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Abstract
Carbohydrates are diffi cult to analyze because they are very polar compounds, 
exhibit similar structural characteristics, and do not have a suitable chromophore. 
Their analysis is often performed directly using high-performance anion-exchange 
chromatography with pulsed amperometric detection (HPAE-PAD) with a high pH 
mobile phase. This technique has been approved for use in a variety of offi cial 
methods for the analysis of carbohydrates in foods. Another common technique 
is to derivatize the sample with a suitable fl uorescent tag and use HPLC with 
fl uorescence detection for the analysis. This approach can assist with the separation 
of sugar isomers and provide sensitive detection, although derivatization can 
contribute to increased assay variability.

HPLC column technology for the separation of carbohydrates has advanced during 
the past several years. New hydrophilic interaction liquid chromatography (HILIC) 
mode separations are providing a unique way to separate polar carbohydrates 
using simple organic/water mobile phases. This chromatographic approach not only 
provides suitable separation, but also enables the use of sensitive nebulizer-based 
detectors (i.e., mass spectrometry [MS] or charged aerosol detection). The work 
presented here describes the use of the Thermo Scientifi c Dionex Corona™ Charged 
Aerosol Detector (CAD™) for the measurement of simple carbohydrates. The method 
has a limit of detection of <10 ng on column and a wide dynamic range that covers 
ng to µg levels with high reproducibility. 

The determination of more complex carbohydrates—for example, glycans liberated 
from glycoproteins—can be achieved using a combination of MS and charged aerosol 
detection. Because the Dionex charged aerosol detector is a universal detector, there 
is no need to form fl uorescent tagged derivatives, thus simplifying their analysis. The 
Dionex charged aerosol detector is used for quantitative analyses while the MS is 
used for structural verifi cation. Data showing the utility of the LC-MS-CAD platform for 
analysis of glycoproteins is presented.

Introduction
Simple sugars are common components of beverages such as fruit juice and soft 
drinks. The similar structural characteristics of several simple sugars are shown in 
Figure 1. Carbohydrates possess weak chromophores, so UV detection cannot be 
practically employed for their analysis. These compounds can be directly oxidized 
using PAD techniques1 or can be measured by fl uorescence detection after 
preparation of a suitable derivative.2 Recently, universal detection techniques such 
as evaporative light scattering detection (ELSD) have been employed, however, the 
lack of sensitivity and nonlinear nature limit their use. Although the PAD method can 
achieve low ppb levels of sensitivity, many food- and beverage-related applications 
do not require this level of sensitivity. 

These compounds are highly soluble in water and are often poorly retained and 
separated by techniques such as reversed-phase chromatography on C18 columns. 
Carbohydrate separation can be performed using ion-exchange or with HILIC-mode 
chromatography. HPAE techniques provide excellent separation of complex samples 
containing many different carbohydrate species. However, the commonly used 
eluents contain nonvolatile species that are incompatible with most nebulizer-based 
detectors (e.g., MS, ELSD, CAD). HILIC separations typically involve high organic/
aqueous mobile phases with volatile additives, which are ideal for nebulizer-
based detectors.
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FIGURE 1. Structures of simple carbohydrates.
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FIGURE 2. Calibration standards for fruit juice carbohydrate analysis 
(25–1000 ng on column).

Analysis of Carbohydrates Found in Food Products
This work also describes use of the Corona CAD detector for measurement of a 
number of sugars typically found in honey. The method can be used to determine 
sugar abundance in different varieties of honey (Figure 4). This is an example of 
detection of analytes that only possess weak chromophores.

Both charged aerosol and MS detection require nonvolatile eluents and their use 
in parallel is thus easily achieved by a postcolumn fl ow split. This provides highly 
complementary data where charged aerosol detection can be used for quantitation 
and MS can be used for peak identifi cation. The use of simple, volatile eluents also 
facilitates offl ine structural elucidation studies when fraction collection is employed.

The use of charged aerosol detection for unlabeled glycans (alditols) with fl ow 
splitting for simultaneous MS detection is simple and sensitive. Any collected frac-
tions are generally clean (buffer-free), thus greatly simplifying further MS-based 
analysis. Reproducible profi les of unlabeled glycan alditols are achieved with 
charged aerosol detection and these provide quantitative data. This data together 
with HPLC retention times and online MS-derived mono-saccharide compositions, 
the combined technique provides an initial level of glycan identifi cation.

UHPLC Analysis of Carbohydrates
New UHPLC-type HILIC columns allow rapid and sensitive analysis of simple 
carbohydrates as illustrated in Figure 8. In this example, the analysis of sugars is 
complete in <30 sec with the Corona ultra detector sensitivity extending into the 
sub-nanogram range. Future development with this type of column technology 
should allow signifi cant improvements in both speed, separation, and sensitivity for 
carbohydrate analysis.

FIGURE 6. Analysis of oligosaccharide standards (200 ng each on column).

The charged aerosol detector is a universal detector capable of measuring 
nonvolatile compounds, and is mass sensitive and can be added to HPLC or 
UHPLC platforms. This detector provides the most consistent response for all 
nonvolatile and some semivolatile analytes of all nebulizer-based HPLC detection 
techniques.3 The detector works by charging particles and is not dependent on light 
scattering, which has large variability and generally lower sensitivity.

Experiments were conducted to illustrate the separation of various carbohydrates 
from foods or fruit juices using HILIC. Direct and reproducible detection was 
performed using the Corona CAD. Glycoprotein analysis was conducted using a 
porous graphite column (PGC) with combined charged aerosol and MS detection.

Chromatography and Sample Preparation
Fruit Juice HPLC Method Conditions
Column: Shodex Asahipak® NH2P-50 4E, 250 × 4.6 mm, 5 µm
Mobile Phase: 78% Acetonitrile, 22% water
Flow Rate: 1.4 mL/min
Column Temp.: 55 °C
Postcolumn Temp.: 30 °C
Injection Volume: 2 µL for sample, 5 µL for standards
Analysis Time: 15 min per sample
Detector: Thermo Scientifi c Dionex Corona ultra™ 

 Charged Aerosol Detector, 
 nitrogen 35 psi; fi lter Corona
Stock Standard: 1 mg/mL each standard in 70% acetonitrile
Sample Prep.: Add 20 mL of 70% acetonitrile to 1 g juice sample, 
 mix, and then centrifuge for 2 min at 13,000 RPM

Food Analysis HPLC Parameters
Column: Shodex Asahipak NH2P-50 4E, 250 × 4.6 mm, 5 µm 
Mobile Phase: 70:30, Acetonitrile/water 
Flow Rate: 1 mL/min
Column Temp.: 35 °C 
Injection Volume: 10 µL
Detector: Corona CAD; nitrogen 35 psi; fi lter high
Sample Prep.: Honey and corn syrup samples were weighed 
 then were diluted in mobile phase

Glycoprotein Analysis 
Column: PGC Hypercarb, 150 × 4.6 mm, 5 μm
Flow Rate: 1.0 mL/min
Mobile Phase: Acetonitrile/water/0.1% TFA: 4–18%, 
 Acetonitrile linear gradient >40 min
Sample Prep.: N-Linked glycans were released by standard procedures 
 using recombinant N-glycanase or endoglycosidase H. 
 O-Glycans were chemically released either 
 by traditional reductive β-elimination (RBE),4 or by 
 nonreductive ammonia/ammonium carbonate (NAC).5

UHPLC Method Conditions
Column: BEH HILIC, 2.1 × 50 mm, 1.7 µm 
Mobile Phase: Acetonitrile/5 mM ammonium formate, pH 3, (91:9)
Flow Rate: 1.8 mL/min
Column Temp.: 40 °C 
Injection Volume: 2 µL 
Detector: Corona ultra™; nitrogen 35 psi; fi lter medium 

Results and Discussion
Analysis of Carbohydrates in Fruit Juices
The analysis of fruit juice samples was performed using a polymeric amino column 
in HILIC mode. This column provided adequate separation while offering good 
stability and low column bleed characteristics compared to silica-based support 
materials, which was important for good sensitivity using charged aerosol detection. 
Improved selectivity and speed of separation of the various carbohydrate species 
present in these samples were achieved by decreasing water content and elevating 
the column temperature. Figure 2 illustrates the separation of fructose, glucose, 
sucrose, lactose, and maltose in less than 10 min. The limit of detection (LOD) for 
carbohydrate analysis using charged aerosol detection is approximately 5 ng on 
column (1 µg/mL using a 5 µL injection), thereby providing much better sensitivity 
than RI or ELSD detection.

