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Automated two - step purification of mouse antibody IgG1 with AZURA® Bio purification system
Yannick Krauke, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

This application highlights the possibility of automated purification of antibodies (IgG) with the AZURA® BIO LC
system without manual interaction during purification process. The cell culture was applied with a feeding pump
on a proteinA affinity column to capture and purify the antibodies. These were kept in the system and in a second
step applied on a gel filtration column for buffer exchange. Consequently, the obtained antibody was dissolved
in the desired storage and/or working buffer.
INTRODUCTION
Antibodies (immunoglobulins, Ig’s) are part of the immune system. They can identify and bind particular antigens thereby neutralizing them. Due to their specific target recognition/binding function they have a significant importance in the biotechnology and pharmaceutical industry. Key applications are the diagnosis and treatment of diseases. Besides, antibodies are
also the crucial components in numerous research applications such as Western Blots and immunoassays. Quality and purity of the IgG is crucial for these applications. The purification
of antibodies involves two to three steps, 1. capture step, (2. intermediated step), 3. polishing step. The transition from one to another step generally involves manual interaction and thus
is time consuming. The aim of this application note was to establish an automated purification method on the AZURA Bio LC purification system combining an affinity chromatography
step with a gel filtration step to exchange the buffer of the purified antibodies.

RESULTS
The mouse immunoglobulin (IgG1) was purified from 10 mL cell culture by affinity chromatography, using a by proteinA column. The chromatogram of the IgG purification shows the four
main steps of the procedure (Fig.1). Step 1: equilibration of the proteinA column with buffer A . Step 2: sample injection by the feed pump. The large flow through peak (A) visualizes the
cell culture matrix and proteins not bound by the proteinA column. Subsequently, the column was washed with buffer A until no further peaks were detected. Step 3: elution of the captured IgG1 with buffer B and parking in the sample loop (B1). Step 4: immediate buffer exchange was performed by the flushing of the system with exchange buffer C and the following
re-injection of the IgG1 on the gel filtration column. The eluting peak was recovered by the fraction collector (B2). The main aim of the second step was the buffer exchange shifting the
pH from 3 to 7. The conductivity signal was recorded, demonstrating the desalting of the eluates during the purification process (Fig. 2). Finally, a SDS-PAGE was performed to control
the result of the purification steps (Fig. 2). The analysis of the flow through and comparison with the injected sample show that some IgG1 did not bind to the protein A column (lane 1 and
2). The protein bands of IgG1 heavy chains (HC) and IgG1 light chains (LC) are visible at 55 kDa and 22 kDa in the SDS-PAGE. Further, a larger un-specific band at 70 kDa was detected.
This band was only detected in the flow through and not in the purified IgG (lane 2, 3, 4) showing that IgG1 was not contaminated with other proteins. The IgG1 after the proteinA column
(lane 3) and the proteinA / gel filtration column (lane 4) have a similar concentration showing no protein loss in the second purification step.

Fig. 1 Chromatogram of the two-step mouse IgG purification; Step1 Affinity
chromatography (AC): 1 Column equilibration with buffer A; 2 Feed injection and column washing; 3 Elution of IgG from proteinA column with
buffer B and parking in 1mL sample loop; Step2 - Buffer exchange with
desalting column: 4. Elution of IgG with buffer C; A–flow through; B1–elution peak of IgG from proteinA column; B2-elution peak of IgG after SEC
desalting column

Fig. 3 SDS-PAGE of IgG1 at different
purification steps; M) Marker (3 µL)
in kDa; 1) serum (15 µL); 2) flow
through (15 µL); 3) IgG1 pure
(15 µL) after elution from protein A
column, intermediate step; 4) IgG1
pure (15 µL) after protein A and
desalting column; ccp cell culture
proteins; IgG1 HC (heavy chain);
Fig. 2 Chromatogram of the two step mouse IgG purification with UV
IgG1 LC (light chain)
and conductivity signal; UV signal at 280 nm in blue; conductivity signal in red; after desalting (45min) elution peak (blue) and
salt peak (red) are clearly separated

MATERIALS AND METHOD
The AZURA Bio LC two - step purification system was used for this application. It consists of AZURA P 6.1L HPG; 1st ASM 2.1L with feed pump and two 6
port/3 channel injection valves; second ASM 2.1L with UVD 2.1S and two 6 port/3 channel injection valve; a column switching valve; a conductivity monitor and a fraction collector. The protein A column (ZetaCell protein A , 1ml) was equilibrated with 15 ml buffer A (TBS) at 1 mL/min. Then 10 mL of feed at
1mL/min were injected and column washed with 5 mL buffer A at 1 mL/min. The antibody was then eluted with 10 mL elution buffer B (0.2 M Na Citrate,
pH 3) and the eluting antibody collected in sample loop. Finally, the protein was re-injected and eluted with 15 mL of buffer C (PBS pH 7.4) over the desalting/gel filtration column at 1mL/min. The UV signal (280 nm) and the conductivity signal were recorded.

CONCLUSION
Mouse IgG was successfully purified from cell culture medium by an automated combination of an affinity chromatography and gel filtration method on the two -step dedicated AZURA Bio LC system. No manual interaction
was necessary. The method setup could easily be adapted to other purification protocols for the separation of
biomolecules. This application is an example of a time-saving automation of protein purification and can be easily
adapted to various protein purification protocols.
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Automated two - step purification of mouse antibody IgG1 with AZURA® Bio purification system

ADDITIONAL MATERIALS AND METHODS

Fig. A1 Flow chart of the two – step purification illustrating major method steps; A Feed injection and antibody binding on protein A column, flow through to waste, washing afterwards with buffer A
(not shown); B Protein elution from protein A column with buffer B and protein parking in sample loop; C Re-injection of parked protein on SEC desalting column, buffer and pH exchange
using buffer C, fractionation of target peak; valve positions = I) injection, L) load

The system configuration and the different valve settings are shown in Fig. A1. The first injection valve (V1) is used for the injection of the sample. To this valve the feed pump and the
buffer pump are connected. The other two injection valves are necessary for the inversion of the flow direction (V2 + V4). They also switch the flow to the waste/fraction collector and in/
out of the sample loop. The sample loop allows the collection and (re)injection of the peak of interest. The two columns are connected the to the column switching valve (V3). In the initial
configuration (Fig. A1 A) the sample is injected onto the column by the feed pump. The non-binding protein is directed to the waste. After washing the column, IgG is eluted with eluent
B (Fig. A1 B). The valves are switched to the peak parking position (V2 + V4 in Load position). The eluting protein is collected in the sample loop. Subsequently, the collected protein is
automatically re-injected onto the second column by changing the valve position for V2 and V4 from Load to Inject and for V3 from position 1 (column 1) to position 2 (column 2) (Fig. A1
C). The flow is inverted and the sample loop is emptied. The eluted protein peak is fractionated by a fraction collector. No manual interaction is necessary during the purification.
Tab. A1 Method parameters

Tab. A2 Purification steps run at a flowrate of 1 mL/min; AC - affinity chromatography, GF - gel filtration

Eluent A

Washing buffer: TBS (Tris-buffered saline)

Time
(mL)

%A

Eluent B

Elution buffer: 0.2 M NaCitrate, pH 3

0-15

100

Eluent C

Storage buffer: PBS (phosphate buffered saline) pH 7.4

15-25

Flow rate

1 mL/min

System pressure

1.5 bar

25-30

Column temperature

RT

Run time

55 mL

30-40

Injection volume

10 mL

Injection mode

Feed pump

40-55

Detection wavelength

280 nm

Data rate

500 ms

%B

%C

Feed
pump

100
100
100
100

Method

Description

-

Equilibration

AC

Injection

AC

Washing

AC

Elution and peak parking

GF

Re-injection buffer

Tab. A3 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1 L, HPG, ceramic, 10 mL

APH65EB

Flow cell

3 mm, 2 µL

A4045

Assistant 1

AZURA ASM 2.1L
Left: feed pump 50 ml Ti
Middle: injection valve 6/3 channel PEEK
Right: injection valve 6/3 channel PEEK

AYBHECEC

Assistant 2

AZURA ASM 2.1L
Left: UV detector UVD 2.1S
Middle: injection valve 6/3 channel PEEK
Right: injection valve 6/3 channel PEEK

AYCAECEC

Valve

VICI Column selection valve

AWB00FC

Fraction collector

Foxy R1

A59100

Conductivity monitor

CM2.1S

ADG30

Column 1

ZetaSep Protein A column, 1 mL

Column 2

ZetaSep FPLC Desalting column, 5 mL

Software

PurityChrom, standard licence

A2650
AZURA® Bio purification 50- Two Step Purification System
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Comparison of IgG purification
by two different protein A media
Michaela Schulze, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

The purification of antibodies is generally performed with protein A column materials. Two prepacked protein A
columns from two different suppliers were compared in their ability to purify immunoglobulin antibodies (IgG) from
human plasma. Capacity and yield were compared and revealed no significant differences in the performances
of the two investigated columns.
INTRODUCTION
Today, the most widely used affinity chromatography purification procedure in industry is the capture of antibodies using protein A ligand. Affinity chromatography is used to isolate and
enrich proteins or nucleic acids from complicated mixtures like human plasma. The principle is based on biospecific interactions between two reaction partners. The column matrix contains a covalently bound ligand to which the substance of interest specifically binds. A certain buffer is needed to elute the antibodies bound to the matrix. This type of chromatography
is very efficient and delivers a highly clean protein. An AZURA Bio FPLC system was used for comparison of two affinity materials. Here, an automated method to purify IgG from human
plasma was used. The protein A media from vendor A and vendor B were compared. The capacity of the columns to bind IgG was determined for both materials.

RESULTS
The IgG were purified from 500 µL human plasma by affinity chromatography using protein A columns. The eluted antibodies were then automatically collected with a fraction collector.
The chromatogram of the whole purification process is divided in three steps (Fig. 1 A&B). During the first step, the protein A column was equilibrated with buffer A followed by feed injection. The proteins that did not bind to the protein A columns went to waste and were visible as large flow through peak in step one. Thereafter, the column was washed with buffer A
until no further peaks were detected. During step two, the antibodies were eluted from the column with buffer B and collected in 1 mL fractions. In the last step, the protein A columns
were equilibrated with the buffer A in preparation for the next sample injection. Three runs were performed for each column material. The fraction size of material from Vendor A was
with 7 mL IgG per run bigger than the competitor material from Vendor A with 6 mL IgG. The amount of purified protein was with 6 mg IgG originating from 500 µL human plasma are
same (Tab. 1). Moreover, a SDS PAGE analysis was performed with the IgG samples to check the purity of the individual fractions. The protein bands of IgG heavy chains (HC) and IgG
light chains (LC) are visible at 48 kDa and 25 kDa in the SDS-PAGE (Fig. A1, suppl. material).

Column

IgG concentration in fraction
(mg/mL)

Fraction size (mL)

Total IgG amount
in fractions (mg)

A

Run

Tab. 1 Total and fraction concentrations of IgG purified with
Vendor B or Vendor A column for three runs

1

Vendor B

0.82

7

5.74

2

Vendor B

0.83

7

5.81

3

Vendor B

0.87

7

6.09

4

Vendor A

0.95

6

5.70

5

Vendor A

1.00

6

6.00

6

Vendor A

1.04

6

6.24

B

Fig. 1 Chromatogram of antibody purification with Vendor A (A) and Vendor B (B) column; Step 1: injection peak of human plasma
and column washing; Step 2: elution peak of IgG from protein A column with buffer B; Step 3: column equilibration with buffer A

MATERIALS AND METHOD
In this application an AZURA Bio LC system was used. It consisted of an AZURA P 6.1L LPG metal-free pump, AZURA ASM 2.1L assistant module with feed pump and two 6 port/3 channel
injection valves, an AZURA DAD 2.1L diode array detector with 10 mm, 10 µL flow cell cartridge; AZURA CM 2.1 conductivity monitor and a fraction collector.
The two 5 mL protein A columns were equilibrated with 20 mL buffer A (20 mM phosphate Buffer pH 7.0) at 2 mL/min. Then 500 µL human plasma were injected and the column washed
with 20 mL buffer A at 2 mL/min.
The antibodies were then eluted with 20 mL elution buffer B (0.1 M Glycin-HCL, pH 2.7) and collected with the fraction
collector. The concentrations of the IgG fractions from each individual run were determined with a NANODROP 2000
from Thermo Scentific (Tab. 1). The UV signal was measured at 280 nm and conductivity signal was recorded.

CONCLUSION
Human immunoglobulin antibodies (IgG) were successfully purified with both protein A materials via affinity chromatography with the AZURA Bio LC system.
An average of 6 mg IgG was purified from 500 µL of human plasma with both columns. When compared via SDS PAGE, in
both cases eluted proteins are identical in purity. All in all, it can be concluded that the purification is quantitatively and
qualitatively identical for both tested column materials.

REFERENCES
1. Janeway CA Jr, Travers P, Walport M, et al.; Immunbiology: The Immune System in Heltrh and Disease. 5th Edition,
New York; Garland Science, 2001
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Comparison of IgG purification
by two different protein A media

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

20 mM phosphate buffer pH 7.0

Eluent B

100 mM Glycin - HCl pH 2.7

Gradient

Time [min]

%A

%B

0-10

100

0

10-20

0

100

20-30

100

0

Flow rate

2 mL/min

System pressure

0 bar

Column temperature

25°C

Run time

30 min

Injection volume

0.5 mL

Injection mode

Full loop

Detection wavelength

280 nm

Data rate

10 Hz

Time constant

100 ms

Fig. A1 SDS Page of the eluted IgG from human plasma; Lanes 1 - 3
IgG (4 µg) purified from three runs with the Vendor B column;
Marker (10 µL) in kDa; Lanes 4-6 IgG (4 µg) purified from
three runs with the Vendor A column

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L LPG, metal-free

APH64EB

Detector

AZURA DAD 2.1L

ADC01

Flow cell

10mm, 10µL, Ti, 300bar

AMC38

Assistant

AZURA ASM 2.1L
Left: Pump with pressure sensor, 50 mL pump head, SSt
Middle: 6 port 2 position injection valve, 1/16" connectors
Right: 6 port 2 position injection valve, 1/16" connectors

AYBHECEC

Fraction collector

Foxy R1

A59100

Conductivity monitor

CM 2.1S

ADG30

Column 1

Protein A HP, GE Healthcare, HiTrap 5 mL

Column 2

ZetaSep, Zetarose Protein A, EMP, 5 mL Column

Software

PurityChrom 3D Option

A2654

RELATED KNAUER APPLICATIONS
VBS0063 - Automated two - step purification of mouse antibody IgG1 with AZURA Bio LC Lab system
VBS0065 - Separation of two model proteins with ion exchange chromatography
VBS0067 - Automated two-step purification of 6xHis-tagged GFP with AZURA Bio LC
VBS0068 - Fast and robust purification of antibodies from human serum with a new monolithic protein A column
VBS0066 - Fast and sensitive size exclusion chromatography of IgG antibody
VBS0069 - Purification of Sulfhydryl Oxidase
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Separation of two model proteins with Ion
Exchange Chromatography (IEC)
Michaela Schulze, Ulrike Maschke, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Ion exchange chromatography is one of the most widely used FPLC techniques for protein separation and
purification. This application describes an easy separation of two model proteins and explains how ion exchange
chromatography works.
INTRODUCTION
Ion exchange chromatography (IEC) separates molecules according to type and strength of their charge. The isoelectric point (pI) is the pH where a protein or molecule has no net electrical charge. Depending on the pH of the buffer a protein has different surface charges in solution. At a pH above their pI proteins have a negative charge and bind to positively charged
resins such as anion exchangers. At a pH below their pI proteins have positive charge and bind to negatively charged cation exchangers. This interaction is used for the separation and
purification of various proteins. By using a suitable pH and low salt conditions proteins bind to the resin in the initial step (Fig. 1A). The proteins are mostly separated with a linear salt
gradient. The salt ions compete with the proteins for bindings sites. Proteins with weak ionic interactions are the first to elute from the column. In the case of cation exchange chromatography, proteins that are less negatively charged start to elute first (Fig. 1B). With an increase of the salt concentration proteins with stronger ionic interaction elute later from the column
(Fig. 1C).

RESULTS
α-Chymotrypsinogen A (pI 8.97) and Lysozyme (pI 11.35) are proteins with rather high pI values, which make them ideal candidates for cation exchange chromatography (Fig. 2). Both
proteins bind under low salt conditions to the resin. During the wash step that removes potentially unbound protein only a small amount of impurities eluted from the column. α-Chymotrypsinogen A eluted first from the column due to its lower pI of 8.97 (Fig. 2, peak 1). With an increasing gradient and therefore increasing salt concentration lysozyme eluted as second
peak (Fig. 2, peak 2). The eluted proteins were automatically collected by the fraction collector. The salt gradient was monitored by the conductivity monitor (Fig. 2, red signal).

Fig. 1 Principle of cation exchange separation A) proteins with different negative charges bind
to the cation exchange resin, B) by increasing the salt concentration proteins with a weak
negative charge elute first, C) with higher salt concentrations proteins with a strong negative charge elute last

Fig. 2 Chromatogram of the separation of two model proteins with ion exchange chromatography, blue line - UV 280 nm signal, red line - conductivity signal, 1) peak
containing α-Chymotrypsinogen A (2.5 mg/mL), 2) peak containing Lysozyme
(2.5 mg/mL)

MATERIALS AND METHOD
In this application, an AZURA® Bio purification system consisting of AZURA P 6.1L LPG metal-free pump with 10 mL pump head; AZURA ASM 2.1L assistant module with feed pump and
two injection valves; an AZURA DAD 2.1L diode array detector with 10 mm, 10 µL flow cell; AZURA CM 2.1S conductivity monitor and Foxy R1 fraction collector was used. Prior to the run
the 1 mL cation exchange column (HiTrap Capto S) was equilibrated with 10 mL buffer A (20 mM phosphate
buffer pH 7.1). The flowrate for the run was 2 mL/min. 500 µL protein mixture (α-Chymotrypsinogen A 2.5 mg/
mL + Lysozyme 2.5 mg/mL) was injected. Subsequently the column was washed with 4 mL buffer A to remove
all unbound protein. The two proteins were eluted with a linear gradient over a total volume of 70 mL. The salt
concentration increased with the rising concentraion of buffer B (20 mM phosphate buffer pH 7.1 + 1M NaCl) in
the gradient from 0 % up to 30 %. Eluting proteins were collected with the fraction collector. The column was
regenerated with a high salt wash of 6 mL buffer B following the re-equilibration of the column with 10 mL buffer A. The proteins were detected at 280 nm and conductivity signal was recorded to monitor the salt gradient.

CONCLUSION
This straightforward application illustrates the principle of ion exchange chromatography. Two model proteins
with different surface charges eluted under increasing salt concentrations from the cation exchange column.
The proteins could be easily separated by cation exchange chromatography with the AZURA® Bio purification
system.

Additional information
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Separation of two model proteins with Ion
Exchange Chromatography (IEC)

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

20 mM phosphate buffer pH 7.1

Eluent B

20 mM phosphate buffer pH 7.1 + 1 M NaCl

Gradient

Volume [mL]

%A

%B

0

100

0

4

100

0

74

70

30

74.02

0

100

80

0

100

80

100

0

90

100

0

Flow rate

2 mL/min

Run time

45 min

Column temperature

25°C

Injection mode

Full loop

Injection volume

0.5 mL

Data rate

2 Hz

Detection wavelength

280 nm

Time constant

500 ms

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L LPG, metal-free

APH64EB

Detector

AZURA DAD 2.1L

ADC01

Flow cell

10mm, 10µL, Ti, 300bar

AMC38

Assistant

AZURA ASM 2.1L
Left: Pump with pressure sensor, 50 mL pump head, titanium
Middle: 6 port 2 position injection valve, 1/16" connectors
Right: 6 port 2 position injection valve, 1/16" connectors

AYBHECEC

Fraction collector

Foxy R1

A59100

Conductivity monitor

AZURA CM 2.1S

ADG30

Column

Capto S, GE Healthcare, HiTrap, 1mL

-

Software

PurityChrom 3D Option

A2654

RELATED KNAUER APPLICATIONS
VBS0063 - Automated two - step purification of mouse antibody IgG1 with AZURA Bio LC Lab system
VBS0064 - Comparison of IgG purification by two different protein A media
VBS0067 - Automated two-step purification of 6xHis-tagged GFP with AZURA Bio LC
VBS0068 - Fast and robust purification of antibodies from human serum with a new monolithic protein A column
VBS0066 - Fast and sensitive size exclusion chromatography of IgG antibody
VBS0069 - Purification of Sulfhydryl Oxidase

6

Fast and sensitive size exclusion chromatography of IgG antibody
Lilit Avagyan, Michaela Schulze, Hagen Schlicke, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Size exclusion chromatography (SEC) for analysis of antibodies like monoclonal immunoglobulin G
(IgG) is a commonly used separation technique. AZURA® UHPLC system and TOSOH TSKgel UPSW3000 silica based columns allow a faster and more sensitive determination of IgG compared
to e.g. USP 129 application.
INTRODUCTION
The application field of monoclonal antibodies (mAb) goes from diagnostic kits up to active pharmaceutical ingredients for the treatment of autoimmune diseases and cancer. Since the
commercialization of the first therapeutic antibody product in 1986, this class of biopharmaceutical products has grown significantly. Until 2020 about 70 new mAb products are predicted to be developed [1]. In the field of bio-chromatography, the research on separation of mAb increase accordantly. The SEC is the first-choice application for this purpose. However, the
duration of the method is usually very long and the consumption of chemicals is high. Here, the increase of sensitivity and reduction of analysis time was reached by using silica based TOSOH TSKgel UP-SW3000 columns with 2 µm particle size and different column length. The analysis was performed on AZURA UHPLC system with AZURA DAD 6.1L diode array detector.

