Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins

Vitamin Mixtures

Antioxidants

References

Proven Analytical Methods for the Highest Safety and Quality




Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins
Vitamin Mixtures

Antioxidants

References

Vitamins and Antioxidants

Introduction

Vitamins are essential organic compounds that an organism needs in
limited amounts for normal growth and health. As the organism is unable
to synthesize these compounds, they must be obtained through the
diet. Vitamin deficiency can lead to disease. Although supplementation
is important for the treatment of certain health problems, whether it is

of nutritional benefit when used by otherwise healthy people remains
unresolved. Low molecular weight antioxidants are organic compounds
that prevent key biomolecules from undergoing oxidative damage. They
include vitamins as well as non-essential molecules obtained from the
diet or synthesized by the organism.
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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

Analytical Technologies

Water-Soluble Vitamins Best-in-class HPLC systems for all your chromatography needs

Fat-Soluble Vitaming 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

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

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

Vitamin Mixtures

Antioxidants

References
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Analytical Technologies

We are uniquely focused on making UHPLC technology available to all users, all laboratories, and for all analytes.

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
fast chromatography in nano, capillary, and micro LC. 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

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

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

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

Analytical Technologies

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
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Specialty HPLC Detectors

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 Corona | ultra :
RS

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 Corona Veo Charged Aerosol Detector
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.

Analytical Technologies
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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

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.

Analytical Technologies

Specialty HPLC Detectors

CoulArray Multi-electrode Array Detector
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Water-Soluble Vitamins Ultimate 3000 Fluorescence Detector e Unsurpassed reproducibility with active flow cell temperature control for
Fat-Solble Viaming The Thermo Scientiic Dionex UiMate 3000 FLD-3000 is a high-senstiy stable fluorophore actvity independent of changes in amblent termperatre
P fluorescence detector series for UtiMate 3000 HPLC systems. It is 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
Antioxidants 3000 series provide maximum stray-light suppression for best detection e Optional second photomultiplier (PMT) for unique Dual-PMT operation,
Reforences sensitivity. Operated with the Chromeleon CDS software, the detector provides offering an extended wavelength range up to 900 nm without sacrificing
automated qualification, various tools for method development, and instrument sensftivity in the standard wavelength range
\évferllgeigwonétgr:]ngl]ég;sase of use, maxdmum uptime, and te highest degre e Two-dimensional (2D) or three dimensional (3D) excitation, emission,
Quiaory complance: or synchro scans to provide the highest degree of flexibility for method
e Data collection at up to 200 Hz for optimal support of even the fastest development or routine sample characterization
UHPL separations (FL.D-3400R5) ¢ |nnovative Variable Emission Fitter for real-time compound-related sensitivity
e Standard detectors operate at up to 100 Hz data rate for optimum support optimization (FLD-3400RS only)
of 62 Mpé 19,000 psp Ulthate 3000 stlandard sysltems . e Large front-panel display for easy monitoring of the detector status
* (LSO/VIXI()%-Sglrggs(’)OAngelt\jC(ng\TNg%igﬁmggrsginargoagﬂz?s;a:g‘erence) e Two flow-cell sizes for easy optimization to application requirements: the
' d d 8 LIL flow cell is ideal for trace analysis, and the 2 pL flow cell offers best
peak resolution with narrow-bore HPLC and UHPLC columns
Ultimate 3000 Fluorescence Detector
Thermo
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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.
Thermo
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Innovative lon Chromatography Solutions

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

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

|
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Analytical Technologies

IC and RFIC Systems

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

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

Thermo Scientific Dionex IC instrument family
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Mass Spectrometry

Thermo Fisher Scientific provides 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

Thermo transition to MS detection. (a)
SCIENTIFIC 0‘
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Single-Point Control and Automation

Thermo Fisher Scientific provides advanced integrated IC/MS and
LG/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 remove mobile phase
ions for effort-free transition to MS detection.

e Thermo Scientific™ MSQ Plus™ mass spectrometer, the smallest and
most sensitive single quadrupole on the market for LC and IC

e Self-cleaning ion source for low maintenance operation

Mass Spectrometry Instruments

Analytical Technologies

e (Chromeleon CDS software for single-point method setup, instrument
control, and data management compatible with existing IC and LC
methods

e The complete system includes the MSQ Plus mass spectrometer, PC
data system, electrospray ionization (ESI) and atmospheric pressure
chemical ionization (APCI) probe inlets, and vaccum system

Now, you no longer need two software packages to operate your
LC/MS system. Chromeleon CDS software provides single-software
method setup and instrument control; powerful UV, conductivity, and MS
data analysis; and fully integrated reporting.

MSQ Plus Mass Spectrometer
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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.
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Analytical Technologies

Water-Soluble Vitamins The Fastest Way from Samples to Results e Enjoy a modern, intuitive user interface designed around the principle
Fat-Soluble Vitamins The 7.2 release of Chromeleon Chromatography Data System software of operational simplicity
i is the first CDS that combines separation (GC/IC/LC) and Mass * Streamline laboratory processes and eliminate errors with

itamin Mixtures , , , , T .
_— Spectrometry (MS) in an enterprise (client/server) environment. By eWorkflows™, which enable anyone to perform a complete analysis
Antioxidants extending Chromeleon 7.2 CDS beyond chromatography into MS, lab perfectly with just a few clicks
References 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

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. e Interpret multiple chromatograms at a glance using MiniPlots

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

¢ 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

N
A
/
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-\ 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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> "9 L& Process Analytical Systems and Software

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.

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.
Thermo
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Analytical Technologies

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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Water-Soluble Vitamins
These low molecular weight organic compounds,
readily soluble in water, include vitamins B, (thiamine),
B, (riboflavin), B, (niacin), B, (pantothenic acid), B,
(pyridoxine), B, (biotin), B, (folic acid), B,, (cobalamin)
and C (ascorbic acid). In general, as these vitamins are
readily excreted from the body more consistent intake
is important. Water-soluble vitamins are a chemically
heterogeneous group of compounds and include
acids, bases, zwitterions, and neutrals with different
chromatographic, spectroscopic, and voltammetric
properties. The amounts in samples can vary from a few
micrograms to hundreds of milligrams. Each sample
presents a unique set of interferences and requires
Thermo careful selection of preparation procedures.
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itamins and Antioxidants

Water-Soluble Vitamins

Analysis of a Drink Mix The diode array detector confirms the identity and purity of each peak.
This example demonstrates that the Acclaim RSLC PA2 column separates
eight common water soluble vitamins using a “green” method (isopropanol
as the organic modifier) in 5 min. Note that citric acid and other minor
components can interfere with ascorbic acid niacin. Carefull adjustment of
the mobile phase pH may help to resolve these interferences.

The Acclaim PolarAdvantage Il (PA2) column features an amide embedded
functionality in the stationary phase, and provides unigue selectivity and
aqueous compatibility, making it sutable to separating water-soluble
vitamins. The use of the 2.2 pm Acclaim RSLC column in 2.1 mm i.d.
format allows fast analysis time with reduced solvent consumption.

System: UltiMate 3000 RSLC
Column: Acclaim RSLC PA2, 2.2 ym
Dimensions: 2.1 x 100 mm 9
Flow: 0.41 mU/min 3601
Temperature:  25°C
Injection: 2 uL; bypass mode at 0.15 min
Mobile Phases: ~ A: 30 mM H,PO, adjusted to pH 3.07 with NH,0H
B: Isopropanol
Gradient: -4.0 0.0 08 30 50
%A 100 100 100 88 88
%B 0 0 0 12 12
Pressure: 280-430 bar
Detection: Diode array, UV 210 (shown), 246, 260, 375 nm;
spectra 200-450 nm
Baseline subtraction with water blank mAU
Peaks: 4
1. Thiamine 25 pg/mL L‘N
2. Ascorbic acid 25 A
3. Niacin 25
4. Pyridoxine 25 5
5. Niacinamide 25
6. Pantothenic acid 25
7. Folic acid 25 T3 g
8. Riboflavin 10 5 . ‘
9. Citrate - . . B m '\ “
Traces: A. Propel® lemon flavor drink mix, 0 i
o S I R
. phosphate buffer Minutes

Propel is a registered trademark of PepsiCo

Figure 10-1. Water-soluble vitamins on an Acclaim PolarAdvantage Il RSLC column.
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Analysis of a Supplement

Vitamin supplement tablets are complex formulations with many
ingredients. Some vitamins are strongly hydrophilic, so the column needs
to operate in 100% aqueous buffer to gain sufficient retention to resolve
them from the other sample peaks near the void volume. The Acclaim PA
column can do this reliably whereas a hydrophobic C18 column would
be likely to suffer dewetting. The multiple wavelength capability of the
diode array detector provides primary wavelengths for quantitification and
alternate wavelengths for confirmation.

10007 Column: Acclaim PA, 3 ym
Dimensions: 4.6 x 150 mm
2 Mobile Phase:  Phosphate pH 3.4, gradient 0-20% CH,CN
Detection: UVD 340 at listed wavelengths
Sample: One-A-Day® brand "Active Formula”
Sample Prep.: 1. Grind a 1500 mg tablet
2. Extract 150 mg with 100 mL of pH 3.4 buffer
3. Sonicate 10 min
4. Filter
5. Inject 20 pL
mAU Peaks: 1. Thiamine
2. Ascorbic acid
4 3. Pyridoxine
4. Niacinamide
5. Pantothenic acid
6. Folic acid
7. Vitamin B,,
8. Riboflavin
3 One-A-Day is a registered trademark of Bayer Corp.
1 8
5
04 _ A Ji%_ 210 nm
EE - 246 nm
L ~—JL—~ 265 nm
|
~ 285 nm
—200 ]
0 Minutes 17

Figure 10-2. Assay for water-soluble vitamins in vitamin tablets using the Acclaim PA column.

itamins and Antioxidants

Water-Soluble Vitamins

Analysis of Amino Acids

600 1

mAU

Column: Acclaim OA, 5 pm, 4 x 250 mm  Peaks: 1. Lysine
Flow: 0.60 mL/min 2. Glutamine
Temperature: 30 °C 3. Valine
Injection Volume: 5 pL 4. Ascorbic acid
Mobile Phase: 40 mM Na,SO, 5. Isoleucing

adjusted to pH 3.05 6. Leucine

with methanesulfonic acid 7. Unknown
Detection: uv, 210 nm 8. Unknown

4
2

0 2 4 6 8

Minutes

10 12 14

Figure 10-3. Analysis of amino acids in vitamin premix on an Acclaim OA column.
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Water-Soluble Vitamins B Vitamins of healthy muscle, skin, eyes, hair, and liver. Because few of us eat
completely balanced diets all the time, supplements containing balanced
portions of these and many other vitamins may allow us to obtain the
recommended amounts of these compounds.

