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ANALYSIS OF SACCHARIDES BY HILIC USING
TSKgel® NH2-100 COLUMNS
INTRODUCTION
Saccharides are fundametal substances that express various
bioactivities and may exist independently or form complexes
with proteins or lipids. They can be classified into monosaccharides, disaccharides, oligosaccharides, polysaccharides
etc., based upon the degrees of polymerization and condensation. Sugar alcohols are a class of polyols. A polyol
is an alcohol containing multiple hydroxyl groups. Sugar
alcohols are commonly added to foods since they are of
lower caloric content than the corresponding sugars. The
analysis of saccharides and sugar alcohols provides valuable
information for the medical research, food industries and
regulatory agencies.
In the past various analytical techniques have been used to
analyse saccharides, including all modes of high performance
liquid chromatography (HPLC). Normal phase chromatography, in tandem with a differential refractometer as a
detector, has long been used for the analysis of saccharides,
as it provides good selectivity with relatively short analysis
times. Hydrophilic interaction liquid chromatography (HILIC)
selectively retains saccharides and polyhydric alcohols,
such as sugar alcohols, while most of the substances with
low polarity, as well as monohydric alcohols, elute in or very
close to the void volume of the column.
We report the successful analysis of different kinds of
saccharides and sugar alcohols using a TSKgel NH2-100 HILIC
HPLC column. TSKgel NH2-100 columns are packed with 3 µm
silica particles containing 100 Å pores. A novel bonding strategy was adopted to improve chemical stability of the bonded
phase. First the silica is reacted with a trimethylsilane
endcapping reagent at a low stoichiometric ratio, before
reacting residual and accessible silanol groups with trifunctional alkylaminosilane reagent.

The resulting bonded phase provides a better safeguard
against hydrolysis of the underlying silica. TSKgel
NH2-100 columns are unique in that the bonded
phase ligand not only, as expected, has a terminal
primary amino group, but that the spacer also
incorporates secondary as well as tertiary amino groups
(see Figure 1). TSKgel NH2-100 columns are well suited for
the analysis of all types of hydrophilic compounds, including
saccharides and sugar alcohols.
EXPERIMENTAL CONDITIONS
LC System: HP-1100 HPLC with Chemstation (ver B.03.01)
Column: TSKgel NH2-100, 3 µm, 2.0 mm ID x 5 cm L
Mobile phase (Isocratic): 80% ACN in H20
Flow rate: 0.2 mL/min; Detection: RI
Temperature: 50°C; Injection vol.: 2 µL
The following commercially available compounds were
used to prepare standard solutions: Sucrose (Fisher S2-500);
Mannitol (Sigma M-4125, Lot 22K0111)
PREPARATION OF STANDARDS
Saccharides

Weight

Stock Standard
(mg/mL)

Sucrose

0.1023 g in 10 mL of 50% ACN in H2O

10.23

Polyols*

Weight

Stock Standard
(mg/mL)

Working Standard
(mg/mL)

Mannitol

0.1011 g in 10 mL of 50% ACN in H2O

10.11

Same as stock

* Mannitol was readily soluble in 50% ACN in water.

Table 1
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rate: NH2-100,
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3 µm, 2.0 mm ID x 5 cm L
Mobile
phase: 80% ACN
Detection:
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ANALYSIS

All the standards and samples were filtered through a 0.45 µm
PVDF filter (Gelman) before injecting onto the column. High
purity chemicals and HPLC grade solvents were used for the
preparation of stock standards, samples and mobile phases.
RESULTS AND DISCUSSION

To determine the suitability of the system and method, three consecutive injections of sucrose were
loaded onto the TSKgel NH2-100 column. The study
yielded a very consistent result across all peak parameters (see Table 2). This column shows very high
reproducibility for the analysis of sucrose.

The symmetry and efficiency of the eluted sucrose standard,
a disaccharide, from the TSKgel NH2-100 column is shown
in Figure 2.

Mannitol, a sugar alcohol, was successfully analyzed on a
TSKgel NH2-100 column within five minutes (Figure 3).
As in the case of sucrose, the analysis of mannitol could be
reproduced with a high degree of consistency (Table 3).

SYSTEM SUITABILITY STUDY RESULTS - SUCROSE ANALYSIS

SYSTEM SUITABILITY STUDY RESULTS - MANNITOL ANALYSIS

Sucrose

Mannitol

Run

RT

k

Area

AF

N

1

7.275

10.58

0.863

1.40

2732

2

7.280

10.59

1.070

1.40

2408

3

7.277

10.59

0.842

1.40

2734

Average

7.277

10.59

0.925

1.40

2625

Stdev

0.003

0.01

0.126

0.01

187.6

%RSD

0.03%

0.05%

13.6%

0.71%

7.1%

Table 2

Run

RT

k

Area

AF

N

1

4.135

5.58

0.829

1.58

2124

2

4.135

5.58

0.923

1.63

2030

3

4.131

5.58

0.950

1.58

2027

4

4.134

5.58

0.915

1.69

2029

5

4.133

5.58

0.886

1.66

2028

Average

4.134

5.580

0.901

1.63

2048

Stdev

0.002

0.01

0.046

0.049

42.72

%RSD

0.04%

0.18%

5.12%

2.99%

2.09%

ANALYSIS OF MANNITOL STANDARD
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This study shows that a TSKgel NH2-100 column is suitable for the analysis of sucrose, a disaccharide, and mannitol, a sugar alcohol. Both standards separated on this
column with good symmetry and efficiency. System suitability studies show that the analyses of sucrose and
mannitol can be reproduced with very low % RSD in peak
parameters using the TSKgel NH2-100 column.
Tosoh Bioscience and TSKgel are registered trademarks of Tosoh
Corporation.
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Figure 3
Column: TSKgel NH2-100, 3 µm, 2.0 mm ID x 5 cm L
Mobile phase: 80% ACN in H20; Flow rate: 0.2 mL/min
Detection: RI; Temperature: 50°C; Injection vol.: 2 µL
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TSKgel Amide-80 Normal Phase Chromatography
Columns for the Separation of Saccharides Now Available in 3µm!

