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~ High-Performance
Liquid Chromatography

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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UltiMate 3000 UHPLC* Systems

Introduction

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.

Com Syrup Superior chromatographic performance

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

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

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

e 2 Dual System for increased productivity solutions in routine analysis

Maltodextrins e Fully UHPLC compatible advanced chromatographic techniques

e Thermo Scientific™ Dionex™ Viper™ and nanoViper™ fingertight fittings—the first truly universal, fingertight fitting system even at UHPLC pressures
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We are uniquely focused on making UHPLC technology available to all users, all laboratories, and for all analytes.

Rapid Separation LC Systems
The extended flowpressure footprint of the RSLC system provides the performance for ultrafast
high-resolution and conventional LC applications.

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

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

Basic LC Systems
UltiMate 3000 Basic LC Systems are UHPLC compatible and provide reliable, high performance 0
solutions to fit your bench space and your budget.
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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

Food Compendium:

Analytical Technologies

Standard HPLC Detectors

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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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
the Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data
System (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

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

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

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

Low-noise over the full spectral range using deuterium and tungsten
lamps

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

Food Compendium:
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Standard HPLC Detectors

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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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
the Chromeleon 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
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Standard HPLC Detectors

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

o0


http://www.thermoscientific.com/RI

Table of Contents

Introduction

Analytical Technologies

Chromatography Analysis of

Carbohydrates

Corn Syrup

Dietary Fiber

Lactose and Lactulose

Maltodextrins

Sialic Acid

Beverages

Honey

References

Corona Veo Charged Aerosol Detector

Charged Aerosol Detection provides near universal detection independent

of chemical structure for non- or semi-volatile analytes with HPLC and
UHPLC. A Thermo Scientific™ Dionex™ Corona™ Veo™ Charged Aerosol
detector is ideally suited as a primary detector for any laboratory, while
providing complementary data to UV or MS methods. No other LC
detector available today can match the performance of a Corona Veo
detector,

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

The Corona Veo detector gives 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.
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Specialty HPLC Detectors
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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.
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Specialty HPLC Detectors

Features include:

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

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

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

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

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

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

UltiMate 3000 Electrochemical Detector
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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.

Food Compendium:
Analytical Technologies

Specialty HPLC Detectors

CoulArray Multi-electrode Array Detector
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Ultimate 3000 Fluorescence Detector

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

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

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

e | owest limits of detection with a Raman signal-to-noise ratio
(S/N): > 550 ASTM (> 2100 using dark signal as noise reference)
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Specialty HPLC Detectors

Unsurpassed reproducibility with active flow cell temperature control for
stable fluorophore activity independent of changes in ambient temperature

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

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

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

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

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

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

Ultimate 3000 Fluorescence Detector
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lon Chromatography

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

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

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

Thermo transition to MS detection. o
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Introduction

Single-Point Control and Automation e Chromeleon CDS software for single-point method setup, instrument

Thermo Fisher Scientific provides advanced integrated IC/MS and CO”&:OB and data management compatble with existing IC and LC
LG/MS solutions with superior ease-of-use and modest price and space Methods
requirements. UiMate 3000 System Wellness technology and automatic ~ ®  The complete system includes the MSQ Plus mass spectrometer, PC

Analytical Technologies

Chromatography Analysis of

Carbonydrates MS calibration allow continuous operation with minimal maintenance. The data system, electrospray ionization (ESI) and atmospheric pressure
Dionex ion chromatography family automatically remove mobile phase chemical ionization (APCI) probe inlets, and vaccum system
Corn Syrup ions for effort-free transition to MS detection. Now, you no longer need two software packages to operate your
- e Thermo Scientific™ MSQ Plus™ mass spectrometer, the smallestand ~ LG/MS system. Chromeleon CDS software provides single-software
Dietary Fiber most sensitive single quadrupole on the market for LC and IC method setup and instrument control; powerful UV, conductivity, and MS

e Self-cleaning ion source for low maintenance operation data analysis; and fully integrated reporting.
Lactose and Lactulose

Maltodextrins

Sialic Acid

Beverages

Honey

References

MSQ Plus Mass Spectrometer
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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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The Fastest Way from Samples to Results

The 7.2 release of Chromeleon Chromatography Data System software

is the first CDS that combines separation (GC/IC/LC) and Mass
Spectrometry (MS) in an enterprise (client/server) environment. By
extending Chromeleon 7.2 CDS beyond chromatography into MS, lab
technicians can now streamline their chromatography and MS quantitation
workflows with a single software package. MS support in Chromeleon 7.2
CDS s focused on routine and quantitative workflows, which provides
access to rich quantitative data processing and automation capabilities —
ultimately boosting your overall lab productivity and increasing the quality
of your analytical results.
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Simply Intelligent
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Chromeleon CDS Software

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

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

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

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

database query features
Interpret multiple chromatograms at a glance using MiniPlots

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

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

Deliver customized reports using the built-in Excel compatible
speadsheet
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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

Food Compendium:

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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® 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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Accelerated Solvent Extractor System

Complete Extractions in Less Time Using hardening process that makes it inert to chemical attack by acids and
Less Solvent bases at elevated temperatures.
Thermo Scientific Dionex ASE systems extract of solid and semisolid Dionex ASE systems are dramatically faster than Soxhlet, sonication, and

The Dionex ASE 150 and 350 systems feature pH-hardened pathways ~ Accelerated solvent extraction methods are accepted and established

with Dionium™ components to support extraction of acidic or alkaline In the environmental, pharmaceutical, foods, polymers and consumer
matrices, and combine prefreatment, solvent extraction, and cleanup product industries. Accelerated solvent extraction methods are accepted
into one step. Dionium is zirconium that has undergone a proprietary and used by government agencies worldwide.

Dionex ASE 150/350 and Dionex AutoTrace 280 SPE instruments
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Carbohydrates can be separated using hydrophilic interaction liquid

chromatography (HILIC) and detected using charged aerosol detection.

1607

pA

Instrument Type:
Pump:

Autosampler Model:
Tray Temp.:
Charged Aerosol
Detector Model:
Oven Model:

Oven Temp.:
Column:

Flow:

Injection Volume:
Post Column Temp.:
Evaporation Temp.:

Peaks:

UHPLC
DPG-3600
WPS-3000
25.0 °C

Corona Veo SD
TCC-3200
75.0°C
Thermo Scientific™ Accucore™ 150 Amide HILIC,
2.1 x 150 mm, 2.6 ym
0.8 mL/min
3.0uL
30°C
50.0°C
1. Arabinose
2. Fructose
3. Sorbitol
4. Glucose
5. Unknown
6. Sucrose
Cola

Cranberry
Mango
Grape

6\ Orange
I N Prune
0 Ji \¥ Standard
'20 T T T T T T 1
0 2 3 4 5 6 7 8

Analysis by HPLC-CAD

Chapter 1: Carbohydrates

Minutes

Figure 1-1. Analysis of various carbohydrates in beverages using HILIC-Charged Aerosol
Detection.
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Carbohydrates can be separated by high performance liquid
chromatography (HPLC) using an anion exchange column under basic
conditions and measured using pulsed amperometric detection (PAD) on
a gold working electrode. This approach is both sensitive and selective.

