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The determination and quantification of sugars are important for quality control and assurance of food.
Here we present a gas-free electrodialytic eluent generation (EG) platform for sugar analysis by anion
exchange chromatography equipped with pulsed amperometric detector. It consists of a gas-free EG for
automatic production of highly pure KOH eluent with wide concentration range up to at least 210 mmol/L
required for ionization and elution of sugars. The only routine reagent needed is deionized water, driven
by a simple isocratic pump to realize isocratic or gradient elution. This platform overcomes many draw-

Sugar backs associated with common manner of manually prepared KOH eluent driven by gradient pump, and
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offers an easy way for sugar profiling with improved precision and accuracy. The method was successfully
applied to quantification of sugars in biscuits.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

As essential nutrients and functional components in food, the
quantitative analysis of sugars holds significant importance for en-
suring food safety, optimizing product formulations, and guiding
healthy diets [1,2]. Accurate determination of sugar content helps
monitor food quality (e.g., preventing adulteration or excessive ad-
dition), comply with regulatory standards, and provide clear nu-
tritional information for specific populations (such as diabetics)
[3]. Additionally, sugar analysis facilitates the development of low-
sugar products in the food industry, addressing consumer demand
for healthier diets. Thus, it is necessary to develop rapid and accu-
rate methods for sugar quantification in food.

Several approaches have been proposed for sugar analysis, such
as gas chromatography [4], liquid chromatography [5,6], ion chro-
matography (IC) [7,8], mass spectrometry [9] and sensors [10].
Among them, IC equipped with pulsed amperometric detection
(PAD) is probably the best way since it permits high-resolution
separation and direct quantification of nonderivatized sugars at
low-picomole levels with minimal sample preparation. Since intro-
duced in the early 1980s [11], it has become a popular method for
determining sugars in samples ranging from foods and beverages
to the sugar portion of glycoproteins [8,12].

The dominant separation mechanism of sugars by IC is known
to be anion exchange [13]. These apparently neutral sugars are, in
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fact, weak acids, and thus at high pH they ionize to become an-
ions and can be separated on strong anion-exchange column. The
use of strong alkaline hydroxide eluent is essential in sugar analy-
sis by IC with PAD, which plays three roles, they (a) ionize the an-
alyte of interest to be anionic; (b) elute the retained analyte from
the column; (c) facilitate electrochemical detection. However, hy-
droxide solution is an excellent trap for atmospheric carbon diox-
ide, which results in the eluent being contaminated with carbon-
ate. Since carbonate (CO32") is a divalent anion that is a stronger
eluent than hydroxide (OH"), contaminated hydroxide eluents will
cause shifts in retention time and affect the accuracy and repro-
ducibility of analyses [14,15]. Thus, proper preparation and use of
eluents are the most crucial parts for sugar analysis by IC-PAD
method. Presently the overwhelming majority of IC-PAD applica-
tions is based on manual preparation of eluent, which typically
consists of at least two of these three components (pure water,
sodium hydroxide, and sodium acetate) driven by a quaternary gra-
dient pump. The sodium hydroxide stock solutions contain some
anionic impurities like chloride, chlorate, and carbonate, and it re-
quires extraordinary measures to prevent continuous intrusion of
atmospheric carbon dioxide. This requires meticulous care on mul-
tiple steps to ensure eluent composition constant and to minimize
the carbonate intrusion throughout eluent preparation and use. By
comparison, electrodialytic eluent generator (EG) is an elegant ap-
proach to produce highly pure hydroxide eluent on-demand, which
is realized through precise control of the electric current applied to
the electrolysis of water to generate hydroxide or hydronium ions
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Fig. 1. Schematic diagram of IC-based platform for sugar analysis.

[16]. It eliminates the need to manually prepare eluents from con-
centrated bases. The only routine reagent needed is deionized wa-
ter. The gradient elution can be easily achieved by program current
in combination with a single isocratic pump other than mechanical
manner. Furthermore, since the pump seals and pistons only come
in contact with deionized water instead of acids or bases which
can precipitate or erode, overall pump maintenance is significantly
reduced. There are some reports to use EG for sugar analysis,
demonstrating good reproducibility and precision [14,15,17]. While
these EGs suffer from two common drawbacks, limited concentra-
tion range (typically 100 peq/min, corresponding to 100 mmol/L at
the flow rate of 1 mL/min), which is insufficient to ionize and elute
the sugar with higher pKj;; possible interference of electrolytic gas
due to imperfect degas efficiency, which is more pronounced in the
case that high concentration is produced.

