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countries throughout the world. There you will have the 

opportunity to discuss special application topics with our 

experts personally. New seminar dates are regularly pub-

lished on our Website sigma-aldrich.com/events

For challenging cases of Karl Fischer titration, we have 

expert scientists who will be happy to help you through 

our HYDRANAL® Technical Helpline. Call us or e-mail us with 

your comments, questions, or concerns. We look forward to 

sharing our expertise with you (for contact details, see 

below).

Furthermore, we offer an extensive array of KF applications 

with protocols for over 650 applications. You can find a com-

plete list on our Website, sigma-aldrich.com/hydranal, 

where you can request application reports to meet your 

specific needs.

As always, our most important product is our service. Our 

goal is your complete success and satisfaction with water 

determinations using HYDRANAL Karl Fischer Reagents.

Kind regards,

Andrea Felgner  

Market Segment Manager HYDRANAL 

andrea.felgner@sial.com

Proficiency Testing for Water Determination with Karl Fischer Titration

Dear Colleagues,

We all know that accreditation, provided by an 

official body, guarantees analytical compe-

tence and ensures accuracy and precision of a 

laboratory’s results. Participating in Proficiency 

Testing (PT) is an essential part of the accredi-

tation process.

To help you with this task, we are planning to 

enhance our portfolio and offer PT products 

for Karl Fischer Titration. Sigma-Aldrich RTC has 

been producing environmental laboratory PT 

programs, also known as Performance Evalua-

tion (PE), for more than 20 years. More than 

20,000 PT samples per year are sent to over 

2,500 labs worldwide. Our environmental labo-

ratory proficiency testing programs are accred-

ited by ACLASS to ISO/IEC 17043: 2010, Certifi-

cate No AP-1469 and recognized by al l 

accreditation bodies worldwide.

In this first phase of our new program, we will 

offer neat pharmaceutical substances as PT 

samples for volumetric and coulometric Karl 

Fischer titration. In future phases, we will offer 

matrices from the petrochemical and food 

area. Register online for the PT water determi-

nation at sigma-aldrich.com/hydranal_info

Don’t forget our Karl Fischer seminars and 

workshops, which we regularly organize in 

Analytix is published five times per year by Sigma-Aldrich Chemie GmbH, 

MarCom Europe, Industriestrasse 25, CH-9471 Buchs SG, Switzerland 

Publisher: Sigma-Aldrich Marketing Communications Europe 

Publication Manager: Michael Jeitziner 

Editor: Daniel Vogler
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Water Determination in Cosmetic Products
Karl Fischer Titration with HYDRANAL® Reagents

Water content affects many characteristics of a substance 

or product; shelf life, production and application properties 

are some of them. Cosmetic products are often prepara-

tions with very high water content. For determining water 

content with Karl Fischer (KF) titration, precise sampling, 

weighing, and administering of the sample to the titration 

cell are required. Handling the sample with syringe and 

needle and differential weighing is the easiest and most 

precise way and is therefore, preferred.

For such samples with high water content, the volumetric 

KF method is recommended. The coulometric method is 

too sensitive for most of these products. Products consisting 

of oil-water emulsions require an addition of chloroform; 

waxy substances can be dissolved more rapidly by titrating 

at elevated temperatures. Also, an addition of formamide 

can help dissolve some products and prevent a coating of 

the indicator electrode.

Water-based cosmetic preparations such as facial tonics, sun-

tan oils, shower gels, herbal shampoos, as well as beeswax 

preparations, are analyzed in methanolic media by following 

the standard titration procedures (application report L 172). 

Emulsions such as suntan creams or night creams should be 

analyzed at elevated temperatures in the presence of chloro-

form. The same applies to panthenol and liquid lanolin. 

Waxes that contain citric acid distearyl ester or pentaery-

thrite-di-coconut ester dissolve very slowly at room tempera-

ture. We were able to precisely measure their water content 

with KF titration at 50 °C in the presence of trichloroethylene 

(application reports L 132, L 133).

Volumetric KF Applications for Cosmetic Products

Cosmetics usually require the addition of extra solvents due 

to their components. We have analyzed a number of cos-

metic products and listed them below (Table 1). Both the 

one-component HYDRANAL Composite 5 or the two- 

component HYDRANAL Titrant 5 can be used as titrating 

reagent. If the two-component reagent is used, HYDRANAL 

Methanol is replaced with HYDRANAL Solvent in the titra-

tion vessel.

Product Application Method

Panthenol Methanol : chloroform 1:1

Titration at 50 °C

Azulene mask 30 mL methanol

Tanning milk 30 mL methanol

Suntan lotion LSF 8 Methanol : chloroform 1:1

Titration at 50 °C

Face tonic 30 mL methanol

Foot bath 30 mL methanol

Glycerin 30 mL methanol

Liquid lanolin Methanol : chloroform 1:1

Titration at 50 °C

Table 1 Application Overview on Selected Cosmetic Products 

(excerpt from application report L 172)

For all applications, HYDRANAL Methanol Dry or HYDRANAL 

Methanol Rapid can be used.

Recommended Procedure

30 mL HYDRANAL Methanol Dry or HYDRANAL Methanol 

Rapid (or the mixture recommended in Table 1) is filled into 

the titration vessel and titrated to dryness with HYDRANAL 

Composite 5. The required sample size is then added and 

the water content titrated with HYDRANAL Composite 5.

HYDRANAL LipoSolver CM is an ideal replacement for the 

methanol-chloroform 1:1 mixture.

Andrea Felgner, Market Segment Manager HYDRANAL andrea.felgner@sial.com
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Water Content Recommended Sample Size

0.1% 3 – 5 g

0.5% 2 g

10% 250 mg

30% 100 mg

50% 80 mg

80% 50 mg

Table 2 Recommended Sample Sizes (in relation to sample water 

content)

Application Reports (PDF)

Toothpaste (L 29)

Wax for Cosmetic Use (L 132/133)

Cosmetics (L 172)

Shampoo/Shower Gel (L 175)

Calcium Glycerophosphate (L 251)

Gel-Emulsions (L 411)

Roll-on Deodorant (L 453)

Hand Balm/Cream (L 492)

More Application Data on the HYDRANAL Multimedia Guide (CD)

Chamomile Extract Shampoo

Face Lotion

Foot Bath

Foot Fit Gel

Hydro Active Fluid

Karion F

Lanolin, liquid

Panthenol

Sensitive Night Cream

Suntan Cream/Lotion

Table 3 Available Application Reports for Cosmetic Products

More detailed information can be obtained from the 

respective Application Reports (designated L xxx in the 

tables) or on our HYDRANAL Multimedia Guide CD (use the 

attached reply card to receive your free copy).

Sigma-Aldrich offers over 650 application reports for KF 

titration. A complete list can be found on our website 

sigma-aldrich.com/hydranal. Application reports are avail-

able only on request; please contact us at hydranal@sial.com 

or use the contact form on our website.

Technical Support

Take advantage of our expertise, gained from over 30 years 

of experience, and our extensive applications database on 

KF titration. We’ll be glad to provide you with support for the 

analysis of your samples. Contact our HYDRANAL specialists 

(details below) or visit us at sigma-aldrich.com/hydranal

Cat. no. Description

Reagents for Volumetric One-Component Titration

34805 HYDRANAL Composite 5 (methanol-free titrating agent)

34806 HYDRANAL Composite 2 (methanol-free titrating agent)

34734 HYDRANAL CompoSolver E (ethanol-based working 

medium)

37817 HYDRANAL Methanol Rapid (working medium)

34741 HYDRANAL Methanol dry (working medium)

Reagents for Volumetric Two-Component Titration

34801 HYDRANAL Titrant 5 (titrating agent)

34811 HYDRANAL Titrant 2 (titrating agent)

34800 HYDRANAL Solvent (working medium)

34732 HYDRANAL Titrant 5E (ethanol-based titrating agent)

34723 HYDRANAL Titrant 2E (ethanol-based titrating agent)

34730 HYDRANAL Solvent E (ethanol-based working medium) 

Auxiliaries and Reagents Containing Solubilizing Agents

37855 HYDRANAL LipoSolver CM (1-comp. working medium 

containing chloroform)

34812 HYDRANAL Solvent CM (2-comp. working medium 

containing chloroform)

34724 HYDRANAL Formamide Dry (solvent for KF titration)

37863 HYDRANAL Chloroform (solvent for KF titration)

Table 4 Reagents for Volumetric KF Titration
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HYDRANAL Application Report L 492
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L 492 

 
Determining the ater ontent in Hand Cream (Hand Balm) 
 
The properties of this sample did not permit a determination of the water content under standard 
working conditions. The sample was not sufficiently distributed, it was impossible to detect the sample 
water completely. Parts of the sample coated the indicator electrode, and interfered with the endpoint 
indication. 
 
