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Abstract 

High performance liquid chromatographic analysis of carbohydrates is a real challenge; because these 
compounds exhibit similar chemical and physical properties, they are more difficult to analyze than most 
other classes of compounds, to date no single chromatographic column or method being capable of 
separating all carbohydrates. Choosing the best column for carbohydrates analysis requires consideration of 
stationary phase chemistry, retention capacity, particle size and column dimensions. This research focuses 
on mono- and di-saccharides analysis, represented here by arabinose, fructose, glucose, saccharose and 
maltose, different commercially available columns being tested; isocratic separations were achieved using 
as mobile phase different acetonitrile / water mixtures at 1.2 mL min-1. A test carbohydrate mixture was 
used and the resulted separations were compared in order to select the best suited column. 
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1. Introduction 

High performance liquid chromatography (HPLC) 
is the most utilized analytical technique for 
carbohydrate analysis in food matrix, being stated 
in well-known international standards [13,14]. 
These methods recommend HPLC systems 
equipped with refractive index detectors which, 
despite their poor sensitivity and baseline 
instability caused by temperature, solvent or 
pressure changes, are relatively cheap, requires 
little maintenance and have long operational life, 
offering a universal response over a wide linear 
range of analyte’s concentrations. Because 
carbohydrates exhibit similar chemical and 
physical properties, they are more difficult to 
analyze than most other classes of compounds, to 
date no single HPLC column or method being 
capable of separating all carbohydrates in one run. 
Choosing the best column for carbohydrates’ 
HPLC analysis requires consideration of stationary 
phase chemistry, retention capacity, particle size 
and column dimensions.  

 

Four main separation mechanisms are the basis of 
carbohydrates’ chromatographic separation: gel 
filtration, ion exchange, partition and adsorbtion. Gel 
filtration was the first successfully applied 
mechanism for carbohydrate’s separation [12]; 
despite the long time involved in separations and the 
low resolutions, this mechanism enabled separation 
of carbohydrates according to their molecular mass, 
nowadays this being mainly utilized for 
polysaccharide analysis [5].  

Ion exchange is widely used in carbohydrate analysis 
[1-4], despite the high temperatures at which columns 
are operated and the relatively long overall separation 
times; a major advantage of this mechanism is the 
low price of the mobile phases involved, these being 
diluted acid or salt water solutions or even water with 
small amounts of modifiers. The partition mechanism 
was and still is the most popular one in 
carbohydrate’s separation [6-11]; it uses bonded 
stationary phases, especially amino-bonded ones for 
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separation of mono- and oligo - saccharides, 
usually operating with water - acetonitrile mobile 
phases, the level of acetonitrile controlling the 
carbohydrates’ retention.  

Adsorbtion chromatography is rarely used in 
carbohydrates’ separation, as it requires a prior 
dramatization and hence, the main advantage high 
performance liquid chromatography disappears.  

This research focuses on HPLC analysis of mono- 
and di-saccharides, represented here by arabinose, 
fructose, glucose, saccharose and maltose, on 
amino-bonded stationary phases, different 
commercially available columns being tested. 

2. Materials and methods 

Arabinose, glucose, fructose, saccharose and 
maltose were all reagent-grades (Merck); HPLC 
grade acetonitrile (Merck) was used for mobile 
phase preparation, together with ultrapure water 
produced with a Millipore Direct Q 3UV Smart. A 
test-mixture containing 0.16 g.L-1 arabinose, 1.10 
g.L-1 fructose, 0.57 g.L-1 glucose, 0.61 g.L-1 
saccharose and 0.34 g.L-1 maltose was prepared, 
filtration through 0.45 µ membrane filter 
(Millipore) being utilized prior to each injection.  

HPLC analyses were performed on a Shimadzu 
system consisting in a Prominence DGU 20As 
degasser, a Prominence LC-20AD solvent delivery 
module, an automatic sample injector SIL-10AF, a 
RID-10A differential refractive index detector, a 
Prominence CTO-20A column oven and a system 
controller Prominence CBM-20Lite. Instrument 
control, data acquisition and data analysis were 
accomplished by „LCsolution” ver.1.2. software.  

Isocratic separations were carried out on the 
following columns: CC 250/4 NUCLEOSIL 100-3 
NH2 RP, CC 250/4 NUCLEOSIL 100-5 NH2 RP, 
Chromcart 721120.40 250/ 4.6, EC 250/4 
NUCLEODUR 100-5 NH2 RP, EC 250/4.6 
NUCLEOSIL Carbohydrate, Econosphere NH2 250/ 
4.6 - 5 µ, Supelcosil LC-NH2 250/ 4.6 and Zorbax 
Carbohydrate 150/ 4.6 – 5 µ, all being protected by 
appropriate pre-column cartridges, using as mobile 
phases mixtures of acetonitrile in water as suggested 
by producers, at 1.2 mL/ min and 400C, with 10 µL 
injection volumes. 

