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A New Resource for LC-MS Users

Dear Colleague:

LC-MS continues to become a dominant tool in the field of analytical chemistry . While 
academic research, biotech and pharmaceutical drug discovery has been using LC-MS for 
over a decade, it is now taking root in the applied segments of clinical diagnostics and food 
testing . Even the industrial markets are capitalizing on the power of LC-MS to improve their 
products and processes .

The advancement of LC-MS instruments has allowed scientists to understand highly 
complex and variable sample matrices, analytes at vanishingly low concentrations and 
pressure to keep analysis time to a minimum . The sample prep and chromatography 
components of their LC-MS workflow must be able to help them meet these challenges 
and maintain instrument performance .

With that in mind, we have created an LC-MS Resource Guide with 
consumables and tips for routine and advanced LC-MS performance . 
In this brochure we provide an overview of key consumables across 
the whole workflow including sample collection, sample preparation 
and separation and detection . Some of the products included are:

• HPLC and UHPLC columns to improve throughput and sensitivity, 
process more samples and get drugs to market faster

• Sample prep devices (SPE tubes and plates) for removal or 
enrichment of phospholipids from plasma, serum and tissue 
samples to improve LC-MS sensitivity

• Unique SPME fibers and probes for difficult or precious samples

• Clean, low background solvents and mobile phase additives specifically designed for 
UHPLC and LC-MS analysis

• Stable isotope standards, certified spiking solutions and reference materials

Also included in the brochure are key bioanalytical, pharma, food and beverage and 
environmental applications .

We hope you find this resource guide a useful tool, whether you are just starting out or an 
expert in LC-MS . To access the guide, visit sigma-aldrich.com/lc-ms

Regards,

Wayne K. Way, Ph.D. 
Market Segment Manager, HPLC 
wayne.way@sial.com

Wayne K. Way, Ph.D.

Market Segment Manager, HPLC

sigma-aldrich.com/analytical
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Deoxynivalenol (DON), one of the most 
common mycotoxin in wheat matrices, has 
been known to cause various health issues in 
livestock and humans .  For the cleanup of grains 
prior to DON analysis, the use of the Supel™ Tox 
DON SPE cartridge is described herein .
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Simplify and Reduce Variability During SPE 
Cleanup of Wheat Extracts Prior to the HPLC 
Analysis of the Mycotoxin Deoxynivalenol
Ken G . Espenschied, R&D Technician and Jennifer Claus, Product Manager

jennifer.claus@sial.com

Introduction
Deoxynivalenol (DON) is a mycotoxin produced by the Fusarium fungal 
species graminearum and culmorum . These Fusarium fungi infect cereal 
crops primarily in wet conditions when temperatures range from 
15–30 °C, resulting in grain head damage and DON contamination .1 
DON is the most common contaminant of grains and maize, and its 
presence may be a marker for other mycotoxins .2 When ingested, DON 
inhibits protein synthesis through ribosomal binding and produces 
a strong emetic effect in some livestock animals and in humans .3 The 
chronic exposure to DON in livestock may result in slowed growth, 
impaired immune function and reduced rates of reproduction, 
particularly in non-ruminants .2,3 While no regulatory statutes are set 
in the United States, the FDA has issued an advisory for DON levels 
in various animal feedstuffs, with a suggested limit of 1 ppm in grain 
products used for human consumption . The European Union, however, 
regulates DON to levels as low as 0 .2 ppm .4,5

Current methods for extraction and purification of matrix samples 
for DON analysis vary . Procedures using liquid-liquid partitioning, 
solid phase extraction (SPE), immunoaffinity columns (IAC) and 
multifunctional cleanup columns (MFC) are used . IAC and SPE methods 
are currently the most common ones used for sample cleanup in 
DON analytical protocols .6 In this study the extraction and cleanup 
method of the Supel™ Tox DON SPE cartridge was compared to that of 
a commercially available IAC column in order to determine differences 
pertaining to ease of use and process time . Wheat was chosen for 
extraction as wheat is a universal food staple that is routinely infected 
by Fusarium species and subsequently contaminated with DON .7

Experimental Overview
Three sample types were prepared; blank reference material, spiked 
reagent and spiked reference material . Spiked reagent samples 
consisted of 84:16 acetonitrile:water for the SPE method and deionized 
water for the IAC method . All spiked samples (spiked reagent and 
spiked reference material) were prepared using a 100 µg/mL DON 
analytical standard . Actual DON concentration for the SPE samples 
processed was 2 µg/g . Actual DON concentration for IAC samples was 
4 µg/g . Three replicates of each sample type were processed through 
each cleanup method using a vacuum manifold . Cleaned samples 
were then evaporated to dryness at 60 °C with 10–12 psi nitrogen 
stream before being reconstituted in 750 µL of mobile phase (92:4:4 
water:acetonitrile:methanol) . A single HPLC method was used to 
analyze samples prepared for both methods . Standards were prepared 
using 84:16 acetonitrile:water to match the mobile phase . Method 
conditions and a chromatogram of the 2 µg/g standard are shown in 
Figure 1 . Initial testing was carried out using a 40 µL sample injection . 
Subsequent studies using the 10 cm x 2 .1 mm, 2 .7 µm Ascentis Express 
C18 column indicate a maximum 10 µL injection should be used to 
maintain good column efficiency and sample peak shape .

 column:  Ascentis® Express C18, 10 cm x 2 .1 mm I .D .,  
5 µm particles (50517-U)

 mobile phase: water:acetonitrile:methanol (92:4:4)
 flow rate: 0 .400 mL/min
 column temp .: 35 °C
 detector: UV, 220 nm
 injection: 40 µL

Figure 1. DON Standard (2 µg/g in mobile phase)
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Results and Discussion

Sample Extraction

Overall time required to prepare extractions for the IAC and Supel 
Tox SPE samples was similar . However, filtration of the IAC extract 
presented difficulties that were not observed when filtering the 
Supel Tox SPE extract . Due to the binding requirements of IAC phase, 
the IAC extract was prepared using 100% water . When wheat flour 
was mixed with water, the presence of undenatured wheat proteins 
slowed the filtration process . Initial attempts to filter the IAC extract 
with 70 mm quantitative and 70 mm glass microfiber filter circles 
resulted in clogged filter media . It was necessary to switch to a  
125 mm microfiber circle in order to filter the IAC extract . The SPE 
extract was prepared using 84% organic solvent and filtered quickly 
using a single 70 mm qualitative filter paper circle (Table 1) .

Table 1. Supel Tox SPE and IAC Extraction Procedures
SPE Extraction
1 . Weigh 25 g wheat into Erlenmeyer 

flask, add 100 mL of 84:16 
acetonitrile:water

2 . Orbital shake 60 min

3 . Vacuum filter through 70 mm 
qualitative circle using side-arm 
flask and 185 mL Büchner funnel

Extraction Time: 60 minutes 
Filtration Time: 15 seconds

IAC Extraction
1 . Weigh 25 g wheat into Erlenmeyer 

flask, add 200 mL water

2 . Orbital shake 30 min

3 . Vacuum filter through 125 mm 
glass micro-fiber circle using  
side-arm flask and 700 mL  
Büchner funnel

Extraction Time: 30 minutes 
Filtration Time: 30 minutes

(continued on next page)
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Extract Cleanup

Fewer process steps are needed to complete the Supel™ Tox DON 
SPE cleanup when compared to the IAC method . The SPE method is a 
simple sample load and elute protocol requiring one reagent for the 
extract and the cleanup steps, and one set of glassware for sample 
collection . The IAC cleanup process involved more cartridge handling, 
more adjustment with closer monitoring of drop rates, an additional 
reagent for the wash step (phosphate buffered saline) and separate 
waste and sample collection glassware which require a mid-process 
vacuum manifold reconfiguration . The hands-on cleanup time 
needed to process samples using the IAC method was approximately 
three times greater than that of the SPE method (Table 2) .

