm), 2. Fucose
Dionex CarboPac PA1 Guard (4 x 50) 3. Arabinose
Flow: 1.0 mL/min 4. Rhamnose
Temperature: 15°C 5. Galactose
Injection Volume: 10 L 6. Glucose
Eluent: DI water from 0—50 min 7. Xylose
300 mM NaOH from 50-65 min 8. Sucrose
DI water from 65-80 min (re-equilibration) 9. Mannose
Detection: PAD (Au) 10. Fructose
Postcolumn Reagent: 300 mM Hydroxide 11. Ribose
PCR Flow Rate: 0.6 mL/min
Traces: A) Standards
B) Free carbohydrates in green coffee
() Free carbohydrates in instant coffee
D) Total carbohydrates in instant coffee
3134 °
9
D
3
i 1. /\ VAN ¢
nC 8
10
| ‘l_th\f\_; 5 6 /\_/LB
3 7 11
2 10
4
8 9
. A
1 0 T T T T T T 1
0 10 20 30 40 50 60 70

Minutes

Figure 6-17. Chromatograms of mixed coffee carbohydrate standards (A), free carbohydrate in
extract of green coffee beans (B), free carbohydrates in instant coffee (G), and total carbohydrates in
instant coffee (D); using the modified AOAC official method 995.13 (T = 15 °C).

Download Application Note 280: Carbohydrate in Coffee: AOAC Method 995.13 vs a New Fast lon Chromatography Method
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Analytical Technologies

Beer Column: Dionex CarboPac PA1 Analytical Peaks: 1. Mannitol Column: Dionex CarboPac PA1 Analytical (4 x 250 mm),  Peaks: 1. Mannitol
- (4 x 250 mm), 2. Fucose Dionex CarboPac PA1 Guard (4 x 50) 2. Fucose
Carbonated Beverages Dionex CalrboPac PA1 Guard (4 x 50) 3. Rhamnose Flow: 1.0 mL/min 3. Rhamnose
Flow: 1.0 mL/min 4. Arabinose Temperature: 25 °C 4. Arabinose
Coffee Temperature: 25 °C 5. Galactose Injection Volume: 10 pL 5. Galactose
- Injection Volume: 10 pL 6. Glucose Eluent: 10 mM NaOH 0-6 min, DI water 6-50 min 6. Glucose
) Eluent: 10 mM NaOH 0—6 min 7. Sucrose 300 mM NaOH from 50-65 min, 7. Xylose
Fermentation Broths DI water 6-50 min 8. Fructose DI water from 65-80 min (re-equilibration) 8. Mannose
300 mM NaOH from 50-65 min 9. Ribose Detection: PAD (Au) 9. Fructose
Fruit Juice 300- DI water from 65-80 min (re-equilibration) Postcolumn ) 10. Ribose
— otz PO T e Sem™
Postcolumn o 0 0.
Infant Formula Reagent: 300 mM Hydroxide Traces: A) Free carbohydrates extract
PCR Flow Rate: 0.6 mL/min B) Total carbohydrates extract
Tea Traces: A) Mix of standards C) Mix of standards
- 1 B) Green coffee extract 105— ]

Wine

References

Signal offset 10%
T T T T ! 68 T T T T

-23 T T T T

T
0 5 10 15 20 25 30 3 40 45 50 0 5 10 15 20 2'5 30 35 40 45 50
Minutes Minutes

Figure 6-18. Chromatograms of mixed coffee carbohydrate standards (A), free carbohydrates Figure 6-19. Chromatograms of free carbohydrates extract from tnstant coffee (4), total carbohy-

extract from green coffee beans (B); using the modified AOAG official method 995.13 (10 mM drates extract from instant coffee (B), and mixed carbohydrate standards (C); using the modified
hydroxide for 6 min, and xylose and mannose not included in mix of standards). AOAC official method 995.13
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- v Coffee: Chlorogenic Acid Esters

One rich source of phenolic antioxidant compounds is coffee, where a
range of chlorogenic acids is found. For people who consume coffee
beverages regularly, whether prepared from soluble powders or freshly
brewed, daily intakes of 500 mg or even more of chlorogenic acids are
easily achieved. Chlorogenic acids are a family of esters formed between
quinic acid and certain trans-cinnamic acids, most commonly caffeic,
p-coumaric and ferulic. As many as 45 of these chlorogenic acids have
been reported in coffee. Thus quantification of individual compounds by
absorbance detection requires good chromatographic separation.

Application Note 20610 describes an HPLC method using a solid
core HPLC column and UV detection for the measurement of twelve
chlorogenic acids.

filing Beverages

in Coffee Bean Extracts
Conditions for Figures 6-20 and 6-21

Instrumentation: Thermo Scientific™ Accela™ HPLC system
Column 1: Fully porous C18, 4 um, 250 x 2.0 mm
Column 2: Accucore RP-MS, 2.6 pm, 150 x 3.0 mm
Mobile Phase: A: 0.1% formic acid in water

B: 0.1% formic acid in acetonitrile
Gradient (Column 1 ): Time (min) % B

0 5
20 10
60 35
Flow: 200 pl/min
Gradient (Column 2): Time (min) % B
0 2
8 7
15 50
Flow: 700 pl/min

Backpressure: Approx. 200 bar (at starting conditions for both columns)
Column Temperature: 40 °C
Injection Volume: 5L
Detection: UV absorbance detection at 325 nm
Sample Preparation  Soluble coffee extract (Futureceuticals Inc. USA)
in water/methanol (90:10 v/v)

Software: Thermo Scientific Xcalibur v1.3

Download Application Note 20610: Fast Analysis of Coffee Bean Extracts Using a Solid Gore HPLC Column

o ‘,;l' . fivﬁ*:- "

o0


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/HPLC%20Column%20(Solid%20Core)/AN20610_Fast%20Analysis_Coffee%20Bean.pdf

w g [/ ¥
B e « Profiling Beverages
Table of Contents e ; H D ——

noducin - v Coffee: Chlorogenic Acid Esters
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Beer
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Carbonated Beverages 340 1 3
Coffee
Fermentation Broths
Fruit Juice 8
Infant Formula °
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Tea 1011 12 9
— 7 6 7
Wine 9
2 8 12
References 1 2
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 5 10 15 20 25 30 35 40 45 50 55
Minutes Minutes
Figure 6-20. Analysis of a coffee bean extract using a 60 minute gradient on a fully porous C18 Figure 6-21. Analysis of a coffee bean extract using a 15 minute gradient on a solid core Accucore
HPLC column (4 pm particle size, 250 x 2 mm). RP-MS HPLC column (2.6 um particle size, 150 x 3.0 mm) .

Table 6-1a. Peak numbers and identities of compounds in coffee extracts.

N:ﬁfl:(e r Compound N:ﬁft:( = Compound
1 3-0-Caffeoylquinic acid 7 3,4-0-Dicaffeoylquinic acid
2 4-0-Caffeoylquinic acid 8 3,5-0-Dicaffeoylquinic acid
3 5-0-Caffeoylquinic acid 9 4,5-0-Dicaffeoylquinic acid
4 3-0-Feruloylquinic acid 10 3-0-Feruloyl-4-0O-caffeoylquinic acid
5 4-0-Feruloylquinic acid 1 3-0-Caffeoyl-5-0-feruloylquinic acid
6 5-0-Feruloylauinic acid 12 4-0-Caffeoyl-5-O-feruloylquinic acid
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nvoducton - 7" Coffee: Anions and Organic Acids
Analytical Technologies
Beer Although the coffee experience is often highly individualistic, the Column: Thermo Scientific™ Dionex™ lonSwift™
_ ot e : MAX-100 guard, MAX-100 capillary,
Carbonated Beverages pharactgrlst|p aroma, acl|d|ty,l and flavor of Ia coﬁee are attributed to tlhe 0.95 x 250 mm

inorganic anions, organic acids, chlorogenic acid, and monosaccharides Flow: 12 pl/min

Coffee

Fermentation Broths

Fruit Juice

Infant Formula
Tea

Wine

References

content. Organic acids—such as malic, quinic, acetic, formic, and citric—
provide much of the acidity associated with coffee.

The organic acid content and profile are characteristic of the coffee type,
coffee fruit (cherry) maturity, and extent of roasting. Quinate is present at
high concentrations of 5—16% in beans from immature cherries, whereas
malate concentrations are higher and quinate concentrations are lower in
beans from mature cherries. Higher malate and quinate concentrations
are characteristic of Arabica rather than Robusta coffee beans. Organic
acids are volatile compounds and thus the concentrations are reduced
during the roasting process. Therefore, organic acid determinations are
needed to characterize the Arabica bean maturity and extent of roasting.
Additionally, these organic acid determinations can profile Robusta

and Arabica coffees to determine Robusta content due to blending or
adulteration.

Application Brief 135 describes the simultaneous measurement of
inorganic anions and organic acid anions in caffeinated and decaffeinated
brewed coffee samples using anion-exchange capillary chromatography
with suppressed conductivity detection.

Column Temp.: 30 °C
Injection Volume: 0.4 uL

Eluent Source:  Dionex EGC-KOH capillary
Gradient: 0.1 mM KOH from —10 to 4 min,
0.1-2 mM from 4 to 6 min,
2-15 mM from 6 to 12 min,
15-35 mM from 12 to 16 min,
65 mM from 17 to 30 min
Detection: Suppressed conductivity, Thermo Scientific™
Dionex™ ACES™ Anion Capillary
Electrolytic Suppressor, recycle mode
Sample Prep.:  1:50 dilution
Peaks:
1. Quinate 10. Malate
3.5 1 2. Lactate 11. Itaconate
3. Acetate 12. Sulfate
4. Propionate 13. Fumarate
5. Formate 14. Oxalate
6. Chloride 15. Phosphate
7. Bromide 16. Citrate
8. Nitrate 17. Isocitrate
3 9. Glutarate 16
us 11
2
9
12
15
0
13,
0.1 T T 1
0 10 ) 20 30
Minutes

Figure 6-22. Separation of anions in a brewed caffeinated coffee sample by capillary IC on a Dionex
lonSwift MAX-100 column.

Download Application Brief 135: Determination of Anions and Organic Acids in Brewed Coffee Samples Using Capillary IC
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Column:

Flow:

Column Temp.:
Injection Volume:
Eluent Source:
Gradient:

Detection:

Sample Prep.:

Peaks:

. Quinate

. Lactate

. Acetate

. Propionate
. Formate

. Chloride

. Bromide

. Nitrate
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Coffee: Anions and Organic Acids

Dionex lonSwift MAX-100 guard,
MAX-100 capillary, 0.25 x 250 mm
12 yl/min

30°C

0.4 pL

Dionex EGC-KOH capillary

0.1 mM KOH from —10 to 4 min,
0.1-2 mM from 4 to 6 min,
2—-15 mM from 6 to 12 min,
15-35 mM from 12 to 16 min,
65 mM from 17 to 30 min
Suppressed conductivity,

Dionex ACES, recycle mode

1:50 dilution

9. Glutarate
10. Malate
11. ltaconate
12. Sulfate
13. Fumarate
14. Oxalate
15. Phosphate
16. Citrate
17. Isocitrate

Minutes

Figure 6-23. Separation of anions in a brewed decaffeinated coffee sample by capillary IC on a
Dionex lonSwift MAX-100 column.
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Fermentation Broths

Fermentation with yeast, bacteria, or other
microorganisms has been used for centuries to
produce alcoholic beverages, bread, cheese,
yogurt, and feed stock for animals. Fermentation
with other microorganisms has more recently been
used to produce antibiotics such as penicillin and
pharmaceutical compounds, enzymes, amino acids,
and organic acids as well as ethanol for fuel or fuel
additives.
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intoccton - v Beer and Wine Fermentation Broths
Analytical Technologies
Beer Fermentation broths are complex mixtures of microorganisms and both Column: Dionex lonPac ICE-AST (4 mm)  Peaks:
i i i i Eluent: 100 mM methanesulfonic acid 1. Exclusion volume ~ — pM

Carbonated Beverages organic and inorganic gompounds. lonic compounds, carbohydrates, and o oy oy o ~

amino acids are essential for cellular growth and structure. Temperature: 30 °C 4. Glycerol _
Coffee , Injection Volume: 10 pL 5-6. Unknown —
— For beer and wine, the absence or presence of aldehydes and glycols Détecﬁon: PAD, Pt (disposable) 7 Ethanol %6
Fermentation Broths affects their quality and flavor. Application Note 188 describes the routine ~ Sample Prep: - Supernatant from heat-quenched, 8. Unknown -
—_— , , centrifuged broth, diluted 300-fold

o measurement of alcohols and glycols by ion exclusion chromatography

Fruit Juice : : 53 !

and pulsed amperometric detection (PAD).
Infant Formula
Tea nc 2
Wine
- 345 67 8
References A . 49
—_— Trivia Question 0 10 20 30

Minutes

Q: Do you know how many grapes it takes to make a bottle of wine?