Sample preparation of various fruit juice samples for analysis using this technique 
was quite simple. An aliquot of juice sample was weighed and diluted in a solution 
that was compatible with the HILIC mobile phase conditions. After centrifugation, 
an aliquot of the sample was transferred to an autosampler vial for direct analysis 
of their sugar content as shown in Figure 3. Trace levels of several unknown peaks 
were observed.

FIGURE 3. Direct analysis of carbohydrates in various fruit juice samples.

FIGURE 4. Comparison of carbohydrates found in different honey products.

HILIC chromatography with the Corona CAD was also used for the measurement 
of different corn syrups e.g., 43/43 carbon-refi ned syrup (Figure 5). These products 
are often used in the production of table syrups, jams, and jellies. The method has 
excellent sensitivity (components typically <10 ng on column), reproducibility (%RSD 
typically 0.6–1.8), and a dynamic range that covers ng to µg levels. This allows the 
extended characterization of higher dextrose equivalent (DE) chains as illustrated in 
the inset of Figure 5.

FIGURE 5. Reproducibility of 43/43 high DE corn syrup analysis (10 µg on 
column; six replicate injections). Inset shows peaks eluting between 8 and 
19 min, magnifi ed ~10 fold.

Figure 6 shows another example of the use of charged aerosol detection for 
measurement of oligosaccharides. The method has a LOD of <5 ng on column 
(Figure 6), and a dynamic range that covers ng to μg levels. Consistent response 
factors for the various oligosaccharides are observed using charged aerosol 
detection, because the slopes of these calibration curves are quite similar 
(data not shown).

Profi ling and Characterization of N- and O-Linked Glycans 
Released from Glycoproteins
The analysis of the carbohydrate structures on recombinant proteins is becoming 
increasingly important for many pharmaceutical companies as more protein- and 
peptide-based biological therapeutics are being developed. N- and O-linked 
glycans, released from bovine fetuin and other glycoproteins, were profi led by PGC 
RP-HPLC with charged aerosol detection, and characterized simultaneously by 
online MS (Figure 7). This approach provides an optimal workfl ow between glycan 
release, cleanup, routine profi ling, and online LC-MS. Because the Corona CAD is a 
universal detector, the glycans do not require derivatization with a fl uorescent dye 
as is currently practiced in the biopharmaceutical industry. This helps to simplify 
sample preparation and eliminate artifactual peaks resulting from fl uorescence-
labeling chemistry. 

FIGURE 7. Fetuin: reductive β-elimination: LC-CAD-MS QTof (+ mode) using a 
PGC (Hypercarb) column.

FIGURE 8. Injection of 0.5 ng of sugars, glucose, sucrose, and lactose.

Conclusions
The HPLC-CAD methods shown here demonstrate the capability to both accurately 
and precisely determine simple carbohydrates. The analysis of carbohydrates in 
fruit juices and foods was easily performed by weighing the sample and diluting the 
material in mobile phase compatible solutions. Direct injection of samples onto a 
HILIC column provided adequate separation of sugars with low ng detection levels 
achieved using the Corona CAD detector. 
With the described conditions, the use of HILIC-CAD provided suffi cient selectivity 
for a variety of sample matrices. However, there were some examples where some 
analytes were not completely resolved (e.g., honey). In these cases, the use of a 
more selective detector (e.g., MS), alternative separation conditions with charged 
aerosol detection or the use of HPAE-PAD may be required. 
The N- and O-linked structures most relevant to recombinant glycoproteins can 
also be profi led and characterized using the proposed method of PGC RP-HPLC-
CAD-MS. For glycoprotein analysis, charged aerosol detection avoids some of 
the pitfalls of PAD (high salt) and fl uorescence (O-glycan peeling, fl uorescent 
impurities, ion-pairing agents) that can hamper LC-MS and downstream offl ine 
MS/MS analysis of unknowns. The Corona CAD detector is a simple and 
robust instrument, making it amenable for use in routine development and 
manufacturing QC operations. It should prove useful when applied to the analysis 
of oligosaccharides by greatly simplifying the efforts and expertise needed for 
oligosaccharide profi ling of N- and O-linked sugars.
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fruit juices and foods was easily performed by weighing the sample and diluting the 
material in mobile phase compatible solutions. Direct injection of samples onto a 
HILIC column provided adequate separation of sugars with low ng detection levels 
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lack of sensitivity and nonlinear nature limit their use. Although the PAD method can 
achieve low ppb levels of sensitivity, many food- and beverage-related applications 
do not require this level of sensitivity. 

These compounds are highly soluble in water and are often poorly retained and 
separated by techniques such as reversed-phase chromatography on C18 columns. 
Carbohydrate separation can be performed using ion-exchange or with HILIC-mode 
chromatography. HPAE techniques provide excellent separation of complex samples 
containing many different carbohydrate species. However, the commonly used 
eluents contain nonvolatile species that are incompatible with most nebulizer-based 
detectors (e.g., MS, ELSD, CAD). HILIC separations typically involve high organic/
aqueous mobile phases with volatile additives, which are ideal for nebulizer-
based detectors.
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FIGURE 1. Structures of simple carbohydrates.
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FIGURE 2. Calibration standards for fruit juice carbohydrate analysis 
(25–1000 ng on column).

Analysis of Carbohydrates Found in Food Products
This work also describes use of the Corona CAD detector for measurement of a 
number of sugars typically found in honey. The method can be used to determine 
sugar abundance in different varieties of honey (Figure 4). This is an example of 
detection of analytes that only possess weak chromophores.

Both charged aerosol and MS detection require nonvolatile eluents and their use 
in parallel is thus easily achieved by a postcolumn fl ow split. This provides highly 
complementary data where charged aerosol detection can be used for quantitation 
and MS can be used for peak identifi cation. The use of simple, volatile eluents also 
facilitates offl ine structural elucidation studies when fraction collection is employed.

The use of charged aerosol detection for unlabeled glycans (alditols) with fl ow 
splitting for simultaneous MS detection is simple and sensitive. Any collected frac-
tions are generally clean (buffer-free), thus greatly simplifying further MS-based 
analysis. Reproducible profi les of unlabeled glycan alditols are achieved with 
charged aerosol detection and these provide quantitative data. This data together 
with HPLC retention times and online MS-derived mono-saccharide compositions, 
the combined technique provides an initial level of glycan identifi cation.

UHPLC Analysis of Carbohydrates
New UHPLC-type HILIC columns allow rapid and sensitive analysis of simple 
carbohydrates as illustrated in Figure 8. In this example, the analysis of sugars is 
complete in <30 sec with the Corona ultra detector sensitivity extending into the 
sub-nanogram range. Future development with this type of column technology 
should allow signifi cant improvements in both speed, separation, and sensitivity for 
carbohydrate analysis.