Table 2. Supel Tox SPE and IAC Cleanup Procedures
SPE Cleanup
1 . Place sample collection tubes in 

vacuum manifold

2 . Pass 2 mL of extract through 
cartridge at 1–3 mL/min

3 . Rinse Cartridge with 2, 4 mL aliquots 
of 84:16 acetonitrile:water at 3–5 
mL/min (collect with sample)

4 . Evaporate total eluent to dryness 
at 60 °C with 10–12 psi nitrogen 
stream

5 . Reconstitute sample in 750 µL of 
92:4:4 water:acetonitrile:methanol

Hands-on Cleanup Time: 6 minutes

IAC Cleanup
1 . Place waste collection tubes in 

vacuum manifold

2 . Install and drain packing liquid 
from IAC columns, set 1–3 mL/min 
drop rate while draining columns

3 . Load 2 mL of extract onto columns, 
drain at 1–3 mL/min

4 . Wash column with 5 mL phosphate 
buffered saline maintain drop rate 
at 1–3 mL/min

5 . Remove excess water from column 
by applying -10" Hg vacuum for 
20–30 seconds

6 . Remove waste tubes, discard waste 
eluents and replace with sample 
collection tubes

7 . Elute sample at 1–3 mL/min with 3, 
1 mL aliquots of methanol 

8 . Evaporate sample to dryness at 60 °C  
with 10–12 psi nitrogen stream

9 . Reconstitute sample in 750 µL of 
92:4:4 water:acetonitrile:methanol

Hands-on Cleanup Time: 17 minutes

Supel Tox DON SPE offers an easier to use alternative  
to IAC cleanup cartridges

Matrix Removal and DON Recovery

Figure 2 is a set of representative chromatograms resulting from 
the analysis of blank and spiked reference material, along with a 
spiked reagent sample, that were processed using the Supel Tox 
DON SPE method . Matrix background levels were acceptable when 
using the SPE cartridge for the cleanup . DON recovery for both 
methods examined is summarized in Table 3 . Recovery using the SPE 
method was >80%, and variation, expressed as an RSD value, was 2% . 
Variability and recovery values using the Supel Tox DON SPE method 
fell well within acceptable limits at the concentration tested .8

Figure 2. Supel Tox SPE Method Chromatograms

Unspiked Reference Material

Spiked Reference Material

DON

Spiked Reagent

0 2 4
Min

0
20

m
A

u

Table 3. Average Recovery and RSD for SPE and IAC Samples (n=3)

Sample Type SPE 2 µg/g DON IAC 4 µg/g DON
Spiked Reagent 87 .0% (2) 101 .7% (0 .1)

Spiked Reference Material 85 .6% (1) 97 .4% (1)

Values in parentheses are %RSD .

Conclusion
Supel Tox DON SPE cartridges were successfully used to clean wheat 
matrix samples for subsequent HPLC analysis of DON . The cartridge 
performed competitively when compared to an IAC column cleanup 
and analysis when using the same reference material . The Supel 
Tox DON SPE cleanup required fewer process steps and used fewer 
reagents than is typical for IAC cleanup methods .9 In addition the 
wheat extract produced in the Supel Tox DON extract was more easily 
filtered than that from the IAC process due to the use of organic in the 
extraction solvent . Overall process time for both methods was similar; 
however, the Supel Tox SPE hands-on cleanup time was significantly 
shorter and the process steps were simpler when compared to the IAC 
method . It is expected, therefore, that the SPE method will be more 
readily transferrable to laboratory staff and less vulnerable to sample 
processing errors . Supel Tox DON SPE offers an easier to use alternative 
to IAC cleanup cartridges in routine testing applications .
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  Featured Products

Description  Cat. No. 
Supel Tox SPE Cartridges
DON, 6 mL, 30 ea 55316-U
Ascentis® Express HPLC Column (5 µm particles)
C18, 10 cm x 2 .1 mm I .D . 50517-U

  Related Products

Description  Cat. No. 
Supel Tox SPE Cartidges
AflaZea, 6 mL, 30 ea 55314-U
Tricho, 6 mL, 30 ea 55308-U
Ascentis Express HPLC Columns (5 μm particles)
C18, 7 .5 cm x 2 .1 mm I .D . 50511-U
C18, 15 cm x 2 .1 mm I .D . 50518-U
C18, 7 .5 cm x 4 .6 mm I .D . 50533-U
C18, 10 cm x 4 .6 mm I .D . 50536-U
C18, 15 cm x 4 .6 mm I .D . 50537-U
Analytical Standards
Deoxynivalenol, 100 µg/mL in acetonitrile, 2 mL 34124
Analytical Reagents
Acetonitrile, LC-MS CHROMASOLV®, >99 .9% 34967
Methanol, LC-MS CHROMASOLV, >99 .9% 34966

  Related Information

To view our resources for toxin analysis in  
food and beverage samples, visit  
sigma-aldrich.com/food-toxins

Did you know . . .

The 8-page Supel Tox SPE Cartridges brochure 
(PFK) contains a product selection chart, 
example procedures, product descriptions 
and example applications . It also contains 
an extensive list of relevant catalog 
numbers; including SPE cartridges, HPLC 
columns and analytical standards . Request  
a copy via email at techserv@sial.com,  
or download a copy no-charge at  
sigma-aldrich.com/supeltox

Fast and Simple Cleanup for Mycotoxin Analysis

Supel™ Tox SPE Cartridges

Receive 20% off Supel™ 
Sphere Carbon/NH2  
SPE Cartridges
Obtain clean pesticide residue extracts in half 
the time with Supel Sphere Carbon/NH2. 
Reference promo code SGI when placing your order.  
Offer valid until December 31, 2013. Not valid in Japan. 

For more information about this product, or to  
request a complimentary sample pack, visit  

sigma-aldrich.com/supelsphere

Spherical 
Carbon 
Particles

Spherical 
Silica-NH2 
Particles

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/55316-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/50517-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/55314-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/55308-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/50511-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/50518-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/50533-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/50536-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/50537-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/FLUKA/34124
http://www.sigma-aldrich.com/catalog/search/ProductDetail/FLUKA/34967
http://www.sigma-aldrich.com/catalog/search/ProductDetail/FLUKA/34966
http://www.sigmaaldrich.com/analytical-chromatography/analytical-products.html?TablePage=110450429
http://www.sigmaaldrich.com/analytical-chromatography/analytical-products.html?TablePage=112569826
http://www.sigmaaldrich.com/analytical-chromatography/sample-preparation/spe/supel-sphere.html
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GC Analysis of Fatty Acids in Walnuts and Peanuts
Katherine K . Stenerson, Principal Scientist

katherine.stenerson@sial.com

Nuts are considered nutrient dense foods and their consumption 
has been associated with reduced risk of coronary heart disease . The 
health benefits of nuts are partially attributable to their high content 
of unsaturated fatty acids . For example, α-linolenic acid, or “ALA”, is 
an unsaturated fatty acid found in flaxseeds and walnuts .1 ALA is a 
precursor to the formation within the body of the essential fatty acids 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) .2

Established methods from AOCS® and AOAC® can be used 
to determine the fatty acid composition of nuts . This work 
demonstrates the application of aspects of these methods in the 
determination of the fatty acid composition of walnuts and peanuts . 
We will present data showing analysis on GC capillary columns of 
three different selectivities: Omegawax®, SP™-2560 and SLB®-IL111 .

Column Selectivity for Fatty Acid Methyl Esters
The moderately polar Omegawax is made with a polyethylene 
glycol (PEG) based phase . It elutes fatty acid methyl esters (FAMEs) 
by degree of unsaturation, with minimal overlap between different 
carbon chain lengths . It is used in applications requiring analysis of 
saturated, mono and polyunsaturated fatty acids (PUFAs) . However, 
it cannot provide optimal resolution of cis and trans isomer groups . 
For analysis of cis/trans FAMEs, a more polar column is required . 
The SP-2560 is a highly polar cyanosilicone column . The selectivity 
of this phase enables it to resolve cis and trans isomers, along with 
providing positional geometric isomer separations . The SLB-IL111 
is an ionic liquid column and has higher polarity than the SP-2560 . 
In the analysis of cis/trans FAMEs, the SLB-IL111 has demonstrated 
elution patterns which are complimentary to the SP-2560 . We used 
the Omegawax in the profiling of the fatty acids (including PUFAs) 
present in walnuts and peanuts . The SP-2560 and SLB-IL111 columns 
were then used to determine C18:1 cis/trans isomers .

Experimental
1 g samples of walnuts (shelled and chopped) and peanuts 
(dry roasted and unsalted) were prepared using acid digestion/
alkali hydrolysis followed by methylation as described in AOCS 
Official Method Ce 1k-09 .3 BHT was added as an antioxidant prior 
to extraction . All samples were concentrated to 1 mL prior to GC 
analysis . The GC columns used for the analysis were as follows:

1 . Omegawax, 30 m x 0 .25 mm I .D ., 0 .25 µm

2 . SP-2560, 100 m x 0 .25 mm I .D ., 0 .20 µm

3 . SLB-IL111, 100 m x 0 .25 mm I .D ., 0 .20 µm

The GC analysis conditions were from AOCS Ce 1i-07 (Omegawax 
column) and AOCS Ce 1h-05 (SP-2560 column) .4,5 Peak identifications 
were done by retention time matching to the Supelco® 
37-Component FAME Mix, run under the same GC conditions .  
This work was previously published .6,7

Results and Discussion

Analysis on the Omegawax Column

Chromatograms of walnut and peanut extracts analyzed on the 
Omegawax column are presented in Figures 1 and 2 . This column 
would be used if determining saturated and cis-unsaturated fatty 
acids per AOCS method Ce-1i-07 . The relative percentages of the 
fatty acids detected in the extracts were calculated as percent of total 
fatty acid methyl ester (FAME) area . Table 1 shows the percentages 
calculated compared to the expected fatty acid compositions for 
walnut and peanut oils .