RESULTS
Fig. 1 shows an overlay of two chromatograms, obtained by applying of IgG standard (diluted up to 1 mg/mL) on TSKgel UP-SW3000 columns with 300 mm (red) and 150 mm (blue)
length. The retention time of the main peak representing IgG was recorded 6.61 and 3.59 min respectively (Tab. 1). The highest response value of 24.8 mAU/µg was reached with 150 mm
length column. This is an increase by the factor of 1.55 and 7.51 compared to the 300 mm length column and to the certificated data respectively. The run time could be reduced from
30 (USP application) to 7 min (150 mm column). Compared to certificate data sheet and USP method (Tab. 1), the consumption of the sample was reduced up to four times.

Tab. 1 Result table of IgG standard, measured via AZURA UHPLC system and TOSOH columns, compared to certificate data of standard.

Parameters
Column material

Certificate data
Silica based

Silica based

Packing L59

Particle size (µm)

2

2

5

Column size (mm)

4.6 x 300

4.6 x 150

7.8 x 300

Flow rate (mL/min)

0.4

0.4

0.5

Sample concentration (mg/mL)

1

1

10

Injection volume (µL)

5

5

20

Peak hight (mAU)

80

124

650

Response (mAU/µg)

16.0

24.8

3.3

Retention time (min)

6.61

3.59

15.48

12

7

30

Fig. 1 Chromatograms overlay of IgG, optained from measurement of diluted sample 1 mg/mL
Run time (min)
measured with 300 mm (red) and 150 mm (blue) columns, injection volume 5 µL.

MATERIALS AND METHOD
The AZURA UHPLC system consists of AZURA P 6.1L HPG pump, AZURA DAD 6.1L detector, LightGuide flow cell (10 mm, 2 µL), AZURA
AS 6.1L autosampler, AZURA CT 2.1 thermostat and ClarityChrom software. As mobile phase a phosphate buffer with 0.14 M monobasic potassium phosphate, 0.06 M dibasic potassium phosphate and 0.25 M potassium chloride (pH 6.2) was used. The standard “monoclonal IgG
system suitability” (USP catalog No. 1445550) was obtained by Sigma Aldrich. The stock solution (10 mg/mL) was diluted with mobile phase
and used for analyses. The separation was applied on two TSKgel UP-SW3000 columns with 2 µm particle size and 4.6 x 300 mm and 4.6 x
150 mm column dimensions. The measurements were performed in isocratic mode with 0.4 mL/min flow rate. The injection volume was 5 µL.
Determination took place at 280 nm, sampling rate of 20 Hz and time constant 0.05 sec. The column thermostat was adjusted to 25 °C. For
characterization of sensitivity the response (R) of the signals was calculated according to the following equation, where H ist the height of the
peak (in mAU) and m is the mass of the sample (in µg):

CONCLUSION
As the results show the application for determination of IgG could be significantly improved concerning run time and sensitivity by the using
of AZURA UHPLC system and TOSOH TSKgel UP-SW3000 silica based columns.

REFERENCES
[1] Dawn M Ecker, Susan Dana Jones and Howard L Levine, Jones SD, Levine HL, The therapeutic monoclonal antibody market, MAbs. 2015
Jan-Feb; 7(1): 9-14.
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Fast and sensitive size exclusion chromatography of IgG antibody

ADDITIONAL RESULTS
Fig. A2 depicts a chromatogram of stock solution of IgG standard. 5 µL of the standard was injected on 300 mm TSKgel UP-SW3000 column. The obtained peak maximum value is
615.3 mAU (Fig. A2). Compared to certificate data sheet (Fig. A1) and USP method (Tab. 1), the consumption of the sample was reduced up to 4 times.

Fig. A2 Chromatogram of IgG, obtained from measurement of stock
solution. Sample concentration10 mg/mL, injection volume 5 µL

Fig. A1 Chromatogram of IgG, obtained from USP-standard certificate. Sample concentration
10 mg/mL, injection volume 20 µL

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

Phosphate buffer, pH 6.2

Gradient

isocratic, 100 % A

Flow rate

0.4 mL/min

System pressure

320 bar, 124 bar

Column temperature

25°C

Run time

12 min

Injection volume

5 µL

Injection mode

Partial loop fill

Detection wavelength

280 nm

Data rate

20 Hz

Time constant

0.05 sec

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L HPG, 5 mL, SS

APH35GA

Autosampler

AZURA AS 6.1 L

AA01AA

Detector

AZURA DAD 6.1L

ADC11

Flow cell

LightGuide 10 mm, 2 µL

AMC19XA

Thermostat

AZURA CT 2.1

A05852

Columns

TSKgel UP-SW3000, 4.6 mm ID x 30 cm, 2 µm
TSKgel UP-SW3000, 4.6 mm ID x 15 cm, 2 µm

Software

ClarityChrom

A1672-9

RELATED KNAUER APPLICATIONS
VBS0063 - Automated two - step purification of mouse antibody IgG1 with AZURA Bio LC Lab system
VBS0064 - Comparison of IgG purification by two different protein A media
VBS0065 - Separation of two model proteins with ion exchange chromatography
VBS0067 - Automated two-step purification of 6xHis-tagged GFP with AZURA Bio LC
VBS0068 - Fast and robust purification of antibodies from human serum with a new monolithic protein A column
VBS0069 - Purification of Sulfhydryl Oxidase
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Automated two-step purification of 6xHis-tagged GFP with AZURA® Bio purification system
Ulrike Maschke, Yannick Krauke, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Affinity chromatography by His-Tag is one of the most widespread purification techniques for recombinant
proteins. In most cases it requires an additional cleaning/polishing step. This application highlights the possibility
of combining two subsequent chromatography protocols without manual interaction using the AZURA® Bio
purification system.
INTRODUCTION
Affinity chromatography (AC) is one of the most efficient techniques to purify recombinant proteins. Mostly, AC is performed on crude samples like bacterial lysates containing the recombinant protein that is genetically engineered to be expressed with a tag that enables the specific capture of the recombinant protein. These highly efficient tags are used for affinity
binding to specific affinity chromatography materials. A variety of tags is available among which the polyhistidine tag is the most widespread one. In this application, six histidine (6xHis)
residues were attached to the green fluorescent protein (GFP). The histidine residues bind with very high affinity to the immobilized metal ions on the column (“immobilized metal ion
affinity chromatography / IMAC). In many protocols, an additional step is recommended to reach higher purity or to change the buffer of the purified protein to a suitable storage buffer.
Here, size exclusion chromatography was used as second step to exchange the buffer of the purified protein. Purification of recombinant proteins can be performed manually or by using
a chromatography system combining two steps automatically to save time and effort.

RESULTS
The chromatogram of the 6xHis-GFP purification shows the five phases of the two-step protocol (Fig. 1). After equilibration (Fig. 1, phase 1) the lysate was injected and the GFP bound
to the Ni-NTA affinity column via the 6xHis-tag. All other non-binding proteins and impurities are in the large flow through peak (Fig. 1, phase 2, peak A). Subsequently, the column was
washed until the baseline was stable (Fig. 1, phase 3). The eluted protein (Fig. 1, phase 4. peak B1) was collected in a sample loop and re-injected on the desalting column (Fig. 1, phase 5) to exchange the buffer from high imidazole concentrations to a buffer without imidazole. The purified protein (Fig. 1, peak B2) was collected by the fraction collector.
Additionally to the unspecific photometrical detection of all proteins at 280 nm, GFP-signal was recorded at 395 nm (Fig. 2) with the multi- wavelength detector. Most of the 6xHis-tagged
GFP bound to the column as only a small peak for GFP is visible in the flow through. The purification results were confirmed by SDS-Page (Fig. 3). The cell lysate (Fig. 3, lane 1) shows a
prominent band representing the overexpressed 6xHis GFP. This band is cleared in the flow through (Fig. 3, lane 2), confirming that most of the tagged protein bound to the column. The
eluted sample (Fig. 3, lane 3) shows the purified 27 kDa 6xHis-GFP with only minor contaminations.

Fig. 1 Chromatogram of the two-step 6xHis-GFP purification;
280 nm UV signal, Step1) Affinity chromatography (AC)/ NiNTA column: 1) Column equilibration; 2) Sample injection;
3) Column washing; 4) Elution of 6xHis-GFP and parking in
1mL
sample loop; Step2) Buffer exchange with desalting column: 5 Elution of 6xHis-GFP ; A) flow through of unbound
protein; B1) elution peak of 6xHis-GFP from Ni - NTA column;
B2) elution peak of 6xHis-GFP

Fig. 2 Chromatogram of the two-step 6xHis-GFP, GFP detection
with 395 nm UV signal, A) flow through of unbound protein; B1) elution peak of 6xHis-GFP from Ni - NTA column;
B2) elution peak of 6xHis-GFP

Fig. 3 SDS-PAGE of two-step
6xHis-GFP purification M)
marker, 1) lysate before
purification, 2) flow through, 3) eluted 6xHisGFP (27 kDa) after twostep purification

MATERIALS AND METHOD
The AZURA Bio LC two-step purification system with a multi-wavelength detector was used for this application. It consists of AZURA P 6.1L HPG, one autosampler AZURA ASM 2.1L with feed pump and two 6 port/3 channel injection valves; a second ASM 2.1L with two 6 port/3 channel injection valves; the
MWD 2.1L multiwavelength detector, a column switching valve, a conductivity monitor, and a fraction collector. The ZetaSep NTA (Ni FF6) 1 mL column
was equilibrated prior to the run with 15 mL load/wash buffer (PBS pH 7.5, 10 mM imidazole) at 1 mL/min. 100 µL lysate containing the 6xHis tagged GFP
was loaded on to the column at a flowrate of 0.3 mL/min. The column was washed with 4 mL load/wash buffer at a flowrate of 1mL/min. The load/wash
buffer had a low amount of imidazole to reduce non-specific binding of impurities. 6xHis tagged GFP was eluted with 5 mL elution buffer (PBS, pH 7.5,
500 mM imidazole) and collected in a 1 mL sample loop. The eluted protein was re-injected on to a 5 mL desalting column to exchange the buffer from
high imidazole concentrations from the elution buffer to the final desalting buffer without imidazole. 7 mL desalting buffer (PBS pH 7.4) was used for the
gel filtration run at a flowrate of 1mL/min. The protein was collected in a fraction collector. The UV signal at 280 nm and 395 nm, as well as the conductivity signal were recorded.

CONCLUSION
6xHis-tagged GFP was purified by an automated two-step protocol combining an affinity chromatography method to capture
6xHis-tagged GFP with a subsequent buffer exchange step by size exclusion chromatography. This automatization requires
no time consuming manual interaction. The method set up is an excellent example for a two-step protein purification and can
be adapted to a variety of protein purification protocols. The benefit of an multi wavelength detector was shown measuring
at two different wavelengths.
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Automated two-step purification of 6xHis-tagged GFP with AZURA® Bio purification system

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

Loading/washing buffer: PBS (phosphate-buffered saline) pH 7.5, 10 mM imidazole

Eluent B

Elution buffer: PBS pH 7.5, 500 mM imidazole

Eluent C

Desalting buffer: PBS pH 7.4

Gradient

Volume [mL]

%A

%B

0-0.5

100

0

0.5-2

100

0

2-6

70

30

6-11

0

100

11-18

0

100

Flow rate

1 mL/min

System pressure

1.0 bar

Column temperature

RT

Run time

18 min

Injection volume

100 µL

Injection mode

Full loop

Detection wavelength

280 nm
395 nm

Data rate

-

Time constant

500 ms

Fig. A1 Flowchart; A) sample injection, B) elution and peak parking, C) reinjection)

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L HPG, ceramic, 50 mL

APH68FB

Detector

MWD 2.1L

ADB01

Flow cell

10 mm, 1/16”, 10 µL, 300 bar, biocompatible

AMC38

Assistant 1

AZURA ASM 2.1L
Left: feed pump 50 ml Ti
Middle: Injection valve 6/3 channel PEEK
Right: injection valve 6/3 channel PEEK

AYBHECEC

Assistant 2

Left position: Middle position: Injection valve 6/3 channel PEEK
Right position: injection valve 6/3 channel PEEK

Conductivity monitor

AZURA CM 2.1S

ADG30

Flow cell

Preparative, flow rates up to 100 mL

A4157

Valve

Column selection valve

AWB00FC

Column

ZetaSep NTA (Ni FF6) 1 mL
ZetaSep FPLC Desalting column, 5 mL

Fraction collector

Foxy R1

Software

PurityChrom® 5 Upgrade

A59100

RELATED KNAUER APPLICATIONS
VBS0063 - Automated two - step purification of mouse antibody IgG1 with AZURA Bio LC Lab system
VBS0064 - Comparison of IgG purification by two different protein A media
VBS0065 - Separation of two model proteins with ion exchange chromatography
VBS0068 - Fast and robust purification of antibodies from human serum with a new monolithic protein A column
VBS0066 - Fast and sensitive size exclusion chromatography of IgG antibody
VBS0069 - Purification of Sulfhydryl Oxidase
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antibodies is becoming more and more important. Therewith the need for fast and robust methods
The use of antibodies is becoming more and more important. Therewith the need for fast and robust methods
for their purification and columns with a long-life time is growing. In this application we describe a fast and robust
for their purification and columns with a long-life time is growing. In this application we describe a fast and robust
protein A affinity chromatography method with a new monolithic column. Antibodies were successfully purified
protein A affinity chromatography method with a new monolithic column. Antibodies were successfully purified
in less than 1.5 minutes with a flowrate of 5 mL/min highlighting the advantages of this column and method.
in less than 1.5 minutes with a flowrate of 5 mL/min highlighting the advantages of this column and method.
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Fig. 3 Overlay of 200 cycles of IgG purification from human serum, detection at 280 nm, 6-fold zoom-in of peak B (0.6-0.7 min),
Fig. 3 Overlay
of 200 cycles
of IgG protein;
purification
from human
serum,
A) flow through
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B) elution
peak of
IgG detection at 280 nm, 6-fold zoom-in of peak B (0.6-0.7 min),
A) flow through of unbound protein; B) elution peak of IgG
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CONCLUSION
Human antibodies were successfully purified with a new protein A affinity chromatography monolithic column on a KNAUER AZURA® Bio purification system.
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Tab. A1 Method parameters
Tab. A1 Method parameters

Eluent A

100 mM sodium phosphate buffer pH 7.4 + 150 mm NaCl

Eluent A
Eluent B

100 mM sodium phosphate buffer pH 7.4 + 150 mm NaCl
100 mM sodium phosphate buffer pH 2.2 + 150 mm NaCl

Eluent B
Gradient

100 mM sodium phosphate buffer pH 2.2 + 150 mm NaCl
Time [min]
%A
%B

Gradient

Time
[min]
0.0-0.5

%
A
100

%
0 B

0.0-0.5
0.5-1

100
0

0
100

0.5-1
1.5-3

0
100

100
0

Flow rate

1.5-3
5 mL/min

100
System pressure

0
-

Flow rate
Column temperature

5 mL/min
RT

System pressure
Run time

1.5 min

Column temperature
Injection volume

RT
100 µL

Run time
Injection mode

1.5 min
Full loop

Injection volume
Detection UV

100 µL
280 nm

Injection mode
Data rate

Full loop
2 Hz

Detection UV

280 nm

Data rate

2 Hz

Tab. A2 System configuration & data
Tab. A2 System configuration & data

Instrument

Description

Article No.

Instrument
Pump

Description
AZURA
P6.1L, isocratic

Article
No.
APH68FB

Pump
Detector

AZURA P6.1L, isocratic
AZURA MWD 2.1L

APH68FB
ADB01

Detector
Flow cell

AZURA
MWD 2.1LKNAUER PressureProof UV Flow Cell Cartridge
Semi-preparative

ADB01
AMB18

Flow
cell
Conductivity
monitor

Semi-preparative
AZURA CM 2.1S KNAUER PressureProof UV Flow Cell Cartridge

AMB18
ADG30

Conductivity monitor

ADG30

Column

AZURA ASM
CM 2.1S
2.1L
L: AZURA pump P4.1S, 50 ml Ti
AZURA ASM 2.1L
M: 6-Port/3-channel valve head (PEEK)
L: AZURA pump P4.1S, 50 ml Ti
R: 6-Port/3-channel valve head (PEEK)
M: 6-Port/3-channel valve head (PEEK)
R:
6-Port/3-channel
head (PEEK)
Monolithic
protein Avalve
coumn

Column
Fraction collector

Monolithic
protein A coumn
Foxy R1

A59100

Fraction
Softwarecollector

Foxy
PurityR1
Chrom 3D Option

A59100
A2654

Software

Purity Chrom 3D Option

A2654

Assistant
Assistant

AYBHECEC
AYBHECEC
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Purification of Sulfhydryl Oxidase
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SUMMARY

Enzymes play a key role in food production. The use of recombinant enzymes for the food industry is a growing
market. In this application we describe the purification of sulfhydryl oxidase (SOx) by affinity chromatography. Its
stabilizing potential makes this enzyme an ideal candidate for food applications where proteins play a role, for
example baking products or egg dishes. Additionally SOx is commercially rare and the broad application field
provides huge potential for the food industry.
INTRODUCTION
With the recombinant expression of functional proteins through the development of modern biotechnology, enzymes have a special status in industry and research. Sulfhydryl oxidase
(SOx) catalysis the formation of disulfide bonds within and between proteins which naturally plays a fundamental role for the folding of proteins during cell metabolism. In industrial food
production, intermolecular crosslinks of proteins can have a stabilizing effect on products and could be used as a biological substitute for chemical stabilizers. [1] The future production
and the commercial distribution is therefore of high interest.

RESULTS
The recombinantly produced His-tagged SOx was purified with an immobilized metal ion chromatography (IMAC) resin. The chromatogram is shown in Fig. 1. Peak A represents the
flow-through of unbound proteins. The His-tagged SOx was eluted with buffer B (Peak B) and collected via the fraction valve. The collected sample was analyzed by SDS-PAGE to check
for impurities and evaluate the purity of the collected sample (Fig. 2). The recombinant His-tagged SOx has a molecular weight of 15 kDa. The supernatant shows a prominent 15 kDa
band representing the expressed SOx. This band is not visible in the flow through fraction. Most of the His-tagged SOx bound to the IMAC column. Only minor contaminations are visible
in the eluted protein fraction. A standard of SOx at a concentration of 1.13 g/L was prepared.
S1

S2

A

S3

S4

S5

B

Fig. 1 Chromatogram of SOx affinity purification; A) flow through of unbound protein,
B) elution peak of SOx; S1) column equilibration, S2) sample application,
S3) column washing, S4 - elution of His-tagged Sox, S5 - re-equlibration

Fig. 2 SDS-PAGE of SOx purification,
M) marker, SN) supernatant with
over-expressed protein Ft) flow
through, E) elutedprotein (purified
SOx protein ~15 kDa)

MATERIALS AND METHODS
An AZURA® Bio purification system consisting of an AZURA P 6.1L HPG metal-free pump, AZURA ASM 2.1L assistant module 6 port/3 channel injection valve and a 6 port multi position fraction valve, an AZURA MWD 2.1L multi wavelength detector with semi-preparative biocompatible 3 mm, 2 µL
flow cell cartridge was used. A Tricorn™ 10/200 column was filled with Chelating Sepharose™ Fast Flow to a column volume of 15 mL. The column
was equilibrated with 50 mM NaOAc, pH 5.0 and loaded with nickel ions by applying 0.5 column volume 50 mM NaOAc, 100 mM NiSO4, pH 5.0. Unbound ions were washed out with 50 mM NaOAc, pH 5.0. Sulfhydryl-Oxidase was over expressed in Bacillus subtilis. After cultivation the fermentation
broth was centrifuged for 30 min at 4300 x g for primary clarification purposes. The supernatant was 0.45 µm filtered, concentrated via ultrafiltration
and subsequently used for the chromatographic purification. After applying the supernatant, the IMAC column was washed for 6 min at a flow rate of
3 mL/min with buffer A. Next, the target protein was eluted with 15 mL Buffer B and collected with the fraction valve. The column was re-equilibrated
with buffer A. The UV signal was measured at 280 nm. The samples were analyzed for purity by SDS-PAGE.

