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Chapter 10: 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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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. 

High-Performance  
Liquid Chromatography
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UltiMate 3000 UHPLC+ Systems

Best-in-class HPLC systems for all your chromatography needs
UltiMate 3000 UHPLC+ Systems provide excellent chromatographic performance while maintaining easy, reliable operation. The basic and standard 
analytical systems offer ultra HPLC (UHPLC) compatibility across all modules, ensuring maximum performance for all users and all laboratories.

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

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

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

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

• ×2 Dual System for increased productivity solutions in routine analysis

• Fully UHPLC compatible advanced chromatographic techniques

• Thermo Scientific™ Dionex™ Viper™ and nanoViper™ fingertight fittings—the first truly universal, fingertight fitting system even at UHPLC pressures

Learn more at www.thermoscientific.com/liquidchromatography 

http://www.thermoscientific.com/liquidchromatography
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UltiMate 3000 UHPLC+ Systems

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

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

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

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

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

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

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

•  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

•  Superior detection of trace analytes with low noise (< –2.0 μAU) and 
drift (< 100 μAU/h)

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

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

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

•  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.

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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Standard HPLC Detectors

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. 

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

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

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

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

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

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

•  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 μAU/h) 

•  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

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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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.

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

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

RefractoMax 521 Refractive Index Detector

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

Learn more at www.thermoscientific.com/RI

http://www.thermoscientific.com/RI
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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.

• High sensitivity – single-digit nanogram on column

• Consistent response – independent of chemical structure

• Wide dynamic range – to four orders of magnitude or greater

• Simple to use – easy to integrate with any HPLC/UHPLC system

The Corona Veo detector gives the simplicity, reproducibility and 
performance required for a full range of applications from basic research 
to manufacturing QC/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.  

Corona Veo Charged Aerosol Detector

Learn more at www.thermoscientific.com/veo 

http://www.thermoscientific.com/veo
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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 UltiMate 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. 

Specialty HPLC Detectors

Features include: 

• Detection Modes – choose from DC and PAD for optimum analyte 
response

• Choice of sensors – both coulometric and amperometric sensors to 
meet the demands of any application

• UHPLC compatibility – ultralow peak dispersion and high 
data acquisition rates for conventional or fast, high resolution 
chromatography

• Modularity – easily expandable to multiple independent sensors for 
unrivaled flexibility

• Autoranging – simultaneously measure both low and high levels of 
analytes without losing data

• SmartChip™ technology – easy operation with automatic sensor 
recognition, event logging and electrode protection

UltiMate 3000 Electrochemical Detector

Learn more at www.thermoscientific.com/ECDetection

http://www.thermoscientific.com/ECDetection
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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. 

• Measures analytes from femtomole to micromole levels

• Greatly simplify sample preparation and eliminate interferences

• Simultaneously analyze multiple analytes in very complex samples

• Easily 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.

Specialty HPLC Detectors

CoulArray Multi-electrode Array Detector

Learn more at www.thermoscientific.com/coularray

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

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

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

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

Specialty HPLC Detectors

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

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

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

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

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

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

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

Ultimate 3000 Fluorescence Detector

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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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. 

Ion Chromatography



Analytical Technologies

Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins

Vitamin Mixtures

Antioxidants

References

Innovative Ion Chromatography Solutions
Our High-Pressure™ Ion 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 ICS-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. RFIC-EG systems use electrolytic technologies to generate 
eluent on demand from deionized water, and to suppress the eluent back to 

Thermo Scientific Dionex IC instrument family

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™ IonPac™ 
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 IonPac column line is 
available in standard bore, microbore and capillary formats for the ultimate 
application flexibility.

Learn more at www.thermoscientific.com/IC

http://www.thermoscientific.com/IC
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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 
transition to MS detection.

Mass Spectrometry 



Analytical Technologies

Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins

Vitamin Mixtures

Antioxidants

References

Single-Point Control and Automation
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 remove mobile phase 
ions for effort-free transition to MS detection.

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

• Self-cleaning ion source for low maintenance operation

MSQ Plus Mass Spectrometer

Mass Spectrometry Instruments

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

• 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. 

Learn more at www.thermoscientific.com/MS

http://www.thermoscientific.com/MS
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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 
Chromatography Data System for the entire lab.

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

Chromeleon CDS Software

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

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

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

• Locate and collate results quickly and easily using powerful built-in 
database query features

• Interpret multiple chromatograms at a glance using MiniPlots

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

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

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

Learn more at www.thermoscientific.com/Chromeleon

http://www.thermoscientific.com/Chromeleon
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Thermo Scientific Dionex process analytical systems 
provide timely results by moving chromatography-based 
measurements on-line. 

Process Analytical Systems 
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Integral process analytzer

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.

• 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

Learn more at www.thermoscientific.com/chromatography

http://www.thermoscientific.com/chromatography
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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.

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

Dionex ASE 150/350 and Dionex AutoTrace 280 SPE instruments

Accelerated Solvent Extractor System 

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

Dionex ASE systems are dramatically faster than Soxhlet, sonication, and 
other extraction methods, and require significantly less solvent and labor. 
Accelerated solvent extraction methods are accepted and established 
in the environmental, pharmaceutical, foods, polymers and consumer 
product industries. Accelerated solvent extraction methods are accepted 
and used by government agencies worldwide.

Learn more at www.thermoscientific.com/samplepreparation

http://www.thermoscientific.com/samplepreparation
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These low molecular weight organic compounds, 
readily soluble in water, include vitamins B1 (thiamine), 
B2 (riboflavin), B3 (niacin), B5 (pantothenic acid), B6 
(pyridoxine), B7 (biotin), B9 (folic acid), B12 (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 
careful selection of preparation procedures.

Water-Soluble Vitamins 
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Water-Soluble Vitamins

Figure 10-1. Water-soluble vitamins on an Acclaim PolarAdvantage II RSLC column.