Fat-Soluble Vitamins Thiamine (B,), riboflavin (B,), niacin (B.), and pyridoxine (B,) are water
soluble vitamins that affect many important biological functions, including

Varmin Miures metabolism of carbohydrates, fats, and proteins, and maintenance

Antioxidants
37.4
References !
E— A
=)
z 4
Column: Acclaim 120 C18, 150 x 4.6 mm g 8
Flow: 1.5 mL/min £
ColumnTemp.: 25°C 3
Injection Volume: 20 L
Mobile Phase: A: (95:5:0.2, v/v/v) Water:methanol: phosphoric acid, 85%-+ 2
10 mM hexanesulfonic acid, pH 4.5
B: (50:50:0.2) Water: methanto: phosphoric acid, 85%+ 21 -
10 mM hexanesulfonic acid, pH 4.5 ) 10 2 )
Gradient: 100% A-100% B over 30 min Retention Time [min]
Detection: UV, 260 and 290 nm
Sample Preparation: A suitable amount of finished product is extracted with 1541 B 2
(95:5:1 v/v/v) Water: acetonitrile, glacial acetic acid
Peaks: 1. Nicianamide (B,)
2. Pyridoxine (By)
3. Thiamine (B,) %
4. Riboflavin (B,) E
8 4
g LJ\_"’\_/A_//
<
L
=21

0 10 2 3
Retention Time [min]

Figure 10-4. Determination of Vitamins B,, B,, B,, and B, in dietary supplements. A) UV detection at 260 nm and B) UV detection at 290 nm.
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Vitamin B12 - Cobalamin HsC

Cyanocobalamine (Vitamin B, ) belongs to the B vitamin group and
prevents pernicious anemia, which is caused by Vitamin B,, deficiency.
Because plant products contain very little Vitamin B, , vegetarians and
people who do not eat red meat need to supplement their diet by taking
multivitamin tablets and beverages supplemented with Vitamin B, ,.
Excessive consumption of Vitamin B,, may cause asthma and folic acid
deficiency, therefore, typically only a low level of Vitamin B, , (e.g., ng/g) is
added to products, thus making direct analysis difficult. As a result, Vitamin
B,, analysis usually involves complicated sample preparation, which HN
presents challenges for product quality control, This application shows a
simple, fast, and effective on-line SPE method, followed by HPLC with UV

detection. FoN \‘(
o H

HsC N

Figure 10-5. Chemical structure of Vitamin B,

Did You Know?

A few hundred years ago, a sailor on a long voyage would likely not return
home alive. This was not because he might die in a storm or be killed by
pirates, but because he might develop the disease scurvy. Fortunately, a British
doctor found that a daily ration of lime juice would prevent Scurvy along with its
softening and bleeding of organs, tendons, skin, and gums that led to death for
sailors. Sailors got the nickname “limey” from this practice. Today, it is known
that scurvy was caused by vitamin C deficiency. To overcome the inability to
store fresh fruits and vegetables on ship, lime juice provided the vitamin C the
sailors needed.

<X >
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Vitamin B,

SPE Column:
Anal. column:
Flow:
ColumnTemp.:
Injection Volume:
Eluent for SPE:

Eluent for Separation:

Detection:
Chromatograms:

mAU

- Cobalamin

Acclaim PA2, 3 um, 3.0 x 33 mm
Acclaim PA2, 3 ym, 3.0 x 150 mm
0.6 mL/min for SPE and separation
30°C
2500 pL on SPE column
CH,CN — 25 mM phosphate buffer (pH 3.2) in gradient
CH,CN — 25 mM phosphate buffer (pH 3.2) in gradient
UV at 361 nm
1. Water blank
2. Beverage sample
3. The same sample spiked with 0.45 ng/mL
of Vitamin B, , standard

Vitamin B,,

mAU

Figure 10-6. Overlay of chromatograms A) Sample #1 (Orange Flavor H22335) and B) Sample

11 12 13 14 15 16
Minutes

#4 (Peach Flavor A31601).

Vitamins and Antioxidants

Water-Soluble Vitamins

SPE Column:

Anal. Column:

Flow:

Column Temp.:
Injection Volume:
Eluent for SPE:
Eluent for Separation:
Detection:

Chromatograms:

mAU

Acclaim PA2, 3 um, 3.0 x 33 mm

Acclaim PA2, 3 um, 3.0 x 150 mm

0.6 mL/min for SPE and separation

30°C

2500 pL on SPE column

CH,CN — 25 mM phosphate buffer (pH 3.2) in gradient
CH,CN — 25 mM phosphate buffer (pH 3.2) in gradient
UV at 361 nm

1. Orange flavor H22335
2. Litchi flavor F10632

3. Kaffir lime flavor F10522
4. Peach flavor A31601

5. Orange flavor H22333
6. Litchi flavor F10014

7. Kaffir lime flavor F12203
8. Peach flavor A41020

9. Peach flavor C10553

11 12 13 14 15 16 17 178
Minutes

Figure 10-7. Overlay of chromatograms of beverages with different flavors and different batch
numbers.

-ication Note 256: Determination of Vitamin B12 in Beverages Using On-Line SPE Followed by HPLC with UV Detection

o0
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Fat-Soluble Vitamins

These low molecular weight compounds, readily soluble
in lipids, include vitamins A (retinol), D (calciferol), E
(tocopherol ) and K (phylloquinone). Unlike water-soluble
vitamins, they are less efficiently excreted and are more
likely to accumulate in the body. Over supplementation
can lead to hypervitaminosis. Fat-soluble vitamins

play a number of important physiological roles and

are involved with bone metabolism, vision, and blood

Thermo coagulation. (4]
SCIENTIFIC oi
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Water-Soluble Vitamins Analysis by Reversed_Phase Column: Acclaim PA C16, 3 um, 4.6 x 150 mm
. Flow: 1.25 mL/min
Fat-Soluble Vitamins HPLC-Absorbance Detection Temportue: 30°C
—_— njection: u
o M Fat-soluble vitamins and related substances can be efficiently resolved Mobile Phase: (A) Water
W ing diff t Acclai | q d by absorb detecti (B) 54:44:2 methanol:acetonitrile:isopropanol
‘. using airerent Acclaim columns and measured Dy ansorpance aetection. Gradient  Time 0 80 81 025
Antioxidants %A 5 5 0 0
%B 95 95 100 100
References a _ _ Detector:  Diode array, 450 and 285 nm,
- h S?riwuemnrs]ilons 2060 lingozgwr? Bowm and spectra 200-595 nm
Flow ' 2' 0 ml/min Peaks: 1. trans-Retinol acetate

2. trans-Lutein
3. a-Tocopherol acetate
4. trans-Lycopene

Temperature: 30°C
1 Injection Volume: 5 uL

: } - 300

ll\)/IOtbn(:_ Phgse. 83/2 g/év acetonitrile/methanol 5. cis-Lycopene
etection: ) nm 6. trans-B-Carotene

Peaks: 1. All-trans retinol (Vitamin A)  0.12  mg/mL 7. cis-B-Carotene

2. &-Tocopherol (impurity) —
3. Ergocalciferol (Vitamin D)) 0.12
4. Cholecalciferol (Vitamin D)  0.06
5. B-Tocopherol (impurity) —
mAU 6. ct-Tocopherol (Vitamin E) 1.3

4 Minutes

Sample Prep.:
5 - Finely grind a weighed tablet

2 - Take an aliquot of about 1/10 tablet (150 mg)
A;\NJJ \ ' - Partition between 2.0 mL water and 6.0 mL ethyl acetate with sonication
-10 - Evaporate 2.0 mL of ethyl acetate phase and reconstitute in 1.0 mL mobile phase B

Figure 10-9. Determination of fat-soluble vitamins and carotenoids in a vitamin tablet.

Minutes

Figure 10-8. Determination of fat-soluble vitamin standards on the Acclaim 120 C18 column.
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Introduction

Analytical Technologies

Water-Soluble Vitamins Column: Acclaim Phenyl-1, 3 pm
Dimension: 3.0 x 150 mm
Fat-Soluble Vitamins Flow: 0.5 mL/min

Temperature: 30°C

Injection Volume: 2 pL

Mobile Phase: ~ Methanol/water v/v 90/10

o Detection: UV at 220 nm S
Antioxidants 60 - Peaks: (100 ppm each) ~

1. Retinol acetate (vitamin A acetate) N

2. Vitamin D,
3. Vitamin D,
4. &-Tocopherol
5. y-Tocopherol
6
7
8
9
1

Vitamin Mixtures

References 2
3

. a-Tocopherol (vitamin E)
. Impurity (unknown)

