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Section 1
Introduction

The type of HPLC column used for small molecule analysis will
be dictated at least in part by the chemical nature of the compounds
of interest. Recent literature suggests that the Aminex polystyrene-
divinylbenzene ion exchange resins are applicable to a wide vari-
ety of water soluble and partially water soluble small organic
compounds. As illustrated in Figure 1.1, Aminex columns are com-
plementary to reversed phase columns. Certain classes of water insol-
uble or sparingly water soluble compounds are best separated on
reversed phase columns, while other water soluble compounds such
as sugars, alcohols, and short chain organic acids are better separat-
ed on the ion exchange resins. However, there is a large group of
compounds in the middle range of solubility that are amenable to
analysis on both the Aminex and reversed phase columns. 

Fig. 1.1. Complementary nature of Aminex and reversed phase columns.

The power of the Aminex columns becomes apparent when
examining the array of small molecular weight bio-organic molecules
involved in cell metabolism (see Metabolic Pathways inside front
cover) which have been analyzed on Aminex columns.

Every chromatographic separation is unique, and requires a
unique combination of columns and conditions. Bio-Rad offers a
wide selection of Aminex columns for the analysis of carbohy-
drates, organic acids, and numerous other small molecules. These
columns are based on polystyrene-divinylbenzene cation exchange

Shared
Applications

Reversed Phase
Column Applications

Aminex Column
Applications

Solubility In Water

MoreLess

1

Bulletin 1928 text  3/10/99 2:32 PM  Page 1



resins that have a high porosity and high concentration of func-
tional groups within their chemical structure. In addition, the remark-
able chemical stability of these resins makes them useful under a
wide variety of conditions. 

Since their introduction in the late 1970s, Aminex columns
have become the standard in a number of different industries. This
is evidenced by the several hundred scientific publications using
Aminex columns. A number of these publications represent pio-
neering reports using Aminex technology to develop methods for the
analysis of diverse small molecular weight polar compounds. A list
of these publications is given in bulletin 1895, and on page 59 of this
guide.

These references contain useful information on the elution
behavior of a variety of sugars, alcohols, organic acids, ketones,
and other molecules. To make this information more accessible, the
data from these references has been compiled into an Aminex HPX-
87H small molecule index containing over 200 organic molecules.
In addition, relative retention time data at two different tempera-
tures is presented on 100 of these compounds that have been ana-
lyzed using dual UV and refractive index detection. For these
compounds, the ratio of the UV and RI detector responses is pre-
sented. This information can be a powerful tool in the identification
and quantification of analytes (see bulletin 1847).

1.1 Guaranteed Quality
To insure the highest quality products, Aminex resins and columns

are custom manufactured at Bio-Rad. Each Aminex column carries
an individual performance guarantee, which assures you that the
column meets or exceeds the stated specifications. A test chro-
matogram and a computer generated report giving performance data
and test conditions accompany each column. This high quality is
reflected in reproducibility, which is very important when estab-
lishing routine methods to be used over extended periods and when
setting up methods between laboratories. Aminex columns exhibit
long lifetimes, maintaining reproducibility over hundreds of injections.
Figure 1.2 compares the first and two hundredth injection of an
organic acid standard on an Aminex HPX-87H column. Over the
range of 200 injections the retention times for the components var-
ied from 0–0.3%, while the efficiencies decreased by 1.9–6.3%. 
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Fig. 1.2. Column lifetime studies performed on the Aminex HPX-87H
column. After one injection (A) and 200 injections (B). Peak number 1) oxalic
acid, 2) citric acid, 3) tartaric acid, 4) malic acid, 5) succinic acid, 6) formic
acid, 7) acetic acid. 

In addition, excellent column-to-column as well as lot-to-lot
reproducibility has been shown for Aminex columns. Figure 1.3
examines the variations of 203 representative Aminex HPX-87H
columns from six different lots using an organic acid standard.
Relative standard deviations of 4.1% and 7.6% were observed
between the 203 columns for the retention time and efficiency of suc-
cinic acid. No significant lot-to-lot variations were observed for the
measured parameters. The average values of the individual batch-
es were within one standard deviation of the overall averages for the
203 columns.

Fig. 1.3. Column-to-column and lot-to-lot reproducibility of Aminex
HPX-87H columns.

0

Ba
tc

h 
1

# Columns

Re
te

nt
io

n 
Ti

m
e 

(m
in

+S
D

)
Su

cc
in

ic
 A

ci
d

5

10

Ba
tc

h 
2

Ba
tc

h 
3

Ba
tc

h 
4

Ba
tc

h 
5

Ba
tc

h 
6

To
ta

l

36 20 34 28 32 53 203

20,000

10,000

0
# Columns

Th
eo

re
tic

al
 P

la
te

s 
(+

SD
)

Su
cc

in
ic

 A
ci

d

Ba
tc

h 
1

Ba
tc

h 
2

Ba
tc

h 
3

Ba
tc

h 
4

Ba
tc

h 
5

Ba
tc

h 
6

To
ta

l

36 20 34 28 32 53 203

28.25 27.50

21.50

15.25

21.50

14.75

Min. 0.00 4.50 9.00 13.50 18.00 Min. 0.00 4.50 9.00 13.50 18.00

1

A B

2 3

4 5
6

7

2 3

4 5
6

7

1

3

Bulletin 1928 text  3/10/99 2:32 PM  Page 3



1.2 Dedicated Service 
To complement the HPLC and sample preparation products,

Bio-Rad employs a staff of experts in HPLC separations, who can
help you design the separation scheme that will be most effective in
your application, taking advantage of both the state-of-the-art HPLC
isocratic analyzers and the widest available selection of column
chemistries. Technical support, including protocols, technical infor-
mation, and a staff of HPLC specialists ready to answer any ques-
tions you might have, is available. To reach a technical specialist,
contact your Bio-Rad office. In the USA, call 1-800-4BIORAD.

Section 2
Separations Mechanisms on Aminex
Resins

Aminex HPLC columns, packed with a polymer-based matrix,
offer many advantages for the analysis of carbohydrates, alcohols,
and organic acids, in food and beverage, biochemical, biomedical,
and biotechnology applications. These columns allow the use of
simple isocratic methods, eluting with water or dilute acid. There is
minimal sample preparation, usually just filtering through a 0.45
µm filter with no derivatization necessary. These resins exhibit high
pressure stability as well as pH stability over a wide range. The
Aminex resin packings allow a variety of partition type separations
without the disadvantages inherent in bonded phase silica materials.
The fundamental partition process responsible for separation is
moderated by the ionic group bound to the resin, and by the choice
of counterion. HPLC separations on Aminex resins use the mech-
anisms of ion exclusion, ion exchange, ligand exchange, size exclu-
sion, reversed phase, and normal phase partitioning. These multiple
modes of interaction, which have been termed ion-moderated par-
tioning [Jupille et al., Amer. Lab., 13, 80 (1981)], offer a unique
ability to separate compounds.

In ion exclusion, mobile ions with like charge cannot penetrate
the resin bead, which carries a fixed charge. Thus, in pure form,
ion exclusion would require that all components elute within the
total column internal volume. Highly charged species are excluded
from the intraparticle volume and elute sooner. If elution requires
more than one column volume, ion exclusion must be accompa-
nied by other retention mechanisms. In many separations, condi-
tions can be chosen to make partition the accompanying mode. In
normal phase partition, the sample is distributed between intra-

4
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particle (bound) water and a less polar mobile phase. By choosing
an appropriate buffer, column selectivity can be fine-tuned for a
particular compound. Nonpolar compounds are retained more strong-
ly than polar compounds, which shows that reversed phase partition
is involved in the separation. In reversed phase partition, the sam-
ple molecules are distributed between a polar, usually aqueous,
mobile phase and a nonpolar (aromatic) resin backbone. Proof of its
involvement in the separation is the linear relationship between the
logarithm of capacity factor and carbon number for a homologous
series (see Figure 2.1). That is, the more hydrophobic molecules
(increasing n) elute later, as manifested by the increasing k', than the
less hydrophobic ones. The reversed phase partition mechanism
provides a useful basis for selecting an organic modifier to control
retention. Acetonitrile, for example, is particularly effective when
phenolic acids (Figure 2.2) or similar compounds are being ana-
lyzed. Ligand exchange and size exclusion mechanisms are also
exploited in HPLC on Aminex resins. In size exclusion, molecules
too large to penetrate the effective pore structure of the resin are
physically excluded from the intraparticle volume. Figure 2.3 illus-
trates the way ligand exchange imparts a secondary selectivity to
what is primarily a partition separation. The Aminex HPX-87C col-
umn resolves the alpha and beta anomers of glucose, but the Aminex
HPX-87H column, while it provides similar retention, does not
resolve the anomers. Thus, appropriate selection of counterion can
moderate the primary partition mechanism. 

Fig. 2.1. Relation between retention (k') and carbon number (n) for
straight chain aliphatic alcohols on the Aminex HPX-87H column.
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Fig. 2.2. Phenolic acid separation. Acetonitrile is used as an organic mod-
ifier to control retention in what is essentially a reversed phase separation.

Fig. 2.3. Influence of ligand exchange on the retention of glucose. Alpha
and beta anomers are separated on the calcium form resin.

Reversed phase and ion-pairing techniques on silica require
complex eluants for effective separations. These mechanisms work
on the principle of modifying the compound to be analyzed until it
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is compatible with the column. Aminex resins separate compounds
another way. Instead of modifying the compound to be analyzed, the
column packing is modified, and chromatographic conditions are
optimized to be compatible with the compound. Therefore, Aminex
resins allow the use of isocratic elution, and easy sample prepara-
tion without sample derivatization. Aminex HPLC columns can
reduce total analysis time measured from the start of sample prepa-
ration. For example, a chromatographic analysis time of 2 or 3 min-
utes is insignificant if the sample preparation takes 15 minutes. The
separation mechanisms built into the Aminex columns simplify
sample preparation. Filtration is usually the only sample preparation
needed in most separations. The durable nature of the Aminex resins
combines with selectivity that focuses in on a compound or class of
compounds to make Aminex columns the method of choice for
rapid, high resolution analysis.

Section 3
Selecting the Proper Column

In effect, selectivity for a particular separation is built into each
Aminex HPLC column. Particle size, ionic form, crosslinkage, and col-
umn configuration have been optimized to provide the fastest possi-
ble analysis of a particular sample, with the highest possible resolution. 

3.1 Resin Crosslinkage
Resin crosslinkage is an important parameter in any chromato-

graphic separation. Styrene divinylbenzene resin is a relatively rigid
gel-type media. The lower the crosslinkage, the more open the struc-
ture, and the more permeable it is to higher molecular weight sub-
stances. A 4% crosslinked resin is used in the Aminex HPX-42A and
HPX-42C columns, which can resolve higher oligosaccharides. For
smaller molecular weight compounds an 8% crosslinked resin is
used, as in the Aminex HPX-87C and HPX-87H columns.

3.2 Resin Ionic Form
Selecting the proper Aminex column depends to a large extent

on the ionic form of the packing material. Selecting a resin in the
ionic form tailored to the compound being analyzed is the most
effective way to optimize resolution. Aminex columns have been
called fixed-ion resin columns, since the resin is converted to a spe-
cific ionic form before packing and is maintained in that ionic form
for the life of the column. In-column conversion from one form to

7
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another is not recommended, since resins can shrink and swell with
changes in ionic form. The ionic form of the resin contributes to
selectivity by charge, or by steric hindrance with the pores of the
resin, or by a combination of these and other factors. Particularly in
carbohydrate analysis, the nature of the cation is an important fac-
tor, due to differences in coordinating ability of the adjacent hydrox-
yl groups of the sugars with the fixed-cation of the resin. For
example, stronger binding will occur in sugars which can favor-
ably complex three adjacent hydroxyls to the fixed-cation than those
sugars binding with only two hydroxyls. 

Figure 3.1 shows the effect of resin ionic form. Carbohydrates
derived from cellulose hydrolysis, specifically glucose, xylose, galac-
tose, arabinose, and mannose, were separated on the Aminex HPX-
87C column and the Aminex HPX-87P column. While the Aminex
HPX-87C column is ideal for most monosaccharide separations, some
of the cellulose derived carbohydrates co-elute on this column. Taking
advantage of the mechanism of ligand exchange, the Aminex HPX-
87P column separates the compounds with better resolution. 

Fig. 3.1. Effect of resin ionic form on sugar separations.
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3.3 Column Configuration
Column length and diameter also affect resolution and analysis

time. The goal is to use only as much resin as necessary to achieve the
desired separation. If the compound is strongly retained by the resin
and analysis time is long on a 300 x 7.8 mm column, a shorter 100 mm
column can significantly decrease the analysis time. An example of
column optimization is shown in Figure 3.2, which illustrates the
complete profile of a wine sample on an Aminex HPX-87H column
(300 mm x 7.8 mm). If ethanol is the only compound of interest, the
analysis can be completed in 5 minutes on a Fast Acid column (100
mm x 7.8 mm) instead of the 22 minutes on the longer column.

Fig. 3.2. Effect of column length on analysis time of ethanol.
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Section 4
Optimizing the Analysis

With Aminex columns, several chromatographic variables have
an impact on resolution and retention times, and help to control the
speed of analysis. These variables include eluant ionic strength,
eluant pH, column temperature, flow rate, and organic modifier
concentration. After the proper column has been selected, each of
these variables should be optimized to achieve the best possible
separation. Variables can be manipulated, either singly or in com-
bination, to improve resolution and to enhance selectivity.

4.1 Solvent Selection
Simplified solvent selection is a major advantage of Aminex

columns, especially by comparison with polar bonded phase silica
columns. Because selectivity for sugars is not strongly affected by
the solvent, most carbohydrate separations, aside from sugar alco-
hols, can be carried out with deionized water as the mobile phase.
The addition of acetonitrile can improve the resolution of sugar
alcohols (Figure 4.1). A further advantage of Aminex carbohydrate
columns is that large molecules like polysaccharides elute early in
the separation, rather than binding irreversibly to the matrix. Table
4.1 compares the retention times of some carbohydrates and sugar
alcohols on similar-sized columns packed with resins in the Aminex
HPX-87 series and Aminex disaccharide column.

Fig. 4.1. Effect of the organic modifier concentration on retention and
resolution. 
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Table 4.1 Retention times of sugars and alditols on
Aminex carbohydrate analysis columns.