Table 1. Fatty Acid Compositions: Published Data for Nut Oils vs. 
Experimentally Determined from Whole Nuts

Walnut Oil: 
Published 

Data8

Walnut Extract: 
Experimentally 

Determined

Peanut Oil: 
Published 

Data8

Peanut Extract: 
Experimentally 

Determined
C14:0 — — 0–0 .1% 0 .1%

C16:0 7–8% 9 .0% 8 .3–14% 12 .7%

C16:1 0 .1–0 .2% 0 .1% 0–0 .2% 0 .1%

C18:0 1 .8–2 .2% 2 .7% 1 .9–4 .4% 2 .9%

C18:1 cis 17–19% 14 .3% 36 .4–67 .1% 54 .8%

C18:2 56–60% 59 .4% 14 .0–43 .0% 23 .9%

C18:3 13–14% 14 .0% 0–0 .1% 0 .1%

C20:0 0 .1% 0 .1% 1 .1–1 .7% 1 .1%

C20:1 0 .2% 0 .2% 0 .7–1 .7% 0 .9%

C22:0 0 .1% 0 .1% 2 .1–4 .4% 1 .9%

C22:1 — — 0–0 .3% 0 .2%

C24:0 — — 1 .1–2 .2% 1 .1%

C24:1 — — 0–0 .3% 0 .4%

The fatty acid profiles obtained were in good agreement with the 
published data .8 In walnuts, as expected, linoleic (C18:2n6c) was the 
most abundant fatty acid, followed by oleic (C18:1n9c), ALA (C18:3n3) 
and palmitic (C16:0) . Walnuts are considered a significant plant source 
of ALA . Both ALA and linoleic acid are the predominant essential fatty 
acids in humans .2 For peanuts, the most abundant fatty acid was oleic, 
followed by linoleic and palmitic . The health benefits of peanuts and 
peanut oil are associated with their high oleic acid content . Oleic 
acid is believed to help lower cholesterol and reduce the risk of heart 
disease . Oleic acid, also found in olive oil, is a major contributor to the 
health benefits associated with the “Mediterranean Diet .”9

Analysis on SP-2560 and SLB-IL111 Columns

The FAME composition of vegetable oils is normally determined 
using AOCS Method Ce 1h-05, which designates the use of a highly 
polar cyanosilicone column .5 The SP-2560 column is specifically 
mentioned in this method . The use of a highly polar column enables 
simultaneous determination of trans isomers of unsaturated fatty 
acids along with saturated and cis-unsaturated . Since our sample 
extracts were obtained from whole nuts, no trans fats were expected 
to be present . This was confirmed by analysis on both the SP-2560 
and SLB-IL111 columns for walnuts (Figures 3 and 4) and peanuts  

http://www.sigmaaldrich.com/analytical-chromatography/food-safety.html
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(not shown) . For maximum sensitivity, the undiluted sample extract 
was injected under the conditions indicated in the method . As 
indicated, no trans isomers of the C18:1n9 or C18:2n6 FAMEs were 
detected using either column .

Conclusion
The data presented here demonstrates the high PUFA content found 
in both walnuts and peanuts . The Omegawax provided the selectivity 
necessary to elute the FAMEs found in the nut extracts by chain 
length and degree of unsaturation . Confirmation of the absence of 
trans fatty acids was achieved through use of the highly polar  
SP-2560 and confirmed with the extremely polar SLB-IL111 .
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  Featured Products

Description  Cat. No. 
Omegawax, 30 m x 0 .25 mm I .D ., 0 .25 µm 24136
SP-2560, 100 m x 0 .25 mm I .D ., 0 .20 µm 24056
SLB-IL111, 100 m x 0 .25 mm I .D ., 0 .20 µm 29647-U

  Related Product

Description  Cat. No. 
Supelco 37-Component FAME Mix, 1 mL,  
10 mg/mL (total wt .) in methylene chloride .  
Visit sigma-aldrich.com/fame for composition details .

CRM47885

Figure 1. FAMEs in Walnut Extract on the Omegawax
 column: Omegawax, 30 m x 0 .25 mm I .D ., 0 .25 µm (24136)
 oven: 170 °C, 1 °C/min to 225 °C 
 inj . temp .: 250 °C
 detector: FID, 260 °C
 carrier gas: helium, 1 .2 mL/min constant flow
 injection: 1 µL, 100:1 split 
 liner:  4 mm I .D ., split/splitless type, wool packed single taper  

FocusLiner™ design
 sample: extract of walnuts
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Figure 2. FAMEs in Peanut Extract on the Omegawax
 sample: Extract of peanuts
         All other conditions the same as Figure 1 
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Figure 3. FAMEs in Walnut Extract on the SP-2560
 column: SP-2560, 100 m x 0 .25 mm I .D ., 0 .20 µm (24056)
 oven: 180 °C isothermal
 inj . temp .: 250 °C
 detector: FID, 260 °C
 carrier gas: helium, 1 .0 mL/min
 injection: 1 µL, 100:1 split 
 liner:  4 mm I .D ., split/splitless type, wool packed single taper  

FocusLiner™ design
 sample: extract of walnuts 
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Figure 4. FAMEs in Walnut Extract on the SLB-IL111
 column: SLB-IL111, 100 m x 0 .25 mm I .D ., 0 .20 µm (29647-U)
 oven: 168 °C isothermal
         All other conditions the same as Figure 3
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http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24136
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24056
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29647-U
http://www.sigmaaldrich.com/analytical-chromatography/gas-chromatography/fatty-acid-methyl-ester.html
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/CRM47885
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Intra-Laboratory Validation of an  
Alternative Column Chemistry 
For the LC-MS/MS Analysis of Pesticides in Fruits and Vegetables  
using Method EN 15662

Introduction
LC-MS/MS methods are very popular for the analysis of pesticides 
in food . Several methods currently exist for their extraction from 
a variety of different food matrices . One of the newer methods is 
known as the “QuEChERS” (Quick, Easy, Cheap, Effective, Rugged and 
Safe) . This method employs dispersive solid phase extraction (SPE) 
for extraction and cleanup . This method is now the European Norm 
(EN 15662) . While this method typically uses C18 HPLC columns, in 
this article we describe an intra-laboratory comparison and validation 
procedure using an Ascentis® Express RP-Amide column .

Experimental
The European guideline SANCO/3131/2007 document (Method 
Validation and Quality Control Procedures for Pesticide Residues 
Analysis in Foods and Feeds) was followed for the following different 
representative fruit and plant origin matrices:

• Pear as sugar matrix

• Kiwi as acid matrix
• Lettuce as chlorophyll matrix

• Maize flour as cereal matrix

Preparation of Standard Solution

As recommended in the EN 15662:2008 method, the results obtained 
for the analytes to be identified in the sample extract are compared 
with those obtained for the pesticides in the calibration solutions . 
Although the use of matrix-matched standards is preferred, for a first 
estimate of the residue level of pesticides in food or to show their 
absence, standard solutions in pure solvent can be used . They can 
also be used for quantification if preliminary experiments indicate 
that any suppression or enhancement effects experienced do not 
significantly affect the results obtained . As soon as relevant residue 
concentrations are detected (e .g . suspected MRL violations), a more 
precise determination using matrix-matched standards or using the 
standard addition method, should be used .

Signal suppression in MS/MS detection can arise from the matrix and 
other interferences . To avoid this, the calibration standard solutions 
were prepared using acetonitrile blank matrix extracts . The group of 
29 compounds listed in Table 1 was used as a representative group 
of different pesticides . This group includes acaricides, insecticides, 

Food and Beverage Analysis

fungicides and others . The calibration curve was prepared using six 
replicates of each of five concentrations over the ranges equivalent 
to the concentrations expected:

• 0 .006 mg/Kg (< LOQ)

• 0 .01 mg/Kg (LOQ)

• 0 .1 mg/Kg

• 0 .2 mg/Kg

• 1 mg/Kg (MRL)

Table 1. List of Pesticides in Spike Solution
Abamectin B1a

Acetamiprid
Aldicarb
Azoxystrobin
Buprofezin
Carbendazim
Carbofuran
Clothianidin

Cyazofamid
Cyprodinil
Difenoconazole
Dimethoate
Ethoprophos
Etofenprox
Fenhexamid

Fenpropimorph
Fenpyroximate
Flufenoxuron
Imidacloprid
Methiocarb
Methomyl
Pirimicarb

Rotenone
Sethoxydim
Spinosad A & D
Spiroxamine
Tebufenozide
Thiabendazole
Thiamethoxam

The calibration standard curve used the five points of concentration 
(0 .01, 0 .02, 0 .05, 0 .1 and 0 .2 µg/mL) of each pesticide spiked into each 
matrix (pear, kiwi, lettuce and maize flour) . Triethylphosphate was 
used as internal standard as described in the EN 15662 method . An 
example calibration curve (ethoprophos in lettuce extract) is shown 
on Figure 1 .