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

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.
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System: UltiMate 3000 RSLC
Column:  Acclaim RSLC PA2, 2.2 µm
Dimensions: 2.1 × 100 mm
Flow: 0.41 mL/min
Temperature: 25 °C
Injection:  2 µL; bypass mode at 0.15 min
Mobile Phases: A: 30 mM H3PO4 adjusted to pH 3.07 with NH4OH
 B: Isopropanol
Gradient: -4.0 0.0 0.8 3.0 5.0
    %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

Peaks:
1. Thiamine 25 µg/mL 
2. Ascorbic acid 25 
3. Niacin 25 
4. Pyridoxine 25
5. Niacinamide 25
6. Pantothenic acid 25
7. Folic acid 25
8. Riboflavin 10
9. Citrate – 

Traces: A. Propel® lemon flavor drink mix, 
 0.40 g in 20 mL water, filtered
 B. Standards in phosphate buffer

Propel is a registered trademark of PepsiCo



Chapter 10: Vitamins and Antioxidants

Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins

Vitamin Mixtures

Antioxidants

References

Water-Soluble Vitamins

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.

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

Figure 10-3. Analysis of amino acids in vitamin premix on an Acclaim OA column.
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Minutes

Column: Acclaim OA, 5 µm, 4 × 250 mm
Flow:  0.60 mL/min
Temperature:  30 °C
Injection Volume:  5 µL
Mobile Phase:  40 mM Na

2
SO

4
 

 adjusted to pH 3.05 
 with methanesulfonic acid
Detection:  UV, 210 nm

Peaks: 1. Lysine
 2. Glutamine
 3. Valine
 4. Ascorbic acid
 5. Isoleucine
 6. Leucine
 7. Unknown
 8. Unknown

Analysis of a Supplement Analysis of Amino Acids
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Column: Acclaim PA, 3 µm
Dimensions: 4.6 × 150 mm
Mobile Phase: Phosphate pH 3.4, gradient 0–20% CH3CN
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 µL

Peaks: 1. Thiamine
 2. Ascorbic acid
 3. Pyridoxine
 4. Niacinamide
 5. Pantothenic acid
 6. Folic acid
 7. Vitamin B

12

 8. Riboflavin

One-A-Day is a registered trademark of Bayer Corp.
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Water-Soluble Vitamins

Thiamine (B
1
), riboflavin (B

2
), niacin (B

3
), and pyridoxine (B

6
) are water 

soluble vitamins that affect many important biological functions, including 
metabolism of carbohydrates, fats, and proteins, and maintenance 

Figure 10-4. Determination of Vitamins B
1
, B

2
, B

3
, and B

6
 in dietary supplements. A) UV detection at 260 nm and B) UV detection at 290 nm.

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.

Column: Acclaim 120 C18, 150 × 4.6 mm
Flow: 1.5 mL/min 
ColumnTemp.: 25 °C
Injection Volume: 20 μL
Mobile Phase: A: (95:5:0.2, v/v/v) Water:methanol: phosphoric acid, 85%+
 10 mM hexanesulfonic acid, pH 4.5
 B: (50:50:0.2) Water: methanto: phosphoric acid, 85%+
 10 mM hexanesulfonic acid, pH 4.5
Gradient: 100% A–100% B over 30 min
Detection: UV, 260 and 290 nm
Sample Preparation: A suitable amount of finished product is extracted with
 (95:5:1 v/v/v) Water: acetonitrile, glacial acetic acid

Peaks: 1. Nicianamide (B
3
)

 2. Pyridoxine (B
6
)

 3. Thiamine (B
1
)

 4. Riboflavin (B
2
)

1

2

4
3

2

4

B

A
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Water-Soluble Vitamins

Vitamin B12 – Cobalamin 
Cyanocobalamine (Vitamin B

12
) belongs to the B vitamin group and 

prevents pernicious anemia, which is caused by Vitamin B
12

 deficiency. 
Because plant products contain very little Vitamin B

12
, vegetarians and 

people who do not eat red meat need to supplement their diet by taking 
multivitamin tablets and beverages supplemented with Vitamin B

12
. 

Excessive consumption of Vitamin B
12

 may cause asthma and folic acid 
deficiency, therefore, typically only a low level of Vitamin B

12
 (e.g., ng/g) is 

added to products, thus making direct analysis difficult. As a result, Vitamin 
B

12
 analysis usually involves complicated sample preparation, which 

presents challenges for product quality control. This application shows a 
simple, fast, and effective on-line SPE method, followed by HPLC with UV 
detection. 

Figure 10-5. Chemical structure of Vitamin B
12

.

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.
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Water-Soluble Vitamins

Vitamin B12 – Cobalamin

Figure 10-6. Overlay of chromatograms A) Sample #1 (Orange Flavor H22335) and B) Sample 
#4 (Peach Flavor A31601).

Figure 10-7. Overlay of chromatograms of beverages with different flavors and different batch 
numbers. 
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SPE Column: Acclaim PA2, 3 μm, 3.0 × 33 mm
Anal. column: Acclaim PA2, 3 μm, 3.0 × 150 mm
Flow: 0.6 mL/min for SPE and separation 
ColumnTemp.: 30 °C
Injection Volume: 2500 μL on SPE column
Eluent for SPE: CH

3
CN – 25 mM phosphate buffer (pH 3.2) in gradient

Eluent for Separation: CH
3
CN – 25 mM phosphate buffer (pH 3.2) in gradient

Detection: UV at 361 nm

Chromatograms: 1. Water blank
 2. Beverage sample
 3. The same sample spiked with 0.45 ng/mL 
     of Vitamin B

12
 standard

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

SPE Column: Acclaim PA2, 3 μm, 3.0 × 33 mm
Anal. Column: Acclaim PA2, 3 μm, 3.0 × 150 mm
Flow: 0.6 mL/min for SPE and separation 
Column Temp.: 30 °C
Injection Volume: 2500 μL on SPE column
Eluent for SPE: CH

3
CN – 25 mM phosphate buffer (pH 3.2) in gradient

Eluent for Separation: CH
3
CN – 25 mM phosphate buffer (pH 3.2) in gradient

Detection: UV at 361 nm

Chromatograms: 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
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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)/88015-AN256-LC-VitaminB12-Beverages-01Sep2010-LPN2574.pdf
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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 
coagulation.