For separations on the Aminex HPX-87H column, eluant com-
position can be manipulated to adjust the relative retention times of
the compounds to be resolved, or to exclude compounds that are not
of interest. Either the acid strength of the eluant can be adjusted, or
organic modifiers can be added. The retention of organic acids with
pKa less than 4 is particularly influenced by the pH of the solvent.
Figure 4.2 illustrates the change in retention times of 14 organic
acids with increasing eluant acid strength. For a few of the acids,
such as maleic, pyruvic, and fumaric, relative retention increases
with increased acidity, and this can be used to increase resolution.
Figure 4.3 examines more closely the effects of sulfuric acid mobile
phase changes on the retention times of different classes of com-
pounds on the Aminex HPX-87H column. The neutral sugars, sor-
bitol and N-acetylglucosamine, exhibited very little change in retention
times in going from 2.0 mM to 12 mM acid. The monocarboxylic
acids showed modest increases in retention times. For the dicar-
boxylic acids, the most dramatic increase in retention time was seen

Aminex 
Column HPX-87C HPX-87P HPX-87H disaccharide

Mobile Phase H2O H2O 0.005 M H2SO4 70% CH3CN
Flow Rate (ml/min) 0.6 0.6 0.6 1.0
Temperature °C 85° 85° 65° Ambient

Carbohydrate
Stachyose 7.75 9.54 6.94 24.15
Melezitose 8.12 9.60 7.79 11.52
Raffinose 8.25 9.84 7.65 13.20
Maltotrios 8.25 10.26 7.18 13.20
Cellobiose 8.78 10.74 7.80 8.76
Sucrose 8.95 10.62 Inverts 7.62
Trehalose 9.00 10.80 8.03 8.94
Maltose 9.03 11.16 7.89 8.82
Melibiose 9.28 11.70 7.89 10.92
Lactose 9.37 11.52 8.13 9.72
Glucose 10.87 12.72 10.16 6.00
Xylose 12.00 13.86 10.39 4.56
Sorbose 12.20 14.52 9.92 5.34
Galactose 12.25 14.70 10.49 6.42
Mannose 12.47 16.44 10.02 5.85
Rhamnose 12.58 14.88 11.20 4.08
Fructose 13.58 17.04 10.39 5.52
Arabinose 13.75 15.48 11.34 5.04
Fucose 13.78 15.84 12.05 4.62
Digitoxose 13.92 14.76 13.23 3.00
Glucoheptose 15.17 19.14 9.59 6.60
Ribose 21.42 30.54 9.21 4.20
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with oxalic acid, with the change decreasing as the chain length of
the acids increased. The aromatic acids all exhibited significant
increases in retention time with increased acidity. This retention time
information can be a powerful tool in optimizing a given separa-
tion, as well as assisting in the identification of unknown substances.

Fig. 4.2. Effect of eluant acid strength on retention times of organic
acids on the Aminex HPX-87H column. 

Fig. 4.3. Effect of acid strength of the elution of different classes of com-
pounds on the Aminex HPX-87H column. The results are expressed as the
percent retention time change in going from 2 mM to 12 mM sulfuric acid. 
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4.2 Column Temperature 
Temperature control is critical with Aminex columns, since

retention times and peak heights vary with changes in temperature.
Consistent, reproducible temperatures are absolutely necessary for
accurate, quantitative and qualitative analysis. The effect of tem-
perature on a given analysis depends on the individual chemistry,
as well as on the type of column packing and the mobile phase.
Usually, increasing the column temperature decreases retention time,
and increases column efficiency. In many separations, operating at
high temperatures can optimize efficiency by minimizing the band
spreading from slow mass transfer in the stationary phase. Column
back pressure also decreases at higher temperatures. For carbohydrate
analysis, the columns are heated to 85 °C to increase the theoretical
plates and decrease the viscosity of the eluant and sample. This
allows deeper penetration of sugars into the interior of the resin,
thus allowing higher resolution. As an example, the Aminex HPX-
87C column was run at ambient and 85 °C (Figure 4.4). The increased
efficiency and minimized band spreading with an increase in col-
umn temperature is dramatically shown by the shape of the glucose
peak. The silica based Aminex disaccharide column is not heated,
though the temperature must be kept stable. On this column, reten-
tion times can change with even a 1 °C change in temperature.

Fig. 4.4. Effect of temperature on the separation of sugars on the Aminex
HPX-87C column.
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Heating the Aminex HPX-87H column can increase column effi-
ciency. As shown in Figure 4.5, theoretical plates increase by 54%
when column temperature is increased from 20 ° to 60 °C. Although
most organic acid separations do not require heated conditions, ele-
vated temperatures can be used to resolve compounds that elute close
together. Increasing column temperature also decreases the retention
time of most organic acids. This effect varies from compound to com-
pound due to differences in interaction with the resin. This is demon-
strated in Figure 4.6 which shows the retention time changes for
different classes of compounds in going from 50 °C to 22 °C. The most
significant increases in retention time were observed for the aromat-
ic acids (hippuric 56%, VMA 52%, and mandelic 35%). For the dicar-
boxylic acids, the retention time increases correlate with the chain
length of the acid, for example oxalic 2.3%, malic 6.4%, adipic 27.7%.
A similar pattern was observed for the monocarboxylic acids, for
example acetic 4.6%, lactic 1.8%, isovaleric 10.6%, 3-methylvaler-
ic 20.6%. The neutral sugars, N-acetylglucosamine and galacturon-
ic acid, exhibited little change with temperature. The most significant
decrease in retention time was seen for ethanol (-7.0%). This type of
information can be very useful in optimizing a given separation, as well
as assisting in the identification of unknown substances.

Fig. 4.5. Relationship of theoretical plates (---o---o---) and column back-
pressure (————) to column temperature for fumaric acid on the
Aminex HPX-87H column.
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Fig. 4.6. Effect of temperature on the elution of different classes of
compounds on the Aminex HPX-87H column. The results are expressed as
the percent retention time change in going from 50 °C to 22 °C.

4.3 Flow Rate
Aminex columns typically require low flow rates for efficient

operation, because slow mass transfer in the stationary phase con-
tributes to band broadening. Flow rates below 1 ml/min should be
used with 300 x 7.8 mm columns. Analysis times are typically short,
however, because compounds of interest usually elute at low k'.
For routine analysis, flow rates of 0.4–1.0 ml/min are recommend-
ed. Flow rates above 1.2 ml/min can produce excessive back pres-
sure and cause a breakdown in peak symmetry, while flow rates
lower than 0.4 ml/min increase the analysis time. However, with
Aminex columns, lower flow rates also increase efficiency. For
research purposes, a low flow rate combined with two or three
columns in series offers the ability to isolate and examine com-
pounds within a complex sample matrix. 

4.4 Organic Modifier Concentration
Organic modifier concentration is another critical variable in

optimizing an analysis. Organic modifiers, up to 30% acetonitrile or
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less than 5% tert-butanol or isopropanol, can be added to the eluant
to decrease adsorption of organic compounds to the column matrix.
This is particularly useful in the separation of aromatic acids on the
Aminex HPX-87H column. Organic modifiers can be used to reduce
analysis time (Figure 4.7). 

Fig. 4.7. Effect of organic modifier concentration on retention times.

The possibility of resin volume change must be considered
when deciding the identity and the concentration of an organic mod-
ifier. Ideally, the organic modifier penetrates and swells the organ-
ic backbone of the resin to the same extent that decreased osmotic
pressure decreases the intra-particle water volume. Acetonitrile con-
centrations between 5 and 30% approximate this ideal well enough
to minimize void volume formation (bed shrinkage) and excessive
back pressure (bed swelling). It is best to start with 5% acetonitrile
at a low flow rate (0.1–0.2 ml/min) so as not to drastically increase
back pressure. If acetonitrile concentrations greater than 40% must
be used, the column should be packed in an acetonitrile/aqueous
buffer. Ethanol and isopropanol are similar to acetonitrile. Methanol
is not recommended (bed shrinkage), and neither are tetrahydrofu-
ran, dimethylformamide, and other relatively non-polar solvents
(bed swelling). With the Amminex disaccharide column, increasing
the acetonitrile content of the buffer allows better resolution of dis-
accharides, while lowering the acetonitrile content allows better
resolution of oligosaccharides.

Conditions   
Column: 

Sample:
Eluant:

Flow rate:
Temperature:
Detection:

Peaks:
1. Formic acid
2. Acetic acid
3. Propionic acid
4. n-Butyric acid
5. n-Valeric acid
6. Caproic acid
7. Caprylic acid
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Aminex HPX-87H column,
300 x 7.8 mm
Acids mixture, 20 µl
A. 0.005 M H2SO4
B. 0.005 M H2SO4/10% CH3CN
C. 0.005 M H2SO4/20% CH3CN
D. 0.005 M H2SO4/30% CH3CN
0.6 ml/min
Ambient
UV @ 210 nm
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4.5 Optimizing Compound Detection
The Aminex chemistry, using isocratic elution with water or dilute

aqueous buffers, offers the important advantage of allowing dual refrac-
tive index and UV detection to produce a complete profile of mix-
tures which contain two or more classes of compounds which cannot
be seen with one detection system. A refractive index monitor detects
carbohydrates and alcohols while a UV monitor simultaneously detects
organic acids, aromatic compounds, and various other compounds.
The Aminex HPX-87H column is especially useful for profiling
monosaccharides and organic acids simultaneously. Figure 4.8 shows
a fermentation standard separated on the Aminex HPX-87H column
and detected with a UV monitor and with a refractometer. Dual detec-
tion offers the possibility of using detector response ratios to aid in
the quantitation, and, more importantly, in the identification, of com-
pounds. Advantage can be taken of a great difference in the respective
response factors in the UV and RI detectors to better quantitate com-
pounds which are only partially resolved. The purity and homogene-
ity of peaks can be better assessed using this double detection method.

Fig. 4.8. Dual UV and refractive index detection of a series of fermen-
tation standards on the Aminex HPX-87H column. 

Conditions
Instrument:
Column:

Sample:
Eluant:
Flow Rate:
Temperature:
Detection:

GlycoChrom analyzer
Aminex HPX-87H column,
300 x 7.8 mm
Fermentation standards
5 mM sulfuric acid
0.60 ml/min
50 °C
UV 210 nm
RI

Maltotriose
Maltose
Citric acid
Tartaric acid
Glucose
Fructose
Succinic acid
Lactic acid
Glycerol
Acetic acid
Pyroglutamic acid
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Section 5
Carbohydrate Analysis Columns 

Sensitive and specific analyses of carbohydrates is important
throughout the food industry. The presence and the quantity of car-
bohydrates in samples can indicate the quality and the properties of
a product, and can reflect contamination or adulteration.
Carbohydrate analysis is likewise important in biotechnology and
pharmaceutical applications, as well as in biomedical research. In
biomedical specimens, the presence of carbohydrates or the eleva-
tion of carbohydrate levels can often be correlated with changes in
metabolism. Separating complex carbohydrate mixtures by HPLC
is truly a challenge, in part, because of the wide variety of carbo-
hydrates and the intricacy of carbohydrate mixtures existing in
nature. Aminex carbohydrate columns provide a simple, non-destruc-
tive method for separating carbohydrates using a simple deionized
water mobile phase.

Bio-Rad offers a complete line of carbohydrate analysis columns
optimized to provide high selectivity for a specific carbohydrate or
carbohydrate class. Research length (30 cm) columns provide high
resolution separations of complex carbohydrate mixtures in approx-
imately 20 minutes, while the smaller columns provide efficient
separations of specific carbohydrates in 3–5 minutes. For complete
profiles of complex mixtures, two or more columns may be used
together, and dual UV/RI detection may be employed. 

Aminex carbohydrate columns separate compounds using a
combination of size exclusion and ligand exchange mechanisms.
In oligosaccharide separations, size exclusion is the primary mech-
anism. Low crosslinked resins allow carbohydrates to penetrate,
and oligosaccharides separate by size. For monosaccharide sepa-
rations, ligand exchange is the primary mechanism which involves
the binding of hydroxyl groups of the sugars with the fixed-coun-
terion of the resin. Ligand exchange is affected by the nature of the
counterion ( Pb++, Ca++, etc.) and by the spatial orientation of the car-
bohydrate’s hydroxyl groups. 

The Aminex HPX-87C column is the column of choice for
most general sweetener analyses. This 300 x 7.8 mm ID calcium-
form column is optimized for analyzing monosaccharides, and also
provides class separation of di-, tri-, and tetrasaccharides. It is used
primarily for the quantitation of glucose and fructose in high fruc-
tose corn syrup, and for general monosaccharide analysis. The
250 x 4.0 mm ID column is appropriate for sugar alcohol separations.
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The Aminex HPX-87P column is tailored for the separation of
cellulose-derived monosaccharides. This lead-form column is well
suited for analysis of pentoses and hexoses in wood products, espe-
cially cellobiose, glucose, xylose, galactose, arabinose, and mannose,
and also provides excellent resolution of sucrose, lactose, and fruc-
tose in dairy products.

The Fast Carbohydrate Analysis Column is tailored for
extremely fast separations of specific carbohydrates in samples
where only certain components are of interest. The 100 x 7.8 mm
ID lead-form column is optimized for 5 minute analysis of sucrose,
glucose, galactose, and fructose.

The Aminex HPX-87H column is used for analysis of carbo-
hydrates in solution with carboxylic acids, volatile fatty acids, short
chain fatty acids, alcohols, ketones, and many neutral metabolic
by-products. Most often used for organic acids analysis, this hydro-
gen-form column is also useful for fermentation monitoring, bio-
logical fluid analysis, and acetylated amino sugar separations.

The Aminex HPX-87N column is optimized for the analysis of
sugars in samples with high salt concentrations, such as molasses.
This sodium-form column is compatible with salts, so there is no
need to desalt samples before analysis.

The Aminex HPX-87K column is optimized for the analysis of
mono-, di-, and trisaccharides in samples such as corn syrup and
brewing wort. This potassium-form column exhibits good separa-
tions of glucose, maltose, and maltotriose.

The Aminex HPX-42A column provides fast, high resolution
oligosaccharide analysis. This silver-form column separates oligosac-
charides through Dp 11 in approximately 25 minutes. 

The Aminex HPX-42C column is optimized for analysis of
mono- and disaccharides in starch hydrolysates. This calcium-form
column also provides excellent resolution of oligosaccharides as
large as Dp 10. 

The Aminex d.isaccharide column is an amino-derivatized
column tailored for quantitation of individual disaccharides but may
also be used for some monosaccharide analyses. This silica-based
column resolves glucose, fructose, sucrose, maltose, and lactose in
10 minutes, making it especially useful in situations requiring the
analysis of many samples quickly. 

The In-Line Carbohydrate Deashing System protects the
Aminex carbohydrate columns from contamination by removing
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all inorganic salts from the sample allowing only neutral carbohy-
drates to pass to the analytical column. This in-line deashing system
consists of two Micro-Guard® cartridges, one packed with anion
and one with cation exchange resin. Installed in series in front of 
Bio-Rad’s analytical columns, this system offers a convenient and
highly efficient in-line purification of sugar samples (Figure 5.1).

Fig. 5.1. Comparison of carbohydrate analysis without (A) and with (B)
an in-line deashing system. 

Section 6
Biotechnology Applications of
Carbohydrate Analysis Columns

6.1 Carbohydrates in Biomedical and
Pharmaceutical Samples

Increasingly, the investigation of protein structure and function
has come to include, in addition to the protein itself, the carbohy-
drate moieties and other components bound to it. Investigation of the
significance of protein bound carbohydrates begins with identifying
and measuring these components. The Aminex HPX-87H column

Conditions
Column:

Eluant:
Flow Rate:
Temperature:
Detector:

HPX-87 carbohydrate column
300 x 7.8 mm
H2O
0.6 ml/min
85 °C
RI

Sucrose

Inorganic Salt

Minutes 5 10

A Sucrose

Minutes

B

5 10
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can be used for the rapid analysis of two types of carbohydrate com-
pounds typically obtained from protein hydrolysates: acetylated
amino sugars and certain monosaccharides that have been shown to
be involved in glycoprotein structure (Figure 6.1).

Fig. 6.1. Analysis of sugars found in glycoproteins on the Aminex HPX-
87H column using dual RI and UV detection. 