CONCLUSION
Purification and concentration of SOx with the AZURA® LC System was successfully established. The recombinant His-tagged SOx was over-expressed in Bacillus subtilis and could be purified by IMAC from the fermentation supernatant. The availalability of pure enzyme enables tests for further
characterization of the target enzyme as well as precise identification of the SOx’ potential in diverse food applications.

REFERENCES
[1] Trivedi, M. V., Laurence, J. S., & Siahaan, T. J. (2009). The role of thiols and disulfides on protein stability. Current protein & peptide science, 10(6),
614–625.
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Purification of Sulfhydryl Oxidase
ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

20 mM Na3PO4, 300 mM NaCl, 10 mM Imidazol, pH 7.4

Eluent B

20 mM Na3PO4, 300 mM NaCl, 250 mM Imidazol, pH 7.4

Gradient

Volume (mL)

%A

%B

0

100

0

18

100

0

18.3

0

100

33

0

100

33.3

100

0

60

100

0

Flow rate

3 mL/min

Detection
wavelength

280 nm

Run temperature

RT

Run time

20 min

Injection volume

10 mL

Injection mode

Full loop

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA® P6.1L HPG 50 mL ceramic

APH68FB

Assistent

AZURA® ASM 2.1L
Right: 6P/Mpos 1/16” PEEK
Middle: 6P/2Pos 1/16 ”PEEK
Left: P4.1S 10 mL ceramic

Detector

AZURA® MWD2.1L

ADB01

Flow cell

3 mm path length, 1/16", 2 µL volume, 300 bar,
biocompatible

AMB18

Column

Tricorn™ 10/200 Säule, Chelating Sepharose™ Fast Flow

Software

Purity Chrom Bio

A2650

RELATED KNAUER APPLICATIONS
VBS0063 - Automated two - step purification of mouse antibody IgG1 with AZURA Bio LC Lab system
VBS0064 - Comparison of IgG purification by two different protein A media
VBS0065 - Separation of two model proteins with ion exchange chromatography
VBS0067 - Automated two-step purification of 6xHis-tagged GFP with AZURA Bio LC
VBS0068 - Fast and robust purification of antibodies from human serum with a new monolithic protein A column
VBS0066 - Fast and sensitive size exclusion chromatography of IgG antibody
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Quantitative determination of primary aromatic
amines in recycled cold-cure and flexible foams
Juliane Böttcher, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

A reliable method for the quantification of aryl amines in cold-cure and flexible foams from recycled mattresses
is described in the following application. The focus was set on two substances, 2,4-diaminotoluene (TDA) and
4,4-diaminodiphenylmethane (DAPM), which are mandatory to be determined before processing the recycled
foam due to their carcinogenic properties.
INTRODUCTION
Cold-cure and flexible foams used for the production of mattresses are made of polyurethane synthetics. During the synthesis of urethanes, which are the basis for polyurethanes, different intermediate products are formed.
Two of these products occurring in the process are DAPM and TDA. Both substances are classified as carcinogenic. Furthermore TDA is presumed to be teratogenic and mutagenic. When
recycling the cold-cured and flexible foams it is necessary to determine the concentration of these compounds before reusing the foams. Referring to OEKO-TEX® Standard 100 a limit
value of 20 mg/kg for aryl amines is appointed [1].

RESULTS
For the quantification a calibration was made. Therefore a mixed standard of DAPM and TDA at five different concentrations was used. For both components a correlation coefficient of
R2=0.999 was achieved. Exemplary one sample of flexible foam was selected and spiked with standard to a concentration of 0.1 mg/mL. Fig. 1 shows the sample measurement and Fig. 2
shows an overlay of the sample (red) and spiked sample (blue) of flexible foam. The limit of detection (LOD) was determined with 0.63 µg/mL for TDA and 0.67 µg/mL for DAPM.

Fig. 1 Sample of flexible foam (18 mg/mL)

Fig. 2 Overlay of sample (red) and spiked sample (blue) of flexible foam

MATERIALS AND METHODS
An AZURA® Analytical HPLC Plus system for a pressure range up to 700 bar was used for this application. It consisted of an AZURA P 6.1L LPG pump, an autosampler 3950, an AZURA
CT 2.1 column thermostat and an AZURA MWD 2.1L multiwavelength detector. The analytical method was run with a step gradient at a flow rate of 1.0 mL/min. The mobile phase was a
mixture of water and acetonitrile, both with 0.1% triethylamine as mobile phase modifier. The column thermostat was set to 25 °C and the detector recorded at 290 nm. The column that
was used was filled with ProntoSIL 120-3 C8 ace EPS silica.

CONCLUSION
With the developed method and the AZURA HPLC Plus system it was possible to perform a rapid quantitative analysis of 2,4-diaminotoluene and 4,4-diaminodiphenylmethane without
time consuming sample preparation. Even a complex matrix such as the recycled cold-cured and flexible foams can be determined robust and reproducible with the specified method
parameters.

REFERENCES
[1] https://www.oeko-tex.com/de/business/certifications_and_services/ots_100/ots_100_limit_values/ots_100_limit_values.html

Additional information

15

VCH0015
© KNAUER Wissenschaftliche Geräte GmbH

Quantitative determination of primary aromatic
amines in recycled cold-cure and flexible foams

ADDITIONAL RESULTS

Fig. A1 Mixed standard of TDA and DAPM (both 0.1mg/mL)

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

H2Odd +0.1 % TEA

Eluent B

Acetonitrile+0.1 % TEA

Gradient

Time [min]

%A

%B

0

95

5

5

95

5

15

35

65

15.02

0

100

25

0

100

25.02

95

5

35

95

5

Flow rate

1 mL/min

System pressure

ca. 190 bar

Column temperature

25 °C

Run time

35 min

Injection volume

10 µL

Injection mode

Full loop

Detection wavelength

290 nm

Data rate

20 Hz

Time constant

0.05 sec

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA® P 6.1L LPG, 10 ml, SSt

APH35EA

Autosampler

Autosampler 3950

A50070

UV Detector

AZURA® MWD 2.1L

ADB01

Flow cell

LightGuide 10 mm, 2 µL

AMC19

Thermostat

AZURA® CT 2.1

A05852

Eluent tray

AZURA® E 2.1L

AZC00

Column

Vertex Plus Column 150 x 4.6 mm ProntoSIL 120-3 C8 ace EPS with precolumn

15VF08APSG

Software

OpenLAB CDS EZChrom Edition

A2600-1

RELATED KNAUER APPLICATIONS
VCH0016 - Determination and quantification of acrylic acid derivatives
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Determination and quantification of acrylic
acid derivatives
Juliane Böttcher, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Acrylic monomers are all around us and part of our everyday lives in diverse forms. At home, in the office, on the
street, or at the supermarket . Applications and end products based on acrylic monomers can be found everywhere,
from paints and lacquers to adhesives, water treatment products, and plastics to detergents or textile fibers [1].
Here, four common acrylic acid derivatives were quantified via HPLC.
INTRODUCTION
Acrylate monomers used to form acrylate polymers are based on the structure of acrylic acid or are derivatives of it. Acrylic acid and some acrylate oligomers and monomers can affect
human health as eye and skin irritants. Residual monomers might be exposed to consumers and that is why the content of residual monomers in acrylic polymers needs to be examined.
Methyl methacrylate, 2-hydroxyethyl methacrylate, ethylhexyl acrylate, and isobornyl acrylate are examples of acrylic acid derivatives and were determined in this application.

RESULTS
A mixed standard of the four acrylate monomers was used to determine a calibration with the following concentrations for each compound: 0.001 mg/mL, 0.002 mg/mL, 0.004 mg/mL,
0.01 mg/mL, and 0.02 mg/mL. The four detected peaks are baseline separated. Fig. 1 shows the chromatogram of the acrylate mix standard at a concentration of 0.01 mg/mL. For all
compounds the limit of detection (LOD, S/N=3) and the limit of quantification (LOQ, S/N=10) were calculated based on the measurement of the lowest calibration concentration. Tab. 1
displays a summary of the determined quantification results.

Tab. 1 LOD and LOQ of acrylic monomers

Substance

LOD
(µg/mL)

LOQ
(µg/mL)

2-Hydroxyethyl methacrylate

0.022

0.07

Methyl methacrylate

0.032

0.11

Ethylhexyl acrylate

0.075

0.25

Isobornyl acrylate

0.042

0.14

Fig. 1 Measurement of standard mix (0.01 mg/mL); 1) 2-Hydroxyethyl methacrylate,
2) Methyl methacrylate, 3) Ethylhexyl acrylate, 4) Isobornyl acrylate

MATERIALS AND METHODS
All standards were provided by the Fraunhofer-Institut für Fertigungstechnik und Angewandte Materialforschung IFAM [2]. For this application an
AZURA analytical system was used which consisted of an AZURA P 6.1L quaternary LPG pump, an AZURA DAD 6.1L diode array detector, an AZURA
CT 2.1 column thermostat and an AZURA AS 6.1L autosampler. The flow was set to 1 mL/min at a column temperature of 40 °C. The detection wavelength was set to 210 nm. The sampling rate was set to 1 Hz and the time constant to 0.2 s. 10 µl of the standards were injected. The column with
the dimensions 150 x 4.6 mm ID with precolumn was filled with Eurospher II 100-3 C18 silica.

CONCLUSION
The developed gradient consisted of two different elution steps. The first gradient step from water to acetonitrile separates the acrylic monomers.
In the second step from acetonitrile to tetrahydrofuran, polyacrylates potentially present in the polyacrylate matrix can be eluted/washed from the
column. These two steps are useful when both polar and non-polar acrylates are to be separated. Furthermore, this simplifies the sample preparation which in the end leads to a reduced analysis time.

REFERENCES
[1] http://www.acrylicmonomers.basf.com/portal/8/en/dt.jsp?page=basf_acrylic_monomers
[2] Fraunhofer-Institut für Fertigungstechnik und Angewandte Materialforschung IFAM
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Determination and quantification of acrylic
acid derivatives
ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

Water + 0.1 % phosphoric acid

Eluent B

Acetonitrile

Eluent C

Tetrahydrofuran

Gradient

Time (min)

%A

%B

%C

0

100

0

0

5

100

0

0

15

0

100

0

25

0

100

0

28

0

0

100

38

0

0

100

41

0

100

0

51

0

100

0

51.1

100

0

0

60

100

0

0

1 mL/min

Run time

60 min

Flow rate

Column temperature 40 °C

Injection mode Partial loop

Injection volume

10 µL

Data rate

1 Hz

Detection
wavelength

210 nm

Time constant

0.2 s

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA® P6.1L, LPG 10 mL

APH34EA

Autosampler AZURA® AS 6.1L

AAA00AA

Detector

AZURA® DAD 2.1L

ADC01

Flow cell

PressureProof Cartridge 10mm, 10µL AMC38

Column

Eurospher II 100-3 C18,
Vertex Plus Column 150 x 4.6 mm ID 15VE181E2G
with precolumn

Thermostat

AZURA® CT 2.1

A05852

Software

ClarityChrom 7.2

A1670-11

RELATED KNAUER APPLICATIONS
VCH0015 - Quantitative determination of primary aromatic amines in recycled cold-cure and flexible foams
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Systematic HPLC method development and
Systematic
method
development
and
robustness HPLC
Evaluation
of 13
Carbonyl DNPH
robustness
of 13 Carbonyl DNPH
derivatives Evaluation
Using DryLab®
derivatives Using DryLab®
Lilit Avagyan, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net
Lilit Avagyan, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net
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MATERIALS AND METHOD

Fig. 3 MODR Method Operation Design
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Fig. 4 Chromatogram of 13 carbonyls, mesured according to DryLab® perdicted method with the DNPH column

The HPLC system includes the pump AZURA® P 6.1L HPG, detector AZURA® DAD 6.1L, autosampler AZURA® AS 6.1L, column thermostat AZURA®
MATERIALS
AND
METHOD
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calculation. software. For the method optimization the column parameters, initial gradient conditions and dwell volume of the
system were programmed in the DryLab® software. The chromatographic data files were converted in to AIA (*.CDF) format and loaded in the
DryLab® for the calculation.
CONCLUSION
The DryLab® software is an important part in the HPLC method optimization. Our results show, that it makes possible to define optimal separation
CONCLUSION
conditions without performing of numerus unnecessary measurements. This software helps to save the time, to reduce the consumption of mateThe
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conditions without performing of numerus unnecessary measurements. This software helps to save the time, to reduce the consumption of materials and perform ecological `green`HPLC.
REFERENCES
[1] DIN ISO 16000-3; Indoor air – Part 3: Determination of formaldehyde and other carbonyl compounds in indoor air and test chamber air – Active
REFERENCES
sampling method (ISO 16000-3:2011)
[1] DIN ISO 16000-3; Indoor air – Part 3: Determination of formaldehyde and other carbonyl compounds in indoor air and test chamber air – Active
sampling method (ISO 16000-3:2011)
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development
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evaluation
of 13
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derivatives evaluation
using DryLab®
derivatives using DryLab®
ADDITIONAL RESULTS
Tab. A1 Content of the standard solution under optimized chromatographic conditions (Fig. 4)

ADDITIONAL RESULTS

Resolution

RSD %

#

Component name

Retention
time

Resolution

RSD %

Retention
7.47
time

-Resolution

0.63
RSD %

#8

Methacroleine-DNPH
Component name

Retention
24.38
time

1.27
Resolution

0.15
RSD %

Acetaldehyde-DNPH
Formaldehyde-DNPH

10.92
7.47

8.78
-

0.65
0.63

9
8

n-Bytaldehyde-DNPH
Methacroleine-DNPH

24.84
24.38

1.29
1.27

0.19
0.15

3
2

Acetone-DNPH
Acetaldehyde-DNPH

15.96
10.92

9.33
8.78

0.79
0.65

10
9

Benzaldehyde-DNPH
n-Bytaldehyde-DNPH

27.94
24.84

9.30
1.29

0.12
0.19

4
3

Acroleine-DNPH
Acetone-DNPH

17.63
15.96

2.69
9.33

0.47
0.79

11
10

Valeraldehyde-DNPH
Benzaldehyde-DNPH

28.85
27.94

3.00
9.30

0.38
0.12

5
4

Propionaldehyde-DNPH
Acroleine-DNPH

19.26
17.63

2.81
2.69

0.53
0.47

12
11

m-Tolualdehyde-DNPH
Valeraldehyde-DNPH

30.81
28.85

6.66
3.00

0.10
0.38

#

Component name

1
#

Formaldehyde-DNPH
Component name

2
1

Retention

time
Tab. A1 Content of the standard solution under
optimized chromatographic conditions (Fig. 4)

6
5

Crotonaldehyde-DNPH
Propionaldehyde-DNPH

23.08
19.26

8.17
2.81

0.17
0.53

13
12

m-Tolualdehyde-DNPH
m-Tolualdehyde-DNPH

32.14
30.81

4.35
6.66

0.18
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7
6

2-Butanone-DNPH
Crotonaldehyde-DNPH

23.09
23.08

2.08
8.17

0.14
0.17

13

m-Tolualdehyde-DNPH

32.14

4.35

0.18

7

2-Butanone-DNPH

23.09

2.08

0.14
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Eluent A
HO
Tab. A2 Method parameters

2

dd

Eluent
B
Eluent A

Acetonitrile
H2Odd

Gradient
Eluent B

Time
[min]
Acetonitrile

%A

%B

Gradient

0
Time [min]
16
0
30
16

60
%A
60
60
40
60

40
%B
40
40
60
40

40
30
41
40
45
41

40
40
60
40
60
60

60
60
40
60
40
40

Column temperature
Flow rate
Injection
volume
Column temperature

1
45mL/min
22 °C
1 mL/min
10
22 µL
°C

System
pressure
60
Run time
System pressure
Injection
Run time mode

-40
45 min
-45 min

Detection
wavelength
Injection volume

360
nm
10 µL

Detection wavelength

360 nm

Data
rate mode
Injection
Time constant
Data rate

20
- Hz
0.05 s
20 Hz

Time constant

0.05 s

Flow rate

Tab. A3 System configuration & data

Instrument

Description

Article No.

Pump
Instrument

AZURA P 6.1L
Description

APH35GA
Article No.

Autosampler
Pump

AZURA
6.1L
AZURA AS
P 6.1L

AAA10AA
APH35GA

Detector
Autosampler

AZURA
DAD
6.1L
AZURA AS
6.1L

ADC11
AAA10AA

Flow
cell
Detector

High
Sensitivity
LightGuide
AZURA
DAD 6.1L

AMD59XA
ADC11

Thermostat
Flow cell

AZURA
CT 2.1 LightGuide
High Sensitivity

A05852
AMD59XA

Column
Thermostat

DNPH-Column, II 100-3
AZURA CT 2.1

15CE490E2G
A05852

Software
Column

OpenLAB CDS EZChrom Edition
DNPH-Column, II 100-3

A2619-1
15CE490E2G

Software

OpenLAB CDS EZChrom Edition

A2619-1

Tab. A3 System configuration & data
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SUMMARY
SUMMARY

Polycyclic aromatic hydrocarbons (PAHs) are of great importance as pollutants in the environment because of
Polycyclic aromatic hydrocarbons (PAHs) are of great importance as pollutants in the environment because of
their persistence, their toxicity, and their ubiquitous spread. The AZURA® GPC Cleanup system automates worktheir persistence, their toxicity, and their ubiquitous spread. The AZURA® GPC Cleanup system automates workintensive and time-consuming cleanup tasks based on gel permeation chromatography (GPC). The improved
intensive and time-consuming cleanup tasks based on gel permeation chromatography (GPC). The improved
reproducibility and quality of the cleanup leads to a robust application for determination of PAHs using GC/MS
reproducibility and quality of the cleanup leads to a robust application for determination of PAHs using GC/MS
analysis.
analysis.
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Fig. 1a Overlay of chromatograms obtained from GC-MS; blue – SPE, red - GPC

Fig. 1b Selected ion 166,1 (Fluorene)

Fig. 1a Overlay of chromatograms obtained from GC-MS; blue – SPE, red - GPC

Fig. 1b Selected ion 166,1 (Fluorene)

Fig. 2 Identification of the third mass
Fig. 2 Identification of the third mass

MATERIALS AND METHODS
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Fig. A1 Scheme of analytical method
Fig. A1 Scheme of analytical method
Tab. A1 System configuration & data

Instrument

Description

Article No.

Pump & detector
Instrument

AZURA Assistant ASM 2.1L
Description

AYCAEABM
Article No.