Column: Anion Exchange, 4.6 x 250 mm, 7 um

Flow: Isocratic at 1.50 mL/min with constant He purge

Mobile Phase: 100 mM sodium hydroxide (NaOH), prepared from pellets,

99.99%, semiconductor grade

Coulochem III, Thermo Scientific Dionex model 5040 cell with

25 pym Mylar gasket, Au Target

EC Parameters:E1~ +200 mV 500 ms
E2 -1000 mV 10 ms
E3  +600 mV 1ms
E4  -100 mV 10 ms

EC Detector:

AD 300 ms

Peaks: 1. Mannitol
2. Glucose
3. Fructose
4. Lactose
0.8+
0.7 1
0.6+ 1 2
wn 05'
3
S 0.4
&
0.3 3
0.2 4
0.1+
0.0
_01 p
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Figure 1-2. Analysis of simple carbohydrates by HPLC-PAD.

Chapter 1: Carbohydrates

Analysis by HPLC-PAD

Pump: LPG-3400 SD

Autosampler:  WPS-3000TSL Analytical Autosampler
Column: Anion Exchange, 4.1 x 250 mm, 7 ym
Flow: 1.5 mL/min

Temperature: 30 °C

Injection Volume: 50 pL partial loop

Mobile Phase: 20 mM sodium hydroxide (NaOH) for 20 min,
6 min flush with 200 mM NaOH at end of run,
15 min equilibration before next injection.

EC detector: ECD-3000RS, 6011RS cell with AU target,

25 pm Mylar Gasket
EC Parameters: E1 +200mV ~ 500 ms AD 300 ms
E2 -2000 mV 10ms
E3  +600 mV 10ms
E4 100 mV 10ms

Range: 500 nC
Peaks: 1. Galactose
2. Glucose
300+ 3. Lactose
4. Lactulose
2
y
nC
3
4
0_
_50 T T T 1
0 5 10 15 20

Minutes

Figure 1-3. Analysis of lactose and lactulose in milk.
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Analysis by HPLC-RI

Table of Contents

Introduction

Carbohydrates can be separated using hydrophilic interaction liquid
Analytical Technologies chromatography (HILIC) and detected using refractive index (RI) detection.

Chromatography Analysis of

Column: Hypersil GOLD Amino
Carbohydrates 3um, 150 x 3.0 mm
— 150 Flow: 1 mL/min
Column Temp.:  35°C
Corn Syrup Rl Detector Temp.: 35 °C
E— =) Injection Volume: 5L
s 1 Mobile Phase:  ACN/Water (80:20)
Dietary Fiber £ Peaks: 1. Fructose
R — 2 3 2. Glucose
S 3. Sucrose
Lactose and Lactulose 2 4. Maltose
=] 5. Lactose
@
Maltodextrins
)} A
Sialic Acid 0 7 3 z T : 5
Minutes
Beveﬂ Figure 1-4. Separation of five sugars on a Thermo Scientific™ Hypersil GOLD™ Amino column.
Honey

References .
. — Did You Know?

e Sugar possesses antibiotic properties and can be used to heal wounds.

e Sugar is used in leather tanning, metal plating baths, printers’ inks and dyes, and
even in textile sizing and finishing.
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Table of Contents H
Analysis by HPAE-PAD
Introduction
Carbohydrates can be separated using either standard column format I(:Jlolumn: giinexu CarboPac MAT
Analytical Technologies (Technical Note 20) or a capillary format (Application Brief 127) using 02 1 Foent: 480 mi sodium hycroxide
high performance anion exchange (HPAE) chromatography under basic Detector:  PAD (gold)
} dit , h f i t d d usi Ised Peaks: 1. Inositol 18 mg/L
Chromatography Analysis of conarions OU anion .C romatograpnic system and measured using puise 2. Glycerol 9
Carbohydrates amperometric detection (PAD). 3. Arbitol 15
R — 4. Sorbitol 18
5. Dulcitol 18
0.15- Column:  Thermo Scientific™ Dionex™ CarboPac™ 6. Mannitol 18
Corn Syrup 1 Flow: 0.4mL/ min 0 /2 7. Mannose 18
Eluent: 0.6 M sodium hydroxide 3 g g'UlCOtse 12
: : Detector: ~ PAD (gold) - Lalaclose
w Peaks:  1.lnositol  18.0 ppm 10. Fructose 18
2. Xylitol 15.2 11.Sucrose 34
3. Sorbitol  18.2
Lactose and Lactulose 4. Dulcitol 18.2 10
5. Mannitol 18.2
‘ nC 6. Glucose  18.0 JJ
Maltodextring 2 7.Fructose 18.0 07
0 10 20 30 40 50
Minutes
Sialic Acid
Figure 1-6. Separation of reducing and nonreducing carbohydrates. Food alditols and aldoses are
separable under isocratic conditions on the Dionex CarboPac MAT.
Beverages
Honey
Minutes
References Figure 1-5. Isocratic separation of a group of alditols plus glucose and fructose on the Dionex
— CarboPac MAT column.
Thermo Download Technical Note 20: Analysis of Carbohydrates by HPAE-PAD
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Download Application Brief 127: Determination of Carbohydrates in Fruit Juice Using Capillary HPAE-PAD
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Carbohydrates can be separated at high pH values as anions on anion-
exchange columns using sodium hydroxide and sodium acetate eluents.

High-value pH eluents are not directly compatible for introduction into an
MS. Before MS detection, the eluent is first run through a high-capacity
supressor (desalter), which lowers the pH to neutral levels.

MS detection is challenging because carbohydrates at neutral pH cannot
be directly ionized by electrospray ionization. Therefore, 0.5 mmol/L LiCl
is added to the desalted eluent postsuppressor to create an ionic species
suitable for MS detection.

T Disaccharides

Mattose
Hexoses Sucrose
2 1
E Pentoses
8 Sugar | |
= Alcohols
(2]
oy
*“:3 Fucose
- Sorhitol Mannose
= |
B Mafinitol Glucose
&
Galactose (]| | Fructose
Rhamnose ‘
AAr}\bLnose XyloseN Ribose
1
0 Minutes 40

Figure 1-7. Electrospray ionization of sugar alcohols, mono- and disaccharides in the presence of
LiCl, ESI positive, cone voltage: 70 V.

hapter 1: Carbohydrates

Analysis by HPAE-MS

100+ CH, OH CH, OH -
; o H u o H 349  [Hexy+Li]
H H
OH OH
Ho i 0 A OH
H OH H OH
[Hex-H,0+Li]"
% © [Hex+Lil
[Hex+H,0+Li]"
169 187 205
0 | ] || LL )
150 m/z 400

Figure 1-8. Mass spectrum of maltose in the presence of LiCl, ESI positive, cone voltage: 70 V.
The carbohydrates are detected as the lithium adducts [M+7]+ in ESI positive mode. In-source
fragmentation or collision-induced dissociation can also be used to form characteristic fragment
ions, in the mass spectrum of maltose.

Did You Know?

e Apinch of sugar on the tongue is a traditional remedy for hiccups.

e Ateaspoon of sugar after a hot curry helps relieve that burning feeling in your
mouth (although dairy, such as a glass of milk or yogurt, is more effective).
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Fructose structure.

Corn Syrup

Chapter 1: Carbohydrates

Corn syrup is a food syrup, which is made from the
starch of corn and contains varying amounts of maltose
and larger oligosaccharides, depending on the grade.
Corn syrup is used in foods as a thickener, a sweetener,
and a humectant, as well as to soften texture, add
volume, prevent crystallization of sugar, and enhance

flavor.
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In this example, analytes in different grades of corn syrup were readily
resolved using HPLC-Charged Aerosol Detection using a HILIC column.

Did You Know?