] ) Figure 6-24. American wheat S. cerevisiae fermentation broth.
A It takes approximately 2 1/2 pounds of grapes to make one bottle of wine.

Table 6-2. Waveform for Figures 6-22—6-24.

Time | Potential vs Ag/AgCl | Gain | Integration

(sec) ()] Region

0.00 +0.30 Off Off Ramp
0.31 +0.30 On Off Ramp
0.32 +1.15 On Off Ramp
0.64 +1.15 On On (Start) Ramp
0.66 +1.15 On Off (End) Ramp
0.67 -0.30 On Off Ramp
1.06 -0.30 Ooff Off Ramp
1.07 +0.30 Off Off Ramp

Thermo o

SCIENTIFIC Download Application Note 188: Determination of Glycols and Alcohols in Fermentation Broths Using lon-Exclusion Chromatography and PAD oz
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Organic acids, alditols (sugar alcohols), glycols, alcohols, and other
compounds are metabolic byproducts. To optimize growth and yields,
it is crucial to monitor fermentation broths for both cellular fuel sources
as well as metabolic byproducts. Many of these carbohydrates, amino
acids, anions, and organic acids have been successfully monitored in
fermentation media and broths using ion chromatography (as shown in
Application Notes 122, 123 and 150).

Column: Dionex lonPac ICE-AS1 (4 mm) Peaks:

Flow: 0.2 mL/min 1. Exclusion volume ~— uM
Temperature: 30 °C 2. Unknown —
Injection Volume: 10 pL 3. Glycerol 39.9
Eluent: 100 mM methanesulfonic acid 4—6. Unknown —
Detection: PAD, Pt (disposable) 7. Ethanol 2671
Sample: Supernatant of degassed and

centrifuged sample

84

nC

74

Minutes

Figure 6-25. 40 uM glycerol and 400 pM ethanol spiked into a 400-fold dilution of German lager.

ng Beverages

- Beer and Wine Fermentation Broths

Column: Dionex lonPac ICE-AST (4 mm)  Peaks:
Flow: 0.2 mL/min 1. Exclusion volume ~— pM
Temperature: 30 °C 2-4. Unknown —
Injection Volume: 10 pL 5. Glycerol 399
Eluent: 100 mM methanesulfonic acid 6. Unknown —
Detection: PAD, Pt (disposable) 7. Ethanol 6799
Sample: Supernatant of centrifuged
sample, 400-fold dilution
84
7
nC
12
3 4 5 6
74 T T 1
0 10 20 30
Minutes

Figure 6-26. Glycerol and ethanol in Chardonnay.

Did You Know?

The difference between champagne and sparkling wine is all in where the wine
is made. If the sparkling wine is made in an area in France known as Cham-
pagne, then it can be called champagne. If not, it is just sparkling wine.

Download Application Note 122: The Determination of Carbohydrates, Alcohols, and Glycols in Fermentation Broths
Download Application Note 123: Determination of Inorganic Anions and Organic Acids in Fermentation Broths
Download Application Note 150: Determination of Amino Acids in Gell Gultures and Fermentation Broths
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infioducton - " Yeast and Bacterial Fermentation Broths

Analytical Technologies

Beer Application Note 123 describes the use of two different anion-exchange  prokaryotic systems. Both fermentation broth cultures are complex and
columns, with suppressed conductivity detection, to determine common  contain undefined media ingredients, and thus are a great challenge for
organic and inorganic anions in yeast and bacterial fermentation broths. most separation and detection technologies. These formulations also
Coffee The yeast Saccharomyces cerevisiae in yeast extract peptone dextrose contain carbohydrates, sugar alcohols, alcohols, and glycols that have
(YPD) broth and the bacteria Escherichia coliin Luria-Bertani (LB) broth been analyzed using the Dionex CarboPac PAT, PA10, and MAT anion-
are common fermentation broth cultures and represent eukaryotic and exchange columns with pulsed amperometric detection.

Carbonated Beverages

Fermentation Broths

Fruit Juice
Infant Formula Column: Dionex lonPac AS11,AG11  Peaks: El‘(’)'”f””: ?ig”m;"iac ASTI-HE, AGTT-HC
_— Flow: 2.0 mUmin 1. Lactate 13, Nitrate e
. f Temperature: 30 °C
Tea Temperature: ~ Ambient 2. Acetate 14. Malate Injection Volume: 10 L
— Injection Volume: 10 pL 3. Propionate 15. Methyimalonate Eluent: " 1 mM sodium hydroxide, hold for 8 min;
Wi Eluent: 0.5 mM sodium hydroxide, 4. Formate 16. Carbonate 10 i 1215 mM sodium hvdroxide in 10 min:
ne . Weatn A mM sodium hydroxide in 10 min;
hold for 2.5 min; 5. 2-Keto-d-Gluconate 17, Malonate 15-30 mM sodium hydroxide in 10 min; 8
Ref 0.5-5 mM sodium hydroxide 6. Pyruvate 18. Maleate 30-60 mM sodium hydroxide in 10 min;
grerences in 3.5 min; . . 7. Valerate 19. Sulfate 60 mM sodium hydroxide, hold for 2 min.
I 5-38 mM sodium hydroxide 8. Monochloroacetate 20. Oxalate Sample: 10 mg/L each analyte
in 12 min. 9. Bromate 21, Trichloroacetate . ! ;
10. Chloride 22. Phosphate Peaks: See Figure 6-29
Sample: 10 mg/L each analyte 11. Phenylacetate 23. Citrate
14 A 12. Bromide 24, Isocitrate
25. Pyrophosphate

10

T
6 8 10 12 14 16 18

Minutes
0 5 1'0 1'5 2'0 Figure 6-28. Common organic and inorganic anions found in fermentation broths analyzed on the
Minutes Dionex lonPac AS11-HC column with suppressed conductivity.

Figure 6-27. Common organic and inorganic anions found in fermentation broths analyzed on the
Dionex lonPac AS11 column with suppressed conductivity.
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hnirocucton - v Yeast and Bacterial Fermentation Broths
Analytical Technologies
Beer Column: Dionex lonPac AS11, AG11 Column: Dionex lonPac AS11-HC, AG11-HC
— Eluent: 0.5 mM sodium hydroxide, hold for 2.5 min; Flow: 1.5 mL/min
Carbonated Beverages 0.5-5 mM sodium hydroxide in 3.5 min; Temperature: 30 °C

5-38 mM sodium hydroxide in 12 min Injection Volume: 10 pL
Coffee Flow: 2.0 m/min _ Eluent: 1 mM sodium hydroxide, hold for 8 min;
onee Temperature:  Ambient 10 115 mM sodium hydroxide in 10 min;

) Injection Volume: 10 pL 15-30 mM sodium hydroxide in 10 min; 8

Fermentation Broths Detection: Suppressed conductivity, Dionex ASRS suppressor 30-60 mM sodium hydroxide in 10 min;

AutoSuppression recycle mode 60 mM sodium hydroxide, hold for 2 min.
Fruit Juice Peaks: 1 Unknown Sample: 10 mg/L each analyte

2. lactate Peaks: See Figure 6-29
Infant Formula 3. Acetate/Glycolate I
— 4, Formate
Tea 10 A 5. Butyrate
_ A 6. Pyruvate/lsovalerate

‘ 7. Valerate 8
M 8. Chloride
References 0
T T T T T 1
6 8 10 12 14 16 18
Minutes
Figure 6-30. S. cerevisiae fermentation broth culture (10-fold dilution) using the Dionex

lonPac AS11-HC column at 24 h of incubation.

Minutes

Figure 6-29. S. cerevisiae fermentation broth culture (10-fold dilution) using the Dionex
lonPac AST1 column at 24 h of incubation.
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Column:

Flow:

Injection Volume:
Eluent:

Detection:

Sample:

27 A

uS

v v

Dionex lonPac AS11/AG11
2.0 mL/min

10 pL

0.5 mM sodium hydroxide,
hold for 2.5 min;

0.5-5mM sodium hydroxide
in 3.5 min;

5-38 mM sodium hydroxide
in 12 min.

Suppressed conductivity,
Dionex ASRS suppressor,
AutoSuppression recycle mode
E. coli culture supernatant,
diluted 10-fold
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v
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Yeast and Bacterial Fermentation Broths

Peaks:

1. Unknown 11.
2. Unknown 12.
3. Unknown 13.
4. Lactate

5. Acetate 14.
6. Propionate 15.
7. Formate 16.
8. \Valerate 17.
9. Chloride 18.
10. Unknown  19.

20.

Phenylacetate
Bromide

Nitrate/
5-Keto-d-Gluconate
Unknown

Unknown
Malate/Succinate
Malonate/Carbonate
Sulfate
Fumarate/Oxalate
Phosphate

Figure 6-31. £ coli fermentation broth culture using the Dionex lonPac AS17 column at O h of

incubation.

5 10 15
Minutes

20

For conditions and peak identifications see Figure 6-34A.

20
B 9

Minutes

Figure 6-32. E. coli fermentation broth culture using the Dionex lonPac AS11 column at 24 h of
incubation.

Did You Know?

Before thermometers were invented, brewers would dip a thumb or finger into
the mix to find the right temperature for adding yeast. Too cold, and the yeast
wouldn't grow. Too hot, and the yeast would die. This thumb in the beer is
where “rule of thumb” comes from.
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Fruit Juice

Profiling Beverages

Determinations of organic acids in fruit juices are used
by the beverage industry for flavor characterization,
identification of spoilage, identification of adulteration by
a less costly juice, and product labeling
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Introduction v Fruit Juice
Analytical Technologies
Beer The measurement of carbohydrates is important for quality control, Column: Dionex CarboPac PA20, 0.4 x 150 mm  Peaks: 1. Glucose
e i | label thenticity test q ducti itori Flow: 10 pl/min 2. Fructose
Carbonated Beverages nuitritional fabeling, authenticity testing, and production process monitoring Tomperature: 30 3 Sucrose
because it provides key metrics of product quality and related properties, Injection Volume:  0.40pL ,
Coffee taminati dulterati Eluent: 50 mM potassium hydroxide (EG)
contamination, or aautteration. Detection: PAD, 4—potential carbohydrate, Au
N . . , . Ref. Electrode: PdH
Fermentation Broths Application Brief 127 describes the use of high-performance anion- Gasket Thidkoess: 25
. exchange chromatography (HPAE) coupled with pulsed amperometric Samples: é?“% sadmglgs ﬁOOOX dilution)
rurt Juice . . o L
detection (PAD) for direct quantification of non-derivatized carbohydrates 190 andard (20 UM
Infant Formula with minimal sample preparation. This approach also resolves most 1 Standard
. carbohydrates from sugar alcohols and organic acids, while not detecting
ea ' . . o
— sodium chloride commonly present in fruit juices. ) 3
Wine /\
References "
2
] Cranberry-Raspberry Juice
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Figure 6-33. Analysis of juices for carbohydrates by capillary HPAE-PAD.
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SCIENTIFIC Download Application Brief 127: Determination of Carbohydrates in Fruit Juice Using Capillary HPAE-PAD


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/AB127-IC-Carbohydrates-Fruit-Juice-AB70465_E.pdf
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- Fruit Juice: Inorganic and Organic Acids

The concentrations, types, and ratios of organic acids are largely

responsible for the flavors, tartness, and acidity; therefore, these organic
acid analyses are important for delivering a consistent and fresh juice
product. Additionally, two common organic acids, acetate and lactate, are
caused by biological activity and are, therefore, a good indicator of an old

juice that may be too spoiled for consumption,
Application Brief 137 describes the use of capillary ion-exchange

columns with suppressed conductivity detection for the measurement of a
number of inorganic and organic acids in apple and orange juice samples.

