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A Scientific Meeting on Biological and 
Environmental Reference Materials

Dear Colleague, 

It is my pleasure to invite you to learn about The 14th International Symposium on Biological 
and Environmental Reference Materials (BERM 14). This event is the continuation of a series 
of BERM Symposia launched in 1983. Locations have alternated between Europe and the 
USA, with the exception of BERM 11 held in Japan. 

BERM 14 will bring together global National Metrology Institutes (NMIs), Reference Materials 
Producers (RMPs), government officials, analytical scientists, and accreditation bodies 
to present and discuss important issues and advances in the development and use of 
Reference Materials (RMs) and Certified Reference Materials (CRMs).

Event Dates: Oct 11–15, 2015

Location: Gaylord National Resort and Convention Center, National Harbor, Maryland, USA

Symposium Chair: Dr. Stephen A. Wise, National Institute of Standards and Technology (NIST)

Who should attend? Anyone involved in the use, development, assessment, and 
manufacture of CRMs and Reference Materials. 

Why attend? Participants are provided with a unique opportunity to interact with key 
players and institutions from around the world that are involved in reference material 
development, production, distribution, and use. CRMs are among the most important tools 
in assuring quality and international comparability of measurement results, and their proper 
use is increasingly demanded in science as well as legislation. 

Scientific Program
The scientific program for BERM 14 will focus on the development and role of CRMs in the 
analytical measurement process, with emphasis on CRMs related to public health and safety 
including clinical laboratory medicine, food safety and nutrition labeling, human nutritional 
assessment, environmental monitoring, and forensics. Organized sessions will include 
plenary, keynote, invited, and contributed presentations in both oral and poster format. 

Partner, Exhibit or Attend BERM
Sigma-Aldrich is honored to serve as a BERM 14 partner and to support event logistics. We 
welcome other commercial manufacturers of scientific instruments and consumables to take 
advantage of the few remaining partnership and exhibitor opportunities offered at BERM 14. 
We strongly encourage scientists who work with reference materials to contribute to and 
register to attend this event. Use this opportunity to raise the profile of your organization and 
the work you do, as well as to bring innovative ideas to the analytical community. 

Visit sigma-aldrich.com/berm to find more information and history about the BERM 
symposium, to contact us about partnership or exhibitor opportunities, and to register  
to attend. 

Best regards,

Alan Nichols  
Manager, R&D and Marketing, Standards  
alan.nichols@sial.com

Alan Nichols
Manager 

R&D and Marketing, Standards 

sigma-aldrich.com/analytical
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What is a “Specialty Carbon Adsorbent”?
A graphic depicting a spherical particle is shown in Figure 1. 
Controlling pore composition is very important as it determines  
the adsorption and desorption characteristics of the particle.  
There are three types of pores relevant to carbon adsorbents.  
A macropore has a >500 Å diameter, a mesopore has a  
20–500 Å diameter, and a micropore has a <20 Å diameter.

Scalable Specialty Carbon Adsorbents for 
Purification and Recovery Applications

Carboxen®, Graphsphere™, and Carbotrap® adsorbents. The physical 
characteristics for each of our scalable specialty carbon adsorbents 
can be found in Table 1.

If you are investigating a specialty carbon adsorbent for a purification 
or recovery application, we recommend you focus on the sixteen 
that are scalable to ensure we can meet your demand if you require 
a large quantity. Suitable uses in the petrochemical, pharmaceutical, 
food and beverage, environmental, and other industries include:

• Purification applications – An interference removal technique 
is used to remove an impurity or impurities from a gas or liquid 
stream, such as the purification of industrial gases/solvents, 
effluent streams, or raw materials.

• Recovery applications – A bind and elute technique is employed 
to first capture a compound or compounds from a gas or liquid, 
and then to recover the compound or compounds. Recovery 
can be through thermal or solvent desorption. An example is the 
recovery of a synthesized compound from a reaction mixture.

Carbon Adsorbent Sampler Kits
Choosing the right adsorbent or combination of adsorbents can be 
difficult: 1) must choose one or more to retain specific analyte(s),  
2) may be equally important to release analyte(s) during desorption. 
We offer five convenient sampler kits, which allow a cost-effective 
way to evaluate several of our specialty carbon adsorbents. Two of 
these kits contain only scalable adsorbents:

• CMS/SGPC Kit II (13369-U) contains 5 g each of nine adsorbents, 
all in 20/45 mesh (Carboxen 563, Carboxen 564, Carboxen 569, 
Carboxen 572, Carboxen 1005, Carboxen 1032, Carboxen 1033, 
Carboxen 1034, and Graphsphere 2017)

• 20/40 GCB Kit (13027-U) contains 5 g each of five adsorbents, all in 
20/40 mesh (Carbotrap B, Carbotrap C, Carbotrap F, Carbotrap X, 
and Carbotrap Y)

Custom Capabilities
If you do not find an adsorbent which meets your needs, let us know 
what the sample is (describe the gas or liquid), what you want to 
remove, and if you need to recover it afterwards. Our R&D group 
will investigate whether an existing adsorbent is appropriate or if a 
new adsorbent needs to be developed. To inquire about a custom 
specialty carbon adsorbent, please email supelco_quotes@sial.com

Once you find a stock or custom adsorbent that serves your purpose, 
we will work with you to either make your device for you, or to 
supply you loose adsorbent (in an ampul, bottle, pail, or drum). 
Additionally, we will continue to work with you as you implement 
the adsorbent into your process.

(continued on next page)

Macropore

Mesopore

Micropore

Figure 1. Spherical Particle

Unlike non-specific, low-tech carbon black and activated carbon 
adsorbents, our specialty carbon adsorbents are highly engineered 
materials, many manufactured from highly pure synthetic polymers. 
They can be designed with:

• The shape we want, either spherical or granular

• No pores, or more/less of any pore type to serve a specific purpose

• Tapered pores (from macro to meso to micro) which increase 
thermodynamic and kinetic efficiency

• A through-pore or closed-pore structure, which influences 
microporous strength and kinetic effectiveness

• Surface pH adjustments, as low as 2.5 to as high as 10.5

Today, we make over 30 different specialty carbon adsorbents, 
including Carbon Molecular Sieve (CMS), Spherical Graphitized 
Polymer Carbon (SGPC), and Graphitized Carbon Black (GCB) 
adsorbents. Any modifications (activation, oxidation, graphitization, 
surface pH adjustment, etc.) are accomplished through physical 
means, not chemical means.

Scalable Adsorbents
Sixteen of our specialty carbon adsorbents are scalable, signifying 
we can produce large amounts (>1,000 kg annually) of these 
adsorbents in 20/40, 20/45, or 30/45 mesh. Included are some of our 
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Adsorbent

Approximate
Free Fall Density (g/mL)c,d

Surface Area Pore Volume (cc/g) Pore Diameter Micropore Diameter 20/40 20/45 30/45
Typea S/Gb (m2/g) Macro Meso Micro (Å) (Å) pH 425-850 355-850 355-600

Carboxen 1034 CMS S 1,260 0.10 0.48 0.42 32 5-20 10.5 — 0.36** —

Carboxen 1005 CMS S 1,150 0.28 0.26 0.47 — 5-8 9.3 — 0.51** —

Carboxen 572 CMS S 1,100 0.24 0.19 0.41 — 10-12 9.5 — 0.48* —

Carboxen 1003 CMS S 1,000 0.28 0.26 0.38 — 5-8 9.2 — 0.51** —

Carboxen 1032 CMS S 820 0.10 0.38 0.29 37 4-20 3.0 — 0.51** —

Carboxen 1030 CMS S 740 0.11 0.13 0.26 26 5-20 4.0 — 0.53** —

Carboxen 563 CMS S 510 0.24 0.15 0.24 — 7-10 6.8 — 0.52* —

Carboxen 569 CMS S 485 0.10 0.14 0.20 — 5-8 8.6 — 0.61* —

Carboxen 1033 CMS S 420 0.10 0.10 0.15 33 5-17 7.0 — 0.60** —

Carboxen 564 CMS S 400 0.14 0.13 0.24 — 6-9 8.7 — 0.61* —

Carbotrap X GCB G 240 — 0.62 — 100 — 9.5 0.44* — —

Carbotrap B GCB G 100 — — — — — 9.7 0.38* — —

Graphsphere 2017 SGPC S 60 — 0.33 — — — 7.8 — 0.56** 0.54**

Carbotrap Y GCB G 24 — — — — — 9.0 0.44* — —

Carbotrap C GCB G 10 — — — — — 8.6 0.70* — —

Carbotrap F GCB G 5 — — — — — 8.7 0.70** — —

a Type: CMS = Carbon Molecular Sieve.
 SGPC = Spherical Graphitized Polymer Carbon.
 GCB = Graphitized Carbon Black.
b S/G: Adsorbent is spherical (S) or granular (G).
c Particle Size: Expressed in mesh and µm units (ASTM Specifications E-11).
d Availability: *This carbon adsorbent is available with this particle size as a stock catalog number.
 **This carbon adsorbent is available with this particle size only as a custom item.

Description Package Size Cat. No.
Carbon Adsorbent Sampler Kits
CMS/SGPC Kit II Kit of 9 bottles 13369-U
20/40 GCB Kit Kit of 5 bottles 13027-U
Carboxen – Carbon Molecular Sieve (CMS) Adsorbents
20/45 Carboxen 563 10 g 10263
20/45 Carboxen 564 10 g 10264
20/45 Carboxen 564 144 ampules of 290 mg 11324-U
20/45 Carboxen 569 10 g 10269
20/45 Carboxen 569 500 g 11048-U
20/45 Carboxen 572 10 g 11072-U
Carbotrap – Graphitized Carbon Black (GCB) Adsorbents
20/40 Carbotrap B 10 g 20287
20/40 Carbotrap B 144 ampules of 190 mg 11325-U
20/40 Carbotrap C 10 g 20309
20/40 Carbotrap C 500 g 11047-U
20/40 Carbotrap X 10 g 10435-U
20/40 Carbotrap Y 10 g 10460-U

Table 1. Physical Characteristics and Available Particle Sizes of our Scalable Specialty Carbon Adsorbents

  Featured Products   Related Information

To learn more, request “Supelco Specialty Carbon Adsorbents” 
(T410081 MQR). This 12-page brochure contains details about all 
of our adsorbents, kits, and custom capabilities. Or, you can visit 
our specialty carbon adsorbent resources at  
sigma-aldrich.com/carbon
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For more information, visit  
sigma-aldrich.com/gc-flowmeters

Jaime Martain, Product Specialist

jaime.martain@sial.com

Those doing gas chromatography must routinely measure gas 
flows when setting up an instrument, developing a method, or 
troubleshooting. With today’s modern GCs, chromatographers may 
rely on the instrument readings for setting flow rates. However, a 
flowmeter is still an essential tool to have for verifying the instrument 
readings or when troubleshooting is necessary. Gas flowmeters 
generally fall into two types, volumetric and mass, each with its 
advantages and limitations. Both types measure the amount of 
gas exiting a column or split vent in a specific time period. We offer 
several makes and models of digital flowmeters. Table 1 directly 
compares several specifications of each unit. 

Selecting a Digital Flowmeter for GC Use

The Ellutia 7000 is a pocket-sized flowmeter with a large OLED 
display, which makes reading flows clear and easy. Unlike other 
flowmeters, the Ellutia 7000 can operate in either a volumetric or 
a mass mode. The built-in rechargeable battery means the user no 
longer has to worry about changing dead batteries.

The Agilent® ADM 2000 is a field-portable flowmeter which measures 
flow volumetrically, so you don’t have to make any adjustments 
when changing from one gas to another.

The Humonics Optiflow 520 is a bubble flowmeter, one of the most 
useful tools in a GC lab. They are very reliable and easy-to-use. The 
principle is that optical sensors detect when the bubble enters 
and exits the calibrated tube. A microprocessor then calculates the 
resulting volumetric flow rate and displays it on a small screen.