H. A. B. Linke and S. J. Moss [Z. Ernaehrungswiss, 31, 147
(1992)] developed a sensitive HPLC method for the separation and
quantitation of both carbohydrate sweeteners and organic acids in
oral fluids (plaque, saliva) using an Aminex HPX-87H column.
This method is useful in caries research, detecting minute amounts
of sugars and organic acids in oral fluid during clearance studies
of various foods in the mouth. 

Ruo, et al. [Clin. Chim. Acta, 204, 217 (1991)] developed an
assay for inulin in plasma and urine on an Aminex HPX-87C col-
umn using post-column pulsed amperometric detection. This assay
aids in clinical studies using inulin clearance from the kidney as a
measure of glomerular filtration rates and extracellular fluid space.

Conditions
Instrument:
Column:

Sample:

Eluant:
Flow Rate:
Temperature:
Detection:

GlycoChrom analyzer
Aminex HPX-87H column,
300 x 7.8 mm
Acetylated amino sugars and
carbohydrate mixture
5 mM sulfuric acid
0.60 ml/min
40 °C
UV 210 nm
RI

Sialic acid
Glucose
Mannose
Fucose
N-acetyl glucosamine
N-acetyl galactosamine

1.
2.
3.
4.
5.
6.

Peaks:
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21

Bulletin 1928 text  3/10/99 2:32 PM  Page 21



Warner et al. [Clin. Chim. Acta, 127, 313 (1983)] used the Bio-Sil®

amino 5S column to develop a rapid and sensitive HPLC method to
diagnose GM1 gangliosidosis, an inherited storage disorder caused by
a deficiency of the lysosomal enzyme beta-galactosidase. Because
beta-galactosidase activity is nearly absent in this disease, increased
amounts of GM1 ganglioside and galactosyloligosaccharides accu-
mulate in the viscera and are excreted in the urine. Using the Bio-Sil
column with a linear gradient of acetonitrile-water, Warner was able
to quantitate urinary galactosyloligosaccharides. 

Denutte et al. [Int. J. Appl. Radiat. Isot., 36, 82 (1985)] used the
Aminex HPX-87C column to develop a biosynthetic method for
the preparation of pure, carrier-free [11C] glucose. Green algae were
fed 11CO2, and the labeled glucose was isolated by HPLC.

The capacity of lung explant cultures to synthesize collagen
can be estimated by determining the content of [3H] hydroxyproline
in protein following incubation with [3H] proline. After acid hydrol-
ysis the hydroxyproline is completely separated from proline using
the Aminex HPX-87C column in 10 mM calcium acetate, pH 5.5,
at 85 °C [Stimler, N. P., Anal. Biochem., 142, 103 (1984)].

The Aminex HPX-87C column is also useful for analyzing
pharmaceutical samples which contain carbohydrates in combina-
tion with other compounds. Figure 6.2 shows the analysis of a phar-
maceutical solution containing dextrose, performed using the Aminex
HPX-87C column.

Fig. 6.2. Analysis of an ophthalmic solution on the Aminex HPX-87C
column. 

Often with complex samples such as cell cultures, mixtures of
compounds must be resolved. Figure 6.3 shows the ability of the
Aminex HPX-87H column to separate glucose and lactic acid used

Column:

Sample:

Eluant:
Flow Rate:
Temperature:
Detection:

Conditions
Aminex HPX-87C column,
300 x 7.8 mm
Ophthalmic solution containing
0.92 mg dextrose/ml, 20 µl
DDI H2O
0.6 ml/min
85 °C
RI @ 16x  

Dextrose1.

Minutes 5

1

10

Peaks:
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to monitor cell metabolism in a cell culture medium [Tedesco, J.
L., BioTechniques, 5, 46 (1987)].

Fig. 6.3. Separation of glucose and lactic acid in conditioned DMEM
containing 10% FBS on the Aminex HPX-87H column. Courtesy of John
L. Tedesco, Invitron Corporation. 

6.2 Carbohydrates in Natural Biological
Materials

The analysis of carbohydrates in natural biological materials, par-
ticularly plants and plant products, is of interest in the study of plant
physiology, and provides useful information for industrial research,
biomedical research, and food technology. Analysis of these car-
bohydrates has become increasingly important with the attempt to
use forest products and by-products more completely for energy
production, chemical feedstocks, and similar applications. HPLC
on Aminex columns provides one of the simplest and most rapid
ways to study carbohydrates in these natural products. 

Natural biological materials often contain disproportionate
amounts of carbohydrates. The large quantity of one carbohydrate
can mask the detection of a smaller quantity of another. An exam-
ple is the separation of glucose, galactose, xylose, arabinose, and
mannose found in wood pulp hydrolysates. The Aminex HPX-87P
column is highly selective for the monosaccharides typically derived
from cellulose, and provides excellent resolution of these com-
pounds, even when disproportionate quantities of some carbohy-
drates are present (Figure 6.4). The Aminex HPX-87P column has
been used to develop HPLC methods for analyzing wood sugars of
interest to the pulp and paper industry.

0
Minutes

15105
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1

RI

Conditions
Column:

Sample:
Eluant:
Flow rate:
Temperature:
Detection:

Peaks:
1.  Glucose
2.  Lactic acid

Aminex HPX-87H column,
300 x 7.8 mm
Cell culture
0.01 N H2SO4
0.6 ml/min
Ambient
RI
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Fig. 6.4. Analysis of a wood pulp hydrolysate on the Aminex HPX-87P
column. 

Landolt et al. [Trees, 3, 85 (1989)] have studied alterations in
plant metabolism to better understand possible damaging effects of
air pollution. They analyzed the effects of ozone and season on the
pool size of cyclitols (myo-inositol and pinitol) in Scots pine using
an Aminex HPX-87P column and found that ozone decreased lev-
els of myo-inositol while increasing pinitol levels.

Hydrolyzed wood samples often contain complex mixtures of
sugars, phenolics, organic acids, furfurals, and other compound class-
es. Analysis of the sugar fractions may be complicated by the com-
plex array of additional compounds present. Patrick, D. W. and Kracht,
W. R. [J. Chrom., 318, 269 (1985)] developed a novel column switch-
ing system, using a single pump and a 10 port valve, to simplify and
speed the analysis of both water soluble and lipophilic organics in
reaction products of wood hydrolysis. They were able to determine
furfural and hydroxymethyl furfural, in addition to water soluble sug-
ars and aliphatic acids, using an Aminex HPX-87H column. 

Plant gums and mucilages are an important group of plant con-
stituents with pharmaceutical and technical uses. The Aminex HPX-
87P column has been used in a method which provides complete
separation and quantitation of neutral sugars from plant cell walls
and mucilages [Blaschek, W., J. Chrom., 256, 157 (1983)]. A mix-
ture containing L-rhamnose, L-arabinose, D-xylose, D-mannose,
D-galactose, and D-glucose was baseline separated using a two-
step procedure combining HPLC on an amino bonded phase column
with analysis on the Aminex HPX-87P column. Lenherr, A. et al.
[J. Chrom., 388, 455 (1987)] used an Aminex HPX-87P column to
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Conditions  
Column:        

Sample: 

Eluant:            
Flow rate:        
Temperature:
Detection:

Peaks:
1.  Cellobiose, 0.1%
2.  Glucose, 10%
3.  Xylose, 0.1%
4.  Galactose, 0.1%
5.  Arabinose, 0.1%
6.  Mannose, 0.5%

Aminex HPX-87P column,
300 x 7.8 mm
Wood pulp hydrolysate,
model solution, 20 ml
H2O
0.6 ml/min
85 °C
RI @ 16x
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detect glucose, mannose, allose, and galactose in plant glycosides.
In samples of reference sugars, the minimum injection amount was
1 µg each using refractive index detection. 

Schwald, W. et al. [Chromatographia, 20, 35 (1985)] used a
two column procedure combining the Aminex HPX-87P column
and the Aminex HPX-42A column to analyze the oligomeric and
monomeric carbohydrates from hydrothermal degradation of cotton-
waste materials. The Aminex HPX-87P column separated the
monomeric sugars and degradation products, while the Aminex
HPX-42A column separated the oligomeric sugars.

Increased interest in the use of crop biomass for energy has cre-
ated a demand for a rapid method to analyze the common sugars in
crop plants, especially sucrose, glucose, and fructose. McBee, G. G.
and Maness, N. O. [J. Chrom., 264, 474 (1982)] developed a rapid
and reproducible method for the detection of these sugars in sorghum
cultivar culms by HPLC following oven drying of plant tissues and
refluxing with boiling 95% EtOH. HPLC was performed on an
Aminex HPX-87C column and a Bio-Sil® amino 5S column was
used to ascertain that the sucrose peak was pure and did not contain
maltose. Kubadinow, N. [Zuckerindustrie, 111, 37 (1986)] developed
a quantitative method to detect carbohydrates and aconitic acid in
sorghum juices by HPLC, as a control method for sorghum pro-
cessing. The method uses an Aminex HPX-87H column which per-
mits quantitation of sucrose, ketose, glucose, fructose, and cis- and
trans-aconitic acid within 14 minutes.

Analytically useful separations of the alpha- and beta-anomers
of five economically important monosaccharides, glucose, xylose,
galactose, mannose, and arabinose, can be obtained by aqueous
chromatography on the Aminex HPX-87C column [Baker, J. O.
and Himmel, M. E., J. Chrom., 357, 161 (1986)]. Such analyses
are important in determining the mechanisms of action of different
enzymes converting the polysaccharides found in woody biomass
to monomeric units fermentable to fuel alcohols. Chromatography
on the lead-form Aminex HPX-87P column separated the anomers
of glucose, but failed to separate the anomers of the other four sug-
ars due to the substantially higher rate of mutarotation of these sug-
ars in the presence of the lead form packing material. 

6.3 Alcohol Analysis
The measurement of alcohol is an important and frequently per-

formed determination for the analysis of alcoholic beverages and
foods. However traditional methods make this a relatively difficult pro-
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cedure. Distillation, GC, enzymatic analysis, and gravimetric/refrac-
tive index can be used for accurate analysis, but they are, in varying
degrees, time consuming, complex, highly technique dependent, and
destructive of the sample. Aminex columns can provide rapid and
non-destructive analysis of alcohols. A profile of different alcohols per-
formed using an Aminex HPX-87H column is shown in Figure 6.5.
Sugar alcohols are routinely separated on the 250 x 4.0 mm Aminex
HPX-87C column according to one USP procedure (Figure 6.6). 

Fig. 6.5. Separation of alcohols on the Aminex HPX-87H column.
Reproduced with the permission of Pecina, R. and Bonn, G., J. Chrom., 287,
245 (1984).

Fig. 6.6. Sugar alcohol separation.
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Flow rate:        
Temperature:
Detection:
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2. Erythritol
3. Ribitol and pentaerythritol
4. Mannitol
5. Arabitol
6. Galactitol
7. Xylitol
8. Sorbitol
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Aminex HPX-87C column,
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70 °C
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Inositol is a cyclic polyol which is a ubiquitous component of liv-
ing cells and body fluids. Inositol and its derivatives have been rec-
ognized as intracellular second messengers. These compounds appear
to serve in a variety of important biochemical roles. A number of inos-
itol isomers have been separated on an Aminex HPX-87C column by
Sasake, M. et al. [Carbohrdr. Res., 183, 1 (1988)] using refractive
index detection and by Wang, W. T. et al. [Anal. Biochem., 188, 432
(1990)] using postcolumn pulsed amperometric detection. 

6.4 Fermentation Analysis
Aminex columns are used with a combination of UV and RI

detection to provide a complete picture of fermentation kinetics. The
RI monitor detects fermenting carbohydrates, glycerol, and alcohol,
while the UV monitor detects carboxylic acids, volatile fatty acids,
and other fermentation by-products which can cause feedback inhi-
bition. The Aminex HPX-87H column provides superior separations
of both carbohydrates and organic acids by combining the mecha-
nisms of ion exclusion and partition. A fermentation broth consist-
ing of a complex carbohydrate mixture was monitored at 0, 24, and
96 hours. Figure 6.7-1 shows the profile of the broth at 0 hours. The
carbohydrate content of the broth was profiled by RI monitoring,
while the acid content was measured by UV monitoring at 210 nm.
Because molasses was one of the broth components, the UV trace
shows that some carboxylic acids existed in the broth prior to fer-
mentation. Figure 6.7-2 shows the production of glycerol and alco-
hol, with a reduction in carbohydrates, after 24 hours. Figure 6.7-3
shows that after 96 hours most of the fermentable carbohydrates
have been consumed. By providing an easy and rapid method for
analyzing the major parameters of fermentation, the Aminex HPX-
87H column allows researchers to accurately measure fermentation
kinetics. This method is particularly useful for evaluating strains of
yeast and bacteria for efficient alcohol production and for production
of important by-products. Because the method is so simple, it is par-
ticularly useful for routine industrial quality control analyses.

The total utilization of biomass is very important from envi-
ronmental, industrial, and agricultural points of view. Plant biomass
such as lignocellulose materials of waste waters, agricultural residues,
and wood are important renewable sources for fermentation to pro-
duce needed fuels. Aminex columns have been used extensively in
the analysis of sugars and other organic compounds in sulphite
liquors used widely as fermentation substrates. Gey, M. et al. [Acta.
Biotechnol., 11, 511 (1991)] separated pentoses, hexoses, furfural,
and hydroxymethyl furfural (HMF) from sulphite liquor on an
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Aminex HPX-87H column using dual refractive index and UV
detection at 283 nm. Marko-Vargo, G. et al. have studied a number
of enzyme-based detection systems for HPLC. These detection sys-
tems have been coupled with Aminex HPX-87C, HPX-87H, and
HPX-87P columns to analyze sulphite liquor [Chromatographia,
36, 381 (1993)] as well as penicillin fermentation [J. Chrom., 408,
157 (1987)].

28

Fig. 6.7 Analysis of fermentation broths on the Aminex HPX-87H column
using dual RI and UV detection.
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The Aminex HPX-87H column can also be used in combination
with other columns for a more complete profile of carbohydrates in
fermentation solutions. For example, Bonn, G. and Bobleter, O.
[Chromatographia, 18, 445 (1984)] used the combination of an
Aminex HPX-87H column and an Aminex HPX-42A column for
HPLC analysis of plant biomass hydrolysis and fermentation solu-
tions. The Aminex HPX-42A column is especially useful for the
analysis of the gluco-oligomers in the solution, while the Aminex
HPX-87H column separates the monomeric sugars and their degra-
dation and fermentation products such as furfurals and alcohols
very well. Dadic, M. and Belleau, G. [J. Amer. Soc. Brewing Chem.,
40, 141 (1982)] used the same combination of columns to quanti-
tate individual oligosaccharides along with the fermentable sugars
maltotriose, maltose, glucose, and fructose. 

Section 7
Food Applications with Carbohydrate
Analysis Columns

Most industries operate within narrow profit margins, requiring
large volume production and rapid product turnover for survival.
As a result, accurate knowledge and control of ingredients and reli-
able monitoring of production processes are important cost control
factors. HPLC on Aminex columns is a useful, versatile tool which
can help achieve these goals. The wide range of both analytical and
quality control analyses which can be performed on the Aminex
columns can provide industries with information concerning raw
materials, processes, and products.