Saccharides are fundamental substances that express various
bioactivities and may exist independently or form complexes with
proteins or lipids. The analysis of saccharides and sugar chains in
complex carbohydrates provides valuable information for the medical,
research and food industries. Normal phase chromatography, in
tandem with a differential refractometer as a detector, has long been
used for the analysis of saccharides, as it provides good selectivity
with relatively short analysis times.
TSKgel Amide-80 normal phase columns from Tosoh Bioscience
contain a packing material in which the stationary phase consists of
nonionic carbamoyl groups that are chemically bonded to the silica gel
particles. Having a nonionic stationary phase, compared to so-called
amino-bonded phases, affords TSKgel Amide-80 excellent chemical
stability. The H-atom in the -NH group in the stationary phase can
form a hydrogen bond with oxygen atoms in hydroxyl groups or with a
carbonyl group. As a result, a water-rich layer is created in the bonded
phase that allows for partitioning of solutes with the more organic-rich
mobile phase, enabling separation in normal phase partition mode.
TSKgel Amide-80 retains the saccharides and other polyols
favorably and can be used under more practical elution conditions
compared to nonionic diol-bonded silica gel. Now available in a 3µm
particle size, these TSKgel Amide-80 columns provide higher
column efficiency at a reduced analysis time for the separation
of saccharides.

Figure 1. Chromatogram comparison for sugar alcohols on TSKgel Amide-80
3µm and 5µm columns.
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A. TSKgel Amide-80, 3µm (4.6mm ID x 15cm)
B. TSKgel Amide-80, 5µm (4.6mm ID x 25cm)
H2O/ACN=25/75 ޓ
1.0mL/min
RI
25ºC
10µL
1. ethyleneglycol 2. glycerin 3. erythritol
4. xylitol 5. mannitol 6. inositol

Results
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Figure 2. H/u curves for TSKgel Amide-80 3µm and 5µm columns.
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TSKgel Amide-80 retains polar compounds such as saccharides and
polyols in organic/water solvent systems such as acetonitrile/water. To
illustrate this point, the chromatograms in Figure 1 show the separation
of various sugar alcohols using 3µm and 5µm TSKgel Amide-80
columns. Basically, the more hydroxyl groups in a compound, the
more polar it will be and the longer it will be retained on the columns.
Comparison of retention between mannitol and inositol, each with 6
hydroxyl groups, shows that inositol, which has a cyclic structure and
lower solubility in the acetonitrile/water mobile phase, is retained
longer. Despite the fact that a shorter column is used, mannitol elutes
with a higher number of theoretical plates from the 3µm TSKgel
Amide-80 column. Overall the 3µm column provides better resolution
at a greatly reduced analysis time when compared to the 5µm TSKgel
Amide-80 column. Figure 2 illustrates that the minimum of the HETPlinear velocity curve is lower and is obtained at higher linear velocity
for the 3µm column. Also, as expected, the slope of the curve is less
steep for the smaller particle size. The benefits for the user are twofold. The higher column efficiency allows for improved results when
analyzing complex samples, at the cost of increased column back
pressure. Alternatively, the higher efficiency can be traded in for higher
throughput by using a shorter column length.
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Conclusion
TSKgel Amide-80 high-performance normal phase chromatography
columns have been developed to simplify and speed up the analysis of
polyols, such as saccharides.

They have overcome the weaknesses of conventional normal phase
chromatography columns and achieve high precision as well as
favorable reproducibility. In addition, 3µm TSKgel Amide-80 columns are
now available, which provide better resolution at reduced analysis time
and offer higher column efficiency.

Tosoh Bioscience and TSKgel are registered trademarks of Tosoh Corporation.
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Analysis of Saccharides by Hydrophilic Interaction
Chromatography (HILIC) using TSKgel NH2-100
Columns

TSKgel

®

APPLICATION NOTE

Introduction

Experimental conditions

Saccharides are fundamental substances that express various
bioactivities and may exist independently or form complexes with
proteins or lipids. They can be classified into monosaccharides,
disaccharides, oligosaccharides, polysaccharides etc., based upon
the degrees of polymerization and condensation. Sugar alcohols are
a class of polyols. A polyol is an alcohol containing multiple hydroxyl
groups. Sugar alcohols are commonly added to foods since they are
of lower caloric content than the corresponding sugars. The analysis
of saccharides and sugar alcohols provides valuable information for
the medical research, food industries and regulatory agencies.

LC System:

HP-1100 HPLC with Chemstation
(ver B.03.01)

Column:
Mobile phase (Isocratic):
Flow rate:
Detection:
Temperature:
Injection vol.:

TSKgel NH2-100, 3µm, 2.0mm ID x 5cm
80% ACN in H20
0.2mL/min
RI
50°C
2µL

In the past various analytical techniques have been used to analyze
saccharides, including all modes of high performance liquid
chromatography (HPLC). Normal phase chromatography, in tandem
with a differential refractometer as a detector, has long been used
for the analysis of saccharides, as it provides good selectivity with
relatively short analysis times. Hydrophilic interaction liquid
chromatography (HILIC) selectively retains saccharides and polyhydric
alcohols, such as sugar alcohols, while most of the substances with
low polarity, as well as monohydric alcohols, elute in or very close to
the void volume of the column.
We report the successful analysis of different kinds of saccharides and
sugar alcohols using a TSKgel NH2-100 HILIC HPLC column. TSKgel
NH2-100 columns are packed with 3µm silica particles containing
100Å pores. A novel bonding strategy was adopted to improve
chemical stability of the bonded phase. First the silica is reacted with
a trimethylsilane endcapping reagent at a low stoichiometric ratio,
before reacting residual and accessible silanol groups with trifunctional
alkylaminosilane reagent. The resulting bonded phase provides a
better safeguard against hydrolysis of the underlying silica. TSKgel
NH2-100 columns are unique in that the bonded phase ligand not only,
as expected, has a terminal primary amino group, but that the spacer
also incorporates secondary as well as tertiary amino groups (see
Figure 1). TSKgel NH2-100 columns are well suited for the analysis of
all types of hydrophilic compounds, including saccharides and sugar
alcohols.

The following commercially available compounds were used to
prepare standard solutions:
Sucrose (Fisher S2-500)
Mannitol (Sigma M-4125, Lot 22K0111)
All the standards and samples were filtered through a 0.45µm PVDF
filter (Gelman) before injecting onto the column. High purity chemicals
and HPLC grade solvents were used for the preparation of stock
standards, samples and mobile phases.
Table 1. Preparation of Standards
Saccharides

Weight

Stock Standard
(mg/mL)

Sucrose

0.1023g in 10mL of 50% ACN in H2O

10.23

Polyols*

Weight

Stock Standard
(mg/mL)

Working Standard
(mg/mL)

Mannitol

0.1011g in 10mL of 50% ACN in H2O

10.11

Same as stock

* Mannitol was readily soluble in 50% ACN in water.