                      Ellutia 7000  
Digital Volumetric/Mass Flowmeter

           Agilent ADM 2000 
 Digital Volumetric Flowmeter

             Humonics Optiflow 520  
Digital Volumetric (Bubble) Flowmeter

Cat. No. 29597-U 29596-U 28679-U
Mode volumetric or mass measurements volumetric (the flowmeter can calculate mass 

flow values from the volumetric measurements 
by correcting for temperature and pressure)

volumetric (bubble)

Split Ratio Mode yes yes yes
Gases air, argon, argon/methane, carbon dioxide, 

helium, hydrogen, nitrogen, and oxygen
air, carbon dioxide, helium, hydrogen, 
methane, nitrogen, and oxygen

all

Inlet Pressure 25 psi (175 kpa) maximum ND ND
Inlet 1/16” I.D. flexible tubing (included) 1/8” I.D. flexible tubing (included) 1/8” I.D. flexible tubing (included)
Flow Range 0.1 to 500 mL/min (0.1 to 275 mL/min  

for carbon dioxide)
0.5 to 1,000 mL/min (autoranging) 0.5 to 500 mL/min

Resolution 0.1 mL/min 0.01 mL/min (for flows 0.50-9.99 mL/min),  
0.1 mL/min (for flows 10.0-99.9 mL/min),  
and 1.0 mL/min (for flows 100-1,000 mL/min)

0.01 mL/min (for flows 0.50-9.99 mL/min),  
0.1 mL/min (for flows 10.0-99.9 mL/min),  
and 1.0 mL/min (for flows 100-500 mL/min)

Accuracy ± 2.5% of reading or ± 0.4 mL/min 
(whichever is greater), able to dial in 
column I.D., temperature, and pressure 
values for added accuracy

± 3% of reading or ± 0.2 mL/min  
(whichever is greater)

± 3% of reading

Display OLED 16 character alphanumeric digital
Calibration 25-point, UKAS traceability, Declaration of 

Conformity according to ISO/IEC Guide 22 
and EN 45014, recalibration service available

5-point, NIST traceability, recalibration  
service available

3-point, NIST traceability, recalibration  
service available

Temperature 15-35 °C flowmeter (0 to 45 °C), tubing (-62 to 110 °C) ND
Size 68 × 130 × 30 mm ND 9” H × 6” W × 5” D
Weight 150 g ND 2.4 lbs.
Power internal battery (automatic shutoff feature 

conserves battery), charge battery using a 
110 VAC charger or a micro-USB cable

9 V alkaline battery (automatic shutoff feature 
conserves battery) or 110 VAC power cord

9 V alkaline battery (automatic shutoff feature 
conserves battery)

CE Mark yes yes no
Data Output USB cable RS-232 cable none

ND = no data available.

Table 1. Comparison of Flowmeter Features
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Supelco SLB-IL60 Ionic Liquid GC Columns:  
Better High Temperature Stability

Leonard M. Sidisky, R&D Manager; Katherine K. Stenerson, Applications Chemist; 
and Michael D. Buchanan, Product Manager

mike.buchanan@sial.com

The SLB-IL60 gas chromatography (GC) column is based on  
an ionic liquid stationary phase platform and displays desirable 
features that existing non-ionic liquid columns do not. This is  

the third of several Reporter articles which explore various aspects of  
this column.1, 2

Benefits of higher temperature when performing GC include decreased 
analysis times, elevated bake-out to remove large non-target 
compounds, and analysis of additional higher boiling compounds. 
The SLB-IL60 column is stable to 300 °C for both programmed and 
isothermal use. This is 20-40 °C higher than the programmed limits and 
20-50 °C higher than the isothermal limits of traditional polyethylene 
glycol (PEG) columns. 

To illustrate the superior stability of the SLB-IL60 column, it was 
compared directly to five popular commercially available PEG columns, 
each from a different manufacturer. All columns were 30 m × 0.25 mm 
I.D., 0.25 µm dimensions, except the SLB-IL60 column, which has a  
0.20 µm film thickness. Table 1 shows the maximum temperature  
limits for all columns tested. Complete specifications of SLB-IL60 
columns are shown in Table 2.

Thermal Stress Test
Each column was subjected to an abbreviated thermal stress test, which 
was developed to determine high temperature (300 °C) stability. The 
sequence for this test is shown in Table 3. During this test, columns were 
subjected to a total of 15 high-temperature runs (oven programmed 
from 50 °C to 300 °C with a 20 minute hold). Over the duration of the 
test, each column was exposed to 300 °C for a total of 300 minutes.  
A polar column test mix and a rapeseed oil FAME mix were run on each 
column before and after thermal stress.

• The polar column test mix contains several analyte types and can 
be used to measure key attributes of polar columns. The normal 
alkanes (pentadecane, hexadecane, heptadecane, octadecane, 
and eicosane) are used to measure column efficiency. The alcohol 
(1-octanol) and ketone (2-octanone) are used to measure the 
presence of hydrogen-bonding sites (exposed silanols).  
The acid/base pair (2,6-dimethylphenol/2,6-dimethylaniline) are 
used to measure the acid/base characteristic of the phase surface.

• The rapeseed oil FAME mix is based on a simple vegetable oil that 
contains a series of saturated and unsaturated fatty acids ranging 
from C14 through C24 in carbon number. The elution location 
of C18:3n6 (an unsaturated FAME) relative to C18:0, C20:0, and 
C22:0 (saturated FAMEs) is used to calculate Equivalent Chain 
Length (ECL) values. These are similar to retention indices, except 
saturated FAMEs are the markers instead of saturated alkanes  
and that the analytes being measured are unsaturated FAMEs.  
ECL values are a key indicator of a column’s polarity/selectivity  
for FAME applications.

Before, during, and after the thermal stress test, several indicators of 
chromatographic performance (FID bleed, inertness, selectivity, polarity, 
and retention factor) were monitored for each column.

Column Isothermal Programmed
PEG 1 280 °C 280 °C

PEG 2 260 °C 270 °C

PEG 3 250 °C 260 °C

PEG 4 250 °C 260 °C

PEG 5 280 °C 300 °C

SLB-IL60 300 °C 300 °C

Table 1. Maximum Temperature Limits*

* Obtained from paperwork included with commercial columns.

Table 2. SLB-IL60 Column Specifications

• Application: Modified (deactivated) version of SLB-IL59 
provides better inertness. Selectivity more polar than PEG/wax 
phases, resulting in unique elution patterns. Higher maximum 
temperature than PEG/wax columns (300 °C compared to  
270–280 °C). Excellent alternative to existing PEG/wax columns. 
Also a good GCxGC column choice. Launched in 2012.

• USP Code: None

• Phase: Non-bonded; 1,12-Di(tripropylphosphonium)dodecane 
bis(trifluoromethylsulfonyl)imide

• Temp. Limits: 35 °C to 300 °C (isothermal or programmed)

Table 3. Thermal Stress Test Sequence

• Rapeseed oil FAME mix: 200 °C isothermal

• Polar column test mix: 155 °C isothermal for PEG columns;  
130 °C isothermal for SLB-IL60 column

• Bleed run to column’s programmed temperature limit

• Five ‘300 °C’ runs: 50 °C (2 min), 15 °C/min to 300 °C (20 min)

• Rapeseed oil FAME mix: 200 °C isothermal

• Five ‘300 °C’ runs: 50 °C (2 min), 15 °C/min to 300 °C (20 min)

• Rapeseed oil FAME mix: 200 °C isothermal

• Five ‘300 °C’ runs: 50 °C (2 min), 15 °C/min to 300 °C (20 min)

• Rapeseed oil FAME mix: 200 °C isothermal

• Polar column test mix: 155 °C isothermal for PEG columns;  
130 °C isothermal for SLB-IL60 column

• Bleed run to column’s programmed temperature limit
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FID Bleed
FID bleed levels from each column operated to its programmed 
temperature limit were measured before and after thermal stress.  
The data is displayed in Figure 1 and show that exposing any of the 
PEG columns to 300 °C for as short as 300 minutes triggers increased 
FID bleed, even when the column is subsequently operated within its 
programmed temperature limit. Better high temperature stability is 
exhibited by the SLB-IL60 column, in that it maintains a lower FID bleed 
level before, during, and after this thermal stress.

Figure 2. FID Bleed Levels (pA) During Thermal Stress Test
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Figure 1. FID Bleed Levels (pA) Before/After Thermal Stress Test
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PEG 1 70 60
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PEG 4 61 64
PEG 5 69 67
SLB-IL60 69 67

Table 4. Octanol Relative Peak Heights (%) Before/After Thermal 
Stress Test

The observed FID bleed levels from the 1st ‘300 °C’ and the 15th ‘300 °C’  
run for all columns are displayed in Figure 2. All five PEG columns 
produced similar FID bleed levels, with the PEG 4 and PEG 2 columns 
ranking as the best overall performing PEG columns for this test.  
As shown, the SLB-IL60 column performed significantly better for this 
performance indicator than any PEG column. Most impressive is that 
the bleed level actually decreased for the SLB-IL60 column, even after 
exposed to 300 °C for 300 minutes. Figure 3 shows chromatograms 
obtained from the PEG 4 and SLB-IL60 columns, visually depicting 
the different amounts of FID bleed between the best performing PEG 
column and the SLB-IL60 column.

Figure 3. FID Bleed Chromatograms During Thermal Stress Test
 column 1: PEG 4, 30 m × 0.25 mm I.D., 0.25 µm
 column 2: SLB-IL60, 30 m × 0.25 mm I.D., 0.20 µm (29505-U)
 oven: 50 °C (2 min), 15 °C/min to 300 °C (20 min)
 inj. temp.: 250 °C
 carrier gas: helium, 1 mL/min
 detector: FID, 300 °C
 injection: 1 µL, splitless
 liner:  4 mm I.D., split/splitless type, single taper wool packed  

FocusLiner™ design
 sample: methylene chloride

0 10 20 30

Min

SLB-IL60: 15th 300 °C Run (6.9 pA)
SLB-IL60: 1st 300 °C Run (8.3 pA)

PEG: 15th 300 °C Run (144 pA)

PEG: 1st 300 °C Run (90 pA)

Inertness
A common procedure for measuring the inertness of a column is 
to compare the peak height of 1-octanol relative to the peak height 
of n-hexadecane under isothermal oven conditions. The alcohol 
will interact with any exposed silanols, whereas the alkane will not. 
Hexadecane (16 carbon atoms) generates a greater FID response (and 
peak height) than octanol (8 carbons atoms), so 60–70% octanol relative 
peak height is typical for PEG-like columns with good inertness.

Octanol relative peak height values calculated from the polar column 
test mix runs that were performed before and after the thermal stress 
test are shown in Table 4. These are the same runs described in the 
Selectivity section. No substantial change in octanol relative peak height 
was noted for any of the PEG columns or for the SLB-IL60 column.  
This indicates the thermal stress test did not cause any loss of inertness 
for any column tested.

Selectivity
Before and after the thermal stress test, a 9-component polar column test 
mix was analyzed on each column. All five PEG columns produced almost 
identical chromatography, with the PEG 3 column performing slightly 
better than the other PEG columns. Figure 4 shows chromatograms 
obtained from the PEG 3 and SLB-IL60 columns. The elution order of 
2,6-dimethylaniline and 2,6-dimethylphenol (peaks 7 and 8) is reversed on 
the SLB-IL60 column compared to the PEG columns.

Comparing the before and after chromatograms reveals a selectivity 
change on all PEG columns, most notably the decrease in the relative 
retention of 2,6-dimethylaniline (peak 7) and 2,6-dimethylphenol (peak 
8), and the increase in the relative retention of n-eicosane (peak 9). This 
indicates the PEG columns became less polar, and therefore less selective 
for polar analytes, and more selective for non-polar analytes. Conversely, no 
change in selectivity was observed for the SLB-IL60 column. This indicates 
the SLB-IL60 column can be exposed to 300 °C without changing its 
phase chemistry, or altering its relative amounts of possible analyte-phase 
interactions. (continued on next page)
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Figure 4. Selectivity Before/After Thermal Stress Test

 column 1: PEG 3, 30 m × 0.25 mm I.D., 0.25 µm
 column 2: SLB-IL60, 30 m × 0.25 mm I.D., 0.20 µm (29505-U)
 oven: 155 °C (25 min) for PEG 3; 130 °C (25 min) for SLB-IL60
 inj. temp.: 250 °C
 carrier gas: helium, 20 cm/sec for PEG 3; helium, 25 cm/sec for SLB-IL60
 detector: FID, 250 °C
 injection: 1 µL, 100:1 split
 liner: 4 mm I.D., split/splitless type, single taper wool packed FocusLiner™ design
 sample: polar column test mix (47302), 9 analytes, each at 500 µg/mL in methylene chloride

Polarity
A rapeseed oil FAME mix was analyzed on each column before, during, 
and after the thermal stress test. ECL values for C18:3n6 were calculated 
for each run and are shown in Figure 5. Decreasing ECL values indicate 
all PEG columns became less polar, experiencing a decrease in  
analyte-phase interactions responsible for retention of polarizable 
compounds (such as C18:3n6, an unsaturated FAME) relative to  
analyte-phase interactions responsible for retention of non-polar 
compounds (such as C18:0, a saturated FAME). The same phenomenon 
was not observed with the SLB-IL60 column, indicating this column can 
be exposed to 300 °C without causing a change in polarity.