Light corn syrup is clarified and decolorized and usually contains some vanilla
for flavor, Dark corn syrup has caramel flavor and coloring added and has a
stronger flavor. In cooking they can be used interchangeably, taking into account
the stronger flavor of the dark variety.

Response

Chapter 1: Carbohydrates

A Column:
Flow:
Column Temp.:

Mobile Phase:
Samples:

Corn Syrup

Amino, 4.6 x 250 mm; 5 ym
1.1 mU/min
40°C

Injection Volume: 10 pL

45:55 Water:Acetontrile
A. Corn Syrup 36/43 DE
B. Corn Syrup 66/43 DE

05+

Response
=3 o
w ~
1 1
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2 4 6 8 10
Minutes

Figure 1-9. Corn syrup 36/43 DE (A) and comn syrup 36/66 (B) by HILIC-Charged Aerosol

Detection..
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Chicory flower and powder

Chapter 1: Carbohydrates

Dietary Fiber

Dietary fiber is coarse, indigestible plant matter

that, when included in the diet, promotes good
gastrointestinal tract health. Typically, dietary fiber is
fibrous or gummy material derived from plant cell walls,
lignin, polysaccharides, and similar substances that
resist hydrolysis by digestive enzymes.
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Inulins are a group of naturally occurring polysaccharides composed
mainly of fructose. The primary source of inulin used by the food industry
is chicory. Inulin belongs to a class of dietary fibers called fructans.

Inulin is often used in processed foods as it has unusually adaptable
characteristics. Because it contains a fraction of the energy of simple
carbohydrates, it is typically used to replace sugar, fat, and flour in
reduced calorie food products.

As shown in Application Note 67 and Application Update 150, HPAE-PAD
is very effective at characterizing inulins from different sources.

Trivia Question

Q: Approximately how much dietary fiber does the average American consume
on a daily basis?

A: The average American consumes 14 grams of dietary fiber a day, which is
considerably less than the recommended level. The 2005 Dietary Guidelines for
Americans recommends 14 grams of fiber per 1000 calories consumed.

pter 1: Carbohydrates

Dietary Fiber: Inulins

Column A: Dionex CarboPac PA100 Column B: Dionex CarboPac PA200
and guard and guard
Flow: 1.0 m/min Flow: 0.5 mL/min
Temperature: 30 °C Temperature: 30 °C
Injiection Volume: 10 pL Injiection Volume: 5 pL
Eluent: 0 min: 100 mM NaOH/ Eluent: 0 min: 100 mM NaOH/
150 mM sodium acetate, 180 mM sodium acetate,
60 min: 100 mM NaOH/ 60 min: 100 mM NaOH/
550 mM sodium acetate, 550 mM sodium acetate,
curve 6t curve 5
Detection: PAD (Au), Waveform A (TN21)  Detection: PAD (Au),
Sample: Chicory root inulin 5.0 mg/mL Waveform A (TN21)
in 0.1 M NaOH Sample: Chicory root inulin
0.2 5.0 mg/mL
A. Dionex CarboPac PA100 column in 0.1 M NaOH
uc
0 T T T T T 1
0.4
B. Dionex CarboPac PA200 column
uc
0 T T T T T 1
0 10 20 30 40 50 60
Minutes

Figure 1-10. HPAE-PAD comparison of the Dionex CarboPac PA100 and PA200 columns for the

separation of chicory inulin.

Download Application Note 67: Determination of Plant-Derived Natural Oligo- and Polysaccharides

Download Application Update 150: Determination of Plant-Derived Neutral Oligo- and Polysaccharides Using the Dionex CarboPac PA200
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Column A:
Flow:
Temperature:
Injection Volume: 10 pL

Dionex CarboPac PA100 and guard
1.0 mL/min
30°C

Eluent: 0 min: 100 mM NaOH/150 mM sodium acetate,
60 min: 100 mM NaOH/ 550 mM sodium acetate,
Curve 6
0.2 1 Detection: PAD (Au), Waveform A (TN21)
Sample: 5.5 mg/mL in 0.1 M NaOH
A. Chicory Inulin
uc
0 T T T T 1
0.2 4
B. Dahlia Inulin
uc
0 T T T T 1
0 10 20 30 40 50 60
Minutes

Figure 1-11. HPAE-PAD comparison of chicory and dahlia inulins.
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Dietary Fiber: Inulins

Column A: Dionex CarboPac PA100  Eluent: 0 min at 100 mM sodium hudroxide
and guard 150 mM sodium acetate;
Flow: 1.0 m/min 60 min at 100 mM NaOH
Temperature: 30 °C 150 mM sodium acetate
Injection Volume: 10 pL Curve 6
0187 Detection: PAD (Au),
Waveform A (TN21)
Sample:  A. Lot 49F7175
B. Lot 79F7105
A
uc
) J JUAIN
0.00 T T T T T T T T T T T T
0.187
B
uc
0.00 T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50 55 60
Minutes

Figure 1-12. HPAE-PAD Comparison of two lots of chicory inulin.

Did You Know?

e Fiber may be beneficial in treating or preventing constipation, hemorrhoids, and
diverticulosis.

e Water-soluble fiber helps decrease blood cholesterol levels.
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Dietary Fiber: Trans-Galactooligosaccharides

Introduction
About two-thirds to three-fourths of the dietary fiber in a typical diet is with four parts of ethanol to one part  Table 1-1. TGOS in different food samples
Analytical Technologies classified as insoluble in an aqueous enzyme solution. Soluble dietary of the aqueous mixture. Many soluble
fiber is soluble in an agueous enzyme system, but can be precipitated dietary fibers are food gums, such
Chromatography Analysis of as pectins, carrageenan, guar, locust f’gu; E:‘:‘; i; giz
Carhomdies coam Dor Gt A1 nd g bean gum, gum acacia, and xanthian = Sy 0
Templerature: 25°C gum. LLemonade Syrup #11 13.41
Carn Syrup Efecr:lton Volume: (251;.5 s ycronde Trans-galactooligosaccharides Custard #3 379
(B) 125 mM sodium hydroxide (TGOS) are soluble galactans that can | custard #5 419
Digtary Fiber Setecton (gi\g?(f\uf;‘“\’I'vzsgmhédmx‘de’500 mM sodium acetate be classified as dietary fiber because | orange Juice #4 3.48
SampleTreatment: (&) No hydrolysis they pass through the small intestine Orange Juice #13 355
Lactose and Lactulose 020y (B) Hydrolysis with B-galactosidase intact, put are fermented in the quon Pet Candy #6 192
Peaks: 1. Galactose 0.65g/mL by the intestinal flora. TGOS are di- to | Pet Candy #14 217
Valtodextiins 2. Lactose  11.80 octasaccharides composed of 1-7 stcuﬁs #8 /.68
— ue galactose units linked to a glucose Biscults #12 838
o molecule at the reducing end. nfant Formua #9 12
Sialic Acid Infant Formula #10 476
-0.02 Application Note 155 describes
e e ?OIJT]deEaTn()ddfteoeén S?gggitﬁggeg on
Peaks: 1. Galactose 9.63g/mL ] )
Honey 2.lactose  N.D. high performance gmon-exohamge
chromatography with pulsed
amperometric detection (HPAE-
Heferences PAD). This is now an approved as
— — . Association of Official Analytical

0 5 10 M5 202 S0 3540 45 505 6 Chemists (AOAC) Method 2001.02.