Results and Discussion
The symmetry and efficiency of the eluted sucrose standard, a
disaccharide, from the TSKgel NH2-100 column is shown in Figure 2.
Figure 2. Analysis of Sucrose Standard
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Figure 1. Structure of TSKgel NH2-100
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TSKgel NH2-100, 3µm, 2.0mm ID x 5cm
80% ACN in H2O
0.2mL/min
RI
50°C
2µL

To determine the suitability of the system and method, three
consecutive injections of sucrose were loaded onto the TSKgel
NH2-100 column. The study yielded a very consistent result across
all peak parameters (see Table 2). This column shows very high
reproducibility for the analysis of sucrose.
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Table 3. System Suitability Study Results - Mannitol Analysis
Mannitol

Run

RT

k

Area

AF

N

1

4.135

5.58

0.829

1.58

2124

N

2

4.135

5.58

0.923

1.63

2030

4.131

5.58

0.950

1.58

2027

Table 2. System Suitability Study Results - Sucrose Analysis
Sucrose

As in the case of sucrose, the analysis of mannitol could be
reproduced with a high degree of consistency (Table 3).
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Mannitol, a sugar alcohol, was successfully analyzed on a TSKgel
NH2-100 column within five minutes (Figure 3).

Conclusions

Figure 3. Analysis of Mannitol Standard

This study shows that a TSKgel NH2-100 column is suitable for the
analysis of sucrose, a disaccharide, and mannitol, a sugar alcohol.
Both standards separated on this column with good symmetry and
efficiency. System suitability studies show that the analyses of sucrose
and mannitol can be reproduced with very low %RSD in peak
parameters using the TSKgel NH2-100 column.
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Separation of Saccharides
Using TSKGEL Amide-80,
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Normal Phase Partition
Chromatography1
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1. Introduction

2. Elution Behaviors of Saccharides

Saccharides are fundamental substances that express
various bioactivities and may exist independently or form
complexes with proteins or lipids. The analysis of
saccharides and sugar chains in complex carbohydrates
provides valuable information for the medical, research
and food industries. In the past, various methods have
been used to analyze saccharides, including differing
high-performance liquid chromatography (HPLC) modes.

2-1 Separation Mechanism and the Effect of
Temperature

Saccharides can be classified into monosaccharides,
disaccharides, oligosaccharides, and polysaccharides
based upon the degrees of polymerization and
condensation. Methods of separating monosaccharides
and disaccharides include anion exchange
chromatography, in which an anionic saccharide-boric
1
acid complex is formed in the presence of boric acid ,
2-6
normal phase chromatography , ligand exchange
7
chromatography , and anion exchange chromatography
under strong basic pH conditions8.
The methods of choice for the separation of
9
oligosaccharides include gel filtration chromatography ,
2,5,6,10
normal phase partition chromatography
and
11,12
, while
reversed phase partition chromatography
polysaccharides are most often separated by gel filtration
chromatography.
It is critical that the features of these separation modes
are understood and that the optimal separation mode for
the target sample is selected.

TSKgel Amide-80 retains polar compounds such as
saccharides and polyols in organic/water solvent systems
such as acetonitrile/water. To illustrate this point, the
chromatogram in Figure 1 shows the separation of
various sugar alcohols. Basically, the more hydroxyl
groups in a compound, the more polar it will be and the
longer it will be retained on TSKgel Amide-80 columns.
In addition, comparison of retention between mannitol
and inositol, each with 6 hydroxyl groups, shows that
inositol, which has a cyclic form and lower solubility in the
mobile phase (acetonitrile/water system), is retained
longer. As usual, solute retention is greatly affected by
the polarity of mobile phase, showing a tendency for
stronger retention as the water content in the mobile
phase decreases. This is illustrated in Figure 2. This
trend is not limited to sugar alcohols. It is also observed
with monosaccharides, disaccharides and
oligosaccharides.
In addition, monosaccharides elute from the column in
the order of increasing number of carbon atoms. For
instance, a pentose elutes before a hexose. Within a
certain class, for instance hexoses, selectivity varies due
to slight differences in molecular structure even among
similar hexoses, which enables separation of individual
class members.
When analyzing oligosaccharides, water content needs to
be increased by 20 to 30% since retention would be too
long when using the mobile phase that is suitable for the
separation of monosaccharides. Moreover, in the case of
reducing sugars whose molecular structures are known to
include α or β type structures, pyranose or furanose
structures, etc., instead of being present in solution as a
single structure, they generally are able to convert to their
alternate structure until equilibrium is reached. The rate
constant of this conversion process, called mutarotation,
is often rather slow under neutral conditions at room
temperature.

Among these HPLC modes, normal phase
chromatography, often also referred to as hydrophilic
interaction chromatography (HILIC), selectively retains
polyhydric alcohols such as saccharides, while most of
the substances with low polarity, as well as monohydric
alcohols, elute unretained or near the elution volume of
an unretained compound. Normal phase
chromatography, in tandem with a differential
refractometer as a detector, has long been used for the
analysis of saccharides, as it provides good selectivity
with relatively short analysis times.
Traditional packing materials for saccharide separations
2,10
and amino-bonded
often included ion-exchange resins
3,4,6
silica gel . These packing materials were not always
satisfactory in terms of physical and chemical stability.
TSKgel Amide-80 is a packing material in which the
stationary phase consists of nonionic carbamoyl groups
that are chemically bonded to the silica gel particles.
Having a nonionic stationary phase, compared to
so-called amino-bonded phases, affords TSKgel
Amide-80 excellent chemical stability. The H-atom in the
-NH group n the stationary phase can form a hydrogen
bond with oxygen atoms in hydroxyl groups or with a
carbonyl group; it also strongly retains water. This forms
a water-rich partitioning phase in a mixed solution of
water-soluble organic solvent and water, enabling
separation in normal phase partition mode. It retains the
saccharides and other polyols favorably and can be used
under more practical elution conditions compared to
nonionic diol-bonded silica gel.
This report introduces the fundamental properties of
TSKgel Amide-80 and some applications in which it is
used in the separation of neutral monosaccharides, sugar
alcohols and oligosaccharides.

As a result, two or more peaks may be separated and
detected even for a single saccharide under such
conditions. Figure 3 shows the effect of temperature on
the chromatogram when D-glucose is separated on a
TSKgel Amide-80 column. It is evident that the
chromatogram shows multiple peaks at temperatures of
60°C or lower, each peak representing a distinct
molecular structure.
In the cas e of D-glucose, it is detecte d as a sing le p eak
under the con ditions s hown in F igure 3 i f the column
temperature is raised to 70 °C and hig her. Though the
temperature th at gen erates a sing le p eak v aries by the
type of reduc ing sugar, most sugars ca n be detected as
single peaks at temperatures of 80°C or higher.
Figure 4 shows the effect of temperature on separation.
When elution conditions other than the temperature are
kept constant, in general elution times become shorter at
higher temperatures.