SLB-IL60

PEG 3

 1. 2-Octanone
 2. n-Pentadecane
 3. 1-Octanol
 4. n-Hexadecane
 5. n-Heptadecane
 6. n-Octadecane
 7. 2,6-Dimethylaniline
 8. 2,6-Dimethylphenol
 9. n-Eicosane

Figure 5. C18:3n6 ECL Values Before, During, and After  
Thermal Stress Test
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Conclusion
Columns based on polyethylene glycol phase chemistry are widely used 
for a variety of applications (such as solvents and FAMEs), but are limited 
to use below 260-280 °C oven temperature. It may be desirable to use 
higher temperature to decrease analysis time, perform an elevated 
bake-out for removal of large non-target compounds, or analyze higher 
boiling compounds. However, these PEG columns cannot be exposed 
to a 300 °C oven temperature, even for brief periods, without adversely 
affecting chromatographic performance, based on indicators such as  
FID bleed, inertness, selectivity, polarity, and retention factor. The  
SLB-IL60 column is similar in selectivity to PEG columns, but can be 
used to 300 °C without degradation of chromatographic performance. 
Because the SLB-IL60 column has better high temperature stability,  
it can expand the use of a polar column for applications that PEG 
columns cannot perform.

Figure 6. C24:0 Retention Factors Before, During, and After 
Thermal Stress Test
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The rapeseed oil FAME mix chromatograms were also used to calculate 
retention factors, based on the C24:0 FAME peak. As shown in Figure 6, 
all of the PEG columns exhibited an increase in retention factor.  
This is another indicator the thermal stress test caused the PEG 
columns to become less polar, developing an increase in analyte-phase 
interactions responsible for the retention of non-polar compounds (such 
as C24:0, a saturated FAME). As expected, no change in retention factor 
was observed with the SLB-IL60 column, indicating this column is not 
affected by 300 °C oven programmed runs.

References
1. Sidisky, L.M.; Stenerson, K. K.; Buchanan, M.D. Supelco SLB-IL60 Ionic Liquid 

Columns: Unique Selectivity, Supelco Reporter Volume 32.2: 29-31.

2. Sidisky, L.M.; Stenerson, K. K.; Buchanan, M.D. Supelco SLB-IL60 Ionic Liquid 
Columns: Improved Resolution, Supelco Reporter Volume 33.1: 21-22.

Description Cat. No.
SLB-IL60 Columns
15 m × 0.10 mm I.D., 0.08 µm 29503-U
20 m × 0.18 mm I.D., 0.14 µm 29504-U
30 m × 0.25 mm I.D., 0.20 µm 29505-U
60 m × 0.25 mm I.D., 0.20 µm 29506-U
30 m × 0.32 mm I.D., 0.26 µm 29508-U
60 m × 0.32 mm I.D., 0.26 µm 29509-U

For more information on the SLB-IL60 and other ionic liquid 
columns, visit  
sigma-aldrich.com/il-gc

  Featured Products

  Related Information

GC-Headspace Solvents

Specifically developed and optimized 
for sensitive static GC-Headspace 
analysis of volatile organics.

• High purity – microfiltered  
(0.2 µm)

• Improved analyte recoveries

• Longer shelf life – packed under 
inert gas

• Specifications matching USP, Ph. Eur. & ICH guidelines

Description Cat. No.
1,3-Dimethyl-2-imidazolidinone, 1 mL 67484
N,N-Dimethylacetamide, 1 mL 44901
Dimethyl sulfoxide, 1 mL 51779

N,N-Dimethylformamide, 1 mL 51781
Water, 1 mL 53463
Cyclohexanone for GC-HS, 1 mL 68809
1-Methyl-2-pyrrolidinone for GC-HS, 1 mL 69337

For additional information, visit  
sigma-aldrich.com/gc-hs
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Supelco’s Low Adsorption (LA) vials are manufactured using a 
process that decreases the number of hydroxyl groups on the vials 
glass surface, significantly reducing surface activity while improving 
analytical quantitation and minimizing pH shifts in the sample. 
This same process also removes unwanted surface metals such as 
sodium and boron that can contaminate samples and interfere with 
trace analysis. Unlike other methods used to decrease vial surface 
activity, the elimination of surface activity in LA vials is integral to the 
manufacturing process and is not a chemical surface treatment.

Four Styles of LA Vials: Center Drain™, MRQ30, QSertVial™ and 
Standard Autosampler Vial

Low Adsorption Autosampler Vials

Vial Attributes
The vials, caps, and septa that come in contact with the sample are a 
critical component of a successful analysis. There are several factors 
to consider when selecting an autosampler vial.

• Lack of Interference – The vial and closure must not interfere with 
the sample being analyzed. It cannot leach out any chemicals, 
change the pH of the sample, or absorb the sample

• Proper Fit – The vial and closure must fit into the autosampler 
perfectly. The vial/closure opening must be in the same place 
during each injection or the needle will be damaged.  
Needle damage causes wasted downtime on analysis.

• Good Seal – The closure must seal properly to protect the 
contents and stop evaporation. Some closures do seal better than 
others. However, choice of closure depends on volatility of the 
sample, duration of storage-analysis, and ease-of-use.

• Correct Septum Must Be Used – The septum must be inert 
and work with the needs of the analysis. If it is used for multiple 
injections, it must reseal correctly. It must not core when a blunt 
needle is used. It should be soft or have a slit if used with a fine 
gauge needle.

Component Testing
The vial system consists of three main parts: vial, septum, and cap. 
Extensive testing is done to confirm the specifications for each 
product are met.

• Vials – Only Type 1 borosilicate glass is used to make Low 
adsorption products. Clear vials are produced from Grade A,  
33 expansion glass. Amber vials are produced from Grade B,  
51 expansion glass because 33 expansion glass is not available in 
amber. Tight tolerances on all critical physical specifications are 
controlled to make sure the highest quality is delivered each time. 
These specifications include height, diameter, neck thread, and 
bottom thickness.

• Septa – Our septa are post-baked to provide the lowest level of 
extractables in the industry. The softness is measured for batch to 
batch consistency. All bonded septa are measured to certify bond 
strength reliability. The PTFE/silicone and modified PTFE/silicone 
septa are manufactured, conditioned, and then tested by GC/MS 
to ensure they have the lowest level of extractable in the industry.

• Caps – Our caps are made from the finest grade of plastic 
available. Plastic components are manufactured using virgin resin 
that is tested for low levels of contamination. In addition, caps are 
molded and batch measured to ensure fit, thread specification, 
and overall dimension.

Center Drain (CD™) Vials
The Center Draining or CD Vial has a unique conical interior bottom 
that promotes draining of the vial’s contents into the center bottom 
of the vial, where virtually all of it can be extracted. The production 
process ensures consistency of quality and precision in the CD Vials. 
The conical well, located in the exact center of the vial bottom, 
features a smooth transition from sidewall into the well, and the 
bottom thickness dimension is the same in each vial. In comparison 
tests against other manufacturers’ conical high recovery vials, the 
CD Vial allows maximum extraction (<4 μL dead volume), while the 
competitors’ vials allow the contents to hang up in the transition 
area, leaving several microliters of liquid still in the vials after 
extraction.

Applications

• Library sample storage

• Lyophilization

• Centrifugation

• Micro mixing

• Extraction

• Concentrations

• Derivatization

• Hybridization

• Anaerobic reactions

• Homogenization

• Small scale reactions

• Radiosynthesis

• Catalytic hydrogenation
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Features and Benefits Products

• Limited volume injections with less than 4 μL dead volume

• Eliminates bent needle problem associated with limited  
volume inserts

• Will withstand temperatures from -70 °C to 160 °C

• Concentrate samples in the same vial that you use in autosampler

• Solid glass base offers better heat sink for concentrating samples

Certified MRQ30 CD™ Vial Kits
The MRQ30 CD vial is our popular line of 1.2 mL center drain vials. 
The precision-formed center well allows maximum sample recovery; 
with as little as 2 μL of sample remaining in the vial after sample 
withdrawal.  Work done in our laboratories demonstrates the utility of 
these vials. We reliably get three 5 μL injections from 20 μL of sample 
while doing LC-MS analysis.

Additionally, our testing shows the MRQ30 CD vials to be comparable 
to other certified cleaned vials for LC-MS detectable bleed.

Finally, these vials are excellent for use with immersion SPME.  
Only 200 µL of sample is required to cover a 1 cm SPME fiber while  
a normal 2 mL autosampler vial requires at least 1 mL of sample.

Benefits of MRQ30 CD Vial Kits

• No inserts required

• Vial design allows for maximum recovery of samples with residual 
dead volume as low as 2 μL

• Wide-mouth opening has large target area reducing the possibility 
of bent needles

• Compatible with most autosamplers

• Ideal for immersion SPME sampling

• Clean enough for LC-MS analysis

Certified QSertVial™
QSertVial kits eliminate all the problems associated with using 
microvolume sample inserts. No more searching for the proper 
inserts. No more worry about insert sealing and alignment.  
The QSertVial contains a 300 μL glass conical insert fused to a  
12 × 32 mm vial forming a precise integral unit. The rim of the  
insert is positioned slightly above the top of the vial so the septum 
can make a secure seal with the closure, eliminating evaporation and 
cross contamination. The insert is centered into the vial, 2 mm from 
the bottom, allowing for consistent sample recovery and eliminating 
problems caused by variation in insert depth.

Benefits of the QSertVial Kits

• Evaporation and cross contamination between insert and vial are 
eliminated

• Higher sample recovery with either bottom loading or side 
loading needles (point style 2 and 5)

• Residual dead volume can be as low as 4 μL depending on 
precision adjustment of the instrument

• Consistent sample recovery from vial-to-vial

• Wide-mouth opening has larger target area reducing the 
possibility of bent needles

• Compatible with most major autosamplers

• White matte-finish marking panel allows for easy sample 
identification

MSQ™ Caps with Septa, Mass Spec Quality 
We recommend using LA Vials 
with the MSQ polypropylene 
cap with PTFE/silicone 
septa. This cap and septum 
combination was purposely 
designed for use with mass 
spectrometry. It shows little to 
no background contamination when compared to other cap and 
septum products in the marketplace.

Description Qty. Cat. No.
Low Adsorption (LA) Vials
2 mL, Clear, PTFE/Silicone Septum with  
Marking Spot

100 29651-U

2 mL, Clear, PTFE/Silicone Septum with Slit,  
with Marking Spot

100 29652-U

2 mL Amber, PTFE/Slicone Septum with  
Marking Spot

100 29653-U

2 mL, Amber, PTFE/Slicone Septum with Slit,  
with Marking Spot

100 29654-U

Low Adsorption (LA) CD
1.5 mL, Clear, PTFE/Silicone Septum 100 29655-U
1.5 mL, Clear, PTFE/Silicone Septum with Slit 100 29656-U
Low Adsorption (LA) MRQ30 CD
1.2 mL, MRQ30, PTFE/Silicone Septum 100 29658-U
1.2 mL, MRQ30, PTFE/Silicone Septum with Slit 100 29659-U
0.3 mL, Clear Glass, Natural PTFE/Silicone Septum 100 29661-U
0.3 mL, Clear Glass, Natural PTFE/Silicone Septum 
with Slit

100 29662-U

0.3 mL, Amber Glass, Natural PTFE/Silicone Septum 100 29663-U
0.3 mL, Amber Glass, Natural PTFE/Silicone Septum 
with Slit

100 29664-U

Low Adsorption (LA) QsertVial
0.3 mL, Clear Glass, Natural PTFE/Silicone Septum 100 29661-U
0.3 mL, Clear Glass, Natural PTFE/Silicone Septum 
with Slit

100 29662-U

0.3 mL, Amber Glass, Natural PTFE/Silicone Septum 100 29663-U
0.3 mL, Amber Glass, Natural PTFE/Silicone Septum 
with Slit

100 29664-U

MSQ™ Caps with Septa, Mass Spec Quality
Blue 9 mm Cap, PTFE/Silicone Septum 100 29665-U
Blue 9 mm Cap, PTFE/Silicone Septum with Slit 100 29666-U
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Fortification of milk, dairy products, infant and adult nutritionals  
with vitamin D is required in many countries to provide additional 
dietary vitamin D. The fortification of milk in the USA, for example, is 
done at 400 International Units (IU)  
per eight ounces of milk. The recently adopted AOAC method 
2011.11 describes the procedure for the analysis of vitamin D in 
fortified infant formula. This method was used in the current work 
to measure vitamin D in the fortified whole milk and in an infant 
formula sample.  Two forms of vitamin D are recognized: vitamin 
D2 or ergocalciferol, and vitamin D3 or cholecalciferol. Although 
both forms may be present in the fortified food, vitamin D3 is more 
commonly used for fortification of dairy products. Vitamin D hydroxy-
metabolites can also be present in food products at low levels. While 
quantitative analysis was performed for vitamins D2 and D3, the 
samples were scanned for the presence of 25-hydroxy metabolites.

Method
AOAC method 2011.11 was followed for analysis of vitamin D in 
both milk and infant formula.  Vitamin D2 and D3 standards and their 
deuterated analogues were used. The UHPLC column was Titan C18, 
10 × 2.1 mm packed with 1.9 µm particles. The HPLC method was 
adopted from the standard AOAC method, including mobile phases, 
gradient, and flow rates. Baseline separation between vitamin D3 and 
D2 peaks, and between all vitamins and matrix component peaks was 
obtained on the Titan C18 UHPLC column. Analysis of vitamin D was 
done using MS/MS with APCI detection. MS transitions used in this 
study are shown in Table 1.