Loops & fractionation
Pump & detector

AZURA Assistant ASM 2.1L
AZURA Assistant ASM 2.1L

AYGAGAGA
AYCAEABM

Eluent tray
Loops & fractionation

AZURA Eluent tray E 2.1L
AZURA Assistant ASM 2.1L

AZC00
AYGAGAGA

Tubingtray
guide
Eluent

AZURA Eluent
GPC tubing
AZURA
tray Eguide
2.1L 1 ml

A5329-2
AZC00

Flow cell
Tubing
guide

Semi-preparative
UVguide
Flow 1Cell
AZURA
GPC tubing
ml

A4042
A5329-2

Injection valve
Flow cell

AZURA V 2.1S valve
Semi-preparative UV Flow Cell

AVI26BC
A4042

Mounting bracket
Injection valve

Mounting bracket AZURA L
AZURA V 2.1S valve

A9853
AVI26BC

Software
Mounting bracket

Mobile Control Chrom with tablet
Mounting bracket AZURA L

A9608
A9853

Software

Mobile Control Chrom with tablet

A9608

Tab. A1 System configuration & data

RELATED KNAUER APPLICATIONS
RELATED
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VFD0153 - GPC
Cleanup ofAPPLICATIONS
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AZURA® GPC Cleanup system with Mobile Control
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of SPE
olivedetermination
oil samples of bisphenol A in water samples
VFD0146 -- GPC
Sensitive
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AZURA® GPC Cleanup system with Mobile Control
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Sensitive online SPE determination of
Bisphenol A in water samples
Juliane Böttcher, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

In this application a method for the sensitive determination of bisphenol A (BPA) from water samples is presented.
The use of online solid phase extraction (SPE) coupling avoids time consuming and manual sample preparation
steps, making the method well-suited for routine analyses of BPA in low concentration samples like drinking water.
INTRODUCTION
Solid phase extraction is an effective preparation method for concentrating analytes prior to HPLC analysis. Classically, this method is done offline via time consuming steps. The advantages of online coupling result in a reduction of analysis time, sample contamination and analyte loss. This automated method is perfectly suited for pre-concentration of BPA in drinking
water. The main source for BPA is the industrial production of polycarbonates and polyvinyl chloride (PVC) where it is a major constituent. It is also an important monomer in the production of polycarbonate. BPA is known for its endocrine effects similar to the hormone estrogen even at very low dosage and is associated with environmental and health problems. Based
on previous studies a maximum entry <1 μg/mL in cold drinking water is expected. In warmed-up water (70 °C) a concentration up to 30 μg/mL is possible.

RESULTS
After calibration by direct injection using an autosampler, the recovery rate is determined with the online SPE column in the flow path. Differing concentrations down to 0.07 ng/mL have
been extracted from prepared water samples with constant extraction time. Fig. 1 shows the chromatogram of three different concentrations with same online SPE extraction time. Fig.2
shows an original drinking water sample spiked with BPA. Afterwards the extraction time was varied using a solution with a constant concentration of 0.1 ng/mL. A recovery rate of 98 %
for BPA was found.

Fig. 1 To determine the recovery rate of calibration points, two different methods are taken as a basis. First three differing concentration (c1=0.07 ng/mL, c2=0.4 ng/mL, c3=1 ng/mL) have been
extracted with the same extraction time. In this part recovery rates of 93 % for bisphenol A were found (n=4 for each concentration).

Fig. 2 Chromatogram of three different concentrations with same
online SPE extraction time

MATERIALS AND METHODS
An AZURA® Analytical HPLC Plus system was used for this application. It consist of an AZURA P 6.1L LPG pump, an autosampler 3950, an AZURA CT 2.1 column thermostat, a AZURA
MWD 2.1L multi wavelength detector and an assistant AZURA ASM 2.1L equipped with a 12 port multi position valve, a 6 port/2 position injection valve and a pump with 10 mL pump
head. The analytical method runs isocratic at a flow rate of 0.6 mL/min with a mixture of acetonitrile and water 50:50 (v/v). The column thermostat was set to 30 °C and the detector recorded at 227 nm. The used columns are filled with KNAUER Eurospher II 100-3 C18A silica. The SPE method parameters are divided into different steps, including column conditioning,
sample extraction, sample analysis, and reconditioning of of the SPE column.

CONCLUSION
The method presented in this application note is well suited for the analysis of bisphenol A in water samples like drinking water and allows varying the extraction time dependent on the
expected bisphenol A concentration. For a higher and better evaluable peak signal the time the sample flushes over the extraction cartridge can simply be increased. With this sensitive
method it is possible to successfully quantify even low concentrated samples and extracts and equipped with the AZURA ASM 2.1L the system can easily
be used in continuous operation.
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ADDITIONAL RESULTS
Tab. A1 SPE Parameters

Step 1 (sample extraction)

Flush the extraction column with 100 % water for 0.5 min at a flow rate of 3 mL/min

Step 2

Switch to the sample and extract it for 15 min (variable) with a flow rate of 3 mL/min

Step 3

Flush again with 100 % water for 1.5 min at a flow rate of 3 mL/min

Step 4 (sample analysis)

Switch the extraction column into the determination part of the HPLC system for 3 min, starting the data acquisition immediately after
switching

Step 5 (extraction column cleaning)

After switching back, flush with 100 % acetonitrile for 3 min at a flow rate of 3 mL/min

Step 6

Flush with water at a flow rate of 3 ml/min for 5 min and then at a flow rate of 0.5 mL/min until the end of method

ADDITIONAL MATERIALS AND METHODS
Tab. A2 Method parameters

Analytical
Eluent A

Water

Eluent B

Acetonitrile

Gradient

Isocratic 50 % B

Flow rate

0.6 mL/min

System pressure

approx. 230 bar

Column temperature

30 °C

Run time

5 min

Injection volume

10 µL

Injection mode

Full loop

Detection wavelength

227 nm

Data rate

20 Hz

Time constant

0.05 s

Tab. A3 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L, LPG 10ml, SSt

APH34EA

Autosampler

Autosampler 3950

A50070

Detector

AZURA MWD 2.1L

ADB01

Flow Cell

LightGuide 50mm, 6µL

AMD59

Assistant

AZURA ASM 2.1L,
left: 12 port multi position valve, 1/8" connectors
middle: 6 port 2 position injection valve, 1/16" connectors
right: pump with pressure sensor, 10 mL pump head, SSt

AYFAEABA

Thermostat

AZURA CT 2.1 Column Thermostat

A05852

Eluent tray

AZURA ET 2.1L

AZC00

Column

Vertex Plus Column, 100x3 mm ID, Eurospher II 100-3 C18A

10CE184E2G

Column SPE

Vertex Plus Column, 30x4 mm ID, Eurospher II 100-3 C18A

03DE184E2G

Software

OpenLAB CDS EZChrom Edition

A2600-1
Dedicated AZURA® Online SPE System
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Alternative xylitol extraction via hplc purification
from fermented biomass
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KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

A latest approach in bioethanol generation is the usage of yeast and bacteria that uses C5 sugars for fermentation
and the valorization of bio refinery by products. Here it is shown that a hemicellulose-like fermentation mash
has a high content of the artificial sweetener xylitol and that its purification by HPLC can be accomplished using
polymer based Eurokat columns. The product is soluble in water and can easily be used for further applications.
INTRODUCTION
The second generation of bio refinery uses biomass with lower contents of C6 glucose and higher contents of C5 sugars. Besides ethanol generation its goal is the full usage of biomass
by valorizing by products. Fermentation of C5 sugars with microorganisms result in mash that could be used for further applications. Polymer based Eurokat columns were tested for their
ability to separate fermentation mash and among them the Eurokat Ca column had the best separation profile. Analysis of the mash revealed high contents of xylitol. Purification of highly
pure xylitol was established.

RESULTS
The fermentation mash was analyzed on different columns (Eurokat Na, H, and Ca) to determine the optimal stationary phase. The Eurokat Ca column showed the best separation profile
for xylitol Fig.1 even though it has the longest run with about 28 min compared to Eurokat Na with 18 min and Eurokat H with 12 min (not shown). A more detailed analysis of the fermentation mash identified five components: xylose, arabinose, glycerol, mannitol and xylitol Fig.1. Xylitol had the highest concentration with 80 mg/mL in the sample, followed by glycerol
with 20 mg/mL. The other three components had concentrations of 7–8 mg/mL Fig.1. The baseline separation of xylitol indicated promising batch purification. Overload studies with a
semi-preparative Eurokat Ca column were performed . This column has a three times higher volume (50 mL) than the analytical column (15 mL) and larger particle size (25–56 μm) enabling higher sample loading and faster flow rates with lower back pressure. The collected fraction of xylitol Fig.2 had a purity of 99 %, measured with RI Fig.3.
Sample analysis

Fraction analysis

Batch purification
5

3
1

2

4

Fig. 1 Chromatogram of 1:10 dilution of fermentation mash
10 µL injection on Eurokat Ca; 1) xylose (8.2 mg/mL),
2) arabinose (8.3 mg/mL), 3) glycerol (21.0 mg/mL),
4) mannitol (7.0 mg/mL), 5) xylitol (80.6 mg/mL)

Fig. 2 Fractionation of xylitol from 1000 μL injection;
yellow fraction area (9.5 mL)

Fig. 3 Comparison of sample and fraction chromatograms;
blue - sample, red - fraction from batch purification

MATERIALS AND METHODS
Vogelbusch Biocommodities GmbH provided the fermentation mash that resulted from fermentation with yeasts of hemicellulose-like hydrolysate with high xylose content. The sample
was filtered through 0.45 μm filter after centrifugation. A 1:10 dilution was prepared and analyzed. For calibration a mixture of xylose, arabinose, glycerol, mannitol and xylitol was prepared and six dilution steps from 15 mg/mL to 0.3 mg/mL prepared.
Analytical runs were performed with KNAUER analytical Eurokat columns (300 × 8 mm) with integrated pre-columns (30 × 8 mm) with 10 µm particles at 75 °C running at flow rates of
0.5 mL/min using H2Odd as eluent. The KNAUER AZURA analytical HPLC system comprising of the AZURA P 6.1L HPG 10 mL pump, 3950 autosampler, AZURA DAD 2.1L diode array detector with high sensitivity KNAUER LightGuide cartridge flow cell, AZURA RID 2.1L refractive index detector, AZURA CT 2.1 column thermostat controlled by the OpenLAB® EZChrom
Edition software was used. The puritifcation of xylitol was performed with KNAUER Eurokat Ca columns (250 × 16 mm) with 25–56 µm µm particles at 75 °C running at flow rates of 2.5mL/
min using H2Odd as eluent. The KNAUER AZURA Preparative HPLC system comprising of the AZURA P 6.1L HPG 50 mL pump, 3950 autosampler (preparative version), AZURA RID 2.1L
refractive index detector, AZURA CT 2.1 column thermostat controlled by the OpenLAB® EZChrom Edition software was used. The refractive index detector‘s Extended Dynamic Range
(EDR) feature was used for preparative experiments.

CONCLUSION
The Eurokat Ca column was found to be the best column for analysis of fermentation mash among tested Eurokat columns. The used fermentation mash has a high content of xylitol
(80 mg/mL). A semi-preparative batch purification of the xylitol resulted in high recovery (95 %) of xylitol with a purity of 99 %. Upscaling of the batch process or application of SMB
(simulated moving bed) chromatography would be promising for xylitol production from fermentation mash.
AZURA Analytical system

AZURA Preparative system

Acknowledgement: This project has received funding from the
European Union‘s Seventh Framework Program for research,
technological development and demonstration under grant
agreement no FP7-KBBE-2013-7-613802.
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ADDITIONAL RESULTS
The fermentation mash was separated on Eurokat Na and Eurokat H columns Fig. A1. On the Eurokat Na column only three peaks were detected. The the Eurokat H column xylitol was
also not baseline separated from the other substances. For the overload studies 50 µL to 1500 µL of the 1:10 dilution of the fermentation mash were separated on the Eurokat Ca column.
Overlays of all the chromatograms show a shift in the early eluting phase (10–14 min) due to volume overload but less for xylitol Fig. A2.
Column screening

Overload experiments

Fig. A1 Chromatograms of 1:10 dilution of fermentation mash; left Eurokat Na; right Eurokat H; 1 xylitol; 10 μL injection

Fig. A2 Overload studies with semi-preparative Eurokat Ca and fer
mentation mash; 50 μL, 100 μL, 200 μL, 500 μL, 1000 μL,
1500 μL injection

ADDITIONAL MATERIALS AND METHODS
Tab. A2 Comparison of properties and method parameters of applied Eurokat columns

Column

Column Dimensions

Particle (μm)

Eluent

Flow rate (mL/min)

Injection Volume (μL)

Temperature (°C) Column Volume (mL)

Eurokat H

300 × 8 mm + 30 × 8 mm

10

H2O/5 mM H2SO4

0.5

20

75

15

Eurokat Ca, Na

300 × 8 mm + 30 × 8 mm

10

H2O

0.6

20

60

15

Eurokat Ca

250 × 16 mm

25–56

H2O

2.5

10000

75

50

AZURA Analytical system
Instrument

Description

Article No.

Pump

AZURA P 6.1L, HPG, 10mL, SSt

APH35EA

Autosampler

3950 analytical version

A50070

Detector 1

AZURA DAD 2.1L

ADC01

Flow Cell

High Sensitivity LightGuide 50 mm, 6 µL

AMD59

Detector 2

AZURA RID 2.1L

ADD31

Thermostat

AZURA CT 2.1

A05852

Software

OpenLAB® CDS EZChrom Edition

A2600-1

Instrument

Description

Article No.

Pump

AZURA P 6.1L, HPG; 50 ml, SSt

APH38FA

Autosampler

3950 preparative version

A50054-1

Detector

AZURA RID 2.1L

ADD31

Thermostat

AZURA CT 2.1

A05852

Fraction collector

Foxy R1

A59100

Software

OpenLAB® CDS EZChrom Edition

A2600-1

AZURA Preparative system

RELATED KNAUER APPLICATIONS
VFD0160 - Determination of sugars and natural sugar substitutes in different matrices
VFD0161 - Determination of sugars in honey using HILIC separation and RI detection
VFD0155 - Semi preparative xylitol purification with dedicated sugar purification system
VSP0013 - Simplified scale up for sugars with the AZURA RID 2.1L extended dynamic range option
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Determination of Aflatoxin M1 in milk
Juliane Böttcher, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

This application describes a fast and isocratic method for the determination of aflatoxin M1 in milk and raw milk
with an easy post column derivatization step using a UVE photochemical reactor. Furthermore, required sample
preparation via solid phase extraction (SPE) is recommended.
INTRODUCTION
Aflatoxins are the best known group of mycotoxins that were named after the main fungi strain producing them as secondary metabolites namely Aspergillus flavus. Aflatoxins are also
produced by Aspergillus parasiticus and to a smaller extent also by other strains. Aflatoxins can accumulate on crops in the field or during storage of agricultural products, especially under warm and humid conditions. Unfortunately, these substances can persist long after the fungi have been killed and therewith contaminate foods. The more common aflatoxins, which
include G2, G1, B2, and B1, have been identified as contaminants in cattle feed. Upon ingestion, aflatoxins B2 and B1 are metabolized to M2 and M1, potentially adulterating dairy products. The maximum aflatoxin M1 level set by the U.S. Food and Drug Administration and European Commission is 0.5 µg/L. [1,2].

RESULTS
First, the analytical method was developed using a standard solution. Fig.1 shows the fluorescence chromatogram with post column derivatization using the UVE photochemical reactor
for an aflatoxin M1 standard at a concentration of 1 µg/mL. To make sure that the legal limit value is detectable, a milk sample was spiked with aflatoxin M1 to a concentration of 0.5µg/L
and pretreated with online solid phase extraction. Fig. 2 shows an overlay of the spiked milk sample after sample preparation and the aflatoxin M1 standard. Although matrix effects occur through SPE pretreatment it was possible to quantify aflatoxin M1 in the measured milk sample spiked down to 0.5 µg/L. For sample pretreatment following SPE procedure was conducted [4]: 20 mL of the spiked milk were diluted with 30 mL distilled water. A CHROMABOND® C18 ec SPE column was conditioned with 10 mL methanol and subsequently with 10 mL
water. After this the sample was slowly forced or aspirated through the column. The SPE column was washed with 10 mL water and 10 mL n-hexane. Afterwards the column was dried for
10-20 min at 50°C or overnight at ambient temperature. After drying the sample was eluted with 3 mL acetonitrile.

Fig. 2 Overlay of spiked milk sample after SPE (red) and standard (blue)

Fig. 1 Chromatogram aflatoxin M1 standard 1 µg/mL

MATERIALS AND METHOD
An AZURA Analytical HPLC Plus system was used for this application. It consisted of an AZURA P 6.1L LPG pump, an autosampler 3950, an AZURA CT 2.1 column thermostat, the UVE
photochemical reactor and fluorescence detector RF-20Axs. The analytical method was run isocratically at a flow rate of 0.8 mL/min with a mixture of water, methanol and acetonitrile
60:25:15 (v/v). The column thermostat was set to 30 °C and the detector was set to excitation 365 nm/emission 455 nm. The sensitivity was adjusted to high with a gain of 16. The used
column was filled with KNAUER Eurospher II 100-3 C18 silica.

CONCLUSION
Using the UVE photochemical reactor for post column derivatization in combination with the AZURA Analytical HPLC system and fluorescence detection, the valid maximum limit values
of 0.5 µg/L for aflatoxin M1 in milk and other dairy products could be quantified.

REFERENCES
[1] FDA Mycotoxin Regulatory Guidance, National Grain and Feed Association 1250 Eye St., N.W., Suite 1003, Washington, D.C., 20005-3922 August 2011, http://www.ngfa.org/wp-content/uploads/NGFAComplianceGuide-FDARegulatoryGuidanceforMycotoxins8-2011.pdf
[2] COMMISSION REGULATION (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs, Official Journal of the European Union, L 364/5 - L 364/24, 20.12.2006, http://eur-lex.europa.eu/
legal-content/EN/TXT/PDF/?uri=CELEX:32006R1881&qid=1487915647230&from=EN
[3] http://www.mn-net.com/DesktopModules/TabID/10160/defauld.aspx
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ADDITIONAL RESULTS

Fig. A1 Chromatogram aflatoxin M1 standard 0.001 µg/mL

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

Water/Methanol/Acetonitrile 60:25:15

Gradient

Isocratic 100 % A

Flow rate

0.8 mL/min

System pressure

260 bar

Column temperature

30 °C

Run time

10 min

Injection volume

10 µL

Injection mode

Full loop

Detection wavelength

Ex 365 nm/Em 455 nm

Data rate

5 Hz

Time constant

0.2 s

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L, LPG 10mL, SSt

APH34EA

Autosampler

3950 analytical version

A50070

Detector

RF-20Axs

A59201

Thermostat

AZURA CT 2.1

A05852

Software

OpenLAB CDS EZChrom Edition

A2600-1

Column

Vertex Plus Column, 150x3 mm ID with precolumn, Eurospher
II 100-3 C18

15XE181E2G

Post column derivatisation

UVE photochemical reactor

A07547

RELATED KNAUER APPLICATIONS
VFD0146 - Sensitive online SPE determination of Bisphenol A in water samples
VFD0159 - Alternaria alternata – determination of main metabolites
VFD0158 - Zearalenone and its major metabolites – a simple isocratic method
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GPC cleanup of olive oil samples
Michaela Schulze, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

This work describes a sample cleaning method for analyzing pesticide residues in olive oil in preparation for an
HPLC analysis. Pesticides were separated from the oil matrix by size exclusion/gel permeation chromatography
(GPC) according to US EPA SW-846 method 3640A. The GPC material used in this study was BioBeads SX-3 and
the GPC solvent system was cyclohexane/ethyl acetate (1:1, v/v). The optimized GPC purification technique was
carried out with a KNAUER AZURA® GPC Cleanup System for automated sample cleaning.
INTRODUCTION
GPC is extensively used as an effective post-extraction cleanup procedure for removing high molecular weight interferences such as lipids, proteins, and polymers from sample extracts.
The efficiency of BioBeads SX-3 with an organic solvent to separate multi-pesticide residues has been extensively documented [1-3]. The GPC technique is appropriate for both polar and
non-polar analytes so it can be effectively used to cleanup extracts containing a broad range of compounds. To demonstrate the flexibility of the sample cleaning method, the olive oil
samples investigated were spiked with different types of compounds.

RESULTS
Fig. 1 shows the chromatogram of the GPC calibration standard eluted with cyclohexane/ethyl acetate (1:1, v/v). The three detected pesticides were baseline separated and could be
identified easily. Fig. 2 shows the elution profile of one olive oil sample containing different types of pesticides. It can be seen that all pesticides were detected with the US EPA method
3640A. Compared to the measurement of the standard solution, the spiked sample showed less matrix effects. This means that all interfering high molecular elements were removed
during clean up. The recovery for all of these compound classes was higher than 70 %.