Various tests showed that heating the medium in the titration vessel improved the distribution of the 
sample. The addition of formamide as a solubilizing agent additionally prevented the sample from 
coating the indicator electrode, and enabled a precise determination. 
 
For determination of this sample, it is also possible to replace the toxic methanol and fill the titration 
vessel with HYDRANAL CompoSolver E. However, in this ethanol-based medium, only one portion of 
sample can be titrated in one filling of working medium. 
 
 
Volumetric procedure 
 
Fill the titration vessel with 30 mL HYDRANAL Methanol Dry, HYDRANAL Methanol Rapid or 
HYDRANAL CompoSolver E plus 10 mL HYDRANAL Formamide Dry. Heat the vessel (double-walled 
glass cell connected to a thermostat) to 50 °C and titrate to dryness with HYDRANAL Composite 5 
(conditioning mode). 
 
Weigh in a sample of 40 mg exactly (by differential weighing), and titrate the water content with 
HYDRANAL Composite 5. 
 
 
Note 
 
The two-component reagents HYDRANAL Titrant and HYDRANAL Solvent can also be used (with the 
same procedure as described above). 
 
For titer determination, we recommend HYDRANAL Water Standard 10.0. It is liquid and therefore 
easy to handle with syringe and needle. 
 
 
 
Reagents 
 
34806 HYDRANAL Composite 5 
37817 HYDRANAL Methanol Rapid 
34741 HYDRANAL Methanol Dry 
34734 HYDRANAL CompoSolver E 
34724 HYDRANAL Formamide Dry 
 
34801 HYDRANAL Titrant 5 
34800 HYDRANAL Solvent 
 
34849 HYDRANAL Water Standard 10.0 
 
 
Seelze, 30.03.2004 
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Matthias Nold, Product Manager Analytical Standards matthias.nold@sial.com

Andreas Ehlers, Specialist Compliance andreas.ehlers@sial.com

Certified Reference Materials for Substances of Very High Concern (SVHC)

Substances of very high concern (SVHC) are hazardous sub-

stances with serious consequences, i.e. they cause cancer, 

they have other hazardous properties, and/or they remain 

in the environment for a long time, gradually accumulating 

in animals. The criteria for SVHC are described in REACH 

(Registration, Evaluation, Authorization and Restriction of 

Chemicals), Article 57. It can be proposed that their use be 

subject to authorization under the REACH regulation within 

the European Union. The decision to add a substance to the 

SVHC candidate list is made by national REACH Competent 

Authorities, or by the European Chemicals Agency (ECHA) 

at the request of the European Commission (EC). All suppli-

ers of industrial goods must inform the ECHA if an article 

contains more than 0.1% (w/w) of SVHCs. The SVHC candi-

date list currently contains 138 different chemicals and is 

regularly updated by the ECHA.

Chemicals on the SVHC candidate list are candidates for inclu-

sion in Annex XIV of REACH. In this case, a substance is given a 

“last application date” (by this date, any application for an 

authorization must be submitted to the ECHA) and a “sunset 

date” (from this date on, the substance’s use will be prohibited 

unless an authorization has been granted for that use).

Since suppliers must be able to show that their articles do 

not contain more than 0.1% of any compound on the SVHC 

candidate list, the availability of reliable analytical methods is 

crucial. However, the best analytical method is only as good 

as the reference material used for calibration. Ideally, a certi-

fied reference material is traceable back to a CRM from an 

internationally recognized metrological institute (i.e. a NIST 

SRM or BCR CRM) and hence to SI. But for organic com-

pounds, it is not always easy to achieve traceability, because 

in many cases, no corresponding certified reference material 

issued by an NMI exists.

The Sigma-Aldrich site in Buchs (Switzerland) has achieved 

double accreditation to ISO/IEC 17025 and ISO Guide 34 for 

the certification of organic CRMs (TraceCERT®) using quan-

titative NMR. Since quantitative NMR is a direct relative 

method, quantitative comparison of two molecules with 

different chemical identity is possible. Therefore no NIST 

SRM of the same chemical identity is needed to assign a 

traceabe value.

As part of our CRM portfolio of organic TraceCERT, we are 

working on a complete offering of NIST SRM traceable CRMs 

for SVHCs. Below you will find a list of the most  recent prod-

uct additions. For the complete and up-to-date list of organic 

TraceCERT products, please visit 

sigma-aldrich.com/organiccrm

For more information about Sigma Aldrich’s highly developed 

competence in performing quantitative NMR measurements 

with a stunningly high precision, please refer to the article on 

page 8 of this issue.

Cat. no. Brand Product Package size Comment

08267 Fluka Acrylamide 100 mg Candidate list

07671 Fluka Anthracene 100 mg Candidate list

42438 Fluka Benzyl butyl phthalate (BBP) 50 mg Latest application date: 21.8.2013; sunset date: 21.2.2015

18281 Fluka Dibutyl phthalate (DBP) 50 mg Latest application date: 21.8.2013; sunset date: 21.2.2015

43540 Fluka Diisobutyl phthalate (DIBP) 100 mg Candidate list

01913 Fluka 2-Ethoxyethyl acetate 100 mg Candidate list

67261 Fluka Bis (2-ethyl(hexyl)phthalate) (DEHP) 100 mg Latest application date: 21.8.2013; sunset date: 21.2.2015

30899 Fluka 1,2,3-Trichloropropane 100 mg Candidate list

Table 1 TraceCERT CRMs for SVHCs

Figure 1 Chemical Structures of SVHC TraceCERT CRMs
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BA Benzoic acid

KHP Potassium hydrogen phthalate

MA Maleic acid

DNB Dinitro benzoic acid

DMSO2 Dimethyl sulfone

NIST-KHP

NIST-BA2

NIST-BA1

SI

DMSO2 BA

DNBMA

99.751

0.085

99.806

0.079

99.420

0.109

99.643

0.151

99.658

0.13199.733

0.146

99.734

0.165

99.818

0.088

99.642

0.123

99.732

0.155

sigma-aldrich.com/standards
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Alex Rück, Senior Scientist R&D Europe alexander.rueck@sial.com

 Christine Hellriegel, Senior Scientist R&D Euorpe christine.hellriegel@sial.com

 Michael Weber, Senior Manager Marketing and R&D michael.weber@sial.com

Quantitative NMR: A Highly Accurate, Traceable and Robust Method for the  
Purity Determination of Organic Substances with Uncertainties < 0.1%

Quantitative NMR has several advantages as compared to 

other analytical techniques, especially its outstanding 

insensitivity to impurities. As long as at least one sample 

signal is pure, the measurement result is not affected by any 

impurities in the sample. The intensity of the NMR signal is 

directly proportional to the number of protons that are giving 

rise to the signal [1]. The quantification is done by measuring 

the sample peak area of interest with respect to a signal which 

comes from an arbitrary internal standard that is traceable 

to an SI unit. This can be a primary calibrator (e.g. an interna-

tionally accepted reference material) or a suitable calibrator 

that is traceable to a primary standard. Sigma-Aldrich cur-

rently provides a set of 13 of these calibrators with assigned 

purity as mass fraction (see Table 1).

As a consequence for NMR quantification, it is not necessary 

to have a reference standard available which is of the same 

chemical structure as the sample and, therefore, a direct 

traceability to a small set of reference standards can be 

achieved [2, 3].

Usually, the purity of organic substances is measured by 

HPLC or GC. Thus, the chromatographic purity corresponds 

to the area percentage of the detected signals. This proce-

dure neglects the fact that different substances may cause 

different intensities. Furthermore, not all impurities will 

reach the detector or be seen by it, so the chromatographic 

purity can be very different from the true content. To over-

come this problem, it is possible to run the same chromato-

gram first with a pure standard of the same substance. 

However, as organic molecules are endless in number, it is 

often difficult to find a suitable chromatography standard 

at all.