Analysis of Vitamin D in Milk and Infant Formula 
using UHPLC/MS/MS per AOAC Method 2011.11

Compound Q1 Q3
Vitamin D3 385.5 259.2

Vitamin D3 385.5 159.2

Vitamin D2 397.5 125.2

Vitamin D2 397.5 107.2

Vitamin D3-d3 388.5 259.2

Vitamin D2-d3 400.5 125.2

25-OH-Vitamin D3 383.4 257.2

25-OH-Vitamin D2 395.2 269.2

Sample Vitamin D2 Vitamin D3

Whole milk 0.16 (41%) 4.76 (4%)

Infant formula 0 5.29 (0.2%)

Table 1. MS Parameters Used for the Measurement of  
Vitamin D Forms

Table 2. Found Concentrations (IU/mL) for Vitamin D  
with % RSD (n=3)

The sample preparation for both milk and infant formula samples 
was done through saponification, extraction, evaporation,  
and reconstitution of extracts into LC-compatible solvents.  
The sample preparation steps following AOAC method 2011.11  
are shown in Figure 1.

Figure 1. Preparation Method for Milk and Nutritional Supplements

Saponification

Extraction

Sample 
Preparation

• To 30 mL of milk or infant formula add 40 mL of 
reagent-grade alcohol containing 2% pyrogallol, 
isotope D3 I.S., and 20 mL of 50% w/v KOH

• Mix overnight at room temperature

• Add to separatory funnel along with 30 mL of 
hexane  containing 12.5 mg/mL BHT and shake 
to extract

• Wash hexane fraction with 20 mL of  
water:50% w/v KOH (85:15)

• Remove 10 mL of hexane extract and dry  
under nitrogen

• Reconsitute in 1 mL of acetonitrile:water (70:30)  
with 5-minute sonication

• Filter through 0.45 µm PTFE membrane

Results
Chromatography of the vitamin D and hydroxyvitamin D compounds 
is presented in Figures 2 and 3, respectively. Analyses of vitamin  
D2 and D3 in extracted milk and infant formula are shown in Figures 
4 and 5, respectively.  Vitamin D2 was not found in either sample, 
but the concentrations of vitamin D3 in milk and infant formula were 
found to be close to the expected fortification levels of at least  
4.2 IU/mL. No hydroxyvitamin D forms were found in samples of 
either milk or infant formula. The lowest level for calibration curve 
was 0.2 IU/mL which would correspond to 0.5 ng of vitamins per  
mL of milk.

Conclusions
Presented here is a method for the determination of nutritionally 
important vitamin D forms as standards, and extracted from milk 
and infant formula after saponification following AOAC method 
2011.11. The strength of Sigma-Aldrich to supply the entire analytical 
workflow, from reagents to chromatography and accessories  
was demonstrated.
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Figure 2. UHPLC/MS Analysis Vitamin D Standards at 1 IU/mL 
on Titan C18
Vitamin D3 is shown as 385/259 parent/daughter transition and vitamin D2 is shown as 
397/125 transition using the same Y-scale.

 column: Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm (577124-U)

 mobile phase:  [A] 0.1% (v/v) formic acid in methanol: water (20:80);  
[B] 0.1% (v/v) formic acid in methanol

 gradient:  60 to 90% B in 0.4 min, to 100% B in 0.3 min, held for 7.8 min,  
to 60% B, held for 1.5 min

 flow rate:  0.25 mL/min for 5.55 min, to 0.50 mL/min for 3.84 min,  
to 0.25 mL/min for 0.7 min

 column temp.: 25 °C

 detector: MS/MS, APCI(+), MRM as indicated in Table 1

 injection: 5 µL

 sample: vitamin D2 and D3, 1 IU/mL

0 2 4 6 8 10

Time (min)

Vitamin D2

Vitamin D3

Figure 3. UHPLC/MS Analysis of 25-OH-Vitamin D Standards at 
250 ng/mL on Titan C18
25-OH-Vitamin D3 (red trace) is shown as 383/257 parent/daughter transition and 
25-OH-vitamin D2 (blue trace) is shown as 395/269 transition using the same Y-scale. 
Conditions same as in Figure 2.

0 1 2 3
Min

4 5 6

red: 25-OH-Vitamin D3 

blue: 25-OH-Vitamin D2 

Figure 4. UHPLC/MS Analysis Vitamin D in Milk on Titan C18
Vitamin D3 is shown as 385/259 parent/daughter transition and vitamin D2 is shown as 
397/125 transition using the same Y-scale. Conditions as in Figure 2.
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Figure 5. UHPLC/MS Analysis Vitamin D in Infant Formula on 
Titan C18 
Vitamin D3 is shown as 385/259 parent/daughter transition and vitamin D2 is shown as 
397/125 transition using the same Y-scale. Conditions as in Figure 2.

Vitamin D2 (not present)

Vitamin D3
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Time (min)
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Description Cat. No.
UHPLC Column
Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particle size 577124-U
Mobile Phase Components
Methanol, LC-MS Ultra CHROMASOLV®, tested for UHPLC-MS,  
1 L, 2 L

14262

Water, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS,  
1 L, 2 L

14263

Formic acid, LC-MS Ultra eluent additive, 1 mL, 2 mL 14265
Standards
Ergocalciferol (vitamin D2) 47768
Cholecalciferol (vitamin D3) 47763
Vitamin D3 (6,19,19-d3) solution 740284
Vitamin D2 (6,19,19-d3) solution 739847
25-Hydroxyvitamin D2 17937
25-Hydroxyvitamin D3 17938
Saponification and Extraction Solvents and Reagents
Hexane, CHROMASOLV, for HPLC, ≥97% 34859
Water, CHROMASOLV Plus, for HPLC, ≥99.9% 34877
Acetonitrile, CHROMASOLV Plus, for HPLC, ≥99.9% 34998
Reagent alcohol (ethanol) 362808
Pyrogallol, ACS reagent 254002
Potassium hydroxide, ACS reagent, ≥85%, pellets 221473
2,6-Di-tert-butyl-4-methylphenol (BHT), ≥99.0% (GC), powder B1378
Glassware and Accessories
Aldrich® separatory funnel with glass stopcock. capacity 250 mL Z548030
Acrodisc® syringe filters; PTFE membrane, diam. 13 mm,  
pore size 0.45 µm

Z259888
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Introduction
Patulin (Figure 1) is a mycotoxin produced by several genera  
of mold including blue Penicillium species. The toxin was discovered 
and characterized in the 1940’s during routine general research 
conducted to locate and isolate medical antibiotics. Studies in 
animals exposed to patulin indicated toxicity with potential adverse 
immunological, genetic, and gastrointestinal health effects. As a 
result, patulin was deemed unsuitable for antibiotic therapy. 1,2,3,4

Selective Extraction and Low Level Quantification of 
the Mycotoxin Patulin from Organic Apple Puree

European Union member states have a regulated limit of 50 µg/kg 
for patulin in apple juice products labeled for adults. In addition to 
limits set for adults, the EU has established a 10 µg/kg limit for patulin 
in apple products specifically labeled for consumption by infants 
and young children (EC no. 1881/2006.) The more stringent limit was 
established on these products as children have lower body weights 
and tend to consume greater amounts of apple juice than adults. They 
are at higher risk for patulin exposure than the general population. 6, 7

The goal of this study was to concentrate and analyze patulin spiked 
into apple puree at the EC no. 1881/2006 standard for infants and 
children under the associated sample recovery guidelines using 
SupelMIP® SPE and UHPLC with UV detection.8 A major brand of 
commercially available organic apple puree marketed specifically  
for infant consumption was used for testing. Cleanup and analysis  
was conducted using two Supelco products: SupelMIP  
SPE – Patulin (Cat. No. 52776-U) and a newly developed Titan™  
C18 10 cm × 2.1 mm I.D. UHPLC column packed with a proprietary 
1.9 µm monodisperse silica (Cat. No. 577124-U). SupelMIP SPE 
was chosen for the selective specificity characteristic inherent in 
molecularly imprinted polymers (MIPs), that is their ability to select 
low levels of a targeted analyte to the exclusion of even highly 
similar compounds.9  The Titan HPLC column was chosen because it 
enhances UHPLC analysis in terms of short analysis times at lower 
pressures than standard sub-2 µm UHPLC columns.

Experimental

Sample Preparation and Spike

Puree samples were prepared by weighing 10 g of sample into 50 
mL conical centrifuge tubes. Pectinase (150 µL) was pipetted into the 
apple puree followed by 100 µL of 1 µg/mL patulin stock solution 
(1 µg/mL patulin in water containing 0.1% acetic acid). Deionized 
water (9.750 mL) was added to the mixture, which was subsequently 
vortexed for 1 minute. The puree solution was incubated for  
120 minutes in a 40 °C water bath and the mixture was centrifuged 
at 4,500 rpm for 5 minutes. The resulting supernatant was filtered 
into 15 mL conical centrifuge tubes using 10 mL syringes with  
33 mm tips with 0.22 µm PVDF syringe-tip filters.

SPE Procedure

The SPE procedure for patulin selection and cleanup using filtered 
apple puree supernatant is described in the conditions section 
of Figure 3. To ensure sufficient binding interaction between the 
analyte of interest and the SupelMIP polymer, flow rates were 
maintained at 1 drop / 2 seconds when loading the samples. 
Carefully controlling the sample loading flow rates during the SPE 
process is critical to good sample recovery. Drop rates for all other 
steps were maintained at 1 drop / second.

Patulin µg/L (n=1)
Juice from Juice Concentrate Juice From Fresh Apples

Kosher Infant Drink Box Commercial Organic
3.6 10.4 1.9 6.4 4.7

Table 1. Patulin Observed In-House in Commercial Juice Samples

One of the Penicillium molds, P. expansum (Figure 2) commonly 
infects apples used to produce juice and other apple products.  
The mold primarily affects damaged fruit and can propagate 
unobserved while apples are in pre-process storage.2,5 Patulin, 
therefore, is often found in apple products such as juice or puree. 
Table 1 shows low levels of patulin observed in locally acquired 
commercial juice samples analyzed in-house prior to this study.

O

O
O

OH

Figure 1. Structure of Patulin Figure 2. Penicillium expansum  
on Apple Skin

Because exposure to patulin may negatively impact human  
health, most developed countries regulate patulin concentrations 
in apple products.6 In the United States, the Food and Drug 
Administration (USFDA) has set an action level of 50 µg/kg for  
patulin in apple products for all United States consumers.  
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Figure 3. UHPLC Analysis of  (a) Patulin spiked at 10 μg/kg in Apple Puree after SPE cleanup, (b)  Patulin standard at 10 μg/kg in  
0.1% Acetic Acid (aq), and (c) Apple Puree Matrix Blank

sample/matrix:  (a) apple puree samples spiked to 10 µg/kg with patulin, prepared in the folling manner: 10 grams of apple puree spiked with 150 µL of pectinase  
and 100 µL of 1 µg/mL patulin in 0.1% acetic acid. Dilution with 9.750 mL of deionized water, followed by heating at 40 °C, centrifugation at 4,500 rpm  
for 5 minutes, and filtration produces the final sample. (b) patulin standard at 10 µg/kg in 0.1% acetic acid (aq), and (c) apple puree matrix blank

SPE cartridge: SupelMIP® SPE – Patulin, 100 mg/3 mL (Cat. No. 52776-U)

conditioning: 2 mL acetonitrile, then 1 mL water

sample addition: 4 mL patulin spiked apple puree, patulin standard, or apple puree blank

washing: 4 mL 1% acetic acid, 1 mL 1% sodium bicarbonate, 3 mL water (immediately)

drying: 15 seconds, 6” vacuum

washing: 500 µL diethyl ether

elution: 2 mL ethyl acetate with 10 µL glacial acetic acid to stabilize patulin

eluate post-treatment: Evaporate under nitrogen stream at 40 °C. Reconstitute in 1 mL of 0.1% acetic acid.

column: Titan™ C18, 10 cm × 2.1 mm, 1.9 µm (577124-U)

mobile phase: (A) 95:5 water:acetonitrile (B) 100% acetonitrile

flow rate: 0.3 – 0.4 mL/min

column temp.: 35 °C

detector: UV, 276 nm, bw 16

injection: 15 µL 

Results and Discussion
The duration of the SPE procedure was approximately 30 minutes. 
Approximately 20 minutes were required to evaporate the elution 
fraction to dryness. Concentrations were calculated using a 
calibration curve with points ranging from 5 to 35 µg/kg and an 
R2 value of 0.9988. The chromatography indicated no evidence of 
patulin in non-spiked matrix samples and patulin signal response in 
spiked samples showed no matrix interference (Figure 3). Sample 
recoveries and variability (% RSD) were well within ranges set forth 
in Commission Regulation EC No. 401/2006, (Table 2).8 The retention 
time for patulin was 3.6 minutes (Table 2). A column wash was 
included to mitigate matrix or patulin carry over, bringing the total 
analysis time to 9.0 minutes.