Fat-Soluble Vitamins
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Analysis by Reversed-Phase  
HPLC-Absorbance Detection 
Fat-soluble vitamins and related substances can be efficiently resolved 
using different Acclaim columns and measured by absorbance detection.

Fat-Soluble Vitamins
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Column:  Acclaim 120 C18, 3 µm
Dimensions:  4.6 × 150 mm
Flow:  2.0 mL/min
Temperature:  30 °C
Injection Volume:  5 µL
Mobile Phase:  95/5 v/v acetonitrile/methanol
Detection:  UV, 280 nm

Peaks:  1. All-trans retinol (Vitamin A)  0.12 mg/mL
 2. δ-Tocopherol (impurity)  —
 3. Ergocalciferol (Vitamin D

2
)  0.12

 4. Cholecalciferol (Vitamin D
3
) 0.06

 5. β-Tocopherol (impurity)  —
 6. α-Tocopherol (Vitamin E)  1.3

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

Figure 10-9. Determination of fat-soluble vitamins and carotenoids in a vitamin tablet.
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Column:  Acclaim PA C16, 3 μm, 4.6 × 150 mm
Flow:  1.25 mL/min
Temperature:  30 °C
Injection:  10 μL
Mobile Phase:  (A) Water
 (B) 54:44:2 methanol:acetonitrile:isopropanol
Gradient:  Time  0 8.0 8.1 25
 %A  5 5 0  0
 %B  95 95  100 100
Detector:  Diode array, 450 and 285 nm,
 and spectra 200–595 nm
Peaks:  1. trans-Retinol acetate
 2. trans-Lutein
 3. α-Tocopherol acetate
 4. trans-Lycopene
 5. cis-Lycopene
 6. trans-β-Carotene
 7. cis-β-Carotene

Sample Prep.:
- Finely grind a weighed tablet
- Take an aliquot of about 1/10 tablet (150 mg)
- Partition between 2.0 mL water and 6.0 mL ethyl acetate with sonication
- Evaporate 2.0 mL of ethyl acetate phase and reconstitute in 1.0 mL mobile phase B
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Figure 10-10. Separation of fat-soluble vitamins.

Column: Acclaim Phenyl-1, 3 µm
Dimension: 3.0 × 150 mm
Flow: 0.5 mL/min
Temperature: 30 °C
Injection Volume: 2 µL
Mobile Phase: Methanol/water v/v 90/10
Detection: UV at 220 nm
Peaks: (100 ppm each)
 1.   Retinol acetate (vitamin A acetate)
 2.   Vitamin D

2

 3.   Vitamin D
3

 4.   δ-Tocopherol
 5.   γ-Tocopherol
 6.   α-Tocopherol (vitamin E)
 7.   Impurity (unknown)
 8.   Vitamin E acetate
 9.   Vitamin K

2

 10. Vitamin K
1

0 6 1812 24 30

0

60
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1

2
3
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7
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Fat-Soluble Vitamins
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Analysis by Reversed-Phase HPLC-CAD
Shown here is a simple, reversed-phase high-performance liquid 
chromatography (RP-HPLC)-charged aerosol detection method for the 
measurement of 11 fat-soluble vitamins (FSV) and fat-soluble antioxidants 
(FSA) in commercially-available supplements including: vitamins A (trans-
retinol, retinyl acetate, and palmitate), E (a-, d-, g-tocopherols and 
succinate), D, and K

1
 (phylloquinone); lycopene; lutein; and CoQ10. The 

analysis was completed in 20 min.

Figure 10-11. RP-HPLC chromatogram of FSV standards (166 ng on column, vitamin K1 at 66 ng).

Fat-Soluble Vitamins

  6. Phylloquinone (K
1
)

  7. α-Tocopherol
  8. Lycopene
  9. Retinyl palmitate
10. CoQ10

8

Peaks:
1. trans-Retinol
2. Retinyl acetate
3. Lutein
4. δ-Tocopherol
5. γ-Tocopherol
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HPLC Column: C8, 150 × 4.6 mm, 2.7 µm
Flow: 1.5 mL/min
Column Temp.: 40 °C
Sample Temp.: 10 °C
Injection Volume: 10 µL
Mobile Phase: A: Methanol/water/acetic acid 
 (750:250:4)
 B: Acetonitrile/methanol/
 tetrahydrofuran/acetic acid 
    (500:375:125:4)
Gradient: Time %A %B
 0.0 70 30
 1.0 50 50
 5.0 40 60
 10.0 35 65
 12.0 10 90
 17.0 0 100
 17.1 70 30
 20.0 70 30

Detection: Charged aerosol detection
Run Time: 20 min

For Additional Chromatographic Approaches Download:

Application Note 20539: Analysis of Fat Soluble Vitamins Using a Thermo Scientific Accucore XL C18 4 µm HPLC Column

Application Note 20590: Separation of a Mixture of Vitamin K Isomers Using a Solid Core HPLC Column at Sub-ambient Temperature

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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Vitamin D
Vitamin D is a fat-soluble vitamin. Fat-soluble vitamin supplements are 
often formulated in an oil-based carrier; e.g. soy oil in a gelatin capsule. 
This is inconvenient for reversed-phase chromatography because the 
carrier elutes very late. Normal-phase chromatography elutes the matrix 
before the vitamins. The Acclaim HILIC-10 column can be operated in 
its primary HILIC mode, or alternately, in normal-phase mode where 
it provides good resolution using simple isocratic conditions, and no 
sample pretreatment.