FIGURE 6. Analysis of oligosaccharide standards (200 ng each on column).

The charged aerosol detector is a universal detector capable of measuring 
nonvolatile compounds, and is mass sensitive and can be added to HPLC or 
UHPLC platforms. This detector provides the most consistent response for all 
nonvolatile and some semivolatile analytes of all nebulizer-based HPLC detection 
techniques.3 The detector works by charging particles and is not dependent on light 
scattering, which has large variability and generally lower sensitivity.

Experiments were conducted to illustrate the separation of various carbohydrates 
from foods or fruit juices using HILIC. Direct and reproducible detection was 
performed using the Corona CAD. Glycoprotein analysis was conducted using a 
porous graphite column (PGC) with combined charged aerosol and MS detection.

Chromatography and Sample Preparation
Fruit Juice HPLC Method Conditions
Column: Shodex Asahipak® NH2P-50 4E, 250 × 4.6 mm, 5 µm
Mobile Phase: 78% Acetonitrile, 22% water
Flow Rate: 1.4 mL/min
Column Temp.: 55 °C
Postcolumn Temp.: 30 °C
Injection Volume: 2 µL for sample, 5 µL for standards
Analysis Time: 15 min per sample
Detector: Thermo Scientifi c Dionex Corona ultra™ 

 Charged Aerosol Detector, 
 nitrogen 35 psi; fi lter Corona
Stock Standard: 1 mg/mL each standard in 70% acetonitrile
Sample Prep.: Add 20 mL of 70% acetonitrile to 1 g juice sample, 
 mix, and then centrifuge for 2 min at 13,000 RPM

Food Analysis HPLC Parameters
Column: Shodex Asahipak NH2P-50 4E, 250 × 4.6 mm, 5 µm 
Mobile Phase: 70:30, Acetonitrile/water 
Flow Rate: 1 mL/min
Column Temp.: 35 °C 
Injection Volume: 10 µL
Detector: Corona CAD; nitrogen 35 psi; fi lter high
Sample Prep.: Honey and corn syrup samples were weighed 
 then were diluted in mobile phase

Glycoprotein Analysis 
Column: PGC Hypercarb, 150 × 4.6 mm, 5 μm
Flow Rate: 1.0 mL/min
Mobile Phase: Acetonitrile/water/0.1% TFA: 4–18%, 
 Acetonitrile linear gradient >40 min
Sample Prep.: N-Linked glycans were released by standard procedures 
 using recombinant N-glycanase or endoglycosidase H. 
 O-Glycans were chemically released either 
 by traditional reductive β-elimination (RBE),4 or by 
 nonreductive ammonia/ammonium carbonate (NAC).5

UHPLC Method Conditions
Column: BEH HILIC, 2.1 × 50 mm, 1.7 µm 
Mobile Phase: Acetonitrile/5 mM ammonium formate, pH 3, (91:9)
Flow Rate: 1.8 mL/min
Column Temp.: 40 °C 
Injection Volume: 2 µL 
Detector: Corona ultra™; nitrogen 35 psi; fi lter medium 

Results and Discussion
Analysis of Carbohydrates in Fruit Juices
The analysis of fruit juice samples was performed using a polymeric amino column 
in HILIC mode. This column provided adequate separation while offering good 
stability and low column bleed characteristics compared to silica-based support 
materials, which was important for good sensitivity using charged aerosol detection. 
Improved selectivity and speed of separation of the various carbohydrate species 
present in these samples were achieved by decreasing water content and elevating 
the column temperature. Figure 2 illustrates the separation of fructose, glucose, 
sucrose, lactose, and maltose in less than 10 min. The limit of detection (LOD) for 
carbohydrate analysis using charged aerosol detection is approximately 5 ng on 
column (1 µg/mL using a 5 µL injection), thereby providing much better sensitivity 
than RI or ELSD detection.

Sample preparation of various fruit juice samples for analysis using this technique 
was quite simple. An aliquot of juice sample was weighed and diluted in a solution 
that was compatible with the HILIC mobile phase conditions. After centrifugation, 
an aliquot of the sample was transferred to an autosampler vial for direct analysis 
of their sugar content as shown in Figure 3. Trace levels of several unknown peaks 
were observed.

FIGURE 3. Direct analysis of carbohydrates in various fruit juice samples.

FIGURE 4. Comparison of carbohydrates found in different honey products.

HILIC chromatography with the Corona CAD was also used for the measurement 
of different corn syrups e.g., 43/43 carbon-refi ned syrup (Figure 5). These products 
are often used in the production of table syrups, jams, and jellies. The method has 
excellent sensitivity (components typically <10 ng on column), reproducibility (%RSD 
typically 0.6–1.8), and a dynamic range that covers ng to µg levels. This allows the 
extended characterization of higher dextrose equivalent (DE) chains as illustrated in 
the inset of Figure 5.

FIGURE 5. Reproducibility of 43/43 high DE corn syrup analysis (10 µg on 
column; six replicate injections). Inset shows peaks eluting between 8 and 
19 min, magnifi ed ~10 fold.

Figure 6 shows another example of the use of charged aerosol detection for 
measurement of oligosaccharides. The method has a LOD of <5 ng on column 
(Figure 6), and a dynamic range that covers ng to μg levels. Consistent response 
factors for the various oligosaccharides are observed using charged aerosol 
detection, because the slopes of these calibration curves are quite similar 
(data not shown).

Profi ling and Characterization of N- and O-Linked Glycans 
Released from Glycoproteins
The analysis of the carbohydrate structures on recombinant proteins is becoming 
increasingly important for many pharmaceutical companies as more protein- and 
peptide-based biological therapeutics are being developed. N- and O-linked 
glycans, released from bovine fetuin and other glycoproteins, were profi led by PGC 
RP-HPLC with charged aerosol detection, and characterized simultaneously by 
online MS (Figure 7). This approach provides an optimal workfl ow between glycan 
release, cleanup, routine profi ling, and online LC-MS. Because the Corona CAD is a 
universal detector, the glycans do not require derivatization with a fl uorescent dye 
as is currently practiced in the biopharmaceutical industry. This helps to simplify 
sample preparation and eliminate artifactual peaks resulting from fl uorescence-
labeling chemistry. 

FIGURE 7. Fetuin: reductive β-elimination: LC-CAD-MS QTof (+ mode) using a 
PGC (Hypercarb) column.

FIGURE 8. Injection of 0.5 ng of sugars, glucose, sucrose, and lactose.

Conclusions
The HPLC-CAD methods shown here demonstrate the capability to both accurately 
and precisely determine simple carbohydrates. The analysis of carbohydrates in 
fruit juices and foods was easily performed by weighing the sample and diluting the 
material in mobile phase compatible solutions. Direct injection of samples onto a 
HILIC column provided adequate separation of sugars with low ng detection levels 
achieved using the Corona CAD detector. 
With the described conditions, the use of HILIC-CAD provided suffi cient selectivity 
for a variety of sample matrices. However, there were some examples where some 
analytes were not completely resolved (e.g., honey). In these cases, the use of a 
more selective detector (e.g., MS), alternative separation conditions with charged 
aerosol detection or the use of HPAE-PAD may be required. 
The N- and O-linked structures most relevant to recombinant glycoproteins can 
also be profi led and characterized using the proposed method of PGC RP-HPLC-
CAD-MS. For glycoprotein analysis, charged aerosol detection avoids some of 
the pitfalls of PAD (high salt) and fl uorescence (O-glycan peeling, fl uorescent 
impurities, ion-pairing agents) that can hamper LC-MS and downstream offl ine 
MS/MS analysis of unknowns. The Corona CAD detector is a simple and 
robust instrument, making it amenable for use in routine development and 
manufacturing QC operations. It should prove useful when applied to the analysis 
of oligosaccharides by greatly simplifying the efforts and expertise needed for 
oligosaccharide profi ling of N- and O-linked sugars.
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Abstract
Carbohydrates are diffi cult to analyze because they are very polar compounds, 
exhibit similar structural characteristics, and do not have a suitable chromophore. 
Their analysis is often performed directly using high-performance anion-exchange 
chromatography with pulsed amperometric detection (HPAE-PAD) with a high pH 
mobile phase. This technique has been approved for use in a variety of offi cial 
methods for the analysis of carbohydrates in foods. Another common technique 
is to derivatize the sample with a suitable fl uorescent tag and use HPLC with 
fl uorescence detection for the analysis. This approach can assist with the separation 
of sugar isomers and provide sensitive detection, although derivatization can 
contribute to increased assay variability.