Minutes

Figure 1-13. HPAE-PAD analysis of lemonade syrup +15% TGOS using Waveform B, before (A)
and after hydrolysis (B) with -galactosidase.
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SCIENTIFIC Download Application Note 155: Determination of Trans-Galactooligosaccharides in Foods by AOAC Method 2001.02
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Lactose structure

Chapter 1: Carbohydrates

Lactose and Lactulose

Lactose is the major disaccharide found in milk products
and it is catabolized by the enzyme lactase, which is
deficient in lactose-intolerant individuals. While lactose
intolerance is not a dangerous condition, its global
prevalence has created a large market for lactose-free
products. This has created the need for simple, reliable,
and accurate analytical methods to quantify lactose.
Lactulose, a disaccharide that does not occur naturally, is
formed when milk is sterilized using heat-treatment. It is
used as a possible marker of product degradation.
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The AOAC Method 984.15 uses enzymatic hydrolysis of lactose to 1+
glucose and galactose at pH 6.6 by B-galactosidase. This method is
time consuming, however, and needs extensive reagent preparations. The
reported detection limits of this assay may not allow for the determination
of lactose in lactose-free samples.

Presented in Application Update 182, is a simple, validated HPLC-
Charged Aerosol Detection method for the routine analysis of lactose in
milk, reduced-fat milk and lactose-free milk.

Response (v)

pter 1: Carbohydrates

Lactose in Milk

Amino, 4.6 x 250 mm, 5 pm
10 mL/min Lactose
35°C

Injection Volume: 10 pL

65% (v/v) aqueous acetonitrile
Corona Charged Aerosol Detector,
100 pA range, no filter

N

/]
[

Lactose Reduced Milk / L_/v\

0
Trivia Question ’
Q: Lactose intolerance varies considerably amongst various ethnic and racial groups.
Can you guess which group exhibits the lowest level of lactose intolerance”? samples.
A: Overall US population: 25%
Asian: 90%

African-American: 80%
Hispanic: 70%
Caucasian: 15%

Download Application Update 182: Measuring Lactose in Milk: A Validated Method

T T 1

5 6 7
Minutes

Figure 1-14. Overlay of HPLC-Charged Aerosol Detection chromatograms of different milk
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Milk changes structurally and chemically when heat treated, but the
extent of the change depends on the temperature and duration of the
heating. Lactulose is a disaccharide containing galactose and fructose
that is not naturally found in raw milk but is formed during the heat
treatment of milk by the isomerization of lactose. Lactulose levels in

Column: Dionex CarboPac PA20 (3 x 250 mm)
Guard (3 x 50 mm)
Flow: 0.4 mL/min
Temperature: 30 °C
50— Injection Volume: 10 pL
Detection: PAD
Electrode: Disposable gold on PTFE
Gasket: 2 mil
Waveform: Carbohydrate (standard quad)

Samples: 1. Lactose-free Gouda cheese
. Lactose-free Gouda cheese
fortified with lactose and lactulose

N

Peaks: 1. Unknown —
2. Unknown — 2 5
3. Lactose 10 mg/L
nc 4. Lactulose 10
5. Unknown —
Trace 2 2 5
1
Trace 1
30 !
0 Minutes 33

Figure 1-15. Separation of carbohydrates in fortified and unfortified lactose-free Gouda cheese samples.

apter 1: Carbohydrates

milk can be used to determine the method that was used to sterilize the
milk. The average lactulose content when using in-container sterilization
is 744 mg/L, but only 3.5 mg/L in milk treated by low temperature
pasteurization methods.

Application Note 248 describes a sensitive and accurate method to
determine lactose and lactulose in dairy products, including lactose-free
products, using HPAE-PAD.

50
Conditions.
Samples:

See Figure 1-16-A.
1. Lactose-free Havarti cheese
2. Lactose-free Havarti cheese

fortified with lactose and lactulose
Peaks: 1. Unknown —
2. Unknown —
3. Lactose 10 mg/L 3 4
4. Lactulose 10
5. Unknown —

nC

Trace 2

Trace 1

30 1
0 Minutes 33

Figure 1-16. Separation of carbohydrates in fortified and unfortified lactose-free Havarti cheese
samples.

Download Application Note 248: Determination of Lactose in Lactose-Free Milk Products by HPAE-PAD

Lactose and Lactulose in Milk
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actose and Lactulose in Mi
Introduction
_ Column: Dionex CarboPac PA20 (3 x 250 mm)
80 300+
‘ ) A Column: Dionex CarboPac PA20 A Guard (3 x 50 mm)
Analytical Technologies (3 x 250 mm) 8 Flow: 0.4 mL/min
Guard (3 x 50 mm) 2 Temperature: 30 °C
Flow: 0.4 mL/min Injection Volume: 10 pL
Chromatography Analysis of Temperature: 30 °C ;| Detection:  PAD
Injection Volume: 10 uL Electrode: Disposable gold on PTFE
Carbohydrates Detection: PAD Gasket: 2 mil
C Electrode: Disposable gold on PTFE Waveform: Carbohydrate
n Gasket: 2 mil nC (standard quad)
Corn Syrup Waveform: Carbohydrate (standard quad) Peaks: 1. Galactose -
- Peaks: 1. Galactose — 2. Glucose -
2.Glucose - 3. Unknown -
Dietary Fiber 3.Lactose 560 mg/L* 4, Unknown —
- *Calculated Concentration 5. Lactose 217 mg/L
45
Lactose and Lactulose 12
32 , 0
5004 B 55 0 Minutes 40
Maltodextrins 3%7 B
_— Peaks: 3 Peaks: 1. Galactose —
1. Galactose — 2.Glucose -
Al i 2. Glucose — 3. Lactose 670 mg/L*
Sialic Acid 5 Unknown — 1 2 5 nC
4. Unknown — 35 | *Calculated Concentration
5.L .
Beverages nC actose 0.6 mg/L 15 30
30 ,
0 Minutes 33
Honey
Figure 1-18. A bi-panel showing the following chromatograms: A) separation of carbohydrates in lac-
tose-free low-fat cottage cheese, and B) separation of carbohydrates in 1:20 diluted low-fat yogurt.
References
3 45
0 i 2
! — oA Did You Know?
. . e Hippopotamus milk is bright pink due to the presence of two kinds of unique
Figure 1-17. A bi-panel showing the following chromatograms: A) separation of carbohydrates in acids called “Hipposudoric acid” and “Norhipposudoric acid",
whole milk, and B) separation of carbohydrates in lactose-free low-fat milk. ]
e Camel's milk does not curdle.
e A cow spends about 6 hours eating and 8 hours chewing its cud every day.
Th That's almost 30,000 chews daily!
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Maltose structure

Chapter 1: Carbohydrates

Maltodextrins

Maltodextrin, a polysaccharide produced by the
hydrolysis of starch, is used as a food additive.
Maltodextrin is easily digestible, being absorbed as
rapidly as glucose. It can be found as an ingredient in a
variety of processed foods, sodas and candy.