Vitamins D occurs in two forms – D
2
 and D

3
 – that are frequently 

difficult to separate from each other and from Vitamin E. The Acclaim 
PolarAdvantage II 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 
increase in pressure. The diode-array detector confirms the identity and 
purity of each peak.

Figure 10-12. Determination of vitamin D
3
 in supplements using the Acclaim HILIC-10 column.
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Mobile Phase:  Heptane:acetonitrile:
 isopropanol:acetic acid
 98.4:1.0:0.5:0.1(v/v/v)
Detection:  PDA (spectra 200–400 nm)
 Traces at 265 nm shown
Samples:  A. 10 μg/mL Vitamin D

3
 in heptane

 B. One capsule (5000 IU) 
     in heptane to make 10 mL

Peaks: 1. Impurity
 2. Vitamin D

3

LC System:  UltiMate 3000
Column:  Acclaim HILIC-10, 3 μm
Dimensions:  4.6 × 150 mm
Flow:  1.00 mL/min
Temperature:  30 °C
Injection Volume:  20 μL

Fat-Soluble Vitamins
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Figure 10-13. Separation of fat-soluble vitamins on Acclaim RSLC PolarAdvantage II column.
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Pump:  UltiMate HPG-3400RS
Column:  Acclaim RSLC PA2, 2.2 μm
Dimensions:  2.1 × 100 mm
Flow:  0.90 mL/min
Temperature:  TCC-3000RS, 15 °C
Injection:  WPS-3000RS sampler, 3 μL
Mobile Phase:  90:10 acetonitrile:isopropanol (v/v), Isocratic
Pressure:  300 bar
Detection:  DAD-3000RS, UV 265 nm; spectra 200–450 nm

Peaks:  1. Vitamin A acetate  100  μg/mL
 2. Impurity in vitamin E  –
 3. Vitamin E acetate  100
 4. Degradation product
     of vitamin D  –
 5. Degradation product
     of vitamin D  –
 6. Vitamin D

2 
 40

 7. Vitamin D
3
 60

Standards in acetonitrile

Disease Vitamin Chemical

Beriberi B
1

Thiamine

Pellagra B
3

Niacin

Biotin Deficiency B
7

Biotin

Scurvy C Ascorbic acid

Rickets D Cholecalciferol

Ariboflavinosis B
2

Riboflavin

Vitamin K Deficiency K Phylloquinone; menaquinone

Hybocobalaminemia B
12

Cobalamin

Paraesthesia B
5

Pantothenic acid

Night Blindness A Retinoic acid

Table 1. Diseases associated with vitamin deficiencies.

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 
33,000 IU are consumed. 

Fat-Soluble Vitamins
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Figure 10-14. a-Tocopherol and a-tocopheryl acetate determination using the Acclaim HILIC-10 
column.

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.

Minutes

Column:  Acclaim HILIC-10, 3 µm
Dimensions: 4.6 × 150 mm
Flow: 1.0 mL/min
Temperature: 30 °C
Injection Volume:  5 µL
Mobile Phase: Heptane:tetrahydrofuran:isopropanol  
 94.75:5.00:0.25 (v/v/v)

Detection: UV at 280 nm; spectra 200–400 nm
Peaks: 1. α-Tocopheryl acetate 60 µg/mL
 2. α-Tocopherol 40
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Fat-Soluble Vitamins
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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 
are both biologically active and referred to as niacin in 
product labeling. 

Vitamin Mixtures
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Vitamin Mixtures

Figure 10-15. Separation of Brand A, a fruit-flavored, artificially-sweetened, vitamin- 
enhanced water.

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

5
) 

that are minimally UV active, to large complexes that absorb at different 
wavelengths, such as cyanocobalamine (Vitamin B

12
). Multiple detection 

wavelengths are needed to optimize sensitivity due to the chemical 
diversity of vitamins. 

The Acclaim PolarAdvantage II 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 C, 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, C, 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. 

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 II column was used to resolve both water and fat soluble 
vitamins in functional waters.
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Column:  Acclaim Polar Advantage II, 2.1 × 150 mm
Flow:  0.21 mL/min
Temperature: 40 °C
Injection Volume: 5 µL 
Eluents: A: 0.015% Formic Acid
 B: 17/83 Methanol/Acetonitrile
Gradient: 100% A for 3 min, 0–45% B in 5 min, 45–100% 
 B in 0.1 min, 100% B for 16.9 min
 5 min of equilibration 
Detection:  PDA, 210 nm (A) and 280 nm (B)
Sample: Brand A fruit-flavored water 1:1 dilution with eluent A

Peaks:  1. Pyridoxine HCl (280 nm) 3.1 µg/mL
  2. Ascorbic Acid 67
  3. Nicotinamide 19
  4. Citrates  —
  5. D-Pantothenic Acid 12
  6. DL-α-Tocopherol Acetate 8.6

   
A mobile phase blank has been subtracted from the chromatogram 

 displayed to remove baseline shifts due the gradient.



Chapter 10: Vitamins and Antioxidants

Table of Contents

Introduction

Analytical Technologies

Water-Soluble Vitamins

Fat-Soluble Vitamins

Vitamin Mixtures

Antioxidants

References

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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Column:  Acclaim Polar Advantage II, 2.1 × 150 mm
Flow:  0.21 mL/min
Temperature:  40 °C
Injection Volume:  5 μL
Eluents:  A: 0.015% Formic Acid
 B: 17/83 Methanol/Acetonitrile
Gradient:  100% A for 3 min, 0-45% B in 5 min, 
 45–100% B in 0.1 min, 100% B for 16.9 min
 5 min of equilibration
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 HCl (280 nm)  4.6 μg/mL
 2. Nicotinamide  10
 3. Citrates  —
 4. D-Pantothenic Acid  6.0
 5. DL-α-Tocopherol Acetate  5.3
 6. Retinol Palmitate (inset)  0.44

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

Did You Know?
 Unlike the term organic, ‘all natural’ is not an official term that is regulated by the 

federal government and does not offer any guarantee as to the product’s safety.