Did You Know?

According to the US Department of Agriculture, Americans consumed over

700,000 metric tons of orange juice in 2013.

Download Application Brief 137: Determination of Inorganic and Organic Acids in Apple and Orange Juice Samples Using Capillary IC

Column: Dionex lonSwift MAX-100 guard, ~ Samples: A: Apple juice, B: Orange juice
MAX-100, capillary, 0.25 mm Sample Prep.: 1:40 dilution, filter, 0.45 ym
Flow: 15 pl/min Peaks: A B
Column Temp.: 30 °C 1. Quinate 6 2 mg/L
Injection Volume: 0.4 pL 2. Glycolate 02 —
Eluent Source: Dionex EGC-KOH capillary cartridge 3. Lactate 5 3
Gradient: 0.1 mM KOH from -10 to 0.1 min, 4. Acetate — 0.1
0.1-2 mM from 0.1 to 3.3 min, 5. Formate 0.1 0.7
2-25 mM from 3.3 to 13.3 min, 6. Pyruvate 03 —
25-65 mM from 13.3 to 20 min, 7.Galacturonate 04  —
65 mM from 20 to 25 min 8. Chloride 0.3 1
Detection: Suppressed conductivity, 9. Nitrate — 0.4
Dionex ACES suppressor, recycle 10. Glutarate — 4
15 11 11. Malate 40 25
12. Maleate — 0.1
13. Sulfate 2 2
14. Oxalate 0.1 4
15. Phosphate 3 7
16. Citrate 01 125
17. Isocitrate — —
b 18. cis-Aconitate  —  —
5 19. trans-Aconitate — —
135 , 13
a fele e Fow s
_1 T T T T 1
20+ 11 16
usS
14
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3 1
B 1 ‘5 9 [/[12
_1 T T T T 1
0 5 10 Minutes 15 20 25

Figure 6-34. Measurement of inorganic anions and organic acids in diluted A) apple juice and B)

orange juice samples.
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http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/AB137-IC-Inorganic-Org-Acids-Juice-Samples-AB70457_E.pdf
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nroducion - T Fruit Juice: Inorganic and Organic Acids

Analytical Technologies

Beer Peaks: 1. Quinate 55 ppm 9. Malate 116.0 ppm Peaks: 1. Quinate 34.5 mg/L 10. Malate 250.1 mg/L
2. Fluoride 1.3 10. Malonate/Tartrate  190.0 2. Lactate 14.8 11. Malonate/Tartrate 0.8
Carbonated Beverages 3. lactate 46.2 11. Maleate 4.0 3. Glycolate 0.6 12. Maleate 1.6
4. Galacturonate 60 12. Sulfate 22.1 4. Formate 05 13. Sulfate 17
Coffee 5. Chloride 1.2 13. Oxalate 19.4 5. Pyruvate 1.2 14. Oxalate 0.5
_— 6. Nitrate 0.6 14. Phosphate 27.0 6. Galacturonate 1.5 15. Phosphate 12.6
. 7. Glutarate 0.7 15. Citrate 80.0 7. Chloride 0.4 16. Citrate 6.6
W 8. Succinate 1.2 16. Isocitrate 1.8 8. Nitrate 0.8 17. Isocitrate 0.4
o 9. Succinate 9.0 18. Cis-aconitate 0.4
Fruit Juice 10
i 20 ] 10-
A. EG50 Gradient 10
Infant Formula
Tea
. 15
M uS
14
References 16
/
_ 1 345 LT
fler Y il
10 01 6 | I 1 )4
207" B, Conventional Gradient , . . . . . . .
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15 Figure 6-36. Determination of anions and organic acids in apple juice.

Minutes

Figure 6-35. Determination of anions and organic acids in grape juice.
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nodtcton - 7 " Fruit Juice: Inorganic and Organic Acids

Analytical Technologies

Beer Peaks: 1. Quinate 210 mg/L 11. Succinate 257 mg/L
I 2. Fluoride <0.1 12. Unknown -
Carboﬂated Be\/e"ages 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 H L)
Fermentation Broths 8. Galacturonate  16.9 18. Isocitrate 1.0 Did You Know?
- 9. Chloride 2.3 19. Trans-aconitate 2.7 e Cranberry blossoms can last 10 to 12 days, depending on the weather.
Fruit Juice 10. Nitrate <0.1 20. Unknown - 1/ ]
E— 11 17 e Cranberry bushes thrive in conditions that would not support most plants,
Infant Formula 10 including acidic soil with few nutrients and low temperatures.
Tea e The cranberry is one of only a handful of major fruits native to North America.
— 1 Others include the blueberry and the Concord grape.
Wine
HS 13
References 9 1
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Figure 6-37. Determination of anions and organic acids in cranberry juice cocktail.
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- v Fruit Juice: Inorganic and Organic Acids
Many analytical methods are available to determine organic acids in JUICES  peaks: 1. quinate 5 mg/lL 1. Galacturonate 5 21, Tartrate 5
and wines. However, several organic acids have poor UV absorption 2. Fluoride 1 12. Bromate 10 22 Maleate 10
- e . " 3. Lactate 5 13. Chloride 2.5 23.Sulfate 5
and therefore lack sufficient sensitivity for detection. In addition, other 4 Acetate 5 14, Bromide 5 o4 Fumarate 20
components commonly present in these types of samples — such as 5. Glycolate 5 15. Nitrate 5 25 Oxalate 5
, , , 6. Propionate 5 16. Glutarate 5 26. Phosphate 10
sugars and phenolic compounds — have a much higher UV absorption, 7 Formate 5 17 Succinate 10 27. Citrate 10
which can interfere with the detection of target analytes. In contrast, 8.Buyrate 5 18. Malate 20 28 lIsocitrate 10
irtually all carboxvii ids ioni ficiently: theref q ibe | 9.Pyruvate 5 19. Carbonate —  29.cis-Aconitate 10
virtually all carboxylic acids ionize sufficiently; therefore, as describe in 10.Vaerate 5 20, Malonate 5 30, rans-Aconitate 10

Application Note 1068, ion chromatography with suppressed conductivity 459
detection is the technique of choice to separate a large variety of organic
acids with inorganic anions and detect them with high sensitivity while
minimizing the sugar interferences.

30

-0.10 T T T T T T T T 1
61 B 30

Minutes

Figure 6-38. Comparison of the resolution of organic and inorganic anion standards on (A) the
Dionex lonPac AS11-HC and (B) the Dionex lonPac AS11-HC-4 pm columns.

_ -
Download Application Note 1068: Determination of Organic Acids in Fruit Juices and Wines by High-Pressure IC
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http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-1068-Determination-Organic-Acids-Fruit-Juices-Wines-AN70753-E.pdf
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- v Fruit Juice: Inorganic and Organic Acids

A B A B
Peaks: 1. Quinate — mg/L 6.78 13. Succinate 1.44 2.41 Peaks: 1. Fluoride 1.05 mg/L 1.36 13. Malate 86.2 141
2. Fluoride 0.137 0.217 14. Malate 40.8 38.2 2. Lactate 3.37 3.23 14. Carbonate — —
3. Lactate 340 18.5 15. Carbonate — — 3. Acetate 0.703 1.21 15. Tartrate 935 85.4
4, Acetate 0.270 0.553 16. Tartrate 0127 0.109 4. Glycolate — 0.376  16. Maleate 590 —
5. Glycolate 0.100 0.312 17. Sulfate 451 4.43 5. Formate 0.128 0510  17.Sulfate 14.8 10.1
6. Formate 0.0546  0.0942 18.0Oxalate 2.14 2.31 6. Butyrate 0.0842 0.295  18.Fumarate 0345 —
7. Butyrate 0.302 0.230 19. Phosphate 14.4 1441 7. Pyruvate 0.190 0.0847  19. Oxalate 759 874
8. Pyruvate 0.0521 0.229 20. Citrate 330 265 8. Galacturonate  39.5 711 20. Phosphate 20.6 214
9. Valerate 0.0689  0.0671  21.lIsocitrate 7.08 6.17 9. Chloride 2.87 2.28 21. Citrate 584 758
10. Galacturonate ~ 3.38 15.6 22. cis-Aconitate 4.59 1.73 10. Bromide 0.218 0125  22.Isocitrate 2.32 3.30
11. Chloride 22.7 211 23. trans-Aconitate  0.419  0.367 11. Nitrate 0.611 1.72 23. cis-Aconitate 0.161  0.900
12. Glutarate 0.591 0.550 12. Succinate 117 217 24, trans-Aconitate  0.0995 0.0466
95- 11 14 19 20 17 21
13
3 17 b1 15
10
uS
b 20
18 22%3
1 8
1 ) 12) 5}5 HE 17
5 678 9
B [ L] 9 5 s
A w 11 12 7524

0.1 T T T T : : r r .
0 5 10 15 20 25 30 35 40 45 -2 ; T T T T T T T ]

Minutes 0 5 10 15 20 25 30 35 40 45
Minutes

Figure 6-39. (A) Pomegranate juice and (B) pomegranate/blueberry juice analyzed on the Dionex
lonPac AS11-HC-4 pm column. Figure 6-40. (A) White grape juice and (B) grape juice analyzed on the Dionex lonPac

AS11-HC-4 pum column.
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Fruit Juice: Inorganic and Organic Acids

B
o
AR =
E D
o Y ve
A B
Peaks: 1. Quinate 17.6 mg/L 17.6 11. Malate 235 461
2. Fluoride 0.214 0.214  12. Carbonate — —
3. Lactate 4.07 4.07 13. Tartrate 0.335  0.335
4. Acetate 0.0515 0.0515  14. Sulfate 3.08 3.08
5. Glycolate 0.258 0.258  15. Oxalate 3.16 3.16
6. Formate 2.08 2.08 16. Phosphate 8.48 8.48
7. Pyruvate 0.496 0.496  17.Citrate 211 4.28
8. Galacturonate 83.5 165 18. Isocitrate 0.628  0.628
9. Chloride 2.19 2.19 19. cis-Aconitate 3.00 3.00
10. Succinate 1.59 1.59 20. cis-Aconitate 0.0241  0.0241
28+ 1
S
14 8
!26455 6 g
0.1
5.0 17.2
H 9 10
B j |
A N L
'1 T T T T T T T T 1
0 10 15 20 25 30 35 40 45
Minutes

Figure 6-41. (A) Apple juice and (B) spiked apple juice analyzed on the Dionex lonPac
AS11-HC-4 um column.
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Intodtcton - 7" Fruit Juice: Polyphenol Analysis