1

2

1

3

3
2

4

4

Fig. 1 Chromatogram of US EPA method 3640A calibration standard containing
1) Corn oil matrix, 2) Bis-(2-ethylhexyl)phthalate, 3) Methoxychlor, 4) Perylene

Fig. 2 Chromatogram of olive oil sample, spiked with pesticides: 1) Olive oil matrix,
2) Bis-(2-ethylhexyl)phthalate, 3) Methoxychlor, 4) Perylene

MATERIALS AND METHODS
This study used the KNAUER AZURA GPC Cleanup System which automates the GPC cleanup process. The system comprising of the two AZURA ASM 2.1L Assistant modules with different valves, a pump, and a UV detector. The compunkds were detected at 254 nm wavelength with the AZURA UVD 2.1S UV detector with 10 Hz data rate. The two 16-port multiposition valves used here enabled the loeading of up to 15 oil samples (1 mL or 5 mL samples loops). Moreover, the pesticide fraction was collected in a round-bottomed flask between the
elution of corn oil by a third 16-port multiposition valve. The glass column with BioBeads SX-3 was flushed with cyclohexane/ethyl acetate (1:1, v/v) for an extended period at a flow rate
of 5 mL/min. To determine the elution profile of the GPC column, a calibration solution was prepared in cyclohexane/ethyl acetate containing the following analytes: corn oil (25 g/L),
bis(2-ethylhexyl)phthalate (1 g/L), methoxychlor (0.2 g/L), and perylene (0.02 g/L). The calibration solution was injected after solvent flow and column pressure were established. The
eluates were collected based on the UV traces of the four eluates. For further analysis purposes with GC, DC or HPLC techniques (not described here), the various oil sample fractions
collected were carefully evaporated under a nitrogen stream, dispensed in 1 mL of a suitable solvent and filtered using a 0.45 µm syringe filter.

CONCLUSION
GPC sample preparation is a useful tool for separating small amounts of pesticides from high molecular weight matrices such as olive oil. The
KNAUER AZURA® GPC Cleanup System is particularly well-suited for sample preparation in pesticide analysis but can also be easily adapted
to other laboratory procedures to perform a large variety of GPC sample preparation tasks. The arrangement of the 15 sample loops and one
wash loop avoids cross contamination hence allowing a robust sample preparation procedure.

REFERENCES
[1] Chamberain, S.J. Determination of multi-residues in cereal products and animal feed using gel-permeation chromatography. Analyst (1990),
115:1161-1165
[2] Di Muccio, A.; Ausili, a.; Versori, L; Camoni, I; Dommarco, t; Ganibetti, L; santillo, A and Versori, F. Single-step multi-residue clean-up for organophosphate pesticide residue determination in vegetable oil extracts by gas chromatography. Analyst (1990), 115: 1167-1169
[3] Guardia-Rubio, M; Fernandez-De Cordova, M.L.; Ayory-Canada, M.J. and Ruiz-Medina, A. Simplified pesticide multi-residue analysis in virgin
olive oil by gas chromatography with thermoionic specific, electron-capture and mass spectrometric detection. J. of Chrom. A (2006) Volume
1108, 231-239
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GPC cleanup of olive oil samples
ADDITIONAL MATERIALS AND METHODS
Tab. A1 Sample preparation

Prepared and diluted with
Cyclohexane/ethyl acetate
(1:1, v/v)

Standards
1. Corn oil

25 g/L

2. Bis-(2-ethylhexyl)phtalate

1 g/L

3. Methoxychlor

0.2 g/L

4. Perylene

0.02 g/L

Tab. A2 Method parameters

Eluent A

Cyclohexane/ethyl acetate (1:1, v/v)

Isocratic

Time [min]

%A

%B

0

100

0

60

100

0

Flow rate

5 mL/min

System pressure

0.6 bar

Column temperature

25°C

Run time

60 min

Injection volume

1 mL

Injection mode

Full loop

Detection wavelength

254 nm

Data rate

10 Hz

Time constant

0.1 s

Tab. A3 System configuration & data

Instrument

Description

Article No.

Assistant 1

AZURA ASM 2.1L,
left: single variable wavelength UV detector
middle: 6 port 2 position injection valve, 1/16" connectors
right: Pump with pressure sensor, 10 mL pump head, SSt

AYCAEABA

Assistant 2

AZURA ASM 2.1L,
left: 16 port multi position valve, 1/16" connectors
middle: 16 port multi position valve, 1/16" connectors
right: 16 port multi position valve, 1/16" connectors

AYGAGAGA

Flow cell

UV, 3mm, 2 µL

A4042

GPC tubing guide

16 sample loops with 1 ml

A5329-2

Software

ClarityChrom

A1670-9

Column

BioBeads SX-3

B41

Injection valve

Manual injection valve
6-Port/3-position, 1/16" connectors

AVI26BC
Dedicated AZURA® GPC Cleanup System

RELATED KNAUER APPLICATIONS
VEV0081 - GPC vs. SPE and subsequent determination of polycyclic aromatic hydrocarbons using GC/MS
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Semi preparative xylitol purification
with dedicated sugar purification system
Yannick Krauke, Matthias Lübbert, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Xylitol is used as sweetener in the food industry and is generated by chemical conversion of xylose. Here, xylitol
was purified from fermentation mash by microbial xylose conversion. The AZURA® Sugar purification system with
the AZURA RID 2.1L refractive index detector was used for this semi - preparative purification in combination with
polymer-based Eurokat Ca column.
INTRODUCTION
The second generation of bio refinery is using biomass with low contents of C6 sugars such as wheat straw. This biomass is often rich in the C5 sugar xylose which is normally not used as
a carbon source by microorganisms for ethanol production. Xylose is chemically converted to xylitol which is a five-carbon sugar alcohol occurring in nature mostly in low concentrations
and its extraction is too unproductive. It has found its application i.e. food industry as an artificial sweetener in chewing gums. It has been shown that xylose can be converted to xylitol
by different yeast and bacteria species [1, 2]. The microbial conversion of xylose to xylitol, followed by a simple purification process, presents an economical and environmentally-friendly alternative [3]. A previous study already revealed the feasibility of semi-preparative xylitol purification from fermentation mash (VFD0150). In this study, method optimization for xylitol
purification was performed with the same stationary phase material. The AZURA RID 2.1L detector could be used for this task due to its ability to sustain flow rates up to 10 mL/min and
5 bar back pressure.

RESULTS
The separation profile of the semi–preparative Eurokat Ca 150 × 20 mm column was tested by injection of 0.5 mL fermentation mash (FM; 1:2 dilution). Overlay of the resulting chromatogram with chromatograms of standard solution and retention time comparison identified xylitol, mannitol, glycerol and xylose in the sample (see add. results Fig. A1). Also at larger injection volumes (1 mL, 2 mL) xylitol could still be baseline separated from mannitol Fig. 1. Due to the shorter column length (150 × 20 mm) and faster flow rate (4 mL/min) the xylitol peak
eluted earlier (approx. 13 min) compared to previous study where it eluted at 19 min using a longer column (250 × 16 mm) and lower flow rate (2.5 mL/min) (VFD0150). After injection of
2 mL FM a 12 mL fraction of xylitol was recovered (Fig. 1, blue bracket). The analysis of the 12 mL xylitol fraction and subsequent comparison with chromatograms of a xylitol standard
(1 mg/mL) and FM revealed no contaminations in the xylitol fraction (Fig. 2, red line). Measurements of xylitol concentration in the FM showed an initial concentration of approx. 60 mg/
mL xylitol and a concentration of approx. 5.6 mg /mL xylitol in the fraction, revealing an about 11 fold dilution of xylitol by batch purification.

Fractionation
Xylose

Xylitol

Glycerol

Mannitol
Fig. 1 Chromatogram overlay of different injection volumes from fermentation mash (1:2 dilution); red - 0.5 mL, green - 1 mL, blue - 2 mL; blue brackets-fractionation area 2 mL injection; EK Ca 150 x 20 mm; 4 mL/min; 60 °C

Fig. 2 Overlay of analytical chromatograms; blue - fermantation mash (1:2 dilution); red fractionation sample from Fig. 1; green - xylitol standard 1 mg/mL; 10 µl each; EK
Ca 300 x 8 mm; 75 °C

MATERIALS AND METHOD
The AZURA sugar purification system consists of an assistant AZURA ASM 2.1L with a 12 port multi position valve (for fractionation) and 50 mL pump and an AZURA RID 2.1L refractive
index detector. Eurokat Ca 150 × 20 mm column (sulfonated cross-linked styrene-divinylbenzene copolymer) with 25–56 µm particles was used for purification. The column was heated
with a heating jacket to 60 °C. Purification run was in isocratic mode for 16 min at 4 mL/min. Different injection volumes were tested. The data rate was set to 5 Hz, time constant 0.02 sec.

CONCLUSION
Two main results were achieved with this study: 1. Optimization of the batch xylitol purification process and 2. Application of the AZURA RID 2.1L refractive index detector for semi-preparative sugar purification at higher flow rates. Xylitol was purified with a purity of >99 % and recovery of >99 % from fermentation mash of microbial xylose to xylitol conversion. Elution
time (13 min) and temperature (60 °C) was reduced and injection volume (2 mL) increased when compared to early study (VFD0150).

REFERENCES
[1] Tamburini E.; Costa S., Gabriella Marchetti M., Pedrini P. Biomolecules 5: 1979–1989 (2015)
[2] Hernandez-Perez A.F., Vaz de Arruda p., Gracas de Almeidan Felipe M.d.FTI 20037. Brazilian Journal of microbiology 47: 489-496 (2016)
[3] Chen X., Jian Z.-H., Chen S., Qin W. Int. J. Biol. Sci. 6(7): 834–844 (2010)
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Xylose
Xylitol

Glycerol
Arabinose
Mannitol

Fig. A1 Chromatograms of 0.5 mL injection of fermentation mash (1:2 dilution) and standards (2 mg/mL each); blue - FM; EK Ca 150 x 20 mm; 60 °C;
4 mL/min

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters (preparative purification)

Tab. A2 Method parameters (fraction analysis)

Eluent A

H2Odd

Eluent A

H2Odd

Gradient

isocratic, 100 % A

Gradient

isocratic, 100 % A

Flow rate

4 mL/min

System pressure

5.5 bar

Flow rate

0.5 mL/min

System pressure

24 bar

Column temperature

60 °C

Run time

16 min

Column temperature

75 °C

Run time

30 min

Injection volume

0.5 mL, 1 mL, 2 mL

Injection mode

Full loop

Injection volume

20 µL

Injection mode

Full loop

Detection wavelength

RI

Data rate

5 Hz

Detection wavelength

RI

Data rate

5 Hz

Time constant

0.02 sec

Time constant

0.05 sec

Tab. A3 System configuration & data

Dedicated Sugar purification system

Dedicated System Sugar Analytic

Instrument

Description

Article No.

Instrument

Description

Article No.

Detector

AZURA RID 2.1L

ADD31

Detector

AZURA RID 2.1L

ADD31

Injection

Manual 6-port/3-channel injection valve

A1357

Injection

Manual 6-port/3-channel injection valve

AVI26BC

Assistant

AZURA ASM 2.1L:
Left: 12 port Multiposition valve as fractionation valve, 8"
Middle: Right: AZURA P 4.1S, 50 mL SSt

AYFALXBD

Pump

AZURA P 6.1L, isocratic, 10 ml, SSt

APH30EA

Thermostat

Customized heating sleeve, 150 x 20 mm
Temperature Control for KNAUER Column Heating Sleeve

A57026
A57024

Thermostat AZURA CT 2.1

A05852

Column

Eurokat Ca 150 x 20 mm

15PX360EKX

Column

Vertex Plus Column 300 x 8 mm Eurokat H, 10 µm

30GX340EKN

Software

ClarityChrom® Prep 6.1.0

A1685-9

Software

ClarityChrom 6.1.0

A1670-9

RELATED KNAUER APPLICATIONS
VFD0160 - Determination of sugars and natural sugar substitutes in different matrices
VFD0161 - Determination of sugars in honey using HILIC separation and RI detection
VSP0013 - Simplified scale up for sugars with the AZURA RID 2.1L extended dynamic range option
VFD0150 - Alternative xylitol extraction via hplc purification from fermented biomass
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Determination of osmolality
of isotonic and non-isotonic beverages
Juliane Böttcher, Till Myrach, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

In the last years isotonic beverages have become more and more popular. Almost every drink is available in an
isotonic version. But what does isotonic mean and what are its benefits? How can be checked that beverages
are really isotonic? And have you ever heard of osmolality?
INTRODUCTION
Every liquid containing substances such as minerals, carbohydrates, or proteins has an osmotic pressure. Isotonic or iso-osmotic means that the liquid has the same osmotic pressure as
human blood. This feature allows an accelerated ingestion of salt and sugars from the drink which results in a faster recovery after sporting activity. A fast and easy way to check how many
osmotically active molecules are solved in a liquid is to determine its osmolality. The osmolality is a general measure for the number of molecules and is commonly given in mOsmol/kg
solvent. An isotonic drink (Fig. 1) is defined to have an osmolality of 300±10 % mOsmol/kg. These limit values are for example fixed by the European Food Safety Authority, short EFSA [1].

RESULTS
Six different samples of isotonic and non-isotonic drinks were measured, the osmolality was determined using the K-7400S osmometer which correlates freezing point depression with osmolality. The osmometer was calibrated in a range of 0-850 mOsmol/kg for isotonic samples and in a range from 0-2000 mOsmol/kg for non-isotonic drinks, respectively. Ten replicates
were measured for each sample using a sample volume of 150 µL. The diagram in Fig.2 shows the average values of osmolality for the isotonic samples together with the EFSA limits. The
non-isotonic beverages have a much higher osmolality. For samples of caffeine containing soft drink and beer osmolalities of 644 mOsmol/kg and 1008 mOsmol/kg, respectively, were
determined. As alcohol is also depressing the freezing point, the osmolality of alcoholic beer is much higher than its non-alcoholic isotonic alternative.

Fig. 1 Isotonic beverages

Fig. 2 Measured osmolalities of four different as isotonic declared as well as
two non-isotonic beverages. Graph shows average values and standard deviations of 10 replicates

MATERIALS AND METHOD

All measurements were made with the KNAUER K-7400S Semi-Micro Osmometer. The used calibration standards had osmolality values of 300, 850 and 2000 mOsmol/kg. The system parameters were set to -8 °C for freeze and -16 °C for cooling limit. The samples of soft drinks and beer were degassed using an ultrasonic bath to remove the carbon dioxide. Then 150 µL
of the samples were transferred to a plastic sample tube.

CONCLUSION
The osmolalities of all analyzed isotonic samples were within the EFSA defined range. In general, the values were below 300 mOsmol/kg, which could be due to the sample preparation
(degassing) and a subsequent reduction of carbon dioxide. Due a higher content of solved compounds like sugars or alcohol, in the case of beer, non-isotonic beverages showed significantly higher osmolalities.

REFERENCES
[1] Scientific Opinion on the substantiation of health claims related to carbohydrate-electrolyte solutions and reduction in rated perceived exertion/effort during exercise (ID 460, 466, 467, 468), enhancement of water absorption during exercise (ID 314, 315, 316, 317, 319,
322, 325, 332, 408, 465, 473, 1168, 1574, 1593, 1618, 4302, 4309), and maintenance of endurance performance (ID 466, 469) pursuant
to Article 13(1) of Regulation (EC) No 1924/20061 EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA) http://onlinelibrary.
wiley.com/doi/10.2903/j.efsa.2011.2211/pdf.
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σ

Fig. A1 Temperature-time-curve

ADDITIONAL MATERIALS AND METHODS
Tab. A2 Method parameters

Calibration 1

0 mOsmol/kg

300 mOsmol/kg

850 mOsmol/kg

Calibration 2

0 mOsmol/kg

850 mOsmol/kg

2000 mOsmol/kg

Sample volume

150 µL

Freeze

-8 °C

Cooling limit

-16 °C

Tab. A3 System configuration & data

Instrument

Description

Article No.

Osmometer

KNAUER K-7400S Semi-Micro Osmometer

A0006AC

Sample tubes

Approved plastic sample tubes, 500 pcs.

A0272

Software

EuroOsmo 7400

A3705

RELATED KNAUER APPLICATIONS
VPH0064 - Quality control of pharmaceutical solutions by determination of osmolality

34

0.7

270

278

644

1.6

3.2

3.8

Beer with
alcohol

2.7

Cola softdrink

284

Non-alcoholic
beer

300

Isotonic
softdrink 3

Average Osmolality (n=10)

Isotonic
softdrink 2

Beverage

Isotonic
softdrink 1

Tab. A1 Average osmolalities of isotonic and non-isotonic beverages
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Simulated Moving Bed (SMB) - a powerful tool for
continuous purification of xylitol
Yannick Krauke, Christian Benkhäuser, Matthias Lübbert, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Simulated moving bed chromatography (SMBC) was applied for the purification of xylitol from fermentation mash
of a fed batch culture. This process enabled to purify xylitol with nearly 100 % purity and recovery. Thus, allowing
large scale purification of xylitol from biological xylose-xylitol conversion process.
INTRODUCTION
Within the European Valor Plus research project an alternative, biological way of xylose conversion was investigated. By using a Candida yeast strain, xylose from a hemicellulose hydrolysate was converted to xylitol. HPLC analysis of the fermentation mash revealed that the xylose to xylitol conversion was successful. Previous batch HPLC experiments (App. note VFD0155)
indicated the potential to apply SMBC for this purification task. The separation was performed in isocratic mode on polymer based Eurokat columns and the target substance xylitol eluted at the end of the chromatogram, all factors enabling a SMB process.
SMB chromatography is a continuous chromatography technique that separates binary or pseudo-binary mixtures into pure substances or fractions. Compared to traditional batch chromatography this process leads to higher yields of purified substances while consuming less eluent and packing material.

RESULTS
For the set-up of a SMB process several parameters of the separation process had to be determined. First, separation at three different temperatures (40°C, 50°C, 60°C) was tested. Separation at 50°C gave the favourable results and was therefore chosen for the purification. Overload studies with a 1:2 dilution of the fermentation mash revealed a nearly baseline separation of xylitol and mannitol. The chromatogram was divided in the raffinate fraction (all but xylitol) and the extract fraction (xylitol) (Fig. 1). A substance eluting with the dead time of the
system was determined and therefore an open-loop set-up was chosen with a waste outlet. The retention times of the substances and column porosity were determined and used for the
process set-up. Using these values and the PurityChrom® MCC software the flow rates of the pumps and different zones in the process were obtained (Fig. 2). After six cycles, samples
from the extract, raffinate and waste were collected and analyzed. A fast analytical method (add. results Fig. A1) enabled a rapid evaluation of the process. A more detailed analysis revealed pure xylitol in the extract without any contamination (Fig. 3, red line). Also, no xylitol was in the raffinate or waste (Fig. 3 blue/green lines). With this SMB process 1.8 g/h xylitol were
purified with 100 % purity and recovery. The yield of the SMB process is greater by the factor of seven than that of the batch process.

Fig. 1 Design of SMB process on chromatogram of fermentation mash Fig. 2 Example scheme of the SMB process set-up
with indication of the two fractions "raffinate" and "extract"; 1 mL
with the four pumps, the out – and inlets, the
injection; Eurokat Ca 150 x 20 mm, 25 -56 µm particles; 4 mL/min;
8 columns, four zones, indication of flow
50°C
rates, pressure and cycle time; PurityChrom
MCC software

Fig. 3 Overlay of analytical chromatograms of raffinate/all but xylitol
(blue), extract/xylitol (red) and waste (green) from the SMB process at the 6th cycle; 20 µL injection; Eurokat Ca 300 x 8 mm +
pre-column; 10 µm particles, 0.5 mL/min; 75°C

MATERIALS AND METHOD
The SMB standard configuration consists of four AZURA® Assistans ASM 2.1L with seven multiposition valves and four P 4.1S Pumps (10/50 mL/min). Flow was controlled with two
CORI-Flow M13 flow meters and temperature with the SMB oven. Eight identical Eurokat Ca 150 x 20 mm columns (sulfonated cross-linked styrene-divinylbenzene copolymer) with 2556µm particles were used for purification. Analysis was performed with Eurokat Ca columns 300 x 8 mm, 10 µm particles and dedicated analytical sugar system (VFD0151).