Figure 1. Ethoprophos Calibration Curve  
(prepared in lettuce extract)
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Sample Preparation

As suggested in the SANCO document, frozen samples were used to 
avoid the overheating that results from the addition of magnesium 
sulfate (one component in QuEChERS extraction tubes) . All samples 
(unspiked and spiked) were processed according to method EN 
15662, which is described in Table 2 .

http://www.sigmaaldrich.com/analytical-chromatography/food-safety.html
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Table 2. Sample Preparation Procedure

1 . Dice sample into 1 cm pieces, homogenize and freeze overnight .
2 . Add 10 g homogenized sample to a 50 mL empty QuEChERS 

extraction tube (55248-U) .
3 . Add 10 mL acetonitrile .
4 . Add internal standard solution .
5 . If a spiked sample, add spike solution .
6 . Shake by hand for 1 minute .
7 . Add contents of appropriate QuEChERS extraction tube .
8 . Shake by hand for 1 minute .
9 . Centrifuge at 3,200 rpm for 5 minute .

10 . Transfer aliquot of the acetonitrile layer to appropriate QuEChERS 
cleanup tube .

11 . Shake by hand for 1 minute .
12 . Centrifuge at 3,200 rpm for 5 minute .
13 . Recover aliquot of the supernatant for LC-MS/MS analysis .

Chromatography

The HPLC method developed here utilizes a 2 .7 µm Ascentis Express 
RP-Amide column as an alternative to the C18 column traditionally 
used in the EN 15662 method . Combining an embedded polar 
group (EPG) stationary phase with Fused-Core® particles, Ascentis 
Express RP-Amide columns provide a host of useful benefits to the 
HPLC chromatographer . These benefits come from both the particle 
technology and the phase technology, and can be summarized as:

2.7 µm Fused-Core benefits:

• Twice the efficiency of traditional 3 µm HPLC columns

• Half the backpressure of sub-2 micron columns

• Capable of UHPLC performance on traditional HPLC systems

RP-Amide benefits:

• Alternative reversed-phase selectivity to C18

• Improved peak shape for bases

• 100% aqueous compatible reversed-phase column

Ascentis Express RP-Amide column exhibits high 
robustness, reproducible peak shapes and  
excellent resolution.

Ascentis Express RP-Amide provides increased selectivity for polar 
compounds, especially those that can act as a hydrogen-bond donor . 
The selectivity differences between the RP-Amide and the C18 can 
be a useful tool in method development . In many cases, when peaks 
co-elute on a C18 phase, the RP-Amide can be substituted to achieve 
separation without a change in mobile phase .

Results and Discussion
Recovery and RSD data were collected and compared to the data 
described in the EN 15662 method . This data is shown in Table 3 .  
Our observed data was shown to have comparable results, 
demonstrating the validity of our method . In most cases, an 
improved RSD was obtained .

Table 3. Comparison of Recovery and RSD Data

Compound
% Rec 

Observed
% Rec 

EN 15662
% RSD 

Observed
% RSD 

EN 15662
Abamectin B1a NH4 95 .4 – 5 .0 –

Abamectin B1b NH4 92 .5 – 17 .6 –

Acetamiprid 98 .6 97 12 .2 13

Aldicarb 107 .7 85 5 .9 23

Azoxystrobin 97 .9 95 4 .3 14

Buprofezin 97 .3 95 2 .6 6

Carbendazim 83 .7 91 7 .9 12

Carbofuran 100 .7 99 3 .3 11

Cyromazine 29 .7 – 6 .2 –

Clothianidin 106 .0 – 13 .9 –

Cyazofamid 101 .3 90 9 .3 17

Cyprodinil 101 .5 93 13 .1 14

Difenoconazole 97 .6 97 5 .9 12

Dimethoate 100 .5 96 16 .7 11

Ethoprophos 96 .5 99 3 .0 8

Etofenprox 82 .9 94 6 .1 12

Fenhexamid 74 .5 93 11 .2 19

Fenpropimorph 107 .3 100 4 .7 11

Fenpyroximate 91 .6 95 6 .5 12

Flufenoxuron 91 .7 96 5 .4 17

Imidacloprid 105 .3 102 5 .4 18

Methiocarb 90 .8 – 6 .6 –

Methomyl 98 .5 99 5 .1 18

Pymetrozine 36 .8 – 5 .1 –

Pirimicarb 103 .8 95 5 .7 11

Rotenone 102 .6 – 4 .6 –

Sethoxydim 71 .9 – 4 .4 –

Spinosad A 108 .6 – 10 .8 –

Spinosad D 93 .4 – 4 .1 –

Spiroxamine 89 .5 90 4 .2 17

Tebufenozide 88 .1 – 9 .9 –

Thiabendazole 86 .1 101 6 .5 12

Thiamethoxam 105 .6 97 8 .6 20

Figure 2 shows a representative LC-MS/MS chromatogram generated 
as part of our work . The Ascentis Express RP-Amide column was 
particularly suitable for the resolution of those components having 
a log Kow <0 .5 that are weakly retained on a C18 column . The 
separation of a complex mix of 200 compounds on the Ascentis 
Express RP-Amide column under the same conditions is shown in 
Figure 3 . The original method suggests that different columns and 
chromatographic conditions are needed for the analysis of these 
types of molecules, whereas our experimental conditions indicate 
that it is possible to resolve all molecules in one analysis with good 
peak shapes, speed and high resolution . This is particularly useful for 
multiresidue methods and high numbers of samples .

(continued on next page)
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Figure 2. LC-MS/MS Chromatogram, Sample Spiked with  
29 Pesticides
 column:  Ascentis® Express RP-Amide, 10 cm x 2 .1 mm ID, 2 .7 µm particles 

(53913-U)
 mobile phase:  A = 5 mM ammonium formate in water with 0 .1% formic acid;  

B = 5 mM ammonium formate in methanol with 0 .1% formic acid
 gradient:  0 min = 5% B; 0 .5 min = 10% B; 12 min = 95% B; 15 min = 95% B
 column temp .: 40 °C
 detector: MS/MS
 injection: 2 µL
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Figure 3. LC-MS/MS Chromatogram, Standard with  
200 Pesticides
All conditions are the same as in Figure 2 .
The list of analytes, their retention times and quantifier/qualifier ions can be 
downloaded from sigma-aldrich.com/quechers (under Technical Resources) .
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Conclusions
All of the analytical data that has been generated in this intra-
laboratory validation complies with EN 15662:2008 method 
requirements . Therefore, we can assert that the Ascentis Express RP-
Amide column is a valid alternative to C18 . The selectivity differences 
between the RP-Amide and the C18 can be a useful tool in method 
development . In many cases, when peaks co-elute on a C18 phase, 
the Ascentis Express RP-Amide can be substituted to achieve 
separation without a change in mobile phase . Further, the QuEChERS 
extraction method provided good recovery and high reproducibility .

Under routine conditions with high numbers of samples, the Ascentis 
Express RP-Amide column exhibits high robustness, reproducible 
peak shapes and excellent resolution . More than 1,500 samples were 
injected before it was decided to replace the column .
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  Featured Products

Description  Cat. No. 
Supel™ QuE QuEChERS Extraction Tubes
Acetate, 12 mL, 50 ea . 55234-U
Citrate, 12 mL, 50 ea . 55227-U
Citrate/Sodium Bicarbonate, 12 mL, 50 ea . 55237-U
Non-Buffered 1, 12 mL, 50 ea . 55294-U
Non-Buffered 2, 12 mL, 50 ea . 55295-U
Supel QuE QuEChERS Cleanup Tubes
Z-Sep+, 12 mL, 50 ea . 55296-U
Z-Sep/C18, 2 mL, 100 ea . 55284-U
PSA/ENVI-Carb 1, 12 mL, 50 ea . 55230-U
PSA/ENVI-Carb 2, 12 mL, 50 ea . 55233-U
PSA/C18, 12 mL, 50 ea . 55229-U
PSA, 12 mL, 50 ea . 55228-U
Supel QuE QuEChERS Centrifuge Tubes
Empty, 50 mL, 50 ea . 55248-U
Ascentis Express HPLC Column (2.7 µm particles)
RP-Amide, 10 cm x 2 .1 mm I .D . 53913-U

  Related Information

To view our resources for pesticide analysis of  
food and beverage samples, visit  
sigma-aldrich.com/food-pesticides

Did you know . . .

Our QuEChERS technical resources and additional Supel QuE product 
information can be accessed at sigma-aldrich.com/quechers
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Chromatographic Resins
Robert F . Wallace, Product Specialist; J . Patrick Myers, Senior R&D Scientist

bob.wallace@sial.com

Introduction

  
When asked to isolate and purify a 
promising new material, you 
typically turn to process 
chromatography techniques . After 
determining project requirements 
and evaluating chemistries, the 
search begins for the best resin to 
meet your needs . There are many 
categories of purification products 

from which to choose . The most commonly used are adsorbent resins 
and ion exchange resins; however, chelation, hydrophobic interaction 
and size exclusion products are also very useful .