Analytical Technologies

Beer Table 6-3. Retention time and dominant oxidation channel for the different analytes measured Pump: UltiMate 3000 LPG-3400BM
S using the gradient-HPLC CoulArray method. with Solvent Rack SR-3000
Carbonated Beverages - - Autosampler: UltiMate 3000 WPS-3000TBSL
Peak Retention | o vinant | Peak Retention | . inant Analytical Column: ~ Acclaim 120, C18, 3 x 150 mm, 3 ym
Compound Time Compound Time . .
Coffee No. ) EC Channel § No. (min) EC Channel Flow: 0.65 mL/min
— 1| Galic acid 268 2 19 | Sinepic acid 1578 5 Injection Volume: 10 or 20 L
. - - p_ ‘ - Mobile Phase A: 20 mM Monobasic sodium phosphate, 3% acetonitrile,
Fermentation Broths 2 4—Hygrowbenz¥| a\cgho\ 4.44 10 20 Sahc\yllo agd 15.85 13 0.2% tetrahydrofuran, pH 3.35
- 8 _ | p-Aminobenzoic acid 5.08 1 21| FPeruiic acid 16.28 6 Mobile Phase B: 20 mM Monobasic sodium phosphate, 50% acetonitrile,
Fruit Juice 4 | 34-Dinydroxybenzoic 544 4 22 | Byl vanilin 176 9 10% Tetrahydrofuran, pH 3.45
—— acid 23 | 4-Hydrowycoumarin | 20.1 16 Mobile Phase C: ~ 90% Methanol
Infant Formula 5 | Gentisic acid 557 2 24 | Hesperidin 20.28 7 141 Gradient: 0-2 min: 2%B/3%C.; 30 min: 97%B/3%C;
B —— 6 | 2-Hydroxybenzyl alcohol 757 10 25 | Naringin 204 M 45 min 97%B/3%C. Curve 7
Tea 7 | Chlorogenic acid 8.64 2 26| Rosermarinic acid 2134 P) EC Detector: CoulArray Deteptor with
—_— 8 | 4-Hydroxybenzoic acid 8.71 13 27 | Fisetin 2077 2 Thermal Organizer Module
Wi o-Hydroxypheny! 25 | Myricet % ] EC Parameters: 16-channel array from 0 to
_\me o acetic acid 9.05 10 yrcetin 2 +900 mV in +60 mV increments
- 29 | Luteolin 26.3 3
10 | Catechin 9.57 2 - Peaks: See Table 6-2
References —— 30 | Quercetin 26.7 2
—_— 11 | Vanillic acid 10.16 8
12 | 4-Hydioxybenzaldetyde | 10.52 13 51| Kaemoferd 2 2 12
TS ‘y - il . v 10l66 5 32 | Isorhamnetin 29.15 2
Cy;”(?'c a;‘ 11'1 33 | Eugenol 29.2 6 &:’& N
1 g va ‘?C « 1 2'; ; 34| Cavacrol 23 9 UA L
- ;”“ n o o - 35 | Tymol 26 8 MO U
Y | N
yrngearenyde % 36 | Camosol 345 5 VN T
17 | Umbeliferone 141 11 37 | Camosic acid 537 7 U M H 1 N
18 | p-Coumaric acid 15 9 : AU 822 > %—
1 HL
AN W | Al A
14 20
1 70010 16 24 |2 3132, 37
|\ 133,
\ e/)
04 \ AN A L_L
0 5 10 25 30 35

15 20
Minutes

Figure 6-42. Gradient HPLC with coulometric electrochemical array detection.

Download Application Note 1063: Targeted Analyses of Secondary Metabolites in Herbs, Spices, and Beverages Using a

Th ermo Novel Spectro-Electro Array Platform 01
0;

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


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-1063-Targeted-Analyses-Metabolites-Spectro-Electro-Array.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-1063-Targeted-Analyses-Metabolites-Spectro-Electro-Array.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-1064-Product-Authentication-Adulteration-Spectro-Electro-Array.pdf
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Infant Formula

Infant formula is a mixture of nutrients and other
components designed to roughly mimic human
mother’s milk at approximately one to three months
post partum. There can be significant differences in the
nutrient content between commercial products. Infant
formula is usually prepared for bottle-feeding or cup-
feeding from powder (mixed with water) or liquid (with or
without additional water).
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Recent research indicates that choline plays an important role in
cardiovascular and liver health and in reproduction and development.
Choline may even help improve memory and physical performance.
Milk, eggs, organ meats, and other meats are good sources of choling,
whereas grains, fruits, and vegetables are poor sources. Choline is
essential to proper metabolism, and is therefore often added to vitamin
formulations, animal feeds, infant formulas, and sports drinks. It is usually
added to these products as the bitartrate or chloride salt and supplied as
a solution for oral administration.

Application Update 189 describes methods for extraction of free and
bound choline from dry milk and infant formula and its determination in
the mg/L range by ion chromatography. The method also allows mineral
ions (Na*, K*, Mg?*, Ca**) to be determined simultaneously with choline.
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Profiling Beverages

Infant Formula: Choline

351 Columns: Dionex lonPac CS12A Analytical,
A 4 x 250 mm,
1 Dionex lonPac CG12A Guard,
4 x 50 mm
Eluent: 18 mN Sulfuric acid
Flow: 1.0 m/min
Sample Volume: 10 pL
uS Detection: Suppressed Conductivity,
Dionex CSRS-II suppressor,
AutoSuppression,
recycle water mode
Peaks A: 1.Choline 100 ppm
(U
2 B Peaks B:
1. Void peak -
2. Sodium -
3. Ammonium =
4. Potassium =
5. Choline 9.1 ppm
6. Magnesium -
us 23 4 7. Calcium !
6
5
1
(O S N
0 5 10 15 20 25
Minutes

Figure 6-43. Determination of choline in dry milk and infant formula: (A) 100 ppm choline stan-

dard and (B) infant formula sample.

Download Application Update 189: Determination of Choline in Infant Formula and Other Food Samples by IC
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http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/cmd-documents/sci-res/app/chrom/ic/sys/AU-189-IC-Choline-Infant-Form-AU70163-EN.pdf
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Analytical Technologies = = =
Bound as Phosphatidyl-inositol
Beer
@Omated Beverages Myo-inositol is one of the most abundant sugars in the body, where it Application Note 1083 evaluates and describes execution of an HPAE-
occurs in its free form and as a component of phosphoinositides in cell PAD method combined with the column-switching technique described
Coffee membranes. It plays an important role in various biological functions, in AOAC Official Method 2011.18. For the determination of myo-inositol
Fermentation Broths including the regulation of cell osmolality, phosphoinositide-mediated bound as phosphatidylinositol, otherwise known as myo-insitol, is released
_— processes of cell signaling, formation of the neural system, and pulmonary  from its bound form using acid hydrolysis prior to chromatographic
Fruit Juice surfactant phospholipid production. analysis.
Infant Formula To ensure that infant formula and adult nutritionals meet the minimum
requirements for myoinositol, simple and fast methods to determine
Tea L .
— myoinositol content in these food products are needed.
Wine
- Configuration 1
References Dionex AS-AP

Waste Autosampler

Dionex CarboPac MA1
Guard/Analytical
Columns

Pump 1

Inject

Time (min) Configuration

Configuration 2 )
Dionex AS-AP o 1
Waste Autosampler .
1.50 2
1.2 1

Dionex CarboPac MA1
Guard/Analytical
Columns

Valve 1
Inject

Figure 6-44. Valve-switching configurations with time table.

Thermo o

SCIENTIFIC Download Application Note 1083: Determination of Myo-Inositol (Free and Bound as Phosphatidylinositol) in Infant Formula and Adult Nutritionals oz

Pump 1



http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/AN-1083-Myo-Inositol-Phosphatidylinositrol-Infant-Formula-Adult-Nutritionals-AN70908-EN.pdf
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- Infant Formula: Myo-Inositol Free and

Dimension 1

Column: Dionex CarboPac PA1 Guard, 4 x 50 mm
Eluent: 750 mM Sodium Hydroxide (NaOH)

Flow: 0.4 mL/min

Injection Volume: 20 uL

System

Backpressure:  800-900 psi

Dimension 2

Column: Dionex CarboPac MA1 Guard, 4 x 50 mm

Dionex CarboPac MA1 Analytical, 4 x 250 mm
Flow: 0.4 mL/min
Temperature: 30 °C
Injection Volume: 20 uL
Eluent: 15 mM KOH
Eluent Source:  Dionex EGC 500 KOH Cartridge with
Dionex CR-ATC 500 Trap Column

Detection: PAD, Au on PTFE Disposable Working Electrode
System
Backpressure:  2800-2900 psi
Background
Conductance: 28-41nC
Noise: ~16 pC/min peak-to-peak
Run Time: 25 min
Peak: A B C D
1. Myo-inositol  1.00  0.904 0.878 0.0681 mg/L
1
o
4
B
A
T T T T l
0 5 10 15 20 25

Minutes

Figure 6-45. Free myo-inositol in (A) SRM 1849, (B) milk-based powdered infant formula, (C)
soy-based powdered infant formula, and (D) adult nutritional liquid.

Bound as Phosphatidyl-inositol

Table 6-4. Waveform for the ED.

Time | Potential Last’ Ramp’ Ga.in . Integration
(s) () Step Region
0.00 0.1 Off On Off Off
0.20 0.1 Off On On On
0.40 0.1 Off On Off Off
0.41 -2 Off On Off Off
0.42 -2 Off On Off Off
043 0.6 Off On Off Off
0.44 -0.1 Off On Off off
0.50 -0.1 On On Off off

* Setting required on Dionex ICS-3000/5000/5000+ systems but not used in older Dionex IC
systems; reference electrode in AgCl mode

Peaks: A B C D
1. Glycerol — — — —
2. Myo-inositol  0.260 0.376 0.301 0.591 mg/L
400 - 1
D N M
nC c
B
A
10 T T T T )
0 5 10 15 20 25
Minutes

Figure 6-46. Myo-inositol from phosphatidylinositol in (A) soy-based powdered infant formula and
(B) soy-based powdered infant formula with 150% spike prepared using Method 1; (C) soy-based
powdered infant formula and (D) soy-based powdered infant formula with 50% spike prepared
using Method 2. For conditions see Figure 41-B.
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Infant Formula: Myo-Inositol Free and
Bound as Phosphatidyl-inositol

¥y B | ¥
D w =
* kW
oy v
Peaks: A B
1. Glycerol —
2. Myo-inositol  0.423 0.904
400+ 1
2
g /\A
: o —
B AN
A N /\\/\
10 T T
0 5 10

Figure 6-47. Myo-inositol from phosphatidylinositol in (A) milk-based powdered infant formula and
(B) milk-based powdered infant formula with 50% spike prepared using Method 1; (C) milk-based
powdered infant formula and (D) milk-based powdered infant formula with 100% spike prepared

Minutes

using Method 2. For conditions see Figure 41-B.

Peaks: A B C D
1. Glycerol — — — —
2. Myo-inositol ~ 1.00 1.70 1.02 1.81 mg/L
500 1 1
2
nC D
4
B
0 - - - - )
1
o5 0 5 10 Minutes 15 20 25

Figure 6-48. Myo-inositol from phosphatidylinositol in (A) adult nutritional liquid and (B) adult
nutritional liquid with 100% spike prepared using Method 1; (C) adultnutritional liquid and (D) adult
nutritional liquid with 100% spike prepared using Method 2. For conditions see Figure 41-B.
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- T Infant Formula: Nucleosides and Nucleotides

The addition of nucleotides to infant formula has beneficial effects on the
growth and maturation of the gastrointestinal tract of healthy infants.

Studies show that nucleotides are more abundant in human milk
compared to cow milk, hence addition of nucleotides to infant formula
may be beneficial.

OH OH OH OH OH OH
CMP o UMP GMP
NH,
NH N
{ > NH
0 < l /) </ | ) </ | )
1 N = Z
HO-P-0 o, N /
oM o . =L HO. |
Ho—H—0- o / o -
OH '
OH OH oLy on o
MP AMP I NH,

Figure 6-49. Chemical structures of nucleotides found in infant formula.