Validation of qNMR Measurement Results 

In order to show the robustness of qNMR results, we set up 

the following experiment (Figure 1). Maleic acid (MA) was 

chosen as a (secondary) calibrator and its purity (expressed 

as mass fraction) was quantified by 1H-qNMR with respect 

to three different (primary) reference materials: NIST SRM 

350b Benzoic acid (NIST-BA1), NIST SRM 39j Benzoic  

acid (NIST-BA2), and NIST SRM 84k Potassium hydrogen  

phthalate (NIST-KHP).

Exp. A: MA was quantified using NIST-BA1 as primary 

calibrator

Exp. B: MA was quantified using NIST-BA2 as primary 

calibrator

Exp. C: MA was quantified using NIST-KHP as primary  

calibrator

Figure 1 Validation of qNMR Measurement Results for the Certification of Maleic Acid Purity Through Six Different Traceability Chains. 

Upper values refer to the assigned purity expressed as mass fraction in %, lower values refer to the corresponding expanded absolute 

uncertainty of the mass fraction value in % (k=2). The six different values assigning a purity value for MA are given in bold face.  

The comparability of these six measurement results is further illustrated in Figure 2.
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Three independent, different values for the mass fraction of 

MA were obtained, whereby “value” always describes the 

assigned purity expressed as mass fraction including its 

expanded uncertainty at the 95% confidence level (k = 2). 

Based on these values, the MA was then taken as the cali-

brator for the following measurement series:

Exp. D: DNB was quantified using MA as calibrator. Then 

DNB was taken as the calibrator for BA. Finally, BA was taken 

as the calibrator for MA.

Exp. E: DNB was quantified using MA as calibrator. Then 

DNB was taken as the calibrator for DMSO2. Finally, DMSO2 

was taken as the calibrator for MA.

Exp. F: DNB was quantified using MA as calibrator. Then 

DNB was taken as the calibrator for BA. Then BA was taken 

as the calibrator for DMSO2. Finally, DMSO2 was taken as 

the calibrator for MA.

Six different mass fraction values for the same MA were 

observed in this study, with three of the results coming 

from a direct comparison measurement to a primary cali-

brator (Exp. A to C), two of the results were generated by a 

three-step comparison measurement (Exp. D and E), and 

one result was observed from a four-step comparison mea-

surement (Exp. F). All six results show full consistency in 

terms of the overlapping of the uncertainty budgets with 

all the other mean values (Figure 2). The relative standard 

deviation of the six mean values from Exp. A to F is 0.04% 

and all the six measurement results are covered within a 

range of +/- 0.05%. Of course, the measurement uncertain-

ties of Exp. A to F are different, with the direct measure-

ments (Exp. A to C) showing the lowest uncertainties (all 

below 0.09% relative). Due to uncertainty propagation, the 

uncertainty values are higher for Exp. D to F, with Exp. F 

comprising four comparison measurements and therefore 

showing the highest uncertainty. Nevertheless, Exp. F 

shows the enormous potential of the 1H-qNMR method. 

The content of MA was confirmed within an expanded rela-

tive standard uncertainty of less than 0.2%, although this 

value was generated over a series of four comparison mea-

surements using three intermediate references.

Summary

The results show that 1H-qNMR, combined with metrological 

weighing, can be optimized to obtain results to certify the 

purity of organic reference materials (expressed as mass 

fraction) with less than 0.1% relative expanded uncertainty 

for a 95% confidence interval (k = 2). For this reason, the 

authors decided to call this approach “High-performance 

qNMR” (HP-qNMR®) [4]. The validity, accuracy, and robustness 

of the technique were proven by a series of experiments. The 

purity of MA was determined by six different 1H-qNMR 

measurement series and all results showed full consistency. 
1H-qNMR measurement results are directly traceable to a 

variety of internationally accepted primary reference mate-

rials and, therefore, traceability to SI units is obtained.

References:

[1] Jancke, H. (1998) CCQM/98 98:1-12.

[2] Malz, F., Jancke, H., J. Pharm. Biomed. Anal. 38 (2005) p 813–823.

[3] Al-Deen, T.S., Hibbert, D.B., Hook J.M., Wells, R.J. (2004) Accred 

Qual Assur 9:55-63.

[4] Weber ,M., Hellriegel, C., Rück, A., Sauermoser, R., Wüthrich, J. 

(2013) Accred Qual Assur, (online).

Cat. no. Package size Substance name Chemical shift δ (ppm)

03826 1 g Calcium formate 7.6

06185 1 g Benzoic acid 8.3 – 7.3

06856 1 g Duroquinone 1.8 – 2.2

07038 1 g Dimethyl terephthalate 8.1 + 3.9

14659 1 g Potassium phthalate monobasic 8.3 – 7.0

15639 1 g 3,5-Dinitrobenzoic acid 9.2 – 8.8

40384 1 g 1,2,4,5-Tetrachloro-3-nitrobenzene 8.7 – 7.6

41867 1 g Dimethyl sulfone 3.0

42582 1 g Ethyl 4-(dimethylamino)benzoate 7.8 + 6.7 + 4.3 + 3.0 + 1.3

55177 1 g Benzyl benzoate 5.4 (CH2 only)

74658 1 g 1,2,4,5-Tetramethylbenzene 6.9 + 2.2

89151 1 g Dimethylmalonic acid 1.4 – 1.3

92816 1 g Maleic acid 6.3

Table 1 1H-qNMR Standards Measured under ISO/IEC 17025 and ISO Guide 34 Accreditation. Chemical shifts may slightly vary depending on 

the experimental conditions.

Figure 2 Comparison of Six Different Purity Results (expressed as mass fraction, %) of Maleic 

Acid. These data refer to the experiments described in Figure 1 for measuring the purity of MA 

by different traceability chains.
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Probably ever since the beginning of sports competitions, 

performance-enhancing drugs have been used to gain an 

advantage over the opponent. 

The best known doping substances are anabolic steroids, 

which are used to increase muscle mass and bone density. 

However, they also cause several unwanted side effects 

including high blood pressure, liver damage and heart 

damage.

SARMs (Selective Androgen Receptor Modulators) are a class 

of drugs that have been developed by the pharmaceutical 

industry in order to selectively address androgen receptors 

in different tissues. They are intended to be used for treating 

osteoporosis, cachexia, or for reversing muscle sarcopenia in 

the elderly. The main advantage of the SARMS drugs, com-

pared to anabolic steroids, is that they can be dosed orally 

and long-term use does not result in liver damage. 

Due to their anabolic effects, SARMs have a very high 

potential for abuse as sports drugs [1] and they have there-

fore been included in the prohibited list issued by of WADA 

(World Anti Doping Agency) [2].

Sigma-Aldrich is introducing a first series of analytical stan-

dards of SARMs for forensic analysis including Andarine, 

Ostarine, LGD2226 and GW1516. 

To get e complete list of analytical standards for doping 

substances available at Sigma-Aldrich, please visit 

sigma.aldrich.com/doping

References:

[1] Thevis, Mario; Schaenzer, Wilhelm, Spectroscopy Europe 

(2010), 22(4), 6, 8, 10 –11.