. Vitamin E acetate

. Vitamin K,

0. Vitamin K,

~
o

mAU
6 9

o
)
—
N
—
©
[N
~
w
S

Minutes
Figure 10-10. Separation of fat-soluble vitamins.
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Water-Soluble Vitamins Ana'ysis by Reversed-Phase HPLC-CAD HPLC Column: €8, 150 x 4.6 mm, 2.7 ym Detection: Charged aerosol detection
Flow: 1.5 mL/min Run Time: 20 min
Fat-Soluble Vitamins Shown here is a simple, reversed-phase high-performance liquid gg'nggﬂlg Ign“;g ;‘8 :g Peaks:
S chromatography (RP-HPLC)-charged aerosol detection method for the Inection Volume: 10yl 12 ;’:t’l’nsyf‘zgggte
_— measurement of 11 fat-soluble vitamins (FSV) and fat-soluble antioxidants Mobile Phase: g;‘g?;g%f}g;/wﬂef/acetic add 3 Lytein
Antioxidants (FSA) in commercially-available supplements including: vitamins A (irans- B: Acetonitie/methanol & T Tocomen
retinol, retinyl acetate, and palmitate), £ (-, 8-, y-tocopherols and tetrahydrofuran/acefic acid 6. Phylloquinone ()
References . , . T (500:375:125:4) 7. o-Tocopherol |
B succinate), D, and K, (phylloquinone); lycopene; lutein; and CoQ10. The Gradient: Time %A %B 8 Lycopeﬁe
analysis was completed in 20 min. ?8 gg gg 9. Retinyl palmitate
. 50 40 e 10.CoQ10
100 35 65
120 10 9
T 170 0 100
17170 30
200 70 30 9
_2 . . . . . . . .
0.0 25 5.0 75 100 125 150 175 202
Minutes
Figure 10-11. RP-HPLC chromatogram of FSV standards (166 ng on column, vitamin K1 at 66 ng).
For Additional Chromatographic Approaches Download:
Th ermo Application Note 20539: Analysis of Fat Soluble Vitamins Using a Thermo Scientific Accucore XL C18 4 pm HPLC Column 0
SCIENTIFIC Application Note 20590: Separation of a Mixture of Vitamin K Isomers Using a Solid Core HPLC Column at Sub-ambient Temperature 0


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-20539-Analysis-of-Fat-Soluble-Vitamins-Accucore-XL-C18-4-um-HPLC-Column.pdf

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)/AN20590-Separation-Vitamin-K-Isomers-EN.pdf
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Fat-Soluble Vitamins

Analytical Technologies

Water-Soluble Vitamins Vitamin D LC System: UltiMate 3000 Mobile Phase: Heptane:acetonitrile:
Column: Acclaim HILIC-10, 3 pm isopropanol:acetic acid

Fat-Soluble Vitamins Vitamin D is a fat-soluble vitamin. Fat-soluble vitamin supplements are Dimensions: 4.6 x 150 mm , 98.4:1.0:0.5:0.1/M)
—_— , , . o , Flow: 1.00 mL/min Detection: PDA (spectra 200—400 nm)
Vitamin Mixiures often formulated in an oil-based carrier; e.g. soy oil in a gelatin capsule. Temperature: 30 °C Traces at 265 nm shown
_ This is inconvenient for reversed-phase chromatography because the Injection Volume: 20 ul Samples: /S- 5‘;6“%?:”\'/3?5“3800|an)” heptane
Antioxidants carrier elutes very late. Normal-phase chromatography elutes the matrix " in heptane o make 10 mL

before the vitamins. The Acclaim HILIC-10 column can be operated in Peaks: 1. Impurity
References o , 2 \iitamin D
_ its primary HILIC mode, or alternately, in normal-phase mode where 54 ' 3

it provides good resolution using simple isocratic conditions, and no yio '

sample pretreatment. '

Vitamins D occurs in two forms — D, and D, — that are frequently 180 1 )

difficult to separate from each other and from Vitamin E. The Acclaim

PolarAdvantage Il column has an embedded amide group that provides

a unique selectivity for some separations. To optimize that selectivity,

both the temperature and alcohol content were varied. The RSLC format

allows fast separations with good resolution, with only a moderate 200 400

increase in pressure. The diode-array detector confirms the identity and A 1 L

purity of each peak. —

mAU

6 8 10

o
N
~

Minutes

Figure 10-12. Determination of vitamin D, in supplements using the Acclaim HILIC-10 column.
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Analytical Technologies
Water-Soluble Vitamins Pump: UltiMate HPG-3400RS Table 1. Diseases associated with vitamin deficiencies.
Column: Acclaim RSLC PA2, 2.2 ym
Fat-Soluble Vitamins Dimensions: 2.1 x 100 mm Disease | Vitamin | Chemical
—_— Flow: 0.90 mL/min
i M Temperature:  TCC-3000RS, 15 °C Beriberi B Thiamine
W Injection: WPS-3000RS sampler, 3 pL Pellagra B1 Niacin
o Mobile Phase: 90:10 acetonitrile:isopropanol (v/v), Isocratic 3
Antioxidants Pressure: 300 bar Biotin Deficiency B, Biotin
Detection: DAD-3000RS, UV 265 nm; spectra 200-450 nm S .
curv C Ascorbic acid
References 907 Peaks: 1.Vitamin Aacetate 100 pg/mL , / ,
- 2. Impurity in vitamin £~ — Rickets D Cholecalciferol
3.Vitamin E acetate 100 7 Ariboflavinasis B, Riboflavin
4. Degradation product — — - _ -
] of vitamin D _ Vitamin K Deficiency K Phylloquinone; menaguinone
5. Degradation product Hybocobalaminemia B, Cobalamin
of vitamin D - - —
6. Vitamin D, 40 Paraesthesia B, Pantothenic acid
7.Vitamin D, 60 Night Blindness A Retinoic acid
Standards in acetonitrile 6
mAU
Did You Know?
It has long been known among Eskimos and arctic travelers that the ingestion
of polar-bear liver by men and dogs causes severe illness. The reason —
Hypervitaminosis A. Bear's liver contains between 24,000 and 35,000 IU
vitamin A per gram. For humans the tolerable upper limit for healthy adults is set
at 10,000 IU. Signs of toxicity generally occur when approximately 25,000 to
3 33,000 IU are consumed.
5 4 5
0-
T T T T 1
0 0.5 1.0 1.5 2.0 2.7
Minutes
Figure 10-13. Separation of fat-soluble vitamins on Acclaim RSLC PolarAdvantage Il column.
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Vitamin E

Vitamin E (a-tocopherol) is an antioxidant compound found in nuts,
grains, and leafy green vegetables, and it protects cell membranes
and other parts of the cell from damage. Tocopheryl acetate is used to
formulate products, and in the body it is converted to the biologically
active tocopherol. Fat-soluble vitamins are often formulated in an oil-
based carrier. This is inconvenient for reversed-phase chromatography
because the carrier elutes very late. Normal-phase chromatography
elutes the carrier near the void before the vitamins. The Acclaim HILIC-10
column can be operated in its primary HILIC mode, or alternatively in
normal-phase mode where it provides good resolution using simple
isocratic conditions.

-~

0: Vitamins and Antioxidants

Fat-Soluble Vitamins

Column: Acclaim HILIC-10, 3 pm
Dimensions: 4.6 x 150 mm
Flow: 1.0 mL/min

Temperature: 30 °C
Injection Volume: 5 pL

Mobile Phase:  Heptane:tetrahydrofuran:isopropanol
94.75:5.00:0.25 (v/v/v)
Detection: UV at 280 nm; spectra 200400 nm
Peaks: 1. a-Tocopheryl acetate 60 ug/mL
2. a-Tocopherol 40
14
204
1
284
200 nm 400
204
mAU
293 2
200 400
0 |
0 2 4 6 8
Minutes

Figure 10-14. o-Tocopherol and o-tocopheryl acetate determination using the Acclaim HILIC-10
column.
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. JVitamin Mixtures

Traditional analysis of vitamin products requires
several different methods to quantify the additives.
Water-soluble vitamins are often determined with RP-
HPLC using an aqueous mobile phase, while the fat-
soluble vitamins use organic solvent mobile phases
in both reversed- and normal-phase HPLC methods.
Combined methods evaluating both types of vitamins
pose a challenge due to the difference in solubility limits
of the two classes of vitamins and the many different
biologically equivalent compounds that can be added,
but are listed as a single vitamin. For example, niacin
is available as nicotinic acid and nicotinamide, which
Thermo are both biologically active and referred to as niacin in
SCIENTIFIC product labeling. 0
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Simultaneous Measurement of Water- and
Fat-Soluble Vitamins in Functional Waters

The simultaneous determination of a wide range of vitamins increases
the complexity of an analytical method. Vitamin structures range from
small unconjugated organic acids, such as pantothenic acid (Vitamin B,)
that are minimally UV active, to large complexes that absorb at different
wavelengths, such as cyanocobalamine (Vitamin B, ,). Multiple detection
wavelengths are needed to optimize sensitivity due to the chemical
diversity of vitamins.

The Acclaim PolarAdvantage Il column can be used to determine water-
and fat-soluble vitamins in a single method. This column contains a high-
efficiency, silica-based, polar-embedded stationary phase manufactured
by bonding a proprietary amide-embedded ligand to high-purity spherical
silica. It is compatible with 100% aqueous mobile phases over a wide pH
range (1.5—10), and provides excellent peak shapes and efficiencies for

both basic and acidic compounds.

Functional beverages are vitamin-enhanced waters that have gained
consumer popularity for convenience, perceived health benefits, and
improved flavor over tap water. These beverages are typically enriched
with Vitamin G, B-complex vitamins, and Vitamins A and E, with the
advertised benefits of increased energy from the B vitamins and
antioxidant benefits from Vitamins A, G, and E. Labeling the nutritional
content of these beverages is regulated by the U.S. Food and Drug
Administration (US FDA). Therefore, methods are needed to assay the
vitamins to support product labeling. Determination of vitamins in foods is
inherently difficult and deviation of the determined amounts of a vitamin
from labeled amounts has been observed.

mins and Antioxidants

Vitamin Mixtures

Analysis of these beverages presents a challenge due to the presence of
both water- and fat- soluble vitamins. Proprietary formulations of vitamins
that remain soluble and shelf-stable are used to enrich these beverages.
Additionally, gums, preservatives, and other additives are used to emulsify
and stabilize the drink.

In this application, a gradient HPLC method using an Acclaim
PolarAdvantage Il column was used to resolve both water and fat soluble
vitamins in functional waters.

Column: Acclaim Polar Advantage I, 2.1 x 150 mm

Flow: 0.21 mL/min

Temperature: 40 °C

Injection Volume: 5 pL

Eluents: A: 0.015% Formic Acid

B: 17/83 Methanol/Acetonitrile

100% A for 3 min, 0-45% B in 5 min, 45-100%
Bin 0.1 min, 100% B for 16.9 min

5 min of equilibration

PDA, 210 nm (A) and 280 nm (B)

Brand A fruit-flavored water 1:1 dilution with eluent A

1. Pyridoxine HCI (280 nm) 3.1 pg/mL
2. Ascorbic Acid 67

3. Nicotinamide 19

4. Citrates —

2 5. D-Pantothenic Acid 12

6. DL-o-Tocopherol Acetate 8.6

R

A mobile phase blank has been subtracted from the chromatogram
displayed to remove baseline shifts due the gradient.