Maltodextrin is sometimes used by the beer industry
to increase the specific gravity of the final product to
improve the mouthfeel, increase head retention, and to
reduce the dryness of the drink.
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Maltodextrins

Introduction
A given maltodextrin is not one compound but rather a suite of Column A: Dionex CarboPac PA100 and guard ~ Column B: Dionex CarboPac PA200
. . . . . Flow: 1.0 mL/min and guard
Analytical Technologies polysaccharide of varying chain lengths (affected by the extent of oo G Fou i
hydrolysis). The determination of maltodextrins by HPAE-PAD is IEnlJ'ecti?n Volume: 2) oL 00 e lTe.mf;_eraburf: gO EC
‘ . . L . C ent: min: 100 mM Nal njection Volume:
Chromatography Analysis of described in Application Note 67 and the updated method in Application 150 MM sodium acotate, Hlae 00 M NaOH/
Update 150. 60 min: 100 mM NaOH/ 180 mM sodium acetate,
W P 550 mM sodium acetate, 60 min: 100 mM NaOH/
curve 6 450 mM sodium acetate,
Com S Detection: PAD (Au), Waveform A (TN21) curve 5
O oyrup Sample: MALTRIN® M040, 5 mg/mL in water  Detection: PAD (Au),
Maltrin is a registered trademark of Grain Processing Corporation Wave'form A (TN21)
‘ ‘ 050 Sample: Maltrin M040, 5 mg/mL
Dietary Fiber : T Column A: in water
Dionex CarboPac PA100  Peaks: 3. Maltotriose

Lactose and Lactulose 3

uc
Maltodextrins 15 30
— 20 25 \ 33
I
Sialic Acid -
-0.05 . . . . . .
Beverages 0.55 Column B:
- Dionex GarboPacPA200
Honey
References

Minutes

Figure 1-19. Comparison of the Dionex CarboPac PA100 and PA200 columns for the separation of
maltodextrins, showing improved resolution by the Dionex CarboPac PA200 column.

Thermo Download Application Note 67: Determination of Plant-Derived Natural Oligo- and Polysaccharides 01
SCIENTIFIC Download Application Update 150: Determination of Plant-Derived Neutral Oligo- and Polysaccharides Using the Dionex CarboPac PA200 0
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Introduction
Column A: Dionex CarboPac PA100 Column B: Dionex CarboPac PA200
i i and guard and guard
Analytical Technologies Flow: 1.0 mL/min o g r?] e
Temperature: 30 °C Temperature: 30 °C
, Injection Volume: 20 pL Iniection Volume: 5 UL
Chromatography Analysis of . o njection volume: >
grapry ~nay Eluent: gommM1 5%,’“'\" Na(t’aHt/ Eluent: 0 min: 100 mM NaOH/
m sodium acetate, 70 mM sodium acetate,
W 60 min: 150 mM NaOH/ 30 min: 100 mM NaOH/
450 mM sodium acetate, 300 mM sodium acetate
com$S curve 6 curve 4
orn Syrup Detection:  PAD (Au), Waveform A (N21) ptection: ~ PAD (&)
Sample: Red Hook Amber Ale Waveform A (TN21)
‘ ‘ 1:50 dilution Sample: Red Hook Amber Ale
Dietary Fiber P 1:50 dilution
037 Column A: Dionex CarboPac PA100
Lactose and Lactulose
Maltodextrins
- uc
Sialic Acid ﬂ
Beverages 0 T T T T T . . . )
— 0 5 10 15 20 25 30 35 40 45
Minutes
Honey 330-
Column B: Dionex CarboPac PA200
References
nG
30— T T T 1
0 5 10 15 20

Minutes
Figure 1-20. Comparison of the Dionex CarboPac PA100 and PA200 columns for the separation of

I h erm o maltodextrins in beer, showing improved resolution by the Dionex CarboPac PA200 column.
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Table of Contents Maltod extrins
Introduction
— Column: Amino, 4.6 x 250 mm; 5 ym Peaks:
Column: Thermo Scientific™ Acclaim™ SEC-1000 Flow: 1 mU/min 1. Glucose
Analytical Technologies Dimension: 4.6 > 300 mm Column Temp.: 35 °C 2. Maltose
Flow: 0.35 mL/min Injection Volume: 10 pL 3. Maltotriose
Temperature: 25 °C Mobile Phase A: Acstonitrile 4. Maltotetraose
‘ Injection Volume: 5 pL Mobile Phase B: Water 5. Maltopentaose
Chromatography Analysis of Mobile Phase: 100 mM Ammonium acetate pH 5.0 Gradient Profile: 30% B to 70% B from 0 to 40 min 6. Maltohexaose
Detection: G Charged A | Detect
Carbohyd rates 100 - etec! |9n orona Lharged Aerosol Uetector Glucose 7. Maltoheptaose
_— Sample: MALTRIN, 5 mg/mL each
0.040
Corn Syrup
E— 0.035 1 1
‘ ‘ — 0.030 1
Dietary Fiber 8
_ MALTRIN M200 S 0.0251
g 1
Lactose and Lactulose A 2 0.020
p = 0,015+
MALTRIN M150
Maltodextrins 0.010-
0.005 \LL\’J
Sialic Acid MALTRIN M100 0.000 U
0 4 8 12 16 2 24 28 32 3 40
Beverages MALTRIN M4 L i
igure 1-22. Low MW maltodextrins analyzed by -Charged Aerosol Detector ngon
0 Figure 1-22. Low MW maltodextri lyzed by HILIC-Charged Aerosol Detector (200
T T T T 1 '
Honey 0 3 6 9 12 15 column). Inset: 5 ng on column.
CH,OH
0.
References OH
—— H-1-O OH
OH
a-1,4
2<n<20
Figure 1-21. Maltodextrin samples with different degrees of hydrolysis are clearly differentiated using
the HPLC-Charged Aerosol Detection and an Acclaim SEC-1000 column. The higher the maltrin
number, the greater the degree of hydrolysis — reflected by the relative increase in concentration of
glucose and the increase in retention time of the polymer.
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Infant formula

hapter 1: Carbohydrates

Sialic Acids

Dietary sialic acids play an important role in infant
development, serving both immune system and
cognitive development roles. Key neuraminic acids in
human milk differ in abundance to those in bovine milk.
In addition, bovine milk has been shown to contain

less than 25% of the total sialic acid content of human
milk. The sialic acid content in unfortified infant formulas
is dependent on the sialic acids from bovine milk. As
such, these formulas have lower sialic acid contents
and different sialic acid proportions compared to human
milk. Because of the critical role these carbohydrates
play in infant development, many manufacturers enrich
infant formulas with sialic acids to more closely mimic
human milk.
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Introduction
Sialic acid determination in a complex matrix, such as a dairy product, In dairy products, this is typically accomplished by hydrolysis. Following
Analytical Technologies presents many challenges. The majority of milk sialic acids are found as sample hydrolysis, sialic acids can be determined by either HPAE-PAD, as
part of a glycoconjugate rather than as the free acid. In order to determine  shown in Application Note 253, or HPLC with fluorescence detection, as
Chromatography Analysis of the sialic acids, they must first be released from the glycoproteins, shown in Application Note 266.
Carbohydrates glycolipids, and oligosaccharides.
Column: Acclaim RSLC 120 C18 2.2 pm, 2.1 x 100 mm

Column: Dionex CarboPac PA20 guard, 3 x 30 mm Flow: 0.42 mL/min
Corn Syrup Dionex CarboPac PA20, 3 x 150 mm Temperature: 46 °C
- Temperature: 30 °C Injection Volume: 5 plL

Flow: 0.5 mU/min Eluent A : DI water
D\etary F\be’( |njecti0n Volume: 10 u|_ Eluent B: Acetonitrile
— Eluent: 10200 mM acetate in 100 mM NaOH from 015 min, Gradient: 5% B for 5 min, 5%-—20% Bin 6 min, 20%-40% B

200 mM acetate in 100 mM NaOH from 15-20 min, in 2 min, 40% A for 5 min.