[2] www.wada-ama.org

New Analytical Standards for Selective Androgen Receptor Modulators (SARMs)

Matthias Nold, Product Manager, Analytical Standards matthias.nold@sial.com

sigma-aldrich.com/doping

Cat. no. Brand Product Synonym Package size

68114 Fluka (S)-3-(4-Fluorophenoxy)-2-hydroxy-2-methyl-N-(4-nitro-3-trifluoromethylphenyl)propionamide 25 mg

96677 Fluka (R)-3-(4-Fluorophenoxy)-2-hydroxy-2-methyl-N-(4-nitro-3-trifluoromethylphenyl)propionamide 25 mg

68722 Fluka (R)-3-(4-Acetylaminophenoxy)-2-hydroxy-2-methyl-N-(4-nitro-3-trifluoromethylphenyl)propionamide 25 mg

78986 Fluka (S)-3-(4-Acetylamino-phenoxy)-2-hydroxy-2-methyl-N-(4-nitro-3-trifluoromethyl-phenyl)-propionamide Andarine, S-4 25 mg

43974 Fluka (S)-3-(4-Cyano-phenoxy)-2-hydroxy-2-methyl-N-(4-cyano-3-trifluoromethyl-phenyl)-propionamide Ostarine 25 mg

55939 Fluka (S)-N-(4-Cyano-3-trifluoromethylphenyl)-3-(3-fluoro-4-chlorophenoxy)-2-hydroxy-2-methyl-propionamide S-23 25 mg

79260 Fluka (S)-3-(4-Chloro-3-fluoro-phenoxy)-2-hydroxy-2-methyl-N-(4-nitro-3-trifluoromethyl-phenyl)-propionamide S-6 25 mg

75312 Fluka (R)-3-(4-Chloro-3-fluorophenoxy)-2-hydroxy-2-methyl-N-(4-nitro-3-trifluoromethylphenyl)propionamide 25 mg

49973 Fluka (R)-3-(4-Cyanophenoxy)-N-[4-cyano-3-(trifluoromethyl)phenyl]-2-hydroxy-2-methylpropionamide 25 mg

93746 Fluka 2-Methyl-2-[8-nitro-3a,4,5,9b-tetrahydro-3H-cyclopenta[c]quinolin-4-yl]propan-1-ol 25 mg

07682 Fluka 6-[Bis(2,2,2-trifluoroethyl)amino]-4-(trifluoromethyl)-2(1H)-quinolinone LGD2226 25 mg

43732 Fluka {2-Methyl-4-{{4-methyl-2-[4-(trifluoromethyl)phenyl]-5-thiazolyl}methylthio}phenoxy}acetic acid GW1516

GW501516

25 mg

06595 Fluka 5-Aminoimidazole-4-carboxamide-1-β-D-ribofuranosyl 5´-monophosphate AICAR 25 mg

Table 1 New Analytical Standards for Selective Androgen Receptors (SARMs) Available at Sigma-Aldrich
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Figure 1 Chemical Structures of SARMs available at Sigma-Aldrich
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Matthias Nold, Product Manager, Analytical Standards matthias.nold@sial.com

Analytical Standards for Ginseng and other Medicinal Plants

Belonging to the plant genus panax, gin-

seng is one of the most well-known 

herbal medicines. It has been used in 

traditional Chinese medicine for centu-

ries, but has also become very popular 

in the Western world. Medicines gained 

from the ginseng root are used in the 

treatment or prevention of many 

health problems, including anxi-

ety, asthma, diabetes, head-

ache, stress, depression, and 

erectile dysfunction, among 

many others. 

The unique compounds of 

panax  are saponin tr i ter-

penoid glycosides, called gin-

senosides . Their potential 

effects in humans are being 

studied intensively. Figure 1 

shows the chemical structures 

of two ginsenosides as exam-

ples. Sigma-Aldrich recently  

added several new analytical  

s t an dards  o f  g ins en os id es  

(sigma-aldrich.com/panax).

An ef fective quality control of 

h e r b a l  m e d i c i n a l  p r o d u c t s 

requires the availability of analyti-

cal standards of active ingredi-

ents and marker substances of 

medicinal plants. Sigma-Aldrich 

is continuously expanding its 

corresponding product offering. 

A complete listing can be found at 

sigma-aldrich.com/medicinalplants ordered alphabeti-

cally, by substance class and by genus of a large number of 

medicinal plants. On the right, you will find a list of the most 

recent analytical standards for ginseng (Table 1) and for 

other herbal medicines (Table 2).

Cat. no. Brand Description Pack size

41868 Fluka Ginsenoside Rb2 10 mg

42635 Fluka Ginsenoside Rb3 10 mg

01518 Fluka Ginsenoside Rd 10 mg

03000590 Fluka Ginsenoside Re 10 mg

01580590 Fluka Ginsenoside Rf 10 mg

08171 Fluka Ginsenoside Rg2 10 mg

64139 Fluka Ginsenoside Rg3 10 mg

56805 Fluka Ginsenoside Rh1 10 mg

77089 Fluka Notoginsenoside R1 10 mg

68790 Fluka Protopanaxadiol 50 mg

42476 Fluka Protopanaxatriol 10 mg

67530 Fluka Pseudoginsenoside F11 10 mg

Table 1 New Analytical Standards for Active Ingredients of the 

Plant Genus Panax (Ginseng)

Cat. no. Brand Description Pack size

05506 Fluka Anacardic Acid 10 mg

55812 Fluka Arjungenin 5 mg

49702 Fluka Carnosol picrosalvin 10 mg

75541 Fluka β-Caryophyllene 1 mL

00998 Fluka Epiquinidine 50 mg

89457 Fluka Epiquinine 50 mg

80352 Fluka (-) Gallocatechin 3-gallate 10 mg

69311 Fluka (-) Quinine 50 mg

76511 Fluka trans-Resveratrol 100 mg

50351 Fluka Senecionine 5 mg

73913 Fluka Seneciphylline 5 mg

Table 2 New Analytical Standards for Active Ingredients of Herbal 

Medicinal Drugs

sigma-aldrich.com/medicinalplants

Figure 1 Chemical Structures of Ginsenosides Rb2 and Rg2
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The U.S. Food and Drug Administration (FDA), United States Pharmaco-

peia (USP), and European Pharmacopoeia (EP) all recognize the use of 

secondary standards, or working standards, which are established with 

reference to the corresponding primary standard (references available 

upon request). With our product line of certified Fluka/Sigma-Aldrich 

RTC pharmaceutical secondary standards, Sigma-Aldrich provides phar-

maceutical laboratories and manufacturers with a convenient and cost 

effective alternative to pharmacopeial primary standards. 

The most important product features are:

 Traceability to United States Pharmacopeia (USP) and (if available) 

also to European Pharmacopoeia (EP) and British Pharmacopoeia (BP) 

standards

 Analysis performed on instruments validated according to GMP 

using pharmacopeia monograph methods

New Pharmacopeia-Traceable Secondary Standards

Pat Brumfield, Product Manager Sigma-Aldrich RTC patrick.brumfield@sial.com 

Matthias Nold, Product Manager, Analytical Standards matthias.nold@sial.com

Traceable to
Cat. no. Description Package size USP# EP# BP#

PHR1256 Abacavir sulfate 500 mg 1000408 Y0001561 

PHR1253 Acarbose 500 mg Y0000500 

PHR1266 Acesulfame potassium 500 mg 1002505 A0070000 

PHR1219 Acetone 3x1.5 mL 1006801

PHR1254 Acyclovir 1 g 1012065 A0220000 438

PHR1212 Anisole 3x1.2 mL 1037011

PHR1296 Bifonazole 1 g B1110000 

PHR1306 3-tert-Butyl-4-hydroxyanisole 500 mg 1083100

PHR1304 Butylated hydroxyanisole 1 g B1212000 

PHR1307 Captopril 1 g 1091200 C0430000 538

PHR1265 Carvedilol 1 g 1096622 Y0001427 

PHR1258 Chloroquine phosphate 1 g 1118000

PHR1284 Chlorpropamide 1 g 1126009 C1905000 

PHR1300 Dequalinium chloride 500 mg D0430000 

PHR1220 Diethanolamine 3.2 mL 1192808

PHR1309 Dimethyl sulfoxide 3 g 1211006 D2050000

PHR1289 Enalapril maleate 1 g 1235300 E0109000 741

PHR1246 Fenofibrate 500 mg 1269447 F0048000 

PHR1243 Gaunine 500 mg 1302156 879

PHR1286 Gemfibrozil 1 g 1288500 Y0000513 363

PHR1288 Gliclazide 1 g G0326000 368

PHR1197 Iminostilbene; Carbamazepine Related Compound B 500 mg 1093023

PHR1247 Indomethacin 500 mg 1341001 I0200000 

PHR1257 Lidocaine hydrochloride 500 mg L0600000 214

PHR1244 Lindane 500 mg 1367504

PHR1248 Maltitol 500 mg 1374907 M0160000 

PHR1241 L-Methionine 1 g 1411504 M0960000 

PHR1223 2-Methylpyrazine 500 mg Y0001376 

PHR1249 Phenacetin 1 g 1513005

PHR1301 2-Phenylbenzimidazole-5-sulfonic acid (Ensulizole) 1 g 1530809

PHR1278 Potassium sorbate 1 g 1548407 P2650000 

PHR1250 Povidone 500 mg 1551503 P2660000 

PHR1252 Procainamide hydrochloride 500 mg 1563502 P3050000 

PHR1308 Propranolol HCl 1 g 1576005 P3500000 

PHR1279 Sodium ascorbate 1 g 1613509 Y0000039 

PHR1305 Sodium dodecylbenzene sulfonate 1 g 1623637

PHR1298 Terbinafine hydrochloride 1 g 1643496 Y0000535 

PHR1259 Thiabendazole 500 mg 1655000 T1410000 

PHR1242 L-Threonine 500 mg 1667202 T1340000 

PHR1303 3,4,4` Trichlorocarbanilide (Triclocarban) 500 mg

PHR1245 Vanillin 1 g 1710006 V0050000 

PHR1280 Xylitol 1 g 1720600 X0080000 

 Certified purity value according to ISO Guide 34 and ISO 17025  

using mass balance approach

 Comprehensive certificate according to ISO Guide 31

The values on the certificate are always traceable to the current Pharma-

copeial lots. If a valid Pharmacopeial lot changes, then the correspond-

ing Fluka/Sigma-Aldrich RTC Pharmaceutical Secondary Standard would 

be recertified with traceability to the new lot and a new certificate 

would be made available online. For this reason, the valid certificate 

always needs to be downloaded.