B | e .
0 5 10 15 20 25
Minutes

Gradient:

Detection:
Sample:

Peaks:

7507 3

mAU

Figure 10-15. Separation of Brand A, a fruit-flavored, artificially-sweetened, vitamin-
enhanced water.
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Water-Soluble Vitamins Column: Acclaim Polar Advantage II, 2.1 x 150 mm
Flow: 0.21 mL/min Dld YOU KnOW?
Fat-Soluble Vitamins Temperature: 40 °C
— :Enljectiton Volume: 2 uoLm o0 Formic A Unlike the term organic, ‘all natural is not an official term that is regulated by the
TN uents: :0.015% Formic Aci )
W B 17/83 Methancl/Acetonitrle federal government and does not offer any guarantee as to the product’s safety.
o Gradient: 100% A for 3 min, 0-45% B in 5 min,
Antioxidants 45-100% B in 0.1 min, 100% B for 16.9 min
5 min of equilibration
References Detection: PDA, 210 nm (A), 280 nm (B), and 350 nm (inset)
- Sample: Brand C fruit-flavored water 1:1 dilution with eluent A
Peaks: 1. Pyridoxine HCI (280 nm) 4.6 pg/mL
2. Nicotinamide 10
3. Citrates —
4. D-Pantothenic Acid 6.0

5. DL-oi-Tocopherol Acetate 5.3
6. Retinol Palmitate (inset) 0.44

Baseline corrected, 15% shift in signal intensity between A and B

400
2
]
mAU 5
3
4
A 6
7
1 )\
LAA,_Ag__uI»L LUJ 0—
-40 T T T T T
0 5 10 15 20 25

Minutes

Figure 10-16. Separation of Brand C, a fruit-flavored, sugar- sweetened, vitamin-enhanced water
with added natural extracts and caffeine
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Water-Soluble Vitamins Simultaneous Measurement of Water- Elzl\:rnn: ézgliiglizlagnPﬁié.éem& 2.1 x 100 mm
Fat-Soluble Vitamins and Fat-Soluble Vitamins in Dry Syrup Temperature: 35 °C
—_— M |t - N F | . Injection Volume: 4 pL for WSV
o ultivitamin Formulation 0.5 yL for FSV
Vitamin Mixtures Eluent: A 0.05% MSA
H Vitamins are vital to human development and long-term health; therefore, ' B: CH,CN
fodans infants are usually prescribed a vitamin supplement to ensure they ~ C:5mMNAPO, pH3.0
. . ) . , 1407 Eluent gradient: See Application Note Below
References receive the recommended daily allowance of each vitamin. Children Detection: UV, 254 nm and 285 nm
I under one year of age are usually given this supplement in liquid form. Sample: Standard mixture of 10 vitamins plus benzoate
. . 2 (Ethyl acetate extraction)
This supplement can be produced as a dry syrup using a powdered
preparation to which the pharmacist adds liquid to produce the dosage 4 Peaks: conc.(mg/L)
form for the patient. The work shown here describes an HPLC method to 3 ;L‘l‘;;‘n'giﬂ " }8
quantify water- and fat-soluble vitamins in a dry syrup. 3. Ascorbic acid 40
4. Pyridoxine hydrochloride 10
mAU 6 5. Calcium pantothenate 20
7 6. Cyanocobalamine 5
7. Folic acid 5
9 8. Riboflavin 7
1 9. Benzoate 10
8 10. Retinol acetate 100
11. a-Tocopherol acetate 100
5
LA

Minutes

Figure 10-17. Chromatogram of a mixture of 10 vitamins plus benzoate (ethyl acetate extraction).

wnload Application Note 252: HPLC Assay of Water-Soluble Vitamins, Fat-Soluble Vitamins, and a Preservative in
y Syrup Multivitamin Formulation

<X >
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Analytical Technologies

Water-Soluble Vitamins Column: Acclaim PA2 3 pm, 4.6 x 150 mm
Flow: See Application Note Below
Fat-Soluble Vitamins 800 Temperature: 35 °C
—_— Injection Volume: 30 pL
NN Eluent: A:0.05% MSA
Vitamin Mixtures B CH.ON
o C: 10 mM NH,H,PO,, pH 2.5
Antioxidants Eluent gradient: ~ See Application Note below
Detection: UV, 254 nm and 285 nm
References Sample: Spiked Placebo sample (Ethyl acetate extraction)
80 -
Peaks: conc.(mg/L)
2 1. Thiamine 1.97
8 2. Nicotinamide 18.56
3. Ascorbic acid 71.44
7 4. Pyridoxine hydrochloride ~ 2.13
6 5. Calcium pantothenate 10.64
0- 6. Cyanocobalamine 0.11
7. Folic acid 0.19
3 8. Riboflavin 2.08
9 10 M
mAU 9. Benzoate 9.96
10. Retinol acetate 37.69
11. o-Tocopherol acetate ~ 36.06
9
10
e ® 11
0+
0 5 10 15 20 25 28
Minutes

Figure 10-18. Chromatogram of the dry syrup sample (ethyl acetate extraction).

Thermo te 252: HPLC Assay of Water-Soluble Vitamins, Fat-Soluble Vitamins, and a Preservative in
ormulation

o0



http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/HPLC%20Columns%20(3um)/87935-AN252-LC-WSV&FSV-DrySyrup-25Aug10-LPN2548.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/HPLC%20Columns%20(3um)/87935-AN252-LC-WSV&FSV-DrySyrup-25Aug10-LPN2548.pdf

Table of Contents
Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins
Vitamin Mixtures
Antioxidants

References

itamins and Antioxidants

Vitamin Mixtures

Simultaneous Measurement of Water- and Fat-Soluble Vitamins in Supplements and Feeds

Columns:

Flow:

Column Temp:
Injection Volume:
Mobile Phases:

Detection:

Peaks:

. Thiamine

. Vitamin C
Nicotinic acid

Acclaim PA, 3 um, 3.0 x 150 mm for water-soluble vitamins
Acclaim C18, 3 um, 3.0 x 150 mm for fat-soluble vitamins
0.5 mL/min

25°C

10 pL

For water-soluble vitamins,

A) 25 mM phosphate buffer (pH 3.6),

B) CH,CN-mobile phase A (7:3, v/v)

For fat-soluble vitamins,

A) CH,0H-CH,CN (8 : 2, vAv),

B) Methyl tert-butyl ether (MTBE)

Both in gradient (Table shown in Technical Note below)

UV at different wavelengths for different vitamins

(See Table 2 in below Technical Note)

11. Vitamin A

12. Lutein

13. Vitamin A acetate
14, Vitamin D,

]
2

3

4. Pyridoxal hydrochloride
5. Pyridoxine hydrochloride
6. Nicotinamide

7. Pantothenic acid

8. Folic acid

9. Cyancobalamin

10. Riboflavin

15. Vitamin D,

16. Vitamin E

17. Vitamin E acetate
18. Vitamin K,

19. Lycopene

20. Vitamin A palmitate
21. B-Carotene

6001

mAU

34

11 21
13
8
10
15
9 14
19
20
1718
12
16

o 4

8 10 12 14
Minutes

Figure 10-19. Chromatograms of the simultaneous separation of 21 water- and fat-soluble vitamins.

Did You Know?

U.S. consumers spend about 12 billion dollars on vitamins and dietary sup-
plements a year. (1999). Japan with less than half the population of the U.S.

spends almost 17 billion dollars a year.

- Technical Note 89: Determination of Water- and Fat-Soluble Vitamins by HPLC

16

18 20

o0
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Water-Soluble Vitamins Columns: Acclaim PA, 3 pm, 3.0 x 150 mm for water-soluble vitamins Columns: Acclaim PA, 3 um, 3.0 x 150 mm for water-soluble vitamins
Acclaim C18, 3 um, 3.0 x 150 mm for fat-soluble vitamins Acclaim C18, 3 um, 3.0 x 150 mm for fat-soluble vitamins
Fat-Soluble Vitamins Flow Rate: 0.5 mL/min Flow Rate: 0.5 mL/min
_— Column Temp.: 25 °C Column Temp.: 25 °C
Vitamin Mixtures Injection Volume: 10 pL Injection Volume: 10 pL
—_— Mobile Phases: For water-soluble vitamins Mobile Phases: For water-soluble vitamins
Antioxidants A) 25 mM phosphate buffer (pH 3.6) A) 25 mM phosphate buffer (pH 3.6)
—_— B) CH,CN-mobile phase A (7:3, v/v) B) CH,CN-mobile phase A (7:3, v/v)
For fat-soluble vitamins For fat-soluble vitamins
References A) CH,0H-CH,CN (8:2, V) A) CH,0H-CH,CN (8:2, v/v)
B) Methyl tert-butyl ether (MTBE) B) Methyl fert-butyl ether (MTBE)
Both in gradient (Table shown in Technical Note below) 1407 Both in gradient (Table shown in Technical Note below)
Detection: UV on different wavelengths for different vitamins Detection: UV on different wavelengths for different
(See Table 2 in below Technical Note) vitamins (See Table 2 in below Technical Note)
Peaks: 1. Thiamine Peaks: 1. Thiamine 1
2. Vitamin C 5 2. Vitamin C
3. Pyridoxal hydrochloride 3. Pyridoxal hydrochloride
) 4, Pyrldgxme' hydrochloride 11 4. Pyridoxine hydrochloride 12
200 - 5. Nicotinamide 14 5. Nicotinamide
6. Pantothenic acid 6. Pantothenic acid
5 7. Folicacid 7. Folic acid
8. Cyancobalamine 8. Riboflavin
9. Riboflavin 17 9. Vitamin A acetate
10. Vitamin A 10. Vitamin D,
11. Vitamin A acetate mAU 11. Vitamin E acetate
12. Vitamin D, 12. B-Carotene
13. Vitamin E
mAU 14. Vitamin E acetate
15. Vitamin K|
16. Vitamin A palmitate
17. B-Carotene
9
4
1 6 4
/ 10 15 2
B |3 { |8 12131,.° 16 193
A
_20 T T T T T T T i
0 2.5 5.0 7.5 10.0 125 15.0 175 20.0
Minutes -20 : : . : : : : : )