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

Simultaneous Measurement of Water-  
and Fat-Soluble Vitamins in Dry Syrup  
Multivitamin Formulation 
Vitamins are vital to human development and long-term health; therefore, 
infants are usually prescribed a vitamin supplement to ensure they 
receive the recommended daily allowance of each vitamin. Children 
under one year of age are usually given this supplement in liquid form. 
This supplement can be produced as a dry syrup using a powdered 
preparation to which the pharmacist adds liquid to produce the dosage 
form for the patient. The work shown here describes an HPLC method to 
quantify water- and fat-soluble vitamins in a dry syrup. 
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Peaks: conc.(mg/L)
1. Thiamine 10
2. Nicotinamide 10
3. Ascorbic acid 40
4. Pyridoxine hydrochloride 10
5. Calcium pantothenate 20
6. Cyanocobalamine 5
7. Folic acid 5
8. Riboflavin 7
9. Benzoate 10
10. Retinol acetate 100
11. α-Tocopherol acetate 100

Column: Acclaim RSLC PA2 2.2 µm, 2.1 × 100 mm
Flow: See Application Note Below
Temperature:  35 °C
Injection Volume: 4 µL for WSV 
 0.5 µL for FSV
Eluent: A: 0.05% MSA
 B: CH

3
CN

 C: 5 mM NH
4
H

2
PO

4
, pH 3.0

Eluent gradient: See Application Note Below
Detection: UV, 254 nm and 285 nm
Sample: Standard mixture of 10 vitamins plus benzoate
 (Ethyl acetate extraction)

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

Vitamin Mixtures

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
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Figure 10-18. Chromatogram of the dry syrup sample (ethyl acetate extraction). 
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Peaks: conc.(mg/L)
1. Thiamine 1.97
2. Nicotinamide 18.56
3. Ascorbic acid 71.44
4. Pyridoxine hydrochloride 2.13
5. Calcium pantothenate 10.64
6. Cyanocobalamine 0.11
7. Folic acid 0.19
8. Riboflavin 2.08
9. Benzoate 9.96
10. Retinol acetate 37.69
11. α-Tocopherol acetate 36.06

Column: Acclaim PA2 3 µm, 4.6 × 150 mm
Flow: See Application Note Below
Temperature:  35 °C
Injection Volume: 30 µL
Eluent: A: 0.05% MSA
 B: CH

3
CN

 C: 10 mM NH
4
H

2
PO

4
, pH 2.5

Eluent gradient: See Application Note below
Detection: UV, 254 nm and 285 nm
Sample: Spiked Placebo sample (Ethyl acetate extraction)

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

Vitamin Mixtures

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

Simultaneous Measurement of Water- and Fat-Soluble Vitamins in Supplements and Feeds
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Columns: Acclaim PA, 3 µm, 3.0 × 150 mm for water-soluble vitamins
 Acclaim C18, 3 µm, 3.0 × 150 mm for fat-soluble vitamins
Flow:   0.5 mL/min
Column Temp: 25 °C
Injection Volume:  10 µL
Mobile Phases: For water-soluble vitamins, 
 A) 25 mM phosphate buffer (pH 3.6), 
 B) CH

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

 For fat-soluble vitamins,
 A) CH

3
OH-CH

3
CN (8 : 2, v/v), 

 B) Methyl tert-butyl ether (MTBE) 
 Both in gradient (Table shown in Technical Note below) 
Detection:  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

15. Vitamin D
3

16. Vitamin E
17. Vitamin E acetate
18. Vitamin K

1

19. Lycopene
20. Vitamin A palmitate
21. ß-Carotene
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Peaks:
1.  Thiamine
2.  Vitamin C
3.  Nicotinic acid
4.  Pyridoxal hydrochloride
5.  Pyridoxine hydrochloride
6.  Nicotinamide
7.  Pantothenic acid
8.  Folic acid
9.  Cyancobalamin 
10.  Riboflavin

11

12

13

14

15

16

1718

19

20

21

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 11 billion dollars a year.

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

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

ter-soluble vitamins, and a 100-fold dilution for fat-soluble vitamins.
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Columns:  Acclaim PA, 3 µm, 3.0 × 150 mm for water-soluble vitamins
 Acclaim C18, 3 µm, 3.0 × 150 mm for fat-soluble vitamins
Flow Rate:   0.5 mL/min
Column Temp.: 25 °C
Injection Volume:  10 µL

Mobile Phases: For water-soluble vitamins
 A) 25 mM phosphate buffer (pH 3.6)
 B) CH

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

 For fat-soluble vitamins
 A) CH

3
OH-CH

3
CN (8:2, v/v)

 B) Methyl tert-butyl ether (MTBE) 

 Both in gradient (Table shown in Technical Note below)  

Detection:  UV on different wavelengths for different 
 vitamins (See Table 2 in below Technical Note)

Peaks: 1.  Thiamine
 2.  Vitamin C
 3.  Pyridoxal hydrochloride
 4.  Pyridoxine hydrochloride
 5.  Nicotinamide
 6.  Pantothenic acid
 7.  Folic acid
 8.  Riboflavin
 9.  Vitamin A acetate
 10.  Vitamin D

2

 11.  Vitamin E acetate
 12.  ß-Carotene
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Download Technical Note 89: Determination of Water- and Fat-Soluble Vitamins by HPLC