7.1 Carbohydrates in Raw Materials
Since the price of corn products is often determined by the

amount of fermentable sugars in them, it is necessary to determine
the amount of maltotriose, maltose, and glucose, accurately. Even
though differences in quantitation may seem small, when a small
error is applied to thousands of pounds of corn product, the price dif-
ferential can be large. Aminex HPX-87C columns are optimized
for rapid analysis of high fructose corn syrup. Examples of the
speed and resolution possible with these columns are shown in
Figures 7.1 and 7.2. Figure 7.1 shows the separation of maltose,
dextrose, fructose, and ribose. The peaks are well separated, and
the analysis took only 10 minutes. Figure 7.2 shows the separation
of a starch hydrolysate reported to contain 50% each of dextrose
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and fructose. Again, the peaks were narrow and well separated, and
the run took less than 10 minutes. If faster analysis is required and
fructose is the only component of interest, the Fast Carbohydrate
Analysis Column is appropriate. The column separates glucose and
fructose in approximately 4 minutes, although other components
of the syrup are not separated. 

Fig. 7.1. Rapid sugar separation on the Aminex HPX-87C column. 

Fig. 7.2. Analysis of a starch hydrolysate on the Aminex HPX-87C
column.

Sorghum is often used in commercial food products. The car-
bohydrate composition of sorghum stalks can be an indication of
fungal stalk rot, a disease which makes the sorghum unfit for use.
HPLC analysis, using either the Aminex HPX-87C column or the Fast
Carbohydrate Analysis column, can provide a quick analysis. The sug-
ars are extracted with hot 80% ethanol, evaporated, and redissolved
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in water before analysis. With this method, a sorghum sample can be
analyzed in 3.5 minutes on the Fast Carbohydrate Analysis column,
or in 15 minutes on the Aminex HPX-87C column (Figure 7.3).

Fig. 7.3. Sorghum sugar analysis on the (A) Fast Carbohydrate and
(B) Aminex HPX-87C columns. 

Charles, D. F. [Int. Sugar J., 83, 169 (1981)] used an Aminex
HPX-87C column to analyze samples of raw sugar for carbohy-
drates. He found that the presence of glycerol in raw sugars can
serve as an indication of microbiological degradation. He then used
the column to detect microbiological degradation in a refined prod-
uct made from the sugars. The column quantitatively detected glu-
cose, mannose, levulose, and glycerol, providing a fast, simple
method to detect spoilage in raw materials and finished goods.
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Water soluble carbohydrate polymers are becoming increas-
ingly important to industry, as their use as thickening agents for
foods becomes more widespread. The Aminex HPX-42C column
provides excellent resolution of these oligosaccharides (Figure 7.4).
Analysis times for monosaccharides, however, are relatively long on
this column. The Aminex HPX-42A column can resolve glucose
polymers as large as Dp 11 within 30 minutes (Figure 7.5). For bet-
ter resolution of oligosaccharides greater than Dp 11, two Aminex
HPX-42A columns can be used in series to separate oligosaccharides
to Dp 14. This dual column method is especially useful in the car-
bohydrate industry, where it can be employed to determine enzymatic
or acid hydrolysis in the conversion of corn syrup to fermentable 
carbohydrates.

Fig. 7.4. Sugar and corn syrup analysis on the Aminex HPX-42C column. 
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Fig. 7.5 Corn syrup analysis on the Aminex HPX-42A column.

7.2 Carbohydrates in Dairy Products
Analysis of the carbohydrate content of dairy products is impor-

tant in flavor studies and nutritional assessments. Different types
of sweeteners are added to dairy products to create or enhance fla-
vors. HPLC with Aminex columns provides a rapid and simple
method for assessing the type and quantity of sweetener present.
The Aminex HPX-87P column is useful for analyzing samples
which contain different types of sweeteners. Figure 7.6 shows the
carbohydrate profile of plain yogurt which contains natural lactose
and galactose, strawberry yogurt to which corn sweetener has been
added for flavor enhancement, and blueberry yogurt which con-
tains added corn syrup.

Ice cream is made up of combinations of monosaccharides and
disaccharides. The type and quantity of sugars used influence both
the nutritional quality and the flavor. Analysis of the carbohydrate
matrix of ice cream can show the quality and sweetness of the final
product. The disaccharide column is ideal for the analysis of sugars
in ice cream and other dairy products (Figure 7.7). An ethanol
extract of the dairy product eliminates proteins, which would rapidly
deplete the guard column. The speed of analysis possible with the
disaccharide column allows high sample throughput.
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Fig. 7.6. Carbohydrate profiles of plain and flavored yogurts on the
Aminex HPX-87P column. 

Fig. 7.7. Ice cream analysis on the Aminex disaccharide column. Courtesy
of Dean Foods.
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Richmond, M. L. et al. [J. Dairy Sci., 65, 1394 (1982)] used
an Aminex HPX-87C column to develop a method for determining
sucrose, lactose, glucose, galactose, and fructose in strawberry and
plain yogurt, milk, buttermilk, and wheys. Operated at a flow rate
of 1.0 ml/min, the column separated lactose, glucose, and galac-
tose with near-baseline resolution in 8 minutes.

Pirsino, J. F. [J. Food Sci., 48, 742 (1983)] used the Aminex
HPX-87C column to develop a simple, rapid method for simulta-
neous detection of lactose, glucose, and galactose in lactose-reduced
milk. The milk samples were rapidly prepared for injection by pre-
cipitating protein and fat with MeCN. For spiked milk samples,
recoveries from 94 to 103% were obtained. 

7.3 Carbohydrates in Fruit Juice
Many compounds affect the appearance, taste, odor, and nutri-

tional quality of fruit juice. Carbohydrates and organic acids are
both present in juices at natural or supplemental levels. Both are
important flavor components, and profiles of the amounts of each
in a sample can be useful indicators of flavor and quality. In addi-
tion, combinations of carbohydrates and organic acids are frequently
added to juices to enhance or to create flavors. Carbohydrate anal-
ysis can also be used to detect adulterations or substitutions in fruit
juice components. HPLC on Aminex columns is the method of
choice for the analysis of carbohydrates in fruit juice. Figure 7.8
shows the analysis of apple juice on a Fast Carbohydrate Analysis
column. The analysis took 6.5 minutes and provided baseline res-
olution between glucose and fructose.

Fig. 7.8. Apple juice analysis on the Fast Carbohydrate column. 
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Sometimes in the beverage industry a complete profile of the
carbohydrate and acid content of a formulation is required. Because
of the complexity of carbohydrates as a class, no single HPLC col-
umn can be optimized to give the complete profile, so several different
Aminex columns, each optimized to provide high selectivity for a dif-
ferent class of compounds, should be used. The Aminex HPX-87C
column provides a good beginning for most sweetener analyses.
This column separates glucose, fructose, and sucrose, and allows
detection and quantitation of sorbitol, which co-elutes on other
columns. Figure 7.9 shows the analysis of orange juice on this col-
umn. While the Aminex HPX-87C column is excellent for analyz-
ing simple sugars, disaccharides will co-elute on the column. The
Aminex disaccharide column is optimized for disaccharide analysis. 

Fig. 7.9. Orange juice analysis on the Aminex HPX-87C column. 

Lee, H. S. and Wrolstad, R. E. [J. Assoc. Off. Anal. Chem., 71,
789 (1988)] used the Aminex HPX-87C column to analyze the sug-
ars in apple juice. Gancedo, M. C. and Luh, B. S. [J. Food Sci., 51,
571 (1986)] used the Aminex HPX-87H column to profile the sug-
ars and organic acids in tomato juice. 

7.4 Fermentation Analysis
The Aminex HPX-87H column provides simultaneous separa-

tions of carbohydrates and organic acids, by combining the mechanisms
of ion exclusion and partition. The RI monitor detects fermenting car-
bohydrates, glycerol, and alcohol, while the UV monitor detects car-
boxylic acids, volatile fatty acids, and fermentation by-products. The
ethanol and glycerol content of wine is not only an excellent indica-
tor of the progress of fermentation, it can also be used to predict the qual-
ity of the final product, since the amount of glycerol correlates with the
smoothness of the wine. Figure 7.10 shows a typical sugar profile of
a Cabernet Sauvignon wine on the Aminex HPX-87C column. 
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Fig. 7.10. Sugar and alcohol analysis in wine on the Aminex HPX-87C
column.

7.5 Carbohydrates in Food Products
Aminex HPLC columns provide a fast and convenient method

for analyzing the components of food products, making them espe-
cially useful in such applications as quality control. Not only can total
sugar measurements be made quickly, but individual sugars can be
quantitated with the columns. For example, Figure 7.11 shows the
ability of the Aminex HPX-87C column to analyze the sweetener
composition of a cookie. The Aminex HPX-87C column has been
used in conjunction with the Bio-Sil amino 5S column (Aminex
disaccharide) for the quantitation of sugars in raw and baked sweet
potato products [Picha, D. H., J. Food Sci., 50, 1189 (1985)].
Quantitation of maltose and sucrose in baked potatoes is performed
on the Aminex disaccharide column, since these compounds 
co-elute on the Aminex HPX-87C column. 

Fig. 7.11. Sugar analysis of cookie extracts on the Aminex HPX-87C
column. Courtesy of Mike Gross, Keebler Company. 
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Polydextrose is a synthetic water soluble polymer not exceed-
ing 22,000 daltons molecular weight. Due to the low metabolism of
polydextrose (1 calorie/g) it is used as a bulking agent in the man-
ufacture of low-calorie diet foods. With polydextrose, a variety of
reduced-calorie foods has been created that simulate the texture
and mouth-feel of higher calorie substances. Noffsinger, J. B. et al.
[J. Assoc. Off. Anal. Chem., 73, 51 (1990)] have developed a sim-
ple method to assay polydextrose in foods using the Aminex HPX-
87C column eluted with 5 mM calcium sulfate (Figure 7.12).

Fig. 7.12. Analysis of polydextrose in different foods on the Aminex
HPX-87C column. Reproduced with permission, Noffsinger J. B. et al., 
J. Assoc. Off. Anal. Chem., 73, 51 (1990).

Section 8
Organic Acid Analysis Columns

Sensitive analysis of small acidic and polar compounds is impor-
tant in products throughout the food, beverage, and brewing industries.
These compounds are not only naturally present in many foods, they
are also used as food additives. The presence and quantity of organ-
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ic acids in samples can indicate the quality and properties of a prod-
uct, and can reflect contamination or adulteration. The current inter-
est in human nutrition has increased the demand for simple yet specific
methods of food and beverage analysis which can detect and quanti-
tate these compounds. Analysis of organic acids, aldehydes, ketones,
alcohols, and carbohydrates is important in biotechnology, as well
as in biomedical applications. Aminex HPLC methods not only
increase the ease with which sample components can be determined,
but they also allow determination of compounds that were previous-
ly undetectable. The column decreases operator involvement and,
because sample handling is kept to a minimum, sample loss and
method error decrease substantially. One of the major advantages of
the Aminex HPX-87H columns for biotechnology applications is the
durability of the resin packing, which makes it easier to obtain con-
sistent, reproducible results. In addition, if the columns do become con-
taminated they are easy to regenerate to their original high quality.

Several Aminex columns are available for small acidic and
polar molecule analysis. When many compounds in a formulation
must be analyzed, or when high resolution separations are required,
the 300 x 7.8 mm ID Aminex HPX-87H column is the choice,
although the Aminex HPX-87C column is also suited for analyzing
organic acids in combination with carbohydrates. The smaller fast
acid and fermentation monitoring columns provide fast separations
of specific organic acids in samples where only certain components
are of interest. With these columns, analyses can be completed in 3–5
minutes. As with the Aminex HPX-87H column, dilute sulfuric
acid is the only eluant used in the analyses, and filtering is gener-
ally the only sample preparation required. 

The Aminex HPX-87H columns separate organic acids using pri-
marily ion exclusion and reversed phase mechanisms. When dilute
sulfuric acid is used as the eluant, organic acids elute from the col-
umn in order of increasing pKa. Anions are eluted near the void
volume, and acids which have been ionized in the acidic eluant
elute according to the fraction of the acid ionized. Column selectivity
is controlled by changing the column temperature, the pH of the
eluant, or by adding organic modifiers such as acetonitrile to the
eluant to reduce resin/compound interactions and to cause strong-
ly bound compounds such as aromatic acids to elute more rapidly.
The column separates neutral species, such as carbohydrates and
alcohols, by reversed phase partitioning. The eluant is polar while
the resin matrix is nonpolar, so the aliphatic nonpolar alcohols are
adsorbed by the resin and are eluted after charged molecules. This
ability to separate a variety of compounds makes the columns ideal
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for fermentation and by-product analysis, or for separating mix-
tures which contain several classes of components.

The Aminex HPX-87H column performs most analyses in
about 20 minutes, with sensitivity to the ng level. A simple iso-
cratic elution with slightly acidified water is all it takes to analyze
organic acids in most samples with the 300 x 7.8 mm column, and
filtration is the only sample preparation required before injection.
Separations can be performed from ambient temperature to 60 °C
at flow rates between 0.4 and 1.0 ml/min.

The Fast Acid Analysis Column is optimized for the analysis
of alcohols, glycols, and hydrophobic organic acids. Typically, anal-
yses can be shortened four-fold over those obtained with research
length columns. Because the fast acid column is shorter, compo-
nents elute as taller, narrower peaks. Detection limits are improved,
and smaller sample loads can be used.

The Fermentation Monitoring Column is optimized to resolve
maltotriose, maltose, glucose, and fructose while also resolving
acids and alcohols. When analysis of sugars in a fermentation broth
is required, this is the column of choice.

The Aminex HPX-87C column can be fine-tuned for organic
acids analysis by using an eluant which contains a mixture of water,
calcium sulfate, sulfuric acid, and acetonitrile. 

Section 9
Biotechnology Applications with Organic
Acid Analysis Columns

9.1 Biomedical Applications
The identification and quantitation of plasma and urinary car-

boxylic acids can assist in diagnosing inborn metabolic disorders.
Most methods of carboxylic acid analysis require derivatization,
followed by GC, GC/MS, or HPLC analysis. However, derivatiza-
tion is time consuming and in addition may not be quantitative.
Buchanan, D. N. and Thoene, J. G. [Anal. Biochem., 124, 108
(1982)] developed a rapid HPLC screening procedure for organic
acids, which eliminates both sample extraction and derivatization,
using an Aminex HPX-87H column with tandem UV and ampero-
metric detection (Figure 9.1). Since then, several rapid HPLC screen-
ing procedures for these acids have been developed which eliminate
both sample extraction and derivatization using the Aminex HPX-
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87H column [Bennett, M. J. and Bradey, C. E., Clin. Chem., 30,
542, (1984); Buchanan, D. N. and Thoene, J. G., Clin. Chem., 32,
169 (1986); Chong, W. K. et al., J. Chrom., 487, 147 (1989)]. 

Fig. 9.1. Urinary acid analysis on the Aminex HPX-87H column using
amperometric (A) and UV (B) detection. 

An increase in serum lactate and pyruvate levels is associated
with several medical disorders. High serum lactate levels can indi-
cate lactic acidosis in diabetes, and can be a useful prognostic indi-
cation in myocardial infarction complicated by shock. A rise in
serum pyruvate levels can indicate heavy metal poisoning or thiamine
deficiency. The Aminex HPX-87H column can solve many of the
analytical problems associated with the determination of serum lac-
tate and pyruvate.

Analysis of plasma can be extremely useful as a diagnostic tool.
Figure 9.2 shows an acid profile from normal plasma and six addi-
tional acid profiles indicative of various diseases. Although some
sample clean-up is necessary to preserve the life of the column, the
Aminex HPX-87H column provides the most convenient method of
analysis for acids in biological samples.