Lactose and Lactulose 10 mM acetate in 100 mM NaOH from 2025 min , 3 min equilibration before injection at 5% B

Detection: PAD, Au (Disposable) Detection: Fluorescence, emission 373 nm, excitation 448 nm

Sample Prep.:  Acid hydrolysis, 1 h at 80 °C in 50 mM H,S0, Sample: Infant Formulas A, B, and C N
Maltodextrins 30- followed by enzyme digestion of maltodextrins Sample Prep.:  Anion exchange followed by DMB derivatization
_ Samples: Brands A and B 30%10% 2

W Peaks: A B A B
ialic Aci 1.NeuSAc 9.1 3.0 pmol Peaks: 1. Neu5Gc 1.9 1.4 pmol

Slahcﬂ 2.NeubGe 044 0.41 2 NeuSAc 72 49

3.Reagent Peak — —
4. Neub,7Ac2 —_ —
5. Neu5,9Ac2

Beverages nC ﬂb
—_ B
Hone

y W

counts

*25% signal offset applied

8 T T 1
References 0 5 10 15 20 25
Minutes
Figure 1-23. Determination of sialic acids in infant formula samples based on A) dairy, B) dairy
with added maltodextrins, using HPAE-PAD. c 5 A
-2x10° : - - : : -
2.7 4 6 8 10 12 14
Minutes
Figure 1-24. Determination of sialic acids in infant formulas using HPLC-FLD.
I hermO Download Application Note 253: HPAE-PAD Determination of Infant Formula Sialic Acids

o0

Download Application Note 266: Determination of Sialic Acids Using UHPLC with Fluorescence Detection
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Glucose structure

Chapter 1: Carbohydrates

Simple Carbohydrates: Beverages

Simple carbohydrates, sometimes called sugars,
include a number of mono- and disaccharides. They are
rapidly catabolized by the body to be used as energy.
Simple carbohydrates are found naturally in foods such
as fruits, milk, and milk products. They are also found

in processed and refined sugars such as table sugar,
syrups, candy, and sodas.
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Introduction
Column: Anion Exchange, 4.6 x 250 mm, 7 ym Column: Anion Exchange, 4.6 x 250 mm, 7 ym
Analytical Technologies Flow: Isocratic at 1.50 mL/min. with constant He purge Flow: Isocratic at 1.50 mL/min. with constant He purge
Mobile Phase: 100 mM sodium hydroxide (NaOH), prepared from pellets, Mobile Phase: 100 mM sodium hydroxide (NaOH), prepared from pellets,
99.99%, semiconductor grade 99.99%, semiconductor grade
; EC Detector: Coulochem III, model 5040 cell EC Detector: Coulochem Il model 5040 cell
Chromatography Analysis of with Au Target, 25 um Mylar with Au Target, 25 um_ Mylar
Carbohydrates EC Parameters:  E1  +200 mV 500 ms  AD 300 ms EC Parameters:  E1  +200 mV 500ms  AD 300 ms
_— E2 -1000 mv 10 ms E2 -1000 mv 10 ms
E3  +600 mV 1ms E3  +600 mV 1ms
E4  -100 mV 10 ms E4  -100 mV 10ms
Corn Syru
J Peaks: 1. Glucose 0.55 -
2. Fructose 1
‘ ‘ 0.55 - ] 0.50 4 Peaks: 1. Glucose
Dietary Fiber 0.50 - 0454 Brand A 2. Fructose
0.45- 0.40 1
] 0.35
Lactose and Lactulose 0.40 030 ]
0351 Volts 0'25
0.30 4 497
Maltodextrins Volts 0.25 2 0.20
020 _ 01 5 T
o 0.151 0.104
Sialic Acid 0404 0.05 -
005 7 0 T T "\Ifl T T T T T T T T T T
Beverages 0 T T \r\lﬁl T T T T T T T T T 1 055- 2
- 0 0510 1520 25 30 35 40 45 50 55 6.0 65 7.0 0.50-
Minutes 0.45.] Brand B Peaks: 1. Glucose
Honey ' 2. Fructose
Figure 1-25. Chromatogram of cola soda. 0.40+
0.35
References Voits %301
[ 0.25-
0.20
Did You Know? 015
0.10
According to the Beverage Marketing Corporation, the average American drinks 0.054
approximately 44.7 gallons of soda a year. That's equivalent to approximately 04
487 cans of soda, or 85 2-liter bottles! 0 05 10 15 20 25 30 35 40 45 50 55 6.0 65 7.0

Minutes

Figure 1-26. Chromatograms of apple juice Brands A and B.
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Introduction
Pump: 1S0-3100 SD
Analytical Technologies Autosampler: - WPS-3000TSL Did You Know?
Column: Amino, 4.6 x 250 mm, 5 pm
Temperature: 55 °C e Asugar mill crushes (mills) the sugarcane stalks and squeezes the juice from
. 0 Y . . . '
Chromatography Analysis of Fou Egitrgt‘i"cugt";tﬂpg;tiﬁre' 80 the plant. The juice is crystallized into a product called raw sugar. A refinery
Carbohydrates Mobile Phase:  78% Acetonitrile, 22% Water takes the raw sugar and converts it into food-grade white sugar.
— o5 Detector: - Corona™ ultra RS™ charged aerosol detector e Sugarcane was discovered by Alexander the Great in 327 BC. Christopher
. Peaks: 1. Fructose Columbus introduced sugar to the New World in 1493 on his second voyage.
Comn Syrup A: Standards 2. Glucose
E— 3. Sucrose
1 4. Lactose
Dietary Fiber 5. Maltose
Lactose and Lactulose
Maltodextrins
Sialic Acid -4 T T T T T T . . . )
97 - 1
B: Fruit Juices Peaks: 1. Fructose
Beverages 2. Glucose
E— 3. Sucrose
Honey
2
References pA
E— 3
Standard
- I Grape Juice
| Cranberry Juice
I Apple Juice
/\ | E Oran;e Juice
-10 ; ; ; ; . . . . . .
0 2 4 6 8 10 12 14 16 18 20