⎯1 ⎯

Capacity factor k’

Acetonitrile concentration (vol%)

Figure 2

Effect of acetonitrile concentration
eluent on retention of polyols
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent: ACN/
water
Flow rate:
1.0mL/min
Temperature: 25 °C
Detection: RI
Sample:
1. ethylene glycol 2. xylitol
3. mannitol 4. inositol

in

Capacity factor k’

Figure 1 Separation of polyols
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 75/25
Flow rate:
1.0mL/min
Temperature: 25 °C
Detection: RI
Sample:
1. ethylene glycol 2. glycerol 3. erythritol
4. xylitol 5. mannitol 6. inositol

Temperature (°C)

Figure 3

Effect of column temperature on D-glucose
chromatogram
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
Acetonitrile/water = 80/20
Flow rate:
1.0mL/min
Detection: RI
Sample:
D-gluc ose

Figure 4 Effect of column temperature on retention
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
Acetonitrile/water = 80/20
Flow rate:
1.0mL/min
Detection: RI
Sample:
1. fructose 2. glucose 3. sucrose

⎯2 ⎯

HETP, the height equivalent to a theoretical plate, usually
abbreviated as H, is an expression of the efficiency of the
column for a solute under a particular set of operating
conditions. H is the ratio of the length of the column over
the number of theoretical plates (H=L/N). H varies with
flow rate, as is shown in Figure 5. The lower the value of
H, the more efficient the column and the better the peaks
are resolved.

H, μm)

2-2 Height Equivalent to a Theoretical Plate

When mannitol was injected at room temperature (25°C),
N was calculated to be approximately 80,000 theoretical
plates per meter at a flow rate between 0.15mL/min and
0.3mL/min. From a practical perspective, a flow rate in
the range of 0.5 to 1.0mL/min is a good compromise
between the efficiency of the separation and analysis
time.
At 80°C (see Figure 6) the efficiency of reducing sugars
such as D-glucose is optimal (lowest H-value) at
0.25mL/min, the lowest flow rate that was examined at
this temperature. It is assumed that the optimum
efficiency for reducing sugars is actually achieved at flow
rates below 0.25mL/min.
Also at 80°C, minimum H values for non-reducing sugars
such as mannitol and sucrose are obtained at flow rates
between 0.5 and 1.5mL/mL.
It is presumed that this phenomenon is caused by lower
conversion rates between the anomeric forms of sugar
compared to the solute’s rate of partitioning between
mobile and stationary phases of the column, which lead
to band broadening.

Flow rate (mL/min)

Figure 6 Effect of flow rate on H at 80°C
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 80/20
Temperature: 80 °C
Detection: RI
Sample: A.
D-glucose
B. mannitol

2-3 Sample Load

Note that since TSKgel Amide-80 is a silica-based
packing material, column lifetime will be adversely
affected when the column is operated at high temperature
in an acetonitrile/water solvent system.

Figure 7 shows that maximum sample load* is affected by
mobile phas e compositi on. For exampl e, a load of 20 μg
or small er per compo nent i s the ap propriate in jection
amount to ana lyze mon osaccharides an d di saccharides
under the mobile p hase conditio ns liste d in the figure,
while 20 0μg or smaller
per one comp onent is the
appropriate inj ection am ount for oligos accharides un der
the listed co nditions. Moreover, it is considere d that an
injection volume of 50 μL or less is ap propriate to preve nt
volume overloading of the c olumn. F igure 7 also sho ws
that more sample can be in jected before ov erloading the
column b y i ncreasing the p ercentage of w ater i n the
mobile phase.

H μm)

•

Flow rate (mL/min)

Figure 5 Effect of flow rate on H at 25°C
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 75/25
Temperature: 25 °C
Detection: RI
Sample: mannit
ol

⎯4 ⎯

Maximum sample load is defined as the amount of
sample th at can be lo aded onto the c olumn
without decreasing the width of the peak. Although
higher sample loads ma y b e injected ont o the
column, this i nevitably will result in a lo
ss of
column efficiency.

2

Peak area (cm )

H, μm)

.

Injected amount (μg)

Injected amount (μg)

Figure 7 Sample load
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
A:
ACN/water = 75/25
B:
ACN/water = 65/35
C:
ACN/water = 55/45
Flow rate:
1.0mL/min
Temperature: 25 °C
Detection: RI
Sample: A,
B. mannitol
entose
C. maltop

Figure 8

Relationship between sample injection
amount and peak area
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 80/20
Flow rate:
1.0mL/min
Temperature: 80 °C
Detection: RI
Sample: 1.
erythritol
2. glucose
3. xylose

2-4 Quantification
It is known that reducing sugars react with an aminoalkyl
stationary phase to form a Schiff’s base. This results in
an irreversible change to the stationary phase, thus
making the amino column unsuitable for further analysis.
On the other hand, reducing sugars do not react with a
TSKgel Amide-80 column; allowing good quantitation
even when injecting trace sample amounts. Figure 8
shows excellent linearity when studying the relationship
between injection amount and peak area using a
differential refractometer

3. Method Development
As described in the previous section, it is necessary that
various mobile phase conditions are investigated in order
to optimize retention and selectivity. The following
comments serve as a guideline for method development
on TSKgel Amide-80 columns.

3-1 Factors Affecting Retention and Elution
Order
(1) Ratio of organic solvent and water in mobile phase
The fundamental concept is provided in Section 2-1.
Please see Figure 2 and applications in Figures 9
and 10.

(2) Organic solvent in mobile phase
Acetonitrile and acetone have been used
successfully as mobile phase components when
working with TSKgel Amide-80 columns. Lower
alcohols can be also applied for oligosaccharide
separation.

(3) Mobile phase pH and salt concentration
For elution of basic samples, the pH needs to be
lowered to about 3.0. In addition, approximately 10
to 20mM salt is required.

(4) Column temperature
The fundamental concept is provided in Section 2-1.
Figures 3 and 4 show that efficiency and retention
vary with column temperature.

⎯5 ⎯

Figure 10 Separation of cyclosophoran
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 57/43
Flow rate:
1.0mL/min
Temperature: 25 °C
Detection: RI

3-2 Factors Affecting Band Broadening
(1) Flow rate
The effect of flow rate was described in Section 2-2
in relation to the height equivalent to a theoretical
plate. Please see Figures 3, 5 and 6.

(2) Column temperature
Sections 2-1 and 2-2 describe the effect of
temperature on retention, ,peak shape and columns
efficiency. Please see Figures 3, 5 and 6.

(3) Particle size
Conventional TSKgel Amide-80 columns contain
5μm particles. Recently more efficient 3 micron
columns have become available.
Separation of β-cyclodextrin acid
hydrolysate
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 55/45
Flow rate:
1.0mL/min
Temperature: 25 °C
Detection: RI
Figure 9

(4) Sample solution
See Section 5-1.

(5) Sample load and injection volume
See Section 2-3 and Figure 7.