Elevated serum sialic acid levels, as reflected by N-acetylneu-
raminic acid (NANA) concentration, are associated with tumor
growth in neoplasms. Silver, H. K. B. et al. [J. Chrom., 224, 381
(1981)] analyzed serum hydrolysates for sialic acid with an Aminex
HPX-87H column. They found the HPLC method easy and a valu-
able tool for quantitating serum sialic acid. Sialuria is a disease
characterized by increased levels of free N-acetylneuraminic acid in
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Fig. 9.2. Plasma profiles: (a) normal, 0.7 ml plasma; (b) methylmalonic aci-
daemia, 0.5 ml plasma; (c) propionic acidaemia 0.7 ml plasma; (d) maple
syrup urine disease, 0.4 ml plasma; (e) severe ketosis, 0.1 ml plasma; (f) iso-
valeric acidaemia, 0.5 ml plasma; (g) 3-hydroxy-3-methylglutaryl CoA lyase defi-
ciency, 0.4 ml plasma. Reproduced with permission, Daish, P., et al., Clinica
Chimica Acta, 146, 87 (1985).
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urine. Mononen, I. [J. Chrom., 381, 219 (1986)] has described a
simple method for the detection of sialuria using an Aminex HPX-
87H column (Figure 9.3). 

Fig. 9.3. Analysis of N-acetylneuramic acid in urine samples on the
Aminex HPX-87H column. A. Standard N-acetylneuraminic acid; B. Urine
sample from control subject; C. Urine sample from a patient with sialuria.
Reproduced with permission, Mononen, I., J. Chrom., 381, 219 (1986).

Chromatographic profiles of other N-acetylated amino sugars
have been shown to be useful in quantitative analysis. Detection of
N-acetyl galactosamine on an Aminex HPX-87H column is used
for indirect assay of beta-hexosaminidase, an enzyme which cat-
alyzes the cleavage of particular oligosaccharides to N-acetyl galac-
tosamine. Figure 9.4 shows the profile achieved by direct injection
of digest over the Aminex HPX-87H column.

Fig. 9.4 Analysis of N-acetyl galactosamine on the Aminex HPX-87H
column.
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The identification and quantitation of short chain fatty acids
plays an important role in several research fields. In microbiology,
the measurement of volatile fatty acids is used as a presumptive
test for anaerobic bacterial infection. In nutritional science, fatty
acid analysis can provide information on animal metabolism.
Guerrant, G. O. et al. [J. Clin. Microbiology, 16, 355 (1982)]
described a simple HPLC method for the determination of short
chain fatty acids in bacterial cultures. They separated 25 standard
fatty acids on an Aminex HPX-87H column, using 10.8% acetoni-
trile in dilute sulfuric acid. They used the HPLC method to ana-
lyze a bacterial culture of Peptostreptococcus anaerobius. Thirteen
acids from the culture were identified by comparing their retention
times to those of known standards (Figure 9.5). Krausse, R. and
Ullmann, U. [Zentralbl. Bakteriol., 276, 1 (1991)] have developed
a rapid method for analyzing volatile and nonvolatile short chain fatty
acids using the Aminex HPX-87H column.

Fig. 9.5. Organic acid analysis of an extract of P. anaerobius on the
Aminex HPX-87H column. Reproduced with permission. Guerrant. G. O., et
al., J. Clin. Microbiol., 16, 355 (1982).

Martillotti, F. and Puppo, S. [Ann. Ist. Sper. Zootec., 18, 1 (1985)]
described a procedure for the detection of lactic acid and volatile fatty
acids in silages and rumen fluids. Rumen samples were diluted 1:1
with 1 N H2SO4 while silage was homogenized 1:2 with 1 N H2SO4.
After filtration and centrifugation, the supernatant was analyzed on
an Aminex HPX-87H column.
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Chiu, G. [JHRC and CC, 9, 57 (1986)] separated and detected
cyanovaleric acid in a mixture of carboxylic acids in process streams
by using an Aminex HPX-87H column. The detection limits for
C4-6 dicarboxylic acids and cyanovaleric acid were 2 and 3 ppm,
respectively. For 50 µl samples, these limits correspond to 0.1 and
0.15 µg, respectively. A complete analysis by this method took less
than 25 minutes.

9.2 Pharmaceutical Solution Analysis
Pharmaceutical solutions must be strictly monitored to insure

product integrity. The Aminex HPX-87H column permits the reso-
lution and quantitation of the three different classes of compounds
often found in IV solutions, carbohydrates, acids, and inorganic
anions. Substances with a strong positive charge, such as sodium,
potassium, and amino acids, will bind tightly to the cation exchange
resin in the guard column. Substances with a strong negative charge,
such as chloride ions, are excluded from the packing material and
elute in the void volume. For a complete quantitative profile of an
IV solution, a dual detection system should be employed.
Carbohydrates such as glucose and fructose are detected with a
refractometer, while acids such as lactic, gluconic, and acetic are best
detected with a UV monitor at 210 nm. Figure 9.6 shows the sepa-
ration of a typical IV solution in less than 25 minutes. Figure 9.7
shows the separation of acids from a urological sequestering agent.

Fig. 9.6. Analysis of an IV solution on the Aminex HPX-87H column.
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Fig. 9.7. Analysis of the acids in a urological sequestering agent on
the Aminex HPX-87H column. 

The measurement of alcohol is an important and frequently per-
formed determination for the analysis of alcoholic beverages, phar-
maceutical preparations, and biochemicals. The ability of the column
to measure alcohol in pharmaceutical preparations is demonstrated
in Figure 9.8, a chromatogram of diluted cough syrup.

Fig. 9.8. Analysis of the ethanol in cough syrup on the Fast Acid column. 

9.3 Fermentation Monitoring
The Aminex HPX-87H columns are well suited for monitoring

fermentable carbohydrates and the major by-products of fermentation.
The columns allow researchers to measure the kinetics of fermentation
accurately by providing an easy and fast method for detecting fer-
mentations’ major parameters. Additionally, contamination is mon-
itored through the production of acidic compounds. Acetic and lactic
acids are formed by the action of bacteria and wild yeast. Fermentation
cultures must be carefully monitored through all stages of the fer-
mentation. The Aminex HPX-87H column is especially useful for this
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type of fermentation monitoring. Figure 9.9 shows the analysis of a
fermentation process taking place in a culture broth of A. niger. 

Fig. 9.9. Analysis of sugars and organic acids from the culture broths
of A. niger on the Aminex HPX-87H column. (A) 0-hr broth (control medi-
um): (B) 20-hr broth; (C) 24-hr broth; (D) 28-hr broth, and (E) 42-hr broth.
Reproduced with permission, Tan, K.H. et al., J. App. Biochem., 6, 80 (1984).

9.4 Cell Metabolism 
Masson, S. et al. [J. Chrom., 563, 213 (1991)] have analyzed

the effluents from perfused rat liver on an Aminex HPX-87H col-
umn using dual UV and refractive index detection. They were able
to quantitate in a single run the metabolites derived from the tri-
carboxylic cycle, glycolysis, ketogenesis and ethanol oxidation
(Figure 9.10). 
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Fig. 9.10. Analysis of the effluents of perfused rat liver on the Aminex
HPX-87H column using dual UV and RI detection. A. Perfusion with a
Krebs-Henseleit medium; B. Perfusion with a Krebs-Henseleit medium sup-
plemented with 2 mM ethanol; C. Perfusion with a Krebs-Henseleit medium sup-
plemented with 2 mM ethanol and 1 mM ribose. Reproduced with permission,
Masson, S. et al., J. Chrom., 563, 213 (1991).

9.5 Acrylamide and Methacrylate Monomers
Acrylamide is a commercially important monomer with a wide

variety of industrial applications. It is an important constituent of
chromatography and electrophoresis gels used in laboratories for
the analysis of proteins and nucleic acids. There is an interest in an
accurate assay for these monomers from an environmental aspect as
well as to assess the monomer purity. As an example, reliable elec-
trophoresis results depend upon the purity of the starting reagents.
Figure 9.11 shows that several different monomers used in the poly-
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merization and/or crosslinking process can be checked for purity
in one analysis using the Fast Acid Column.

Fig. 9.11. Analysis of acrylamide monomers on the Fast Acid column. 

Section 10
Food Applications of Organic Acid
Analysis Columns

10.1 Process Control and Spoilage Detection
Quantitative determinations of organic acids in food products can

provide important information in flavor studies, nutritional assess-
ments, and spoilage detection. Analysis of organic acids in dairy
products, for example, gives information on process control param-
eters and flavor indicators.

The Aminex HPX-87H column provides a rapid method for
quantitation of pyruvic acid in milk (Figure 10.1A). The production
of pyruvic acid by metabolizing bacteria is a measure of the con-
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centration of psychrotrophic bacteria, which, while not pathogenic,
can generate off flavors in milk, and will continue to grow at com-
mercial refrigeration temperatures of 2–7 °C. At the same time, the
method can be used to measure lactose, a sweetness indicator (Figure
10.1B), and to obtain a total organic acid profile of the milk. The
Aminex HPX-87H column is much faster than bacterial plating
techniques, which may require several days. 

Fig. 10.1. Analysis of organic acids and lactose in milk on the Aminex
HPX-87H column. 

Marsili, R. T. et al. [J. Food Sci., 46, 52 (1981)] used the Aminex
HPX-87H column to detect organic acids in whole milk, skim milk,
cultured buttermilk, sour cream, cottage cheese, yogurt, cheddar
cheese, and blue cheese. They were able to quantitate orotic, citric,
pyruvic, lactic, uric, formic, acetic, propionic, butyric, and hippuric
acids in these products. Recoveries of more than 90% of the organ-
ic acids added to the dairy products were observed for every acid
but butyric. 

The Aminex HPX-87H column also provides a method for bet-
ter control over the production of cultured dairy products such as sour
cream, yogurt, and cheese. Each microbial culture produces a dis-
tinct organic acid profile (Figure 10.2). Organic acid analysis can
therefore be used both to monitor the microbiological process and
to define the final product. For example, distinct and different pro-
files were obtained for plain and cherry yogurt. Such characteristic
organic acid fingerprints give food processors the capability of cor-
relating the levels of individual organic acids with the specific taste
desired in a product. Bouzas, J. et al. [J. Food Sci., 56, 276 (1991)]

5 10Minutes

1

2

3 4 5 6

7

10 15 20 25Minutes

Conditions  
Column:        

Sample: 
Eluant:
Flow rate:        
Temperature:
Detection:

Peaks:
1. Citric acid
2. Pyruvic acid
3. Lactic acid
4. Formic acid
5. Acetic acid
6. Butyric acid
7. Lactose

A

B

Aminex HPX-87H column,
300 x 7.8 mm
25% solution milk/H2O, 20 µl
0.010 N H2SO4
0.6 ml/min
21 °C
A. UV @ 210 nm
B. RI @ 8x

50

Bulletin 1928 text  3/10/99 2:32 PM  Page 50



have developed a method for the analysis of sugars and organic
acids (Figure 10.3) in cheddar cheese on an Aminex HPX-87H 
column using dual UV and refractive index detectors in series.

Fig. 10.2. Analysis of organic acids in dairy products on the Aminex
HPX-87H column. 
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Fig. 10.3. Analysis of organic acids in cheddar cheese on the Aminex
HPX-87H column. Reproduced with permission, Bouzas, J., et al., J. Food Sci.,
56, 276 (1991).

The Aminex HPX-87H column is also useful for detecting
microbial spoilage in meats. Nassos, P. S. et al. [J. Food Sci., 49, 671
(1984)] used the column to develop a rapid method for measuring
lactic acid, a spoilage indicator, in refrigerated ground beef.

10.2 Detecting Food Additives
Organic acids are often added to food products to enhance or

modify the flavor, or to make the product more palatable and more
acceptable to consumers. Citric acid, for example, is often added to
fruit drinks to produce a tart flavor, and thus achieve a more natu-
ral taste. The organic acid analysis columns can provide a fast pro-
file of the citric acid content of fruit juices, which can be used to
detect product adulteration (Figure 10.4). Ashoor, S. H. and Knox,
M. J. [J. Chrom., 299, 288 (1984)] used the Aminex HPX-87H col-
umn to detect citric acid in a variety of food products. The detection
limit with this HPLC method was ≥2 µg citric acid, with a coeffi-
cient of variation of 0.2–4.4%. Recoveries of added citric acid were
between 98.0 and 101.9%. 
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Fig. 10.4. Analysis of citric acid in fruit juices on the Aminex HPX-87H
column. 

Fumaric acid is another organic acid frequently added to food
products to enhance flavor. Figure 10.5A shows the chromatographic
profile of natural grape juice, while Figure 10.5B shows the profile
of a grape ade, to which fumaric acid has been added for flavor. 

Fig. 10.5. Analysis of fumaric acid on the Aminex HPX-87H column. 
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Apple juice is sometimes diluted with water to extend the pure
juice. When juice is diluted, synthetic malic acid and sugar are added
to restore the sugar-acid balance and satisfy consumer taste. Since
malic acid is the predominant acid in apple juice, the addition of
synthetic malic acid allows the natural acidity of the juice to be imi-
tated. It is sometimes difficult to detect adulteration, since the level
of natural malic acid in apple juice can vary so much that monitor-
ing malic acid alone is not a reliable indicator of adulteration. But
because fumaric acid is an inherent contaminant of all commercial-
ly available malic acid, the level of fumaric acid in a sample of apple
juice is an excellent indication that synthetic malic acid has been
added to the juice. Since fumaric acid is present at levels less than 1
ppm in pure apple juice, juices with fumaric acid levels greater than
3 ppm can be suspected of containing synthetic malic acid. The
Aminex HPX-87C column provides a fast, accurate analysis of
fumaric acid levels in a juice sample (Figure 10.6). Alternatively,
Evans, R. H. et al. [JAOAC, 66, 1517 (1983)] used the Aminex HPX-
87H column to evaluate the authenticity of apple juice.

Fig. 10.6. Analysis of fumaric acid in apple juice on the Aminex HPX-87C
column. 

Benzoic and sorbic acids are used as preservatives in many
foods and ingredients. The concentration of these acids must be
monitored to achieve a level that is both effective and within legal
limits. The Fast Acid Analysis Column can perform this analysis in
less than 8 minutes. Phenolic acids are strongly retained on the
Aminex HPX-87H column, and while acetonitrile can be used to
reduce hydrophobic interactions, analyses can still take up to 1 hour.
Figure 10.7 shows the results achieved when the Fast Acid Analysis
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Column is used to detect sorbic and benzoic acid in maple flavored
syrup, with 0.01 N sulfuric acid as the eluant.

Fig. 10.7. Analysis of preservatives in maple-flavored syrup on the Fast
Acid column. Courtesy of Dr. D. G. Rowsell, Footscray Institute of Technology. 

Lactic acid is used as a food acidulant, and is a major compo-
nent of foods such as fermented meat sausage and fermented dairy
products. Because the lactic acid content of such products influ-
ences their flavor, stability, and quality after storage, quantitative
determination of lactic acid in food products is important for qual-
ity control, for meeting legal regulations, and for labeling. Ashoor,
S. H. and Welty, J. [J. Chrom., 287, 452 (1984)] used the Aminex
HPX-87H column to develop a simple, fast HPLC method for quan-
titating lactic acid in food products. The detection limit was 2 µg 
lactic acid, with a variation coefficient of 2.0–4.9% and recoveries
of 93.4–97.8%. 

