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Food and Beverage

Choosing an HPLC Column for Carbohydrate Analyses

E.I. Doughty

Because carbohydrates are chemically and physically
similar, they are more difficult to analyze than most other
classes of compounds.  Advantages and limitations of each
of five columns specifically prepared for various
carbohydrate analyses are summarized here.

Chemical and physical properties among monosaccharides,
disaccharides, and trisaccharides differ only slightly. Hence, HPLC
separations of carbohydrates depend on differences in
conformation, configuration, and bonding mode, and are more
difficult than analyses of other classes of compounds. No single
HPLC column or method is capable of separating all carbohydrates.
For this reason, we offer a selection of columns specifically
prepared for carbohydrate analyses. Advantages and limitations of
each column are summarized here.

SUPELCOSIL™ LC-NH2 (amino bonded silica)
This column provides good separations of a variety of mono, di-
, and some trisaccharides found in foods. Disaccharide separations
are difficult to obtain with resin-based column packings. Separation
is in order of increasing molecular weight, with monosaccharides
eluting first. Oligosaccharides are strongly retained and should
not be analyzed on this column. Sample preparation is minimal.
The sugars do not require derivatization and most samples require
only dilution with deionized water, extraction of the sugars, and
filtration (0.45µm filter). Many juices and soft drinks can be
analyzed undiluted, after degassing and filtration. Mobile phases
typically contain acetonitrile and water in various proportions
(e.g., 75:25 or 80:20). Sugar retention decreases as the proportion
of water is increased.

SUPELCOGEL™ Ca (calcium-form resin)
This column separates oligo-, tri-, and disaccharides by class by a
mixed size exclusion/ion exchange mode, with the largest molecules
eluting first. Its true separating power, however, is in its
chromatography of monosaccharides and sugar alcohols – a
variety of monosaccharides can be separated by using only water
as the mobile phase. Separations are best at elevated temperatures
(e.g., 80°C).

SUPELCOGEL C-610H (hydrogen-form resin)
This column is ideal for separating mixtures of organic acids,
fermentation products (e.g., alcohols), and carbohydrates such as
commonly are present in fruits, vegetables, and beverages. Larger
and acidic analytes elute before smaller analytes.  Results are best
at low pH. A simple mobile phase containing 0.1% H3PO4 is suitable
for a wide variety of analyses.

Table 1. Column Operating Conditions

Max. Max. Max.
Pressure Flow Rate pH Temp.

Column (psi) (mL/min) Range (°C)

SUPELCOGEL Ca 1000 ● 1.5 1-13 90
SUPELCOGEL C-610H 1000 1.5 1-13 60
SUPELCOGEL C-611 1000 1.5 1-13 85
SUPELCOGEL Ag2 1000 1.5 1-13 90
SUPELCOSIL LC-NH2 6000 2.0 2-7 30

●1000psi =  6.89 MPa

SUPELCOGEL C-611 (calcium- and magnesium-form resin)
The unique packing in this column contains two divalent cations,
rather than one. The separation mechanism is a combination of size
exclusion and ion exchange modes. The pores in the resin exclude
polysaccharides and larger oligosaccharides, which elute first.
Smaller di- and monosaccharides enter the pores, interact with the
counterions, and are more strongly retained. Disaccharides elute
before monosaccharides, usually as a single peak. Sugar alcohols
are strongly retained and elute with the monosaccharides. The
column is compatible with many inorganic salts and can be used
with dilute bases. Separations normally are carried out using a very
weak basic solution (10-4 N sodium hydroxide)
at 60°C.

SUPELCOGEL Ag2 (silver-form resin)
This column was developed specifically for separating the
oligosaccharides typically present in corn syrup and fermentation
products, such as beer, and also can be used to monitor starch
hydrolysis. It provides rapid separations of oligomers up to DP7 and
resolves glycerol and ethanol. Larger analytes elute first.

Detection
Because the UV wavelengths required to detect carbohydrates also
will be strongly absorbed by impurities in the samples, refractive
index (RI) detection is most commonly used in analyses of
carbohydrates. The major advantage of RI detection is the universal
response over a fairly wide linear range of analyte concentrations.
Major disadvantages are poor sensitivity and baseline instability
caused by temperature, solvent, or pressure changes (RI detection
is impractical with gradient elution). Both positive and negative
peaks can be present in a chromatogram. The abundance of
carbohydrates in food and other samples, however, makes RI
detection a suitable tool for these analyses.
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compounds of interest with at least 1 minute between any pair. We
also strongly recommend using a guard column to protect the
analytical column. Guard columns are listed under Ordering
Information.