Conclusion
A method utilizing SupelMIP SPE- Patulin cartridges and a Titan 
C18 UHPLC column was developed to successfully demonstrate 
the extraction, detection, and quantification of patulin at low 
concentrations in organic apple puree. SupelMIP SPE-Patulin sample 
cleanup enables the selective concentration of very low levels of the 
targeted compound along with matrix interference removal. The 
subsequent analysis using the Titan C18 UHPLC column provides short 
analysis times with good analyte signal response and peak shape 
(Figure 3). Together, under the applied methodologies, these  
products were used to effectively extract and analyze patulin with 
good recoveries and low variation at the most stringent testing 
requirements currently specified for patulin in international regulations.

Did you know . . .

Supelco/Sigma-Aldrich has a line of SPE products to provide 
sample cleanup for mycotoxin analysis?

For more information, visit  
sigma-aldrich.com/supeltox 

2.0 3.0 4.0 5.0

Patulin

0
1.

0
1.

5
2.

0

b. Patulin standard at 10 µg/kg in 0.1% Acetic Acid (aq)

a. Patulin spiked at 10 µg/kg in Apple Puree after SPE cleanup

c. Apple Puree Matrix Blank

Sample Area Sdev RSD Recovery RT (min) Symmetry
Solvent (n=3) 4.77 0.25 5.30% 89.8% 3.6 0.7

Apple (n=3) 3.70 0.10 2.70% 70.2% 3.6 0.8

Blank (n=1) ND — — — — —

Table 2. UHPLC Results of the Analysis of Patulin in Apple Puree

Gradient

Time (min) A(%) B(%) mL/min

0.00 100.0 0.0 0.3

6.00 100.0 0.0 0.3

6.10 20.0 80 0.4

7.60 20.0 80 0.4

7.70 100.0 0.0 0.3

9.00 100.0 0.0 0.3

(continued on next page)
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Description Cat. No.
SupelMIP® SPE Product
Patulin Tube, 3 mL, 50 ea. 52776-U
Titan UHPLC Column
C18, 10 cm × 2.1 mm I.D., 1.9 μm particles 577124-U
Analytical Solvents
Acetonitrile, CHROMASOLV® Plus, for HPLC, ≥99.9% 34998
Water, CHROMASOLV Plus, for HPLC, ≥99.9% 34877
Diethyl Ether, CHROMASOLV, for HPLC, ≥99.9% 309966
Ethyl Acetate, CHROMASOLV Plus, for HPLC, ≥99.9% 650528 
Analytical Standards and Reagents
Patulin, 100 µg/mL in acetonitrile 34127
Pectinase from Aspergillus aculeatus, ≥3,800 units/mL P2611
Acetic acid, ACS reagent, ≥99.7% 320099
Sodium bicarbonate, ACS reagent, ≥99.7% S6014

Description Cat. No.
Supel™ Tox SPE Cartridges
AflaZea SPE Cartridge, 6 mL, 30 ea. 55314-U 
DON SPE Cartridge, 6 mL, 30 ea. 55316-U
Tricho SPE Cartridge, 6 mL, 30 ea. 55308-U
TrichoBind SPE Cartridge, LRC, 25 ea. 55307-U
FumoniBind SPE Cartridge, LRC, 25 ea. 55315-U
OchraBind SPE Cartridge, LRC, 25 ea. 55318-U
Ascentis® Express C18 HPLC Column
10 cm × 2.1 mm I.D., 2.7 µm particle size 53823-U
Vials
Certified Vial Kit, Low Adsorption (LA), 2 mL 29652-U

  Featured Products

  Related Products

  Related Web Pages

To learn more about SupelMIP products, visit  
sigma-aldrich.com/supelmip

To learn more about Titan UHPLC columns, visit  
sigma-aldrich.com/titan
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Introduction
The sex hormone estradiol is crucial for the development of female 
secondary sex characteristics, maintaining reproductive function, 
regulation of the menstrual cycle, and pregnancy. Postmenopausal loss 
of estrogen is a principal factor in the development of osteoporosis.

In contrast to the relatively high levels of estradiol measured at the time 
of ovulation induction or IVF, the more technically challenging task 
is the measurement of low level estradiol in serum, which can be of 
clinical value in a number of different patient populations. These include 
children with signs of early breast development and premature puberty, 
adolescents with pubertal delay or disorders of sexual differentiation, 
amenorrhoeic women, men with gynaecomastia, perimenopausal 
females, postmenopausal women, and patients receiving aromatase 
inhibitors. Measuring low levels of estradiol to establish the degree 
of ovarian function in patients undergoing therapy for breast cancer 
may be important in evaluating the anticancer efficacy of some of the 
hormonal therapies that are used to treat the disease.

Immunoassays have been found to perform poorly for the 
measurement of low level serum estradiol as they suffer from a 
lack of sensitivity, specificity, and precision.1 The improvements in 
selectivity offered by LC/MS/MS have seen it increasingly become  
the method of choice for the measurement of sex steroids. Early  
LC/MS/MS methods suffered from a lack of sensitivity and employed 
dansyl chloride derivatization to overcome this.2 However, these 
early methods were plagued by non-specific fragmentation of 
derivatives along with an increase in isobaric interferences.  In this 
study we describe a rapid and sensitive LC/MS/MS method for the 
measurement of low level serum estradiol without derivatization.

Materials and Methods
Calibrators were created by spiking stripped human serum with 
17β-estradiol to 10, 25, 50, 500, 1,000, and 5,000 pmol/L. To ascertain 
trueness of measurement, certified reference sera (BCR 576, BCR 
577 and BCR 578) developed by the European Commission Joint 
Research Centre were obtained.  Excess patient serum from the 
routine hospital service was anonymized and used for the purpose 
of this study. A 200 µL sample of calibrator or serum was mixed with 
50 µL of internal standard solution (1 nmol/L 13C3-estradiol in 30% 
methanol) and vortexed. Liquid-liquid extraction was performed 
by addition of 1 mL of MTBE. Supernatants were dried down and 
reconstituted in 100 µL of 50% methanol before being transferred to 
the LC/MS/MS system.  Quantifier ions are shown in Table 1.

High Sensitivity Measurement of Underivatized 
Estradiol by LC/MS/MS using Titan C18 
Monodisperse Silica Columns

Results
Figure 1 shows the chromatograms of estradiol quantifier traces for a 
patient sample (estradiol, 56 pmol/L) on a 5 cm Titan C18 column (top 
chromatogram) and 10 cm Titan C18 column (bottom chromatogram). 
The longer column demonstrated an improved resolution between 
isobaric interferences present in human serum and has a lower 
limit of quantitation of 10 pmol/L. Calibration curves were linear 
over the entire calibration range from 10 to 5,000 pmol/L (Figure 2). 
The proposed assay demonstrated a high degree of trueness when 
measuring serum-based certified reference material developed by the 
European Commission Joint Research Centre (Table 2).

Transition Ion
271.1 à 145.1 Estradiol quantifier 

271.1 à 143.0 Estradiol qualifier 

274.1 à 148.1 13C3 Estradiol Internal Standard

Table 1. Quantifier Ions

Conclusions
A fast and robust LC/MS/MS method was developed for the 
measurement of estradiol in human serum using Titan C18 1.9 µm 
columns. The method requires a small patient sample volume of  
200 µL which is of particular interest to laboratories measuring infant 
samples. The separation power of the Titan column enabled the 
removal of isobaric interferences present in human serum, enabling 
reliable measurement in patient samples down to 50 pmol/L with  
a 5 cm column, and 10 pmol/L with a 10 cm column. Depending  
on the patient populations to be measured, this enables the user 
to decide between speed of the chromatographic run time and 
sensitivity of the assay. The method demonstrated good agreement 
with values determined by certified reference laboratories.  
This method is suitable for clinical laboratories and is currently in  
use for the investigation of ovarian function.

Serum-Based 
    Certified 
   Reference 
    Material

Calculated 
Estradiol 

Concentration 
(pmol/L)

Estradiol Concentrations 
Assigned by Reference 

Laboratories  
(pmol/L) % Trueness*

BCR - 576 120 114 95%

BCR - 577 713 690 97%

BCR - 578 1283 1340 104%

Table 2. Assay Trueness

*Trueness (of measurement) – closeness of agreement between the average value 
obtained from a series of test results and an accepted reference value (ISO 5725-1).

(continued on next page)



Figure 1. LC/MS/MS Analysis of Estradiol (Underivatized) from Patient Serum on Titan C18. Comparison of Column Length 

 column: Titan C18, 5 cm (top, 577122-U) or 10 cm (bottom, 577124-U) × 2.1 mm I.D., 1.9 µm

 mobile phase: [A] 0.2 mM ammonium fluoride; [B] methanol

 gradient: see figure

 flow rate: 0.4 mL/min

 column temp.: 40 °C

 detector: MS, ESI(-)

 injection: 20 µL

 sample: patient serum sample containing estradiol, 56 pmol/L

 instrument: Shimadzu™ Nexera UHPLC, AB SCIEX Triple Quad™ 6,500 and QTRAP®
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Data provided by Michael Wright, Department of Clinical Chemistry and Endocrinology, SEALS, Prince of Wales Hospital, Sydney, Australia
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Figure 2. Calibration Curves for Underivatized Estradiol in 
Serum using the Titan C18 Method
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Quality exceeding your expectations

LC-MS Ultra Solvents and Additives Designed  
for UHPLC

For more information or to request a LC-MS Ultra CHROMASOLV 
Solvents and Additives Brochure (OUX), visit  
sigma-aldrich.com/uhplc

Description Cat. No.
UHPLC Columns
Titan C18, 5 cm × 2.1 mm I.D., 1.9 µm particles 577122-U
Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particles 577124-U
Mobile Phase Components
Water, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS,  
1 L, 2 L

14263

Methanol, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS, 
1 L, 2 L

14262

Ammonium fluoride, eluent additive for LC-MS, 50 g 52481
CRMs (neat)
17β-Estradiol, United States Pharmacopeia (USP) Reference 
Standard, 500 mg

1250008

17β-Estradiol, pharmaceutical secondary standard;  
traceable to USP, PhEur, and BP, 1 g

PHR1353

CRMs (solution)
17β-Estradiol, 1.0 mg/mL in acetonitrile  
(Cerilliant Certified Reference Material)  

E-060

17β-Estradiol-2,3,4-13C3, 100 µg/mL in acetonitrile  
(Cerilliant Certified Reference Material)  

E-073

Sample Prep
MTBE (tert-Butyl methyl ether), CHROMASOLV Plus,  
for HPLC, 99.9%, 1 L

650560
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Background
β-D-Glucuronide glucuronosohydrolase enzymes, commonly 
shortened to β-glucuronidase, play an important role in the analysis 
of biological fluids for the presence of metabolites for drug screening 
and drug metabolism studies. β-Glucuronidase hydrolyzes glucuronide 
metabolites back to the native parent drug by the general pathway 
shown in Figure 1.1 Hydrolysis using β-glucuronidase is often 
necessary when extensive drug metabolism complicates drug 
detection in biological samples. For liquid chromatographic analytical 
methods, the highly-polar glucuronide metabolites that form cannot 
be easily retained in reversed-phase chromatographic separation, thus 
hindering the quantitative ability of the analytical method. Hydrolysis 
of glucuronide metabolites is necessary for gas chromatographic 
methods. This also commonly includes the addition of secondary 
derivatization for effective analysis and detection.

The enzyme is ubiquitous throughout living systems because of 
its important role in carbohydrate metabolism. Although there 
are numerous β-glucuronidase enzymes available, each enzyme 
has optimal conditoins for hydrolysis of glucuronide metabolites. 
Variables such as β-glucuronidase enzyme concentration, digestion 
pH, incubation time, and temperature all play important roles for 
effective hydrolysis of glucuronide metabolites. 

Using UHPLC/MS (TOF) for Detection of Drugs and 
Metabolites in Urine following Optimized Enzymatic 
Hydrolysis Conditions

Goals of the Study
The goal of the study presented here was to determine optimal 
conditions for β-glucuronidase from various species toward  
hydrolysis of different compound classes with subsequent analysis  
by UHPLC/MS (TOF). It will address some of the critical variables that 
come into play when choosing an appropriate β-glucuronidase 
enzyme and incubation conditions to perform effective hydrolysis 
of glucuronide metabolites to the parent drug form. In this study, a 
set of compounds that are commonly hydrolyzed prior to analysis 
was used to evaluate the conditions for effective hydrolysis over 
a range of sources and forms of β-glucuronidase. Various strains 
of β-glucuronidase enzymes were evaluated. Five drug classes 
covering opioids, benzodiazepines, steroids, cannabinoids, and pain 
management drugs and eleven β-glucuronidases that differ in source, 
type, or formulation were included in the study (Tables 1 and 2).