Below, you will find a list of the most recent product additions. For more 

information, a complete product list, or for downloading or ordering a bro-

chure, please visit our Website at sigma-aldrich.com/pharmastandards

sigma-aldrich.com/pharmastandards
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The manufacturing of pharmaceutical ingredients and dos-

age forms often employs the use of organic solvents. Since 

it is sometimes difficult or impractical to remove all traces 

of these solvents from finished pharmaceutical products, 

specifications for allowable residual amounts and methods 

for their measurement are necessary to protect against 

potential adverse effects in patients.

The ICH guideline, Impurities: Guideline for Residual Sol-

vents Q3C(R5) establishes a classification of Residual Sol-

vents by risk assessment and a methodology for establish-

ing limits. Target Residual Solvents are classified as Class 1, 

Class 2, or Class 3, with Class 1 being the most toxic and 

Class 3 being the least toxic. Analytical methods for the 

measurement of Residual Solvents have been developed 

by the Pharmacopeia and can be found in:

 General Chapter <467>, United States Pharmacopeia

 General Method 2.3.24, European Pharmacopoeia

Residual Solvents in Pharmaceutical Preparations

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

sigma-aldrich.com/pharmaimpurities

Sigma-Aldrich offers Fluka brand Certified Reference Mate-

rials (CRMs) for the analysis of Residual Solvents. These 

CRMs are Secondary Pharmaceutical Reference Standards 

and are traceable and qualified against the corresponding 

Pharmacopeial standards. A comprehensive Certificate of 

Analysis offers details of the methodology and results of 

the qualification. 

Cat. no. Description Package size

PHR1063 Residual Solvents Mixture – Class I 3x1.2 mL 

PHR1064 Residual Solvents Mixture – Class IIa 3x1.2 mL 

PHR1065 Residual Solvents Mixture – Class IIb 3x1.2 mL 

PHR1066 Residual Solvents Mixture – Class IIc 3x1.2 mL 

PHR1170 Residual Solvent – Methanol 3x1.2 mL 

PHR1171 Residual Solvent – Methylene chloride 3x1.2 mL 

Table 1 Residual Solvents CRMs offered by Sigma-Aldrich

Other single-analyte Residual Solvent standards may be 

available on request.

Please find a complete product overview at 

sigma-aldrich.com/crm
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Performance Tested Solvents and Additives for UHPLC Applications

Rudolf Köhling, LC-MS Application Scientist rudolf.koehling@sial.com

sigma-aldrich.com/uhplc-ms

Recent innovations in HPLC and mass spectrometry (MS), 

including Fused-CoreR particles and ultra high perfor-

mance/pressure liquid chromatography (UHPLC) systems, 

have increased the maximum speed (throughput), effi-

ciency, and sensitivity. These advances allow quality ana-

lytical data from HPLC and LC/MS experiments. 

However, the solvents and additives used for mobile 

phases, sample preparation, and sample dissolution are 

also critical components of the system. Their influence on 

reducing background noise and baseline instability, extend-

ing column lifetime, and maintaining system integrity cannot 

be overlooked. These solvent-related issues as they apply to 

UHPLC are discussed in this article.

Issues Related to Solvent-Derived Impurities

Background noise is typically caused by Impurities in the 

mobile phase. Different impurities, organic and inorganic, 

can enter the system in many ways, such as inherent pres-

ence in the solvents and additives and by leaching from 

system components (bottles, tubes, valves, vials, etc.). 

When selecting a solvent for a sensitive analysis by UHPLC 

or HPLC, the following considerations are important:

1. Baseline under gradient elution 

2. Impurities (types and concentrations)

3. Concentration of impurities under weak gradient condi-

tions, with resulting elution later in the chromatogram 

or subsequent runs

4. Reduction of system down-time for cleaning
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Experimental problems due to impurities can be significantly 

diminished, if not eliminated entirely, by using the new LC-MS 

Ultra CHROMASOLV grade solvents. These solvents are 

tested for performance in UHPLC gradient separations, as 

well as UV and positive and negative ion mode MS detection. 

Ultra Solvent Highlights and Performance Testing:

Gradients test: the new LC-MS Ultra CHROMASOLV grade 

solvents have extremely low total UV baseline drift com-

pared to classical LC-MS grade and gradient-grade acetoni-

trile (see Figure 1). It demonstrates the following perfor-

mance highlights:

 Drift at 210 nm is below 8 mAU for acetonitrile. 

 Significantly lower baseline and fewer minor peaks.

Purity 

Salt impurities, e.g. organic acids, cause UV absorption and 

increase the UV drift. Consequently, these salts influence 

the MS noise and cause additional signals by cluster forma-

tion. The Ultra grade shows significantly reduced impurities 

as evident from the low UV absorption and reduced MS 

noise, particularly in the Electrospray Ionization ESI(-) mode  

(Figure 2). The ESI(-) mode is particularly sensitive to  

such impurities. Standard HPLC gradient-grade solvents  

or LC-MS grade solvents are generally not tested under  

these conditions.

Finally, special gradient tests for UV and MS are designed for 

UHPLC separations with short columns, typically 5 cm to 

-2.5
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Figure 1 UV Baseline UV Drift of the Solvent Baseline resulting from a Gradient Application of LC-MS Ultra CHROMASOLV Acetonitrile/Water 

(red) Compared to LC-MS-Grade Acetonitrile/Water (blue)
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Cat. no. Brand Name Description Package Size

14261 Fluka® Acetonitrile LC-MS Ultra CHROMASOLV, ≥99.9%, gradient tested for UHPLC, UV & MS 1 L, 2 L

14262 Fluka Methanol LC-MS Ultra CHROMASOLV, ≥99.9%, gradient tested for UHPLC, UV & MS 1 L, 2 L

14263 Fluka Water LC-MS Ultra CHROMASOLV, gradient tested for UHPLC 1 L, 2 L

14264 Fluka Trifluoroacetic acid LC-MS Ultra eluent additive, ≥ 99.0% suitable for UHPLC-MS 1 mL, 2 mL

14265 Fluka Formic acid LC-MS LC-MS Ultra eluent additive, ≥ 98% suitable for UHPLC-MS 1 mL, 2 mL

14266 Fluka Ammonium formate LC-MS Ultra eluent additive, suitable for UHPLC-MS 25 g

14267 Fluka Ammonium acetate LC-MS Ultra eluent additive, suitable for UHPLC-MS 25 g

Table 1 LC-MS Ultra CHROMASOLV Solvents and LC-MS Ultra Eluent Additives.

Figure 2 Average ESI(-) Mass Spectra of the LC/UV/MS Data Shown in Figure 1 

Figure 3 Improved Testing with Very Low Noise Limits and Short UHPLC Columns at High Flow Rates. The average spectra  

should not contain higher signals than the internal standards ([M+H]+ for reserpine and [M-H]-, [M+HCOO]- for digoxin).

10 cm in length. High flow rates permit detection of as many 

impurities as possible in short run times. MS experiments are 

performed in both ESI(-) and ESI(+) modes. The signal height 

of 5ppb reserpine and 20ppb digoxin standards, respec-

tively, are used as threshold for noise and impurity signals. At 

these low levels, this experimental set-up should cover the 

demands of most trace analyses (Figure 3). 