HPLC column technology for the separation of carbohydrates has advanced during 
the past several years. New hydrophilic interaction liquid chromatography (HILIC) 
mode separations are providing a unique way to separate polar carbohydrates 
using simple organic/water mobile phases. This chromatographic approach not only 
provides suitable separation, but also enables the use of sensitive nebulizer-based 
detectors (i.e., mass spectrometry [MS] or charged aerosol detection). The work 
presented here describes the use of the Thermo Scientifi c Dionex Corona™ Charged 
Aerosol Detector (CAD™) for the measurement of simple carbohydrates. The method 
has a limit of detection of <10 ng on column and a wide dynamic range that covers 
ng to µg levels with high reproducibility. 

The determination of more complex carbohydrates—for example, glycans liberated 
from glycoproteins—can be achieved using a combination of MS and charged aerosol 
detection. Because the Dionex charged aerosol detector is a universal detector, there 
is no need to form fl uorescent tagged derivatives, thus simplifying their analysis. The 
Dionex charged aerosol detector is used for quantitative analyses while the MS is 
used for structural verifi cation. Data showing the utility of the LC-MS-CAD platform for 
analysis of glycoproteins is presented.

Introduction
Simple sugars are common components of beverages such as fruit juice and soft 
drinks. The similar structural characteristics of several simple sugars are shown in 
Figure 1. Carbohydrates possess weak chromophores, so UV detection cannot be 
practically employed for their analysis. These compounds can be directly oxidized 
using PAD techniques1 or can be measured by fl uorescence detection after 
preparation of a suitable derivative.2 Recently, universal detection techniques such 
as evaporative light scattering detection (ELSD) have been employed, however, the 
lack of sensitivity and nonlinear nature limit their use. Although the PAD method can 
achieve low ppb levels of sensitivity, many food- and beverage-related applications 
do not require this level of sensitivity. 

These compounds are highly soluble in water and are often poorly retained and 
separated by techniques such as reversed-phase chromatography on C18 columns. 
Carbohydrate separation can be performed using ion-exchange or with HILIC-mode 
chromatography. HPAE techniques provide excellent separation of complex samples 
containing many different carbohydrate species. However, the commonly used 
eluents contain nonvolatile species that are incompatible with most nebulizer-based 
detectors (e.g., MS, ELSD, CAD). HILIC separations typically involve high organic/
aqueous mobile phases with volatile additives, which are ideal for nebulizer-
based detectors.
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FIGURE 2. Calibration standards for fruit juice carbohydrate analysis 
(25–1000 ng on column).

Analysis of Carbohydrates Found in Food Products
This work also describes use of the Corona CAD detector for measurement of a 
number of sugars typically found in honey. The method can be used to determine 
sugar abundance in different varieties of honey (Figure 4). This is an example of 
detection of analytes that only possess weak chromophores.

Both charged aerosol and MS detection require nonvolatile eluents and their use 
in parallel is thus easily achieved by a postcolumn fl ow split. This provides highly 
complementary data where charged aerosol detection can be used for quantitation 
and MS can be used for peak identifi cation. The use of simple, volatile eluents also 
facilitates offl ine structural elucidation studies when fraction collection is employed.

The use of charged aerosol detection for unlabeled glycans (alditols) with fl ow 
splitting for simultaneous MS detection is simple and sensitive. Any collected frac-
tions are generally clean (buffer-free), thus greatly simplifying further MS-based 
analysis. Reproducible profi les of unlabeled glycan alditols are achieved with 
charged aerosol detection and these provide quantitative data. This data together 
with HPLC retention times and online MS-derived mono-saccharide compositions, 
the combined technique provides an initial level of glycan identifi cation.

UHPLC Analysis of Carbohydrates
New UHPLC-type HILIC columns allow rapid and sensitive analysis of simple 
carbohydrates as illustrated in Figure 8. In this example, the analysis of sugars is 
complete in <30 sec with the Corona ultra detector sensitivity extending into the 
sub-nanogram range. Future development with this type of column technology 
should allow signifi cant improvements in both speed, separation, and sensitivity for 
carbohydrate analysis.

FIGURE 6. Analysis of oligosaccharide standards (200 ng each on column).

The charged aerosol detector is a universal detector capable of measuring 
nonvolatile compounds, and is mass sensitive and can be added to HPLC or 
UHPLC platforms. This detector provides the most consistent response for all 
nonvolatile and some semivolatile analytes of all nebulizer-based HPLC detection 
techniques.3 The detector works by charging particles and is not dependent on light 
scattering, which has large variability and generally lower sensitivity.

Experiments were conducted to illustrate the separation of various carbohydrates 
from foods or fruit juices using HILIC. Direct and reproducible detection was 
performed using the Corona CAD. Glycoprotein analysis was conducted using a 
porous graphite column (PGC) with combined charged aerosol and MS detection.

Chromatography and Sample Preparation
Fruit Juice HPLC Method Conditions
Column: Shodex Asahipak® NH2P-50 4E, 250 × 4.6 mm, 5 µm
Mobile Phase: 78% Acetonitrile, 22% water
Flow Rate: 1.4 mL/min
Column Temp.: 55 °C
Postcolumn Temp.: 30 °C
Injection Volume: 2 µL for sample, 5 µL for standards
Analysis Time: 15 min per sample
Detector: Thermo Scientifi c Dionex Corona ultra™ 

 Charged Aerosol Detector, 
 nitrogen 35 psi; fi lter Corona
Stock Standard: 1 mg/mL each standard in 70% acetonitrile
Sample Prep.: Add 20 mL of 70% acetonitrile to 1 g juice sample, 
 mix, and then centrifuge for 2 min at 13,000 RPM

Food Analysis HPLC Parameters
Column: Shodex Asahipak NH2P-50 4E, 250 × 4.6 mm, 5 µm 
Mobile Phase: 70:30, Acetonitrile/water 
Flow Rate: 1 mL/min
Column Temp.: 35 °C 
Injection Volume: 10 µL
Detector: Corona CAD; nitrogen 35 psi; fi lter high
Sample Prep.: Honey and corn syrup samples were weighed 
 then were diluted in mobile phase

Glycoprotein Analysis 
Column: PGC Hypercarb, 150 × 4.6 mm, 5 μm
Flow Rate: 1.0 mL/min
Mobile Phase: Acetonitrile/water/0.1% TFA: 4–18%, 
 Acetonitrile linear gradient >40 min
Sample Prep.: N-Linked glycans were released by standard procedures 
 using recombinant N-glycanase or endoglycosidase H. 
 O-Glycans were chemically released either 
 by traditional reductive β-elimination (RBE),4 or by 
 nonreductive ammonia/ammonium carbonate (NAC).5