0 2 4 6 8 1b 12 14 16 18 20

Figure 10-20. Chromatograms of (A) vitamin and mineral supplement tablet (for women) and Minutes

(B) the same sample spiked with standards. There was a 1000-fold sample dilution for water-solu- , ' -
ble vitamins, and a 100-fold dilution for fat-soluble vitamins. Figure 10-21. Chromatogram of chicken feed. There was a 1000-fold sample dilution for wa-

Th erm o ter-soluble vitamins, and a 100-fold dilution for fat-soluble vitamins. oz

-chnical Note 89: Determination of Water- and Fat-Soluble Vitamins by HPLC
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Determination of Water- and Fat-Soluble
Vitamins in Nutritional Supplements

Column: Acclaim PA2, 5 pym, 4.6 x 150 mm

Flow: 1.0 mL/min

Temperature: 25 °C

Injection Volume: 20 uL

Eluents: A: CH,CN

B: 25 mM Phosphate buffer (dissolve about 3.4 g KH,PO,
in 1 L water, and adjust pH to 3.2 with H,P0O,)

4—14 min, 0-35% A

14.5-19 min, 80% A

19.5-20 min, 0% A

UVat210 nm

1. Vitamin B,

2. Vitamin C (Separated alone under the same
chromatographic conditions)

3. Vitamin By

4. Vitamin B,

5. Vitamin B

6. Vitamin B,

7. Vitamin B,

8. Vitamin B,

Gradient:

Detection:
Peaks:

4007

mAU 3 7

_30 T T T T T 1
0 2 4 6 8 10 12 14

Minutes

Figure 10-22. Separation of water-soluble vitamin standards.

8907 A

mAU

e
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Vitamin Mixtures

Column:

Flow:
Temperature:
Injection Volume:
Eluents:

Gradient:

Detection:
Samples:

Peaks:

Acclaim PA2, 5 pm, 4.6 x 150 mm

1.0 mL/min

25°C

20 uL

A: CH,CN

B: 25 mM Phosphate buffer
(dissolve about 3.4 g KH,PO, in 1 L
water, and adjust pH to 3.2 with H,P0,)

4—14 min, 0-35% A

14.5-19 min, 80% A

19.5-20 min, 0% A

UVat210 nm

A: Sample Brand 1

B: Spiked sample Brand 1

1. Vitamin B,
2.Vitamin C

3. Vitamin By
4. Vitamin B,
5. Vitamin B
6. Vitamin B,,
7. Vitamin B,
8. Vitamin B,

e

-210

10
Minutes

o A

15 20

Figure 10-23. Separation of water-soluble vitamins in a supplement.
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Acclaim C18, 5 pym, 4.6 x 150 mm Column: Acclaim C18, 5 pym, Detection: Wavelength-switching
Flow: 1.0 m/min 4.6 x 150 mm absorbance at 265, 325,
Fat-Soluble Vitamins Tgmperature: 25°C Flow: 1.0 mL/min and 450 nm
—_— Injection Volume: 20 pL Temperature:  25°C Switching Time: 0.0 min, 325 nm
Vitamin Mistures Eluents: A: CH;0H-CH,CN (8:2, v/v) Injection Volume: 20 uL 4.2 min, 265 nm
B: Methy! fert-butyl ether (MTBE) Eluents: A: CH,0H-CH,CN (8:2, v/v) 9.0 min, 450 nm
o Gradient: 3-4.5 min, 95-80% A B: Methyl tert-butyl ether Samples: A: Sample Brand 1
Antioxidants 5-10 min, 65% A (MTBE) B: Spiked sample Brand 1
- 10.1-15 min, 95% A Gradient: 3-4.5 min, 95-80% A Peaks: 1.Vitamin A
References 1,100 7 Detection: Wavelength-switching absorbance 5-10 min, 65% A ‘ 2' Vitamin A acetate
— at 265, 325, and 450 nm 10.1-15 min, 95% A 3.Vitamin D
Switching Time: 0.0 min, 325 nm 4.Vitamin D
4.2 min, 265 nm 50 Vitamin b
, 2 5 7 5. Vitamin E acetate
9.0 min, 450 nm 6. Vitamin K
. ) : 1
Peaks: 1. Vitamin A 7. B-carotene
2. Vitamin A acetate
7 3. Vitamin D,
4. Vitamin D,
5. Vitamin E acetate
6. Vitamin K, 1
7. B-carotene
mAU mAU
6
5 B
3
A 4
- }
04
-100 T T T — -10 T T T T T
0 2 4 6 8 10 12 1415 0 2 4 6 8 10 12
Minutes

Minutes

Figure 10-24. Separation of fat-soluble vitamin standards, Figure 10-25. Separation of fat-soluble vitamins in a supplement.
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Water-Soluble Vitamins Samples: A: Water-soluble vitamin standards
B: Fat-soluble vitamin standards
Fat-Soluble Vitamins Temperature: 25 °C

Injection Volume: 5 uL
W For water-soluble vitamins:
o Column: Acclaim PA2, 3 pm, 3.0 x 150 mm,
Antioxidants Eluents: A: CH.ON
B: 25 mM Phosphate buffer (dissolve about 3.4 g KH,PO, in 140+
References 1 L water, and adjust pH to 3.2 with H,PO,) A
- Gradient: 0.5-4.5 min, 0-45% A 2
4.5-5min, 45-70% A
5-6 min, 70% A 8
Flow Rate: 0.9 mL/min
Detection: Wavelength-switching absorbance at:
0.0 min, 245 nm; 2.0 min, 260 nm; 3.4 min, 210 nm

3.8 min, 280 nm

Peaks: 1. Vitamin B, M
2. Vitamin C
3. Vitamin B, 20 ' ) ' ' !
4.Vitamin B, 0 1 2 3 4 5
5. Vitamin B,
6. Vitamin B,, 4507 g ’
7. Vitamin B,
8. Vitamin B,

For fat-soluble vitamins:

Column: Acclaim C18, 3 pm, 4.6 x 150 mm

Eluents: A: CH,OH-CH,CN (8:2, vA) mAU !
B: Methyl tert-butyl ether (MTBE) 9 6

Gradient: 1.25-2.0 min, 95-80% A
2.0-2.25 min, 80—-65% A U 34 5
4.5-4.6 min, 65-95% A A
Flow Rate: 1.0 mL/min
Detection: Wavelength-switching absorbance at; -50 ! ' ' ! ' !

0.0 min, 325 nm; 2.0 min, 265 nm; 4.5 min, 450 nm
Peaks: 1. Vitamin A Minutes

2. Vitamin A acetate

3. Vitamin D,

4. Vitamin D,

5. Vitamin E acetate,

6. Vitamin K,

7. B-carotene

mAU

Figure 10-26. Improved throughput of water- and fat soluble vitamin analysis.
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Global Measurement of Fat-Soluble
Vitamins and Fat-Soluble Antioxidants

Fat-soluble vitamins (FSVs) and fat-soluble antioxidants (FSAS) play
essential roles in a wide spectrum of biochemical and physiological
processes. Vitamin E (tocopherol) along with other FSAS (e.g., carotenoids
and coenzyme Q10 [CoQ10]) are purported to help mitigate the

effects of oxidative stress that have been linked to numerous diseases,
including cancer, neurodegeneration, and atherosclerosis. Some of these
compounds are thought to exert their beneficial effects by acting as
chain-breaking antioxidants, inhibiting lipid peroxidation of polyunsaturated
fatty acids (PUFAs) contained within biological membranes, thereby
preventing the formation of potentially cytotoxic and highly reactive
aldehydes.

amins and Antioxidants

Vitamin Mixtures

Although a number of FSVs and FSAS have been measured using
HPLC-UV, this approach typically lacks the sensitivity and selectivity
required to measure these compounds in biological samples.
Electrochemical detection, however, is both sensitive and selective

and makes use of the inherent redox activity of these compounds. The
CoulArray Coulometric Array Detector — with its full gradient compatibility
— uses an array of flow-through, highly efficient electrochemical sensors
to generate qualitative voltammetric data to help identify analytes and
resolve coeluting compounds. It is ideal for measuring analytes in food
matrices, beverages, supplements, and biological tissues.

<X >
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Water-Soluble Vitamins 2

A. Extracted Standards 10

Fat-Soluble Vitamins |
—_— Global FSV and FSA Method
Vitamin Mixtures Column: MD150, 150 x 3 mm, 3 uM C18 5
—_— Flow: 0.8 mL/min ; 6
Temperature: 37 °C
Mobile Phase: ~ A: Methanol: 0.2 M ammonium
acetate, pH 4.4, (90:10) (v/v)
References B: Methanol: 1-propanol:
- 1.0 M ammonium acetate,
pH 4.4, (78:20:2) (v/v/v)

Gradient: Isocratic 0% B from 0 to 4 min.

Linear increase of phase B

from 0 to 80% from 4 to 15 min.

Linear increase of phase B

from 80 to 100% from 15 to 25 min.

Isocratic 100% phase B

from 25 to 32 min.

Linear decrease of phase B

from 100 to 0% from 32 to 35 min.
Potentials: 200, 400, 500, 700, 800, -1000,

200, 500 mV vs Pd 7
Detection: CoulArray

Peaks: 1. Retinol 4
. Lutein

. y-Tocopherol
. a-Tocopherol
. Vitamin K|

i

Antioxidants

N CI SN

10

——

Retinyl Palmitate (all trans) 1
Lycopene

8. o-Carotene T T T - T
9. B-Carotene 0 5 10 15 20 25
S.

2
3
4
5
6
7

—_

0. Coenzyme Q10

(Internal Standard) Retinyl Acetate
Only some channels (Ch) are shown for clarity. Ch 1 = 200 mV; Ch 2 = 400 mV;
Ch 4 =700 mV; Ch 7 reoxidation at 200 mV following reduction on Ch 6 at -1000 mV.