These detection limits differ considerably from standard 

HPLC gradient or LC-MS grade solvents, and pay tribute to 

the higher demands of UHPLC. In particular, the improve-

ments in detection systems (UV, MS) reveal even the small-

est amounts of impurities. In order to obtain very low 

detection limits, reliable instrument performance, and to 

lessen the amount of system maintenance, it is important 

to always use the highest quality solvent. The LC-MS Ultra 

CHROMASOLV meets and exceeds these criteria for UHPLC 

gradient separations in UV, as well as positive and negative 

ion mode MS detection.

With high sensitivity, efficiency and throughput in UHPLC 

and high-efficiency HPLC and LC-MS techniques, it is critical 

to use high purity solvents and additives that are carefully 

developed and tested to meet the performance demands 

of these systems. Fluka’s new LC-MS Ultra CHROMASOLV 

grade solvents fulfill these requirements.
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Cat. No. Brand Product Name Abbreviation BP Pack size

NEW 80708 Fluka Benzyl alcohol, for GC-HS BA 205 °C 1 L

44901 Fluka N,N-Dimethylacetamide, for GC-HS DMA 166 °C 1 L

51781 Fluka N,N-Dimethylformamide, for GC-HS DMF 153 °C 1 L

67484 Fluka 1,3-Dimethyl-2-imidazolidinone, for GC-HS DMI 225 °C 100 mL, 1 L

51779 Fluka Dimethyl sulfoxide, for GC-HS DMSO 189 °C 1 L, 2.5 L

69337 Fluka 1-Methyl-2-pyrrolidinone, for GC-HS NMP 202 °C 1 L

53463 Fluka Water, for GC-HS - 100 °C 1 L

Product Table Solvents for GC Headspace Analysis

New Headspace-Grade Solvents
– for the Analysis of Organic Volatile Impurities

GC-HS is a relatively straightforward technique; the method-

ology, as it applies to residual solvents in pharmaceuticals, is 

described and validated in specific monographs [1–3]. 

These guidelines recommend both the types of solvents 

and the acceptable levels of residual solvents in pharmaceu-

ticals and formulations to help ensure consumer safety.

New Headspace-Grade Solvents

When developing a GC-HS method, such parameters as 

sample solvent, extraction temperature, extraction time, 

sample volume, and headspace volume are optimized. 

Because the composition and purity of the sample solvent 

have significant effects on the recovery and quality of the 

chromatogram (see Figure 1), we have developed solvents 

specifically for GC-HS applications. Their purity and hand-

ling specifications meet the requirements of European 

Pharmacopoeia (Ph.Eur.) and United States Pharmacopoeia 

(USP), as well as ICH guidelines. The new GC-HS line includes 

water and three of the most commonly used organic sol-

vents: dimethyl sulfoxide (DMSO), N,N-dimethylformamide 

(DMF) and N,N-dimethylacetamide (DMA). N,N-dimethyl-

formamide and dimethyl sulfoxide are specified in Ph.Eur. 

and USP for water-insoluble substances. Water is the pre-

ferred solvent for water-soluble samples, as described in 

Ph.Eur. and USP monographs. All solvents are microfiltered 

at 0.2 μm and packed under inert gas for longer shelf life.

References

[1] United States Pharmacopeia, 31st Edition (2008), <467> 

Residual Solvents.

[2] Ph.Eur. 6.0 (2008) Method 2.4.24, Identification and control  

of residual solvents.

[3] ICH Guideline Q3C, Impurities: Guideline for Residual 

Solvents, The Fourth International Conference on 

Harmonization, (July 17, 1997).

 

For more information, please visit our Website 

sigma-aldrich.com/gc-hs

Static headspace GC (GC-HS) is a technique used to concen-

trate volatile analytes prior to analysis. It can improve detec-

tion of low levels of volatile analytes and minimizes matrix 

interference by eliminating the need to inject the sample 

directly. An important application of GC-HS is for the deter-

mination of residual volatile organic impurities in active 

drug substances or excipients in drug formulations. Other 

consumer-oriented applications include the detection of 

residual solvents in foods, dietary supplements, and pack-

aging materials.

Michael Jeitziner, Market Segment Manager Analytical Reagents & Standards michael.jeitziner@sial.com

Figure 1 Headspace Gas Chromatogram of Two DMSO Grades: 

GC-HS grade (black trace) and conventional grade (red trace) [2]
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Headspace-Grade N,N-Dimethylacetamide for OVI Analysis

Contributed article

Melissa Grella, PhD and Mark Shapiro

PharmaCore, Inc. High Point, NC

Introduction

GC headspace analysis for residual solvents in pharmaceuti-

cals is an established practice. ICH guidelines for Class 3 sol-

vents, where permissible levels and thus responses are less 

strict, tend to be the most forgiving when it comes to inter-

fering peaks in the baseline. However, when analyses are 

performed on low-responding Class 2 solvents like dimethyl-

formamide, chloroform, or dichloromethane, or on Class 1 

solvents, any peaks in the baseline may present analytical 

issues. For these reasons, many chromatographers prefer to 

employ the most pure diluents for developing and validating 

their GC headspace residual-solvents methods. One of the 

most commonly used diluents for GC headspace residual 

solvent analysis is n, n-dimethylacetamide (DMA). We under-

took to compare in our laboratory two different sources of 

DMA: Aldrich/Fluka #44901 (GC-HS Grade) and another high-

quality DMA from a leading supplier.

Experimental

The following chromatographic conditions were employed 

for this study. Three separate determinations of each DMA 

material were made.

Shyam Verma, Market Segment Manager Analytical Reagents shyam.verma@sial.com

sigma-aldrich.com/gc-hs

Results

The chromatograms in Figure 1 clearly demonstrate the 

superior quality of the Aldrich/Fluka #44901 DMA. The 

other high-quality DMA contains several peaks that could 

interfere with residual-solvent peaks of interest. These 

potentially troublesome peaks at RTs ca. 3.5 min, 4.4 min, 

5.4 min, 8.0 min, and 9.8 min are absent in the Aldrich/

Fluka DMA #44901.

Conclusion

Our laboratory has chosen to use Aldrich/Fluka #44901 

DMA for our GC Headspace residual-solvent methods 

development/validation exercises and routine release 

methodology where DMA is the preferred sample diluent.

 Column DB-624, 30 m, 0.25 mm I.D., 1.4 μm film thickness
 Oven Initial Rate Final Hold Total 
  Temp (°C) (°C/min) Temp (°C) Time Time (min)
  35 --- 35 6.00 ---
  35 5.00 150 0.00 29.00
  35 --- 35 3.00 ---

 Inlet Mode: Split
  Split Flow: 10.0 mL/min
  Split Ratio: 6.5:1
  Total Flow: 14.2 mL/min
  Inlet/Column Pressure: 16 p.s.i.
  Temperature: 250 °C
  Run Time: 29.00 min
  Carrier Gas: Helium

 Headspace 
 Autosampler Oven Temperature: 90 °C
  Equilibration Time: 25 min – low shake speed
  Loop Temperature: 130 °C
  Transfer Line Temperature: 155 °C
  GC Cycle Time: 35 min
  Injection Time: 1.0 min
  Injection Volume: 1.0 mL
  Pressurization Time: 0.2 min
  Vial Pressure: 14 psi
  Loop Fill Time: 0.2 min
  Loop Equilibration Time: 0.05 min

 Detector Type: FID
  Temperature: 300 °C

Figure 1 Chromatograms of Two DMA Materials
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Description Pkg. size Cat. no.

Featured Products

N,N-Dimethylacetamide 1 L 44901

Related Products

1,3-Dimethyl-2-imidizolidinone 100 mL, 1 L 67484

Benzyl alcohol 1 L 80708

1-Methyl-2-pyrrolidinone 1 L 69337

Dimethyl sulfoxide 1 L, 2.5 L 51779

N,N-Dimethylformamide 1 L 51781

Water 1 L 53463
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Sigma-Aldrich Provides a Broad Range of 

Flavor and Fragrance Standards for Quality 

Control of Your Food and Cosmetic Products 
Our new portfolio focuses on analytical standards for aroma compounds from the “EU positive list of authorized 

flavoring substances” (EFSA 10/2012). This assortment of 300 products includes allergenic compounds and flavor 

enhancers as well as fragrance substances in cosmetics. All Flavor and Fragrance Standards are listed in alpha-

betical order and by substance classification.