Vitamin Mixtures
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Columns:  Acclaim PA, 3 µm, 3.0 × 150 mm for water-soluble vitamins
 Acclaim C18, 3 µm, 3.0 × 150 mm for fat-soluble vitamins
Flow Rate:   0.5 mL/min
Column Temp.: 25 °C
Injection Volume:  10 µL

Mobile Phases: For water-soluble vitamins
 A) 25 mM phosphate buffer (pH 3.6)
 B) CH

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

 For fat-soluble vitamins
 A) CH

3
OH-CH

3
CN (8:2, v/v)

 B) Methyl tert-butyl ether (MTBE) 

 Both in gradient (Table shown in Technical Note below)  
Detection:  UV on different wavelengths for different vitamins 
 (See Table 2 in below Technical Note)

Peaks: 1.  Thiamine
 2.  Vitamin C
 3.  Pyridoxal hydrochloride
 4.  Pyridoxine hydrochloride
 5.  Nicotinamide
 6.  Pantothenic acid
 7.  Folic acid
 8.  Cyancobalamine 
 9.  Riboflavin
 10.  Vitamin A
 11.  Vitamin A acetate
 12.  Vitamin D

2

 13.  Vitamin E
 14.  Vitamin E acetate
 15.  Vitamin K
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Figure 10-22. Separation of water-soluble vitamin standards.

Figure 10-23. Separation of water-soluble vitamins in a supplement.

Column:   Acclaim PA2, 5 µm, 4.6 × 150 mm
Flow:  1.0 mL/min
Temperature:  25 °C
Injection Volume:  20 µL   
Eluents:  A: CH3CN
  B: 25 mM Phosphate buffer (dissolve about 3.4 g KH2PO4 
       in 1 L water, and adjust pH to 3.2 with H3PO4)
Gradient:   4–14 min, 0–35% A
  14.5–19 min, 80% A
  19.5–20 min, 0% A
Detection:  UV at 210 nm

Peaks:   1. Vitamin B1

  2. Vitamin C (Separated alone under the same 
      chromatographic conditions) 
  3. Vitamin B6

  4. Vitamin B3

  5. Vitamin B5

  6. Vitamin B12

  7. Vitamin B9

  8. Vitamin B2
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Column:   Acclaim PA2, 5 µm, 4.6 × 150 mm
Flow: 1.0 mL/min
Temperature: 25 °C
Injection Volume: 20 µL   
Eluents: A: CH3CN
 B: 25 mM Phosphate buffer 
  (dissolve about 3.4 g KH2PO4 in 1 L 
  water, and adjust pH to 3.2 with H3PO4)
Gradient:  4–14 min, 0–35% A
 14.5–19 min, 80% A
 19.5–20 min, 0% A
Detection: UV at 210 nm
Samples:  A: Sample Brand 1
  B: Spiked sample Brand 1

Peaks:  1. Vitamin B1

 2. Vitamin C
 3. Vitamin B6

 4. Vitamin B3

 5. Vitamin B5

 6. Vitamin B12

 7. Vitamin B9

 8. Vitamin B2
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Determination of Water- and Fat-Soluble 
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Figure 10-24. Separation of fat-soluble vitamin standards.
Figure 10-25. Separation of fat-soluble vitamins in a supplement.

Column:  Acclaim C18, 5 µm, 4.6 × 150 mm
Flow: 1.0 mL/min
Temperature: 25 °C
Injection Volume: 20 µL   
Eluents: A: CH3OH-CH3CN (8:2, v/v)
 B: Methyl tert-butyl ether (MTBE)
Gradient:  3–4.5 min, 95–80% A 
 5–10 min, 65% A
 10.1–15 min, 95% A
Detection: Wavelength-switching absorbance 
 at 265, 325, and 450 nm
Switching Time: 0.0 min, 325 nm
 4.2 min, 265 nm
 9.0 min, 450 nm 

Peaks:  1. Vitamin A
 2. Vitamin A acetate 
 3. Vitamin D2

 4. Vitamin D3

 5. Vitamin E acetate
 6. Vitamin K1

 7. β-carotene
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Column:  Acclaim C18, 5 µm, 
 4.6 × 150 mm
Flow: 1.0 mL/min
Temperature: 25 °C
Injection Volume: 20 µL  
Eluents: A: CH

3
OH-CH

3
CN (8:2, v/v)

 B: Methyl tert-butyl ether 
 (MTBE)
Gradient:  3–4.5 min, 95–80% A
 5–10 min, 65% A
 10.1–15 min, 95% A

Detection:  Wavelength-switching 
  absorbance at 265, 325, 
  and 450 nm
Switching Time: 0.0 min, 325 nm
  4.2 min, 265 nm
  9.0 min, 450 nm
Samples:   A: Sample Brand 1
  B: Spiked sample Brand 1

Peaks:   1. Vitamin A
  2. Vitamin A

 
acetate 

  3. Vitamin D
2

  4. Vitamin D
3

  5. Vitamin E acetate 
  6. Vitamin K

1

  7. β-carotene

Vitamin Mixtures
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Samples:  A: Water-soluble vitamin standards
 B: Fat-soluble vitamin standards 
Temperature: 25 °C
Injection Volume: 5 µL 

For water-soluble vitamins: 
Column:  Acclaim PA2, 3 µm, 3.0 × 150 mm, 
Eluents: A: CH

3
CN

 B: 25 mM Phosphate buffer (dissolve about 3.4 g KH
2
PO

4
 in 

     1 L water, and adjust pH to 3.2 with H
3
PO

4
)

Gradient:  0.5–4.5 min, 0–45% A
 4.5–5 min, 45–70% A
 5–6 min, 70% A
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
1