Column: Acclaim C30, 2.1 mm x 150 mm, 3 pm
(S/N001008, P/NO75725
Flow: 0.4 mL/min
Injection Volume: Autosampler 10 pL
Elution: AH0
B. 100 mmol/L NH,0AC, pH=5.0
C.ACN
Gradient: min %A %B %C
-5 80 20 0
0 80 20 0
3 80 20 0
5.9 70 20 10
9 42 20 32
11.9 42 20 32
12 80 20 0
15 80 20 0
Detection: DAD:260 nm

1 - 2013031 4-BEMR #72 dmz

‘ : i}
oo 1s 13 1z.s 140

Figure 6-50. Measurement of nucleosides and nucleotides in infant formula and breast milk using
gradient HPLC with UV detection. Black traces, sample; blue traces, standard spiked sample.
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Black tea

Profiling Beverages

Tea consumption has become increasingly popular, and
it is currently one of the most consumed non-alcoholic
drinks worldwide. There are four major varieties of teas:
white, green, oolong, and black. Although all teas are
derived from the same Camellia sinensis plant, the
processing methods for each tea are different.
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Amino acids, especially glutamate, contribute to the savory “umami’
flavor to tea. The most abundant amino acid in green tea is theaning,
or N-ethylglutamine. This unusual amino acid is noted for its mild

200 - 5
mAU
4
M\Jw
04 M

0 2 4 6 8

Minutes
2.50
Area theanine
[mAU*min] 1 1.99 Rsp
1.00
NH, H 1
HOS A N
° ° 0.00
f . T T 71
theanine 0.00 0.50 120
mMolar

Profiling Beverages

Tea: Amino Acids

relaxing effect. The amino acids are analyzed by automated precolumn
derivatization with o-phthalaldehyde and N, N-dimethylamino-ethanethiol.

Column:
Dimensions:
Flow:
Temperature:
Injection Volume:
Mobile Phases:

Gradient Time (min):

%A
%B
%B
Detection:

Sample Preparation:

Peaks:

Acclaim RSLC PolarAdvantage, 2.2 ym
3.0 x 50 mm
0.60 mL/min
30°C
0.5 pL, automated precolumn derivatization
A: 5 mM citric acid + 20 mM potassium citrate
B: Methanol
C: Acetonitrile
-50 00 1.0 8.0 10.0

90 90 90 35 35

10 10 10 10 10

0 0 0 55 55

UV at 330 nm
Extract 200 mg of green tea leaves in 5.0 mL
of 100 mM acetic acid at 80 °C for 15 min

1. Aspartate
2. Glutamate
3. Asparagine
4. Glutamine
5. Theanine

Automated Derivatization Conditions

Reagent A:
Reagent B:

Reagent C:
Program:

5 mg/mL o-Phthalaldehyde in

0.5 M potassium borate buffer, pH 10.4

10 mg/mL N,N-Dimethylaminoethanethiol

hydrochloride in water

2 M Acetic acid

Draw 3 pL air, draw 2.5 pL reagent A,

draw 0.5 pL sample, wash needle,

draw 2.5 pIL reagent B, in-needle mixing six times 16 L,
wait 60 s, wash needle, draw 1.5 pL reagent C,

mix three times 16 pL, inject.

Figure 6-51. Theanine and amino acids in green tea separated using the Acclaim RSLC PolarAdvantage column.
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Catechins (flavan-3-ol monomers) are abundant in teas derived from the
tea plant Camellia sinensis, as well as in some cocoas and chocolates.
The most common include catechin, epicatechin, epigallocatechin,
gallocatechin, and their gallate esters. Catechins are purported to have a
number of health benefits including reduction in cancer and the formation
of atherosclerotic plaques.

OH

Catechin

T

Z

T

o
T

o
T

Epicatechin Gallate

o
T

o
T

0
OH
OH
0 OH
0

rofiling Beverages

Tea: Catechins

SIS
OH

Epicatechin oy

Epigallocatechin

OH
@U )
', OH
HO 0 "
OH
OH

Gallocatechin

OH

OH

OH

Gallocatechin Gallate

Figure 6-52. Chemical structures of catechins found in tea.
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Analytical Technologies

Beer Catechin concentrations were determined in a NIST control and Column: Acclaim 120, C18, 2.2 pm, analytical (2.1 x 150 mm)
e . . . : Flow: 0.45 mL/min
Carbonated Beverages sample prior o the analysis of commercial teas. Table 6-5 summarizes Temperature: 25 °C
the catechin concentrations in the NIST controls and samples with a Injection Volume: 1.0 pL
i ] : . - . % % itri
Coffee comparison to the certified values. The concentrations for all the cateching Flent B o o acetontle
Fermentation Brofh in the control were consistent with the certified NIST values. Gradient: 0.0-1.2 min: 100% A, 1.2-15.5 min: 28.5% B,
ermentation Broths hold for 1.5 min at 28.5% B
it Detection: Absorbance, UV 280 nm
ruit Juice : :20 Di

—_— Table 6-5. Determination of catechins in a 1:5 siluted NIST control and reference sample. Sample 1:20 Diute green tea
nfant Formula Peaks: - Brand A Brand B .
n . Gallic Aci — —  mg/g*
—_— NIST NIST Gontrol | ey cample |  NIST Sample 2. Epigallocatechin 4513 4350
Tea Control (mg/g) Certified Value (mg/g) Certified Value 3. Caffeine _ -
— (mg/g) (mg/g) 4. Catechin 345 357
Wine Gallocatechin 22.8+1 24 + 1 7.84 7.60 . Epicatechin 6.14 6.08
—_— - - 6. Epigallocatechin Gallate  63.98 60.56
References Epigallocatechin 84.7 £1 88+3 29.6 307 7. Gallocatechin Gallate ~ 6.74 6.65
B Catechin 970+05 | 98=+04 2.46 2.60 8. Epicatechin Gallate 9.81 1276

Epicatechin 473=1 46+2 11.9 12.0 8.7 “Calcated concentaton 6

Epigallocatechin Gallate 427312 417 16 80.8 711

Gallocatechin Gallate 4091 38+3 4.46 4.60

Epicatechin Gallate 768 +2 94 +5 17.4 17.1 3

Total Catechins 7096 +125 | 7168+274 | 1545 145.7

mAU
8
]
2 5 Brand B
4
Brand A
23 T T |
0 5 Minutes 10 15

Figure 6-53. Comparison of catechins in a two different brands of green tea (diluted 1:20).
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Column: Acclaim 120, C18, 2.2 um,

analytical (2.1 x 150 mm)
Flow: 0.45 mL/min
Temperature: 25 °C

Gradient:  0.0-1.2 min: 100% A
1.2-15.5 min: 28.5% B
Hold for 1.5 min at 28.5% B

Detection: Absorbance, UV 280 nm

Injection Volume: 1.0 L Sample:  1:20 Dilute black tea
Eluent: A: 0.1% TFA, 5% acetonitrile
B: 0.1% TFA in acetonitrile Peaks:

1. Gallic Acid —  mg/g*

15 - 2. Epigallocatechin 27.77

3 3. Caffeine —
4. Catechin 4.35
5. Epicatechin 2.25
6. Epigallocatechin Gallate 12.28
7. Gallocatechin Gallate 9.20
8. Epicatechin Gallate 7.47
*Calculated concentration
mAU

1
2
) HL\J/\\//\J

-1 T

10 15

Minutes

Table 6-54. Separation of catechins in a 1:20 diluted sample of black tea.

Jeverages

Tea: Catechins

Column: Acclaim 120, C18, 2.2 pym, Detection; Absorbance, UV 280 nm
analytical (2.1 x 150 mm) Sample:  1:20 Dilute white tea
Flow: 0.45 mL/min
Temp.: 25°C Peaks:
Injection Volume: 1.0 pL 1. Gallic Acid — mg/g*
Eluent: A: 0.1% TFA, 5% acetonitrile 2. Gallocatechin 15.77
B: 0.1% TFA in acetonitrile 3. Epigallocatechin 16.51
Gradient: 0.0-1.2 min: 100% A 4. Caffeine —
1.2-15.5 min: 28.5% B 5. Catechin 3.12
10 Hold for 1.5 min at 28.5% B 6. Epicatechin 2.73
T 7. Epigallocatechin Gallate  42.60
4 8. Gallocatechin Gallate 8.83
9. Epicatechin Gallate 8.96
*Calculated concentration
7
mAU
9
]
8
(RN
0 2 4 6 8 10 12 14 15
Miniites

Figure 6-55. Separation of catechins in a 1:20 diluted sample of white tea.
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900 1
Epigallocatechin
205.3 HPLC System:  UltiMate 3000 RSLC
Column: Acclaim PolarAdvantage |,
3um, 3 x 150 mm
Flow: 0.60 mL/min
271.0 Temperature: 30 °C
Injection Volume: 5 pL
200 M 400 Mobile Phases: A: Acetonitrile
! B: 100 mM formic acid + 20 mM ammonium formate
C: Water
Gradient Times: -6 0 12 15
mAU ! | % A: 5 5 50 50
A i ! %B: 10 10 10 10
RS /S 03 V07 S VOO U %C. 85 8 40 40
| Detection: UV at 280 nm, 5 Hz, 1 s resp. time
Samples: A. Genmai-cha green tea
| B. Darjeeling black tea
) ! ll C. Standards
B W Peaks: 1. theobromine 7. epicatechin
1 10 4412 2. gallic acid 8. epigallocatechin gallate
2 3 89" 11 3. caffeine 9. gallocatechin gallate
01C l k l 45 6l 7 l l n h h 4. gallocatechin 10. epicatechin gallate
S 5. epigallocatechin ~ 11. catechin gallate
6. catechin 12. 3,4,5-trihydroxy cinnamic acid
0 2.5 5 7.5 10 125 15
Minutes

Figure 6-56. Comparison of catechin profiles of black and green teas using an Acclaim PolarAdvantage Il column.

Did You Know?

e Tea was accidentally discovered in 2737 BC when Chinese Emperor Shen
Nung found tea leaves that had blown into a pot of boiling water that produced
a pleasing aroma.

e Teawas introduced to England in 1669. At that time, the drink was enjoyed only
by the aristocracy because a pound of tea cost an average British laborer the
equivalent of nine months in wages.

Download Application Note 275: Sensitive Determination of Catechins in Tea by HPLC

| , [ Profiling Beverages
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Introduction — v v Tea: CateChinS

Analytical Technologies

Beer Application Brief 150 evaluates the use of an Accucore C18 HPLC Column: ~ Accucore C18, 2.6 um, Peaks: 1. Gallic Acid
— : : : [ . Analytical (150 x 2.1 mm) 2. Gallocatechin
Carbonated Beverages column to rapidly (<6. mm)l determine catechins in Ithrele different types Huent A2 5% Acstonitrile in water 3. Epigallocatechin
of tea. Core-shell particles improve mass transfer kinetics, and therefore B: 0.1% TFA in acetonitrile 4. Catechin
; AT TR : : : : Gradient: 0.0-1.0 min, 0% B 5. Caffeine
Coffee separation eﬁ|C|§ncy, py rgstnctmg mtra—pgmcle d|ﬁu§|pn to thel thin, | 1.05.0 min. 10% B 6. Epicatecin
! - porous shell while maintaining the hydraulic permeability associated with 5.0-6.0 min, 0% B 7. Epigallocatechin Gallate
U the total particle diameter, This work demonstrates how core-shell columng [ Rate: 0.8 mL/min 8. Gallocatechin Callate
Lo p ) ' . o . Inj. Volume: 2.0 pL 9. Epicatechin Gallate
Fruit Juice can be used to increase separation efficiency with improved mass fransfer — Temperature: 42 °C

T kinetics without significantly increasing pressure. The Accucore G18 Detection: - Absorbance, LV 280 nm

HPLC column enables faster separation of catechins than when using the . ] ?
Tea Acclaim C18 column per the method described in AN 275. '
Wine 8
References 4
- A, mAU Mixed Catechin
2 3 Standard
|  Black Tea
White Tea
‘JWA——JJ Green Tea

-17.8 T T T T T T T T T T T 1
00 05 10 15 20 25 30 35 40 45 50 55 6.0
Minutes

\

. iy QR
- . Figure 6-57. Separation of catechins in a mixed standard and three different commercially avail-
/ ‘ able teas using an Accucore C18 HPLC column.