 
3. Results and discussion 

Depending of the analytical targets, it is possible to 
use as column selection criteria either a minimum 
overall separation time, a maximum resolution for 
two early eluting compounds or an optimization 
strategy which consider both. When the sample 
matrix is quite simple, with few analytes, it is 
advantageous to have fast separations (i.e. to have a 
minimum overall separation time); for complex 
samples, with a large number of analytes, a 
maximum resolution for two early eluting 
compounds is critical. 

In this paper, the considered column selection criteria 
were the overall separation time, the asymmetry 
coefficients for glucose and fructose peaks and the 
glucose-fructose resolution. The best column for the 
considered mixture separation is the one which will 
give the maximum fructose/ glucose resolution in a 
minimum analysis time, with a minimum asymmetry 
for the considered target peaks. 

 
Table 1: Results obtained with the tested columns 

Asymmetry factors Columns Resolution 
fructose/ 
glucose Fructose Glucose 

Overall 
separation 
time[min.] 

Econosphere NH2 250/ 4.6 - 5� 2.54 1.246 1.083 9 
Supelcosil LC-NH2 250/ 4.6 2.63 1.204 1.035 10 
Chromcart 721120.40 250/ 4.6 2.65 1.235 1.056 10 
CC 250/4 NUCLEOSIL 100-5 NH2 RP 2.85 1.274 1.075 14 
Zorbax Carbohydrate 150/ 4.6 – 5 � 2.86 1.268 1.082 13 
EC 250/4 NUCLEODUR 100-5 NH2 RP 2.92 1.308 1.139 13 
CC 250/4 NUCLEOSIL 100-3 NH2 RP 3.49 1.174 1.066 15 
EC 250/4.6 NUCLEOSIL Carbohydrate  3.96 1.301 1.119 20 
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Figure 1. HPLC chromatogram obtained with EC 250/4 Carbohydrate column  

(acetonitrile : water = 82 : 18), peaks corresponding to fructose, glucose, saccharose and maltose. 
 

 

 
Figure 2. HPLC chromatogram obtained with CC 250/4 Nucleosil 100 – 3NH2, 

(acetonitrile : water = 75 : 25), peaks corresponding to arabinose, fructose, glucose, saccharose and 
maltose. 

 
 

 
Figure 3. HPLC chromatogram obtained with Econosphere NH2 250/ 4.6 - 5u,  

(acetonitrile : water = 75 : 25), peaks corresponding to arabinose, fructose, glucose, saccharose and 
maltose 

 
The obtained results are summarized in table 1, 
being sorted according to the resolution; all 
separation were in order of increasing molecular 
weight, with monosaccharides eluting first 
(arabinose >fructose > glucose > saccharose > 
maltose).  

Apparently, the best separation is accomplished using 
the column EC 250/4.6 NUCLEOSIL Carbohydrate 
which is a specialized one, according to the 
manufacturer’s technical sheet, but unexpectedly 
arabinose co-elutes with fructose (figure 1);  
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for this reason, CC 250/4 NUCLEOSIL 100-3 NH2 
RP is the best suited column when needing the best 
resolution, this column generating also the best 
peak symmetry for fructose (figure 2), while the 
overall separation time is five minutes shorter than 
for the EC 250/4.6 NUCLEOSIL Carbohydrate 
column. As the particle size for this column is 3 µ, 
the backpressure is quite higher than for the 
columns with 5 µ particles, but this parameter is 
not a critical one.When separation time is critical, 
the best suited column is Econosphere NH2 250/ 
4.6 - 5 µ, which accomplishes also a satisfactory 
resolution fructose/glucose (figure 3). When 
needing a balanced resolution/ separation time 
ratio, Zorbax Carbohydrate 150/ 4.6 – 5 µ or CC 
250/4 NUCLEOSIL 100-5 NH2 RP seems to be the 
best suited columns, combining a baseline fructose 
- glucose separation with a quite short separation 
time (13 - 14 minutes). 

4. Conclusion 

Column selection for a specific application often 
reflects personal preferences or prior experience; 
however, as usually a large commercial HPLC 
columns offer is available from different 
manufacturers, it is often necessary a laborious and 
time-consuming column screening approach in 
order to select the best suited column and to avoid 
unexpected and undocumented behaviors.  
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