CONCLUSION
Xylitol was purified with high purity and yield from fermentation mash using the AZURA® SMB system.
This purification process allows a significant higher throughput and thus yield of xylitol as classical
batch chromatography. The actual throughput is limited by the concentration of xylitol in the original
mash. The developed method is very robust and separation of two to four times more cencentrated
mash should give same separation results.
Acknowledgement: This project has received funding from the
European Union‘s Seventh Framework Program for research,
technological development and demonstration under grant
agreement no FP7-KBBE-2013-7-613802.
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Simulated Moving Bed (SMB) - a powerful tool for
continuous purification of xylitol

ADDITIONAL RESULTS

Fig. A1 Comparison of separation profiles of fermentation mash using Eurokat Ca columns
with different length for a fast, analytical method; blue - 2 x 30 x 8mm (0.7mL/min),
red (offset=-200) -120 x 8mm (0.7 mL/min), green (offset=-400) - 300 x 8mm (0.5 mL/
min); 20 µL injection; 75°C; * - xylitol, ** - mannitol

Fig. A2 Analytical chromatogram of fermentation mash showing five identified substances;
20 µL injection; Eurokat Ca 300 x 8 mm; 10 µm particles; 0.5 mL/min; 75°C; 1) xylose,
2) arabinose, 3) glycerol, 4) mannitol, 5) xylitol

Tab. A1 Results of data feed analysis presented
as mean of four replicates with standard deviations indicated

Concentration (mg/mL)
Xylose

38.44 ± 0.13

Arabinose

8.67 ± 0.04

Glycerol

18.63 ± 0.13

Mannitol

5.59 ± 0.08

Xylitol

61.91 ± 0.34

ADDITIONAL MATERIALS AND METHODS
Tab. A2 Method parameters (SMB process)

Feed (mL/min)

Eluent (mL/min)

In

0.5

8.36

Temperature

60°C

Cycle time

54.60 min

Tab. A3 System configuration & data (for Analytical system, see VDF0155)

Instrument

Description

Article No.

SMB system

AZURA Lab SMB system, biocompatible, seven
8-multiposition valves and four AZURA P 4.1S
(10/50 mL/min) included in four Assitants ASM 2.1L.

A29000

Heating

SMB oven

A29900

Flow meter

2 x CORI Flow M13

A29800

Column

8 x Eurokat Ca 150 x 20 mm; 25-56 µm

15PX360EK

Software

PurityChrom® MCC

included in
A29000

AZURA® Lab SMB System

RELATED KNAUER APPLICATIONS
VFD0160 - Determination of sugars and natural sugar substitutes in different matrices
VFD0155 - Semi preparative xylitol purification with dedicated sugar purification system
VFD0150 - Alternative xylitol extraction via hplc purification from fermented biomass
VSP0013 - Simplified scale up for sugars with the AZURA RID 2.1L extended dynamic range option
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Zearalenone and its major metabolites – a simple
isocratic method
Juliane Böttcher1, Marina Müller2, Kate Monks1; applications@knauer.net
1
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net
2
Leibniz-Zentrum für Agrarlandschaftsforschung e.V., Müncheberg, Germany

SUMMARY

The Food and Agricultural Organization of the United Nations estimated that 25 % of the global food are contaminated
with mycotoxins [1]. Zearalenone (ZON) is a non-polar mycotoxin and a common contaminant in cereal grain used
for animal and human food. It exerts an estrogenic activity that disrupts endocrine function in animals and possibly
humans. The major metabolites of ZON are α- and β- zearalenol. All three components can be determined with
a robust and simple isocratic method.
INTRODUCTION
Mycotoxins are secondary metabolites produced by mould fungus. The mycotoxin ZON, which is an intermediate catabolic product of filamentous fungi of the genus Fusarium, can be
determined on almost all type of cereal. Although the overall toxicity is low, animal testing unraveled teratogenic, hepatotoxic, immunotoxic, genotoxic and cancerogenic effects [2, 3].
ZON furthermore influences the tumor progression of hormonal sensitive tissues as it shows estrogen-like characteristics. α- and β- zearalenol are the main metabolites of ZON and mainly formed in the liver but also to a lesser extent in the intestines during first-pass metabolism [4, 5]. A relatively low proportion of β-zearalenol is formed from zearalenone compared to
α-zearalenol in human [4]. α-zearalenol is about 3- to 4-fold more potent as an estrogen relative to zearalenone.

RESULTS
All samples and standards were provided from the Leibniz-Zentrum für Agrarlandschaftsforschung (ZALF) e.V. In a range from about 2 ng up to 20 ng (absolute) calibrations of all three
mycotoxins were determined using six different volumes of the standard ZALF 1. Tab. 1 gives a short summary of the retention times of the substances and achieved correlation coefficients of calibration. Fig. 1 shows the separation of the components in the standard ZALF 1. All peaks are baseline separated. The sample ZALF 2 is made of extracted grain of wheat
which were inoculated with a fungus of the genus Fusarium. For the determination of zearalenol the sample ZALF 2 was used as provided. For the determination of zearalenone a dilution
was necessary. Fig. 2 shows the measurement of the sample ZALF 2 with and without dilution. With quantification based on the determined calibration curves a concentration of 2.80
ng/µL for β-zearalenol, 0.29 ng/µL for α-zearalenol and 390 ng/µL for zearalenone were calculated.

Tab. 1 Retention times and correlation coefficients of β-Zearalenol, α-Zearalenol and Zearalenone calibration

Peak

Substance

Retention
time

Correlation
coefficient

1

β-Zearalenol

7.573 min

0.99985

2

α-Zearalenol

11.160 min

0.99997

3

Zearalenone

12.331 min

0.99997

Fig. 1 Standard ZALF 1: 1) β-Zearalenol, 2) α-Zearalenol,
3) Zearalenone

Fig. 2 Sample ZALF 2, blue - without dilution, red - 1:50 dilution, 1) β-Zearalenol, 2) α-Zearalenol, 3) Zearalenone

MATERIALS AND METHOD
An AZURA Analytical HPLC Plus system was used for this application. The system consisted of an isocratic AZURA P 6.1L pump, an AZURA AS 6.1L autosampler, an AZURA CT 2.1 column
thermostat and a RF 20 Axs fluorescence detector in combination with CBM 20 A under the ChromeleonTM software. The isocratic method [6] was applied for 25 minutes at a flow rate of
0.65 mL/min with a mixture of methanol and 3 mM phosphoric acid in a ratio 65:35 (v/v). The column temperature was set to 25 °C. The substances were measured with an excitation at
274 nm and emission at 456 nm. The used column in a dimension 150 x 4 mm ID with precolumn was filled with LiChrospher 100-5 RP 18 silica.

CONCLUSION
It was possible to identify and quantify ZON and its metabolites with the described isocratic method. Using a fluorescence
detector for enhanced sensitivity allows measurements of small amounts of mycotoxins even in a complex sample matrix.
This application can be used for quality control to make sure the set limit values according to Commission Regulation (EC)
No 1881/2006 [7] will be maintained.

REFERENCES
[1] W. Mücke, Ch. Lemmen, Schimmelpilze. Vorkommen, Gesundheitsgefahren, Schutzmaßnahme n. Ecomed Verlag,
Landsberg am Lech, 2004
[2] A. Zinedine, J.M. Sorianoet et al., Food and Chemical Toxicology, 2007, 45, 1-18
[3] M. Weidenbörner, Encyclopedia of Food Mycotoxins, Springer, Berlin, 2001
[4] Naresh Magan; Monica Olsen (2004). Mycotoxins in Food: Detection and Control. Woodhead Publishing. pp. 356–.
ISBN 978-1-85573-733-4.
[5] G. S. Eriksen (1998). Fusarium Toxins in Cereals: A Risk Assessment. Nordic Council of Ministers. pp. 61–. ISBN 978-92893-0149-7.
[6] Dr. Marina Müller, Leibniz-Zentrum für Agrarlandschaftsforschung (ZALF) e.V.
[7] http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32006R1881&from=DE
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ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

Methanol:3 mM phosphoric acid 65:35 (v/v)

Eluent B

Methanol

Gradient

Volume [mL]

%A

%B

0.0

100

0

13.0

100

0

13.5

65

35

18.0

65

35

18.5

100

0

25.0

100

0

Flow rate

0.65 mL/min

System pressure

ca. 120 bar

Column temperature

25 °C

Run time

25 min

Injection volume

2-20 µL

Injection mode

Partial loop

Detection wavelength

Ex 274 nm /
Em 456 nm

Data rate

100 Hz

Time constant

0.01 s

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P6.1L, isocratic

APH30EA

Autosampler

AZURA AS 6.1L

AAA00AA

Detector

RF 20Axs with CBM-20A

A59201

Thermostat

AZURA CT 2.1

A05852

Column

LiChrospher 100-5 RP 18, Vertex Plus 150 x 4 mm ID with precolumn

15WE189LSJ

Software

Chromeleon 7.2

RELATED KNAUER APPLICATIONS
VFD0159 - Alternaria alternata – determination of main metabolites
VFD0152 - Determination of Aflatoxin in milk
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Alternaria alternata – determination of main
metabolites
Juliane Böttcher, Marina Müller1, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net
1
Leibniz-Zentrum für Agrarlandschaftsforschung e.V., Müncheberg, Germany

SUMMARY

Alternaria toxins represent a possible health-endangering group of mycotoxins produced mainly by the Alternaria
species. These are a widespread group of fungi contaminating mainly fruits and vegetables, but also other crop
plants, during growth as well as storage. The most important mycotoxin-producing species is Alternaria alternata
which occurs mainly on cereals and seeds [1].
INTRODUCTION
Even though Alternaria toxins are normally associated with fruits and vegetables that are visibly infected by Alternaria species, they have also been found in cereals, such as wheat, rye,
sorghum, rice, and even tobacco. Alternaria toxins have been shown to exhibit both acute and chronic effects and therefore represent a threat to animal and human health. The most studied mycotoxin in the group of toxins produced by the species Alternaria is tenuazonic acid. Its main function is the inhibition of protein synthesis and results in antitumor, antiviral and
antibacterial activity. Most of the other Alternaria toxins show cytotoxic activity in mammals, some of them are mutagenic like the altertoxins, while others are toxic to the unborn [1]. This
application focusses on the determination of alternariol (AOH), alternariol monomethyl ether (AME), altenuene (ALT) and tenuazonic acid (TeA).

RESULTS
All samples and standards were provided from the Leibniz-Zentrum für Agrarlandschaftsforschung (ZALF) e.V. [2]. First a calibration was made using the standard ZALF 5 with five different injection volumes. AOH was calibrated in a range from 0.5 ng up to 5.0 ng (absolute), ALT and AME from 1 ng up to 10 ng (absolute) and TeA from 2ng up to 20 ng (absolute). AOH,
ALT and AME were detected with a fluorescence detector. TeA was determined using a UV detector. Tab. 1 gives a short summary of the retention times of the substances and achieved
correlation coefficients of calibration. As sample an extracted nutrient solution of an Alternaria strain was used. The extract was divided into two fractions. One for the TeA determination
(ZALF 7, dilution 1:20) and one for the other metabolites (ZALF 6, without dilution). Fig. 1 shows an overlay of the fluorescence traces of the standard ZALF 5 and sample ZALF 6. For ALT,
a concentration of 1.18 ng/µL was calculated, for AOH 2.74 ng/µL and 0.36 ng/µL for AME. Fig. 2 Shows the UV traces of standard ZALF 5 and sample ZALF 7 for determination of TeA. In
the second fraction, a value of 3.44 ng/µl TeA was calculated.

Tab. 1 Retention times and correlation coefficients of altenuene, alternariol, alternariol monomethyl ether and tenuazonic acid calibration

Peak

Substance

Retention
time

Correlation
coefficient

1

ALT

4.063 min

0.99872

2

AOH

5.698 min

0.99853

3

TeA

8.424 min

0.99917

4

AME

10.664 min

0.99889
Fig. 1 Overlay of standard ZALF 5 (blue) and sample ZALF 6
(red), fluorescence detection, 1) ALT, 2) AOH, 3) TeA,
4) AME

Fig. 2 Overlay of standard ZALF 5 (blue) and sample ZALF 7
(red), UV-detection, 3) TeA

MATERIALS AND METHODS
An AZURA® Analytical HPLC Plus system was used for this application. The system consisted of an isocratic AZURA P 6.1L
pump, an AZURA AS 6.1L autosampler, an AZURA DAD 6.1L, an AZURA CT 2.1 column thermostat and a RF 20 Axs
fluorescence detector in combination with CBM 20 A under the Chromeleon™ software. The isocratic method [2] was
applied for 30 minutes at a flow rate of 1 mL/min with a mixture of methanol and water in a ratio 70:30 (v/v). Furthermore
300 mg/mL zinc sulfate were added to the mobile phase. The column temperature was set to 30 °C. The substances were
measured with an excitation at 253 nm and emission at 415 nm. The UV detector was set 280 nm. The used column, in a
dimension 250 x 4.6 mm ID with precolumn, was filled with Prontosil Hypersorb 120-5 ODS silica.

CONCLUSION
It was possible to identify and quantify all Alternaria alternata metabolites with the described isocratic method. Using a
fluorescence detector for enhanced sensitivity allows measurements of small amounts of mycotoxins even in a complex
sample matrix. There are currently no statutory or guideline limits set for Alternaria mycotoxins because surveys to date
have shown that their natural occurrence in foods is low and the possibility for human exposure is limited. The need for
regulation is kept under review as new information becomes available [3].

REFERENCES
[1] https://www.romerlabs.com/en/knowledge-center/knowledge-library/articles/news/alternaria-toxins/
[2] Dr. Marina Müller, Leibniz-Zentrum für Agrarlandschaftsforschung (ZALF) e.V.
[3] http://www.micotoxinas.com.br/altertoxins.htm
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ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

Methanol:Water 70:30 (v/v) with 300 mg/L ZnSO4 x 7 H2O

Eluent B

Methanol

Gradient

Volume [mL]

%A

%B

0.0

100

0

14.0

100

0

14.5

50

50

21.0

50

50

21.5

100

0

30.0

100

0

Flow rate

1 mL/min

System pressure

ca. 160 bar

Column temperature

30 °C

Run time

30 min

Injection volume

1-10 µL

Injection mode

Partial loop

Detection UV

280 nm

Data rate

50 Hz

Time constant

0.02 s

Detection FLD

Ex 253 nm /
Em 415 nm

Data rate

100 Hz

Time constant

0.01 s

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P6.1L, isocratic

APH30EA

Autosampler

AZURA AS 6.1L

AAA00AA

Detector

RF 20Axs with CBM-20A

A59201

Detector

AZURA DAD 6.1L

ADC11

Flow cell

LightGuide 50 mm, 6 µL

AMD59XA

Thermostat

AZURA CT 2.1

A05852

Column

Prontosil Hypersorb 120-5 ODS, VertexPlus Column 250 x 4.6 mm
ID with precolumn

25VF180PYJ

Software

Chromeleon 7.2

RELATED KNAUER APPLICATIONS
VFD0158 - Zearalenone and its major metabolites – a simple isocratic method
VFD0152 - Determination of Aflatoxin in milk
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Determination of sugars and natural sugar
substitutes in different matrices
Juliane Böttcher, Hagen Schlicke, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Nowadays sugar substitutes are used in many products, not only for diabetic purposes but to make products more
attractive for customers. Furthermore, people are interested in a healthier lifestyle which includes consuming less
sugar. Therefore, a quality control of sugar and sugar substitutes in food and beverages needs to be compulsory,
to assure the correct composition of ingredients.
INTRODUCTION
Sweet taste is favored by human beings. People instinctively desire the pleasure of sweetness, which resulted in a preference for sweet foods and beverages [1]. But sugar is a rich in calories and that is why a lot of people are switching to light products containing sugar substitutes. These products contain less calories and are often obtained from natural crude materials. e.g. wood fibers of the birch. This application will focus on the determination of commonly used sugars and natural sugar substitutes. Sucralose (E 955) is a high -intensity sweetener,
about 600 times higher than saccharose. Mannitol (E 421) and sorbitol (E 420) have about half the intensity of saccharose and xylitol (E 967) has a quite equal intensity as commonly used
sugar [2].

RESULTS
A mixed standard of saccharose, sucralose, glucose, fructose, mannitol, xylitol, and sorbitol was used for calibration in a range from 0.25 mg/mL up to 2.0 mg/mL. Five different samples
of caffeinated soft drinks as well as one sample of chewing gum and one sample of tooth paste were analyzed. Various compositions and contents of the analytes in the samples were
determined (Tab. A1, additional results). Fig. 1 shows a chromatogram of sample 5 compared to the standard mix. It reveals that this sample contains saccharose, glucose, and fructose
exclusively. The analyzed chewing gum and tooth paste contain only mannitol, xylitol, and sorbitol. Additional peaks were observed in both chromatograms but are not related to the
substances in the standard mix (Fig. 2 & 3).

Fig. 1 Overlay of mixed standard (red) and Guarana soft drink
with sugar (dilution 1:30, blue), 1) saccharose, 2) sucralose, 3) glucose, 4) fructose, 5) mannitol, 6) xylitol,
7) sorbitol

Fig. 2 Overlay of mixed standard (red) and extracted tooth
paste (blue), 1) saccharose, 2) sucralose, 3) glucose,
4) fructose, 5) mannitol, 6) xylitol, 7) sorbitol

Fig. 3 Overlay of mixed standard (red) and extracted chewing
gum (blue), 1) saccharose, 2) sucralose, 3) glucose,
4) fructose, 5) mannitol, 6) xylitol, 7) sorbitol

MATERIALS AND METHODS
The AZURA® dedicated system for sugar analytics with an additional autosampler was used for this application. The system consisted of an isocratic
AZURA P 6.1L pump, an AZURA autosampler AS 6.1L, an AZURA CT 2.1 column thermostat, an AZURA RID 2.1L refractive index detector and an Eurokat
Ca column in a dimension 300 x 8 mm ID with precolumn 30 x 8 mm ID filled with the same material. Eurokat Ca is a sulfonated cross-linked styrene-divinylbenzene copolymer. The isocratic method ran 45 minutes at a flow rate of 0.5 mL/min with 100% aqueous eluent. The column thermostat was set to
60 °C and the data rate of the detector to 20 Hz. 20 μL of samples and standards were injected.

CONCLUSION
The presence of natural sugar substitutes besides sugars in the same sample matrix is not prevalent but quite feasible. It can be seen, that the caffeinated soft drinks only contained sugar and no sugar substitutes. As expected the soft drinks which were declared to be “light” had no measurable amount of sugars. The extracted tooth paste and chewing gum were specified to be sugar -free but contain sugar substitutes. The detection of
mannitol, xylitol or sorbitol was as expected. With the described method it is possible to identify the most commonly used sugars and natural sugar
substitutes in one run. With little effort in sample preparation it is even contingent to determine these substances from solid samples such as chewing gum or tooth paste.

REFERENCES
[1] https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3098376/
[2] https://www.bzfe.de/inhalt/kennzeichnung-von-zusatzstoffen-1881.html
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ADDITIONAL RESULTS
Tab. A1 Results of sample measurements (n.d. = not detectable)

Peak

Substance

Sample 1
(with sugar)
in mg/mL

Sample 2
(light)
in mg/mL

Sample 3
(light)
in mg/mL

Sample 4
(Bio, with sugar)
in mg/mL

Sample 5
(Guarana with sugar)
in mg/mL

Sample 6
(chewing gum)
in g/100 g

Sample 7
(tooth paste)
in g/100 g

1

Saccharose

47.84

n.d.

n.d.

n.d.

8.54

n.d.

n.d.

2

Sucralose

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

3

Glucose

17.12

n.d.

n.d.

37.58

30.60

n.d.

n.d.

4

Fructose

15.60

n.d.

n.d.

34.82

26.52

n.d.

n.d.

5

Mannitol

n.d.

n.d.

n.d.

n.d.

n.d.

10.98

0.23

6

Xylitol

n.d.

n.d.

n.d.

n.d.

n.d.

5.84

2.11

7

Sorbitol

n.d.

n.d.

n.d.

n.d.

n.d.

