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ABSTRACT

A B-cyclodextrin bonded phase HPLC column was used for the separation of neutral oligosaccharides derived from starch,
cellulose, pullulan, xylan, inulin, and mannan. Rapid, high-resolution separations resulted when acetonitrile—water mixtures were
used as mobile phases. Retention times for oligosaccharides were dependent on both monosaccharide composition and linkage
types. Compared to aminoalkyl silica gel phases, commonly used for carbohydrate analysis, the B-cyclodextrin bonded phase
appeared to be similar in selectivity and superior in durability. It is anticipated that B-cyclodextrin bonded phase HPLC columns
may be useful alternatives to commonly used aminoalkyl-modified silica gels for the separation and analysis of neutral

oligosaccharides.

INTRODUCTION

Oligosaccharides, produced from the enzyme
or acid catalyzed hydrolysis of polysaccharides,
are important compounds both biologically and
chemically. Determining the composition and
relative quantity of each oligosaccharide present
in such hydrolysates has traditionally been a
difficult challenge. In recent years, many HPLC
methods have been developed for this purpose.
Separations of oligosaccharides up to about
degree of polymerization (DP) 12 have been
obtained on various ion exchange resins [1-5].
Oligosaccharides can also be separated on re-
versed-phase columns using a simple mobile
phase, but the chromatograms are often difficult
to interpret because anomers of each oligosac-
charide are usually separated [6-8]. Chemically
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bonded amino-type columns give good resolution
of oligosaccharides up to DP 30 [9-12], but these
stationary phases can be unstable and degrade
rapidly. The development of high-performance
anion-exchange chromatography coupled with
pulsed amperometric detection (HPAEC-PAD)
now allows for the separation of oligosaccharides
up to DP 50 and beyond [13,14], as well as the
separation of branched oligosaccharides [15,16].
However, specialized equipment is required for
these analyses and quantification of oligosaccha-
rides by pulsed amperometric detection is prob-
lematic.

In the present study, we examined the use of a
B-cyclodextrin bonded phase HPLC column to
separate oligosaccharides. Cyclodextrin bonded
phase columns have been used primarily for
separation of isomers [17-19]. Such separations
were accomplished by the formation of transient
inclusion complexes between the analytes and
the cyclodextrin cavity. Recently [20,21] it has
been shown that small molecular mass carbohy-
drates can be separated on a cyclodextrin
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bonded stationary phase column. We now report
on the usefulness of this stationary phase for the
separation of neutral oligosaccharides.

EXPERIMENTAL*

Materials

A malto-oligosaccharide sample (M250) was
obtained from the Grain Processing Corp. (Mus-
catine, IA, USA). Pullulan and xylan were
purchased from  Pfanstichl  Laboratories
(Waukegan, IL, USA). Mannan hydrolyzates
were a gift of Dr. Allan G.W. Bradbury (Kraft
General Foods, Tarrytown, NY, USA). Dextrans
(mol. mass 70 000) were purchased from Phar-
macia (Uppsala, Sweden). Amberlite IRA-94
resin, free-base form, was purchased from Sigma
(St. Louis, MO, USA). Cello-oligosaccharides
were prepared using a procedure to be published
elsewhere. The Amberlite XAD-4 and MB-3
resins were purchased from Rohm and Haas
(Philadelphia, PA, USA). All HPLC solvents
were purchased from Baxter (Muskegan, MI,
USA) and filtered through a 0.45-um Nylon
filter. Water used for HPLC analyses was
purified through a Milli-Q filtration system from
Millipore (Bedford, MA, USA).

