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CAPILLARY ELECTROCHROMATOGRAPHY:
ANALYSIS OF SUCRALOSE AND RELATED
CARBOHYDRATE COMPOUNDS

Runhua R. Zhao, Bruce P. Johnson*

McNeil Specialty Products Company
Technical Center
1440 Olympic Drive
Athens, GA 30601-1645, USA

ABSTRACT

Sucralose is a high intensity, non-nutritive sweetener, which is
approximately 600 times sweeter than sucrose. The analysis of
this sweetener and similar carbohydrates is challenging, due to
both the difficulty of detection as well as the need to separate
numerous very similar structures. Capillary Electrochroma-
tography (CEC) was used to analyze sucralose and related carbo-
hydrate compounds. Separation of sucralose and several very
similar compounds was achieved by CEC with a C18-silica pack-
ing, and low organic content mobile phases. Effects of mobile
phase composition on the separation of these compounds are dis-
cussed.

INTRODUCTION

Sucralose is a high-intensity, non-nutritive sweetener, which is made from
sucrose. It is approximately 600 times sweeter than sucrose, and possesses sen-
sory characteristics that are very similar to sucrose. Sucralose is a chlorode-
oxysugar (4,1°,6’-trichlorogalactosucrose), whose structure is shown in Figure 1.
As part of this work, two other compounds were synthesized, which are very
similar except for the addition of an acetate ester (compound A in Figure 1), or
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Figure 1. Structures of sucralose and related carbohydrate compounds A and B.

an additional chlorine atom (compound B in Figure 1). While the analysis of
sucralose and related compounds is obviously important for the manufacture of
sucralose, it presents a number of challenges for analytical chemists, due to
both the difficulty of detection, as well as, the need to separate very similar
structures. To date, reversed-phase HPLC with evaporative light-scattering,
refractive index, and optical rotation detection have been the major technolo-
gies for the analysis of these compounds, each with distinct advantages and dis-
advantages."

Capillary electrochromatography has grown rapidly in the last several
years, although its first paper was published over twenty years ago.”" As a
combination of capillary electrophoresis and HPLC, CEC offers both the high
efficiency and resolution of CE and the versatility of HPLC. Both charged and
neutral species can be separated at the same time in CEC.”* The use of CEC in
the analysis of sucralose and related compounds will not require charged ana-
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lytes. Most published CEC papers involved analyses of relatively hydrophobic
compounds such as aromatic hydrocarbons with high organic content mobile
phases.”* Successful use of a low organic content mobile phase in CEC is very
meaningful for expanding CEC applications to more hydrophilic compounds,
such as carbohydrates, drugs, and drug metabolites. To our knowledge, there is
only one previous report of the use of CEC in the analysis of carbohydrates.’

In this paper, we report CEC analysis of sucralose and related compounds.
Effects of mobile phase composition on the separation of these compounds are
discussed.

EXPERIMENTAL

Sucralose and related carbohydrate compounds were synthesized in-
house."”""  Aqueous sodium borate (50 mM) was purchased from Hewlett
Packard (Palo Alto, California).

A Hewlett-Packard’” Capillary Electrophoresis system with a photo-diode
array detector was used for all analyses. A low wavelength (195 nm) was used
to detect these compounds. The CEC column used in this work was purchased
from Unimicro Technologies, Inc. (Pleasanton, California), and was packed
with a 25 ¢cm bed of 3-um ODS particles. The column had a total length of 33
cm and a 100 pm inner diameter. All electrochromatograms were collected
with Hewlett-Packard Chem Station software.

Columns were conditioned with mobile phase. A15 bar external pressure
from a helium tank was applied on the inlet of the column, along with a 5 kV
voltage, until the current remained constant. Mobile phases of different com-
positions were made by mixing acetonitrile with 4 mM borate buffer. Samples
and CEC mobile phases were filtered with 0.2 pm Nylon filters (Hewlett-
Packard) prior to use. To prevent bubble formation, a 6 bar external pressure
was applied to both home vials during each run. Sample solutions were made
by dissolving the pure compounds in the mobile phase. The concentrations of
all carbohydrate compounds were about 4 mg/mL in the prepared sample solu-
tions. All injections were made by a 10 kV voltage for 2 seconds. Cartridge
temperature was controlled at 20°C.