UHPLC Method Conditions
Column: BEH HILIC, 2.1 × 50 mm, 1.7 µm 
Mobile Phase: Acetonitrile/5 mM ammonium formate, pH 3, (91:9)
Flow Rate: 1.8 mL/min
Column Temp.: 40 °C 
Injection Volume: 2 µL 
Detector: Corona ultra™; nitrogen 35 psi; fi lter medium 

Results and Discussion
Analysis of Carbohydrates in Fruit Juices
The analysis of fruit juice samples was performed using a polymeric amino column 
in HILIC mode. This column provided adequate separation while offering good 
stability and low column bleed characteristics compared to silica-based support 
materials, which was important for good sensitivity using charged aerosol detection. 
Improved selectivity and speed of separation of the various carbohydrate species 
present in these samples were achieved by decreasing water content and elevating 
the column temperature. Figure 2 illustrates the separation of fructose, glucose, 
sucrose, lactose, and maltose in less than 10 min. The limit of detection (LOD) for 
carbohydrate analysis using charged aerosol detection is approximately 5 ng on 
column (1 µg/mL using a 5 µL injection), thereby providing much better sensitivity 
than RI or ELSD detection.

Sample preparation of various fruit juice samples for analysis using this technique 
was quite simple. An aliquot of juice sample was weighed and diluted in a solution 
that was compatible with the HILIC mobile phase conditions. After centrifugation, 
an aliquot of the sample was transferred to an autosampler vial for direct analysis 
of their sugar content as shown in Figure 3. Trace levels of several unknown peaks 
were observed.

FIGURE 3. Direct analysis of carbohydrates in various fruit juice samples.

FIGURE 4. Comparison of carbohydrates found in different honey products.

HILIC chromatography with the Corona CAD was also used for the measurement 
of different corn syrups e.g., 43/43 carbon-refi ned syrup (Figure 5). These products 
are often used in the production of table syrups, jams, and jellies. The method has 
excellent sensitivity (components typically <10 ng on column), reproducibility (%RSD 
typically 0.6–1.8), and a dynamic range that covers ng to µg levels. This allows the 
extended characterization of higher dextrose equivalent (DE) chains as illustrated in 
the inset of Figure 5.

FIGURE 5. Reproducibility of 43/43 high DE corn syrup analysis (10 µg on 
column; six replicate injections). Inset shows peaks eluting between 8 and 
19 min, magnifi ed ~10 fold.

Figure 6 shows another example of the use of charged aerosol detection for 
measurement of oligosaccharides. The method has a LOD of <5 ng on column 
(Figure 6), and a dynamic range that covers ng to μg levels. Consistent response 
factors for the various oligosaccharides are observed using charged aerosol 
detection, because the slopes of these calibration curves are quite similar 
(data not shown).

Profi ling and Characterization of N- and O-Linked Glycans 
Released from Glycoproteins
The analysis of the carbohydrate structures on recombinant proteins is becoming 
increasingly important for many pharmaceutical companies as more protein- and 
peptide-based biological therapeutics are being developed. N- and O-linked 
glycans, released from bovine fetuin and other glycoproteins, were profi led by PGC 
RP-HPLC with charged aerosol detection, and characterized simultaneously by 
online MS (Figure 7). This approach provides an optimal workfl ow between glycan 
release, cleanup, routine profi ling, and online LC-MS. Because the Corona CAD is a 
universal detector, the glycans do not require derivatization with a fl uorescent dye 
as is currently practiced in the biopharmaceutical industry. This helps to simplify 
sample preparation and eliminate artifactual peaks resulting from fl uorescence-
labeling chemistry. 

FIGURE 7. Fetuin: reductive β-elimination: LC-CAD-MS QTof (+ mode) using a 
PGC (Hypercarb) column.

FIGURE 8. Injection of 0.5 ng of sugars, glucose, sucrose, and lactose.

Conclusions
The HPLC-CAD methods shown here demonstrate the capability to both accurately 
and precisely determine simple carbohydrates. The analysis of carbohydrates in 
fruit juices and foods was easily performed by weighing the sample and diluting the 
material in mobile phase compatible solutions. Direct injection of samples onto a 
HILIC column provided adequate separation of sugars with low ng detection levels 
achieved using the Corona CAD detector. 
With the described conditions, the use of HILIC-CAD provided suffi cient selectivity 
for a variety of sample matrices. However, there were some examples where some 
analytes were not completely resolved (e.g., honey). In these cases, the use of a 
more selective detector (e.g., MS), alternative separation conditions with charged 
aerosol detection or the use of HPAE-PAD may be required. 
The N- and O-linked structures most relevant to recombinant glycoproteins can 
also be profi led and characterized using the proposed method of PGC RP-HPLC-
CAD-MS. For glycoprotein analysis, charged aerosol detection avoids some of 
the pitfalls of PAD (high salt) and fl uorescence (O-glycan peeling, fl uorescent 
impurities, ion-pairing agents) that can hamper LC-MS and downstream offl ine 
MS/MS analysis of unknowns. The Corona CAD detector is a simple and 
robust instrument, making it amenable for use in routine development and 
manufacturing QC operations. It should prove useful when applied to the analysis 
of oligosaccharides by greatly simplifying the efforts and expertise needed for 
oligosaccharide profi ling of N- and O-linked sugars.
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Carbohydrates are diffi cult to analyze because they are very polar compounds, 
exhibit similar structural characteristics, and do not have a suitable chromophore. 
Their analysis is often performed directly using high-performance anion-exchange 
chromatography with pulsed amperometric detection (HPAE-PAD) with a high pH 
mobile phase. This technique has been approved for use in a variety of offi cial 
methods for the analysis of carbohydrates in foods. Another common technique 
is to derivatize the sample with a suitable fl uorescent tag and use HPLC with 
fl uorescence detection for the analysis. This approach can assist with the separation 
of sugar isomers and provide sensitive detection, although derivatization can 
contribute to increased assay variability.

HPLC column technology for the separation of carbohydrates has advanced during 
the past several years. New hydrophilic interaction liquid chromatography (HILIC) 
mode separations are providing a unique way to separate polar carbohydrates 
using simple organic/water mobile phases. This chromatographic approach not only 
provides suitable separation, but also enables the use of sensitive nebulizer-based 
detectors (i.e., mass spectrometry [MS] or charged aerosol detection). The work 
presented here describes the use of the Thermo Scientifi c Dionex Corona™ Charged 
Aerosol Detector (CAD™) for the measurement of simple carbohydrates. The method 
has a limit of detection of <10 ng on column and a wide dynamic range that covers 
ng to µg levels with high reproducibility. 

The determination of more complex carbohydrates—for example, glycans liberated 
from glycoproteins—can be achieved using a combination of MS and charged aerosol 
detection. Because the Dionex charged aerosol detector is a universal detector, there 
is no need to form fl uorescent tagged derivatives, thus simplifying their analysis. The 
Dionex charged aerosol detector is used for quantitative analyses while the MS is 
used for structural verifi cation. Data showing the utility of the LC-MS-CAD platform for 
analysis of glycoproteins is presented.
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Simple sugars are common components of beverages such as fruit juice and soft 
drinks. The similar structural characteristics of several simple sugars are shown in 
Figure 1. Carbohydrates possess weak chromophores, so UV detection cannot be 
practically employed for their analysis. These compounds can be directly oxidized 
using PAD techniques1 or can be measured by fl uorescence detection after 
preparation of a suitable derivative.2 Recently, universal detection techniques such 
as evaporative light scattering detection (ELSD) have been employed, however, the 
lack of sensitivity and nonlinear nature limit their use. Although the PAD method can 
achieve low ppb levels of sensitivity, many food- and beverage-related applications 
do not require this level of sensitivity. 