Minutes

Figure 1-27. (A) Analysis of standards and (B) analysis of fruit juices.
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HPLC-CAD I(_;CISystem: gltil\lﬂgte Tquo Eg ;
Analytical Technologies L . . . olumn: cclaim Trinity P2, 3 um
! / The major ingredients in most sports beverages are sugar and salt. In this Dimensions: 3.0 x 50 mm
' ' ™ ' o TM Flow: . i
e product, the sugar is high-fructose com syrup. The Thermo™ Scientific 1259 Tt e
omatograpny ANalysis 0 Acclaim™ Trinity™ P2 column is the latest member of the Trinity family Injection Volume: 5 L
, . . . Mobile Phases:  A: A itril
Carbonydrates thatis designed to resolve a broad range of anions and cafions, mono- e o M Aenmonium formate
or multi-valent and uncharged (neutral) compounds, in a single sample pH 3.65
T . . . . L Isocratic: 80%A/20% B
Corn Syrup injection using a s!mple gradient method. The Acclaim Tr!rjlty P2 column Detector Corona Veo charged aerosol
can also be used in HILIC mode for analysis for hydrophilic neutral (evaporator 55 °C, data rate 5 Hz,
, ) . filter 2 sec, function 1.
Dietary Fiber substances such as the simple sugars shown here. The Corona Veo 2 Sample: Soort e e neten 19
detector provides sensitive, convenient detection of inorganic ions and pA Sample Prep:  Decolorized with Thermo Scientific™
. Dionex™ OnGuard™ Il P cartridge,
Lactose and Lactulose nonvolatile sugars. diluted 40x in mobile phase
Peaks: 1. Fructose
| 2. Glucose
Maltodextrins 3. Chloride
4. Maltose
5. Sodium
Sialic Acid
3
ol U s >
Beverages
0 2 i 6 8 10
Honey Minutes
Figure 1-28. Sugars in a sports beverage using an Acclaim Trity P2 column in HILC mode.
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Introduction
lumn: Di Pac PA2 4 x 1
g%\;?m Olgr(])%xnfflrr?](i)n ac PA20 set, 0.4 > 150 mm Column: Dionex CarboPac PA20 set, 0.4 x 150 mm
Analytical Technologies ColumnTemp.: 30 °C Flow: . 0.098 mL/min
Injection Volume: 0.4 pL IC"'“{.““ T\?Tp" ) 304 CL
Eluent Source: Thermo Scientific Dionex EGC Enlec 'f[)g' 0 u@e. D: ’ EGC-KOH Cartridae (Cavill
Chromatography Analysis of Eluent Generator Cartridge (Capillary) uent source: fonex EGC-KOH Cartridge (Capillary)
Eluent: 10 mM KOH (-7 to 20 min) Eluent: 10 mM KOH (-7 to 20 min)
Carbohydrates Detection: PAD, Au disposable, 0.001” gasket, Detection: PAD, Au disposable, 0.015" gaset,
- 4-Potential Carbohydrate waveform 4-Potential Carbohydrate waveform
Ref. Electrode:  Ag/AgCl Ref. Electrode:  AgAGCl
Corn Syrup Sample Prep.: 5000-fold dilution, degas Sample Prep.: Two-fold dilution, degas
Peaks: mg/L Total % Peaks: mg/L Total %
‘ ‘ ' 1. Void Volume
1.6l 1 L 2
Digtary Fiber ) Erﬂgf;:e 2? 1gg o/ 28 2. Glucose 120 0249l 41
' 250 1 3. Sucrose 50 0.10 17
90 1 4. Fructose 125 0.25 42
Lactose and Lactulose
Maltodextrins 2
R — nC
Sialic Acid
0 ; ; ) -50 ; T T 35
10
Beverages 0 5 Minutes 10 15 Minutes
Honey Figure 1-29. Glucose and fructose in a carbonated beverage by capillary HPAE-PAD. Figure 1-30. Alow-sugar dragon fuit beverage by capilary HPAE-PAD.

References

ol

.nload Technical Note 135: Determinations of Monosaccharides and Disaccharides in Beverages by Capillary HPAE-PAD
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Column:

Flow:

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

Ref. Electrode:

Dionex CarboPac PA20 set, 0.4 x 150 mm
0.008 mL/min

30°C

0.4 pL

Dionex EGC-KOH Cartridge (Capillary)

10 mM KOH (-7 to 20 min)

PAD, Au disposable, 0.001” gasket,
4-Potential Carbohydrate waveform
Ag/AgCl

Sample Prep.: 10,000-fold dilution
Peaks: mg/L Total % Ratio
1. Glucose 4.6 46 g/L 39
2. Sucrose 1.3 13 11
3. Fructose 59 59 5
801 1
nC 3
2
"5 T T 1
0 5 Minutes 10 15

Figure 1-31. Glucose, sucrose, and fructose in a tea beverage by capillary HPAE-PAD.
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Column:

Flow:

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

Ref. Electrode:

Dionex CarboPac PA20 set, 0.4 x 150 mm
0.008 mL/min

30°C

0.4 L

Dionex EGC-KOH Cartridge (Capillary)

10 mM KOH (-7 to 20 min)

PAD, Au disposable, 0.001” gasket,
4-Potential Carbohydrate waveform
Ag/AgCl

Sample Prep.: 10,000-fold dilution
Peaks: mg/L Total % Ratio
1. Void Volume
2. Galactose <0.02 —oglL —
3. Glucose 11 55 32
4, Mannose 0.4 2 1
5. Sucrose 3.4 17 10
70 - 6. Fructose 20 100 57
nC J
0 ' 10 15
Minutes

Figure 1-32. Diluted apple cider by capillary HPAE-PAD.
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Column:

Flow:
Temperature:
Injection Volume:
Eluent:

Dionex CarboPac PA20, 0.4 x 150 mm
10 ul/min

30°C

0.40 pL

50 mM potassium hydroxide (EG)

Detection: PAD, 4—potential carbohydrate, Au
Ref. Electrode: PdH
Gasket Thickness: 25 ym
Samples: Juice samples
(5000x dilution)
Standard (20 pM)
Peaks: 1. Glucose
2. Fructose
3. Sucrose
120 1 Standard
/\/ZL 3
v 2
] Cranberry—Raspberry Juice
nC
3
vV ’
9 Orange Juice
3
20 T ]
0 5 10
Minutes

Figure 1-33. Analysis of juices for carbohydrates by capillary HPAE-PAD.
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Did You Know?

LLemons contain more sugar than strawberries.
Sugar hardens asphalt. It slows the setting of ready-mixed concrete and glue.

During World War II, only 8 oz. of sugar was allowed to be bought per person
per week in the United States and United Kingdom, as part of the rations,
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In Application Note 280 presents analysis of different coffee samples
using AOAC method 995.13 as well as a new, fast IC method capable of
resolving the critical analytes up to ten times faster.

apter 1: Carbohydrates

Simple Carbohydrates: Beverages

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

Figure 1-34. Chromatograms of mixed coffee carbohydrate standards (A), free carbohydrate in
extract of green coffee beans (B), free carbohydrates in instant coffee (C), and total carbohydrates in

30 40
Minutes

instant coffee (D); using the modified AOAC Official Method 995.13 (T = 15 °C).

Download Application Note 280: Carbohydrate in Coffee: AOAC Method 995.12 vs a New Fast lon Chromatography Method

Column:

Flow:
Temperature:
Injection Volume:
Eluent:

Detection:
Postcolumn
Reagent:

PCR Flow Rate:
Traces:

105 1

Dionex CarboPac PA1 Analytical (4 x 250 mm),
Dionex CarboPac PA1 Guard (4 x 50)

1.0 mL/min
25°C
10 uL

10 mM NaOH 0—6 min, DI water 6-50 min

300 mM NaOH from 50-65 min,

DI water from 65-80 min (re-equilibration)

PAD (AU)

300 mM Hydroxide

0.6 mL/min

A) Free carbohydrates extract
B) Total carbohydrates extract
C) Mix of standards

68 .