RESULTS AND DISCUSSION

Various mobile phases and voltages were used to optimize the separation
of sucralose and its related compounds. An initial acetonitrile-4 mM borate
buffer (80:20) mobile phase and a 10 KV voltage were used to separated a mix-
ture of sucralose and compound A. No separation was observed as in Figure
2(a). This is due to the strong hydrophilic nature of these compounds. Organic
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Figure 2. Electrochromatograms of sucralose and related compounds with different
mobile phases at 10 kV run: (a) 80/20 acetonitrile/4 mM borate, (b) 55/45 acetonitrile/4
mM borate, (c) 50/50 acetonitrile/ 4 mM borate, and (d) 45/55 acetonitrile/4 mM borate.

content of mobile phase was reduced stepwise. No significant separation was
achieved until the organic content was decreased to fifty-five percent, as shown
in Figure 2(b), where sucralose and Compound A were fully resolved.
Individual components were injected to identify elution order in this study. The
shoulder on the sucralose is due to the presence of traces of ethyl acetate (EA)
in Compound A. The elution order of EA with respect to the carbohydrates was
found to change with mobile phase composition. Change of elution order with
the change of mobile phase organic content in CEC was first reported and dis-
cussed by M. M. Dittmann in 1997."

Sucralose, and Compounds A and B, were baseline resolved in a mobile
phase of fifty percent acetonitrile as illustrated in Figure 2(c). Such elution
order was predicted. Sucralose is the least hydrophobic among the three com-
pounds. Both Compounds A and B are more hydrophobic than Sucralose, with
addition of an acetate ester (A) and a chlorine atom (B), respectively (Figure 1).
Although, it is hard to judge which of Compound A and B should have stronger
affinity with C18 column, the elution order is consistent with HPLC results.
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In Figure 2(c), EA did not appear, and may coelute with sucralose in this
mobile phase. Sucralose, Compounds A, B, and EA were well separated in
forty-five percent acetonitrile, shown in Figure 2(d). It should be noted that EA
eluted before sucralose in this mobile phase. In Figure 3(a), organic content
was further decreased to thirty-five percent, resulting in further separation of
sucralose and related compounds. Voltage was adjusted from 10 kV to 15 kV
in this and following chromatograms, in order to obtain approximately the same
retention time. The first peak at 8.33 min, is the system peak which can be pos-
itive or negative, present or absent, depending on the solvent used to prepare the
samples.

It was observed that, if a mobile phase is used to prepare the sample, a
minimum or no solvent peak is more likely to be obtained. Sucralose and
related compounds were further separated in Figure 3(b) and 3(c) with mobile
phases composed of thirty and twenty-five percent of acetonitrile, respectively.
These conditions are sufficient to resolve other sucralose related compounds.

Sucralose

(b)

EA
System Peak \

Sucralose

1
0 4 8 12 16 20
Time (min.)
Figure 3. Electrochromatograms of sucralose and related compounds in different mobile

phases at 15 kV run: (a) 35/65 acetonitrile/4 mM borate, (b) 30/70 acetonitrile/4 mM
borate, and (c) 25/75 acetonitrile/ 4 mM borate.
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Separation under these conditions is comparable to the separation with gradient
HPLC, yet within a shorter analysis time. Higher concentration samples were
used to overcome the low UV detection sensitivity. This may be solved by the
use of indirect UV detection or other detection techniques in the future.

CONCLUSIONS
CEC with a C18 packing, and a acetonitrile / borate buffer mobiles phase
was investigated for sucralose and its related compounds. Mobile phases, com-
posed of 25 to 80% acetonitrile, were compared for the separation of these com-
pounds. Sucralose and several similar compounds were well separated with a

low (25-30%) acetonitrile mobile phase at 15 KV voltage. The separation under
these conditions is comparable to that of HPLC, but within a shorter time.
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