These compounds are highly soluble in water and are often poorly retained and 
separated by techniques such as reversed-phase chromatography on C18 columns. 
Carbohydrate separation can be performed using ion-exchange or with HILIC-mode 
chromatography. HPAE techniques provide excellent separation of complex samples 
containing many different carbohydrate species. However, the commonly used 
eluents contain nonvolatile species that are incompatible with most nebulizer-based 
detectors (e.g., MS, ELSD, CAD). HILIC separations typically involve high organic/
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FIGURE 2. Calibration standards for fruit juice carbohydrate analysis 
(25–1000 ng on column).

Analysis of Carbohydrates Found in Food Products
This work also describes use of the Corona CAD detector for measurement of a 
number of sugars typically found in honey. The method can be used to determine 
sugar abundance in different varieties of honey (Figure 4). This is an example of 
detection of analytes that only possess weak chromophores.

Both charged aerosol and MS detection require nonvolatile eluents and their use 
in parallel is thus easily achieved by a postcolumn fl ow split. This provides highly 
complementary data where charged aerosol detection can be used for quantitation 
and MS can be used for peak identifi cation. The use of simple, volatile eluents also 
facilitates offl ine structural elucidation studies when fraction collection is employed.

The use of charged aerosol detection for unlabeled glycans (alditols) with fl ow 
splitting for simultaneous MS detection is simple and sensitive. Any collected frac-
tions are generally clean (buffer-free), thus greatly simplifying further MS-based 
analysis. Reproducible profi les of unlabeled glycan alditols are achieved with 
charged aerosol detection and these provide quantitative data. This data together 
with HPLC retention times and online MS-derived mono-saccharide compositions, 
the combined technique provides an initial level of glycan identifi cation.

UHPLC Analysis of Carbohydrates
New UHPLC-type HILIC columns allow rapid and sensitive analysis of simple 
carbohydrates as illustrated in Figure 8. In this example, the analysis of sugars is 
complete in <30 sec with the Corona ultra detector sensitivity extending into the 
sub-nanogram range. Future development with this type of column technology 
should allow signifi cant improvements in both speed, separation, and sensitivity for 
carbohydrate analysis.

FIGURE 6. Analysis of oligosaccharide standards (200 ng each on column).

The charged aerosol detector is a universal detector capable of measuring 
nonvolatile compounds, and is mass sensitive and can be added to HPLC or 
UHPLC platforms. This detector provides the most consistent response for all 
nonvolatile and some semivolatile analytes of all nebulizer-based HPLC detection 
techniques.3 The detector works by charging particles and is not dependent on light 
scattering, which has large variability and generally lower sensitivity.

Experiments were conducted to illustrate the separation of various carbohydrates 
from foods or fruit juices using HILIC. Direct and reproducible detection was 
performed using the Corona CAD. Glycoprotein analysis was conducted using a 
porous graphite column (PGC) with combined charged aerosol and MS detection.

Chromatography and Sample Preparation
Fruit Juice HPLC Method Conditions
Column: Shodex Asahipak® NH2P-50 4E, 250 × 4.6 mm, 5 µm
Mobile Phase: 78% Acetonitrile, 22% water
Flow Rate: 1.4 mL/min
Column Temp.: 55 °C
Postcolumn Temp.: 30 °C
Injection Volume: 2 µL for sample, 5 µL for standards
Analysis Time: 15 min per sample
Detector: Thermo Scientifi c Dionex Corona ultra™ 

 Charged Aerosol Detector, 
 nitrogen 35 psi; fi lter Corona
Stock Standard: 1 mg/mL each standard in 70% acetonitrile
Sample Prep.: Add 20 mL of 70% acetonitrile to 1 g juice sample, 
 mix, and then centrifuge for 2 min at 13,000 RPM

Food Analysis HPLC Parameters
Column: Shodex Asahipak NH2P-50 4E, 250 × 4.6 mm, 5 µm 
Mobile Phase: 70:30, Acetonitrile/water 
Flow Rate: 1 mL/min
Column Temp.: 35 °C 
Injection Volume: 10 µL
Detector: Corona CAD; nitrogen 35 psi; fi lter high
Sample Prep.: Honey and corn syrup samples were weighed 
 then were diluted in mobile phase

Glycoprotein Analysis 
Column: PGC Hypercarb, 150 × 4.6 mm, 5 μm
Flow Rate: 1.0 mL/min
Mobile Phase: Acetonitrile/water/0.1% TFA: 4–18%, 
 Acetonitrile linear gradient >40 min
Sample Prep.: N-Linked glycans were released by standard procedures 
 using recombinant N-glycanase or endoglycosidase H. 
 O-Glycans were chemically released either 
 by traditional reductive β-elimination (RBE),4 or by 
 nonreductive ammonia/ammonium carbonate (NAC).5

UHPLC Method Conditions
Column: BEH HILIC, 2.1 × 50 mm, 1.7 µm 
Mobile Phase: Acetonitrile/5 mM ammonium formate, pH 3, (91:9)
Flow Rate: 1.8 mL/min
Column Temp.: 40 °C 
Injection Volume: 2 µL 
Detector: Corona ultra™; nitrogen 35 psi; fi lter medium 

Results and Discussion
Analysis of Carbohydrates in Fruit Juices
The analysis of fruit juice samples was performed using a polymeric amino column 
in HILIC mode. This column provided adequate separation while offering good 
stability and low column bleed characteristics compared to silica-based support 
materials, which was important for good sensitivity using charged aerosol detection. 
Improved selectivity and speed of separation of the various carbohydrate species 
present in these samples were achieved by decreasing water content and elevating 
the column temperature. Figure 2 illustrates the separation of fructose, glucose, 
sucrose, lactose, and maltose in less than 10 min. The limit of detection (LOD) for 
carbohydrate analysis using charged aerosol detection is approximately 5 ng on 
column (1 µg/mL using a 5 µL injection), thereby providing much better sensitivity 
than RI or ELSD detection.

Sample preparation of various fruit juice samples for analysis using this technique 
was quite simple. An aliquot of juice sample was weighed and diluted in a solution 
that was compatible with the HILIC mobile phase conditions. After centrifugation, 
an aliquot of the sample was transferred to an autosampler vial for direct analysis 
of their sugar content as shown in Figure 3. Trace levels of several unknown peaks 
were observed.

FIGURE 3. Direct analysis of carbohydrates in various fruit juice samples.

FIGURE 4. Comparison of carbohydrates found in different honey products.

HILIC chromatography with the Corona CAD was also used for the measurement 
of different corn syrups e.g., 43/43 carbon-refi ned syrup (Figure 5). These products 
are often used in the production of table syrups, jams, and jellies. The method has 
excellent sensitivity (components typically <10 ng on column), reproducibility (%RSD 
typically 0.6–1.8), and a dynamic range that covers ng to µg levels. This allows the 
extended characterization of higher dextrose equivalent (DE) chains as illustrated in 
the inset of Figure 5.

FIGURE 5. Reproducibility of 43/43 high DE corn syrup analysis (10 µg on 
column; six replicate injections). Inset shows peaks eluting between 8 and 
19 min, magnifi ed ~10 fold.

Figure 6 shows another example of the use of charged aerosol detection for 
measurement of oligosaccharides. The method has a LOD of <5 ng on column 
(Figure 6), and a dynamic range that covers ng to μg levels. Consistent response 
factors for the various oligosaccharides are observed using charged aerosol 
detection, because the slopes of these calibration curves are quite similar 
(data not shown).