5.84

19.71

ADDITIONAL MATERIALS AND METHODS
Tab. A3 Method parameters

Eluent

Water

Gradient

isocratic

Flow rate

0.5 mL/min

System pressure

ca. 35 bar

Column temperature

60 °C

Run time

45 min

Injection volume

20 µL

Injection mode

Full loop

Detection

RI

Data rate

20 Hz

Time constant

0.05 s

Tab. A4 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P6.1L, isocratic

APH30EA

Autosampler

AZURA AS 6.1L

AAA00AA

Detector

AZURA RID 2.1L

ADD31

Thermostat

AZURA CT 2.1

A05852

Column

Vertex Plus Column, 300 x 8 mm, Eurokat Ca, 10 µm
Vertex Plus Column, 30 x 8 mm, Eurokat Ca, 10 µm

30GX360EKN
03GX360EKN

Software

ClarityChrom 7.2

A1670-11

RELATED KNAUER APPLICATIONS
VFD0161 - Determination of sugars in honey using HILIC separation and RI detection
VFD0155 - Semi preparative xylitol purification with dedicated sugar purification system
VFD0150 - Alternative xylitol extraction via hplc purification from fermented biomass
VSP0013 - Simplified scale up for sugars with the AZURA RID 2.1L extended dynamic range option
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Dedicated AZURA® Sugar Analytical System

Determination of sugars in honey
using HILIC separation and RI detection
Hagen Schlicke, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Honey is one of the most popular natural foods and the consumption has grown in the last few decades. Hydrophilicinteraction chromatography was used for the separation of mono- and disaccharides to distinguish between honey
and honey substitute products. The dedicated AZURA® Sugar Analytical System with autosampler upgrade is
perfectly suitable for this application.
INTRODUCTION
There are well over 50 different kinds of honey on the market, which differ in consistency, color, and taste. In Germany, the honey ordinance differentiates honey according to the origin,
type of extraction, the form of supply or the intended use. Natural bee honey consists of approx. 39 % fructose and approx. 34 % glucose. [1] For example, blossom honey (Blütenhonig)
must contain at least 60 % fructose and glucose [2]. In addition, small amounts of sucrose or maltose can be detected [1]. Internationally, products containing more than 5 % sucrose or
maltose must no longer be labeled as "pure" honey [3]. The Association of Official Analytical Chemist (AOAC) designed a method for the analysis of sucrose, fructose, and glucose in honey (AOAC 977.20). Based on this method, we used an Eurospher II NH2 column for hydrophilic-interaction chromatography (HILIC). Two different commercially available honeys and two
substitutes were analyzed to illustrate the differences between these products.

RESULTS
The carbohydrates fructose, glucose, sucrose, and maltose were separated in 12 min with an isocratic method (Fig. 1). All sugars could be quantified in a range of mg per 100 g standard sample. Thereby the lowest concentration measured in the standard mix used for the calibration was 0.39 mg/mL (Fig. A1). All four sugars followed a linear calibration fit and had
R2 coefficients >0.999 (n=6, data not shown). The composition of the sugars in the examined samples differed greatly between the honey and the substitute products (Fig. 2). The agave
nectar had a much higher content of fructose whereas honey substitute had only 1.24 g fructose per 100 g sample. The content of maltose was greatly increased in the honey substitute
compared to the honey and the agave nectar samples. The two honey samples each contained more fructose than glucose. The total sugar content of bee honey and blossom honey was
around 77 % and 74 %, respectively. No detectable amounts of sucrose were found in bee honey and agave nectar which additionally contained no maltose (Tab. 1).

Tab. 1 Quantitative results of two honeys and two honey substitutes

Fructose

Glucose

Sucrose

Maltose

Honey
substitute

1.24

5.18

1.17

35.15

Bee
honey

39.09

35.32

0.00

2.98

Blossom
honey

37.50

33.27

1.12

2.37

Agave
nectar

53.98

18.98

0.00

0.00

Sample

Fig. 1 Overlay of 12 replicates of the 12.5 mg/mL sugar
standard containing 1) fructose, 2) glucose,
3) sucrose, 4) maltose

(g/100 g)

±0.04
±0.13
±0.15
±0.12

(g/100 g)

±0.21
±0.67
±0.56
±0.73

(g/100 g)

±0.07
±0.00
±0.05
±0.00

(g/100 g)

±0.73
±0.22
±0.30
±0.00

Sugar
content
(%)
42.74
77.39
74.27
72.96

Fig. 2 Overlaid chromatograms of two honey and two
honey substitute samples; blue – honey substitute,
red - bee honey, green - blossom honey, light blue
- agave nectar

MATERIALS AND METHODS
The AZURA® dedicated system for sugar analytics with an additional autosampler was used for this application. The system consisted of an isocratic
AZURA P 6.1L pump, an AZURA AS 6.1L autosampler, an AZURA CT 2.1 column thermostat, an AZURA RID 2.1L refractive index detector, and an
Eurospher II 100-3 NH2 150 x 4 mm column with precolumn. The isocratic method run for 12 min at a flow rate of 1.2 mL/min with 80 % acetonitrile used as eluent. The column thermostat was set to 35 °C, the data rate of the detector was set to 20 Hz, and 5 μL of sample and standards were
injected. The four standards were first dissolved in water 1:40 (w/v), then mixed 1:1:1:1 (v/v/v/v), filtered (0.45 µm) and finally diluted 1:1 (v/v) with
acetonitrile to achieve a 12.5 mg/mL stock solution. The samples were dissolved in water 1:20 (w/v), filtered (0.45 µm), and diluted 1:1 (v/v) with acetonitrile before injection.

CONCLUSION
The honey samples contained more than 60 % fructose and glucose, as expected. The ratio of fructose and glucose was also typical of honey. The
more glucose a honey has, the faster it tends to crystallize. The examined honey substitute and agave nectar showed a different kind of sugar pattern. The high maltose content indicates that honey substitute is not a natural product such as honey. Natural honey normally contains high concentrations of glucose and fructose and, in proportion, substantially less maltose. The data demonstrated the effective chromatographic separation of
fructose, glucose, sucrose, and maltose using the AZURA dedicated system and an excellent linearity and retention time repeatability. In addition
to the determination of sugars this application can also be used to differentiate between natural products such as honey and possible substitutes
of the food industry.

REFERENCES
[1] AID Zucker, Sirupe, Honig, Zuckeraustauschstoffe und Süßstoffe (Nr. 1157)
[2] Honigverordnung vom 16. Januar 2004 (BGBI I S. 92)
[3] Codex Alimentarius Commission, 2001; GB18796-2005, 2005
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ADDITIONAL RESULTS

Fig. A2 Overlaid chromatograms of sugar standard.
1) fructose, 2) glucose, 3) sucrose, 4) maltose;
Increasing the flow rate to 2 mL min reduces
the run time to 7 min. The overlay of the 6 runs
shows that the method still has a high reproducibility. However, it should be noted that the lifetime of the column is shortened under these conditions and a regular calibration is recommended

Fig. A1 Chromatogram of the 0.39 mg/mL sugar stan
dard. 1) fructose, 2) glucose, 3) sucrose, 4) mal
tose

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent

80 % Acetonitrile gradient grade

Gradient

isocratic

Flow rate

1.2 mL/min

Run time

12 min

Column temperature 35 °C

Injection mode

Full loop

Injection volume

5 µL

Data rate

10 Hz

Detection

RI

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA® P6.1L, LPG

APH39EA

Autosampler AZURA® AS 6.1L

AAA00AA

Detector

AZURA® RID 2.1L

ADD31

Column

Eurospher II 100-3 NH2
150 x 4 mm with precolumn

15WE190E2G

Thermostat

AZURA® CT 2.1

A05852

Software

ClarityChrom 7.2

A1670-11

Dedicated AZURA® Sugar Analytical System

RELATED KNAUER APPLICATIONS
VFD0160 - Determination of sugars and natural sugar substitutes in different matrices
VFD0155 - Semi preparative xylitol purification with dedicated sugar purification system
VFD0150 - Alternative xylitol extraction via hplc purification from fermented biomass
VSP0013 - Simplified scale up for sugars with the AZURA RID 2.1L extended dynamic range option
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Separation of ascorbic acid and vitamin B
complexes – essentially required nutrients
Stefan Weiz, Juliane Böttcher, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Vitamins can be divided into fat-soluble and water-soluble vitamins. Water-soluble vitamins dissolve in water,
which means these vitamins and nutrients dissolve quickly in the body. Examples for water soluble vitamins are
vitamin C and the vitamin B complex: thiamin (B1), riboflavin (B2), niacin (B3), pantothenic acid (B5), vitamin B6,
biotin (B7), folic acid (B9), cyanocobalamin (vitamin B12). In this work, eight water-soluble vitamins were separated
and quantified in less than 10 min.
INTRODUCTION
Water-soluble vitamins are essential nutrients that an organism requires in limited amounts. All B-vitamins and C-vitamin are water-soluble vitamins. They are distributed in all watercontaining areas of the body, for example in blood or in cell interstices. Water-soluble vitamins are hardly stored in the body, only vitamin B12 can be stored in the liver. Therefore, a consistent intake is important, which can be achieved with one of the dietary supplement on the market. Vitamin B12 supplements are particularly important for individuals following a vegan
diet. Qualitative and quantitative analysis of vitamins in dietary supplements is a challenging task since vitamins are relatively unstable and vitamins are a mix of neutral, acidic and basic
compounds. In the consecutively described results the separation of the vitamin B-complexes such as ascorbic acid, nicotinic acid, thiamine, pyridoxine, nicotinamide, cyanocobalamin
(synthetic form of vitamin B12) and riboflavin is described. The method includes a wavelength switching step at 5.5 min to get the highest sensitivity for cyanocobalamin.

RESULTS
The absorption spectrum of cyanocobalamin shows a specific band at 360 nm, but at 220 nm the molar attenuation coefficient is higher (Fig. 1). For the measurement of ascorbic acid and
thiamine it is important, that the pH of the sample is set to a value of 3.0. It is recommended to use a 20 mmol potassium dihydrogenphosphate buffer adjusted to pH 3.0. In comparison,
the eluent has a pH of 4.25. For ascorbic acid the limit of quantification (LOQ, S/N=10) is 66 µg/L, for nicotinic acid 107 µg/L, for thiamine 1406 µg/L, for pyridoxine 2183 µg/L, for nicotinamide 162 µg/L, cyanocobalamin 145 µg/L and for riboflavin 462 µg/L. Fig. 2 shows the chromatogram of a mixed vitamin B standard. The folic acid was not stable under the applied
test conditions.

Fig. 1 Absorption spectrum of cyanocobalamin

Fig. 2 Chromatogram of standard mix, 1) ascorbic acid, 2) nicotinic acid, 3) thiamine,
4) pyridoxine, 5) nicotinamide, 6) folic acid, 7) cyanocobalamin, 8) riboflavin

MATERIALS AND METHODS
An AZURA® UHPLC system was used for this application. The system consisted of an AZURA P 6.1L LPG pump, an AZURA AS 6.1L autosampler,
an AZURA DAD 6.1L with a High Sensitivity LightGuide flow cell and an AZURA CT 2.1 column thermostat. Analysis was performed using the
OpenLAB EZChrom Edition chromatography software. The samples were diluted in 20 mmol potassium dihydrogenphosphate buffer pH 3.0 and
filtered over 0.45 µm pore size syringe filter. 10 µL of each sample was injected onto a 150 x 3 mm ID column, filled with Eurospher II 100-3 C18 A
silica. The samples were separated at 30 °C at a flow rate of 1 mL/min with a linear gradient of 20 mmol potassium dihydrogenphosphate pH 4.25
adjusted with phosphoric acid (A) and acetonitrile (B) (0 – 30 % B in 8.5 min). At the beginning the detection wavelength was set to 270 nm and
then switched to 220 nm at 5.5 min.

CONCLUSION
All components could be clearly be qualified and quantified. The wavelength switching increased the sensitivity of the method for the determination of cyanocobalamin (vitamin B12). This fast and sensitive method could be used for quality control of supplementary products.
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ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

20 mmol potassium dihydrogenphosphate pH 4.25
(adjusted with phosphoric acid)

Eluent B

Acetonitrile

Gradient

Time (min)

%A

%B

0.0

100

0

0.5

100

0

9.0

70

30

12.0

70

30

15.0

100

0

20.0

100

0

Flow rate

1.0 mL/min

Run time

20 min

Column temperature

30°C

Injection mode

Full loop

Injection volume

10 µL

Data rate

20 Hz

Time constant

0.05 sec

Detection wavelength switching
Time (min)

nm

0.0

270

5.5

220

19

270

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA® P6.1L, LPG 5 ml

APH34GA

Autosampler AZURA® AS 6.1L

AAA10AA

Detector

AZURA® DAD 6.1L

ADC11

Flow cell

LightGuide 50mm, 6µL

AMD59XA

Column

Eurospher II 100 3 C18 A , Vertex Plus
15CE184E2G
Column 150 x 3 mm ID

Thermostat

AZURA® CT 2.1

A05852

Software

OpenLAB CDS EZChrom Edition

A2600-1

RELATED KNAUER APPLICATIONS
VFD0146 - Sensitive online SPE determination of bisphenol A in water samples
VFD0152 - Determination of Aflatoxin M1 in milk
VFD0158 - Zearalenone and its major metabolites – a simple isocratic method
VFD0159 - Alternaria alternata – determination of main metabolites
VFD0160 - Determination of sugars and natural sugar substitutes in different matrices
VFD0161 - Determination of sugars in honey using HILIC separation and RI detection
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Quantitative determination of gallic acid and
tannic acid from gallnut extract
Juliane Böttcher, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Quercus infectoria gallae (oak gall) contain tannins which are characterized to have curative and anti-inflammatory
properties. Because of their antiviral and antibacterial qualities, tannins from gallnut extracts have been used in
traditional and ayurvedic medicine as well as beauty culture. A newly developed gallnut extract was prepared in
a glycerin-water-mixture. To examine the quality of this extract a reliable, innovative HPLC method was worked
out to determine the containing active ingredients.
INTRODUCTION
Tannins or tanning agents are natural occurring phenolic plant compounds highly abundant in bark, roots, and leaves. Their main operation area is to support the healing process of inflammations, abscesses, incinerations, wounds [4], atopic skin [6] as well as quinsy [1, 5]. The effect of tannins is antibacterial, antiviral [2], antifungal [3] anti-inflammatory, astringent and
toxin neutralizing. Tanning agents are divided into three groups: gallotannins, algae tanning agents and catechol tanning agents. Gallic acid, also known as 3,4,5-trihydroxybenzoic acid, is
a component of the gallotannins and found highly concentrated in gallnuts and oak bark. Tannic acid is a specific commercial form of tannin. The chemical formula for tannic acid is often
given as C76H52O46, which corresponds with decagalloyl glucose, but in fact it is a mixture of polygalloyl glucoses or polygalloyl quinic acid esters with a varying number of galloyl moieties per molecule. The following application shows how to determine and quantify gallic acid and tannic acid from gallnut extract with an HPLC method. Since tannic acid was defined as
a mixture its determination was carried out as a sum parameter.

RESULTS
For the quantitative determination of gallic acid and tannic acid five different measuring points were defined. After calibration the limit of detection (LOD) and the limit of quantification
(LOQ) were determined. For gallic acid a LOD of 12 ng/mL and LOQ of 40 ng/mL was achieved. For tannic acid a LOD of 120 ng/mL and LOQ of 400 ng/mL was calculated. The next step
was to measure the sample. The gallnut extract consist of a mixture of glycerol and water and had a strong yellow, almost brown dye. Because of the extract`s viscosity a direct injection
into the HPLC system was not possible. A dilution series was made and a final dilution with water in a relation of 1:1000 was chosen. The extract was filtered through a 0.45 µm pore size
hydrophilic filter. For the evaluation of gallic acid and tannic acid pretreated samples with different injection volumes were measured. Gallic acid was analyzed with an injection volume of
10 µL whereas an injection volume of 1 µL was used for determining the sum parameter tannic acid. Fig. 1 and 2 show the measurements of the diluted extract at different injection volumes. Furthermore replicates of the filtered and diluted (1:1000) extract were measured with 1 µL and 10 µL injection volume. The samples are evaluated on the based calibration curves.
The replicates show reproducible results. Relating to the detected area the relative standard deviation for the measurements (n=4) is 1.94 % RSD for gallic acid and 0.51 % RSD for tannic
acid.

Fig. 1 Gallnut extract, dilution 1:1000, 1 µL injection.

Fig. 2 Gallnut extract, dilution 1:1000, 10 µL injection

MATERIALS AND METHODS
An AZURA Analytical HPLC Plus system for a pressure range up to 700 bar was used for this application. It consist of a P 6.1L HPG pump, an autosampler 3950, a CT 2.1 column thermostat
and DAD 6.1L. The analytical method runs with a gradient mode at a flow rate of 1 mL/min. The mobile phase is a mixture of water and acetonitrile/water 50:50 (v/v). An amount of 0.1 %
of formic acid is used as mobile phase modifier. The column thermostat was set to 30 °C and the detector recorded at 280 nm. The used column is filled with KNAUER Eurospher II 1003 C18H silica.

CONCLUSION
With this developed method and the AZURA® HPLC Plus system it is possible to perform a rapid quantitative analysis of gallic acid and tannic acid without time consuming sample preparation. Despite of the complex matrix like the gallnut extract, the quantification could be performed robustly and reproducibly with the specified method parameters. To exploit the full
potency of gallic acid a preparative purification of the extract is possible. For the processing of the purified product it has to be solved in glycerol, water or a mixture of those solvents.
Because of the presence of acidic modifier and methanol in the analytical method it cannot be adapted directly up to a preparative dimension. A possible preparative method should be
applied immediately after the gallnut extraction and should be run with 100% watery eluent. KNAUER´s developed analytical method still can be used for quality and purity control.

REFERENCES
[1] Savitri Shrestha, Vasuki Srinivas Kaushik, Ravi Shankara Birur Eshwarappa, Sundara Rajan Subaramaihha, Latha Muuaiah Ramanna,
and Dhananjaya Bhadrapura Lakkappa, Asian Pac J Trop Biomed. 4(1): 35–39, 2014 Jan.
[2] Kyoko Ueda, Ryoko Kawabata, Takashi Irie, Yoshiaki Nakai, Yukinobu Tohya, Takemasa Sakaguchi, PLoS ONE 8(1): e55343, 2013.
[3] Nur Saeida Baharuddin, Hasmah Abdullah, Wan Nor Amilah Wan Abdul Wahab, J Pharm Bioallied Sci. 7(1): 15–20, 2015 Jan-Mar.
[4] Umachigi SP, Jayaveera KN , Ashok Kumar CK, Kumar GS, Vrushabendra swamy BM, Kishore Kumar DV, Tropical Journal of Pharmaceutical Research: 7 (1): 913-919, March 2008.
[5] Upadhye AS, Pharm Anal Acta. , 2010.
[6] Jung MK, Hur DY, Song SB, Park Y, Kim TS, Bang SI, Kim S, Song HK, Park H, Cho DH, J Invest Dermatol. 130(5):1459-63., 2010
May.
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ADDITIONAL RESULTS

Fig. A1 Chromatogram Gallic acid, β=0.01 mg/mL

Fig. A2 Chromatogram Tannic acid, β=0.01 mg/mL

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

H2Odd +0.1 % formic acid

Eluent B

Acetonitrile: H2Odd 50:50 (v/v) +0.1 % formic acid

Gradient

Time [min]

%A

%B

0.00

95

5

2.00

95

5

5.00

55

45

5.02

0

100

10.00

0

100

10.02

95

5

15.00

95

5

Flow rate

1 mL/min

System pressure

-

Column temperature

30 °C

Run time

15 min

Injection volume

1-10 µL

Injection mode

-

Detection wavelength

280 nm

Data rate

20 Hz

Time constant

0.05 sec

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L, HPG, 10 mL, SS

APH35EA

Autosampler

Autosampler 3950

A50070

Detector

AZURA DAD 6.1L

ADC11

Flow cell

LightGuide 50mm, 6µL

AMD59

Thermostat

AZURA CT 2.1

A05852

Eluent tray

AZURA E 2.1L

AZC00

Column

Vertex Plus Column, 150x3mm, Eurospher II 100-3 C18H

15XE185E2G

Software

OpenLAB CDS EZChrom Edition

A2600-1
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Quality control of pharmaceutical solutions
by determination of osmolality
Juliane Böttcher, Till Myrach, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

The osmolality of solutions used in the clinical and pharmaceutical field is an important issue that requires regular
monitoring. Especially infusion solutions but also solutions for external use like eye drops and rinsing solutions
must be isotonic to ensure the physical well-being of humans. In this study, the osmolality of commercially
available pharmaceutical solutions were determined using the KNAUER K-7400S Semi-Micro Osmometer.
INTRODUCTION
To guarantee the quality of solutions used for pharmaceutical or medical purposes the osmolality is consulted as an assessment value. The osmolality is a general measure for the number
of solved molecules in a liquid and is commonly given in mOsmol/kg. Conventionally used solutions for clinical application are for example Ringer solution [1], physiological salt solution
(0.9 % NaCl), and 5 % glucose. These have to be in the osmolality range of 290±10 mOsmol/kg to comply with human plasma [2]. In addition to these physiological infusions also glucose
solutions of higher concentration (10 %, 15 % and 20 %) are used in daily clinical practice. These are for instance applied for the treatment of hypoglycemic conditions or as carbohydrate
component in parenteral nutrition [3]. All of the mentioned solutions were prepared and analysed to evaluate their actual osmolalities.