4. Applications
4-1 Separation of Oligosaccharides
(β-cyclodextrin acid hydrolysate)
As shown in Figure 9 with the analysis of open-form
β-cyclodextrin, glucose and all oligomers up the heptamer
are completely separated within 10 minutes. Any intact
β-cyclodextrin that may exist is eluted at the position of
the tetramer under these conditions.

⎯6 ⎯

Figure 12 Chromatogram of crude and purified
stevioside
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 80/20
Flow rate:
1.0mL/min
Temperature: 25 °C
Detection:
UV @ 210nm

Figure 11 Separation of monosaccharides and
disaccharides
Column: T
SKgel Amide-80
4.6mm ID × 25cm
Eluent:
ACN/water = 80/20
Flow rate:
1.0mL/min
Temperature: 80 °C
Detection: RI
Sample: 1.
rhamnose
2. fucose
3. xylose
4. fructose
5. mannose
6. gucose
7. scrose
8. matose

5. Comments about Operating Conditions
5-1 Solvent in the Sample Solution

4-2 Separation of Oligosaccharides
(cyclosophoran: cyclic β-1, 2-glucan)
As shown in Figure 10 for the analysis of cyclosophoran,
the degrees of polymerization from 17 to 24 are
separated.

4-3 Separation of a Mixture of Monosaccharides
and Disaccharides
See Figure 11 for this separation. It is recommended that
separation of saccharides containing reducing sugars be
conducted at a column temperature of 80°C, as in the
conditions of this chromatogram.

4-4 Separation of Glycosides (crude stevioside)
Figure 12 shows the measurement of polar impurities,
which are usually difficult to measure in reversed-phase
chromatography. This type of separation is simplified by
using a normal phase TSKgel Amide-80 column.

Generally in normal phase partition chromatography,
polarity of the sample solvent can have a marked effect
on band broadening. Table 1 shows the results of one
such experiment. The results indicate that band
broadening is increased when the polarity of the sample
solvent is higher than the polarity of the mobile phase.
Therefore, it is suggested, if possible, to either dissolve
the sample in mobile phase, or if the sample is dissolved
in water to add organic solvent to obtain the approximate
composition of the mobile phase. If the composition of the
solvent in a sample solution differs from that of the mobile
phase, any possible negative effect will be magnified as
the volume injected is increased.

5-2 Eluent Composition and Pressure Drops
As with any HPLC column, the pressure drop over the
column depends on the composition of the eluent, the
flow rate and temperature. When working under normal
phase conditions the pressure drop over the column
increases with increasing water content of the mobile
phase. Normally with an acetonitrile/water system, it is
recommended that the water content is not increased to
more than 60%. When using a higher water content, it is
recommended to operate the TSKgel Amide-80 column at
a low flow rate.

⎯7 ⎯

5-3 Column Oven and Injection Valve
When analyzing a reducing sugar using TSKgel
Amide-80, the column oven needs to be set at about
80°C. Often under these conditions the sample contains
an organic solvent with a boiling point of 100°C or lower.
If a column oven with a built-in injection valve is used,
quantification will probably be hampered by solvent
expansion or vaporization. Thus it is recommended that
the injection valve be installed instead at a section of the
instrument that is operated at room temperature and that
the valve and column be connected by a short piece of
0.2mm ID stainless tubing.

5-4 Adsorption of Sample Components and
Cleaning Methods
(1) Removal of polar substances (neutral
polysaccharides, etc.)

on TSKgel Amide-80 packing material. To remove such
strongly retained substances, running an
acetonitrile/water system (45/55, v/v) at flow rate of
0.5mL/min for about 3 hours is normally sufficient to elute
these contaminants off the column. In addition, the
baseline usually becomes stable shortly after cleaning the
column with solvent containing a 5% higher water content
than the mobile phase that was used for measurement.

(2) Removal of Cationic Substances
Since TSKgel Amide-80 uses silica gel as the base
material, residual unbonded silanol groups with a
negative charge remain on the packing material surface
and can bind to cationic substances under a non-buffered
mobile phase. These cationic substances can be eluted
and removed by adding a trace amount of salt to the
mobile phase. For example, running the
acetonitrile/50mM phosphate buffer, pH 6.0, (50/50) at a
flow rate of 0.5mL/min for about 3 hours as a cleaning
solvent will remove cationic substances in most cases.

In the case of TSKgel Amide-80 columns, adsorption of
hydrophobic substances without charge rarely occurs.
Certain polysaccharides can be adsorbed very strongly

Table 1: Effect of Sample Solvent Composition
Sample solvent
Acetonitrile/water (v/v)
75/25
60/40
45/55
0/100

Elution volume (mL)
10.34
10.32
10.25
10.22 *

Mannitol
Theoretical plates (TP/column)
14,807
12,190
5,510
⎯

Elution volume (mL)
15.00
14.96
14.89
14.86 *

Sucrose
Theoretical plates (TP/column)
13,850
11,738
5,331
⎯

* The peak showed several shoulders. The highest point of the peak was used as the elution volume.
Separation conditions
Column: T

SKgel Amide-80
4.6mm ID × 25cm
ACN/water = 75/25 (v/v)
1.0mL/min

Eluent:
Flow rate:
Detection: RI
Temperature: 25 °C
Sample:
mannitol, sucrose, 2.0mg/mL, 20μL each
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1. Introduction
Saccharides are very important substances in industrial
applications. They are used as raw materials for food,
paper, pulp, fiber, brewed or fermented products, and
medical products. In recent years saccharides and the
sugar chain domain of complex carbohydrates were
discovered to play a role in biological functions, and as a
result they are receiving increased attention as
biochemically important substances. Therefore, an efficient
method for analyzing saccharides or sugar chains is
required in such areas as engineering, agriculture, science,
pharmacy, medicine, etc.
There are various methods for separating saccharides
using high performance liquid chromatography (HPLC)1,2,
including boric acid complex anion exchange
chromatography, reversed phase chromatography,
normal phase chromatography, ion exclusion
chromatography, ion chromatography, gel filtration
chromatography, ligand exchange chromatography,
affinity chromatography and anion exchange
chromatography under strong alkaline conditions.

2. Comparison to Three Different Amino-Type
Silica-Based Packing Materials
2-1 Chemical Stability
The capacity factors (k’) of trehalose, a non-reducing
sugar, on a TSKgel Amide-80 column and three
amino-type silica-based packing materials are shown in
Figure 1. This study was conducted under isocratic
mobile phase conditions using 75% acetonitrile/25%
water as an eluent. The analysis with the TSKgel
Amide-80 column was performed at 80°C to suppress
anomer formation (and separation) of reducing sugars.
The capacity factor (k’) for trehalose declined drastically
after 200 hours of continuous eluent flow for the three
amino-type silica-based packing materials. The capacity
factor decreased 34% for column A, 32.7% for column C
and 21.5% for column D from the initial measured values.
The capacity factor decreased only slightly, or 3.8%, for
the TSKgel Amide-80 column (B), which demonstrates
the superior chemical stability of the amide stationary
phase.