Profi ling and Characterization of N- and O-Linked Glycans 
Released from Glycoproteins
The analysis of the carbohydrate structures on recombinant proteins is becoming 
increasingly important for many pharmaceutical companies as more protein- and 
peptide-based biological therapeutics are being developed. N- and O-linked 
glycans, released from bovine fetuin and other glycoproteins, were profi led by PGC 
RP-HPLC with charged aerosol detection, and characterized simultaneously by 
online MS (Figure 7). This approach provides an optimal workfl ow between glycan 
release, cleanup, routine profi ling, and online LC-MS. Because the Corona CAD is a 
universal detector, the glycans do not require derivatization with a fl uorescent dye 
as is currently practiced in the biopharmaceutical industry. This helps to simplify 
sample preparation and eliminate artifactual peaks resulting from fl uorescence-
labeling chemistry. 

FIGURE 7. Fetuin: reductive β-elimination: LC-CAD-MS QTof (+ mode) using a 
PGC (Hypercarb) column.

FIGURE 8. Injection of 0.5 ng of sugars, glucose, sucrose, and lactose.

Conclusions
The HPLC-CAD methods shown here demonstrate the capability to both accurately 
and precisely determine simple carbohydrates. The analysis of carbohydrates in 
fruit juices and foods was easily performed by weighing the sample and diluting the 
material in mobile phase compatible solutions. Direct injection of samples onto a 
HILIC column provided adequate separation of sugars with low ng detection levels 
achieved using the Corona CAD detector. 
With the described conditions, the use of HILIC-CAD provided suffi cient selectivity 
for a variety of sample matrices. However, there were some examples where some 
analytes were not completely resolved (e.g., honey). In these cases, the use of a 
more selective detector (e.g., MS), alternative separation conditions with charged 
aerosol detection or the use of HPAE-PAD may be required. 
The N- and O-linked structures most relevant to recombinant glycoproteins can 
also be profi led and characterized using the proposed method of PGC RP-HPLC-
CAD-MS. For glycoprotein analysis, charged aerosol detection avoids some of 
the pitfalls of PAD (high salt) and fl uorescence (O-glycan peeling, fl uorescent 
impurities, ion-pairing agents) that can hamper LC-MS and downstream offl ine 
MS/MS analysis of unknowns. The Corona CAD detector is a simple and 
robust instrument, making it amenable for use in routine development and 
manufacturing QC operations. It should prove useful when applied to the analysis 
of oligosaccharides by greatly simplifying the efforts and expertise needed for 
oligosaccharide profi ling of N- and O-linked sugars.
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Abstract
Carbohydrates are diffi cult to analyze because they are very polar compounds, 
exhibit similar structural characteristics, and do not have a suitable chromophore. 
Their analysis is often performed directly using high-performance anion-exchange 
chromatography with pulsed amperometric detection (HPAE-PAD) with a high pH 
mobile phase. This technique has been approved for use in a variety of offi cial 
methods for the analysis of carbohydrates in foods. Another common technique 
is to derivatize the sample with a suitable fl uorescent tag and use HPLC with 
fl uorescence detection for the analysis. This approach can assist with the separation 
of sugar isomers and provide sensitive detection, although derivatization can 
contribute to increased assay variability.

HPLC column technology for the separation of carbohydrates has advanced during 
the past several years. New hydrophilic interaction liquid chromatography (HILIC) 
mode separations are providing a unique way to separate polar carbohydrates 
using simple organic/water mobile phases. This chromatographic approach not only 
provides suitable separation, but also enables the use of sensitive nebulizer-based 
detectors (i.e., mass spectrometry [MS] or charged aerosol detection). The work 
presented here describes the use of the Thermo Scientifi c Dionex Corona™ Charged 
Aerosol Detector (CAD™) for the measurement of simple carbohydrates. The method 
has a limit of detection of <10 ng on column and a wide dynamic range that covers 
ng to µg levels with high reproducibility. 

The determination of more complex carbohydrates—for example, glycans liberated 
from glycoproteins—can be achieved using a combination of MS and charged aerosol 
detection. Because the Dionex charged aerosol detector is a universal detector, there 
is no need to form fl uorescent tagged derivatives, thus simplifying their analysis. The 
Dionex charged aerosol detector is used for quantitative analyses while the MS is 
used for structural verifi cation. Data showing the utility of the LC-MS-CAD platform for 
analysis of glycoproteins is presented.

Introduction
Simple sugars are common components of beverages such as fruit juice and soft 
drinks. The similar structural characteristics of several simple sugars are shown in 
Figure 1. Carbohydrates possess weak chromophores, so UV detection cannot be 
practically employed for their analysis. These compounds can be directly oxidized 
using PAD techniques1 or can be measured by fl uorescence detection after 
preparation of a suitable derivative.2 Recently, universal detection techniques such 
as evaporative light scattering detection (ELSD) have been employed, however, the 
lack of sensitivity and nonlinear nature limit their use. Although the PAD method can 
achieve low ppb levels of sensitivity, many food- and beverage-related applications 
do not require this level of sensitivity. 

These compounds are highly soluble in water and are often poorly retained and 
separated by techniques such as reversed-phase chromatography on C18 columns. 
Carbohydrate separation can be performed using ion-exchange or with HILIC-mode 
chromatography. HPAE techniques provide excellent separation of complex samples 
containing many different carbohydrate species. However, the commonly used 
eluents contain nonvolatile species that are incompatible with most nebulizer-based 
detectors (e.g., MS, ELSD, CAD). HILIC separations typically involve high organic/
aqueous mobile phases with volatile additives, which are ideal for nebulizer-
based detectors.
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FIGURE 1. Structures of simple carbohydrates.
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FIGURE 2. Calibration standards for fruit juice carbohydrate analysis 
(25–1000 ng on column).

Analysis of Carbohydrates Found in Food Products
This work also describes use of the Corona CAD detector for measurement of a 
number of sugars typically found in honey. The method can be used to determine 
sugar abundance in different varieties of honey (Figure 4). This is an example of 
detection of analytes that only possess weak chromophores.

Both charged aerosol and MS detection require nonvolatile eluents and their use 
in parallel is thus easily achieved by a postcolumn fl ow split. This provides highly 
complementary data where charged aerosol detection can be used for quantitation 
and MS can be used for peak identifi cation. The use of simple, volatile eluents also 
facilitates offl ine structural elucidation studies when fraction collection is employed.

The use of charged aerosol detection for unlabeled glycans (alditols) with fl ow 
splitting for simultaneous MS detection is simple and sensitive. Any collected frac-
tions are generally clean (buffer-free), thus greatly simplifying further MS-based 
analysis. Reproducible profi les of unlabeled glycan alditols are achieved with 
charged aerosol detection and these provide quantitative data. This data together 
with HPLC retention times and online MS-derived mono-saccharide compositions, 
the combined technique provides an initial level of glycan identifi cation.

UHPLC Analysis of Carbohydrates
New UHPLC-type HILIC columns allow rapid and sensitive analysis of simple 
carbohydrates as illustrated in Figure 8. In this example, the analysis of sugars is 
complete in <30 sec with the Corona ultra detector sensitivity extending into the 
sub-nanogram range. Future development with this type of column technology 
should allow signifi cant improvements in both speed, separation, and sensitivity for 
carbohydrate analysis.

FIGURE 6. Analysis of oligosaccharide standards (200 ng each on column).