Minutes

Figure 10-27. Global fat-soluble vitamin and fat-soluble antioxidant method.
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Table of Contents , " HED
Introduction Vlta m | n M IXtU reS
Analytical Technologies
Water-Soluble Vitamins Multivitamin Ana'ysis Peaks: 5. a-tocopherol
1. 8_—tocgpherol 6. o-tocopheryl acetate
Fat-Soluble Vitamins Determination of lipid-soluble vitamins in food supplements and fortified products 2. Vitamin D, 7.Vitamin K,
- o i o 3. Vitamin D, 8. Retinyl Palmitate
o is important for product labeling, nutritional research, product development, 4. y-tocopherol 9. Coenzyme Q10
Vitamin Mixtures . . . . , 2 ‘
_— and quality control. Many factors complicate their measurement including the
Antioxidants existence of multiple forms, compound instability, matrix complexity, and the
References relatively concentrations levels of certain analytes. HPLC-coulometric array
_ detection simplifies mufti-component lipid-soluble nutrient analyses.
Column: Thermo Scientific™ BetaBasic™ C18, Peaks:
5y, 250 x 4.6 mm i.d. 1. Retinol
Mobile Phase: A: Acetonitrile; water, 90: 10 (v/v) 2. Retiny! acetate i ' ' ) )
containing 20 mM NaCIO, and 5.0mM HCIO, 3. Vitamin D, 0 ° 10 Mmuﬂei’ 20 »
B: Acetonitrile: 1-propanol, 65: 35 (v/v) 4. y-tocopherol , . ‘ y
containing 20 mM NaCIO, and 10 mM HCIO, 5. a-tocopherol Figure 10-25. Extracted infant formula. See Figure 10-24 for conditions.
Gradient: 30 min; 20 min linear gradient from 10t0 100% B 6. o-tocopheryl acetate
followed by a 5 min hold at 100% B 7.Vitamin K|
before returning to initial conditions for 5 min 8. B-tocopheryl acetate
Flow: 1.5 mL/min Peaks:
ColumnTemp.:  32°C 1 1. Retinol 10
Detection: CoulArray 2. Vitamin D, 2 3
Detector Potentials: -700, 100, 250, 400, 550, 750, 800, 850 (mV vs. Pd) 600+ 3.VitaminD, DA
B ) 0
1.0 KeiZm 75 80 85 9.0
8 nA
1
5 23
6
4
nA 3 04
0 2 4 6 8 10
- Minutes
| Figure 10-29. Detection of Vitamins D, and D, in saponified milk extract. See Figure 10-24 for
-0.5 conditions.
0 5 10 15 20 25
Minutes
Figure 10-28. Extracted multivitamin tablet.
Thermo ad Application Note 1110: Simultaneous Measurement of Vitamins A, D, E, K, along with CoQ10 and Carotenoids,

o0

itamin Tablets, Infant Formula and Milk
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): Vitamins and Antioxidants

Antioxidants

Low molecular weight antioxidants are protective
molecules that prevent or hinder oxidative damage

to key biomolecules, such as DNA, proteins, and
membrane lipids. As discussed earlier, some vitamins
(e.g., A, C, and E) can act as antioxidants. This section,
however, discusses the measurement of some
non-essential antioxidants obtained from the diet,
through supplementation or from in vivo synthesis.
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Carotenoid Isomers

Carotenoids are responsible for the characteristic colors of many fruits
and vegetables, including tomatoes, squash, yams, carrots and chilies. In
yellow tomatoes, lycopene (red) is converted first to carotenes (orange)
by cyclase enzymes, then to lutein (yellow) by hydroxylase enzymes. In
red tomatoes, the expression of the cyclase and hydroxylase enzymes is
reduced, leading to an accumulation of the red lycopene. Various cultivars
express these enzymes in characteristic ways, leading to a variety of red,
orange, yellow, and patterned fruits. The carotene content also affects the

250

Column:
LC System:
Mobile Phases:

Acclaim C30, 3 pm, 3.0 x 150 mm
UltiMate 3000 RSLC system

A) Acetonitrile

B) Methanol:Ethyl acetate 1:1 (v/v)

C) 10 mM Formic acid in water

Gradient Times (min): -8.0 0.0 1.0 210 250

%A 95.0 950 950 545 545

%B 45 45 4.5 450 450

%C 05 05 0.5 0.5 0.5

Flow: 0.64 mL/min

Temperature: 30°C mAU
Injection Volume: 8 L

Detection: DAD (260-800 nm); traces at 450 nm shown

Sample Preparation: See D. B. Rodriguez-Amaya and M. Kimura,
“HarvestPlus Handbook for Carotenoid Analysis”,
International Food Policy Research Institute, 2004,
A. Red tomato, 0.20 g/mL

B. Yellow tomato, 5.6 g/mL

1. Lutein
2. B-Carotene
3. Lycopene

Samples:

Peaks:

itamins and Antioxidants

Antioxidants

nutritional value of the crop, the principal ones of interest being lycopene,
o- and B-carotene, and lutein. Examples show carotenoid separations
on an Acclaim C30 and an Acclaim PA column. The ability to measure
carotenoids in plasma is also shown.

Much of the interest in dietary carotenoids, exclusive of their pro-vitamin A
activity, is related to their possible actions as preventive agents in diseases
associated with oxidative stress. These electron-rich compounds can act
as antioxidants /n vitro and their possible role of protection from reactive
oxygen and nitrogen species in vivo has received much attention.

H
1W 3
HEENS S T T e P PN
HO™
2 S
RS

5 10 15 20
Minutes

Figure 10-30. Carotenoid profiles of tomato cultivars using the Acclaim C30 column.
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Water-Soluble Vitamins Column: Acclaim PA, 3 pm, 4.6 x 150 mm
Flow: 1.25 mL/min

Fat-Soluble Vitamins Temperature: 30 °C
_—_— Injection Volume: 25 pL

Mobile Phase:  A: Water

B: 54:44:2 methanol:acetonitrile:isopropanol
L Gradient: Time 0O 8.0 8.1 25
Antioxidants %A 5 5 0 0
%B 95 95 100 100
References Detection: UVD 340U diode array, 450 nm,

and spectra 200-595 nm
Sample: Extract of bovine serum, fortified with

lycopene equivalent to 300 ng/mL Spectrum

50 Peaks: 1. Unidentified carotenoid library
2. trans-lycopene match
3. trans--B-carotene
4. cis-B-carotene

Vitamin Mixtures

mAU

04 13-cis-p-carotene

0 5 10 15 20 25

Minitne H C
Figure 10-31. Carotenoids in serum using the Acclaim PA column.
Figure 10-32. Dietary carotenoids can each be found as a variable mixture of geometric and

positional isomers (e.g., all frans, cis-9-, and cis-13). These isomers may occur naturally or can be
formed during processing and show a variety of biological properties and chemical activities.

-n Brief 162: Measurement of Dietary Carotenoid Isomers Using HPLC-ECD
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0 5 10

20
Column: €30, 4.6 x 250, 5 pm Minutes
Flow: 1 mU/min 4 @
Temperature; 28 °C Raw Carrot 2 a2
Injection Volume: 10 pL 8 2B
Mobile Phase: 1 M ammonium acetate, pH 4.0: z:s £S
methyl-tert-butyl ether: i% §
methanol, 2:35:63 (V) WA E s
Electrochemical
Detection: CoulArray
Potentials: +100 to +520 mV (vs Pd)
in 60 mV increments
UV Detector ; i ' ' y
Wavelength: 450 nm 0 5 10 . 15 20
5. Minutes .
feb} [«b}
Cooked Carrot 5 &
=] <]
S -8
s @
A Eg
—

T~9-cis-a-carotene*
™~ 9-cis-B-carotene”

0 5 10 15 20
Minutes

Figure 10-33. Determination of carotenoid isomers in human plasma, raw, and cooked carrot.

_ 162: Measurement of Dietary Carotenoid Isomers Using HPLC-ECD
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Lipoic Acid

Acetylcarnitine functions as part of the system that transports fatty acids
into the mitochondria for energy metabolism. While it is biosynthesized
in the liver, sometimes dietary supplementation is beneficial. Lipoic acid
is essential for aerobic metabolism. Both acetylcarnitine and lipoic acid
cross the blood-brain barrier, and are believed to be neuroprotective.

Column:

Flow:
Temperature:
Injection Volume:
Dimension:
HPLC System:
Mobile Phase:

Gradient Times (min):

%A:

%B:
Detection:
Sample:

Peaks:

Acclaim Trinity P1, 3 um
0.50 mL/min

30°C

4.0pL

3.0 x 50 mm

UltiMate 3000 RS

A: 3 g Monobasic sodium phosphate (25 mmol),

22 mg tetrasodium pyrophosphate
decahydrate (0.5 mmol) + 270 uL 85%
phosphoric acid (4 mmol) + 196 ¢
acetonitrile + 750 g water
B: 196 g Acetonitrile + 750 g water
60 00 25 26 70 741
20 200 20 100 100 20
80 80 80 0 0 80
UV at210 nm
Dissolve one tablet containing 400 mg
acetylcarnitine and 200 mg lipoic acid
in 400 mL water with 100 mg sodium
bicarbonate in a sonic bath; filter

1. Carnitine
2. Lipoic acid

Antioxidants

Acetyl carnitine is poorly retained on RP-HPLC columns due to its
hydrophilic nature. The Acclaim Trinity P1 provides cation-exchange,
anion-exchange, and reversed-phase retention mechanisms, and thus

is ideal for retaining charged analytes. As shown here, acetyl camitine
elutes as a cation under a low pH and low ionic strength condition on the
Acclaim Trinity PT column. Because lipoic acid is retained mostly by a
RP mechanism, it elutes after acetylcarnitine with higher acetonitrile.

0
50 1 T OH
2
s S
mAU O%
v 9
- N+\)\/\O,
1
O .
0 2 4 6 8
Minutes

Figure 10-34. Determination of acetylcarnitine and lipoic acid in a nutritional supplement using the Acclaim Trinity P1 column.