Process chemists throughout the pharmaceutical and chemical 
industries face similar challenges every day . A critical step in new 
product development, process chromatography, calls for high-
quality media to meet project specifications, provide consistent 
performance and deliver reproducible results .

For the purification of proteins and inorganic and organic ions, the 
most commonly practiced chromatographic method is ion exchange . 
This technique involves solute interaction with the charged groups of 
the packing material followed by the elution with an aqueous buffer 
of higher ionic strength or a change in pH, and is a vital step to the 
successful separation and desired results . Relative to other separations, 
ion exchange is widely applicable, easier to scaleup and lower in cost .

Keeping the Project on Track
Supelco works to understand and meet your resin needs so you can 
concentrate on completing your project . Resins that are optimized 
for your needs allow you to:

• Save time

• Reduce operating costs

• Deliver consistent and reproducible results

• Maintain focus on high value functions

Ion Exchange Resin Selection
Resin functionality and porosity play a significant role in suitability for 
a specific application . Particle size distribution is also an important 
aspect in selecting resins for many applications .

There are four primary types of ion exchange resins, strong anion 
exchange, weak anion exchange, strong cation exchange and weak 
cation exchange . These designations are based on the charge of the 
exchangeable counter ion and the ionic strength of the bound ion . 
Blends of cation and anion exchange resins, called mixed bed resins, 
are also available .

The following guidelines are suggested for resin selection for  
an application .

• Generally, strongly acidic cation exchange resins or strongly basic 
anion exchange resins can be used for adsorbing all ionic species . For 
biological materials where high regeneration efficiency or stability of 
materials is required, a weakly charged resin is usually preferred .

• A high porosity (low crosslinking) resin allows rapid diffusion 
of ions and faster kinetics . On the other hand, a resin with low 
porosity (high crosslinking) shows greater selectivity and can 
exclude larger molecules .

• Small resin beads adsorb and release compounds more quickly 
than larger beads due to shorter diffusion path lengths .

Ion Exchange Resins
• Strong anion exchange resins contain quarternary ammonium 

groups . These resins are highly ionized and can be used over the 
entire pH range .

• Type I resins contain trialkyl ammonium chloride or hydroxide .

• Type II resins contain dialkyl 2-hydroxyethyl ammonium chloride 
or hydroxide .

• Weak anion exchange resins contain ammonium chloride or 
hydroxide . The degree of ionization for these resins is strongly 
influenced by pH and they exhibit minimum exchange capacity 
above pH of 7 .0 .

• Strong cation exchange resins contain sulphonic acid groups or 
the corresponding salts . These resins are highly ionized in both the 
acid and salt forms . The exchangeable Na+ or H+ ions of the resin 
are readily available for exchange over the entire pH range . The 
exchange capacity is, therefore, independent of solution pH .

• Weak cation exchange resins contain carboxylic acids as the 
ionizable groups and exhibit stronger affinity for hydrogen ions . 
Consequently, these resins need less acid for regeneration to 
the hydrogen form . The degree of dissociation of these resins is 
dependent on solution pH .

• Mixed bed resins are a blend of cation and anion exchange resins .

Conclusion
Buying pre-cleaned, ready-to-use resin is an increasingly accepted 
option . The guaranteed quality and confident performance of the 
resin help to keep your project on track . Supelco offers a full line of off-
the-shelf resins and media in manageable package sizes from leading 
manufacturers including Dow Chemical, Rohm & Haas, Mitsubishi 
and Lanxess . Our product line includes adsorbent, ion-exchange, 
mixed bed, chelating, nuclear grade, hydrophobic interaction (HIC) 
and gel filtration/size exclusion products . These resins are appropriate 
for research-scale separations, as well as, purification and isolation 
applications . To better fit unique application requirements, we also 
provide custom processing and packaging services of in-stock resins .

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

http://www.sigmaaldrich.com/analytical-chromatography/analytical-products.html?TablePage=9657223
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Chiral LC-MS/MS of D- and L-2-Hydroxyglutaric  
Acid Biomarkers
Roland Wöhlgemuth, Senior Product Specialist; Rudolf Köhling, Senior Scientist; 
Hugh Cramer, Associate Scientist

roland.wohlgemuth@europe.sial.com

Chiral 2-hydroxyglutarates (2-OHG) are important molecular 
signatures of their specific biochemical pathways and inborn errors 
of metabolism, for both healthy and diseased biological cells . 
For example, the TCA cycle of a cancer cell showing the buildup 
of 2-OHG is depicted in Figure 1 . The chiral differentiation and 
quantification of D-2-OHG and L-2-OHG is key for characterizing 
neurometabolic disorders like the 2-hydroxyglutaric acidurias that 
cause neurological impairment early in life .1 In patients with brain 
tumors, mutations in the enzyme cytosolic isocitrate dehydrogenase 
1 (IDH1) are found in approximately 80% of grade II-III gliomas and 
secondary glioblastomas . The demonstration that cancer-associated 
IDH1 mutations result in a new ability of the enzyme to catalyze the 
NADPH-dependent reduction of α-ketoglutarate (2-ketoglutarate)  
to the oncometabolite D-2-OHG represents a milestone event in 
cancer biology (see Figure 2) .2 Cancer-associated IDH mutations 
in IDH1 and IDH2 across glioma as well as several hematologic 
malignancies have become of prognostic interest and for biomarkers 
and therapeutic opportunities .3

Figure 1. Cancer Cell Metabolism Involving 2-Hydroxyglutaric Acid
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The ability to distinguish and quantify the enantiomers of 2-OHG is, 
therefore, important to be able to track its disposition throughout the 
metabolic pathway of normal vs . mutated cells (Figure 2) . We  
describe here a rapid and sensitive method to separate and measure 
D-2-OHG and L-2-OHG using high resolution mass spectrometry 
(HRMS) detection . An Astec® CHIROBIOTIC® R (ristocetin chiral 
selector) column was run under polar ionic mobile phase conditions . 

The separation conditions were based on the work of Rashed, et al ., 
modified in an attempt to improve MS compatibility and separation 
efficiency .4 

Figure 2. Hydroxyglutaric Acid Metabolic Pathway
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2-Hydroxyglutaric acid Metabolism

Using HRMS eliminated two fundamental analytical challenges: the 
lack of a UV-absorbing chromophore in the 2-OHG molecule and 
the abundance of competing low molecular weight acids in urine . 
Figure 3 shows the separation of D-2-OHG and L-2-OHG obtained 
during method development . Besides providing the necessary 
enantioselectivity, Astec CHIROBIOTIC columns have the advantage 
of operating in aqueous and polar organic mobile phases that are 
amenable to polar drugs and metabolites . Retention and selectivity 
under such conditions promote analyte ionization which enhances 
sensitivity in ESI detection . In addition to the CHIROBIOTIC columns, 
Sigma-Aldrich also provides the high purity mobile phase agents, 
racemic and pure chiral 2-OHG enantiomers and other compounds 
in the isocitrate dehydrogenase (IDH) pathway .

Clinical/Bioanalytical
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Figure 3. LC-MS Analysis of 2-Hydroxyglutaric Acid 
Enantiomers on Astec CHIROBIOTIC R
 column: Astec CHIROBIOTIC R, 10 cm x 4 .6 mm I .D ., 5 µm (13022AST)
 mobile phase:  5:95, (water:methanol) with 0 .3% acetic acid and 0 .1%  

ammonium hydroxide
 flow rate: 1 .0 mL/min
 pressure: 1700 psi (117 bar)
 column temp .: 25 °C
 detector: MS, ESI(-) TOF, SIM, m/z 147 .03, split 100:1
 injection: 10 µL
 sample: D,L-Hydroxyglutaric acid, 1 mg/mL in 50:50, water:methanol

1 2 3
Min

1

2

1.  L-2-Hydroxyglutaric acid
2.  D-2-Hydroxyglutaric acid
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Metabolomic Profiling of Neurospora crassa 
Fungus Using HILIC and Reversed-Phase LC-MS
Craig R . Aurand1, David S . Bell1, Teresa Lamb2 and Deborah Bell-Pedersen2

1Sigma-Aldrich/Supelco, 2Texas A&M University

craig.aurand@sial.com

Complex metabolome profiling by LC-MS can be facilitated using 
advanced instrumentation and software . The choice of the HPLC 
column is also important . This article shows the benefit of choosing 
highly-efficient Ascentis® Express phases with orthogonal selectivities 
to provide the most information from the LC-MS experiments .