The charged aerosol detector is a universal detector capable of measuring 
nonvolatile compounds, and is mass sensitive and can be added to HPLC or 
UHPLC platforms. This detector provides the most consistent response for all 
nonvolatile and some semivolatile analytes of all nebulizer-based HPLC detection 
techniques.3 The detector works by charging particles and is not dependent on light 
scattering, which has large variability and generally lower sensitivity.

Experiments were conducted to illustrate the separation of various carbohydrates 
from foods or fruit juices using HILIC. Direct and reproducible detection was 
performed using the Corona CAD. Glycoprotein analysis was conducted using a 
porous graphite column (PGC) with combined charged aerosol and MS detection.

Chromatography and Sample Preparation
Fruit Juice HPLC Method Conditions
Column: Shodex Asahipak® NH2P-50 4E, 250 × 4.6 mm, 5 µm
Mobile Phase: 78% Acetonitrile, 22% water
Flow Rate: 1.4 mL/min
Column Temp.: 55 °C
Postcolumn Temp.: 30 °C
Injection Volume: 2 µL for sample, 5 µL for standards
Analysis Time: 15 min per sample
Detector: Thermo Scientifi c Dionex Corona ultra™ 

 Charged Aerosol Detector, 
 nitrogen 35 psi; fi lter Corona
Stock Standard: 1 mg/mL each standard in 70% acetonitrile
Sample Prep.: Add 20 mL of 70% acetonitrile to 1 g juice sample, 
 mix, and then centrifuge for 2 min at 13,000 RPM

Food Analysis HPLC Parameters
Column: Shodex Asahipak NH2P-50 4E, 250 × 4.6 mm, 5 µm 
Mobile Phase: 70:30, Acetonitrile/water 
Flow Rate: 1 mL/min
Column Temp.: 35 °C 
Injection Volume: 10 µL
Detector: Corona CAD; nitrogen 35 psi; fi lter high
Sample Prep.: Honey and corn syrup samples were weighed 
 then were diluted in mobile phase

Glycoprotein Analysis 
Column: PGC Hypercarb, 150 × 4.6 mm, 5 μm
Flow Rate: 1.0 mL/min
Mobile Phase: Acetonitrile/water/0.1% TFA: 4–18%, 
 Acetonitrile linear gradient >40 min
Sample Prep.: N-Linked glycans were released by standard procedures 
 using recombinant N-glycanase or endoglycosidase H. 
 O-Glycans were chemically released either 
 by traditional reductive β-elimination (RBE),4 or by 
 nonreductive ammonia/ammonium carbonate (NAC).5

UHPLC Method Conditions
Column: BEH HILIC, 2.1 × 50 mm, 1.7 µm 
Mobile Phase: Acetonitrile/5 mM ammonium formate, pH 3, (91:9)
Flow Rate: 1.8 mL/min
Column Temp.: 40 °C 
Injection Volume: 2 µL 
Detector: Corona ultra™; nitrogen 35 psi; fi lter medium 

Results and Discussion
Analysis of Carbohydrates in Fruit Juices
The analysis of fruit juice samples was performed using a polymeric amino column 
in HILIC mode. This column provided adequate separation while offering good 
stability and low column bleed characteristics compared to silica-based support 
materials, which was important for good sensitivity using charged aerosol detection. 
Improved selectivity and speed of separation of the various carbohydrate species 
present in these samples were achieved by decreasing water content and elevating 
the column temperature. Figure 2 illustrates the separation of fructose, glucose, 
sucrose, lactose, and maltose in less than 10 min. The limit of detection (LOD) for 
carbohydrate analysis using charged aerosol detection is approximately 5 ng on 
column (1 µg/mL using a 5 µL injection), thereby providing much better sensitivity 
than RI or ELSD detection.

Sample preparation of various fruit juice samples for analysis using this technique 
was quite simple. An aliquot of juice sample was weighed and diluted in a solution 
that was compatible with the HILIC mobile phase conditions. After centrifugation, 
an aliquot of the sample was transferred to an autosampler vial for direct analysis 
of their sugar content as shown in Figure 3. Trace levels of several unknown peaks 
were observed.

FIGURE 3. Direct analysis of carbohydrates in various fruit juice samples.

FIGURE 4. Comparison of carbohydrates found in different honey products.

HILIC chromatography with the Corona CAD was also used for the measurement 
of different corn syrups e.g., 43/43 carbon-refi ned syrup (Figure 5). These products 
are often used in the production of table syrups, jams, and jellies. The method has 
excellent sensitivity (components typically <10 ng on column), reproducibility (%RSD 
typically 0.6–1.8), and a dynamic range that covers ng to µg levels. This allows the 
extended characterization of higher dextrose equivalent (DE) chains as illustrated in 
the inset of Figure 5.

FIGURE 5. Reproducibility of 43/43 high DE corn syrup analysis (10 µg on 
column; six replicate injections). Inset shows peaks eluting between 8 and 
19 min, magnifi ed ~10 fold.

Figure 6 shows another example of the use of charged aerosol detection for 
measurement of oligosaccharides. The method has a LOD of <5 ng on column 
(Figure 6), and a dynamic range that covers ng to μg levels. Consistent response 
factors for the various oligosaccharides are observed using charged aerosol 
detection, because the slopes of these calibration curves are quite similar 
(data not shown).

Profi ling and Characterization of N- and O-Linked Glycans 
Released from Glycoproteins
The analysis of the carbohydrate structures on recombinant proteins is becoming 
increasingly important for many pharmaceutical companies as more protein- and 
peptide-based biological therapeutics are being developed. N- and O-linked 
glycans, released from bovine fetuin and other glycoproteins, were profi led by PGC 
RP-HPLC with charged aerosol detection, and characterized simultaneously by 
online MS (Figure 7). This approach provides an optimal workfl ow between glycan 
release, cleanup, routine profi ling, and online LC-MS. Because the Corona CAD is a 
universal detector, the glycans do not require derivatization with a fl uorescent dye 
as is currently practiced in the biopharmaceutical industry. This helps to simplify 
sample preparation and eliminate artifactual peaks resulting from fl uorescence-
labeling chemistry. 

FIGURE 7. Fetuin: reductive β-elimination: LC-CAD-MS QTof (+ mode) using a 
PGC (Hypercarb) column.

FIGURE 8. Injection of 0.5 ng of sugars, glucose, sucrose, and lactose.

Conclusions
The HPLC-CAD methods shown here demonstrate the capability to both accurately 
and precisely determine simple carbohydrates. The analysis of carbohydrates in 
fruit juices and foods was easily performed by weighing the sample and diluting the 
material in mobile phase compatible solutions. Direct injection of samples onto a 
HILIC column provided adequate separation of sugars with low ng detection levels 
achieved using the Corona CAD detector. 
With the described conditions, the use of HILIC-CAD provided suffi cient selectivity 
for a variety of sample matrices. However, there were some examples where some 
analytes were not completely resolved (e.g., honey). In these cases, the use of a 
more selective detector (e.g., MS), alternative separation conditions with charged 
aerosol detection or the use of HPAE-PAD may be required. 
The N- and O-linked structures most relevant to recombinant glycoproteins can 
also be profi led and characterized using the proposed method of PGC RP-HPLC-
CAD-MS. For glycoprotein analysis, charged aerosol detection avoids some of 
the pitfalls of PAD (high salt) and fl uorescence (O-glycan peeling, fl uorescent 
impurities, ion-pairing agents) that can hamper LC-MS and downstream offl ine 
MS/MS analysis of unknowns. The Corona CAD detector is a simple and 
robust instrument, making it amenable for use in routine development and 
manufacturing QC operations. It should prove useful when applied to the analysis 
of oligosaccharides by greatly simplifying the efforts and expertise needed for 
oligosaccharide profi ling of N- and O-linked sugars.
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