Class Representative Compounds
Opioids Buprenorphine , Norbuprenorphine, Codeine, 

Hydromorphone, Oxymorphone, Morphine

Benzodiazepines Lorazepam, Oxazepam, Temazepam

Steroid Testosterone

Pain Management Tapentadol

Cannabinioid (-)-11-nor-9-Carboxy-Δ9-THC

Table 1. Compound Classes Included in the Study

Figure 1. β-Glucuronidase Hydrolysis Reaction
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Experimental

Preparation of Glucuronide Standards and Spiked Urine Samples

A stock solution of 10 µg/mL of each glucuronide metabolite was 
prepared in water. Human urine was spiked at 200 ng/mL with each 
glucuronide metabolite.

Preparation of β-Glucuronidase Solutions

Lyophilized forms of β-glucuronidase were prepared in the following 
manner: Stock solutions of 50 kU/mL of each β-glucuronidase were 
prepared in a 100 mM ammonium acetate buffer at pH 5.0 and  
6.0. Solutions were kept at 4 °C when not in use. Liquid forms  
were used as supplied.

Sample Digestion with β-Glucuronidase

Spiked stock urine samples were prepared at 10 mL volumes for 
multiple replicate sampling. Urine samples were spiked at 200 ng/mL with 
all glucuronide metabolites of test compounds. To the 10 mL urine 
samples, 2 mL of each corresponding pH buffer was added followed 
by 2 mL of β-glucuronidase solution. The resultant concentration of 
β-glucuronidase was 10 kU/mL per urine sample.

Urine samples were then digested at 60 °C in a convection oven for  
120 minutes. Samples were removed from the oven and allowed to cool. 
A 1.4 mL aliquot was removed for further sample preparation using solid 
phase extraction (SPE) followed by analysis by UHPLC/MS (TOF).

Hydrolysis Variables
As part of this optimization study, experiments were conducted to 
evaluate the impact of incubation time, incubation temperature, pH, and 
enzyme concentration on the conversion of glucuronide metabolites 
to their corresponding parent drugs. Although these conditions are an 
important portion of the enzymatic conversion, full experimental details 
are beyond the scope of this report. The range of incubation times, 
temperatures, pH, and enzyme concentration tested are as follows: 

• Incubation time: 30 minutes, 60 minutes, 120 minutes

• Incubation temperature: 45 °C, 55 °C, 60 °C, 65 °C

• Incubation pH: 4.5, 5, 6

• β-Glucuronidase concentration: 10 kU/mL and 50 kU/mL

Cat. No. Source Form Stock Concentration

Final pH and Concentration in 100 mM  
Ammonium Acetate used in the Study  

(equivalent to 10 kU/mL per urine sample)
G0251 Bovine liver, Type B-1 solid 1,644,000 U/g 30 mg/mL, pH 5

G0376 Bovine liver, Type B-3 solid 2,525,000 U/g 20 mg/mL, pH 5

G0751 Burgundy snail (Helix pomatia) Type H-1 lyophilized powder 3,107,000 U/g 16 mg/mL, pH 5

G1512 Burgundy snail (Helix pomatia) Type H-5 lyophilized powder 978,500 U/g 51 mg/mL, pH 5

G8295 Escherichia coli, recombinant lyophilized powder 11,458,000 U/g 4.5 mg/mL, pH 6

G0799 Escherichia coli, recombinant aqueous glycerol solution 10,000,000 U/g 2.5 mg/mL, pH 6

G7396 Escherichia coli, Type IX-A lyophilized powder 1,524,575 U/g 33 mg/mL, pH 6

G7646 Escherichia coli, Type VII-A lyophilized powder 19,600,000 U/g 2.5 mg/mL, pH 5

G4259 Garden snail (Helix aspersa), Type HA-4 partially purified powder 602,600 U/g 83 mg/mL, pH 5

G2174 Limpet (Patella vulgata) aqueous solution ≥85,000 U/mL aqueous solution was used as is

G8132 Limpet (Patella vulgata), Type L-II lyophilized powder 1,039,000 U/g 48 mg/mL, pH 5

Table 2. β-Glucuronidase, Sources, Forms, and Concentrations

Incubation Time

A rapid conversion of the glucuronide metabolite to the parent  
drug was observed for the short 30 minute incubation time for a 
majority of the enzymes tested. Conversion was optimal at the  
120 minute incubation time for all drug/β-glucuronidase 
combinations. Subsequent experiments were standardized on a  
120 minute incubation time.

Incubation Temperature and Enzyme Concentration

Incubation temperature played an important role in enzymatic 
activity. The role of β-glucuronidase enzyme concentration was not 
as significant a rate limiting step as time or temperature. A significant 
increase in conversion was not observed between the 10 kU/mL and 
50 kU/mL at the 120 minute incubation time study. The 10 kU/mL 
enzyme concentration was the lowest level incorporated. In the case 
of incubation temperatures above 65 °C, there was a noted decrease 
in glucuronide conversion with the 50 kU/mL enzyme concentration. 
Further study centered on 10 kU/mL enzyme concentration.

Incubation pH

Of all the digestion conditions evaluated, incubation pH had 
the most significant impact on effectiveness of β-glucuronidase 
activity. Because pH had such a major impact, the bulk of the results 
reported in this study are focused around the role of sample pH 
and the effectiveness of the various β-glucuronidase enzymes. The 
experimental conditions for pH studies were as follows:

• Incubation time: 120 minutes

• Incubation temperature: 60 °C

• β-Glucuronidase concentration: 10 kU/mL

• Incubation pH: 4.5, 5.0, 6.0

• Analyte concentration in urine: 200 ng/mL 

(continued on next page)
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Solid Phase Extraction (SPE) Method
SPE removes excess enzyme that can interfere with the analysis 
and foul the HPLC columns. Samples were processed by SPE using 
a mixed mode cation exchange/hydrophobic stationary phase. 
Native (parent) drugs were eluted from the SPE tube using a basic 
acetonitrile elution solvent. All sample processing was conducted in 
replicate (n=4).

• SPE tube/cartridge: Supel™-Select SCX, 60 mg/3 mL (54241-U)

• Conditioning step: 1 mL 1% formic acid in acetonitrile followed  
by 1 mL water

• Sample loading: 1.4 mL spiked and hydrolyzed urine

• Washing step: 2 mL water followed by 1 mL 25% (v/v) methanol in 
water

Figure 2. LC/MS (TOF) Analysis of Drugs and Their Glucuronide Metabolites on Titan C18 after Solid Phase Extraction (SPE) using 
Supel-Select SCX following β-Glucuronidase Enzyme Digestion

 column: Titan C18, 5 cm × 2.1 mm I.D., 1.9 µm particles (577122-U)

 mobile phase: [A] 5 mM ammonium formate; [B] 5 mM ammonium formate in acetonitrile:water (95:5)

 gradient: 5 to 90% B in 2.5 min, held for 0.5 min, to 5% B in 0.1 min, held for 2 minutes

 flow rate: 0.3 mL/min

 column temp: 35 °C

 detector: MS, ESI(+), full scan, m/z 100-1000

 injection: 2 µL

 sample:  urine spiked with drug glucuronide metabolites, hydrolyzed, and extracted via SPE  
as described in the text, final concentration 100 ng/mL

 system: Agilent 1290 Infinity with Agilent 6210 TOF
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  1. Morphine, m/z 286.1508

  2. Oxymorphone, m/z 305.1645

  3. Hydromorphone, m/z 286.1508

  4. Hydrocodone, m/z 300.1668

  5. Codeine, m/z 300.1668

  6. Tapentadol, m/z 222.1924

  7. Norbuprenorphine, m/z 414.2741

  8. Oxazepam, m/z 287.0619

  9. Lorazepam, m/z 321.0234

10. Buprenorphine, m/z 468.3217

11. Temazepam, m/z 301.0782

12. Testosterone, m/z 289.2268

13. (−)-11-nor-9-Carbox-Δ9-THC, m/z 348.2357

• Elution: 1 mL 10% (w/v) ammonium hydroxide in acetonitrile

• Sample post-treatment: evaporate under nitrogen and 
reconstitute in 1 mL water

UHPLC/MS (TOF) Conditions
All analyses were conducted using gradient elution on a Titan™ 
C18 1.9 µm UHPLC column. Glucuronide metabolite standards of 
the class compounds were spiked into control urine samples for 
determination of hydrolysis conversion. This known concentration 
of glucuronide metabolite in the urine sample was then used to 
calculate conversion to the parent drug. Standard solutions of 
native parent drug (10–300 ng/mL in water) were used to develop 
calibration curves on the UHPLC MS/TOF system. Chromatographic 
conditions appear in Figure 2.

Results
The optimized enzyme hydrolysis conditions for each drug are 
summarized in Table 3. A chromatogram of the test compounds 
hydrolyzed and extracted from urine, separated on the Titan C18 
column, and analyzed by LC/MS (TOF) is shown in Figure 2.

The critical pair of codeine and hydrocodone had sufficient 
resolution under these gradient conditions. This was extremely 
important since these compounds are isobaric. No sample matrix 
interference was observed which demonstrates the effectiveness of 
the sample preparation method. 

Effect of pH on Hydrolysis by β-Glucuronidase

The pH used during the digestion was the most significant factor 
of all design variables. For example, Figure 3 shows glucuronide 
hydrolysis under the three pH conditions using the E. coli Type 
IX-A enzyme. Only marginal hydrolysis occurred at pH 4.5 for all 
compound classes, but pH 5 and pH 6 had significant hydrolysis. 
Hydrolysis above pH 5 was dependent on the compound class.  
The benzodiazepines, pain management, and steroid test 
compounds had substantial conversion above pH 5, while the 
opioids had only marginal conversion across any pH value. This 
would indicate the E. coli Type IX-A enzyme would not be suitable as  
a general hydrolysis for glucuronide metabolites but may be suitable 
for class-specific compounds.
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In comparison, effect of pH on limpet (Patella vulgata) 
β-glucuronidase Type L-II hydrolysis is shown in Figure 4.  
Hydrolysis was observed for all classes of compounds across all 
incubation pH values. Optimal hydrolysis for all classes was observed 
at pH 5, but this was not necessarily the optimal pH for each 
individual class. The benzodiazepines had optimal hydrolysis at pH 5 
while the opioids had optimal hydrolysis at pH 6. These results  
would suggest the Patella vulgata Type L-II β-glucuronidase may  
be suitable as a general hydrolysis enzyme independent of 
compound class. 

Figure 3. Escherichia coli β-Glucuronidase  
Type IX-4 (G7396): Effect of pH on Hydrolysis Efficiency
Incubation time: 2 hrs., Incubation temperature: 60 °C,  
Enzyme concentration: 10 kU/mL, Analyte concentration: 200 ng/mL
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Figure 4. Limpet (Patella vulgata) β-Glucuronidase  
Type L-II (G8132): Effect of pH on Hydrolysis Efficiency
Incubation time: 2 hrs., Incubation temperature: 60 °C,  
Enzyme concentration: 10 kU/mL, Analyte concentration: 200 ng/mL
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The experimental results summarized in Table 3 present the optimal 
hydrolysis conditions for the specific compounds of each compound 
class. These results exhibited the highest level of hydrolysis for each 
specific compound, but may not be the optimal conditions for 
the entire class. In the case of benzodiazepine glucuronides, the E. 
coli enzyme did give optimal conversion for all benzodiazepines 
tested. In the case of the opioids, the hydrolysis conditions varied 
depending on the opioid glucuronide. In this case, the combination 
of β-glucuronidase/compound was much more compound specific 
than class general. The E. coli β-glucuronidase gave the best degree of 
conversion for the steroid and cannabinoid test analytes.

Enzyme Digestion (hydrolysis) Conditions
Class Compound Source Cat. No. pH Temperature Time Units/mL
Benzodiazepines Oxazepam E. coli G0799 6 60 °C 2 hrs 10,000

Lorazepam E. coli G0799 6 60 °C 2 hrs 10,000

Temazepam E. coli G0799 5 60 °C 2 hrs 10,000

Opioids Norbuprenorphine Bovine liver G0376 5 60 °C 2 hrs 10,000

Morphine E. coli G0799 6 60 °C 2 hrs 10,000

Buprenorphine P. vulgata G8132 5 60 °C 2 hrs 10,000

Hydromorphone Bovine liver G0251 5 60 °C 2 hrs 10,000

Hydrocodone Bovine liver G0251 5 60 °C 2 hrs 10,000

Steroids Testosterone E. coli G0799 6 60 °C 2 hrs 10,000

Pain Management Tapentadol E. coli G0799 6 60 °C 2 hrs 10,000

Cannabinoids (+)-11-nor-9-carboxy-Δ9-THC E. coli G0799 6 60 °C 2 hrs 10,000

Table 3. Optimized Hydrolysis Conditions for Each Analyte

(continued on next page)
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Conclusions
To optimize hydrolysis using β-glucuronidase, factors such as 
incubation time, temperature, hydrolysis pH, enzyme source, and 
enzyme concentration must be evaluated for each glucuronide 
metabolite to be analyzed. In the study reported here, the hydrolysis 
pH was determined to be the most important factor for effective 
hydrolysis of glucuronide metabolites in urine. In some cases, a 
specific β-glucuronidase enzyme was effective for hydrolysis across 
a class of glucuronide metabolites. However, in most cases optimal 
hydrolysis conditions were compound dependent.