Thermo Download Application Brief 150: Rapid Separation of Catechins in Tea Using Core-Shell Columns
Download Application Note 275: Sensitive Determination of Catechins in Tea by HPLC
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Introduction — v v Tea . CateC h i ns

Analytical Technologies

Beer Catechin concentrations were determined in a NIST control and Column: Acclaim 120, C18, y
— . . . . 3 um Analytical (3.0 x 150 mm, P/N 063691
Carboneted Boverages sample prior to the analysis of commercial teas. Table 6-6 summarizes o et oo Analyical (3.0 x 150 mm )
the catechin concentrations in the NIST controls and samples with a Temperature:  35° C
. . . . Injection Volume: 20 pL
Coffee comparison to the certified values. The concentrations for all the catechins Mobile Phase: A, 20 miM Sodium Phosphate Monobasic, 3%
: in the control were consistent with the certified NIST values. Acetonitrile, 0.2% Tetrahydrofuran, pH 3.35
Fermentation Broths B. 20 mM Sodium Phosphate Monobasic,
o 50% Acetonitrile, 10% Tetrahydrofuran, pH 3.45
Fruit Juice L , ‘ , C. 90% Methanol
_— Table 6-6. Abundance of catechins in different teas. Data are in good agreement with the literature. Gradient: 0-2 min, 2% B, 3% C; 30 min, 97% B,
Infant Formula 3% C; 45 min, 97% B, 3% C; Curve 7 (concave)
_— Compound | Green Tea (mg/g) | Black Tea (mg/g) | White Tea (mg/g) Detection: UV; Channel 1, 218 nm; Channel 2, 240 nm;
Tea : Channel 3, 254 nm; Channel 4, 275 nm
e Catechin Hydrate 37 3.0 8.1 EC Detector
Wine Fpicatechin 50.8 933 98 Parameters: 16 Qhannel Array from Qto +900 mV,
, : relative to Pd, in 60 mV increments
- Epicatechin Gallate 65.3 40.6 959 Peaks: 1. Gallocatechin
elerences Epigallocatechin 492 25 323 2 Epgalocatectin
. in Dihy
Epigallocatechin Gallate 180 31.3 211 3 4. Epicatechin
Gallocatechin 18.8 32 22.0 o epwalocatectin Salate o
. |
Gallocatechin Gallate 59 7.0 3.0 7. Epicatechin Gallate /
8. Propyl Gallate IS
2 -
4
T2 4 6 8
o e
14 v
M A
Vmaty A ——
] N
e
0- (W -
0 10 20 30 40
Minutes

Table 6-58. Green tea EC array chromatogram presented at low sensitivity showing the highly
abundant catechins.

Thermo o
0;

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

Beer HPLC System:  UltiMate 3000 RSLC
_— Columns: Acclaim PolarAdvantage Il, 3 pm, 3 x 250 mm
Guard column 5 ym, 3 x 10 mm H 2
Carbonated Beverages Flow: 0.44 mLmin Did You Know?
Temperature: 30 °C e There s only one working tea plantation in the USA and it is located on Wadma-
Coffee Injection Volume: 10 pL : . :
—_ ) " . law Island just outside Charleston, South Carolina.
, Mobile Phases:  A: Acetonitrile
Fermentation Broths B: 10 mM phosphoric acid + 0.1 mM tetrasodium pyrophosphate e The UK consumes 165 milion cups of tea daily. The average person in the UK
- Gradient Times: 13 0 43 51 ; : f_n
Frit Juice %A 5 5 80 60 will consume around 80,000 cups of tea during their life.
E— %B 9 95 40 40 e Apart from tourism, tea is the biggest industrial activity in India.
Infant Formula Detection: UV at 280 nm, 5 Hz, 1 s resp. time, spectra 200-500 nm
J— Sample: A: Green tea
B: Mango pulp
E Peaks:
‘ 1. Theobromine

Wine 3 8 2. Gallic acid
- 500 7 3. Caffeine
References 4. Gallocatechin
- 5. Epigallocatechin

6. Catechin

7. Epicatechin

8. Epigallocatechin gallate

9. Gallocatechin gallate

mAU ) 10. Epicatechin gallate
5
7 10
W

T
0 5 10 15 20 25 30
Minutes

Figure 6-59. Catechins in mango and tea using an Acclaim PolarAdvantage Il column.
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Inorganic anions and organic acids are important constituents in tea that
contribute to the quality and taste of the product.

The use of capillary ion chromatography with suppressed conductivity
detection allows the simultaneous determination of several key ions in 1ess
than 30 minutes.

Did You Know?

e The Boston Tea Party ended America’s liking for both the British and their tea,
marked the beginning of the War of Independence, and started America’s
coffee-drinking tradition.

e ANew York City tea importer named Thomas Sullivan invented the Tea Bag. He
became annoyed at the high cost of the tin boxes he used to send tea samples
to customers.

Tea: Inorganic Anions and Organic Acids

Column: Dionex lonPac AG19, AS19, capillary
(0.4 x 250 mm)

Flow Rate: 10 pl/min

Temperature: 30°C

Injection Volume: 0.4 pL

Eluent Source:  Dionex EGC-KOH

Eluent: 15 mM KOH from 0 to 7 min,
15-60 mM from 7 to 25 min

Detection: Suppressed conductivity,

90- Dionex ACES 300 suppressor

Sample: English breakfast tea

Peaks: 1. Chloride
2. Nitrate
3. Sulfate
4. Malate
5. Phosphate
6. Citrate

usS
—1 O T T 1
0 10 20 30

Minutes

Figure 6-60. Determination of inorganic anions and organic acids in tea by capillary

ion chromatography
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Red, white and blush wines

Profiling Beverages

Wine is an alcoholic beverage made from fermented
grapes or other fruits. Wine has a rich history dating
back thousands of years, with the earliest production
occurring ¢.6000 BC in Georgia. Different varieties

of grapes and strains of yeasts produce different
styles of wine. Varietals result from the very complex
interactions between the development of the fruit and
reactions involved in fermentation, as well as effects of
growing region, sail, climate and human intervention
in the overall process. Important biochemicals can be
analyzed using HPLC- and IC-based approaches.
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The flavors imparted by wine are in part due to its organic acid composition.
Tartaric, citric, and malic acids are the three major organic acids found
naturally in wines. The maturation of a wine can be followed by changes

in organic acid composition. For example, as many red wines age, the
concentration of free tartaric acid decreases as it precipitates by binding
with other components of the wine. Organic acids also contribute to the
overall acidity and tartness of a wine and can contribute flavors that are
either pleasing or undesirable. For example, malic acid can impart a green
apple flavor, whereas excessive acetic acid will impart an unwanted vinegar
flavor. Malolactic fermentation is a winemaking technique popular for the
production of some chardonnays. In this process, the malic acid is converted
to lactic acid by bacteria, either naturally or by the specific introduction of
the bacteria, to produce a wine with a lower acidity and different taste.

Application Note 273 describes the use of ion chromatography (IC) with
suppressed conductivity detection to separate a large variety of organic
acids and detect them with high sensitivity, along with inorganic anions, in
different wine samples.

Table 6-7. Gradient for Figure 6-58.

Tme | %A | %B | %C %D
15,0 80 0 0 20
10,0 80 0 0 20

95 0 o7 3 0

0.0 0 o7 3 0

35 0 o7 3 0

36 0 92 8 0

9.0 0 92 8 0

28.0 0 0 100 (Curve 7) 0
350 0 0 100 0

Download Application Note 273: Higher Resolution Separation of Organic Acids and Common Inorganic Anions in Wine

ng Beverages

Wine: Anions and Organic Acids

Column: Thermo Scientific™ OmniPac™ PAX-100 Gradient:  See Table 6-5
Analytical, 4 x 250 mm Detection:  Suppressed
OmniPac PAX-100 Guard, 4 x 50 mm conductivity
Trap Column:  Dionex lonPac ATC-HC, 9 x 75 mm Suppressor: Dionex AMMS 300
Temperature: 30 °C suppressor, 4 mm
Flow: 1.0 mL/min Sample: Mixture of standards
Injection Volume: 25 pL Regenerant: 20 mN H,S0,
Eluent: A: DI water
B: 12% Methanol/16% ethanol Sample:  Wine Samples
in DI water A. Red Wine 1
C: 0.1 M Sodium hydroxide B. Red Wine 2
D: 1 M Sodium hydroxide C. White Wine 1
Peaks: A B C D D. White Wine 2
2.Acetate 466 547 502  6.96mg/L
3. lactate 12.8 144 298 843
5. Shikimate 0.11 012 0.05 0.06
6.Chloride 1.76 037  0.31 1.44
9. Nitrate 0.11 0.07 0.05 0.06
10. Succinate 7.20 802 346  6.63
11.Malate  0.51 237 143 3.64
12. Tartarate 22.66 166 109 —
13.Sulfate 268 389 243 1.80
304 14.0Oxalate 0.04 0.04 0.03 0.05
15. Phosphate 8.10 547 398 133
16.Citrate 014 055 227 146 16
b Ts 9 0 M
11 121 3 1516
bs MM
12
3 w0 |12 s
B %& 5 6 9 AN 14
15
3 6 10 |13 16
A 5 9 11 14
_2 T T T T T T 1
0 5 10 15 20 25 30 35
Minutes
Figure 6-61. Chromatograms of the four wine samples.
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Analytical Technologies
Beer Table 6-8. Amount of anions and organic acids in wine samples (100 x dilution).
Carbonated Beverages Red Wine 1 Red Wine 2 White Wine 1 White Wine 2
Average Average Average Average

Coffee (mg/L) (mg/L) (mg/L) (mg/L)
Fermentation Broths Fluoride — — — — — — — —
_— Acetate 4.66 0.91 5.47 0.52 5.02 1.51 6.96 0.60
Fruit Juice Lactate 12.8 1.42 14.4 0.87 2.98 2.27 8.43 0.65
it Formul Formate - - — — — — — —
ARt oy Shikimate 0.11 2242 0.12 3.53 0.05 472 0.06 9.91
Tea Chloride 1.76 1.20 0.37 0.45 0.31 2.05 1.44 0.80
- Nitrite — — — — — — — —
M Bromide — — — — — — — _
References Nitrate 0.11 0.92 0.07 0.70 0.05 2.31 0.06 10.48
- Succinate 7.20 1.07 8.02 0.35 3.46 1.41 6.63 1.22

Malate 0.51 1.41 2.37 0.57 14.3 1.35 3.64 1.37

Tartarate 22.6 0.96 16.6 0.34 10.9 1.47 — —

Sulfate 2.68 1.09 3.89 0.45 243 1.80 1.80 1.34

Oxalate 0.04 0.77 0.04 1.79 0.03 4.77 0.05 1.98

Phosphate 8.10 0.95 5.47 0.50 3.98 1.68 1.33 2.16

Citrate 0.14 1.04 0.55 0.76 2.27 1.59 14.6 1.43
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Dietary polyphenols comprise a wide range of aromatic compounds that
are responsible for numerous organoleptic characteristics of plant-derived
food and beverages. In addition to color and taste properties, polyphenols
are reported to have antioxidant characteristics, making them responsible
for the healthy features of fruit, vegetables, and plant-derived beverages.

The polyphenols that are present in foods can be divided into two

main groups: non-flavonoids and flavonoids. Non-flavonoids are mostly
monocyclic acids and can be further divided into two main sub-classes:
phenolic acids and stilbenes (e.g. resveratrol). Phenolic acids are
subdivided into benzoic acids and hydroxycinnamic acids.

Flavonoids share a common nucleus consisting of two phenolic rings and
an oxygenated heterocycle. They form a diverse range of compounds
include anthocyanins, flavonols, flavanols, flavones, and chalcones.

The catechin group of flavanols are major components in wine and

are reported to have antioxidant, antimicrobial, antimutagenic and
anticarcinogenic activities,

Application Note 20583 demonstrates the use of SPE along with a
simple and rapid HPLC-UV method for the analysis of nine catechins and
phenolic acids in red wine.