RESULTS
To evaluate the results, they were divided into the different fields of application. On the one hand the isotonic solutions used for infusion or rinsing, and on the other hand the glucose
solutions with varying concentrations for special treatments. The 5 % glucose solution is somehow an exception and could be applied for both ambits. The diagram in Fig. 1 shows the
measurement of the isotonic solutions in relation to the given limit value for plasma. The averaged osmolality (n=10) for Ringer solution was 284 mOsmol/kg, 281 mOsmol/kg for 0.9 %
NaCl and 287 mOsmol/kg for 5 % glucose. The diagram in Fig. 2 visualizes the measured osmolalities of different glucose solutions with concentrations of 5 %, 10 %, 15 % and 20 % glucose. The determined averaged osmolality (n=10) added up to 604 mOsmol/kg for 10 % glucose, 939 mOsmol/kg for 15 % glucose and 1299 mOsmol/kg for 20 % glucose.

Fig. 1 Measured osmolalities of pharmaceutical infusion solutions. Graph shows average values and standard deviations of 10 replicates.

Fig. 2 Measured osmolalities of different glucose solutions.Graph
shows average values and standard deviations of 10 replicates.

MATERIALS AND METHOD
All measurements were made with the KNAUER K-7400S Semi-Micro Osmometer. The used calibration standards had osmolality values of 300, 400, 850, and 2000 mOsmol/kg. The system parameters were set to -8 °C for freeze and -16 °C for cooling limit. All prepared solutions were degassed using an ultrasonic bath to remove the carbon dioxide. Then 150 µL of the
samples were transferred to a plastic sample tube.

CONCLUSION
The measured results for all isotonic solutions are within the given limit value for human plasma of 290±10 mOsmol/kg. This is interesting
as most manufacturers of pharmaceutical solutions only state the theoretical osmolalities of their products. The theoretical osmolality
of physiological salt solution is specified as 308 mOsmol/kg. However, as shown in the analysis, the real osmolality is clearly lower (281
mOsmol/kg). Especially for more complex infusion solutions, a verification of the real osmolalities is therefore highly recommended
since the deviation to the theoretical value might be even higher. Unless there are no limit values of osmolality for higher concentrated glucose solutions, the measurements can be used as a good example to show that the comportment of osmolality is not linear.

REFERENCES
[1] http://flexikon.doccheck.com/de/Ringer-L%C3%B6sung
[2] https://www.gesundheit.gv.at/labor/laborwerte/niere-harn/osmolalitaet
[3] https://www.serag-wiessner.de/fileadmin/redakteur/PDF/informationen/I3714AAF.pdf
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ADDITIONAL RESULTS

Fig. A1 Temperature-time-curve

ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Calibration 1

0 mOsmol/kg

300 mOsmol/kg

400 mOsmol/kg

Calibration 2

0 mOsmol/kg

300 mOsmol/kg

850 mOsmol/kg

Calibration 3

0 mOsmol/kg

850 mOsmol/kg

2000 mOsmol/kg

Sample volume

150 µL

Freeze

-8 °C

Cooling limit

-16 °C

Tab. A2 System configuration & data

Instrument

Description

Article No.

Osmometer

KNAUER K-7400S Semi-Micro Osmometer

A0006AC

Sample tubes

Approved plastic sample tubes, 500 pcs.

A0272

Software

EuroOsmo 7400

A3705

RELATED KNAUER APPLICATIONS
VPH0064 - Quality control of pharmaceutical solutions by determination of osmolality

50

Simplified scale up for sugars with the AZURA®
RID 2.1L extended dynamic range option
Juliane Böttcher, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

The extended dynamic range (EDR) option for the AZURA® RID 2.1L refractive index detector was investigated
with a simple sample consisting of two common sugars. Calibration curves covering the range 700 µRIU to
2300 µRIU were generated with activated and deactivated EDR. A gain of about 65 % in dynamic range could
be demonstrated over this range. Further benefits, such as simplified sample preparation, and improved
fractionation possibilities are also discussed.
INTRODUCTION
The extended dynamic range (EDR) option of the AZURA RID 2.1L enables the linear dynamic range to be broadened in +100 % (-1000 μRIU offset) or -100 % (+1000 μRIU offset) [1]. This
feature enhances the application of this detector for semi-preparative, preparative, and scale-up purposes. For instance, when carrying out overload studies, it is necessary to know how
much sample and at which concentration can be injected on an analytical column. Often these measurements are out of the detector’s linear dynamic range. The EDR feature is very useful in this case because it enables the more exact calculation of the amount of sample that can be loaded on a column for purification without the need for additional sample preparation.

RESULTS
To investigate the influence of the EDR option a simple method was chosen. A solution with a concentration of 40 mg/mL glucose and saccharose was injected with different volumes
(10 µL, 20 µL, 30 µL, 40 µL, 50 µL, 100 µL, 200 µL) and measured with and without activated EDR. Fig. 1 shows an overlay of an injection of 50 µL with and without extension. The blue trace is without extension, the red trace is detected using the +100 % option. When using the extension, a better resolution was gained as well as a higher and sharper signal was achieved.
Now it was possible to measure up to 2.5 mRIU without difficulty. The advantage of the EDR option due to the linearity of calibration is visualized in Fig. 2. It is shown that when using the
extension, better values of linearity and correlation coefficient can be achieved over a wide range.

Fig. 1 Overlay of an injection with 50 µL, blue=without extension, red=with extension
(+100 %)

Fig. 2 Linearity of glucose calibration with (red, R=0.9924) and without
(blue, R=0.8087) EDR option

MATERIALS AND METHOD
An AZURA® Analytical HPLC Plus system was used for this application. The system consisted of an isocratic AZURA P 6.1L pump, an AZURA
AS 6.1L autosampler, an AZURA CT 2.1 column thermostat and an AZURA RID 2.1L refractive index detector. The used column was filled
with Eurospher II 100 5 C18A silica. The isocratic method ran at a flow rate of 1.0 mL/min with a 100 % aqueous eluent for 6 minutes. The
column thermostat was set to 25 °C and the data rate of the detector to 20 Hz. Different volumes (10 µL, 20 µL, 30 µL, 40 µL, 50 µL, 100 µL,
200 µL) of a solution containing 40 mg/mL of glucose and saccharose were injected.

CONCLUSION
The EDR feature was shown to prevent the need to dilute samples, which saves time and money and diminishes additional errors during
sample preparation. Furthermore, due to an improved peak shape at high sample concentrations, software fractionation algorithms can
work more efficiently. Therefore this feature facilitates a more efficient purification. Here, the EDR was used in positive mode (+100 %). For
applications with inverted peaks, similar applicative benefits could be achieved by activating the negative mode EDR (-100 %). This was not
carried out in this study.

REFERENCES
[1] http://www.knauer.net/fileadmin/user_upload/produkte/files/Dokumente/detectors/azura/PITTCON_REFRACTIVE_INDEX_DETECTOR_KIT_2017.pdf
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ADDITIONAL MATERIALS AND METHODS
Tab. A1 Method parameters

Eluent A

H2Odd

Gradient

Isocratic, 100 % A

Flow rate

1 mL/min

Run time

6 min

Column temperature

25 °C

Injection mode

Partial loop/Full loop

Injection volume

10 µL, 20 µL, 30 µL, 40 µL, 50 µL,
100 µL, 200 µL

Data rate

20 Hz

Time constant

0.05 sec

Tab. A2 System configuration & data

Instrument

Description

Article No.

Pump

AZURA P 6.1L, isocratic, 10 mL, SS

APH30EA

Autosampler

AZURA AS 6.1L

AAA00AA

Detector

AZURA RID 2.1L

ADD31

Thermostat

AZURA CT 2.1

A05852

Eluent tray

AZURA E 2.1L

AZC00

Column

Vertex Plus Column, 250x4 mm, Eurospher II 100-5 C18A with precolumn

25WE184E2J

Software

ClarityChrom 6.1.0

A1670-9

RELATED KNAUER APPLICATIONS
VFD0160 - Determination of sugars and natural sugar substitutes in different matrices
VFD0161 - Determination of sugars in honey using HILIC separation and RI detection
VFD0155 - Semi preparative xylitol purification with dedicated sugar purification system
VFD0150 - Xylitol extraction via HPLC purification from fermented biomass
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Column choice based on Tanaka characterization - not all C18 columns are the same
Juliane Böttcher, Mareike Margraf, Kate Monks; applications@knauer.net
KNAUER Wissenschaftliche Geräte GmbH, Hegauer Weg 38, 14163 Berlin; www.knauer.net

SUMMARY

Reversed Phase (RP) is with more than 90 % market share by far the most commonly used HPLC mode. The best
known and most used surface modification is C18. Although the USP column code (L1) is the same for all C18
phases, there are a lot of differences which must be considered when choosing the right column. C18 always
is a good choice for an initial try but one must bear in mind that not all C18 phases have the same separation
characteristics. To differentiate between such phases Tanaka plots are extremely useful.
INTRODUCTION
The Tanaka test is an accepted standard method for the evaluation of performance and selectivity of a reversed phase HPLC column [1]. The Tanaka protocol is based on six variables
(hydrophobic retention factor, hydrophobic selectivity, shape selectivity, hydrogen bonding capacity, total ion exchange capacity, acidic ion exchange capacity) reflecting different chromatographic properties. Here we focus on the hydrophobic retention, hydrophobic selectivity and shape selectivity of the following KNAUER C18 phases: Eurospher II C18 (ES II C18),
Eurospher II C18 A (ES II C18 A), Eurospher II C18 H (ES II C18 H), Eurospher II C18 P (ES II C18 P), Eurospher I C18 (ES I C18), and Eurosil Bioselect C18 (EB C18). The hydrogen bonding
capacity and ion exchange capacities are not considered here because they are nearly similar for the examined phases. The hydrophobic retention factor (HR) reflects the surface area
and surface coverage (ligand density). Hydrophobic selectivity (HS) is a measure of the surface coverage of the phase as the selectivity between alkylbenzenes differentiated by one
methylene group is dependent on the ligand density. Shape selectivity (SS) is a dimension which is influenced by the spacing of the ligands and probably also the shape/functionality of
the silylating reagent [1].

RESULTS
A hexagonal net diagram was used to display the measured Tanaka parameters as it enables good visual comparison of phases. For this type of diagram measured values are multiplied
by certain factors. The measured values without multipliers are shown in Tab. A1 in the additional results section. Fig. 1 to 3 show the Tanaka plots for the tested phases. The values for
the ion exchange capacity and hydrogen bonding capacity are quite similar for all and were therefore not considered. The biggest difference between the tested phases could be seen
when comparing the hydrophobic retention factor (HR) - the higher this value the less polar the modification. Sorting the phases with ascending hydrophobic retention leads to the following order: EB C18 > ES II C18 A > ES I C18 > ES II C18 > ES II C18 H > ES II C18 P. The value for shape selectivity of the Eurospher I phase is slightly deviating. This may be due to an
incomplete endcapping.

Fig. 1 Tanaka Plots of Eurospher II 100-5 C18 (left) and Eurospher 100-5 C18 A
(right)

MATERIALS AND METHODS

Fig. 2 Tanaka plots of Eurospher II 100-5 C18 H (left) and Eurospher II 100-5
C18 P (right)

Fig. 3 Tanaka plots of Eurospher I 100-5 C18 (left) and Eurosil Bioselect 300-5 C18 (right)

For the determination of the Tanaka parameters the KNAUER AZURA® Educational System was used. The method ran isocratically with a mobile phase composition of methanol:water
80:20 (v/v). The column thermostat AZURA® CT 2.1 was set to 30 °C and the UV detector was set to 254 nm. All used columns had a dimension of 150 x 4 mm ID and were filled with the
following silica: Eurospher II 100-5 C18, Eurospher II 100-5 C18 A, Eurospher II 100-5 C18 H, Eurospher II 100 5 C18 P, Eurospher I 100-5 C18 and Eurosil Bioselect 300-5 C18. This method
was used only for determination of HR, HS and SS. Detailed method parameters for HBC and IEX are attached in the additional materials and methods section (Tab. A3 & A4).

CONCLUSION
The results obtained from the Tanaka test comparison can be used to assist in the choice of the most appropriate column for a given separation task. It is also important to know as much as possible about the chemical properties of the analyte. An analyte that is soluble only
in a solvent with a high organic amount will have slightly or no retention on a C18 A phase. However, the C18 A phase can be operated
with 100 % aqueous eluent without destroying the stationary phase. Inversely, a very polar analyte might have less retention on the C18 P
or C18 H modification. However, due to their high carbon content they provide a high pH stability in an extended pH range. Furthermore,
if the molecular weight of the analyte is above 2000 Da, a pore size of with 100 Å may be insufficient, making the so Eurosil Bioselect with
a pore size of 300 Å the better choice. The KNAUER column portfolio offers classical and special C18 phases, making it easy to find the
most appropriate column for a given application task.

REFERENCES
[1] http://www.chromatographyonline.com/column-selection-reversed-phase-hplc
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ADDITIONAL RESULTS
Tab. A1 Measured Tanaka values without multipliers

Column

HR

HS

SS

HBC

IEC
pH 7.6

IEC
pH 2.7

Eurospher II 100-5 C18

10.94

1.55

1.40

0.46

0.12

0.07

Eurospher II 100-5 C18 P

15.20

1.64

1.48

0.38

0.12

0.06

Eurospher II 100-5 C18 H

11.80

1.56

1.41

0.43

0.12

0.07

Eurospher II 100-5 C18 A

4.29

1.45

1.45

0.71

0.32

0.07

Eurospher I 100-5 C18

7.90

1.51

2.04

1.00

0.65

0.05

Eurosil Bioselect 300-5 C18

3.43

1.55

1.37

0.49

0.10

0.07

ADDITIONAL MATERIALS AND METHODS
Tab. A2 Method parameters (HR, HS, SS)

Eluent

Methanol: Water 80:20 (v/v)

Gradient

isocratic

Flow rate

1 mL/min

Run time

20 min

Column temperature 30 °C

Injection mode

Full loop

Injection volume

10 µL

Data rate

20 Hz

Detection

254 nm

Time constant

0.05 s

Tab. A4 Method parameters (IEX)

Tab. A3 Method parameters (HBC)

Eluent

Methanol: Water 30:70 (v/v)

Eluent

Methanol: 0.02 M phosphate buffer pH 7.6 30:70 (v/v)
Methanol: 0.02 M phosphate buffer pH 2.7 30:70 (v/v)

Gradient

isocratic

Gradient

isocratic

Flow rate

1 mL/min

1 mL/min

Run time

20 min

Flow rate

Run time

20 min

Column temperature 30 °C

Injection mode

Full loop

Column temperature 30 °C

Injection mode

Full loop

Injection volume

10 µL

Data rate

20 Hz

Injection volume

10 µL

Data rate

20 Hz

Detection

254 nm

Time constant

0.05 s

Detection

254 nm

Time constant

0.05 s

Tab. A5 System configuration & data

Instrument

Description

System

AZURA® Educational System (pump,
671101100
detector, manual injection valve,
ClarityChrom 7.2)

Article No.

Column

Eurospher II 100-5 C18
Eurospher II 100-5 C18 A
Eurospher II 100-5 C18 H
Eurospher II 100-5 C18 P
Eurospher I 100-5 C18
Eurosil Bioselect 300-5 C18
All: Vertex Plus Column
150 x 4 mm ID

15DE181E2J
15DE184E2J
15DE185E2J
15DE182E2J
15DE181ESJ
15DK181EBJ

Thermostat

AZURA® CT 2.1

A05852
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Fig. 1 Chromatogram of standard solution 4, 1) paracetamol, 2) theophylline (IS),
3) caffeine

Fig. 2 Chromatogram of analgesic sample, 1) paracetamol, 2) theophylline (IS),
3) caffeine

Fig. 1 Chromatogram of standard solution 4, 1) paracetamol, 2) theophylline (IS),
3) caffeine

Fig. 2 Chromatogram of analgesic sample, 1) paracetamol, 2) theophylline (IS),
3) caffeine

MATERIALS AND METHODS

For the determination of caffeine and paracetamol the AZURA Educational system was used, which combines a P 4.1S pump, an UVD 2.1S and a manual injection valve in just one AZURA
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assistant. The flowAND
rate was
set to 0.8 ml/min at ambient temperature. The wavelength was set to 273 nm with a data rate of 20 Hz and a time constant of 0.05 s. 10 µL of the standards
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and samples were injected. The isocratic method ran for 5 minutes with a mixture of methanol and water 40:60 (v/v). The column in a dimension 125 x 4 mm ID with precolumn was filled
with Eurospher II 100-5 C18 silica. For the data acquisition the Mobile Control Chrom software was used.
CONCLUSION
The KNAUER HPLC Educational System provides both, a qualitative and quantitative analysis of caffeine from different chemical probes. The system is compact, very simple to operate
CONCLUSION
and can be ideally used for practical training courses. The Mobile Control Chrom is an intuitive and cost-effective software solution for controlling and monitoring your AZURA devices
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and can be ideally used for practical training courses. The Mobile Control Chrom is an intuitive and cost-effective software solution for controlling and monitoring your AZURA devices
and systems. In addition, you can acquire data from AZURA detectors allowing simple measurements.
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Tab. A1 Initial weight and dilution of stock solutions

Tab. A2 Caffeine standards 1 to 5

Tab. A1 Initial weight
and dilution
Initial
weightof stock
Finalsolutions
conc. stock solution Final conc. diluted solution

Caffeine
Tab.
A2 Caffeine
standards
(V =
1 mL) 1 to 5

Substance

(µg/mL)

standard

Projected caffeine conc. Actual caffeine conc.
(V = 1.02 mL)
(µg/mL)
(µg/mL)
Projected caffeine conc. Actual
caffeine conc.

(mg)

(mg/mL)

Caffeine
Substance

100.0

Initial weight
(mg)

10.0

Final conc. stock solution Final conc. diluted solution
100.0
(mg/mL)
(µg/mL)

Caffeine
(V = 1 mL)
1
standard 5
(µg/mL)

4.9

Theophylline
Caffeine

99.3
100.0

9.9
10.0

99.3
100.0

2
1

20
5

19.6
4.9

Paracetamol
Theophylline

98.7
99.3

9.9
9.9

98.7
99.3

3
2

40
20

39.2
19.6

Paracetamol

98.7

9.9

98.7

4
3

60
40

58.7
39.2

Tab. A3 Method parameters

5
4

80
60

78.4
58.7

Eluent

Methanol:Water 40:60 (v/v)

5

80

78.4

Gradient
Eluent

isocratic
Methanol:Water 40:60 (v/v)

Flow rate
Gradient
Column temperature
Flow rate
Injection volume
Column temperature

0.8 mL/min
isocratic
RT
0.8 mL/min
10 µL
RT

Tab. A3 Method parameters

System pressure

approx. 115 bar

Run time
System pressure
Injection mode
Run time

5 min
approx. 115 bar
Full loop
5 min

Detection wavelength 273 nm
Injection volume
10 µL

Data rate
Injection mode

20 Hz
Full loop

Detection wavelength 273 nm

Time constant
Data rate

0.05 s
20 Hz

Time constant

0.05 s

(V = 1.02 mL)
(µg/mL)

Tab. A4 System configuration & data

Instrument

Description

Article No.

System
Instrument

AZURA® Educational system
Description
Eurospher II 100-5 C18, Vertex Plus
AZURA® Educational system
125 x 4 mm ID with precolumn
Eurospher II 100-5 C18, Vertex Plus
Mobile Control Chrom
125 x 4 mm ID with precolumn

671101100
Article No.

Mobile Control Chrom

A9608

Tab. A4 System configuration & data

Column
System
Software
Column
Software

AZURA® Educational system

12WE181E2J
671101100

AZURA® Educational system

A9608
12WE181E2J
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