Introduction
The general aim of metabolomic profiling is to document the set of 
metabolites from a defined sample for determination of physiological 
changes . The specific sample can be characterized by a variety of 
descriptors or parameters, such as cell type, organelle, age, tissue, 
treatment, etc . In this study, Neurospora crassa cultures grown over a 
specified time period in the dark were compared and contrasted for a 
set of identified components . Much is known regarding the genome 
of Neurospora crassa, specifically in the determination of circadian 
rhythms . However, little is known regarding how the metabolome 
changes over the course of the day under control of the circadian 
clock . Endogenous circadian biological clocks program 24 h rhythmis 
in biochemical, physiological and behavioral processes of living 
entities, including animals, plants and fungi . These cyclic processes 
typically occur with an approximate 24-hour period, but this period 
can be impacted by light-to-dark and temperature cycles . When the 
organism is maintained in constant environmental conditions, such 
as constant dark, they will free run with an endogenous period . For 
Neurospora, the free running period is 22 .5 hrs . The goal of this study 
was to profile the change in the metabolome of Neurospora crassa as 
a function of the circadian clock . The small molecule metabolites from 
time series experiments are evaluated to determine possible influences 
or artifacts of the circadian rhythms in the Neurospora cultures .

Experimental
Time-series experiments were conducted at Texas A&M University . 
Each time series was performed in triplicate from the same starting 
culture, labeled series A, B, or C . The experiments consisted of an initial 
culture that was subdivided into 27 cores; all individual cores were 
then inoculated at the same time . Culture sets were shifted from a 
light environment to a dark environment at various times (three per 
time period) as described in Table 1 to obtain cultures representing 
different times of the day . For example, 12 hours of darkness represents 
dawn and 28 hours of darkness represents midnight . Total incubation 
period for the experiment was 48 hours . After the incubation period, 
tissue samples were processed, packaged in dry ice and shipped to 
the laboratory . Cell samples were kept frozen until they were extracted . 
The samples were extracted by placing 20 mg of cell material into 
a 2 mL centrifuge tube . Next, 100 µL of 50:50 methanol:water was 
added making the final concentration for all samples 200 mg per 
mL . Samples were then vortexed to thoroughly mix sample and 
placed in refrigerator for 1 hour . The samples were then vortexed and 

centrifuged for 3 minutes at 15,000 rpm . The resulting supernatant was 
collected and analyzed directly .

Profiling of the Neurospora samples was conducted using high-
performance liquid chromatography (HPLC) in both reversed-phase 
(RP) and hydrophilic interaction (HILIC) modes utilizing accurate mass 
time-of-flight (TOF) mass spectrometry . The concept behind utilizing 
both RP and HILIC HPLC is to facilitate a more accurate determination 
of an actual sample component versus a chromatographic artifact, 
without relying specifically on accurate mass resolution . By 
leveraging the selectivity differences between two (or more) different 
or orthogonal chromatographic modes, sample components that 
co-elute, do not retain, or do not elute on one mode may be resolved 
using the other mode . In this study, RP and HILIC separations were 
carried out using Fused-Core® Ascentis Express RP-Amide and 
Ascentis Express HILIC columns, respectively . The polar embedded 
group of the amide was chosen over traditional C18 phases to 
increase the retention of the polar components . The Ascentis Express 
HILIC was chosen for alternative selectivity for polar analytes . Because 
of the large amount of unknown components in the samples, 
using orthogonal chromatographic separation in combination with 
accurate mass enabled better dissemination of components of interest 
from sample matrix and chromatographic anomalies .

Samples were analyzed by LC-MS RP (Figure 1) and HILIC (Figure 2)  
modes . The data were deconvoluted and pushed into the Mass 
Profiler™ software programs . Mass Profiler enables sets of experiments 
to be compared to each other . This can be performed using individual 
data files or batch files . By performing batch processing, samples 
can be compared for common components within all samples from 
the batch . Batch processing can also identify components that are 
common to only one set of samples, or attributed to a subset within 
the batch . There are several permutations of the comparisons that can 
be made . In this particular example, all samples from series A, B and C 
were compared to each other for components common to all samples . 
The study also incorporated a blank chromatographic run to cancel 
out anomalies from the chromatographic system . The comparison 
was based upon the accurate mass of the components along with 
chromatographic retention time of either the RP or HILIC separations .

Table 1. Neurospora crassa Incubation Period

Sample No. Hours in Dark
1 12

2 16

3 20

4 24

5 28

6 32

7 36

8 40

9 44
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Results and Discussion
Approximately 310 components, or features, were observed in the 
RP separation (Figure 1), while approximately 670 components were 
observed in the HILIC separation (Figure 2) . When data from both RP 
and HILIC methods were compared, twelve major components were 
found in all sample extracts . The goal of the study was to determine 
if there was a correlation between the intensity of the major 
components and the time of day . The experiment was designed 
to track intensity changes of the major common components 
throughout the time series . To simplify the experiment, this study did 
not target components that decreased completely, nor did it track 
the formation of new components . The signal intensity vs . incubation 
period was plotted for the twelve common components to 
determine if intensity levels exhibited circadian rhythm behavior . An 
example of this data for one component is shown in Figure 3 . Here, 
the signal intensity of component m/z 326 .1945 was plotted as a 
function of incubation period for series A . The trend in the time series 
is a cyclic change in the intensity of m/z 326 .1945 . At this stage of the 
study, the exact identity of m/z 326 .1945 has yet to be determined 
nor has the influence from the circadian rhythm been identified . This 
work is still ongoing .

Conclusions
Profiling of metabolic changes in biological samples can be 
a complex and tedious task, even with the most advanced 
instrumentation and software . Every advantage should be utilized 
to help simplify the deconvolution process, including sample 
preparation and enhanced chromatographic resolution . The 
approach of using orthogonal chromatographic separation modes 
greatly increases the opportunity for distinguishing true sample 
components from chromatographic anomalies . By doing so, this 
simplifies the data interpretation while increasing the confidence 
level of tracking components of interest . The use of the high-
resolution Ascentis Express HPLC columns greatly aids in the 
resolution of components in even the most complex sample matrix . 
An added benefit of Ascentis Express columns is their durability, 
which makes them less susceptible to fouling and therefore highly 
suited for the long-term analysis of complex biological matrixes, such 
as those encountered in this study .

For additional information on sample profiling using orthogonal 
chromatographic modes, please see the Reporter 27 .2 article on 
“Profiling of Stevia rebaudiana Extract by Accurate Mass Using HILIC 
and Reversed-Phase Chromatography .”
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Description  Cat. No. 
Ascentis Express RP-Amide, 15 cm x 2 .1 mm I .D ., 2 .7 µm particles 53914-U
Ascentis Express HILIC, 15 cm x 2 .1 mm I .D ., 2 .7 µm particles 53946-U
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of Ascentis Express, visit 
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Figure 1. RP-HPLC Separation of Neurospora crassa  
Extract on Ascentis Express RP-Amide
 column: Ascentis Express RP-Amide, 15 cm x  2 .1 mm I .D .,  
  2 .7 µm particles (53914-U)
 instrument: Agilent 1200SL Rapid Resolution interfaced with  
  Agilent 6210 TOF
 mobile phase A: 10 mM ammonium formate, pH 4 .2 with formic acid
 mobile phase B: 10 mM ammonium formate in 95:5  
  acetonitrile:water S

W pH 4 .2 with formic acid
 temp .: 35 °C
 flow rate: 0 .2 mL/min .
 det .: LC-MS TOF, ESI (+)
 injection: 2 µL
 gradient: time (min .) %A %B Flow
  0 98 2 0 .2
  2 98 2 0 .2
  40 0 100 0 .2
  50 0 100 0 .2
  50 .01 98 2 0 .4
  60 98 2 0 .2

LC-MS TOF conditions
 ionization: ESI (+)
 sampling rate: 1 .0 spectra/second, 9528 transients/spectra
 reference ions: 322 .0481, 622 .0289
 data acquisition: Agilent Mass Hunter™
 data deconvolution: Agilent Mass Profiler™

 10 20 30 40
Min

Figure 2. HILIC Separation of Neurospora crassa Extract  
on Ascentis Express HILIC
Conditions same as Figure 1, except:
 column: Ascentis Express HILIC, 15 cm x 2 .1 mm I .D .,  
  2 .7 µm particles (53946-U)
 mobile phase A: 2 mM ammonium formate in 95:5 acetonitrile:water
 mobile phase B: 2 mM ammonium formate in 50:50 acetonitrile:water

 10 20 30 40
Min

Figure 3. Time Series A for 326.1945 Component
 Signal intensity of component m/z 326 .1945 plotted as a function of 

incubation period for series A

0 2 4 6 8 10
Hrs in the Dark

5000

4000

3000

2000

1000

0

A
re

a 
Co

un
ts

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/53914-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/53946-U
http://www.sigmaaldrich.com/analytical-chromatography/hplc/columns/ascentis-express.html


Reporter 31.3  |16

sigma-aldrich.com/bioanalysis

Topics in LC-MS, Part 3

Effect of Solvent Quality on Electrospray Detection 
(LC-MS), Demonstrated Using Vitamin D3 and 
25-Hydroxyvitamin D3 as Test Compounds
Rudolf Köehling, Senior Scientist

rudolf.koehling@sial.com

Part 1 of our Topics in LC-MS published in Reporter 30 .2 looked at 
leveraging column selectivity in developing robust LC-MS  
methods and Part 2, published in issue 30 .3, discussed the role 
of ionic mobile phase additives .1,2 You can access both parts at 
sigma-aldrich.com/thereporter . This article looks at the impact 
of the quality of the mobile phase solvents themselves on UV and 
MS signals, and analysis sensitivity . The secosteroids vitamin D3 and 
25-Hydroxyvitamin D3 are the test analytes, the latter being one of 
the most analyzed molecules in hospitals today .