Among the various methods, normal phase
chromatography separates saccharides based on
differences in hydrophilicity. Hydrophilicity of a saccharide
is determined by the number and orientation of the
hydroxyl groups. Since the molecular weight of an
oligosaccharide can be derived from the retention or
capacity factor, saccharide separations are also referred
to as size fractionation chromatography3.
Traditionally, amino-bonded silica gel 4–6 often was used
as the packing material for normal phase chromatography
of saccharides. However, these packing materials
exhibited poor chemical stability and low recovery of
reducing sugars. In order to overcome these
shortcomings, a packing material in which carbamoyl
instead of aminopropyl groups were bonded to silica gel
was developed and commercialized (TSKgel
Amide-80). This new bonded phase was designed for
7
8
the analysis of unsaturated disaccharides , glycosides ,
9–15
and derivatized oligosaccharides , etc.
The fundamental properties of this packing material and
several applications (using acetonitrile/water as the
mobile phase and detection by differential refractometer)
have already been provided in Separation Report No. 055
“Separation of Saccharides Using TSKgel Amide-80, a
Packing Material for High Performance Normal Phase
1
Partition Chromatography ”.
This report compares TSKgel Amide-80 with other
silica-type packing materials and examines the effect of
organic solvents and amines in the mobile phase.
Elution time (hr)

Figure 1
Columns:

Temperature:
Eluent:
Flow rate:
Detection:
Sample:
1

Chemical stability
A: Amino-type silica column from
manufacturer A (4.6mm ID × 25cm)
B: TSKgel Amide-80 (4.6mm ID × 25cm)
C: Amino-type silica column from
manufacturer B (4.6mm ID × 25cm)
D: Amino-type silica column from
manufacturer C (4.6mm ID × 25cm)
A, C, D: 25°C, B: 80°C
Acetonitrile/water = 75/25
1.0mL/min
RI
trehalose (1g/L), 20µL

2-2 Quantitative Recovery of Monosaccharides

3. Effect of Organic Solvents as Mobile Phase

Figure 2 shows the relationship between the sample
load and peak area for three saccharides. For the
TSKgel Amide-80 column, all but one non-reducing
sugar (mannitol) and two reducing sugars (glucose and
xylose) yielded linear relationships for sample loads
ranging from 1.25µg to 10µg. Conversely, for the
three different amino-type silica-based packing
materials, linearity is not observed below 1.25µg for
glucose and below 10µg for xylose, thus indicating poor
sample recovery. Only the data for the column by
manufacturer A is shown. The reason for the decline of
recovery is thought to be caused by the formation of a
glycosyl-amine bond between the aminopropyl groups
of the packing materials and the reducing sugar. Since
TSKgel Amide-80 employs carbamoyl groups instead
of aminopropyl groups, formation of glycosyl-amine
binding cannot take place. Hence, TSKgel Amide-80
provides quantitative recovery for trace amounts of
reducing sugars.

3-1 Retention
The retention volumes of sugar alcohols on TSKgel
Amide-80 in mobile phases containing various organic
solvents are shown in Figure 3. Ethanol provided very
short retention volumes and could not be used for the
separation of monosaccharides unless its concentration
was increased to 95%. Among these solvents,
acetonitrile and acetone are considered the best
solvents to use.

As shown, TSKgel Amide-80 excels in terms of
chemical stability and recovery compared to
conventional amino-type silica-based packing materials,
which makes this column ideal for continuous operation
and trace analysis.

Figure 3

Changes in eluent composition and
polyol retention volume on a TSKgel
Amide-80 column

TSKgel Amide-80 (4.6mm ID × 25cm)
A: Acetonitrile/water = 75/25
B: Acetone/water = 75/25
C: 1, 4-dioxane/water = 75/25
D: Ethanol/water = 95/5
Flow rate:
0.3mL/min
Temperature: 25°C
Detection:
RI
Samples:
a. glycerin b. erythritol c. xylitol
d. mannitol e. inositol

2

2

Peak area (× 10 )

Peak area (× 10 )

Column:
Eluent:

3-2 Selectivity

Sample load (μg)

2

Peak area (× 10 )

Sample load (μg)

Sample load (μg)

Figure 2

Quantitative recovery of monosaccharides

TSKgel Amide-80 (4.6mm ID × 25cm)
Amino-type silica column from
manufacturer A (4.6mm ID × 25cm)
Eluent:
Acetonitrile/water = 75/25
Flow rate:
1.0mL/min
Detection:
RI
: Temperature:
: 80°C
: 25°C
Sample:
A: mannitol B: glucose C: xylose
Columns:

2

Table 1 details the effect of mobile phase composition
on the separation factor (α) of anomers using TSKgel
Amide-80. In addition, the separation of β-cyclodextrin
hydrolysate on a TSKgel Amide-80 column using
acetonitrile or acetone as eluent is shown in Figure 4.
The separation of three types of cyclodextrin and the
separation of a saccharide mixture in an acetone
solvent system, both using a TSKgel Amide-80 column,
are shown in Figures 5 and 6, respectively. Based on
this data, it can be concluded that the acetone solvent
system provides enhanced anomer splitting (Table 1
and Figure 4), that the acetonitrile solvent system
provides better separation between α- and
β-cyclodextrins (Figure 5), and that the acetone solvent
system provides better separation between maltose
and lactose (Figure 6). Clearly, there is a difference in
selectivity between the acetonitrile and acetone solvent
systems when the analysis time is nearly identical.
Therefore, it is recommended that the solvent be
selected based on the goals of the analysis. Moreover,
since the acetone solvent system is less toxic, it is
favored when it is imperative to eliminate solvent
residue in the refined product, such as when food
components are purified.