Isolation of inulin oligosaccharides

Inulin oligosaccharides were isolated from
Jerusalem artichokes as follows: Jerusalem ar-
tichokes (wet mass 500 g) were peeled and then
juiced in an Acme Supreme Model 6001
Juicerator lined with Whatman No. 1 filter
paper. The juice was collected in a beaker
containing 500 ml of washed Amberlite MB-3
resin, and then passed through a glass column
packed with an additional 100 ml of the same
resin. The column was washed with water and
the sample plus the wash were then decolorized
by passing them through a glass column con-
taining 200 ml of XAD-4 resin and 50 ml of
MB-3 resin. The eluted sample was then evapo-
rated to dryness under reduced pressure. Inulin
oligosaccharide standards were purified by
HPLC using a preparative-sized (300 X 22 mm
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I.D.) HPX-42A Ag” form column. The details
of this purification will be published elsewhere.

Partial acid hydrolyses

Partial acid hydrolyses of dextran, pullulan,
and xylan were performed by dissolving the
polysaccharide (2 g) in sulfuric acid (0.1 M, 25
ml) and refluxing the reaction mixture for one
hour with stirring. The reaction was cooled in an
ice water bath, and afterwards the sample was
passed through a column that contained 30 ml of
Amberlite TRA-94 resin. The effluent was di-
luted with ethanol so that the final concentration
was 50:50. The mixture was then centrifuged
(10 000 g, 20 min) to remove precipitates. The
supernatant was then evaporated to dryness
under reduced pressure. The resulting sample
was used for chromatographic analyses.

Chromatography

B-Cyclodextrin bonded phase columns
(Cyclobond I, 250 mm X 4.6 mm I.D.) were
purchased from Rainin Instrument (Woburn,
MA, USA). According to the manufacturer,
Advanced Separation Technologies (Whippany,
NJ, USA), the Cyclobond I phase is formed by
coupling B-cyclodextrin molecules through a 10
atom spacer arm to 5-um spherical silica gel
particles. The resulting percentage of carbon is
approximately 6.5%. The separation column was
preceded by a cartridge-type precolumn (All-
tech, Deerfield, IL, USA) packed with reversed-
phase (C,;-bonded) silica gel. The HPLC system
used was a Gilson Model 303 dual pump system
equipped with a 811 dynamic mixer and a
Rheodyne Model 7125 fixed loop (20-ul) injec-
tor. Samples were detected with a Waters 401
differential refractometer, and the data were
recorded with a Dynamax HPLC Method Man-
ager version 1.2. Oligosaccharide standards were
made up at concentrations of approximately 1 to
3 mg/ml by first dissolving pure standards in
water, then adding an equal amount of acetoni-
trile to produce an acetonitrile—water (50:50)
solution. Samples were passed through a 0.45-
pm Nylon filter prior to injection.

RESULTS AND DISCUSSION

B-Cyclodextrin bonded phase columns have
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been reported [20] to separate sugars in the same
way as normal-phase silica gel columns that
contain alkylamino, diol, or polyol groups. We
have now found that this stationary phase is also
useful for separation of larger oligosaccharides.
Fig. 1 shows the HPLC separation of two types
of gluco-oligosaccharides on this phase using
acetonitrile~water eluents. Partial resolution, in
ascending order of amylose-derived 1,4-linked
(malto-) and dextran-derived 1,6-linked (iso-
malto-) oligosaccharides up to DP 25 and 15,
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respectively, was obtained in under 30 min using
an acetonitrile~water (65:35) mobile phase (Fig.
1A and B). The resolution between adjacent
pairs of oligosaccharides increased slightly up to
about DP 12 (Fig. 2) and then gradually de-
creased (data not shown). Increasing the percen-
tage of acetonitrile to 70% (Fig. 1C and D)
increased the retention times of all oligosac-
charides, allowed complete separation of early-
eluting DP oligomers, and provided increased
resolution for all DP pairs between 3 and 12
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Fig. 1. The HPLC separation of (A) malto- and (B) isomalto-oligosaccharides using an acetonitrile—water (65:35) mobile phase
and (C) malto- and (D) isomalto-oligosaccharides using an acetonitrile~water (70:30) mobile phase on a B-cyclodextrin bonded
phase column (Cyclobond I, 250 mm X 4.6 mm I.D.). The column was operated at room temperature and 1 ml/min flow-rate with
refractive index detection. The numbers above the peaks represent the DP values; $ represents the solvent peak.
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Fig. 2. Resolution values calculated for adjacent peaks of
malto-oligosaccharides using mobile phases containing either
65% or 70% acetonitrile. Resolution values were calculated
by the following equation, R = At/z,,, where At is the distance
between adjacent peaks, and ¢, is the average width of the
peaks at the baseline.