LC-MS instruments have undergone significant technical 
advancement in the past decade in terms of sensitivity and 
throughput . However, interferences from the sample matrix and 
system components, such as the mobile phase solvents and 
additives, can adversely affect the sensitivity of the analysis .3 Solvent 
quality is also an important factor in the calculation of the cost 
per sample . Lesser grade solvents that are not tested for LC-MS 
suitability may be tempting from a cost standpoint, but the resultant 
interferences and instrument downtime can actually raise the cost 
of each analysis . Sample preparation techniques, like HybridSPE®-
Phospholipid, that reduce matrix effects are also important and have 
been the topic of previous articles .4–7

The results of the test analytes vitamin D3 and 25-hydroxyvitamin 
D3 show the effect of lesser-grade mobile phase solvents on the 
sensitivity of the MS detection through a signal suppression effect . 
ESI, the most common ion source today, is particularly susceptible 
by this effect when high amounts of a contaminated solvent are 
introduced into the source .

Experimental

ESI Suppression Effect

Vitamin D3 (cholecalciferol) and its metabolite 25-hydroxyvitamin  
D3 (calcifediol, deuterated, D6) were dissolved in methanol (LC-MS  
Ultra CHROMASOLV®) to a final concentration of 5 µg/mL and 
0 .5 µg/mL, respectively . The UHPLC system was set up with three 
different solvents: acetonitrile (LC-MS Ultra CHROMASOLV), water 
with 0 .1% formic acid (pH 3 .5, both LC-MS Ultra CHROMASOLV) and 
conventional gradient-grade acetonitrile . The system was flushed 
with LC-MS Ultra CHROMASOLV quality solvent and spectra from 
six injections of vitamin D3 were acquired using the high-quality 
solvent first . The system was then flushed with a gradient grade 
quality solvent and again six injections of vitamin D3 were acquired . 
Backflushing with LC-MS Ultra CHROMASOLV cleaned the system, 
and the entire procedure was repeated for 25-hydroxyvitamin D3 .

Clinical/Bioanalytical

Figure 1. Effect of Acetonitrile Quality on UV Response of 
Vitamin D3 and 25-Hydroxyvitamin D3
 column: Ascentis Express C18, 5 cm x 2 .1 mm I .D ., 2 .7 µm particles (53822-U)
 HPLC system: Dionex® UltiMate® 3000 RSLC
 mobile phase: (A) 0 .1% formic acid, pH 3 .5; (B) acetonitrile
 gradient: 50 to 90% B in 5 min; held at 90% B for 2 .5 min
 flow rate: 0 .6 mL/min
 column temp .: 35 ºC
 detection: UV, 254 nm
 injection:  2 µL vitamin D3 (5 µg/mL) or 4 µL 25-hydroxyvitamin D3  

(0 .5 µg/mL) in LC-MS Ultra CHROMASOLV Methanol (14262)
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a) UV chromatograms of 5 injections of vitamin D3 at 254 nm using 2 different grades 
of acetonitrile . b) UV chromatogram of 5 injections of 25-hydroxyvitamin D3 
repeating the experiment of vitamin D3 . The UV data indicate the robustness of both 
the chromatographic separation and the precision of the UHPLC-MS system .

Gradient Test of UHPLC Solvents

A steep gradient starting from 95% water and ending at 95% 
acetonitrile was used to test different acetonitrile solvents of varying 
quality . LC-MS Ultra CHROMASOLV water and acetonitrile served as 
reference . The runs were repeated until a constant UV and MS  
(BPC/TIC) baseline was obtained .
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Results
Ion Suppression by Unsuitable Solvents

Figure 1 shows that the UV chromatograms of vitamin D3 and 
25-hydroxyvitamin D3 were not affected by the change of the 
solvent quality . Peak position, size and shape remain the same 
after exchanging LC-MS Ultra CHROMASOLV acetonitrile with the 
gradient grade quality . The UV data indicate the robustness of both 
the chromatographic separation and the precision of the UHPLC-
MS system . At first glance both solvents seem to be suitable for this 
kind of application . However, a closer look at the mass spectroscopic 
data (Figure 2) reveals a significantly lower signal intensity of the 
[M+H]+ ion with gradient grade acetonitrile, although all EICs should 
have the same peak size as the UV chromatograms . This allows only 
one conclusion: the impurities in the gradient grade solvent do not 
absorb UV radiation but cause significant ion suppression in the ESI 
source of the mass spectrometer . Ionic impurities, like alkali metals, 
are not specified for the gradient grade, but the average mass 
spectrum of the background shows the typical pattern of sodium 
formate clusters (Figure 5) .

Figure 2. Effect of Acetonitrile Quality on ESI(+) Response of 
Vitamin D3 and 25-Hydroxyvitamin D3
Conditions same as Figure 1 except:
 detection:  ESI(+), tune_low .m, 45 psi (sprayer), 7 L/min, (dry gas),  

180 °C (dry gas temp)
 MS instrument: Bruker micrOTOF-Q II
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a) EICs ([M(vitamin D3)+H]+=385 .4 Da of LC-MS Ultra CHROMASOLV acetonitrile and 
competitor acetonitrile . The loss of sensitivity of 25-hydroxyvitamin D3 at 3 .8 min is 
remarkable . With LC-MS Ultra CHROMASOLV acetonitrile, this isomer is detectable and 
it is below the LOD with the lower quality solvent .  b) EICs ([M(25-hydroxyvitamin 
D3)+H]+=407 .4 Da) of repeated experiments using different quality grades of 
acetonitrile show the same ion suppression effect with the lower quality solvent .

Comparison of Different UHPLC Solvents

The example of vitamin D3 shows the severe effect of solvents 
without application test . However, even solvents for UHPLC-MS differ 
considerably in their MS chromatograms, as demonstrated with the 
steep gradient method . Running this test under UHPLC conditions 
will unveil many more details about impurities in both solvents, 
especially with two combined detections systems . Figures 3 and 4 
show the UV data and ESI(+) data, respectively, of different UHPLC/
UHPLC-MS acetonitrile qualities . Most of the solvents seem suitable 
for UV detection and UHPLC methods, but the MS data shows 
additional non-UV absorbing impurities and additional noise in all 
chromatograms except LC-MS Ultra CHROMASOLV .

Figure 3. Gradient Profiles of Various Solvents, UV 210 nm
Conditions: Same as Figure 1 except:
 gradient: 5 to 95% B in 6 min; held at 90% B for 3 min
 detection: UV, 210 nm
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ACN Vergleich Biosolv pos_R5_05_4656.d: UV Chromatogram, 210 nm ACN Vergleich JT Baker pos_R5_06_4664.d: UV Chromatogram, 210 nm
ACN Vergleich CE pos_R5_06_4672.d: UV Chromatogram, 210 nm ACN Vergleich Merck MS pos_R5_06_4688.d: UV Chromatogram, 210 nm

LC/MS Ultra CHROMASOLV 

Competitor M

Competitor J

Competitor C

UV chromatograms of UHPLC/UHPLC-MS acetonitrile from different manufacturers, 
tested with the UHPLC gradient method against LC-MS Ultra CHROMASOLV water . 
Even at 210 nm, there are only minor differences .

Figure 4. Base Peak Chromatograms (BPC) Reveal  
Underlying Impurities in Gradient-Grade Acetonitrile  
in the Corresponding UV Data
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ACN Vergleich JT Baker pos_R5_06_4664.d: BPC 49.0000-1701.0000 +All MS

ACN Vergleich CE pos_R5_06_4672.d: BPC 49.0016-1701.0726 +All MS

ACN Vergleich Merck MS pos_R5_06_4688.d: BPC 49.0000-1701.0000 +
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LC/MS Ultra CHROMASOLV

Competitor J

Competitor C 

Competitor M

The base peak chromatograms (BPC) of the corresponding UV data in Figure 3 reveal 
the real differences and show a higher baseline and/or additional peaks compared to 
the reference solvents (LC-MS Ultra) . 