Ing Beverages

Wine: Catechins and Phenolic Acids

Column: Accucore PFP 2.6 ym, 100 mm x 2.1 mm
(PN 17426-102130)
Flow: 0.4 mL/min
Column Temp.: 30°C
Autosampler Temp.: Ambient
Injection Volume: 1L
Mobile Phase: A: Water + 0.1% formic acid
B: acetonitrile + 0.1% formic acid
Gradient: Time (min) % B
0 2
0.1 2
74 65
7.2 95
7.9 95
8.0 2
10.0 2
Detection: UV at 280 nm
Run Time: 10 min
Syringe Fush: Mobile phase
8
300 A 300
mAU
5 0
24 32 40 4852
mAU Minutes
34 7
6 119
L
0+ ;

4 5 6 7 8 9 10
Minutes

Figure 6-62. Chromatogram for standard mixture 1, containing nine polyphenol standards
prepared in a red wine matrix and extracted by SPE. Order of elution: 1. catechin; 2. epicatechin;
3. syringic acid; 4. gallocatechin gallate; 5. hydroxybenzaldehyde; 6. p-vanillin; 7. myricetin; 8.

resveratrol; 9. quercetin.

Download Application Note 20583: Determination of Catechins and Phenolic Acids in Red Wine by Solid Phase Extraction and HPLC

o0


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-20583-Determination-Catechins-Phenolic-Acids-Red-Wine-Solid-Phase-Extraction-HPLC.pdf

Table of Contents
Introduction

Analytical Technologies

Beer

Carbonated Beverages

%

Fermentation Broths
Infant Formula

@

w

References

=1 oo
1 ” -
‘\ L

w
= 8 W

rofiling Beverages

- 7 " Wine: Inorganic and Organic Acids

Conditions for Figures 6-58a, 6-58b and 6-58c

Dionex lonPac AST1-HC-4 ym Guard, 2 x 50 mm (P/N 078036)
Dionex lonPac AS11-HC-4 um Analytical, 2 x 250 mm (P/N 078035)
Flow: 0.4 mL/min

Injection Volume: 2.5 L

Columns:

Eluent Source:  Dionex EGC 500 KOH Eluent Generator Cartridge with Dionex CR-ATC 500
Continuously Regenerated Anion Trap Column
Eluent: A: DI Water
B: CH,OH
Time (min) KOH (mM)  Time (min) B (%)
-2.000 1 -2.000 8
0.000 1 0.000 8
10.070 1 19.000 8
10.071 1 20.000 1
24.000 15 30.000 1
24,010 15 31.000 8
35.000 27 33.000 8
40.000 60 33.010 0
44,000 60 44.000 0
44,010 1 44.010 8
45,000 1 45,000 8
Detection: Suppressed Conductivity, Dionex ASRS 300 Anion Self-Regenerating
Suppressor (2 mm),” 82 mA, external water mode
System

Backpressure:  ~3900 psi (1 mM KOH/8% CH,0H), ~4800 psi (60 mM KOH/11% CH.OH)
Background

Conductance:  ~0.16-0.7- pS
Noise: ~0.6-0.9 nS/min, peak-to-peak
Run Time: 47 min

* Equivalent or improved results can be achieved on the Thermo Scientific™ Dionex™ AERS 500
Anion Electrolytically Regenerated Suppressor.

A B

Peaks: 1. Quinate 431 mglL 4.31 11. Carbonate — —
2. Fluoride 0.508 0.508 12.Tartrate 996 193
3. Lactate 79.9 79.9 13. Maleate 5.31 5.31
4. Acetate 21.3 213 14. Sulfate 20.1 20.1
5. Glycolate 2.05 2.05 15. Oxalate 0.145 0.145
6. Galacturonate  59.7 120 16. Phosphate 42.6 42.6
7. Chloride 1.41 1.41 17. Citrate 4.61 8.76
8. Nitrate 0.578 0.578  18.Isocitrate 1.96 1.96
9. Succinate 332 332 19. cis-Aconitate 0.450  0.450

10. Malate 1.2 433 20. trans-Aconitate  0.0626  0.0626
22+ 12
16
S
! 6

Minutes

Figure 6-63. (A) Merlot wine and (B) spiked Merlot wine analyzed on the Dionex lonPac AS11-
HC-4 pm column.

Download Application Note 1068: Determination of Organic Acids in Fruit Juices and Wines by High-Pressure IC
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Beer A B A B
Peaks: 1. Quinate 6.01 mg/L 6.01 13.Carbonate — — Peaks: 1. Quinate 3.01 mg/L 3.01 12. Carbonate — —
Carbonated Beverages 2. Fluoride 1.59 159 14.Tarlrate 837 163 2. Fluoride 1.12 112 13.Tartrate 108 212
3. Lactate 47.0 47.0 15. Maleate 12.6 12.6 3. Lactate 26.1 26.1 14. Maleate 12.8 12.8
Coffee 4. Acetate 14.0 14.0 16. Sulfate 18.3 18.3 4. Acetate 8.08 8.08 15, Sulfate 16.2 16.2
_— 5. Glycolate 197 1.97  17.Fumarate 0.0390 0.0390 5. Glycolate 1.39 1.39 16. Fumarate 0134 220
Fermentation Broths 6. Formate 0.149 0.149 18. Oxalate 0.402  0.402 6. Pyruvate 0.907 0.907  17.Oxalate 0335 0.335
I 7. Pyruvate 0.908 0.908 19. Phosphate 255 25.5 7. Galacturonate  31.9 63.1 18. Phosphate 275 275
o 8. Galacturonate  20.7 420 20. Citrate 20.5 41.0 8. Chloride 2.25 2.25 19. Citrate 29.4 59.7
Fruit Juice 9. Chloride 1.53 1,53 21.Isocitrate 238 238 9. Nitrate 0.850 0.850  20.Isocitrate 2.31 2.31
10. Nitrate 0.555 0.555  22. cis-Aconitate 0117 0117 10. Succinate 13.6 13.6 21. cis-Aconitate 0.187  0.187
Infant Formula 11. Succinate 14.7 14.7  23. trans-Aconitate  0.0496  0.0496 11. Malate 175 338 22. trans-Aconitate  0.0563  0.0563
—_— 12. Malate 117 232 1
Tea 19 12 24 1113
Wine
References 19
HS S
. 18
A 8 7 13
12 A 9 10 21
B Wike 6 [ ] B 12845 6 | 9 \,k 14 11617 @
-1 v I llw o
0 5 {10 15 20 25 30 35 40 45 i ) ' ' ' - - ' ' '
Minutes 0 5 10 15 20 25 30 35 40 45

Minutes

Figure 6-64. A) White Zinfandel wine and (B) spiked White Zinfandel wine analyzed on the Dionex

lonPac AST1-HC-4 pm colum, Figure 6-65. (A) Chardonnay wine and (B) spiked Chardonnay wine analyzed on the Dionex

lonPac AS11-HC-4 pm column.
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Gradient HPLC, with our unique Spectro-Electro Array detection, is both
selective and sensitive and can be used to simultaneously measure
hundreds of known and unknown secondary metabolites in a sample,
without the need for solid phase extraction.

Did You Know?

e (alifornia produces over 17 million gallons of wine each year.
e The Mesopotamians were credited with producing the first wines in 6000 B.C.

e |nFrance (and many other European countries) the government regulates a
designated growing area. The name of the growing area is called an appellation.

Ing Beverages

Wine: Polyphenols

Table 6-9. Some of the more abundant analytes measured in different wine samples and in good
agreement with literature. 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.

Compound

‘ Wine #1 ‘ Wine #2 | Wine #3 ‘ Wine #4 ‘ Wine #5

mg/L mg/L mg/L mg/L mg/L
Apigenin 16 175 9.5 13 41
Caffeic acid 8 13 5 17 3
Catechin 37 26 26.5 24 22
Ellagic acid 52 133 84 94 100
Epicatechin 19 15 16.5 11 4
Ferulic acid 1 1 2 3 2
Gallic acid 57 335 37 35 29.5
Isorhamnetin 6 5.5 2.5 6.5 2
Kaempferol 05 05 0.5 1 1
Myricetin " 1 5 8 15
p-coumaric acid 8.5 16 2.5 14.5 35
Quercetin 13.5 15.5 3 14 4
Resveratrol — cis 1 15 05 2 0.5
Resveratrol — trans 2.5 2 1 2.5 15
Sinapic acid 2 2 2 2 2
Syringic acid 19 9.5 9 12 7
Vanillic acid 6.5 4.5 2.5 8 4
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Analytical Technologies

Beer Pump: LPG-3400 BM with SR-3000 Solvent Rack
— Column: Acclaim 120, C18, 3 x 150 mm, 3 ym
Carbonated Beverages Flow: 0.65 mL/min
Injection Volume: 10 or 20 pL
Coffee Mobile Phases: ~ A. 20 mM monobasic sodium phosphate, 3% acetonitrile, 0.2% tetrahydrofuran, pH 3.35

B. 20 mM monobasic sodium phosphate, 50% acetonitrile, 10% tetrahydrofuran, pH 3.45
C. 90% methanol

Fermentation Broths Gradient: 0-2 min: 2% B /3% C. 30 min: 97% B/3% C, 45 min 97% B/3% C. Curve 7 (concave).
Autosampler:  WPS-3000TBSL
Fruit Juice 19 - UV Detector: ~ DAD-3000RS Diode-Array Detector
- Z Channel 1: 218 nm, channel 2: 240 nm, channel 3: 254 nm, channel 4: 275 nm
Infant Formula < ECDetector:  CoulArray Detector with Thermal Organizer ~2 A
_— = EC Parameters: 16 channel array from £ = g
. ® 0t +900 mV g 8 §g 3%
- - in +60 mV increments o = 54 SE
S &g ° 5&
Wine S = w £3
—_— 2 © -
£ g
References 7 £
e - B
1 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45
“ Minutes
B
0.8
0.6- .
\ \ catechin sllagic acid
| 1 o trans-resveratrol
041 14 ‘\l)‘ ‘ L vanillic agid \ —coumanc acid cis-resveratrol
2 I MRS A — e S e o Kaekpler
“:3 ‘\ :’f‘wlﬁ !lh'_ —gh—lw i A A \
0.2-3 l‘!l“rﬂ‘*mﬂiﬁl mu—-uh-mm‘ Mvricetin—Quercetin
1A o S Rpicaterim——— [ {Riictid T \
V) WA e e R
a ! "'pVV eid N —_/\ N - —
o 1 [[L2etc serd —t pigonth
0 10 20 30 40

Figure 6-66. A) Wine Sample 1 (Cabernet Sauvignon, Argentina) analyzed by UV at 254 nm. B) Same sample ana-
lyzed using EC array detection (presented at low sensitivity). Note that compounds that co-elute by UV detection are
fully resolved using EC array detection (e.g., quercetin/cis-resveratrol; kaempferol/isorhamnetin).
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Analytical Technologies

Beer Resveratrol (3,5,4'-trihydroxy- trans-stiloene), a stilbenoid, is associated LC System: UtiMate 3000 RSLC
_ : : ol : Column: Acclaim RSLC PA2, 3 pm,
Carbonated Beverages with the health benefits of drinking red wine. 2.0 % 950 mn

Flow: 0.60 mL/min
Coffee Temperature: 25°C

—_— Injection Volume: 2L

, Mobile Phases: A. Methanol
Fermentation Broths B. 0.02% HPO, ()

Gradient Time (min): —10 0 2 20 27

Fruit Juice %A 45 45 45 95 95
[ 707 %B 55 5 5 5 5
nrant rormuia : Detection: UV at 310 nm

I Dld YOU KnOW? Spectral confirmation, 200-450 nm
Tea e There are 24,000 names for varieties of wine grapes, corresponding to Peaks: R R

- between 5,000 and 10,000 actual varieties. However, only about 150 are 1. Polydatin H  Glucose
Wine commercally important. 2 Resveratrol

3. Pterostilbene  CH,  CH,
References e There is about 90 pounds per square inch pressure in a bottle of Champagne,

approximately three times the pressure in your automobile tires.. OR

1 Q
HO —
O~ X
OR’
2 Sample Preparation:
1.5.0 mL Zinfandel red wine
2. Fortify to 2 pg/mL resveratrol

3. Extract with 2 x 1 mL ethyl acetate
4. Weight of combined extracts approx. 1.5 g

0 5 10 15 20 27
Minutes

Figure 6-67. Separation of resveratrol in red wine on the Acclaim RSLC PolarAdvantage Il (PA2)
column.