Test your products against our analytical standards to ensure they maintain their high quality! 

Please find our up-to-date product list at sigma-aldrich/flavor 

Superior Derivatization Reagents
Broad offering for accurate analysis on GC, HPLC or TLC

Over 400 Derivatizing Reagents

 Silylation, acylation and alkylation reagents for GC 

 UV/VIS, fluorescent and electrochemical derivatives for HPLC

 Optically pure derivatizing reagent for chiral 

 Derivatizing reagents for TLC applications 

 Accessories for derivatizing reaction

To order your free copy of the New Derivatization Guide, and for product and ordering information,  

visit sigma-aldrich.com/derivatization
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(continued on page 20)

Campylobacter bacteria are a major cause of food-borne diar-
rhea and the most common cause of gastroenteritis worldwide.

The two species Campylobacter jejuni and C. coli are respon-

sible for the majority of human food-borne campylobacteri-

osis. There are other pathogen species C. lari, C. fetus (infect 

reproductive tract), C. upsaliensis and very seldom C. helveti-
cus which can also cause diarrhea [1, 2, 3, 7]. Campylobacter 
are ubiquitous and often found in domestic animals. Because 

of this, they are frequently found in the environment and on 

many raw foods of plant and animal origin. A very high con-

centration of Campylobacter can be found on raw poultry 

meat [4]. The diarrhea is acquired through the consumption 

of contaminated food. Poultry is a major food source of infec-

tion, and infection can occur through the consumption of 

undercooked or raw poultry meat or through cross-contami-

nation of other food products. The symptoms of the disease 

can occur up to two weeks after consuming the contami-

nated food [5]. They usually consist of a fever and general 

feeling of unwellness, which is accompanied or followed by 

abdominal cramps and then watery, sometimes bloody, diar-

rhea [3]. The disease is usually self-limiting after 2–7 days; 

however, in some cases, particularly in the very young, 

elderly or immunocompromised, antibiotic treatment may 

be required. In more severe cases, hospitalization may result.

Camylobacters are able to propel themselves through the 

mucous layer on top of the epithelial cells. Adhesion to the 

surface of the epithelial cells, followed by invasion into the 

cells, is also thought to occur before the onset of diarrhea. 

The production of the cytolethal distending toxin (Cdt) is one 

of the final symptoms. C. jejuni, for example, produce only 

CdtA, B,and C, which seems to be important for cell cycle 

control and induction of host cell apoptosis and has been 

recognized as a major pathogenicity-associated factor [7].

C. jejuni C. coli C. lari C. fetus

Subspecies 

jejuni
Subspecies 

doylei
Subspecies 

fetus
Subspecies 

veneralis
Growth at 25 °C no no no no yes yes

37 °C yes yes yes yes yes yes

42 °C yes no yes yes partial no

Oxidase yes yes yes yes yes yes

Catalase yes yes yes yes yes yes

Nitrate reduction yes no yes yes yes yes

Hippurate hydrolysis yes yes no no no no

Indoxyl acetate hydrolysis yes yes yes no no no

H2S production no no no yes yes no

Antibiotic sensitivity Nalidixic acid S S S R R R

Cephalotin R S R R S S

Penicillin R R R R R S

TTC* R R R S S S

Table 1 Table of Differentiating Characteristics of Campylobacter Species and Subspecies (* triphenyltetrazolium chloride)

Campylobacter: The Major Cause of Food-Borne Diarrhea 

Jvo Siegrist, Product Manager Microbiology ivo.siegrist@sial.com

Campylobacter are Gram-negative, spiral, rod shaped and 

motile bacteria with uni-polar or bi-polar flagella. They are 

microaerophilic, requiring oxygen levels between 2% and 

10% for growth. The size of a cell is roughly 0.2–0.8 x 0.5–5 μm 

and, interestingly, in culture they can undergo morphological 

change from spiral to spherical shape. C. jejuni and C. coli are 

classed as thermophilic campylobacters as they have an 

optimum temperature for growth of 42 °C. Most species, 

especially the pathogenic ones, are catalase- and oxidase-

positive [6], with the exception of the catalase-negative  

C. sputorum, C. concisus, C. mucosalis and C. helveticus. The 

metabolism of Campylobacter is chemo-organotrophic, with 

amino acids and intermediates of the citric acid cycle serv-

ing as energy sources; typical carbohydrates cannot be 

used. Campylobacter reduce nitrate to nitrite, obtaining oxy-

gen for their metabolism by this pathway. These distinctive 

metabolic reactions can be used for the differentiation and 

identification of Campylobacter species (Table 1). Commer-

cially available tests from Sigma-Aldrich appear in Table 2. 

Figure 1 Scanning Electron Micrograph: Campylobacter jejuni, 

Magnified 9,951x. (Source: CDC/ Dr. Patricia Fields, Dr. Collette 

Fitzgerald 2004)
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Figure 2 Schematic Process Flow of the HybriScan® Kit

Description Brand Cat. no.

Campylobacter Test

Catalase Test Fluka 88597

Gram Staining Kit Fluka 77730

Hippurate Disks Fluka 40405

Hydrogen Sulfide Test Strips Fluka 06728

Indoxyl Strips Fluka 04739

Nitrate Reagent A Fluka 38497

Nitrate Reagent B Fluka 39441

Nitrate Reagent Disks Fluka 08086

Oxidase Test Fluka 70439

Oxidase Strips Fluka 40560

Oxidase Reagent acc. Gaby-Hadley A Fluka 07345

Oxidase Reagent acc. Gaby-Hadley B Fluka 07817

Oxidase Reagent acc. Gordon-McLeod Fluka 18502

Table 2 Sigma-Aldrich Tests for Identification and Differentiation of 

Campylobacter (* not available in USA)

Campylobacter are generally very fastidious microorgan-

isms, can often be difficult to isolate, and grow only on 

complex media that has been amended with diverse 

essential amino acids and supplements such as pyruvate, 

-ketoglutarate, hemin, formate and other essential ions. 

For selective isolation of Campylobacter, the growth media 

can be supplemented with antibiotics such as cefoperazone, 

vancomycin, trimethoprim, amphotericin, cycloheximide, 

rifampicin, cefsulodin and polymyxin B sulfate. Typical agars 

and broths used for the detection, identification, differenti-

ation, enumeration and cultivation of Campylobacter are 

listed in Table 3.

The current method used for detection of campylobacters 

from foodstuffs is the EN/ISO 10272-1 method. This method 

relies on homogenization of a known amount of material in 

Bolton broth (BB) with selective supplement and 5% lysed 

horse blood either microaerobically or in a Schott bottle 

filled with Bolton enrichment broth (leaving a gap at the 

top of no more than 2 cm) aerobically at 41.5 °C for 48 

hours. However, in a recent publication (Moran et al. 2009), 

a change to the ISO method was recommended as it was 

found that aerobic incubation during enrichment was not 

very successful in isolation of the organism. Therefore, 

microaerobic enrichment was suggested as the preferred 

method, with incubation for 24 hours being sufficient. Fol-

lowing incubation, a sample of the enrichment broth is 

then plated onto modified charcoal cefoperazone deoxy-

cholate agar (mCCDA, see Figure 2) with the addition of a 

selective supplement. Identification is usually done by col-

ony morphology and speciation by PCR-based methods.
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Description Cat. no. ISO

Nonselective Media

CASO Agar 22095  

CASO Broth 22098  

Columbia Agar 27688  

Nutrient Broth No. 5 78104  

Tryptic Soy Agar 22091  

Tryptic Soy Agar (ready to pour)* 79872  

Tryptic Soy Agar, Vegitone 14432  

Tryptic Soy Broth 43592  

Tryptic Soy Broth 22092  

Tryptic Soy Broth No. 2 51228  

Tryptic Soy Broth, Vegitone 41298  

Campylobacter Selective Media

Blood Free Campylobacter Broth 

(Modified CCD – Preston Broth)

59751  

CCD Selective Supplement 77093

Blood Free Campylobacter Selectivity 

Agar Base (mCCDA)