Table 1 Effect of mobile phase composition on the
selectivity factor (α) of anomers
Separation factor (α)

Mobile phase

Acetonitrile/water
80/20
75/25
70/30
60/40
Acetone/water
85/15
75/25

Glucose

Xylose

Maltose

Lactose

1.07
1.05
1.03

1.09
1.07
1.04

⎯

1.15
1.11
1.10
1.05

⎯

1.05
1.03
⎯
⎯

1.09
1.03

1.20
1.11

1.14
1.08

1.11
1.04

Figure 5:

Separation of α, β, γ-cyclodextrins

TSKgel Amide-80 (4.6mm ID × 25cm)
A: Acetonitrile/water = 60/40
B: Acetone/water = 65/35
Flow rate:
1.0mL/min
Temperature: 25°C
Detection:
RI
Samples:
α, β, γ-cyclodextrins
Column:

Elution time (min)

Figure 4

Separation of β-cyclodextrin
hydrolysate

TSKgel Amide-80 (4.6mm ID × 25cm)
A: Acetonitrile/water = 60/40
B: Acetone/water = 65/35
Flow rate:
1.0mL/min
Temperature: 25°C
Detection:
RI
Sample:
β-cyclodextrin hydrolysate

Column:
Eluent:

Elution time (min)

Figure 6

Separation of saccharide mixture

Column:
Eluent:
Flow rate:
Temperature:
Detection:
Samples:

TSKgel Amide-80 (4.6mm ID × 25cm)
Acetone/water = 82/18
1.0mL/min
80°C
RI
10mmol/L monosaccharides, 5mmol/L
disaccharides, 20µL
1. rhamnose
3. xylose
5. mannose
7. sucrose
9. lactose

3

2. ribose
4. fructose
6. glucose
8. maltose
10. isomaltose

4. Amine-Containing Additives in the Mobile
Phase

It was described in Separation Report No.55 that when
using an acetonitrile/distilled water mobile phase at
80°C, the flow rate range of 0.5 to 1.5mL/min provides
the highest efficiency for non-reducing sugars and
0.25mL/min or lower is required to attain the best
efficiency for reducing sugars. It is believed that the
reason why the optimum flow rate for reducing sugars
is fairly low compared to that of non-reducing sugars is
that the anomer conversion rate is slower than the rate
of solute distribution between the mobile and stationary
phase in the column.

HETP (μm)

4-1 Effect on Height Equivalent to a
Theoretical Plate (HETP)

Triethylamine concentration (mM)

Table 2 summarizes the HETP values of four types of
saccharides on a TSKgel Amide-80 column when five
different organic amines at a concentration of 20mmol/L
are added to the acetonitrile/water (75/25) mobile
phase. Balancing the extent of HETP improvement with
the purity of commercial reagents, triethylamine and
diethylaminoethanol appear to be most practical amine
modifiers.

Figure 7

Effect of concentration of triethylamine
added to mobile phase on HETP

Figure 7 shows the effect on the HETP at various
concentrations of triethylamine added to the mobile
phase. As shown in the figure, the HETP of the
saccharide clearly decreases as the concentration of
triethylamine added to the mobile phase increases. This
decrease in HETP is caused by the acceleration of the
anomer conversion rate in reducing sugars due to the
added organic amine.
An application showing the separation of ten
saccharides in a mobile phase containing 100mmol/L
triethylamine is shown in Figure 8. Despite conducting
the analysis at 25°C, anomer separation of reducing
sugars was not observed. Therefore, separation of
reducing sugars in the presence of amine additives is
possible at room temperature as an alternative to
running at 80°C.

Elution time (min)
Figure 8
Eluent:
Temperature:
Other conditions:

Table 2

Separation of saccharides
Acetonitrile/water = 75/25,
containing 100mmol/L triethylamine
25°C
Same as Figure 6.

Effect of the addition of amine on the separation of saccharides on TSKgel Amide-80

Amine (20mmol/L)
Tris*
Ethanolamine
Triethylamine
Tributylamine
Diethylaminoethanol

Glucose
88
n.d.**
n.d.**
69
51

HETP at 25°C (μm)
Galactose
Maltose
532
142
n.d.**
42
150
59
252
103
283
72

*: Trishydroxymethylaminomethane
**: Calculation impossible due to the formation of a shoulder on the peak
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Lactose
n.d.**
27
28
39
41

5.

High Sensitivity Analysis

5-1 Prelabeled High Sensitivity Analysis
High sensitivity is required for the analysis of trace
components. For example, the pyridylamination method
of derivatization has the following advantages:
(1) High sensitivity
(2) Various treatments are possible because
pyridylamination derivatives are relatively stable
against chemical reactions
(3) Separation by reversed phase chromatography is
possible
An example of separating pyridylaminated saccharides
following the reaction of dextran hydrolysate with
2-aminopyridine is provided in Figure 9. Saccharide
hydrolysate was nearly baseline separated from
pentamer to 25mer as a function of increasing molecular
weight.
Fluorescence detection provided high sensitivity even
when the amount of the pyridylaminated saccharide
derivative was 1pmol or less. It is reasonable to expect
that the application range for saccharide analysis can be
extended to high sensitivity trace analysis.
A structural study of the sugar backbone of a glycoprotein
is shown next. This application, which is often referred to
as two-dimensional mapping or sugar chain mapping9–15,
is used to determine the sugar chain structure of an
unknown oligosaccharide.

Elution time (min)

Figure 9

In this method, a standard sample of dextran hydrolysate
is pyridylaminated (PA) before analysis by reversed
phase and normal phase chromatography as shown in
Figure 9. Then, a known oligosaccharide is
pyridylaminated to compare its elution position with the
elution position of the standard sample and an estimation
of the number of glucose oligomer units is performed. By
plotting the estimated glucose oligomer units (elution
position) on a two-dimensional plot, points unique to the
sample can be obtained. An unknown sample is
pyridylaminated and both RPC and NPC chromatographic
methods are compared to the plot to determine the
structure of the unknown sample.

Separation of pyridylaminated
derivatives of dextran hydrolysate

TSKgel Amide-80 (4.6mm ID × 25cm)
A: 3% acetic acid-triethylamine (pH7.3)/
acetonitrile = 35/65
B: 3% acetic acid-triethylamine (pH7.3)/
acetonitrile = 50/50
A → B (for 50 min linear gradient)
Flow rate:
1.0mL/min
Temperature: 40°C
Detection:
FS (Ex. 320nm, Em. 400nm)
Sample:
pyridylaminated derivatives of dextran
hydrolysate 0.5g/1.1µL

Column:
Eluent:

As described here, two-dimensional mapping is a
valuable method which enables high-sensitivity analysis
of the size and structure of sugar chains using
PA-oligosaccharides. This method is considered useful in
structural analysis of trace sugar chains. Furthermore, it
is possible to determine the exact structure of a sugar
chain by using structural methods such as NMR after an
analytical technique such as HPLC.
Figure 10 shows an application of PA-oligosaccharide
separation by reversed phase and normal phase
chromatography. Moreover, glucose oligomer units
estimated by the elution position for 6 types of
PA-oligosaccharides are provided in Table 3.