(Fig. 2). At the higher percentage of acetoni-
trile, however, oligosaccharides above approxi-
mately DP 11-14 did not elute within 50 min. At
this acetonitrile concentration, it is expected that
these larger oligosaccharides would be relatively
insoluble and could precipitate onto the station-
ary phase, eventually leading to decreased
column performance.

The difference in retention times between
different linkage-classes of gluco-oligosaccha-
rides is readily apparent in Fig. 3. Malto-oligo-
saccharides generally eluted at shorter retention
times than the corresponding isomalto-oligosac-
charides. It was possible to resolve similar DP
values of isomalto- and malto-oligosaccharides
starting at DP 8 with a 70% acetonitrile mobile
phase (Fig. 3A). Increasing the percentage of
acetonitrile to 75% allowed resolution of oligo-
saccharides above DP 3 (Fig. 3B).

Pullulan, a mixed-linkage homopolysaccharide
composed of a-1,6 linked maltotriose units, was
hydrolyzed and the resulting oligosaccharides
were analyzed on this stationary phase. The
chromatogram (Fig. 4A) was complex and ap-
peared to contain peaks grouped in a unique
triplet pattern. The chromatogram obtained with
a higher concentration of acetonitrile in the
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Fig. 3. Graph of retention time versus DP for two different
classes of gluco-oligosaccharides [(O) malto- and ({J) iso-
malto-series)] on a B-cyclodextrin column with (A) acetoni-
trile—water (70:30) and (B) acetonitrile-water (75:25) mo-
bile phase. Other conditions as in Fig. 1.

mobile phase resolved some of the former peaks
into multiplets (Fig. 4B). These additional,
closely eluting peaks are thought to represent
oligosaccharides with the same DP value, but
with varying combinations of a-1,4 and «-1,6
linkages.

B-1,4 Linked manno- and cello-oligosaccha-



P.J. Simms et al. | J. Chromatogr. 648 (1993) 131-137

—

—

135

0 " 300 00
oo Minutes

Minutes

50.0

Fig. 4. The separation of pullulan-derived oligosaccharides on the B-cyclodextrin column with an (A) acetonitrile-water (65:35)
and (B) acetonitrile~water (70:30) mobile phase. Other conditions as in Fig. 1.

rides from DP 2 to 8 were also readily separated
(chromatograms not shown) under similar con-
ditions used for malto-oligosaccharides. Because
of the close structural similarity, it was not
possible to resolve similar DP isomers of all
three classes in the same chromatogram under
DP levels of about 7 (Fig. 5).

Inulin-derived oligosaccharides, up to DP 13
(GIicFru,,), were separated in approximately 20
min using an acetonitrile—water (70:30) mobile
phase (Fig. 6A). These oligosaccharides are
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Fig. 5. Dependence of DP on retention time of (O) manno-,
(O) malto-, and (A) cello-oligosaccharides on a Cyclobond I
column eluted with acetonitrile—water (70:30). Other chro-
matographic conditions as in Fig. 1.

composed of a sucrose molecule with additional
B-1,2 linked fructofuranose units. Better res-
olution of the early-eluting fructo-oligosaccha-
rides could be obtained with an acetonitrile-
water (75:25) mobile phase (Fig. 6B). Under
most conditions, the inulin-derived fructo-oligo-
saccharides eluted earlier than the corresponding
manno- and isomalto-oligosaccharides (Fig. 7).