B2426 10272-1:2006

Blood Free Campylobacter Medium 

Selective Supplement 

74807

Bolton Broth Base 67454 10272-1:2006

Bolton Selective Supplement 40568  

Brucella Broth Base B3051  

Campylobacter Growth Supplement C2847

Campylobacter Selective Agar (Base) 21378  

Park and Sanders Selective Supplement I 17191

Park and Sanders Selective Supplement II 17194  

Karmali Campylobacter Agar (Base) 17152  

Campylobacter Selective Supplement 17780

Nonselective Media for Biochemical Differentiation 

Blood Agar Base No. 2 B1676  

Hippurate Broth 53275  

OF Test Nutrient Agar* 75315  

Selective Media for Biochemical Differentiation 

MacConkey Agar No. 1 70143  

Table 3 Typical Sigma-Aldrich Media for Campylobacter

A further rapid and simple option to screen Campylobacter 
is the detection of specific rRNA. With oligonucleotide 

probes, specific sequences on the rRNA are detected and 

made visible with a sandwich hybridization followed by a 

chromogenic reaction (see Figure 2). It is a very easy 

method and does not need any PCR, is not sensitive to 

sample matrix, and detects only living cells as rRNA is 

destroyed within a few hours. No special expensive equip-

ment is needed and the test is done within approximately 2 

to 2.5 hours. The test format is based on a 96-well micro-

plate with 12 strips of 8 wells, so that small numbers of 

samples can be screened. A positive result is visible to the 

naked eye; however, it is also possible, by a standard micro-

plate reader, to quantify the number of cells at 450 nm. With 

a pre-enrichment step (44 – 48 hours in Bolton broth), a 

sensitivity of 1 CFU/25 g can be reached. The HybriScan®D 

Campylobacter Kit specifically detects the most relevant 

Campylobacter spp. (C. jejuni, C. coli, C. lari, C. upsaliensis). 

HybriScan®D Campylobacter was compared and validated 

(acc. to EN ISO 16140:2003) with the cultivation based 

method according to § 64 LFGB (official method in Germany). 

Five different food categories were tested. The results of the 

validation led to a relative accuracy of 95.2%, a relative speci-

ficity of 97.5%, and relative sensitivity of 93%, respectively.
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Figure 3 Microscopic Fluorescent Green Campylobacter Cell on 

Chicken Skin. (Source Anna Bates, USDA)
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When you first look at them, cuvettes look pretty ordinary, 

but there is actually a lot more to them than meets the eye. 

To make the right product choice, it is important to be 

aware of some key characteristics which are relevant for 

accurate, reliable, and precise measurement results.

Not All Cuvettes Are Created Equal 

Even if they look the same, the differences are in the details, 

which can be critical for accurate measurement results. For 

example, take the windows of a cuvette – excellent ones 

are planar to less than 0.001 mm (1 μm). Just as important is 

the parallelism of the two window surfaces relative to one 

another. However, in the filled cuvette, the effect of possible 

uneven interior surfaces is compensated for if the liquid 

inside has a refractive index similar to glass. The only 

remaining question left is how much an even wave is 

deformed by passing through the cuvette. Hellma Analytics 

standard cuvettes are manufactured with the greatest pre-

cision, so that the frontal deformation of the wave is under 

4 λ (wavelength) which works out at 0.001 mm (1 μm) if λ 

equals 546 nm. The flatness control shows that Hellma Ana-

lytics cuvettes are setting the benchmark (see Figure 1, and 

Figure 2 for a competitor’s cuvette). Ultimately, to be sure to 

get reliable, reproducible, and accurate measurements, it is 

important to use precisely manufactured cuvettes.

More Than Meets the Eye: High-Quality Cuvettes for UV/Vis/NIR Spectroscopy 

Thomas Brenn, Hellma® Analytics thomas.brenn@hellma.com

Matthias Drexler, Product Manager Spectroscopy matthias.drexler@sial.com  

What Is Important for Precisely  

Manufactured Cuvettes?

 Window flatness

 Window parallelism

 Path length accuracy

 Polishing/wringing

 Thermal bonding

 Consistent product quality

Consistent Quality Ensures Reproducible  

Measurement Results

Imagine you are using two cuvettes, both the same brand 

but varying in age- one is two years old and the other is 

brand new. If the manufacturing is stable and of high qual-

ity, you can expect the same results from the same mea-

surement for both cuvettes. This is the case for Hellma 

Analytics products which ensure an excellent reproducibil-

ity of measurement results. This is a result of the consistent 

quality produced by a state-of-the-art production line with 

highly skilled people. 

Figure 1 Measurement of the Flatness of a Hellma Cuvette Figure 3 ECLIPS Production Line at Hellma Analytics

Figure 2 Measurement of the Flatness of a Competitor’s Cuvette

From a Rough Block of Glass to High Optical Precision

The raw material is delivered primarily in the form of glass 

blocks or sheets. These are then cut to workable sizes using 

various cutting processes. Special cutting and lapping pro-

cedures bring the parts to the exact size. Optical surfaces 

and surfaces to be joined are then polished to a high finish. 

Joining of individual glass parts during cell assembly 

depends greatly on the quality of the polishing.
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Polishing Process

A cuvette consists of high precision single parts. Each part 

must have the highest surface quality. Hellma achieves this 

by using the latest machinery operated by experienced, 

highly qualified personnel. Two independent criteria must 

be considered above all others, especially for the surfaces of 

cuvette windows.

The glass surfaces must be:

 free from defects and

 have a high level of flatness (less than 1 μm).

Wringing

At this stage, the individual components of a cuvette (e.g. 

frame and window) are put together. Contrary to popular 

belief, this is not done with an adhesive, but simply by using 

the molecular attraction between the two assembled sur-

faces. This type of assembling is known as wringing. As a 

prerequisite, the surfaces must be free from dust, grease, 

and other impurities. This precision-cleaning is carried out 

in an ultra-modern, computer-controlled cleaning facility. 

Directly after the cleaning, the parts are wrung together 

under cleanroom conditions.

Thermal Bonding Technology 

The demand for extremely high temperatures and chemical 

resistance requires highly specialized techniques for the 

permanent bonding of components. Therefore, the com-

ponents, once assembled, are heated in an oven to a tem-

perature far below the melting point of the glass used 

(Figure 4). This heating serves to strengthen the bond 

between the joined components. After this thermal bond-

ing, the product is like a one-piece component when it 

comes out of the oven. No changes are caused to the opti-

cal surfaces; the flatness of the polished surfaces remains 

intact. Complex products often undergo this cycle of sur-

face treatment, wringing, and heating many times. Even for 

the production of a standard cuvette comprising three 

parts, approximately 100 work steps are required from raw 

material to finished product. The following requirements 

are extremely important:

 The individual parts must be manufactured to ultra tight 

tolerances for dimensions and angles.

 The polished surfaces must be very flat and have no 

scratches or holes.

 A bonding process must be used that, on the one hand 

provides a permanently stable bond between the compo-

nents, and on the other hand guarantees high chemical 

and temperature resistance.

Cuvettes: Trust in the Original

After decades of experience in glass treatment, Hellma pro-

duces cuvettes of unrivaled quality. These precision instru-

ments are used to consistently measure absorption, fluores-

cence, and diffused and reflected light. Other special uses 

include cytometry and measurements in ultra-high vacuums. 

With over 1,500 models, there is one to suit almost every 

application. Furthermore, Hellma works in close partnership 

with its customers to produce customized solutions.

Summary 

Hellma Analytics provides outstanding quality for glass and 

quartz spectroscopy components – especially cuvettes, 

optical immersion probes, and custom-made products. 

Our excellent production facility in Germany and sophisti-

cated technical knowledge ensure a high reproducibility of 

measurement results. All products are “Made in Germany”. 

Surface flatness and path length accuracy are high. Toler-

ances are ultra-tight and the product quality is very stable. 

All in all, Hellma Analytics offers very reliable products to 

get the best possible measurement results.

Hellma guarantees close partnerships with customers 

worldwide with thirteen subsidiaries in Europe, Canada, 

the USA, South America, and Asia as well as numerous 

exclusive representatives and laboratory dealers. Advice 

and customer service can be given on site, which is the 

best system for enabling customers to achieve their goals 

in the shortest time.

Sigma-Aldrich offers a comprehensive selection of high-

precision cuvettes from Hellma Analytics at a fair price. 

Please visit our website at sigma-aldrich.com/uvvis for a 

complete overview of products for UV/Vis and fluorescence 

spectroscopy.

Figure 4 Thermal Bonding in the Oven 
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