5

PA-oligosaccharide structures

Elution time (min)

Figure10

Analysis of pyridylaminated derivative
of oligosaccharide on TSKgel
ODS-80TM and TSKgel Amide-80

A: TSKgel ODS-80TM (4.6mm ID × 15cm)
B: TSKgel Amide-80 (4.6mm ID × 25cm)
Eluent:
A: a: 10mmol/L phosphate buffer (pH3.8)
b: a + 0.5% n-butanol
a/b (80/20) → (40/60) linear gradient
(80 minutes)
B: Conditions identical to Figure 9
Flow rate:
1.0mL/min
Temperature: A: 55°C, B: 40°C
Detection:
FS (Ex. 320nm, Em. 400nm)
Sample:
PA-oligosaccharide
Column:

Table 3

Retention times of pyridylaminated oligosaccharides on TSKgel Amide-80 and TSKgel ODS-80TM
Columns

Sugar chain

1
2
3
4
5
6

Retention time
1
(mL)
13.7
17.9
17.5
23.5
20.6
26.2

TSKgel Amide-80
Converted glucose unit
2)
3
Measured value
Literature value
6.9
7.0
8.3
8.3
8.2
8.2
9.9
9.9
9.1
9.0
10.6
10.5

1) Elution volume
2) Glucose unit values, calculated
9
3) Glucose unit values reported in the literature
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TSKgel ODS-80TM
Retention time
Converted glucose unit
1
2
(mL)
Measured value
15.3
9.6
25.8
12.3
26.7
12.6
17.7
10.3
24.4
11.9
16.9
10.1

6.

Conclusion
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Introduction
• Saccharides are fundamental substances that express various
bioactivities and may exist independently or form complexes with
proteins or lipids.
• Saccharides can be classified into monosaccharides, disaccharides,
oligosaccharides, polysaccharides etc., based upon the degrees of
polymerization and condensation.
• A polyol is an alcohol containing multiple hydroxyl groups. Sugar
alcohols are a class of polyols. Sugar alcohols are commonly added to
foods since they are of lower calorie content than the corresponding
sugars.
• The analysis of saccharides provides valuable information for the
medical, research and food industries.

TOSOH BIOSCIENCE

Poster # 222, Presented at 2010 Eastern Analytical Symposium,
Somerset, NJ, USA

2

Introduction
• In the past various analytical techniques have been used to analyze
saccharides, including all modes of high performance liquid
chromatography (HPLC).
• Normal phase chromatography, in tandem with a differential
refractometer as a detector, has long been used for the analysis of
saccharides, as it provides good selectivity with relatively short analysis
times.
• Hydrophilic interaction liquid chromatography (HILIC) selectively retains
saccharides and polyhydric alcohols, such as sugar alcohols, while
most of the substances with low polarity, as well as monohydric
alcohols, elute in the void or very close to the void volume of the
column.
• Separation is valuable in method development and in quality control for
the identification and quantification of these compounds.
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Introduction
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Introduction
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Introduction

As expected, HETP vs. Linear Velocity is similar for both columns, since the TSK-GEL
NH2-100 and Amide-80 columns are prepared from the same spherical 3µm silica
particles.
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Introduction

The amino-based TSK-GEL NH2-100 columns expand the selectivity range of HILIC
solutions while offering high chemical stability, a pre-requisite for reproducible
results.
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Introduction: stability of a TSKgel NH2-100
column

After purging the TSKgel NH2-100 column for 300 hours, the retention time of inositol
barely changed.
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Objective

To show the usefulness of the silica based TSKgel NH2-100, 3µm,
2.0mm ID x 5cm HILIC column for analysis of different types of
saccharides using a conventional HPLC system.
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Material and methods

All analyses were carried out using an Agilent 1200 HPLC system run by
Chemstation (ver B.04.01).
Optimal chromatographic conditions:
• Column: TSKgel NH2-100, 3µm, 2.0mm ID x 5cm
• Detection: RI
• Column temp: 50 C
• Flow rate: 0.2 mL/min
• Injection vol.: 2µL
• Mobile phase (Isocratic): 80% ACN in H20
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Material and methods (contd.)

The following saccharides were used to prepare the standards:
• Glucose (Supelco R422080 LB69702)
• Sucrose (Fisher S2-500)
• Trehalose dihydrate (Fisher BP2687-10)
• Maltose (ACROS Organics 329911000, Lot A0280581)
• Maltitol (ACROS Organics, Belgium, 295800250, Lot A0243754)
• Mannitol (Sigma M-4125, Lot 22K0111)
All the standards and samples were filtered through a 0.45µm filter before
injecting onto the column.
High purity chemicals and HPLC grade solvents were used for the
preparation of stock standards, samples and mobile phases.
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Material and methods (contd.)
Preparation of standards
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Analysis of glucose (monosaccharide) using a
TSKgel NH2-100, 3µm, 2.0mm ID x 5cm column

Limit of detection (LOD) of glucose – 100 ppb
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Analysis of trehalose (disaccharide) using a
TSKgel NH2-100, 3µm, 2.0mm ID x 5cm column
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Analysis of sucrose (disaccharide) using a
TSKgel NH2-100, 3µm, 2.0mm ID x 5cm column
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System suitability study

Three consecutive injections of sucrose yielded a very consistent result in case
of all the peak parameters to determine the suitability of the system and
method.
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Loading capacity

Sucrose can be analyzed with a high degree of linearity over the experimental
concentration range shown in this figure.
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Analysis of maltose using a TSKgel NH2-100,
3µm, 2.0mm ID x 5cm column
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Analysis of maltitol (polyol or sugar alcohol) using
a TSKgel NH2-100, 3µm 2.0mm ID x 5cm column
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Analysis of mannitol (polyol or sugar alcohol) using
TSKgel NH2-100, 3µm, 2.0mm ID x 5cm column
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System suitability

Mannitol showed more tailing compared to maltitol possibly due to the difference in
their interaction with the stationary phase inherent to the difference in their structure.
The analysis of mannitol, a sugar alcohol, could be reproduced with a high degree of
consistency as in the case of sucrose, a disaccharide.
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Effect of acetonitrile concentration on the retention
of mannitol using TSKgel NH2-100, 3µm,
2.0mm ID x 5cm column
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Conclusions
• Different kinds of saccharides and sugar alcohols could be separated on a TSKgel
NH2-100 with good symmetry and efficiency.
• Calibration curve of sucrose show high loading capacity with high degree of linearity
within the experimental range.
• System suitability studies ( sucrose and mannitol) show that the analyses could be
reproduced with very low %RSD in peak parameters using the TSKgel NH2-100
column.
• The concentration of acetonitrile has considerable effect on the peak parameters
such as retention time, capacity factor, symmetry and efficiency as seen in the
analysis of mannitol using a TSKgel NH2-100, 3µm, 2.0mm ID x 5cm column.
• This study shows that TSK-GEL NH2-100 is stable.
• Limit of detection of glucose in the ppb level show high sensitivity of this column.
• Overall, this study shows that a TSKgel NH2-100 column is suitable for the analysis
of different kind of saccharides.
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