Diethylene Glycol (DEG), a colorless, odorless, sweetish tast-
ing compound that is primarily used as an antifreeze, has some-
times been added to low quality wines to enhance the body and
sweetness, making the final product appear to have the quality of a
better wine. Methanol, which may be naturally present in wine at low
levels, has also been added to low quality wines, to increase the
alcohol content. Because DEG and methanol are toxic when ingest-
ed, detecting their presence in food and beverage products is crucial
for consumer safety. The Aminex HPX-87H columns provide a
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reliable method to rapidly screen samples for DEG and methanol.
Figure 10.8 shows the analysis of a wine sample intentionally adul-
terated with 20 ppm DEG. The Aminex HPX-87H column can also
detect methanol in wine samples in approximately 20 minutes.

Fig. 10.8. Analysis of diethylene glycol in wine on the Aminex HPX-87H
column. 

Sulfite is a common additive to food and beverages. If the lev-
els of sulfite exceed 10 ppm the FDA requires food labeling. Kim,
H. J. [J. Assoc. Off. Anal. Chem., 73, 216 (1990)] describes the
determination of sulfite in food and beverages using ion exclusion
chromatography on the Aminex HPX-87H column with electro-
chemical detection.

10.3 Flavor Indicators and Product Stability
The flavor of a product can often be predicted based on the type

and proportion of organic acids present. For example, the acetic
acid profile of fermented products is a useful determinant of fla-
vor. In some cases, like production control of vinegar, it is impor-
tant to quantitate acetic acid in the solution to control the quality and
the taste of the final product. In wine, large amounts of acetic acid
indicate poor quality, and impart a vinegary taste to the final prod-
uct. The Aminex HPX-87H column allows the complete analysis of
the major components of a wine sample (Figure 10.9).

5-(hydroxymethyl)-2-furaldehyde (HMF) and furfural are pro-
duced as the result of dehydration of saccharides when sugars are
subjected to heat processing. For example, when alcoholic beverages
like brandy are distilled, the heat treatment acts as a catalyst, pro-
ducing HMF and furfural. Elevated levels of HMF and furfural can
give the product an off-flavor, and indicate overheating. Monitoring
the levels of HMF and furfural can provide information about the
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     with 20 ppm diethylene
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65 °C
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processing and the quality of the final product. Users of corn syrup,
such as beverage industries, have put limits on the levels of HMF
which are acceptable. Figure 10.10 shows a fast analysis of HMF and
furfural in brandy. 

Fig. 10.10. Analysis of HMF and furfural in brandy on the Cation H
cartridge. 
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Fig. 10 9. Analysis of white wine on the Aminex HPX-87H column using
dual RI and UV detection. 
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The organic acids profile of canned foods is a useful indication
of product quality and stability, as well as flavor. The organic acid
analysis columns have been used to profile the organic acid content
of such canned foods as sauerkraut to determine the optimal acid con-
tent for longest shelf life (Figure 10.11).

Fig. 10.11 Analysis of lactic and acetic acids in sauerkraut on the Aminex
HPX-87H column. 

10.4 Vitamin Content and Nutritional Quality
Vitamin C (ascorbic acid) is naturally present in many food

products, and is supplementally present in fortified foods and drinks.
Because vitamin C is the nutrient most affected by processing foods,
the depletion of vitamin C in the final product can indicate the
depletion of other nutrients. For these reasons, it is important to
monitor vitamin C throughout the food processing. The Aminex
HPX-87H columns provide a rapid, precise method for monitoring
vitamin C in foods and beverages. Ascorbic acid can be analyzed in
less than 3 minutes with the Fast Acid Analysis Column and elec-
trochemical detection. Selective detection can permit rapid analy-
sis of vitamin C even in complex samples. Figure 10.12 compares
the results of an analysis of bean leaf on the fast acid column to
that achieved on the Aminex HPX-87H column. The Aminex HPX-
87H column has been used to determine ascorbic acid quantita-
tively in fresh and frozen fruits and vegetables, fresh and canned
juices, and powdered drinks [Ashoor, S. H. and Welty, J. J., J. Assoc.
Off. Anal. Chem., 67, 885 (1984)]. Graham W. D. and Annette, D.
[J. Chrom., 594, 187 (1992)] have analyzed both ascorbic and dehy-
droascorbic acids in potatoes and strawberries using and Aminex
HPX-87H column with detection at 245 nm.

Conditions
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Flow Rate:
Temperature:
Detection:
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column,300 x 7.8 mm
Sauerkraut extract, 20 µl
0.01 N H2SO4
0.6 ml/min
40 °C
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Acetic acid

Peaks:

1

2
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Fig. 10.12 Analysis of vitamin C in bean leaves. Courtesy of Cecelia Leung,
Washington State University. 

Section 11
Aminex References

11.1 General Methods Index
1. Widiastuti, R., Haddad, P. R. and Jackson, P. E., J. Chrom., 602, 43-50 (1992).

Approaches to Gradient Elution in Ion-Exclusion Chromatography of
Carboxylic Acids.

2. Glod, B. K., Haddad, P. R. and Alexander, P. W., J. Chrom., 595, 149-154
(1992).

Ion-Exclusion Chromatography Using Mobile Phases Containing B-
Cyclodextrin.

3. Glod, B. K., Haddad, P. R. and Alexander, P. W., J. Chrom., 589, 209-214
(1992).

Potentiometric Detection of Carboxylic Acids and Inorganic Anions in Ion-
Exclusion Chromatography Using Camphorsulphonic Acid as Eluant.

4. Clement, A., Yong, D. and Brechet, C., J. Liq. Chrom., 15, 805-817 (1992).

Simultaneous Identification of Sugars by HPLC Using Evaporative Light
Scattering Detection (ELSD). and Refractive Index (RI). Application to Plant
Tissues.

Conditions

1.

Column:

Sample:

A.  Aminex HPX-87H column,
     300 x 7.8 mm
B.  Fast Acid Analysis Column,
     100 x 7.8 mm
Bean leaf (Phaseolus vulgaris)
extracted in 0.1% dithiothreitol,
10 µl

 

Ascorbic acid

Eluant:
Flow Rate:
Temperature:
Detection:

Peaks:

0.01 N H2SO4 
1.0 ml/min
30 °C
A. UV @ 254 nm
B. EC @ 0.7 V

B

Minutes

1

0 1 2 3

A

Minutes
0

1

5 10

59

Bulletin 1928 text  3/10/99 2:32 PM  Page 59



5. Haddad, P. R. and Jackson, P. E., J. Chrom., 447, 155-163 (1988).

Studies on Sample Preconcentration in Ion Chromatography.VIII.
Preconcentration of Carboxylic Acids Prior to Ion-Exclusion Separation.

6. Baker, J. O., Tucker, M. Y., Lastick, S. M. and Himmel, M. E., J. Chrom.,
437, 387-397 (1988).

Degradation of Ketoses During Aqueous HPLC on Lead-Form Cation-
Exchange Resins.

7. Rumsby, G., Belloque, J., Ersser, R. S. and Seakins, J. W. T., Clinica Chimica
Acta, 163, 171-183 (1987).

Effect of Temperature and Sample Preparation on Performance of Ion-
Moderated Partition Chromatography of Organic Acids in Biological Fluids.

8. Blake, J. D., Clarke, M. L. and Richards, G. N., J. Chrom., 398, 265-277
(1987).

Determination of Organic Acids in Sugar Cane Process Juice by HPLC:
Improved Resolution Using Dual Aminex HPX-87H Cation-Exchange
Columns Equilibrated to Different Temperatures.

9. Baker, J. O. and Himmel, M. E., J. Chrom., 357, 161-181 (1986).

Separation of Sugar Anomers by Aqueous Chromatography on Calcium- and
Lead-Form Ion-Exchange Columns. Application to Anomeric Analysis of
Enzyme Reaction Products.

10. Morris, C. E., J. High Resol. Chrom. & Chrom. Commun., 9, 415-416 (1986).

Dual-Column Chromatography for Peak Identification in Ion-Moderated
Partition HPLC.

11. Bonn, G., J. Chrom., 322, 411-424 (1985).

HPLC Elution Behaviour of Oligosaccharides, Monosaccharides and Sugar
Degradation Products on Series-Connected Ion-Exchange Resin Columns
Using Water as the Mobile Phase.

12. Hicks, K. B., Lim, P. C. and Haas, M. J., J. Chrom., 319, 159-171 (1985).

Analysis of Uronic and Aldonic Acids, Their Lactones and Related Compounds
by HPLC on Cation-Exchange Resins.

13. Makkee, M., Kieboom, A. P. G. and van Bekkum, H., Int. Sugar J., 87, 55-58
(1985).

HPLC Analysis of Reaction Mixtures Containing Monosaccharides and
Alditols.

14. Pecina, R., Bonn, G., Burtscher, E. and Bobleter, O., J. Chrom., 287, 245-
258 (1984).

HPLC Elution Behaviour of Alcohols, Aldehydes, Ketones, Organic Acids and
Carbohydrates on a Strong Cation-Exchange Stationary Phase.

15. Jupille, T., Gray, M., Black, B. and Gould, M., Amer. Lab., 13, 80-86 (1981). 

Ion Moderated Partition HPLC.

16. Rajakyla, E., J. Chrom., 218, 695-701 (1981).

Separation and Determination of Some Organic Acids and Their Sodium Salts
by HPLC.

17. Verhaar, L. A. Th. and Kuster, B. F. M., J. Chrom., 210, 279-290 (1981).

Improved Column Efficiency in Chromatographic Anaysis of Sugars on
Cation-Exchange Resins by Use of Water-Triethylamine Eluants.

18. Turkelson, V. T. and Richards, M., Anal. Chem., 50, 1420-1423 (1978).

Separation of the Citric Acid Cycle Acids by Liquid Chromatography.

60

Bulletin 1928 text  3/10/99 2:32 PM  Page 60



19. Goulding, R. W., J. Chrom., 103, 229-239 (1975).

Liquid Chromatography of Sugars and Related Polyhydric Alcohols on Cation-
Exchangers.

11.2 Miscellaneous Food And Beverage Index
20. Noffsinger, J. B., Emery, M., Hoch, D. J. and Dokladalova, J., J. Assoc .Off.

Anal. Chem., 73, 51-53 (1990).

Liquid Chromatographic Determination of Polydextrose in Food Matrixes.

21. Kim, H.-J., J. Assoc. Off. Anal. Chem., 73, 216-222 (1990).

Determination of Sulfite in Foods and Beverages by Ion Exclusion
Chromatography with Electrochemical Detection: Collaborative Study.

22. Jinap, S. and Dimick, P. S., Pertanika, 13, 107-111 (1990).

Analysis of Non-volatile Organic Acids in Fermented and Dried Cocoa Beans
by HPLC.

23. Mattiuz, E. L. and Perone, R. A., LC-GC, 4, 552-561 (1986).

Analysis of Trace Levels of Organic Acids in Nutritive Sweeteners.

24. Kubadinow, N., Zuckerindustrie, 111, 37-44 (1986).

HPLC as Control Method for the Processing of Sorghum.

25. Clarke, M. A. and Tsang, W. S. C., Int. Sugar J., 86, 215-220 (1984).

HPLC in Sugar Factories and Refineries.

26. De Bruijn, J. M., Kieboom, A. P. G., van Bekkum, H. and van der Poel, P. W.,
Int. Sugar J., 86, 195-199 (1984).

Analysis of Carboxylic Acids Formed by Alkaline Degradation of Invert
Sugar.

27. Nassos, P. S., Schade, J. E., King, Jr., A. D. and Stafford, A. E., J. Food Sci.,
49, 671-674 (1984).

Comparison of HPLC and GC Methods for Measuring Lactic Acid in Ground
Beef.

28. Ashoor, S. H. and Knox, M. J., J. Chrom., 299, 288-292 (1984).

Determination of Organic Acids in Foods by HPLC.

29. Ashoor, S. H. and Welty, J., J. Chrom., 287, 452-456 (1984).

Determination of Organic Acids in Foods by HPLC: Lactic Acid.

30. Ashoor, S. H. and Welty, J., J. Assoc. Off. Anal. Chem., 67, 885-887 (1984).

Liquid Chromatographic Determination of Acetic Acid in Foods.

31. Monk, P. R. and Iland, P. G., Food Technol. Austral., 36, 16-17 (1984).

Ion-Exclusion Chromatography of Carboxylic Acids with Conductimetric
Estimation. I. Methodology.

32. Slavin, J. L. and Marlett, J. A., J. Agric. Food Chem., 31, 467-471 (1983).

Evaluation of HPLC for Measurement of the Neutral Saccharides in Neutral
Detergent Fiber.

33. Engel, C. E., Olinger, P. M. and Bernetti, R., J. Assoc. Off. Anal. Chem., 65,
1366-1369 (1982).

HPLC Determination of Minor Saccharides in Corn Sugar: Collaborative
Study.

34. Samarco, E. C. and Parente, E. S., J. Assoc. Off. Anal. Chem., 65, 76-78
(1982).

Automated HPLC System for Determination of Mannitol, Sorbitol, and Xylitol
in Chewing Gums and Confections.

61

Bulletin 1928 text  3/10/99 2:32 PM  Page 61



35. Brobst, K. M. and Scobell H. D., Staerke/Starch, 34, 117-121 (1982).

Modern Chromatographic Methods for the Analysis of Carbohydrate Mixtures.

36. Charles D. F., Int. Sugar J., 83, 195-199 (1981).

Analysis of Sugars and Organic Acids.

37. Nagel, C. W., Brekke, C. J. and Leung, H. K., J. Food Sci., 47, 342-343
(1981).

Humectant Analysis of Intermediate Moisture Meat by HPLC.

38. Dokladalova, J., Barton, A. Y. and Mackenzie, E. A., J. Assoc. Off. Anal.
Chem., 63, 664-666 (1980).

High Pressure Liquid Chromatographic Determination of Sorbitol in Bulk
Sorbitol.

39. Davis, W. A. and Hartford, C. G., Liq. Chrom. Anal. of Food and Bev., 2,
353-362 (1979).

HPLC of Carbohydrate Products.

11.3 Dairy Products
40. Bouzas, J., Kantt, C. A., Bodyfelt, F. and Torres, J. A., J. Food Sci., 56, 276-

278 (1991).

Simultaneous Determination of Sugars and Organic Acids in Cheddar Cheese
by HPLC.

41. Haggerty, R. J., Luedecke, L. O., Nagel, C. W. and Massey, L. K., J. Food Sci.,
49, 1194-1195 (1984).

Effect of Selected Yogurt Cultures on the Concentration of Orotic Acid, Uric
Acid and A Hydroxymethylglutaric-Like Compound in Milk After
Fermentation.

42. Lavanchy, P. and Steiger, G., Spec. Publ. R. Soc. Chem., 49, 317-318 (1984).

Determination of Orotic Acid and of Other Carboxylic Acids in Milk and
Dairy Products by HPLC.

43. Huffman, L. M. and Kristoffersen, T., New Zealand J. Dairy Sci. Technol., 19,
151-162 (1984).

Role of Lactose in Cheddar Cheese Manufacturing and Ripening.

44. Brons, C. and Olieman, C., J. Chrom., 259, 79-86 (1983).

Study of the HPLC Separation of Reducing Sugars, Applied to the
Determination of Lactose in Milk.