Thermo Download Application Note 1064: Product Authentication and Adulteration Determination Using a Novel Spectro-Electro Array Platform
Download Application Brief 164: Measurement of Resveratrol, Kaempferol, Quercetin and Isorhamnetin in Human Plasma
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AN 251 uv Determination of Water- and Fat-Soluble Vitamins in Nutritional Supplements by HPLC with UV Detection
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AN 261 uv Sensitive Determination of Microcysting in Drinking and Environmental Waters
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AN 275 uv Sensitive Determination of Catechins in Tea by HPLC

AN 287 uv Two-Dimensional HPLC Combined with On-Line SPE for Determination of Sudan Dyes -V in Chili Oil

AN 292 uv Determination of Aniline and Nitroanilines in Environmental and Drinking Waters by On-Line SPE

AN 293 CAD and UV | Steviol Glycoside Determination by HPLC with Charged Aerosol and UV Detections Using the Acclaim Trinity P1 Column
AN 299 uv HPLC Analysis of Six Active Components of Caulis lonicerae Using a Phenyl-1 Column

AN 1008 uv Determination of Nitidine Chloride, Toddalolactone, and Chelerythring Chloride by HPLC
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AN 70158 CAD Novel Universal Approach for the Measurement of Natural Products in a Variety of Botanicals and Supplements

AN 70277 CAD Simultaneous Analysis of Glycerides and Fatty Acids in Paim Ol

AU 144 uv Determination of Hexavalent Chromium in Drinking Water Using lon Chromatography

AU 170 uv Fast Determination of Vanilin and its Synthesis Precursor by HPLC

AU 182 CAD Measuring Lactose in Milk: A Validated Method

AU 184 CAD, LV Mogroside V Determination by HPLC with Charged Aerosol and UV Detections

CAN 106 uv Determination of the Punicalagins Found in Pomegranate by High Performance Liquid Chromatography

CAN 111 CAD Determination of Triterpenes in Centella asiatica (Gotu Kola) by HPLC-CAD

CAN 112 CAD Determination of Ginsenosides in Panax ginseng by HPLC-CAD

CAN 115 FLD Clean-Up and Analysis of Aflatoxins and Ochratoxin A in Herbs and Spices

LPN 2062 MS Profiling Analysis of 15 Prominent Naturally Occurring Phenolic Acids by LC-MS

LPN 2069 FLD Fast and Effective Determination of Aflatoxins in Grains or Food Using Accelerated Solvent Extraction followed by HPLC

LPN 2421 uv Achieving Maximum Productivity by Combining UHPLC with Advanced Chromatographic Techniques

LPN 2818 CAD Analysis of Fat-Soluble Vitamins and Antioxidants in Supplements by RP-HPLC

LPN 2870 FLD Benefits of High-Speed Wavelength Switching in UHPLC Methods Using Fluorescence Detection

LPN 2930 CAD Determination of the Composition of Natural Products by HPLC with Charged Aerosol Detection

LPN 2923 CAD Simple and Direct Analysis of Falcarinol and Other Polyacetylenic Oxylipins in Carrots by Reversed-Phase HPLC and Charged Aerosol Detection

LPN 2931 CAD Quantification of Underivatized Omega-3 and Omega-6 Fatty Acids in Foods by HPLC CAD

LPN 2932 ECD A Versatile Detector for the Sensitive and Selective Measurement of Numerous Fat-Soluble Vitamins and Antioxidants in Human Plasma and Plant Extracts

LPN 2934 CAD Sensitive Analysis of Commonly Used Artificial and Natural Sweeteners Including Stevia and Their Impurities and Degradation Products

LPN 2991 CAD Evaluation of l\/lelthods for the Characterization and Quantification of Polysorbates and Impurities Along with Other Surfactants and Emulsifiers Used in the Food
and Pharmaceutical Industries

PN 70026 CAD Carbohydrate Analysis Using PAD, FLD, CAD and MS Detectors

PN 70037 CAD Sensitive HPLC Method for Triterpenoid Analysis Using Charged Aerosol Detection with Improved Resolution

PN 70055 CAD Direct Analysis of Surfactants using HPLC with Charged Aerosol Detection

PN 70138 uv Rapid Determination of Polyphenol Antioxidants in Green Tea and Cranberry Extract Using Core Shell Columns

PN 70538 CAD Analysis of Silicone Qils by HPLC-CAD

PN 70540 CAD, ECD Profiling Hoodlia Extracts by HPLC with CAD, ECD, Principal Component Analysis
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AB 127 |C-PAD Determination of Carbohydrates in Fruit Juice Using Capillary High-Performance Anion-Exchange Chromatography

AB 135 IC-SC Determination of Anions and Organic Acids in Brewed Coffee Samples Using Capillary IC

AB 137 IC-SC Determination of Inorganic and Organic Acids in Apple and Orange Juice Samples Using Capillary IC

AN 25 IC-SC Determination of Inorganic lons and Organic Acids in Non-Alcoholic Carbonated Beverages

AN 37 IC-PAD Determination of lodide and lodate in Soy- and Mil-Based Infant Formulas

AN 46 IC-PAD lon Chromatography: A Versatile Technique for the Analysis of Beer

AN 54 IC-PAD Determination of Total and Free Sulfite in Foods and Beverages

AN 67 IC-PAD Determination of Plant-Derived Neutral Oligo- and Polysaccharides

AN 81 IC-SC lon Chromatographic Determination of Oxyhalides and Bromide at Trace Level Concentrations in Drinking Water Using direct Injection

AN 82 IC-PAD Analysis of Fruit Juice Adulterated with Medium Invert Sugar from Beets

AN 87 IC-PAD Determination of Sugar Alcohols in Confections and Fruit Juices by High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection

AN 101 IC-SC Trace Level Determination of Bromate in Ozonated Drinking Water Using lon Chromatography

AN 112 IC-UV Determination of Nitrate and Nitrite in Meat Using High-Performance Anion-Exchange Chromatography

AN 121 IC-SC Analysis of Low Concentrations of Perchlorate in Drinking Water and Ground Water by lon Chromatography

AN 123 IC-SC Determination of Inorganic Anions and Organic Acids in Fermentation Broths

AN 133 IC-SC Determination of Inorganic Anions in Drinking Water by lon Chromatography

AN 136 IC-SC and Determination of Inorganic Oxyhalide Di.sinfection Byproduct Anions and Bromide in Drinking Water Using lon Chromatography with the Addition of a Postcol-
IC-Uv umn Reagent for Trace Bromate Analysis

AN 140 IC-SC Fast Analysis of Anions in Drinking Water by lon Chromatography

AN 143 IC-SC Determination of Organic Acids in Fruit Juices

AN 149 10-SC Determination of Chlorite, Bromate, Bromide, and Chlorate in Drinking Water by lon Chromatography with an On-Line-Generated Postcolumn Reagent for

Sub-pg/L Bromate Analysis

AN 150 IC-PAD Determination of Amino Acids in Cell Cultures and Fermentation Broths

AN 154 IC-SC Determination of Inorganic Anions in Environmental Waters Using a Hydroxide-Selective Column

AN 155 IC-PAD Determination of Trans-Galactooligosaccharides in Foods by AOAC Method 2001.02
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AN 165 IC-SC Determination of Benzoate in Liquid Food Products by Reagent-Free lon Chromatography
Coffee AN 167 10-SC Determination of Trace Concentrations of Oxyhalides and Bromide in Municipal and Bottled Waters Using a Hydroxide-Selective Column with a Reagent-Free
) lon Chromatography System
Fermentation Broths — ) — ) ——— .
—_— Determination of Trace Concentrations of Disinfection By-Product Anions and Bromide in Drinking Water Using Reagent-Free lon Chromatography Followed by
AN 168 IC-UV " S .
Fruit Juice Postcolumn Addition of lol-Dianisidine for Trace Bromate Analysis
AN 169 IC-SC Rapid Determination of Phosphate and Citrate in Carbonated Soft Drinks Using a Reagent-Free lon Chromatography System
Infant Formula AN 172 IC-SC Determination of Azide in Aqueous Samples by lon Chromatography with Suppressed Conductivity Detection
Tea AN 173 IC-PAD Direct Determination of Cyanide in Drinking Water by lon Chromatography with Pulsed Amperometric Detection (PAD)
- Improved Determination of Trace Concentrations of Perchlorate in Drinking Water Using Preconcentration with Two-Dimensional lon Chromatography and
Wi AN 178 IC-SC . '
ine Suppressed Conductivity Detection
Ref AN 182 IC-SC and Determination of Biogenic Amines in Alcoholic Beverages by lon Chromatography with Suppressed Conductivity and Integrated
elerences |C-PAD Pulsed Amperometric Detections
AN 183 IC-SC and Determination of Biogenic Amines in Fermented and Non-Fermented Foods Using lon Chromatography with Suppressed Conductivity and Integrated Pulsed
IC-PAD Amperometric Detections
Determination of sub-pg/L Bromate in Municipal Waters Using Preconcentration with Two-Dimensional lon Chromatography and
AN 187 IC-SC - .
Suppressed Conductivity Detection
ANT 88 IC-PAD Determination of Glycols and Alcohols in Fermentation Broths Using lon-Exclusion Chromatography and Pulsed Amperometric Detection
AN 197 IC-PAD Determination of Glucosamine in Dietary Supplements Using HPAE-PAD
Determination of Total Cyanide in Municipal Wastewater and Drinking Water Using lon-Exclusion Chromatography with Pulsed Amperometric Detection
AN 227 ICE-PAD
(ICE-PAD)
AN 248 IC-PAD Determination of Lactose in Lactose-Free Milk Products by High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection
AN 253 IC-PAD HPAE-PAD Determination of Infant Formula Sialic Acids
AN 270 IC-PAD Determination of Hydroxymethylfurfural in Honey and Biomass
AN 273 IC-SC Determination of Organic Acids in Fruit Juices and Wines by High-Pressure IC
AN 279 IC-SC Time Savings and Improved Reproducibility of Nitrate and Nitrite lon Chromatography Determination in Milk Samples
AN 280 |C-PAD Carbohydrates in Coffee: AOAC Method 995.13 vs a New Fast lon Chromatography Method
AN 295 IC-SC Determination of Phytic Acid in Soybeans and Black Sesame Seeds
AN 1007 IC-SC Determination of Mono-, Di-, and Triphosphates and Citrate in Shrimp by lon Chromatography
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AN 1044 IC-SC Determination of Anions in Dried Distillers Grains with Solubles
% AN 1068 IC-SC Determination of Organic Acids in Fruit Juices and Wines by High-Pressure IC
Fermentation Broths AU 132 IC-UV Determination of Nitrite and Nitrate in drinking Water by lon Chromatography with Direct UV Detection
- AU 144 IC-UvV Determination of Hexavalent Chromium in Drinking Water Using lon Chromatography
Fruit Juice AU 148 IC-SC Determination of Perchlorate in Drinking Water Using Reagent-Free lon Chromatography
Infant Formula AU 150 IC-PAD Determination of Plant-Derived Neutral Oligo- and Polysaccharides Using the CarboPac PA200
- AU 151 IC-PAD Determination of Sucralose in Reduced- Carbohydrate Colas using High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection
@ AU 189 IC-SC Determination of Choline in Infant Formula and Other Food Samples by IC
Wine LPN 2982 IC-SC Determination of Inorganic Anions and Organic Acids in Beverages Using a Capillary IC on a Monolith Anion-Exchange Column
- PN 70743 IC-SC Determination of Perchlorate Levels in Food and Soil Samples Using Accelerated Solvent Extraction and lon Chromatography
References TN 20 IC-PAD Analysis of Carbohydrates by High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection (HPAE-PAD)
TN 126 IC-SC Determination of Organic Acids in Beer Samples Using a High-Pressure lon Chromatography System
TN 135 IC-PAD Determinations of Monosaccharides and Disaccharides in Beverages by Capillary HPAE-PAD
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