Peaks:

1. Mannitol
2. Fucose

3. Rhamnose
4. Arabinose
5. Galactose
6. Glucose
7. Xylose

8. Mannose
9. Fructose
10. Ribose

T
10 15 20 25 30

Minutes

Figure 1-35. Chromatograms of free carbohydrates extract from instant coffee (A), total carbohy-
drates extract from instant coffee (B), and mixed carbohydrate standards (C); using the modified
AOAC Official Method 995.13 (10 mM hydroxide for 6 min, and sucrose not included

in mix of standards).
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Column: Dionex GarboPac PA1 Analytical (4 x 250 mm), Peaks (mg/mL) Standard Instant Instant Green
Analytical Technologies Dionex CarboPac PA1 Guard (4 x 50) 0] Free (D) Total (C) B)
Flow: 1.0 mL/min 1. Mannitol — 0.017 0.006 0.054
ITemDefaEJrlei 128 °E 2. Fucose 0.040 0.001 — —
‘ njection Volume: 10 p 3. Sucrose 0.046 — — 0.315
Chromatography Analysis of Eluent 10 N0H -6 i 4 Arabinose 0.042 0.041 0126  —
Carbohydrates water 6-50 min . Peaks: 5.Rhamnose/Galactose ~ — — — —
—y 300 mM NaOH from 50-65 min 1. Mannitol 6. Glucose 0.047 — 0.032 0.059
DI water from 65-80 min 2. Fucose 7. Xylose 0.045 — — —
300 - . (re-equilibration) 3. Rhamnose 8. Mannose 0.041 0.028 0.603 0.001
Corn Syrup Detection: PAD (Au) 4, Arabinose 9. Fructose/Ribose — — — -
Postcolumn 5. Galactose
‘ ‘ Reagent: 300 mM Hydroxide 6. Glucose 85 5
Dietary Fiber PCR Flow Rate: 0.6 mL/min 7. Sucrose 2 6
I[aces: A) Mix of standards 8. Fructose 4 7
B) Green coffee extract 9. Ribose
Lactose and Lactulose
8
nC 3
Maltodextrins ;
- nC
o A !
Sialic Acid
[ B
c Morn
Beverages J D
” Signal offset 10% Signal Offset 10%
i T T T T T T T T T ! 30 T T T T T T T T T 1
Honey 0 5 10 15 20 25 30 35 40 45 50 0 1 2 3 4 5 6 7 8 9 10
Minutes Minutes
References Figure 1-36. Chromatograms of mixed coffee carbohydrate standards (A), free carbohydrates extract — Figure 1-37. Chromatograms of a mixiure of coffee carbohydrate standards (A), free carbohydrates
E— from green coffee beans (B); using the modified AOAC Official Method 995.13 (10 mM hydroxide from green coffee beans (B), free carbohydrates (C), and total carbohydrates (D) extract from instant
for 6 min, and xylose and mannose not included in mix of standards). coffee; using the fast method.
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122+

nC

Column:

Flow:
Temperature:
Injection Volume:
Eluent:

Eluent Source:
Detection:

Dionex CarboPac SA10  Traces:

Analytical (4 x 250 mm),
Dionex CarboPac SA10
Guard (4 x 50 mm)
1.5 mL/min

45°C

0.4 uL

1 mM KOH

EGC Il KOH

PAD (Au)

Peaks:

A) Mix of standards

B) Extract from Brazilian
green coffee beans

() Extract from Sumatran
green coffee beans

D) Extract from Ethiopian
green coffee beans

1. Mannitol

2. Fucose

3. Sucrose

4. Arabinose

5. Rhamnose/Galactose
6. Glucose

7. Xylose

8. Mannose

9. Fructose/Ribose

Signal Offset 5%

32

Minutes

5 6 7

1: Carbohydrates

Simple Carbohydrates: Beverages

Figure 1-38. Chromatograms of a mix of coffee carbohydrate standards (A), free carbohydrates in
green coffee beans, Braziian beans (B), Sumatran beans (C), and Ethiopian beans (D).
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Introduction

Trisaccharides: 511 m/z

Analytical Technologies

Tetrasaccharides: 673 m/z

Chromatography Analysis of 27 % 108+ HPAE-MS

Carbohydrates
Disaccharides: 349 m/z

Corn Syrup

Dietary Fiber Counts

Lactose and Lactulose

Maltodextrins /\Jl\ .

0 ]
0 Minutes 22
Sialic Acid . .
JRE— Figure 1-39. Extracted mass chromatograms of carbohydrates in a degassed lager beer sample,
separated using a Dionex CarboPac PA200 (3 x 250 mm) column.
Beverages
Honey

References
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Chapter 1: Carbohydrates

Simple Carbohydrates: Honey

Honey is the original sweetening agent known from
ancient times. The sugars in honey are mainly fructose
and glucose, with a scattering of other less common
saccharides.

00



Chapter 1: Carbohydrates

Table of Contents

Introduction

HILIC-RI

For measuring the main components in honey, the refractive index
detector is convenient,

Analytical Technologies

Chromatography Analysis of

Carbohydrates
20 1 1 System: UltiMate 3000

Column: Accucore 150-Amide-HILIC, 2.6 pm
M Dimensions: 4.6 x 100 mm

Flow: 1.00 mL/min

‘ ‘ Temperature: 50 °C
Dietary Fiber Injection Volume: 5 pL
2 Mobile Phase:  Acetonitrile:water 85:15 (v/v)
+ 10 mM sodium perchlorate

Lactose and Lactulose HRIU

Detector: Refractive Index

' Sample: Honey, 10 mg/mL in water, filtered
Maltodextrins Peaks: 1. Fructose
— 2. Glucose
Sialc Acid u d
0 l\_____..—J\_/\_/\.—«___‘
Beverages - ivi i
g Trivia Question
Q:  What is the average lifespan for a worker honey bee?
Hone T T T 1 . . .
y 0 5 10 15 20 A:  The typical worker honey bee, a sterile female, lives for about 42—45 days. The
Minutes typical load of pollen collected by a bee weighs approximately 10 mg, obtained
References from ~1500 flowers growing in a ~12 square mile area. To make one pound
Figure 1-40. HILIC-RI method for defermining carbohydrates in honey. of honey, bees must visit two million flowers and fly over 55,000 miles. In her

entire life, a worker bee gathers 1/10 tsp of honey.
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Table of Contents S' C .
imple Carbohydrates: Honey
Introduction
HILIC-Charged Aerosol Detection 1 2 Coumn:  Amino Peaks:
Analytical Technologies . . » 0l 4.6 x 250 mm, 5 um 1. Fructose
This approach is much more sensitive than HILIC-RI and can be used to : H Flow: 1 mU/min 2. Glucose
. : i Column Temp: 35 °C 3. T
| quantitate the less common saccharides. 09 jecton Volme: 10 1L P
Chromatography Analysis of 0.8 1 Mobile Phase:  70:30 Acetonitrile:Water 5. Trehalose
Carbohydrates 0.7 4 Run Time: 25 minutes 6. Maltose
_— 0.18 - 1 0.6 1 Traces: Standards 7. Melezitose
' g - Forrest Honey 8. Raffinose
0.16 2 2 05 - Fir Honey
Corn Syrup 014 - 3 & 4. Acacia Honey
' 4 5 ' 3,4
‘ ‘ § 0.12 0.3 - 7
Dietary Fiber ;C: 0.10 - 6 . 0.2 56 8
~ 0081 8 014 A
Lactose and Lactulose 0.06 - 0.0 N —
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0.04 A Minutes
Maltodextrins 0.02 - ‘ » o . .
_— 0,00 - Figure 1-42. Profiling sugars in different honeys using HILIC-Charged Aerosol Detection.
Sialic Acid 3 4 5 6 7 8 9 10 11 12 13 14
Minutes B OH
= QH
Beverages Figure 1-41. HILIC-Charged Aerosol Detection method for determining sugars in honey. : S HO 0 0., _A_.OH
H/;Q"/g o?”’oH
Honey o OH
Turanose Trehalose
References Did You Know? OHOH .
Not all honey is safe to eat. Honey produced from flowers of oleanders, HO
rhododendrons, mountain laurels, and azaleas may cause honey intoxication oL
(due to grayanotoxin poisoning). Commercial processing, with pooling of honey o HO o} °"é)
from numerous sources, is thought to dilute any toxins, rendering contaminated HO )
honey safe to consume. HOY N O H
OH OH oH
Melezitose Raffinose
Th Figure 1-43. Structures of the less common carbohydrates found in honey. o
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