45. Jager, H. and Tschager, E., Milchwirtschaftliche Berichte, 75, 105-108 (1983).

Determination of Organic Acids in Cheese Using HPLC.

46. Pirisino, J. F., J. Food Sci., 48, 742-754 (1983).

HPLC Determination of Lactose, Glucose and Galactose in Lactose-Reduced
Milk.

47. Richmond, M. L., Barfuss, D. L., Harte, B. R., Gray, J. I.and Stine, C. M., J.
Dairy Sci., 65, 1394-1400 (1982).

Separation of Carbohydrates in Dairy Products by HPLC.

48. Marsili, R. T., J. Chrom. Sci., 19, 451-456 (1981).

Monitoring Bacterial Metabolites in Cultured Buttermilk by HPLC and
Headspace Gas Chromatography.

49. Marsili, R. T., Ostapenko, H., Simmons, R. E. and Green, D. E., J. Food Sci.,
46, 52-57 (1981).

HPLC Determination of Organic Acids in Dairy Products.

62

Bulletin 1928 text  3/10/99 2:32 PM  Page 62



11.4 Fruits and Vegetables
50. Graham, W. D. and Annette, D., J. Chrom., 594, 187-194 (1992).

Determination of Ascorbic and Dehydroascorbic Acid in Potatoes (Solanum
tuberosum). and Strawberries Using Ion-Exclusion Chromatography.

51. Sharma, D. D., D’Souza, V. F. and McConnell, M. B., Can. Inst. Food Sci.
Technol., 21, 435-437 (1988).

Identification and Quantification of Sugars in Winter-Hardy Apples by HPLC.

52. Lee, H. S. and Wrolstad, R. E., J. Assoc. Off. Anal. Chem., 71, 789-794 (1988).

Apple Juice Composition: Sugar, Nonvolatile Acid, and Phenolic Profiles.

53. Gancedo, M. C. and Luh, B. S., J. Food Sci., 51, 571-573 (1986).

HPLC Analysis of Organic Acids and Sugars in Tomato Juice.

54. Picha, D. H., J. Food Sci., 50, 1189-1190 (1985).

HPLC Determination of Sugars in Raw and Baked Sweet Potatoes.

55. Picha, D. H., J. Agric. Food Chem., 33, 743-745 (1985).

Organic Acid Determination in Sweet Potatoes by HPLC.

56. Schwarzenbach, R., Mitt. Gebiete Lebensm. Hyg., 75, 51-59 (1984).

Direct Determination of Carboxylic Acids in Fruit and Vegetable Juices by
HPLC.

57. Bushway, R. J., Bureau, J. L. and McGann, D. F., J. Food Sci., 49, 75-81
(1984).

Determinations of Organic Acids in Potatoes by HPLC.

58. McFeeters, R. F., Thompson, R. L. and Fleming, H. P., J. Assoc. Off. Anal.
Chem., 67, 710-714 (1984).

Liquid Chromatographic Analysis of Sugars, Acids and Ethanol in Lactic
Acid Vegetable Fermentations.

59. Evans, R. H., van Soestbergen, A. W. and Ristow, K. A., J. Assoc. Off. Anal.
Chem., 66, 1517-1520 (1983).

Evaluation of Apple Juice Authenticity by Organic Acid Analysis.

60. Andersson, R. and Hedlund, B., Z. Lebensm. Unters. Forsch., 176, 440-443
(1983).

HPLC Analysis of Organic Acids in Lactic Acid Fermented Vegetables.

61. Mattick, L. R. and Moyer, J. C., J. Assoc. Off. Anal. Chem., 66, 1251-1255
(1983).

Composition of Apple Juice.

62. Wrolstad, R. E., Culbertson, J. D., Cornwell, C. J. and Mattick, L. R., J. Assoc.
Off. Anal. Chem., 65, 1417-1423 (1982). 

Detection of Adulteration in Blackberry Juice Concentrates and Wines.

63. Reyes, F. G. R., Wrolstad, R. E. and Cornwell, C. J., J. Assoc. Off. Anal.
Chem., 65, 126-131 (1982). 

Comparison of Enzymic, Gas-Liquid Chromatographic, and HPLC Methods
for Determining Sugars and Organic Acids in Strawberries at Three Stages of
Maturity.

64. Chen, P. M., Richardson, D. G. and Mellenthin, W. M., J. Amer. Soc. Hort. Sci.,
107, 807-812 (1982).

Differences in Biochemical Composition between ‘Beurre d’Anjou’ and
‘Bosc’ Pears during Fruit Development and Storage.

63

Bulletin 1928 text  3/10/99 2:32 PM  Page 63



11.5 Wine And Beer
65. Leubolt, R. and Klein, H., J. Chrom., 640, 271-277 (1993).

Determination of Sulphite and Ascorbic Acid by HPLC with Electrochemical
Detection.

66. Klein, H. and Leubolt, R., J. Chrom., 640, 159-270 (1993).

Ion-Exchange High-Performance Liquid Chromatography in the Brewing
Industry.

67. Caputi, Jr, A., Christensen, E., Biedenweg, N. and Miller, S., J. Assoc. Off. Anal.
Chem. Internat., 75, 379-383 (1992). 

Liquid Chromatographic Method for Determination of Glycerol in Wine and
Grape Juice: Collaborative Study.

68. Frayne, R. F., Am. J. Enol. Vitic., 37, 281-287 (1986).

Direct Analysis of the Major Organic Components in Grape Must and Wine
Using HPLC.

69. Franta, B. D., Mattick, L. R. and Sherbon, J. W., Am. J. Enol. Vitic., 37, 269-
274 (1986).

The Analysis of Pentoses in Dry Wine by HPLC with Post-Column
Derivatization.

70. Belleau, G. and Dadic, M., Amer. Soc. Brew. Chem., 43, 47-53 (1985).

Application of HPLC in Brewing.II. Analysis of Total Carbohydrate in Beer.

71. Pfeiffer, P. and Radler, F., Z. Lebensm. Unters. Forsch., 181, 24-27 (1985).

Determination of Organic Acids, Sugars, Glycerol and Ethanol in Wine by
HPLC with a Cation Exchange Resin.

72. McCord, J. D., Trousdale, E. and Ryu, D. D. Y., Am. J. Enol. Vitic., 35, 28-29
(1984).

An Improved Sample Preparation Procedure for the Analysis of Major Organic
Components In Grape Must and Wine by HPLC.

73. Dadic, M. and Belleau, G., Amer. Soc. Brew. Chem., 40, 141-146 (1982).

Application of HPLC in Brewing. I. Determination of Carbohydrates and
Alcohol.

74. Cieslak, M. E. and Herwig, W. C., J. Amer. Soc. Brew. Chem., 40, 43-46
(1982).

Determination of Ethanol in Malt Beverages Using HPLC.

75. Munroe, J. H., Amer. Soc. Brew. Chem., 38, 84-87 (1980).

Fermentable Carbohydrates in Wort.

76. Pomes, A. F., Amer. Soc. Brew. Chem., 38, 67-70 (1980).

Corn Syrup Rapid Method Fermentables by HPLC.

11.6 Clinical Applications
77. Stanek, R., Gain, R. E., Glover, D. D. and Larsen, B., Biomed. Chrom., 6,

231-235 (1992).

High Performance Ion Exclusion Chromatographic Characterization of the
Vaginal Organic Acids in Women with Bacterial Vaginosis.

78. Linke, H. A. B. and Moss, S. J., Z. Ernaehrungswiss., 31, 147-154 (1992).

Quantitation of Carbohydrate Sweeteners and Organic Acids in Human Oral
Fluid Using HPLC Analysis.

64

Bulletin 1928 text  3/10/99 2:32 PM  Page 64



79. Ruo, T. I., Wang, Z., Dordal, M. S. and Atkinson, Jr., A. J., Clinica Chimica
Acta, 204, 217-222 (1991).

Assay of Insulin in Biological Fluids by HPLC with Pulsed Amperometric
Detection.

80. Margolis, S. A., Paule, R. C. and Ziegler, R. G., Clin. Chem., 36, 1750-1755
(1990).

Ascorbic and Dehydroascorbic Acids Measured in Plasma Preserved with
Dithiothreitol or Metaphosphoric Acid.

81. Chong, W. K., Mills, G. A., Weavind, G. P. and Walker, V., J. Chrom., 487,
147-153 (1989).

HPLC Method for the Rapid Profiling of Plasma and Urinary Organic Acids.

82. Haas, R. H., Breuer, J. and Hammen, M., J. Chrom., 425, 47-57 (1988).

HPLC Measurement of Selected Blood Citric Acid Cycle Intermediates.

83. Brown, G. K., Haan, E. A., Kirby, D. M., Scholem, R. D., Wraith, J. E.,
Rogers, J. G. and Danks, D. M., Eur. J. Pediatr., 147, 10-14 (1988). 

“Cerebral” Lactic Acidosis: Defects in Pyruvate Metabolism with Profound
Brain Damage and Minimal Systemic Acidosis.

84. Lippe, G., Trevisan, R., Nosadini, R., Fabris, R. and Deana, R., Clin. Biochem.,
20, 275-279 (1987).

3-Hydroxy-3-Methylglutaric, Adipic, and 2-Oxoglutaric Acids Measured by
HPLC in the Plasma from Diabetic Patients.

85. Del Grosso, A. V. and May, J. C., J. Assoc. Off. Anal. Chem., 70, 825-828
(1987).

Gas Chromatographic, Liquid Chromatographic and Titrimetric Procedures for
Determination of Glycerin in Allergenic Extracts and Diagnostic Antigens:
Comparative Study.

86. Mononen, I., J. Chrom., 381, 219-224 (1986).

Detection of Sialuria by Cation-Exchange HPLC.

87. Halls, H. J. and Teubner, J. K., Clin. Chem., 32, 1979 (1986).

Liquid-Chromatographic Determination of Organic Acids in Plasma.

88. Buchanan, D. N. and Thoene, J. G., Clin. Chem., 32, 169-171 (1986).

Photodiode Array Detection for Liquid Chromatographic Profiling of
Carboxylic Acids in Physiological Fluids: 3-Hydroxy-3-Methylglutaric
Aciduria.

89. Buchanan, D. N. and Thoene, J. G., J. Chrom., 344, 23-32 (1985).

Photodiode Array Ultraviolet Spectrophotometric Profiling of Carboxylic
Acids in Physiological Fluids.

90. Allen, K. R., Khan, R. and Watson, D., Clin. Chem., 31, 561-563 (1985).

Use of a Diode Array Detector in Investigation of Neonatal Organic Aciduria.

91. Wilson, T.D., J. Liq. Chrom., 8, 1629-1650 (1985).

HPLC Determination of Lactic Acid in Milrinone Injection and Oral Solution
Using Ion-Exchange Sample Preparation Methods.

92. Oefner, P., Bonn, G. and Bartsch, G., J. Liq. Chrom., 8, 1009-1023 (1985).

Ultrafiltration and HPLC Analysis of Seminal Carbohydrates, Organic Acids
and Sugar Alcohols.

93. Daish, P. and Leonard, J. V., Clinica Chimica Acta, 146, 87-91 (1985).

Rapid Profiling of Plasma Organic Acids by HPLC.

94. Bennett, M. J. and Bradey, C. E., Clin. Chem., 30, 542-546 (1984).

Simpler Liquid Chromatographic Screening for Organic Acid Disorders.

65

Bulletin 1928 text  3/10/99 2:32 PM  Page 65



95. Warner, T. G., Robertson, A. D. and O’Brien, J. S., Clin. Chem. Acta, 127, 313-
326 (1983).

Diagnosis of GM1 Gangliosidosis Based on detection of Urinary
Oligosaccharides with HPLC.

96. Buchanan, D. N. and Thoene, J. G., Anal. Biochem., 124, 108-116 (1982).

Dual-Column HPLC Urinary Organic Acid Profiling.

97. Wong, S. H., Kalache, G. and Morse, E. E., J. Liq. Chrom., 4, 1831-1845
(1981).

HPLC Assay of D-Glucose in Erythrocytes.

98. Buchanan, D. N. and Thoene, J. G., J. Liq. Chrom., 4, 1587-1600 (1981).

HPLC Urinary Organic Acid Profiling: Role of the Ultraviolet and
Amperometric Detectors.

99. Buchanan, D. N. and Thoene, J. G., J. Liq. Chrom., 4, 1219-1224 (1981).

Analysis of Alpha-Ketocarboxylic Acids by Ion Exchange HPLC with UV and
Amperometric Detection.

100. Silver, H. K. B. and Karim, K. A., J. Chrom., 224, 381-388 (1981).

HPLC Quantitation of N-Acetylneuraminic Acid in Malignant Melanoma
and Breast Carcinoma.

101. Kuo, J. C. and Yeung, E. S., J. Chrom., 223, 321-329 (1981).

Determination of Carbohydrates in Urine by HPLC and Optical Activity
Detection.

11.7 Clinical–Bacterial Identification
102. Paavilainen, S. and Korpela, T., J. Chrom., 634, 273-280 (1993).

Comparison of High-Performance Liquid and Gas Chromatography in the
Determination of Organic Acids in Culture Media of Alkaliphilic Bacteria.

103. Radin, L., Sivori, S., Eftimiadi, C. and Lucarelli, C., Biomed. Chrom., 6, 115-
119 (1992).

HPLC Strategy Suitable for the Analysis of Exopolysaccharides Extracted
from Pathogenic Bacteria.

104. Krausse R. and Ullmann, U., Zbl. Bakt. Hyg., A, 276, 1-8 (1991).

A Modified Procedure for the Identification of Anaerobic Bacteria by HPLC
- Quantitative Analysis of Short-Chain Fatty Acids.

105. Williams, J. W., Saravolac, E. G. and Taylor, N. F., Microchem. J., 43, 2-9
(1991).

The Use of HPLC in the Identification and Quantification of Cell Wall and
Lipopolysaccharide Components in Gram Negative Bacteria.

106. Radin, L., Arzese, A., Lucarelli, C. and Botta, G. A., J. Chrom., 459, 331-335
(1988).

Rapid Identification of Bacteroides Species by HPLC.

107. Krausse, R. and Ullmann, U., Zbl. Bakt. Hyg., A, 265, 340-352 (1987).

Identification of Anaerobic Bacteria Using HPLC.

108. Buchanan, D. N. and Thoene, J. G., Biomed. Chrom., 1, 38-40 (1986).

Early Identification of Isovaleric Aciduria Using Photodiode Array Detection
for Liquid Chromatographic Profiling of Urinary Carboxylic Acids.

109. Krausse, R. and Ullmann, U., Zbl. Bakt. Hyg., A, 260, 342-360 (1985).

Studies on the Identification of Campylobacter Species Using Biochemical Tests
and HPLC.

66

Bulletin 1928 text  3/10/99 2:32 PM  Page 66



110. Adams, R. F., Jones, R. L. and Conway, P. L., J. Chrom., 336, 125-137 (1984).

High-Performance Liquid Chromatography of Microbial Acid Metabolites.

111. Loh, W. H.-T., Santoro, N., Miller, R. H. and Tuovinen, O. H., J. Gen.
Microbiol., 130, 1051-1059 (1984).

Comparison of Gas-Liquid and HPLC, and Mass Spectrometry, for the
Detection of Organic Acids in Culture Media of Azospirillum brasilense and
Desulfovibrio desulfuricans.