-ad Application Note 1111: Detection of Lipoic Acid and Dihydrolipoic Acid in Food Supplements Using HPLC-ECD
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Water-Soluble Vitamins Lipoic Acid Column: 0DS 2, 4.6 x 150 mm, 5 ym
Flow: 1.0 mL/min
Fat-Soluble Vitamins o-Lipoic acid (6,8-thioctic acid, 1,2-dithiolane-3-pentanoic acid, or Temperature: 35°C
_— L . - . Injection Volume: 20 pL
o 1,2-dithiolane-3-valeric acid) is a water insoluble compound found Mobile Phase: ~ Water-Acetonitrile-1.0 M Sodium Phosphate
Vitamin Mixtures o , : o . B()1-2E-
_— in vivo, and is consumed in the form of a supplement as an antioxidant. , pH 3.5, 60:35:5 (vAvA)
L . . L ) , Detection: CoulArray

Antioxidants o-Lipoic acid supplementation is being advocated in the treatment of Applied Potentials: 400, 460, 520, 580, 700, 720 and 820

AIDS, Chaga, diabetes, heavy-metal poisoning, ischemia-reperfusion (mV vs. Pd reference)
References - . . - . Peak: 1. Lipoic acid
_— injury, liver diseases (e.g., mushroom poisoning and alcoholic liver ' '

disease), neurodegenerative disorders, and radiation injury. 41

]
pA

Trivia Question

Q: Do foods and beverages that are high in levels of antioxidant flavonoids act as
antioxidants in the body?

T T T T

Al . - , » 0 2 4 6 8 10 12 14
A: This is a very complex guestion, but it is highly unlikely that they do. This is not Minutes

to say that they do not offer health benefits, just not through their antioxidant
content (or capacity). For example, flavonoids undergo extensive gut metabolism,
conjugation and clearance, and usually very little enters the circulatory system.
Frequently, research studies use unrealistically high levels, so that results are very
difficult to interpret. Finally, it is often difficult to measure changes in circulating
and tissue levels of flavonoids following food and beverage consumption.

Figure 10-35. HPLC-coulometric electrochemical array chromatogram of lipoic acid in a
multi-vitamin supplement.
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Tocopherols and Tocotrienols

Tocotrienols are chemically similar to tocopherols except the phytol side
chains contain 3 double bonds in their structure. Although the antioxidant
activity of tocotrienols is higher than that of tocopherols, tocotrienols have
a lower bioavailability after oral ingestion.

The vitamin E component of palm oil provides a rich source of
tocotrienols. The use of gradient reversed-phase HPLC with coulometric
electrochemical array detection enables the simultaneous measurement of
both tocotrienols and tocopherols at fmole concentrations.

Antioxidants
CH, y 8
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Figure 10-36. Structures of the various tocopherol and tocotrienol vitamers.
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Temperature: 32 °C Ul I NI 300 mv
Injection Volume: 10 pL ] ‘ ‘ LA %—‘17 295 mV
Mobile Phase:  A: Acetonitrile: water, 90:10 (v/v) 3 tHifr— IAPAR b L iy 150 mv
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Gradient: Isocratic 10% B from 0 to 4 min. Palm 0il Extract
Linear increase of phase B from
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Isocratic 100% B for 9 min before returning T
to initial conditions for 5 min.
Total run time was 40 min.
Detection: CoulArray
Potentials: -700, 0, 75, 150, 225, 300, 375, 450 mV
and 450 mV vs Pd 375 mV
300 mV
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Minutes

Figure 10-37. Gradient HPLC with CoulArray detection of tocotrienols (T) and tocopherols (toc) in palm oil extract.
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Ubiquinone

Coenzyme Q10 (2,3 dimethoxy-5 methyl-6-decaprenyl benzoguinone)
is a fat-soluble, vitamin-like quinone commonly known as ubiquinone,
CoQ, or vitamin Q10. Coenzyme Q10 is used by cells to produce energy
needed for cell growth and maintenance. Coenzyme Q10 is a compound
that is made naturally in the body and is found in most body tissues. The
highest amounts of CoQ10 are found in the heart, liver, kidneys, and
pancreas while the lowest amounts are found in the lungs. The tissue
levels of Coenzyme Q10 decrease as people age.

Coenzyme Q10 is a powerful antioxidant that acts as an electron shuttle
between flavoproteins and cytochromes in the electrontransport chain. It
is the only electron shuttle that is not covalently bonded or tightly bound
to a protein. Coenzyme Q10 is a naturally occurring antioxidant., As a
dietary supplement, it is used to prevent or to treat congestive heart
failure, to delay the onset of Parkinson’s syndrome, and to prevent or to
treat certain forms of cancer. Coenzyme Q10 is easily separated on the
Acclaim PA Il column.

Did You Know?

The synthesis of ubiguinone in the body may be affected by statins used to con-
trol cholesterol levels (as the drug inhibits an enzyme involved in both cholesterol
and ubiquinone synthesis).

tamins and Antioxidants

Antioxidants

CoQ10
C59H9004

Exact Mass: 862.68
Mol. Wt.: 863.68
m/e: 862.68 (100.0%), 863.69 (67.1%), 864.69 (23.0%), 865.69 (5.0%)

C, 82.08; H,10.51; 0, 7.41

Figure 10-38. Chemical structure of coenxyme Q10.

Column: Acclaim Polar Advantage I,
150 x 3.0 mm, 3 um particle

Temperature: 25°C

Injection Volume: 20 uL

Mobile Phase:  Isocratic

2,000 Detection: UV-vis, 275 nm 4
mAU
—200 T T T : .
0 1 2 3 4 5
Minutes

Figure 10-39. CoQ10 stock standard.

lnmload Customer Application Brief 101: Determination of Coenzyme Q10 by High Pressure Liquid Chromatography
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Water-Soluble Vitamins Ubiquinone Speciation Column: €18, 4.6 x 50 mm, 3 ym
Flow: 1.0 mL/min

Fat-Soluble Vitamins Ubinquinone (CoQ10) is a ubiquitous lipid-soluble, redox active Temperature: 32 °C
_— . . . . Injection Volume: 50 L (tray at 4 °C)
Viamin Miiures component, found in most cell membranes. It exists in both oxidized Mobile Phase:  Methanol: 1-Propanol: 1.0 M Ammonium Acetate,
_— (quinone) and reduced (quinol) forms. The predominant form found , PH 4.4 (78:20:2) (W)

o . . L Detection: CoulArray
Antioxidants in humans is CoQ10 (some CoQ9). Supplements can contain either Applied potentials:  +700, 700, +500 mV vs Pd

ubiquinone or the more costly ubiquinol. Primary deficiency results in a

variety of clinical conditions; encephalomyopathy, infantile multi-systemic
disease, cerebellar ataxia, and leigh syndrome. Deficiencies can result 30+
when taking cholesterol lowering drugs (e.g., statins) and some beta-

blockers. HPLC with coulometric electrochemical detection can be used

to measure both oxidized and reduced forms of CoQ10 and CoQ9 in nA CoQ10 red
plasma and supplements.

References CoQ6 IS

CoQ 10 ox

CoQ9 red

[500 mV]
OH T T T T T T T T
0 2 4 6 8 10 12 14 16
CH;0 CHs Minutes
CHs; Figure 10-47. Analysis of extracted human plasma (CoQ6 used as an internal standard)
\
CH;0 (CH,CH=CCH),H
o]
) UBIQUINOL \\'W e o
CH;0 CHs
1} -2H" - 2¢”
CHs
\
o CH;0 (CH,CH=CCH),H
OH
CH;0 CH, / H - e SEMIQUINONE
CHs
\
CH;0 (CH,CH=CCH}H
o
UBIQUINONE

Figure 10-40. Chemical structure of ubinquinone and its oxidized and reduced forms, quinone,
and quinol, respectively.
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Here you’ll find a multitude of references using our
HPLC, ion chromatography and sample preparation
solutions.
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Rapid quantification of yeast lipid using microwave-assisted total lipid extraction | Khoomrung, S.; Chumnanpuen, P; Jansa-Ard, S.; | Anal. Chem. 85 (10), 2013 May 21
and HPLC-CAD Stéhiman, M.; Nookaew, |.; Borén, J.; Nielsen, J. | 4912—4919 y
Anew liuid chromatoaraphy mefhod with charge aerosol detector (CADLIOL 1y s G: Micek, P; Wawrzencayk, C. Talanta 105, 28-33 2013 Feb 15
the determination of phospholipid classes. Application to milk phospholipids
An LC method for the analysis of phosphatidylcholine hydrolysis products and Kiefbowicz, G Smuga, D.; Gladkowski, W Talanta 94, 2229 2012 May 30
its application to the monitoring of the acyl migration process Chojnacka, A.; Wawrzenczyk, C.
Separation of acylglycerols, FAME and FFA in biodiesel by size exclusion o . oy , Eur. J. Lipid Sci. Technol,
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annt|tatwlon of tr\acv\qlvqerols from plant oils using charged aerosol detection Lisa, M. Lynen, F. Holcapek, M.; Sandra, P J. Chromatogr,, A. 1176 (1-2), 2007 Dec 28
with gradient compensation 135142
Quantitative study of the stratum corneum lipid classes by normal phase liquid Merle, C.; Laugel, C.; Chaminade, P; J. Lig. Chromatogr. Relat. 2010 Mar
chromatography: comparison between two universal detectors Baillet-Guffroy, A. Technol. 33, 629—-644
The analysis of lipids via HPLC with a charged aerosol detector Moreau, R. A. Lipids 41 (7), 727-34 2006 Jul
Lipid analysis via HPLC with a charged aerosol detector Moreau, R. A. %gﬂr SZMO/' 2189, 2009 Oct 23

Chapter 6 in Methods of

Analysis of Food Components

‘ ‘ - . and Additives, Second Edition;

Extraction and analysis of food lipids Moreau, R. A.; Winkler-Moser, J. K. Otles, S., Ed.: Taylor & Francis 2017 Nov