B-1,4 Linked xylo-oligosaccharides, DP 2-8,
were well separated using an acetonitrile—water
(80:20) mobile phase (chromatogram not
shown). At acetonitrile concentrations lower
than 80%, however, DP 2-5 were weakly re-
tained and poorly resolved. The shorter reten-
tion times for xylo- versus gluco-oligosaccharides
would be expected on normal-phase chromato-
graphic systems because the C-5 methylene car-
bon of the xylopyranose residues results in
oligosaccharides that are less polar than the
corresponding gluco-oligosaccharides.

The retention times of the fructo- and xylo-
oligosaccharides were consistently shorter than
the corresponding gluco- and manno-oligosac-
charides. These trends are similar to that noticed
by Armstrong and Jin [20] for the separation of
monosaccharides on this stationary phase. The
order of retention for monosaccharides was
shown to be pentoses<ketohexoses < aldo-
hexoses. In this report we show that this trend
continues for homo-oligosaccharides composed
of these monosaccharide units. Thus, the relative
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Fig. 6. Separation of inulin-derived oligosaccharide standards using (A) acetonitrile—water (70:30) and (B) acetonitrile—water
(75:25). F = fructose, GF, = 1-kestose (DP 3), GF, =DP 5, etc. Other conditions as in Fig. 1.

retention is: xylose-containing homo-oligosac-
charides < those composed of fructose <those
composed of glucose or mannose. It is notewor-
thy that this same order of elution was found
when these oligosaccharides were separated on
polar alkylamino silica gel stationary phases [21],
indicating that the selectivity of these two phases
is similar. Alkylamino-type silica gel phases
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Fig. 7. Retention time versus DP for (O) manno-, (O)
fructo-, and (A) isomalto-oligosaccharides on the B-
cyclodextrin bonded phase column. The analyses were ob-
tained using an acetonitrile-water (70:30) mobile phase.
Other conditions as in Fig. 1.

provide excellent selectivity and capacity for
carbohydrates, but they are known to have a
comparatively short “life”” [22]. Diol-modified
silica gels [22] and polyamine-bonded vinyl al-
cohol co-polymer gel columns [15] have been
suggested as more durable alternatives. It is not
presently known if the Cyclobond I column
would be more durable than improved amino-
type organic polymer gel columns [15] since they
have not been directly compared. The
Cyclobond I column is a much more versatile
column, however, since it may be also used with
different mobile phases, to separate isomeric
chiral molecules using an inclusion complexation
mode [17-19]. A disadvantage of the diol
phases, is that they resolve anomeric forms of
reducing sugars, leading to complex chromato-
graphic peaks that are difficult to integrate and
quantify. The cyclodextrin stationary phases can
be used to resolve anomers, but only under
conditions of low temperature (0°C) and with
special mobile phases [23]. Under the conditions
used in our study, all oligosaccharides eluted
with relatively narrow and symmetrical peaks,
indicating the absence of anomer resolution. It is
not clear why sugar anomers are not separated
under these conditions. Perhaps the interaction
between the cyclodextrin functionality and the
reducing sugar leads to a significant increase in
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the sugar’s mutarotation rate. This action [23]
would prevent the separation of the two
anomeric forms. It was previously reported [20]
that cyclodextrin bonded phases are quite dur-
able for separations of sugars. This was con-
firmed in this study for larger oligosaccharides;
we noted negligible changes in retention times
during approximately eight months of heavy use.

CONCLUSION

The B-cyclodextrin bonded phase column was
found to be quite useful for the separation of a
variety of different neutral oligosaccharides. Re-
tention of oligosaccharides was dependent on
both sugar composition and linkage. A normal-
phase separation mechanism appeared to be
operating since increasing the percentage of
acetonitrile, in all cases, led to an increase in
oligosaccharide retention times. Because of its
selectivity and durability, it is likely that this
phase could replace alkylamino-type normal
phases for some oligosaccharide applications.
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