 2. Vitamin C
 3. Vitamin B

6

 4. Vitamin B
3

 5. Vitamin B
5

 6. Vitamin B
12

 7. Vitamin B
9

 8. Vitamin B
2
 

For fat-soluble vitamins: 
Column:  Acclaim C18, 3 µm, 4.6 × 150 mm 
Eluents: A: CH

3
OH-CH

3
CN (8:2, v/v)

 B: Methyl tert-butyl ether (MTBE)
Gradient:  1.25–2.0 min, 95–80% A
 2.0–2.25 min, 80–65% A
 4.5–4.6 min, 65–95% A
Flow Rate: 1.0 mL/min
Detection: Wavelength-switching absorbance at: 
 0.0 min, 325 nm; 2.0 min, 265 nm; 4.5 min, 450 nm

Peaks:  1. Vitamin A
 2. Vitamin A acetate
 3. Vitamin D

2

 4. Vitamin D
3

 5. Vitamin E acetate,
 6. Vitamin K

1

 7. β-carotene

Vitamin Mixtures

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. 

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.

Vitamin Mixtures
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Figure 10-27. Global fat-soluble vitamin and fat-soluble antioxidant method.
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B. Extracted Sample

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. 

Global FSV and FSA Method
Column:  MD150, 150 × 3 mm, 3 μM C18
Flow:  0.8 mL/min
Temperature:  37 °C
Mobile Phase:  A: Methanol: 0.2 M ammonium
  acetate, pH 4.4, (90:10) (v/v)
 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
Detection: CoulArray

Peaks: 1. Retinol
  2. Lutein
  3. γ-Tocopherol
  4. α-Tocopherol
  5. Vitamin K

1

  6. Retinyl Palmitate (all trans)
  7. Lycopene
  8. α-Carotene
  9. β-Carotene
 10. Coenzyme Q10
 IS. (Internal Standard) Retinyl Acetate

Vitamin Mixtures
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Figure 10-28. Extracted multivitamin tablet.

Multivitamin Analysis
Determination of lipid-soluble vitamins in food supplements and fortified products 
is important for product labeling, nutritional research, product development, 
and quality control. Many factors complicate their measurement including the 
existence of multiple forms, compound instability, matrix complexity, and the 
relatively concentrations levels of certain analytes. HPLC-coulometric array 
detection simplifies multi-component lipid-soluble nutrient analyses. 
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Figure 10-25. Extracted infant formula. See Figure 10-24 for conditions.

Figure 10-29. Detection of Vitamins D
2
 and D

3
 in saponified milk extract. See Figure 10-24 for 

conditions.
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Download Application Note 1110: Simultaneous Measurement of Vitamins A, D, E, K, along with CoQ10 and Carotenoids,  
in Multivitamin Tablets, Infant Formula and Milk

Vitamin Mixtures

Column:   Thermo Scientific™ BetaBasic™ C18, 
 5μ, 250 × 4.6 mm i.d. 
Mobile Phase:  A:  Acetonitrile: water, 90: 10 (v/v) 
  containing 20 mM NaClO

4
 and 5.0mM HClO

4

 B:  Acetonitrile: 1-propanol, 65: 35 (v/v) 
  containing 20 mM NaClO

4
 and 10 mM HClO

4

Gradient:   30 min;  20 min linear gradient from 10 to 100% B 
 followed by a 5 min hold at 100% B 
 before returning to initial conditions for 5 min
Flow:  1.5 mL/min
Column Temp.:  32 °C
Detection: CoulArray
Detector Potentials: -700, 100, 250, 400, 550, 750, 800, 850 (mV vs. Pd)
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http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/cmd-documents/sci-res/app/chrom/lc/mod/AN-1110-HPLC-ECD-Multivitamins-AN71319-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/cmd-documents/sci-res/app/chrom/lc/mod/AN-1110-HPLC-ECD-Multivitamins-AN71319-EN.pdf
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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.

Antioxidants
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Figure 10-30. Carotenoid profiles of tomato cultivars using the Acclaim C30 column.

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 

nutritional value of the crop, the principal ones of interest being lycopene, 
a- 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 in vitro and their possible role of protection from reactive 
oxygen and nitrogen species in vivo has received much attention.

Antioxidants
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Column:  Acclaim C30, 3 μm, 3.0 × 150 mm
LC System: UltiMate 3000 RSLC system
Mobile Phases:  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  21.0  25.0
%A  95.0  95.0  95.0  54.5  54.5
%B  4.5  4.5  4.5  45.0  45.0
%C  0.5  0.5  0.5  0.5  0.5
Flow:  0.64 mL/min
Temperature:  30 °C
Injection Volume:  8 μL
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.
Samples: A. Red tomato, 0.20 g/mL
 B. Yellow tomato, 5.6 g/mL

Peaks:  1. Lutein
 2. β-Carotene
 3. Lycopene
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Column:  Acclaim PA, 3 µm, 4.6 × 150 mm
Flow:  1.25 mL/min
Temperature:  30 °C
Injection Volume:  25 µL
Mobile Phase: A: Water
 B: 54:44:2 methanol:acetonitrile:isopropanol
Gradient:  Time 0 8.0 8.1 25
  %A 5 5 0 0
  %B 95 95 100 100
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

Peaks: 1. Unidentified carotenoid
 2. trans-lycopene
 3. trans--β-carotene
 4. cis-β-carotene

Spectrum 
library
match

2015105

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

Download Application Brief 162: Measurement of Dietary Carotenoid Isomers Using HPLC-ECD

Antioxidants

Column:  C30, 4.6 × 250, 5 μm
Flow:  1 mL/min
Temperature:  28 °C
Injection Volume: 10 µL
Mobile Phase:  1 M ammonium acetate, pH 4.0: 
 methyl-tert-butyl ether:
 methanol, 2:35:63 (v/v/v)
Electrochemical 
Detection:  CoulArray
Potentials:  +100 to +520 mV (vs Pd) 
 in 60 mV increments
UV Detector 
  Wavelength: 450 nm
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Figure 10-34. Determination of acetylcarnitine and lipoic acid in a nutritional supplement using the Acclaim Trinity P1 column.