More recently, we have proposed a two-membrane configured
EG, showing unique feature of gas-free in the eluent [18]. It has ex-
hibited good performance for separation of inorganic anions. While
its concentration range (<100 peq/min) is limited for sugars anal-
ysis. Later, the device was modified to be a continuously regener-
ated impurity removal device (CRD) [19] to further purify the elu-
ent by removal of tiny impurities from the upstream water. Herein
we present a gas-free EG with large concentration range for sugar
analysis by modification of the device.

The schematic diagram of the whole IC system is shown in
Fig. 1. The separation was performed by a Wayeal IC system
(Type 6300, Hefei, China). Pure water was driven by a piston
pump to pass through a KOH EG cartridge, which will be dis-
cussed below. An analytical column (Thermo Fisher CarboPac™
PA1, 4.0 mm x 250 mm) housed in a column oven was used for sep-
aration of model sugars. The detection was accomplished by a PAD
equipped with a thin-layer flow cell consisting of a 1.0 mm diame-
ter gold working electrode, an Ag/AgCl reference electrode, and ti-
tanium cell body as the counter electrode. The default quadruple-
potential waveform was chosen for model detection (Fig. S1 and
Table S1 in Supporting information).

The fabrication procedure of the EG is similar to previous de-
scription with some modifications [18]. Briefly, it is sandwiched
by central eluent channel (packed with strongly basic anion ex-
change resins in hydroxide form) and two regenerant chambers on
both sides, as illustrated in Fig. 1. The central channel is respec-
tively separated by a stacked cation exchange membrane (sCEM,
FKB obtained from Fumatech Corp., Germany) and a piece of bipo-
lar membrane (obtained from Tingrun Corp., Bingjing, China) plus
SCEM (BPM-sCEM). Fine strong cation exchanger resins (~20pm
diameter, provided by Huachang Corp., Shanghai, China) are filled
between various membranes, aiming to improve ion transportation
and reduce the resistance of the device. The BPM is placed at the
right direction as the AEM side is facing the eluent channel and the
cation exchange membrane (CEM) side is contact with sCEM. Two
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Fig. 2. Conductance change of EG effluent with the current. Note: the measure-
ment was performed by using a wide range CD to online monitor the produced
KOH eluent, the KOH concentration was computed by a pre-calibrated equation of
KOH concentration and its conductance.
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Fig. 3. Correlation of the current and the produced KOH concentration by EG. Flow
rate, 1 mL/min. Note: Blue line and red line are corresponding to different X/Y axis,
as indicated the arrow in the figure.

porous platinum electrodes placed in two regenerant chambers are
in contact with sCEM via a sulfonated screen, respectively. Three
housings made of PEEK are assembled together by metal screws.
2mol/L KOH is used for feeding both regenerant chambers.

Being an electrodialytic device, the resistance of an EG deter-
mines the eluent concentration range for a common constant cur-
rent power supply. The resistance of the EG was calculated to be
~38 Q according to its current-voltage fitting curve (the eluent
flow rate was 1mL/min and KOH regenerant concentration was
2 mol/L), which was ~38% lower than that of previous report [18].
This should be caused by the addition of ion exchangers packed in
the eluent channel and between CEMs. An EG functions to gen-
erate eluent with the concentration correlated with the applied
current. Here the dependence of the concentration of KOH elu-
ent generated by the EG on the current was explored. As shown
in Fig. 2, three consecutive rise/fall profiles of the produced elu-
ent by EG applied by a step current were obtained by measuring
the eluent conductance via a conductance detector (CD). Three dif-
ferent current values (145, 217 and 290 mA) were selected, each
of which is maintained for 10 min and then switched to another.
Clearly, the produced KOH showed high correlation with the cur-
rent. Such has been further confirmed by the fitted plot of the
produced KOH concentration by EG and the applied current, as
illustrated in Fig. 3. Good linear relationship (correlation coeffi-
cient, R2=0.9999) of the current and generated KOH concentra-
tion in the range of 10-210 mmol/L was observed at the typi-
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Fig. 4. Purity test 10 mmol/L KOH eluents prepared by manually and EG. Condi-
tions: anion column, AEC-OH; eluent, 13 mmol/L KOH; flow rate, 1 mL/min; column
temperature, 30 °C; sample, 10 mmol/L KOH solution manually prepared or EG gen-
erated; injection volume, 25uL; suppression current, 33 mA.

cal flow rate of 1mL/min. The slope (k) of the fitted plots was
0.611 £0.003 mmol L' mA-! (10-60 mmol/L) or 0.614 & 0.002 mmol
L TmA-! (70-210mmol/L), which were close to the theoretical
value of 0.621 mmol L' mA™!, showing near-ideal Faradaic effi-
ciency. Thus, KOH eluent with a given concentration can be eas-
ily online produced simply by applying the corresponding current.
And KOH eluent generated with concentration of 200 mmol/L was
measured to be 199 + 1.65 mmol/L via standard acid-base titration
method, indicating good accuracy. Such concentration range can
meet the majority of applications of sugar analysis.