For a general purpose enzyme, the aqueous solution of 
β-glucuronidase from limpets (Patella vulgata), Sigma catalog 
number G2174, gave the best overall conversion for all classes of 

Reference
1. McCarter, J. D.; Withers, S. G. Mechanisms of enzymatic glycoside hydrolysis.  

Curr. Opin. Struct. Biol. 1994, 4(6), 885-892.

Description Cat. No.
Drug and Glucuronide Metabolite Test Compounds
Steroids
Testosterone glucuronide NMID507 
Testosterone sulfate NMID508 
Opioids
Buprenorphine glucuronide B-035
Buprenorphine  B-044
Norbuprenorphine glucuronide N-045
Norbuprenorphine N-059
Codeine glucuronide C-087
Codeine C-006
Codeine-6-β-D-glucuronide C-126
Hydromorphone glucuronide H-051
Hydromorphone H-004
Oxymorphone glucuronide O-030
Oxymorphone O-004
Morphine glucuronide M-031
Morphine M-005
Benzodiazepines
Lorazepam glucuronide L-021 
Lorazepam L-901
Oxazepam glucuronide O-023 
Oxazepam O-902
Temazepam glucuronide lithium salt T-050 
Temazepam  T-907
Pain Management
Tapentadol-β-D-glucuronide T-060  
Tapentadol T-058
Cannabinoids
(+)-11-nor-Δ9-THC-9-Carboxylic acid glucuronide T-038
(-)-11-nor-9-Carboxy-Δ9-THC T-019

Description Cat. No.
β-Glucuronidase Enzymes
Bovine liver, Type B-1, solid G0251
Bovine liver, Type B-3, solid G0376
Burgundy snail (Helix pomatia) Type H-1, lyophilized powder G0751
Burgundy snail (Helix pomatia) Type H-5, lyophilized powder G1512
Escherichia coli, recombinant, aqueous glycerol solution G0799
Escherichia coli, recombinant, lyophilized powder G8295
Escherichia coli, Type IX-A, lyophilized powder G7396
Escherichia coli, Type VII-A, lyophilized powder G7646
Garden snail (Helix aspersa), Type HA-4, partially purified powder G4259
Limpet (Patella vulgata), aqueous solution G2174
Limpet (Patella vulgata), Type L-II, lyophilized powder G8132
Solid Phase Extraction
Supel™-Select SCX, 60 mg/3 mL, pack of 50 tubes 54241-U
Visiprep™ SPE Vacuum Manifold, DL (Disposable Liner),  
24-port model

57265

Visiprep SPE Vacuum Manifold, DL (Disposable Liner),  
12-port model

57044

Visiprep SPE Vacuum Manifold, standard, 24-port model 57250-U
UHPLC Columns
Titan™ C18, 5 cm × 2.1 mm I.D., 1.9 µm particles 577122-U
Solvents and Reagents
Acetonitrile, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS,  
1 L, 2 L

14261

Water, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS,  
1 L, 2 L

14263

Ammonium formate, LC-MS Ultra eluent additive, 25 g 14266
Methanol, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS,  
1 L, 2 L

14262

Ammonium hydroxide solution (28% NH3 in H2O, ≥99.99%  
trace metals basis)

338818

  Featured Products

compounds included in this study across all the pH conditions. This 
was not necessarily the optimal hydrolysis for each class or specific 
compound, but the limpet β-glucuronidase produced sufficient 
hydrolysis for all classes regardless of hydrolysis pH.

For optimal hydrolysis at specific β-glucuronidase and hydrolysis  
pH, the best conditions for overall conversion of all classes of 
compounds within this study were observed with the pH 5 
conditions of the β-glucuronidase from bovine liver Type B-1,  
Sigma catalog number G0251.
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The monitoring of drugs of abuse in biological matrices is a large and 
growing business for the laboratory testing industry. Testing urine 
for the presence of drugs of abuse requires methodology sensitive 
enough to monitor well below therapeutic levels and selective 
enough for clear identification of specific drugs without false 
positives. Current methodologies for urine analysis typically involve 
immunoassay, which is often not specific to an individual drug. This 
means samples must be subject to confirmation using LC/MS/MS or 
GC/MS. The importance of sample prep for improving sensitivity and 
robustness of MS methods is well-known. In this brief report, we will 
discuss the application of SPME for the extraction of metabolites of 
illicit drugs from urine samples with subsequent analysis by  
LC/MS/MS. Applying SPME to this type of analysis has been made 
possible with the introduction of new fibers that are compatible with 
HPLC solvents and biological samples.

SPME LC  Tips 
SPME LC  Tips pictured in Figure 1 consist of fiber cores coated 
with HPLC-type silica particles held in place on the fiber with a 
special polymeric binder. The coatings used in the SPME LC  Tips 
were designed to overcome the limitations of traditional SPME fiber 
coatings, making them suitable for extraction in biological matrix and 
for direct solvent desorption. In the fibers described here, the silica 
particles are bonded with C18 molecules, allowing for extraction of 
analytes from highly aqueous samples. The particle binder prevents 
sample matrix components from co-extracting onto the fiber. 

Utilizing Novel SPME LC  Tips for Forensic Screening 
of Drugs of Abuse in Urine Samples

Coated Fiber

Pipette Tip

Single Tip 96-Tip Array

In this study, the SPME LC  Tips were utilized as a direct sampling 
method for analysis of illicit drugs in human urine. Cocaine and its 
metabolites benzoylecgonine and cocaethylene, norfentanyl, and 
methadone and its metabolite EDDP, were selected as representative 
drugs and metabolites. Structures appear in Figure 2.  
Matrix-matched standards with isotopically labeled internal 
standards were prepared for development of the calibration  
curve. Patient urine samples were collected at a collaborative  
testing facility and submitted for SPME extraction.  

The urine samples had previously tested positive by ELISA techniques 
for the presence of either cocaine metabolites or methadone 
metabolites, but actual concentration levels were not determined. 
These samples were then analyzed using the SPME LC  Tips extraction 
technique for comparison. Sample preparation for the urine samples 
was minimal, with only the addition of buffer. The SPME LC  Tips were 
placed into the urine samples, then directly desorbed and analyzed 
by LC/MS/MS. Extraction technique and chromatographic conditions 
are described.
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Cocaine 
Monoisotopic Mass = 303.147058 Da

Cocaethylene 
Monoisotopic Mass = 317.162708 Da

Benzoylecgonine 
Monoisotopic Mass = 289.131408 Da

Methadone 
Monoisotopic Mass= 309.209264 Da

EDDP 
Monoisotopic Mass = 278.190326 Da

Norfentanyl 
Monoisotopic Mass= 232.157563 Da

Figure 2. Structures of Analytes used in the Study

Figure 1. Biocompatible SPME LC  Tips

(continued on next page)
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Method

Sample Prep and Chromatography

Calibration standards were prepared at 20, 50, 100, 200, 500, and  
1,000 ng/mL in matrix-matched urine. Deuterated internal standards 
were added to a concentration of 200 ng/mL for all calibration standards 
and samples. Aliquots of 500 µL of calibration standards and sample 
were placed into microcentrifuge vials.  Buffer (50 µL, 2M ammonium 
formate, pH 3.7) was added to each sample. Because of the variance in 
the patient urine samples, the addition of the ammonium formate buffer 
was necessary to control the pH variability within the sample population. 
This ensured consistent extraction efficiencies for all samples. After 
sample extraction, the SPME LC  Tips were then desorbed and analyzed 
on an AB Sciex 3200 QTRAP® using an Ascentis® Express RP-Amide 
column. Details of the chromatographic and MS conditions are found in 
Figure 3 and Table 1, respectively.

Figure 3. LC/MS Analysis of Illicit Drugs as Standards on 
Ascentis Express RP-Amide
 column:  Ascentis Express RP-Amide, 10 cm × 2.1 mm I.D., 2.7 µm (53913-U) 
 mobile phase: 10 mM ammonium formate in water:acetonitrile (75:25)
 flow rate: 0.2 mL/min
 column temp: 35 °C
 detector: ESI+, MRM (see Table 1 for transitions)
 injection: 2 µL
 sample: illicit drug standards, each 200 ng/mL in mobile phase
 instrument: Agilent 1,100 with ABI-3200 QTRAP

  Precursor Product 
 Compound  Ion (m/z)  Ion (m/z)
1. Norfentanyl 233 84
2. Benzoylecgonine 290 168
3. Cocaine 304 182
4. Cocaethylene 318 196
5. EDDP (2-Ethylidene-1,5-dimethyl- 278 234
 3,3-diphenylpyrrolidine)
6. Methadone 310 265
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Extraction Protocol Using SPME LC  Tips

The SPME LC  Tips can be used individually, for method development 
or with small sample numbers, or in the 96-tip array for use in 
automated processes. Described below is the process using 
individual tips.

• Add 1 mL of patient urine sample to a 1.5 mL microcentrifuge tube

• Condition SPME LC Tip in methanol for 10 minutes, followed by 
water for 10 minutes

• Expose the SPME LC Tip to the urine sample for 10 minutes

• Place the SPME LC  Tip into an HPLC autosampler vial containing 200 µL 
of mobile phase (20 mM ammonium formate in methanol:water, 90:10)

• Desorb via agitation on a rotating table for 30 minutes

• Inject 3 µL of the desorbed analyte solution into the LC/MS/MS

Results
Figure 4 shows the calibration curve for extracted cocaine onto the SPME 
LC  Tips. Similar curves were created for all other analytes (Table 2). Excellent 
correlation was demonstrated for all analytes across the concentration 
range of 20 to 1,000 ng/mL. The high degree of linearity demonstrates the 
quantitative ability of the SPME LC  Tips extraction technique. SPME is not an 
exhaustive extraction technique, but an equilibrium between the analyte 
concentration in the sample and the absorbed concentration onto the 
fiber. Variations in sample pH, temperature, and ionic strength can affect the 
extraction rates of analytes, but simple control of these variables result in a 
highly linear, quantitative extraction technique. 

Compound Precursor Ion (m/z) Product Ion (m/z)
Norfentanyl 233 84
Norfentanyl-d5 238 84
EDDP 278 234
EDDP-d3 281 234
BZE 290 168
BZE-d3 293 171
Cocaine 304 182
Cocaine-d3 307 185
Methadone 310 265
Methadone-d3 313 268
Cocaethylene 318 196
Cocaethylene-d3 321 199

Table 1. MS Parameters for Analysis of Drugs and Metabolites

Figure 4. Calibration Data (LC/MS) of Standards Extracted by 
SPME LC  Tips (C18 Chemistry)
 column:  Ascentis Express RP-Amide, 10 cm × 2.1 mm I.D., 2.7 µm (53913-U) 
 mobile phase: 10 mM ammonium formate in water:acetonitrile (75:25)
 flow rate: 0.2 mL/min
 column temp: 35 °C
 detector: ESI+, MRM (see Table 1 for transitions)
 injection: 2 µL
 sample: illicit drug standards, each 200 ng/mL in mobile phase
 instrument: Agilent 1100 with ABI-3200 QTRAP
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Compound Correlation (r2) n=4
Norfentanyl 0.9978
EDDP 0.9999
BZE 0.9908

Compound Correlation (r2) n=4
Cocaine 0.9996
Methadone 0.9936
Cocaethylene 0.9996

Table 2. Linearity of Response for LC/MS Calibration Data after 
Extraction by SPME LC  Tips
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Figures 5 and 6 depict the quantitative results of the SPME LC  Tips 
extraction of the patient urine samples. In all cases, drug metabolites 
were detected in all positive ELISA samples using the SPME technique. 
As depicted in the figures, the range in analyte concentration across 
the samples was very broad across the patient population. Analyte 
concentration ranged from none detected to higher than 30,000 ng/mL. 
In several cases, the content of benzoylecgonine, a cocaine metabolite, 
was outside the highest calibration level. The level of methadone and 
metabolites in most of the patient samples was low, with the exception 
of Sample #6, which exhibited a level of 25,200 ng/mL for EDDP,  
well outside the calibration range. The SPME LC  Tips technique was 
capable of detecting methadone and metabolites below 10 ng/mL.  
No detectable norfentanyl was observed in any of the patient samples. 