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.

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 carnitine 
elutes as a cation under a low pH and low ionic strength condition on the 
Acclaim Trinity P1 column. Because lipoic acid is retained mostly by a  
RP mechanism, it elutes after acetylcarnitine with higher acetonitrile.

Minutes

Column:  Acclaim Trinity P1, 3 µm
Flow: 0.50 mL/min
Temperature: 30 °C
Injection Volume:  4.0 µL 
Dimension: 3.0 × 50 mm
HPLC System: UltiMate 3000 RS
Mobile Phase: A: 3 g Monobasic sodium phosphate (25 mmol), 
  22 mg tetrasodium pyrophosphate 
  decahydrate (0.5 mmol) + 270 µL 85% 
  phosphoric acid (4 mmol) + 196 g 
  acetonitrile + 750 g water
 B: 196 g Acetonitrile + 750 g water
Gradient Times (min): -6.0 0.0 2.5 2.6 7.0 7.1
   %A: 20 20 20 100 100 20
   %B: 80 80 80 0 0 80
Detection: UV at 210 nm
Sample: 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

Peaks: 1. Carnitine
 2. Lipoic acid
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Figure 10-35. HPLC-coulometric electrochemical array chromatogram of lipoic acid in a  
multi-vitamin supplement.

Lipoic Acid
a-Lipoic acid (6,8-thioctic acid, 1,2-dithiolane-3-pentanoic acid, or 
1,2-dithiolane-3-valeric acid) is a water insoluble compound found  
in vivo, and is consumed in the form of a supplement as an antioxidant. 
a-Lipoic acid supplementation is being advocated in the treatment of 
AIDS, Chaga, diabetes, heavy-metal poisoning, ischemia-reperfusion 
injury, liver diseases (e.g., mushroom poisoning and alcoholic liver 
disease), neurodegenerative disorders, and radiation injury. 
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Minutes
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Column:  ODS 2, 4.6 × 150 mm, 5 µm
Flow:  1.0 mL/min
Temperature:  35 °C
Injection Volume:  20 µL
Mobile Phase:  Water-Acetonitrile-1.0 M Sodium Phosphate 
 pH 3.5; 60:35:5 (v/v/v)
Detection:  CoulArray
Applied Potentials: 400, 460, 520, 580, 700, 720 and 820 
  (mV vs. Pd reference)

Peak: 1. Lipoic acid

1

Trivia Question
Q:  Do foods and beverages that are high in levels of antioxidant flavonoids act as 

antioxidants in the body? 

A:  This is a very complex question, but it is highly unlikely that they do. This is not 
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.

Antioxidants
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Figure 10-36. Structures of the various tocopherol and tocotrienol vitamers.

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
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Figure 10-37. Gradient HPLC with CoulArray detection of tocotrienols (T) and tocopherols (toc) in palm oil extract. 
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Column:  Hypersil BDS, 150 × 3.0 mm, 3 μm, C18
Flow:  0.6 mL/min
Temperature:  32 °C
Injection Volume:  10 μL
Mobile Phase:  A: Acetonitrile: water, 90:10 (v/v) 
 containing 20 mM sodium
 perchlorate and 5 mM perchloric acid
 B: Acetonitrile: 1-propanol, 65:35 (v/v) 
 containing 20 mM sodium
 perchlorate and 10 mM perchloric acid
Gradient:  Isocratic 10% B from 0 to 4 min. 
 Linear increase of phase B from
 10 to 100% B for 21 min. 
 Isocratic 100% B for 9 min before returning
 to initial conditions for 5 min. 
 Total run time was 40 min.
Detection: CoulArray
Potentials:  -700, 0, 75, 150, 225, 300, 375, 
 and 450 mV vs Pd

Download Application Note 1096: Determination of Tocotrienols and Tocophenrols Using HPLC-ECD
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Figure 10-38. Chemical structure of coenxyme Q10.

Ubiquinone
Coenzyme Q10 (2,3 dimethoxy-5 methyl-6-decaprenyl benzoquinone) 
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 II column.

CoQ10
C

59
H

90
O

4

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

O

O

O

O

Figure 10-39. CoQ10 stock standard.

Did You Know?
 The synthesis of ubiquinone 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).
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Minutes

Column:  Acclaim Polar Advantage II,
 150 × 3.0 mm, 3 μm particle
Temperature:  25 °C
Injection Volume:  20 μL
Mobile Phase:  Isocratic
Detection:  UV-vis, 275 nm

Antioxidants
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Figure 10-41. Analysis of extracted human plasma (CoQ6 used as an internal standard)

Ubiquinone Speciation
Ubinquinone (CoQ10) is a ubiquitous lipid-soluble, redox active 
component, found in most cell membranes. It exists in both oxidized 
(quinone) and reduced (quinol) forms. The predominant form found 
in humans is CoQ10 (some CoQ9). Supplements can contain either 
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 
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 
plasma and supplements.

Figure 10-40. Chemical structure of ubinquinone and its oxidized and reduced forms, quinone, 
and quinol, respectively.
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Column:  C18, 4.6 × 50 mm, 3 µm
Flow:  1.0 mL/min
Temperature:  32 °C
Injection Volume: 50 µL (tray at 4 °C)
Mobile Phase:  Methanol: 1-Propanol: 1.0 M Ammonium Acetate, 
 pH 4.4: (78:20:2) (v/v/v)
Detection:  CoulArray
Applied potentials:  +700, -700, +500 mV vs Pd
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AN 363 HPLC Extraction of Herbal Marker Compounds Using Accelerated Solvent Extraction Compared to Traditional Pharmacopoeia Protocols
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