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Gradient Elution of Disaccharides on a
_fearic Acid-Treated Charcoal Column

NANCY HOBAN and JONATHAN W. WHITE, Jr.

Eastern Regional Research Laboratory, Philadelphia 18, Pa .

•• During investigations on the minor
sugars of honey, a technique for the
isolation of disaccharides, not sepa-
rable by paper chromatography, was
needed. This paper describes the
separation by gradient elution of
four such pairs of sugars: turanose-
sucrose, isomaltose-gentiobiose, maltu-
lose-nigerose, and melibiose-lactose.
Four other pairs of sugars (maltulose-
sucrose, maltulose-maltose, sucrose-
maltose, and turanose-isomaltose), al-
though separable on paper, were also
separated by this method.

PAPER chromatography has been valu-
able for separating many carbo-

hydrate mixtures. However, in some
cases, occurrence of several sugars
having similar R/ values makes isolation
by this technique difficult or impossible.
This method presents many experimen-

. tal problems, such as uneven solvent
_~ fronts, sensitivities to temperature
..., change, considerable losses of the

original material, and, in the case of
oligosaccharides, the time necessary for
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adequate separation. Impurities from
the cellulose contaminate the sugars
during the extraction process (13) and
interfere with the determination of
physical properties. Because of these
limitations, many workers have modi-
fied the paper method or used other
chromatographic procedures.
Bayly and Bourne shortened the

separation time by converting the di-
saccharides into the N-benzylglycosyl-
amine derivatives directly on paper.
This accelerated the spot travel by
decreasing its affinity to the cellulose-
water phase (5). Tu and Ward ob-
tained excellent separation of several
disaccharides having similar R/ values
by using a thermo column (17). Foster
used ionophoresis successfully for sepa-
rating such pairs as maltose and cello-
biose (9).
Gradient elution, where the concen-

tration of eluent is increased continu-
ously, has been applied to various mix-
tures with success (4, 8, 10, 14, 15,20).
Improved separation over stepwise
elution is achieved by reducing the
tailing of zones (3). Aim (2) used

gradient elution on a charcoal column
treated with stearic acid for separation
of carbohydrates, demonstrating that
adjacent members of oligosaccharide
series may be 'clearly separated. He
did not attempt separations of sugars
of the same molecular weight. This
paper describes an application of the
gradient elution method where, by
continuously increasing the eonoentra-
tion of ethanol in a system, disaecharides
having similar R/ values are separated.
In some cases (Figure 2), separation is
complete while in others slight over-
lapping of the zones occurs.

EXPERIMENTAL

The eight pairs of disaocharides
studied are shown in Table I with their
R/ values. All samples were commer-
cial sugars, except isomaltose, which
was obtained from the enzymic hydrol-
yzate of NRRL B-512 dextran; malt-
ulose, which was prepared by the iso-
merization of maltose by lime water
(19); and nigerose, which was obtained
by the hydrolysis of nigeran (21).



Apparatus for Microgram Quanti-
ties. The apparatus (Figure 1) was
similar to that described by Parr
(16) and Bock and Ling (6). It con-
sists of a mixer, which is equipped with
a magnetic stirring bar, a reservoir, and
a column. The mixer has twice the
cross-sectional area of the reservoir,
and the two vessels are connected by
glass tubing. This connection is placed
30 mm. above the bottom to minimize
backfiow of solvent to the reservoir,
which is caused by the continuous
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Table I. Pairs of Disaccharides Studied
Disaccharide Rt Value" Disaccharide R/ Value'
Turanose 0,27 Maltulose 0.21
Sucrose 0 .26 Sucrose 0.26
Isomaltose 0.14 Maltulose 0.21
Gentiobiose 0.14 Maltose 0.16.
Maltulose 0.21 Sucrose 0.26
Nigerose 0.18 Maltose 0.16
Melibiose O.14 Turanose 0.27
Lactose 0.15 Isomaltose 0.14

a Determined on Whatman No.1 paper, at 23° C., with l-propanol-ethyl acetate-
water, 7:1:2.