(continued on next page)
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Conclusion
UV gradient methods can give only a rough picture of a solvent 
and its suitability for MS detection . Ions of any kind influence the 
sensitivity of the ESI source significantly and can lead to the kind of 
ion suppression shown in Figure 2 . The analysis of the background of 
these runs is shown in Figure 5, which is the average mass spectrum 
of the spectra from 3 .2 to 4 .7 min and overlaps with the vitamin 
D3 peak . The pattern is typical for sodium formate clusters and the 
intensity is very high . The resulting suppression effect can lower the 
limit of quantification (LOQ) and has a negative influence on the 
lifetime of an instrument . The wrong solvent quality may lower the 
cost for the sample, but it leads to higher costs by counteracting the 
work of an extensive sample preparation, which was introduced to 
increase the LOQ .
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Description  Cat. No. 
Ascentis® Express C18, 5 cm x 2 .1 mm I .D ., 2 .7 µm particles 53822-U
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
Methanol, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS,  
1 L, 2 L

14262

Trifluoroacetic acid, LC-MS Ultra eluent additive, 1 mL, 2 mL 14264
Formic acid, LC-MS Ultra eluent additive, 1 mL, 2 mL 14265
Ammonium formate, LC-MS Ultra eluent additive, 25 g 14266
Ammonium acetate, LC-MS Ultra eluent additive, 25 g 14267
Vitamin D3 (Cholecalciferol), 1 .0 mg/mL in ethanol,  
1 mL/ampoule

V-025

25-Hydroxyvitamin D3 (Calcifediol), 100 µg/mL in ethanol,  
1 mL/ampoule

H-083

25-Hydroxyvitamin D3 (Calcifediol), 5 µg/mL in ethanol,  
1 mL/ampoule

H-086

D6-25-Hydroxyvitamin D3 (26,26,26,27,27,27-D6), 50 µg/mL in 
ethanol, 1 mL/ampoule

H-074

*  Our complete offering of solvents, reagents, columns, sample prep and other 
consumables to maximize speed and sensitivity in bioanalysis can be found at 
sigma-aldrich.com/bioanalysis .

Clinical/Bioanalytical

sigma-aldrich.com/bioanalysis

Figure 5. Evidence of Alkali Ions in Gradient Quality Acetonitrile
Conditions: Same as Figure 1
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The spectrum is typical for alkali formate clusters . The high abundance of sodium can 
be responsible for this considerable ion suppression effect .

Supelcarb® is Back by 
Popular Demand!

To learn more about Supelcarb HC hydrocarbon traps, visit  
sigma-aldrich.com/purifiers

Supelcarb HC hydrocarbon traps are the best traps available 
for removing hydrocarbons and other organics from carrier, 
fuel, air and other gas streams .

Specify promo code SGA to receive 15% off Supelcarb HC 
hydrocarbon traps. Offer expires December 10, 2013 and is not 
valid in Japan.
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Sampling Technique for Qualitative Volatile 
Headspace Outgassing from Solid Matrices
Gary Y . Oishi, Scientist; Jamie L . Brown, Associate Scientist; Olga I . Shimelis,  
Principal Scientist; Kristen L . Schultz, Product Manager-Air Monitoring

kristen.schutlz@sial.com

Introduction
Volatile compounds in solid samples have always presented a 
challenge for the chromatographer to analyze . The common 
approach of testing by static headspace is limited by the compound 
concentration and sample volume . Selective solvent extraction 
is another common sample preparation technique; however, the 
compound(s) of interest can be masked by the solvent peak during 
instrumental analysis and unwanted extractables may be introduced 
into the gas chromatography system . An alternative to these 
restricted approaches is to outgas the volatiles directly from a solid 
sample and trap them onto an adsorbent tube which can then be 
thermally desorbed .

The Adsorbent Tube Injector 
System (ATIS) was used to 
fingerprint various solid samples 
and the collected volatile 
compounds were thermally 
desorbed and analyzed by  
GC/MS .

Experimental
The ATIS unit was configured with the optional thermal extraction 
glassware (Figure 1, 28523-U) . Samples were placed in an aluminum 
boat then loaded into the ATIS unit’s (Figure 2, 28520-U) heated zone 
set at 60 °C . 

Figure 1.             Figure 2.

Sample sizes and purge times were adjusted to prevent overloading of 
the thermal desorption unit trap and sampling tube . The resulting off-
gassing compounds were trapped onto an attached glass Carbotrap® 
300 thermal desorption tube (Figure 3, 30141-U) packed with three 
adsorbent beds (Carbopack™ C, Carbopack B and Carbosieve® SIII) . The 
thermal desorption tubes were preconditioned before sampling . The 
same adsorbent tube was used for the background check and for the 
method blank before being used for sample analysis .

Figure 3.

A PerkinElmer® TurboMatrix™ 150 was used for the thermal 
desorption process . Peak identification was determined by 
comparison (match quality greater than 90) of mass spectral 
fragmentation against the NIST (Ver . 2 .0f ) library .

Method
Column:  Supelco SPB®-HAP, 60 m x 0 .32 mm I .D .,  

4 µm (25020-U)

Oven: 40 °C (3 min .), 12 °C/min . to 200 °C (20 min .)

Carrier Gas: helium

Detector: Agilent® 5973 MSD

MSD Interface:  220 °C

Scan Range:  m/z 35-225

Adsorbent Tube: Carbotrap 300 (30141-U)

Thermal Desorption Unit: PerkinElmer TurboMatrix 150
Tube Purge: 5 mL/min . for 2 min .

Tube Desorb: 45 mL/min . for 5 min . at 330 °C

Transfer Line/ 
Valve Temp .: 180 °C/180 °C

Head Pressure: 16 psi helium

Trap Collection: -20 °C

Trap Desorption Temp: 350 °C with 10 min . hold

Trap Packing (custom): Carboxen® 1000/Carbopack B/Carbopack Y

Tube Conditioner: CDS Analytical Model 9600 6 Tube Conditioner
Tube Conditioning: 300 °C for 30 minutes at 50 mL/min .

Sample Preparation Unit: ATIS
Temp: 60 °C

Flow Rate: 70 mL/min . nitrogen

Sample Purge Time: sample dependent

Sample Amount: variable

(continued on next page)



Reporter 31.3  |20

sigma-aldrich.com/atis

Environmental

Figure 4. Sample – PVC Pipe Schedule 40
1 g of pipe purged for 1 hour
Cross-sectioned pipe material was cut into smaller pieces
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2. Acetic acid
3. Ethylene sul�de
4. Hexanal
5. 4-Hydroxy-4-methyl-2-pentanone

6. 1-Methylethyl benzene
7. Methyl styrene
8. 2-Ethyl-1-hexanol
9. Phenyl methyl ketone
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11. 2-Nonen-1-ol
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13. Decanal
14. Nonanoic acid

Figure 5. Sample – 1/4 in. Drywall
1 g of drywall purged for 1 hour
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Figure 7. Sample – New Residential Carpet
0 .5 g of carpet purged for 15 minutes
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Figure 6. Sample – Purple Nitrile Glove
0 .5 g of glove material purged for 15 minutes
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 3. Diethyl cyanamide 
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http://www.sigmaaldrich.com/analytical-chromatography/air-monitoring/atis-adsorbent-tube.html
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Conclusion
The ATIS was originally developed to aid in spiking solvent and 
thermal desorption tubes, and can also be used to examine volatile 
compounds off-gassing from solid samples . The ATIS technique 
allowed for fingerprinting of various solid samples using thermal 
desorption . Variations in the concentration of volatiles from the 
samples can be compensated for with changes to sample size, purge 
time and purge temperature . Thus, the ATIS device can be helpful in 
versatile sample preparation for qualitative fingerprinting . 

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

Figure 8. Sample – Black Tea
0 .3 g of black tea purged for 20 minutes

 1. Acetic acid
 2. Propylene glycol
 3. Hexanal 
 4. Hexanoic acid
 5. 6-Methyl-5-hepten-2-one

 6. 3,5-Octadien-2-one
 7. Nonanal
 8. Dimethylcyclohexanol
 9. Decanal
 10. Methyl salicylate
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Figure 9. Sample – Cumin Powder
0 .005 g of cumin powder purged for 2 minutes
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 10. Cuminic aldehyde
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  Featured Products

Description Qty.  Cat. No. 
ATIS System, 110 V 1 28520-U
ATIS System, 220 V 1 28521-U
Purge and Trap Humidifier Module 1 28522-U
Extraction Glassware w/ Ground Joint 1 28524-U
Extraction Glassware w/ Micro Connector 1 28523-U
Half-Hole Septa (6 mm O .D . x 9 mm L) 100 20668
Ferrules, 1/4 in ., PTFE, white 10 29024-U
Thermal Desorption Tube
Unconditioned Carbotrap 300 Fritted 89 mm Glass TD Tube 10 30141-U
GC Capillary Column
SPB-HAP, 60 m x 0 .32 mm I .D ., 4 µm 1 25020-U
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