The EG also demonstrated good running stability, as indicated
by the concentration fluctuation of 0.641 mmol/L during continu-
ous running process of 260 min (Fig. S2 in Supporting information).
Further confirmation was made by measuring the potassium con-
tent of KOH eluent electrodialytically generated by collecting KOH
effluent at the interval of 10 min for injecting into the IC system. As
provided in Fig. S3 (Supporting information), the measured potas-
sium amount demonstrated good reproducibility, as indicated by
RSD 1.32% and 1.76 % (n=30) of the peak height and peak area of
the potassium, respectively.

As mentioned above, the purity of KOH eluent is essential to
ensure good reproducibility and precision of sugar analysis. Rela-
tive to manual preparation, a distinct feature of KOH eluent pro-
duced by EG is highly pure. Such has been demonstrated by de-
termining tiny impurities in 10 mmol/L KOH eluent by fresh manu-
ally prepared or EG. As shown in Fig. 4, some impurities were ob-
served in freshly manually prepared KOH eluent, mainly carbonate
and small fraction of chloride (~1pmol/L) and other unknown an-
ions. By contrast, negligible anion impurity was found in the KOH
by EG, exhibiting extremely high purity.

Five sugars were chosen to be model and their elution pro-
gram was established by referring to recommended by GB5009.8-
2023, as listed in Tables S2 and S3 (EG) in Supporting informa-
tion. Under the gradient elution mode, five model sugars achieved
baseline separation in <40min, as shown in Fig. 5. Good peak
shape was observed for all analytes. By comparison, common man-
ner by manually prepared KOH eluent driven by quaternary gra-
dient pump was used to perform the separation of model sugars.
Although effective separation was obtained in two cases, EG be-
haved much better in terms of high resolution of fructose/sucrose
and lower drift during gradient elution process. Limited resolution
will make coelution or overlap possible when the concentration of
fructose or sucrose is high in the case of real samples. Obvious
drift was observed in the concentration gradient of 40 mmol/L to
200 mmol/L, for example, the drift was 10.4 nC by common man-
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Fig. 5. Chromatograms of model sugars achieved by common manner and EG. Con-
ditions: column, CarboPac™ PA1; sample concentration, 5 mg/L; the others same as
Fig. 4.

ner and 6.3 nC by EG, and the corresponding noise level was 8.8
nC and 4.0 nC, as clearly illustrated in Fig. S4 (Supporting infor-
mation). In addition, faster elution of the first four sugars was ob-
served in the manually prepared gradient mode compared to EG,
while the total separation times of five models in two cases were
almost same. This should be caused by carbonate contamination in
the manually prepared eluent, which has stronger elution strength
than that of OH", as mentioned above. At large KOH concentration,
the fraction of carbonate was low and its influence on the separa-
tion was lower, then leading to similar retention time of the total
sugars. This further confirmed high purity of KOH eluent by EG.

The advantage of the present gas-free EG over common EG was
demonstrated in isocratic and gradient mode. As shown in Figs. S5
and S6 (Supporting information), the present EG was superior to
the common one, as indicated by lower drift in gradient elution
(20 mmol/L to 100 mmol/L. Note: the maximal operation concen-
tration of commercial EG is 100 mmol/L) and lower baseline noise
in isocratic mode (100 mmol/L), e.g. the drift and the noise in com-
mercial EG was 15.4 nC (or 53.7 nS/cm under the mode of con-
ductance detection), relative to 6.4 nC (or 6.5 nS/cm) obtained in
the present EG. Much lower noise level should result from gas-free
feature of the present EG, while large fluctuation observed in com-
mercial EG was caused by insufficient gas-removal under such high
concentration.

The EG-IC-based method showed good operation reproducibil-
ity, as indicated RSD by < 0.13% (or < 1.68%) of the retention time
(or the peak height) of models (Figs. S7 and S8 in Supporting infor-
mation). Good linear correlation was obtained for all model sugars
by the established method, and the quantitative parameters were
listed in Table S4 (Supporting information). It well meets the deter-
mination requirements of model sugars. The utility of the method
has been demonstrated to determine possible sugars in three types
of biscuits. The obtained chromatograms were shown in Fig. S9
(Supporting information), and the quantitative results were sum-
marized in Table S5 (Supporting information). The recoveries of
three spiked levels were in the range of 95.8%—105.1%, indicating
good precision of the method.

In conclusion, a gas-free EG-IC-based platform was proposed for
sugar analysis. The EG can online generate high purity and large
concentration KOH eluent used for separation of sugars. This plat-
form presents a simple and fast way to sugar profiling with im-
proved precision and accuracy, well overcomes the various draw-
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backs associated with common manner. We believe such platform
will find more applications for sugar analysis in the future.
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