Making a Decision
To choose the best column for a particular analysis, find the
compounds of interest in Table 2 and note their retention times on
each of the five columns.  Select the column that will separate the

Table 2. Typical Retention Times on Supelco™ Carbohydrate Columns

Column: SUPELCOGEL Ca SUPELCOGEL C-61OH SUPELCOGEL C-611 SUPELCOGEL Ag2 SUPELCOSIL LC-NH2
Cat. No.: 59305-U 59320-U 59310-U 59315 58338

Dimensions: 30cm x 7.8mm 30cm x 7.8mm 30cm x 7.8mm 30cm x 7.8mm 25cm x 4.6mm
Support: resin resin resin resin silica
Active Group: calcium hydrogen calcium/magnesium silver amino
Temp.: 80°C 30°C 60°C 85°C ambient
Mobile Phase: deionized water 0.1% H3PO4 10-4 N NaOH deionized water acetonitrile:water  (75:25)
Flow Rate: 0.5mL/min 0.5mL/min 0.5mL/min 0.5mL/min 1.0mL/min

Compound ______________________________________ Retention Time (min) ____________________________________________
Arabinose 15.3 13.9 19.6 17.1 7.5
Arabitol 19.8 14.1 22.8 16.0 7.2
Dulcitol 22.3 13.4 25.7 15.9 9.0
Erythritol 17.7 15.0 20.2 16.1 5.9
Ethanol 19.4 25.6 21.0 18.4 not  retained
Fructose 14.9 13.1 20.7 16.0 8.3
Galactose 13.4 12.9 17.6 15.8 10.3
Glucose 12.0 12.1 15.8 14.6 9.8
Glycerol 18.7 16.8 20.9 17.1 4.9
Inositol 14.9 12.6 20.1 17.4 13.3
Isomaltose 9.6 10.3 13.8 11.6 19.4
Isomaltotriose 8.5 9.5 12.6 9.8 not recommended
Lactose 10.2 10.8 14.3 11.8 19.5
Maltitol 13.6 11.0 17.7 15.0 15.5
Maltoheptose 7.5 8.8 11.6 7.3 not recommended
Maltohexose 7.7 8.9 12.0 7.6 not recommended
Maltopentose 7.9 9.1 12.6 8.1 not recommended
Maltose 9.8 10.5 14.2 11.5 17.4
Maltotetrose 8.3 9.3 13.2 8.8 not recommended
Maltotriose 8.8 9.7 13.6 9.8 31.0
Mannitol 19.2 13.2 22.1 15.2 9.2
Mannose 13.7 12.8 18.9 15.9 9.1
Melezitose 8.7 9.7 12.4 9.3 24.5
Psicose 22.5 13.4 32.9 17.2 6.6
Raffinose 8.7 9.7 12.6 9.6 29.7
Ribitol 16.7 13.7 19.5 15.3 6.8
Ribose 24.3 14.2 34.6 19.1 6.0
Sorbitol 23.4 13.4 28.3 16.3 9.0
Stachyose 8.1 9.3 11.9 8.5 67.3
Sucrose 9.8 10.6 13.6 11.2 14.0
Xylitol 23.3 14.4 28.0 17.1 7.3
Xylose 13.2 12.8 17.2 15.6 6.8

Ordering Information: Carbohydrate Columns and Guard Columns

Analytical Column Cat. No. Guard Column Cat. No.

SUPELCOGEL Ca 59305-U Supelguard™ Ca (5cm x 4.6mm) 59306-U
SUPELCOGEL C-610H 59320-U Supelguard H (5cm x 4.6mm) 59319
SUPELCOGEL C-611 59310-U Supelguard Ca (5cm x 4.6mm) 59306-U
SUPELCOGEL Ag2 59315 Supelguard Ag2 (5cm x 4.6mm) 59316
SUPELCOSIL NH2 58338 Supelguard LC-NH2 (2cm x 4.6mm)

Kit (column & holder) 59558
Two Replacement columns 59568

For applications and additional information about these columns for carbohydrate analyses, request Bulletin 887.
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