Group, LLC: Boca Raton, FL.;
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AB 119 uv Rapid Separation of Paclitaxel and Related Compounds in Paclitaxel Injection
Vitamin Mixtures AB 134 MS LC-MS Analysis of Anthocyanins in Bilberry Extract
Antioxidants AB 139 uv Separation of Schizandrin, Schizandrin A, and Schizandrin B in a Tablet Sample
- AB 153 uv Save the Flavor — Robust Iso-or-Acids Assaying in Beer within Ten Minutes
References AB 155 uv Monitor the Brewing Process with LC-Transformation of Hop alpha-Acids into Beer Iso-alpha-Acids
AN 109 FLD Determination of Glyphosate by Cation-Exchange Chromatography with Postcolumn Derivatization
AN 156 uv The Everlasting Paradigm-Keep Beer Tradition or Prevent Beer from a Skunky Off-Flavor?
AN 196 FLD Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in Edible Oils by Donor-Acceptor Complex Chromatography (DACC)-HPLC with Fluorescent Detection
AN 207 uv Chromatographic Fingerprinting of Flos Chrysanthema indici Using HPLC
AN 213 UV/FLD Determination of Polycyclic Aromatic Hydrocarbons (PAH) in Tap Water Using on-Line Solid-Phase Extraction Followed by HPLC with UV and Fluorescence Detections
AN 216 uv Determination of Water- and Fat-Soluble Vitamins in Functional Waters by HPLC with UV-PDA Detection
AN 224 uv Determination of Melamine in Milk Powder by Reversed-Phase HPLC with UV Detection
AN 232 uv Determination of Anthraguinones and Stilbenes in Giant Knotweed Rhizome by HPLC with UV Detection
AN 236 uv Determination of lodide and lodate in Seawater and lodized Table Salt by HPLC-UV Detection
AN 245 uv Fast Analysis of Dyes in Foods and Beverages
AN 251 uv Determination of Water- and Fat-Soluble Vitamins in Nutritional Supplements by HPLC with UV Detection
AN 252 uv HPLC Assay of Water-Soluble Vitamins, Fat-Soluble Vitamins, and a Preservative in Dry Syrup Multivitamin Formulation
AN 261 uv Sensitive Determination of Microcysting in Drinking and Environmental Waters
AN 264 uv Fast Determination of Anthocyanins in Pomegranate Juice
AN 266 FLD Determination of Sialic Acids Using UHPLC with Fluorescence Detection
AN 272 FLD Faster Yet Sensitive Determination of N-Methylcarbamates in Rice, Potato, and Corn by HPLC
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 1020 EC, UV Chalcinoids and Bitter Acids in Beer by HPLC with UV and ECD

AN 1023 uv Determination of Sudan Dyes -V in Curry Paste

AN 1026 CAD Fatty Acid Esters at Low Nanogram Levels

AN 1027 CAD Ginseng

AN 1028 CAD Ginkgo biloba

AN 1029 CAD Black Cohosh

AN 1030 CAD Soy Saponins

AN 1032 CAD Unsaturated Fatty Acid: Arachidonic, Linoleic, Linolenic and Oleic Acids

AN 1033 CAD Corn Syrup

AN 1034 CAD Honey Sugars

AN 1035 CAD Phenalic Acids

AN 1036 CAD Water-Soluble Antioxidants: Ascorbic Acid, Glutathione and Uric Acid

AN 1037 CAD Artificial Sweeteners-Global Method

AN 1039 CAD Simultaneous Measurement of Glycerides (Mono-, Di- and Triglycerides) and Free Fatty Acids in Paim Ol
AN 1040 CAD Analysis of Commercially Available Products Containing Stevia

AN 1041 CAD Phytosterols

AN 1042 uv Rapid Separation of Anthocyanins in Cranberry and Bilberry Extracts Using a Core-Shell Particle Column
AN 1045 uv Determination of Phthalates in Drinking Water by UHPLC with UV Detection

AN 1046 uv Determination of Phenylurea Compounds in Tap Water and Bottled Green Tea

AN 1055 CAD Determination of Virginiamycin, Erythromycin, and Penicillin in Dried Distillers Grains with Solubles

AN 1063 ECD Targeted Analyses of Secondary Metabolites in Herbs, Spices, and Beverages Using a Novel Spectro-Electro Array Platform
AN 1064 ECD Product Authentication and Adulteration Determination Using a Novel Spectro-Electro Array Platform

AN 1067 uv Determination of Carbendazim in Orange Juice

AN 1069 uv Two-Dimensional HPLC Determination of Water-Soluble Vitamins in a Nutritional Drink

AN 1070 uv Determination of Inositol Phosphates in Dried Distillers Grains and Solubles

AN 20583 uv Determination of Catechins and Phenolic Acids in Red Wine by Solid Phase Extraction and HPLC

AN 20610 uv Fast Analysis of Coffee Bean Extracts Using a Solid Core HPLC Column

AN 20663 CAD Comparative Analysis of Cooking Oils Using a Solid Core HPLC Column

AN 20847 CAD Analysis of a Sports Beverage for Electrolytes and Sugars Using Multi-Mode Chromatography with Charged Aerosol Detection
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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

Technical Collateral:
HPLC and UHPLC Methods

o0



Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins
Vitamin Mixtures

Antioxidants

References

References

lon Chromatography References

00



Technical Collateral:
lon Chromatography Methods

Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Product Number |Technique |Title

Fat-Soluble Vitamins

AB 127 |C-PAD Determination of Carbohydrates in Fruit Juice Using Capillary High-Performance Anion-Exchange Chromatography
Vitamin Mixtures AB 135 IC-SC Determination of Anions and Organic Acids in Brewed Coffee Samples Using Capillary IC
Antioxidants 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
References 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
Vitamin Mixtures AN 167 050 Determination of Trace Concentrations of Oxyhalides and Bromide in Municipal and Bottled Waters Using a Hydroxide-Selective Column with a Reagent-Free
Antoxidarts lon Chromatography System
joxi
—_— 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 .
References 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
AN 172 IC-SC Determination of Azide in Aqueous Samples by lon Chromatography with Suppressed Conductivity Detection
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
AN 178 IC-SC . '
Suppressed Conductivity Detection
IC-SC and Determination of Biogenic Amines in Alcoholic Beverages by lon Chromatography with Suppressed Conductivity and Integrated
AN 182 : .
|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
Vitamin Mixtures AN 1068 Ic-SC Determination of Organic Acids in Fruit Juices and Wines by High-Pressure IC
Antioxidants 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
References AU 148 IC-SC Determination of Perchlorate in Drinking Water Using Reagent-Free lon Chromatography
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
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
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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| Publication Date

| Publication

Accelerated, m|c.r0vvavefasls.\sted, and convenhopal solvent extraction methods Abdel-Aal el-SM: Akhtar, H.: Rabalski 1 Bryan, M. | J Food Sai. 79 (2), C136-46 2014 Feb
affect anthocyanin composition from colored grains
Multiresidue method for the analysis of pesticide residues in fruits and vegetables , ' J. Agric. Food Chem. 49 (9),
by accelerated solvent extraction and capillary gas chromatography Adou, K.; Bontoyan, W. R.; Sweeney, P J 4153-4160 2001 Sep
- . ‘ . _ o _ J. Chromatogr. B Analyt. Technol.
The development of an optimized sample preparation for trace level detection of Al-Ansari, A. M.; Saleem, A.; Kimpe, L. E.; Trudeau, , e
. ‘ - - ot Biomed. Life Sci. 879 (30), 2011 Nov
17 a-ethinylestradiol and estrone in whole fish tissue V. L.; Blais, J. M.
3649-52
Determination of polyphenolic profiles of basque cider apple varieties using accel- | Alonso-Salces, R. M.; Korta, E.; Barranco, A.; J. Agric. Food Chem. 49 (8), 2001
erated solvent extraction Berrueta, L.A.; Gallo, B.; Vicent, . 3761-376
e ) . ) Alonso-Salces, R. M.; Korta, E.; Barranco, A.; J Chromatogr., A. 933 (1-2),
Pressurized liquid extraction for the determination of polyphenols in apple Berueta, L. A.: Gallo, B.: Vicents, F. 37-43 20071 Nov
Melthods for extraction and determination of phenolic acids in medicinal plants: a Arceusz, A Wesolowski, M.: Konieczynski, P Nat. Prod. Commun. 8 (12), 2013 Dec
review 18219
Study of an accelerated solvent extraction procedure for the determination of )
acaricide residues in honey by high-performance liquid chromatography-diode Bakkali, A.; Korta, E.; Berrusta, L. A, 316?7016] GZDTQCHOH 65(1) 2002
array detector
Pressurized liquid extraction of medicinal plants Benthin, B.; Danz, H.; Hamburger, M. L2/,1(12/7_rgmaz‘0gﬁ/ A 837 (1-2), 1999 Apr
Comparison of the chemical composition of extracts from Scutellaria laterifiora us- )
ing accelerated solvent extraction and supercritical fluid extraction versus standard | Bergeron, C.; Gafner, S.; Clausen, E.; Carrier, D. J. J. Agric. Food Chern. 53 (8), 2005 Apr
5 . 3076-80
hot water or 70% ethanol extraction
Polybrominated diphenyl ethers (PBDES) in Mediterranean mussels (Myiilus gallo- | Bianco, G.; Novario, G.; Anzilotta, G.; Palma, A.; J. Mass Spectrom. 45 (9), 2010 Se
provincialis) from selected Apulia coastal sites evaluated by GC-HRMS Mangone, A.; Cataldi, T. R. 1046-55 P
Free and bound phenolic compounds in barley (Hordeum vulgare L.) flours. evalu- )
ation of the extraction capability of different solvent mixtures and pressurized liquid | Bonoli, M.; Marconi, E.; Caboni, M. F. o Chromatogr, A.19; 7057 2004 Nov
‘ - (1-2), 112
methods by micellar electrokinetic chromatography and spectrophotometry
Pressunzed ‘|IGU\d extraction of lipids for the determination of oxysterols in Bosell, E.: Velazco, V.: Caboni, M. F.: Lercker, G J. Chromatogr, A. 11,917 (1-2), 2001 May
£gg-containing food 239-44
Optimisation of accelerated solvent extraction of cocaine and benzoylecgonine from | Brachet, A.; Rudaz, S.; Mateus, L.; Christen, P.; J. Sep. Sci. 24 (10-11),
2001 Nov
coca leaves Veuthey, J-L. 865-873
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