stirring of the magnetic bar in the
mixer.
Gradient. Successful production of

a smooth gradient with this device
depends upon the careful addition of
ethyl alcohol to the reservoir. The
water (145 ml.) was added to the
system and then 50 ml. of 33% ethyl
alcohol were layered carefully on it,
using a separatory funnel with a
reversed tip. This brought the menis-
cus between the alcohol and water
layers in the reservoir slightly above the
connection between the two vessels.
During operation, a gradient from 0
to 6 to 7% ethyl alcohol was produced
over a range of 140fractions.
Preparation of Column. The ad-

sorbent used was Darco G-60 charcoal
(Atlas Powder Co. , New York) treated
with stearic acid as described by Aim
(2). Each gram of charcoal adsorbed
200 mg. of stearic acid. A column,
9 X 220 mm. was packed with the
charcoal mixture in a thick slurry and
allowed to settle to 120 mm. under
suction. After a 5-mm. layer of Celite
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Figure 2. Separation of disaccharides by gradient elution
in microgram quantities
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545 (Johns-Manville, New York, N. Y.
was added to the top, it was washed with
500 m!. of water and stored in 50%
ethyl alcohol. Prior to use, the alcohol
was eluted with water and approxi-
mately 2 mg. of each known sugar of the
pair were dissolved in water and applied
to the column. It was then attached
to the mixer, air pressure (5 p.s.i.)
W!lS applied to both reservoir and mixer,
and 10-drop fractions were collected
automatically. Because of the increas-
ing alcohol content, the volumes of the
fractions varied from 1.3 ml. at 0%
ethyl alcohol to 0.7 ml. at 7% ethyl
alcohol.
Analysis of Effluent. Sugar con-

tent of selected fractions was deter-
mined with a stabilized anthrone
reagent (Carbanthrone, Rymark Lab-
oratory, Terre Haute, Ind.). Color
was developed by heat of dilution in
test tubes. Accuracy was to about
±5%. By using displacement sP~c.
trophotometry as described b
Hamilton (11), the color was read in the .
test tubes used in the fraction collector.
No matching of tubes or transfer of
sample was necessary. A Lumetron
photoelectric colorimeter using an inter-
ference filter (600 mu) was used.
Alcohol content was determined re-
fractometrically in five fractions of each
run and the remaining were evaporated
and spot checked by paper chromatog-
raphy using propanol-ethyl acetate--
water (7: 1:2) as the solvent for a 2-
day run (1). The sugars were located
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Figure 3. Separation of disaccharides by gradient
elution in milligram quantities
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on the papers by use of the specific
color reagents, diphenylamine-aniline-
phosphate (12) and triphenyltetrazo-
lium chloride (18). Results are shown
in Figure 2.
Apparatus for Milligram Quantities.

For successful separation of these
~~saccharides in sufficient quantity for
~haracterization, an apparatus 10

times larger was required. For this
experiment, the constant-volume mix-
ing system (7), was used. To minimize
the convex nature of the effluent con-
centration curve produced by this
mixer, only the first portion of the
curve, which is essentially linear, was
used. Because 1500 ml. of solvent
were to be collected during the entire
run, a round-bottomed flask, containing
5350 ml, of water, and a 2-liter filter
flask were used for the mixer and the
alcohol reservoir. The concentration of
alcohol needed .in the reservoir to
produce a gradient similar to that of
the small scale apparatus was calculated
(3) to be 35%. A column, 20 X 290
mm., was packed to a depth of 260 mm.
with the treated carbon mixture, and
20-mg. samples of both turanose and
sucrose were applied to it. Fractions
of 100 drops each were collected and
their alcohol and sugar contents were
determined by the methods for the
small-scale apparatus. The results are
shown in Figure 3.

RESULTS AND DISCUSSION

The method described permits the
...•. . .laMon of several disaccharides not

arable by paper chromatography.
, altulose and nigerose, isomaltose and

gentiobiose, and maltulose and maltose
were completely separated (Figure 2).
Although some overlapping of zones oc-
curred with the remaining pairs, very
little sugar was lost. In each experi-
ment, no more than 10 fractions con-
tained a mixture of the two sugars. For
example, although the elution curve

of turanose and isomaltose shows no
minimum, the turanose, alone, was
present in fractions 46 to 60, while
pure isomaltose was found in fractions
65 to 85, with both sugars present in
61 to 64.
Individual sugars cannot be identified

by their peak effluent volume (Figure 2).
Differences in the alcohol concentration
gradient between runs is largely re-
sponsible for this. However, the rela-
tive order of elution of the sugars is
always the same.
The eight pairs of sugars separated

by this method include four that could
not be separated by paper chroma-
tography-turanose and sucrose, iso-
maltose and gentiobiose, maltulose and
nigerose, and lactose and melibiose;
two that would require long periods of
development for adequate separation
on paper-maltulose and maltose, and
maltutose and sucrose; and two that
could be satisfactorily separated by
the paper method-turanose and iso-
maltose, and sucrose and maltose.
Even for those in the latter category,
charcoal column elution avoids the
experimental problems encountered in
paper chromatography.
Comparison of the small and large

scale separations of turanose and sucrose
(Figure 2 and 3) shows favorable agree-
ment. Although the effluent gradients
differ, both separations of the sugars
are adequate.
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