Figure 5. Detection of Cocaine and Metabolites in Patient 
Urine Samples using SPME LC  Tips Extraction Method
 column:  Ascentis Express RP-Amide, 10 cm × 2.1 mm I.D., 2.7 µm (53913-U) 
 mobile phase: 10 mM ammonium formate in water:acetonitrile (75:25)
 flow rate: 0.2 mL/min
 column temp: 35 °C
 detector: ESI+, MRM (see Table 1 for transitions)
 injection: 2 µL
 sample: illicit drug standards, each 200 ng/mL in mobile phase
 instrument: Agilent 1100 with ABI-3200 QTRAP
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Figure 6. Detection of Methadone and Metabolite (EDDP) in 
Patient Urine Samples using SPME LC  Tips Extraction Method
 column:  Ascentis Express RP-Amide, 10 cm × 2.1 mm I.D., 2.7 µm (53913-U) 
 mobile phase: 10 mM ammonium formate in water:acetonitrile (75:25)
 flow rate: 0.2 mL/min
 column temp: 35 °C
 detector: ESI+, MRM (see Table 1 for transitions)
 injection: 2 µL
 sample: illicit drug standards, each 200 ng/mL in mobile phase
 instrument: Agilent 1100 with ABI-3200 QTRAP
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Conclusions
The benefits of the SPME LC  Tips technique to extract biological 
samples are four-fold. First, the entire process is fast. The total amount 
of time necessary to process all samples was 60 minutes, including 
time to condition the tips. Because the SPME LC  Tips are supplied in 
a 96-well array, multiple samples can be extracted simultaneously, 
maintaining high lab throughput. Second, it uses very small sample 
volumes. In most cases, less than 100 µL is all that is required. Third, 
it is selective. The SPME LC  Tips extraction technique demonstrated 
the ability to extract drug and polar metabolites from the biological 
matrix. Urine was shown here, but the Tips have been successfully 
applied to serum, plasma, saliva, and whole blood. Fourth, it is 
quantitative. A high degree of extraction linearity was demonstrated 
across the range of 20 ng/mL to 1,000 ng/mL for all analytes tested.

Description Cat. No.
HPLC Column
Ascentis Express RP Amide, 10 cm × 2.1 mm I.D.,  
2.7 µm particles

53913-U

Mobile Phase Components
Acetonitrile, LC-MS Ultra CHROMASOLV®, tested for UHPLC-MS,  
1 L, 2 L

14261

Water, LC-MS Ultra CHROMASOLV®, tested for UHPLC-MS,  
1 L, 2 L

14263

Ammonium formate, LC-MS Ultra eluent additive, 25 g 14366
Certified Reference Materials
Benzoylecgonine solution, 1.0 mg/mL in methanol, 1 mL B-004
Cocaethylene solution, 1.0 mg/mL in acetonitrile, 1 mL C-010
Cocaine solution, 1.0 mg/mL in acetonitrile, 1 mL C-008

  Featured Products

Description Cat. No.
EDDP perchlorate solution, 1.0 mg/mL in methanol  
(as pyrolinium), 1 mL

E-022

(±)-Methadone solution, 1 mg/mL in methanol, 1 mL M-007
Norfentanyl oxalate solution, 1.0 mg/mL in methanol  
(as free base), 1 mL

N-031

SPME LC  Tips
SPME LC  Tips, functional group C18, 96-tip array 57234-U
Accessories
Nunc® 96 DeepWell™ plate, non-treated, 2 mL (pack of 60) Z717266
BRAND® microcentrifuge tube, 1.5 mL with lid, PP, transparent, 
pack of 500

Z336769

Low Adsorption (LA) Center Drain Vials, 1.5 mL, clear glass, 
natural PTFE/silicone septa, 9 mm

29655-U
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Abstract
Sialic acids are N- or O-substituted derivatives of neuraminic acid. 
They are important because they affect bioavailability, function, 
stability, and metabolism of glycoproteins. Two forms of sialic acid are 
commonly present in therapeutic glycoproteins: N-acetylneuraminic 
acid (NANA) and N-glycolylneuraminic acid (NGNA). One of the 
most common quantification methods involves releasing the sialic 
acids from the glycoprotein, derivatizing NANA and NGNA with 
1,2-diamino-4, 5-methylenedioxybenzene dihydrochloride (DMB), 
followed by analysis by Reversed-Phase HPLC with fluorescence 
detection. This procedure is subject to interference from peaks 
originating from excess reagent and other derivatized impurities, 
limiting sensitivity and reproducibility. The objectives of this study 
were to develop a significantly improved HPLC-fluorescence 
method for DMB-NANA and DMB-NGNA, and to apply this method 
to compare two candidate biosimilar therapeutic proteins to their 
respective reference materials.

Improving the Chromatographic Separation of 
DMB-Labeled Sialic Acids for the Comparison of 
Biosimilars to Reference Materials

Experimental
LC optimization was performed using standard mixtures of  
DMB-NANA and DMB-NGNA using HPLC with fluorescence detection. 
Four column types of the same dimensions were evaluated: C18, 
F5, RP-Amide (all reversed-phase columns), and bare silica (HILIC 
column). Flow rate and column temperature were held constant at 
0.2 mL/min and 30 °C, respectively. Mobile phase composition varied, 
but A and B solvents were always 0.1% formic acid in water and  
0.1% formic acid in acetonitrile, respectively. 

Sialic acids were released from glycoproteins, derivatized with DMB 
(Figure 1), and then analyzed at the optimal chromatographic 
conditions with fluorescence detection using excitation and 
emission wavelengths of 373 nm and 448 nm, respectively.  
Data were fit to external calibration curves. Results were expressed  
as the ratio of (moles of sialic acid) per (moles of protein).

Results and Discussion
Figure 2 shows a representative chromatogram of the HPLC 
separation of the two common sialic acids, DMB-NANA and  
DMB-NGNA, on a C18 reversed-phase column. The two sialic acids 
are not completely baseline resolved, while the separation also 
suffers from a relatively long (25 min) run time and a ternary mobile 
phase composition. Furthermore, a later study showed that the sialic 
acids tend to co-elute with several derivatized interferences.

Figure 1. Derivatization of Sialic Acids with 1,2-Diamino-4,5-methylenedioxybenzene (DMB)

1, 2-diamino-4, 5-methylenedioxybenzene (DMB)
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We screened several column chemistries (Table 1) in an attempt  
to develop an alternative method that would provide a shorter 
analysis time, better overall selectivity and simpler, binary, binary 
mobile phase composition.

The column screening results in Figure 3 show that the RP-Amide 
column provides better selectivity for detecting the DMB-labeled 
sialic acids from the interferences. Therefore this column was  
chosen for further method development and optimization.

Asentis Express Column Phase Cat. No.
C18 Octadecyldimethylsilane (C18) 53823-U 
F5 pentafluorophenylpropyl silane 53569-U
RP-Amide Palmitamidopropylsilane 53913-U
HILIC Bare silica 53939-U 

Table 1. Columns Types Evaluated to Develop a Method for the 
Analysis of DMB-labeled Sialic Acids

Figure 4. Optimized HPLC Separation of DMB-Labeled Sialic 
Acids with the RP-Amide Column
 column:  Ascentis Express RP-Amide, 10 cm × 2.1 mm I.D., 2.7 µm (53913-U)

 mobile phase: [A] water; [B] acetonitrile, both with 0.1% formic acid

 gradient:  0-1 min 6% B; 1.01-4 min 20%B; 4.01-12 min 6% B, total run  
time 15 min
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Figure 2. Representative Chromatogram of HPLC Separation 
of DMB-Labeled Sialic Acids with an Ascentis C18 Column
 column: Ascentis C18, 15 cm × 2.1 mm I.D., 3 µm (581302-U)

 mobile phase: water:acetonitrile:methanol (84:9:7)

 gradient: isocratic, 25 minute run time
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Figure 3. HPLC Separations of DMB-Labeled Sialic Acid on Different Columns
 column: Ascentis Express, 10 cm × 2.1 mm I.D., 2.7 µm

 mobile phase:  [A] 10% acetonitrile with 0.1% formic acid (for reversed-phase columns)

  [B] 90% acetonitrile with 0.1% formic acid (for HILIC columns)

 gradient: isocratic, 10 minute run time

 sample: mix of DMB-labeled NGNA and NANA sialic acid, 5 µg/mL each

0 2

2
1

2
1

2
1

2
1

4 6 8 10

Time (min)

0 2 4 6 8 10

Time (min)

0 2 4 6 8 10

Time (min)

0 2 4 6 8 10

Time (min)

HILIC (Si)

C18 RP-Amide

F5

1. DMB-NGNA

2. DMB-NANA

(continued on next page)



Reporter 33.2  |30

sigma-aldrich.com/analytical 

Biopharmaceutical

RP-Amide Method C18 Method

Conc. (µg/mL)
% Accuracy 

NGNA
% Accuracy 

NANA
% Accuracy 

NGNA
% Accuracy 

NANA
 10 94% 92% 89% 93%
 5 100% 100% 100% 101%
 2.5 99% 98% 100% 98%
 1.25 98% 99% 96% 97%
 0.625 101% 100% 104% 107%
 0.5 102% 102% 100% 103%
 0.313 103% 102% 103% 101%
 0.156 104% 108% 128% 116%
 0.078 109% 110% 186% 179%
 0.039 165% 206% 126% 125%

Table 2. Comparison of the Linearity Range of the New  
RP-Amide Method with the Current C18 Method

Figure 5. Determination of the Sialic Acids of EPO
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Figure 6. Quantitative Comparison of the NANA Content in  
TNFr-FC (Enbrel) Biosimilar Candidate to its Authentic Reference

0 2 4 6 8 10 12 14

Time (min)

0
20

40
Fl

uo
re

sc
en

ce

Authentic Reference 

Biosimilar Candidate 

Sample mol NANA / mol protein

Authentic Reference 15.8

Biosimilar Candidate 10.3

TNFr-FC 

Determined NANA in TNFr-FC

Figure 7. Quantitative Comparison of NGNA Content in Erbitux 
Biosimilar Candidate to its Authentic Reference
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As can be seen in Figure 4, further optimization of the separation 
with the Ascentis Express RP-Amide column enabled baseline 
resolution of the two sialic acids, DMB-NGNA and DMB-NANA, with a 
15-minute run time using a simple mobile phase composition (water 
and acetonitrile, each containing 0.1% formic acid). Importantly, the 
interferences are well resolved from the sialic acid analytes.

Besides the advantages of a shorter run time, better selectivity, and a 
simpler mobile phase composition, the newly developed method on 
the Ascentis Express RP-Amide column also provides a lower limit of 
quantification and a wider linear range than the original Ascentis C18 
method (see Table 2.)

The newly developed RP-Amide method was validated by determining 
the sialic acid content in erythropoietin (EPO), a glycoprotein. Figure 5 
shows the successful detection of NANA at different quantities (2.5, 5.0 
and 10 µg) of EPO with minimal interference. The determined molar 
amounts of NANA per mole EPO are consistent between the three 
levels of EPO, all passing the specification (>10 mol NANA/mol EPO).

The RP-Amide method has been successfully applied to determine 
and compare sialic acid levels in biosimilar candidates to their 
authentic references. Figure 6 shows that the NANA level in  
TNFr-FC (Enbrel) is about 30% lower than in the biosimilar candidate 
compared to its authentic reference. While Figure 7 shows that the 
NGNA content in the Erbitux biosimilar candidate is almost twice that 
of its authentic reference.
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Conclusions
A new HPLC method employing an Ascentis Express RP-Amide 
column has been developed to determine DMB-labeled NGNA and 
NANA sialic acids released from biotherapeutic proteins. Compared 
to the original method using a C18 column, the new method offers 
the following advantages:

• Simpler mobile phase: water and acetonitrile containing 0.1% 
formic acid

• Better resolution for DMB-NGNA and DMB-NANA sialic acids

• Shorter run time

• Improved peak shapes

• Wider linear range for quantification

• Lower limit of quantification

Description Cat. No.
Ascentis Express HPLC Columns
C18, 10 cm × 2.1 mm I.D., 2.7 µm 53823-U
F5, 10 cm × 2.1 mm I.D., 2.7 µm 53569-U
RP-Amide, 10 cm × 2.1 mm I.D., 2.7 µm 53913-U
HILIC, 10 cm × 2.1 mm I.D., 2.7 µm 53939-U
Analytical Solvents and Standards
Water LC-MS CHROMASOLV 39253
Acetonitrile LC-MS CHROMASOLV 34967
Formic acid LC-MS, 50 mL 56302-50ML-F
1,2-Diamino-4,5-methylenedioxybenzene dihydrochloride, 
fluorogenic reagent

D4784

  Featured Products

Ascentis® Express UHPLC Columns 
Faster HPLC on Any System

The Ascentis® Express column line is completely 
scalable from UHPLC to legacy HPLC systems.  
Three particle sizes, 2.0, 2.7, and 5.0 µm, and  
eight unique phase chemistries are available,  
making method development seamless across  
your organization.

To learn more about Ascentis Express UHPLC 
columns, visit  
sigma-aldrich.com/express
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