112. Guerrant, G. O., Lambert, M. A. and Moss, C. W., J. Clin. Microbiol., 16,
355-360 (1982).

Analysis of Short-Chain Acids from Anaerobic Bacteria by HPLC.

113. Ehrlich, G. G., Goerlitz, D. F., Bourell, J. H., Eisen, G. V. and Godsy, E. M.,
Appl. Environ. Microbiol., 42, 878-885 (1981). 

LC Procedure for Fermentation Product Analysis in the Identification of
Anaerobic Bacteria.

11.8 Oligosaccharides Analysis
114. Ortega, F., Analytica Chemica Acta, 257, 79-87 (1992).

Selective Determination of Dextrins by Liquid Chromatography with
Postcolumn Enzymic Reaction, Using Co-Immobilizd Enzymes.

115. Wood, P. J., Weisz, J. and Blackwell, B. A., Cereal Chem., 68, 31-39 (1991).

Molecular Characterization of Cereal B-D-Glucans. Structural Analysis of
Oat B-D-Glucan and Rapid Structural Evaluation of B-D-Glucans from
Different Sources by HPLC of Oligosaccharides Released by Lichenase.

116. Hicks, K. B. and Hotchkiss, Jr., A. T., J. Chrom., 441, 382-386 (1988).

HPLC of Plant-Derived Oligosaccharides on a New Cation-Exchange 

117. Derler, H., Hoermeyer, H. F. and Bonn, G., J. Chrom., 440, 281-286 (1988).

HPLC Analysis of Oligosaccharides. I. Separation on an Ion-Exchange
Stationary Phase of Low Cross-Linking.

118. Van Riel, J. A. M. and Olieman, C., J. Chrom., 362, 235-242 (1986).

HPLC of Sugars on a Mixed Cation-Exchange Resin Column.

119. Brunt, K., J. Chrom., 246, 145-151 (1982).

Rapid Separation of Linear and Cyclic Glucooligosaccharides on a Cation-
Exchange Resin Using a Calcium Ethylenediaminetetraacetate Solution as
Eluant.

120. Schmidt, J., John, M. and Wandrey, C., J. Chrom., 213, 151-155 (1981).

Rapid Separation of Malto-, Xylo- and Cello-Oligosaccharides (DP 2-9). on
Cation-Exchange Resin Using Water as Eluant.

121. Scobell, H. D. and Brobst, K. M., J. Chrom., 212, 51-64 (1981).

Rapid High-Resolution Separation of Oligosaccharides on Silver Form Cation-
Exchange Resins.

122. Fitt, L. E., Hassler, W. and Just, D. E., J. Chrom., 187, 381-389 (1980).

A Rapid and High-Resolution Method to Determine the Composition of Corn
Syrups by Liquid Chromatography.

123. Kiser, D. L. and Hagy, R. L., Liquid Chramatographic Analysis of Food and
Beverages, Volume 2, 363-378 (1979).

Estimation of Dextrose Equivalent Value of Starch Hydrolysates from Liquid
Chromatographic Values.

67

Bulletin 1928 text  3/10/99 2:32 PM  Page 67



11.9 Cellulose And Wood
124. Marko-Varga, G., Gorton, L., Dominguez, E. and Barcelo, D.,

Chromatographia, 36, 381-398 (1993).

Enzyme Based Detection Sysems in Column Liquid Chromatography -
Extension of Selectivity and Sensitivity.

125. Kaar, W. E., Cool, L. G., Merriman, M. M. and Brink, D. L., J. Wood Chem.
Technol., 11, 447-463 (1991).

The Complete Analysis of Wood Polysaccharides Using HPLC.

126. Olsson, L., Mandenius, C. F. and Vole, J., Anal. Chem., 62, 2688-2691 (1990).

Determination of Monosaccharides in Cellulosic Hydrolyzates Using
Immobilized Pyranose Oxidase in a Continuous Amperometric Analyzer.

127. Voragen, A. G. J., Schols, H. A. , Searle-van Leeuwen, M. F. and Beldman,
G., J. Chrom., 370, 113-120 (1986).

Analysis of Oligomeric and Monomeric Saccharides from Enzymatically
Degraded Polysaccharides by HPLC.

128. Patrick, D. W. and Kracht, W. R., J. Chrom., 318, 269-278 (1985).

Single-Valve, Single-Pump, HPLC Column-Switching Analysis of Hydrolyzed
Wood Components.

129. Schwald, W., Concin, R., Bonn, G. and Bobleter, O., Chromatographia, 20,
35-40 (1985).

Analysis of Oligomeric and Monomeric Carbohydrates from Hydrothermal
Degradation of Cotton-Waste Materials Using HPLC and GPC.

130. Pettersen, R. C., Schwandt, V. H. and Effland, M. J., J. Chrom. Sci., 22, 478-
484 (1984).

An Analysis of the Wood Sugar Assay Using HPLC: A Comparison with
Paper Chromatography.

131. Bonn, G., Pecina, R., Burtscher, E. and Bobleter, O., J. Chrom., 287, 215-
221 (1984).

Separation of Wood Degradation Products by High-Performance Liquid
Chromatography.

132. Paice, M. G., Jurasek, L. and Desrochers, M., Tappi, 65, 103-106 (1982).

Simplified Analysis of Wood Sugars.

133. Wentz, F. E., Marcy, A. D. and Gray, M. J., J. Chrom. Sci., 20, 349-352 (1982).

Analysis of Wood Sugars in Pulp and Paper Industry Samples by HPLC.

11.10 Plant Biochemistry
134. Landolt, W., Pfenninger, I. and Luethy-Krause, B., Trees, 3, 85-88 (1989).

The Effect of Ozone and Season on the Pool Sizes of Cyclitols in Scots Pine
(Pinus Sylvestris).

135. Lenherr, A., Mabry, T. J. and Gretz, M. R., J. Chrom., 388, 455-458 (1987).

Differentiation Between Glucose, Mannose, Allose and Galactose in Plant
Glycosides by HPLC Analysis.

136. Timpa, J. D. and Burke, J. J., J. Agric. Food Chem., 34, 910-913 (1986).

Monitoring Organic Acids and Carbohydrates in Cotton Leaves by HPLC.

137. Martillotti, F. and Puppo, S., Ann. Ist. Sper. Zootec., 18, 1-10 (1985).

Liquid Chromatographic Determination of Organic Acids in Silages and
Rumen Fluids.

68

Bulletin 1928 text  3/10/99 2:32 PM  Page 68



138. Canale, A., Valente, M. E. and Ciotti, A., J. Sci. Food Agric., 35, 1178-1182
(1984).

Determination of Volatile Carboxylic Acids and Lactic Acid in Aqueous Acid
Extracts of Silage by HPLC.

139. McBee, G. G. and Manes, N. O., J. Chrom., 264, 474-478 (1983).

Determination of Sucrose, Glucose and Fructose in Plant Tissue by HPLC.

11.11 Fermentation Monitoring
140. Gey, M., Rietzschel, A. and Nattermueller, W., Acta. Biotechnol., 11, 511-

519 (1991).

Characterization of Biotechnological Processes and Products Using HPLC. VII.
Determination of Organic Compounds in Sulphite Liquor.

141. Marko-Varga, G., Dominguez, E., Hahn-Haegerdal, B., Gorton, L., Irth, H.,
De Jong, G. J., Frei, R. W. and Brinkman, U. A. Th., J. Chrom., 523, 173-188
(1990).

On-Line Sample Clean-Up of Fermentation Broths and Substrates Prior to
the LC Separation of Carbohydrates.

142. Marko-Varga, G., Dominguez, E., Hahn-Haegerdal, B. and Gorton, L., J.
Chrom., 506, 423-441 (1990).

Selective Post-Column Liquid Chromatographic Determination of Sugars in
Spent Sulphite Liquor with Two Enzymatic Electrochemical Detectors in
Parallel.

143. Plaga, A., Stuempfel, J. and Fiedler, H.-P., Appl. Microbiol. Biotechnol., 32,
45-49 (1989).

Determination of Carbohydrates in Fermentation Processes by HPLC.

144. Marko-Varga, G. A., Anal. Chem., 61, 831-838 (1989).

Determination of Mono- and Oligosaccharides in Fermentation Broths by LC
Separation and Amperometric Detection Using Immobilized Enzyme Reactors
and a Chemically Modified Electrode.

145. Marko-Varga, G., J. Chrom., 408, 157-170 (1987).

HPLC Separation of Some Mono- and Disaccharides with Detection by a
Post-Column Enzyme Reactor and a Chemically Modified Electrode.

146. Ross, L. F. and Chapital, D. C., J. Chrom. Sci., 25, 112-117 (1987).

Simultaneous Determination of Carbohydrates and Products of Carbohydrate
Metabolism in Fermentation Mixtures by HPLC.

147. Lazarus, R. A. and Seymour, J. L., Anal. Biochem., 157, 360-366 (1986).

Determination of 2-Keto-L-Gulonic and Other Ketoaldonic and Aldonic Acids
Produced by Ketogenic Bacterial Fermentation.

148. Anderson, A. W. and Tsao, G. T., Biotech. Bioeng., 26, 374-376 (1984).

Analysis of 2-Keto-Gulonic Acid and Fermentation Substrates by HPLC.

149. Bonn, G. and Bobleter, O., Chromatographia, 18, 445-448 (1984).

HPLC Analyses of Plant Biomass Hydrolysis and Fermentation Solutions.

150. Tan, K. H., Ferguson, L. B. and Carlton, C., J. Appl. Biochem., 6, 80-90
(1984).

Conversion of Cassava Starch to Biomass, Carbohydrates and Acids by
Aspergillus niger.

151. Russell, J. B. and van Soest, P. J., Appl. Environ. Microbiol., 47, 155-159
(1984).

In Vitro Ruminal Fermentation of Organic Acids Common in Forage.

69

Bulletin 1928 text  3/10/99 2:32 PM  Page 69



11.12 Metabolite Analysis
152. Masson, S., Sciaky, M., Desmoulin, F., Fontanarava, E. and Cozzone, P. J., J.

Chrom., 563, 231-242 (1991).

Simple Cation-Exchange HPLC Optimized to the Measurement of Metabolites
in the Effluents from Perfused Rat Livers Using Refractive Index and
Ultraviolet Detectors.

153. Weigang, F., Reiter, M., Jungbauer, A. and Katinger, H., J. Chrom., 497, 59-
68 (1989).

HPLC Determination of Metabolic Products for Fermentation Control of
Mammalian Cell Culture: Analysis of Carbohydrates, Organic Acids and
Orthophosphate Using Refractive Index and Ultraviolet Detectors.

154. Creek, K. E., Shankar, S. and DeLuca, L. M., Arch. Biochem. Biophys., 254,
482-490 (1987).

In Vivo Formation of Tritium-Labeled Lactic Acid from [2-3H]Mannose or [15-
3H]Retinol by Hamster Intestinal Epithelial Cells.

155. Tedesco, J. L., BioTechniques, 5, 46-51 (1987).

Analysis of Glucose and Lactic Acid in Cell Culture Media by Ion-Moderated
Partitioning HPLC.

156. Jessop, N. S. and Scaife, J. R., Biochem. Soc. Transactions, 13, 1222-1223
(1985).

HPLC Separation of Tricarboxylic Acid Cycle Organic Acids.

157. Stikkelman, R. M., Tjioe, T. T., van der Wiel, J. P. and van Rantwijk, F., J.
Chrom., 322, 220-222 (1985).

HPLC Separation of Glucose-1-Phosphate, Fructose, Sucrose and Inorganic
Orthophophate.

158. Womersley, C., Drinkwater, L. and Crowe, J. H., J. Chrom., 318, 112-116
(1985).

Separation of Tricarboxylic Acid Cycle Acids and Other Related Organic
Acids in Insect Haemolymph by HPLC.

159. Stimler, N. P., Anal. Biochem., 142, 103-108 (1984).

HPLC Quantitation of Collagen Biosynthesis in Explant Cultures.

11.13 Bacteria And Yeast Studies
160. Himanen, J.-P., J. Chrom., 607, 1-6 (1992).

Determination of Glycerol in Bacterial Cell Wall Teichoic Acid by HPLC.

161. Bell, D. J., Blake, J. D., Prazak, M., Rowell, D. and Wilson, P. N., J. Inst.
Brew., 97, 307-315 (1991).

Studies on Yeast Differentiation Using Organic Acid Metabolites. Part 2:
Studies on the Organic Acid Metabolites Produced by Yeasts Grown on
Glucose.

162. Zhang, J., Wolfe, S. and Demain, A. L., Current Microbiol., 18, 361-367
(1989).

Carbon Source Regulation of ACV Synthetase in Cephalosporium acremonium
C-10.

163. Sutherland, I. W. and Kennedy, A. F. D., Appl. Environ. Microbiol., 52, 948-
950 (1986).

Comparison of Bacterial Lipopolysaccharides by HPLC.

70

Bulletin 1928 text  3/10/99 2:32 PM  Page 70



164. Karr, D. B., Waters, J. K. and Emerich, D. W., Appl. Environ. Microbiol., 45,
1339-1344 (1983).

Analysis of Poly-B-Hydroxybutyrate in Rhizobium japonicum Bacteroids by
Ion-Exclusion HPLC and UV Detection.

11.14 Glycoproteins and Glycoconjugates
165. Hull, S. R., Sugarman, E. D., Spielman, J. and Carraway, K. L., J. Biol. Chem.,

266, 13580-13586 (1991).

Biosynthetic Maturation of an Ascites Tumor Cell Surface Sialomucin.
Evidence for O-Glycosylation of Cell Surface Glycoprotein by the Addition
of New Oligosaccharides During Recycling.

166. Walsh, M. T., Watzlawick, H., Putnam, F. W., Schmid, K. and Brossmer, R.,
Biochem., 29, 6250-6257 (1990).

Effect of the Carbohydrate Moiety on the Secondary Structure of B2-
Glycoprotein 

I. Implications for the Biosynthesis and Folding of Glycoproteins.

167. Lohmander, L. S., Hascall, V. C., Yanagishita, M., Kuettner, K. E. and Kimura,
J. H., Arch. Biochem. Biophys., 250, 211-227 (1986). 

Post-Translational Events in Proteoglycan Synthesis: Kinetics of Synthesis
of Chondroitin Sulfate and Oligosaccharides on the Core Protein.

168. Lohmander, L. S., Anal. Biochem., 154, 75-84 (1986).

Analysis by HPLC of Radioactively Labeled Carbohydrate Components of
Proteoglycans.

169. Yanagishita, M. and Hascall, V. C., J. Biol. Chem., 260, 5445-5455 (1985).

Effects of Monensin on the Synthesis, Transport, and Intracellular Degradation
of Proteoglycans in Rat Ovarian Granulosa Cells in Culture.

170. Blaschek, W., J. Chrom., 256, 157-163 (1983).

Complete Separation and Quantification of Neutral Sugars from Plant Cell
Walls and Mucilages by HPLC.

11.15 Nucleic Acids
171. Gornicki, P., Judek, M., Wolanski, A. and Krzyzosiak, W. J., Eur. J. Biochem.,

155, 371-375 (1986).

Hypermodified Nucleoside Carboxyl Group as a Target Site for Specific tRNA
Modification.

172. Tukalo, M. A., Vasil’eva, I. G., Matsuka, G. Kh. and Vlassov, V. V., Bioorg.
Khim., 10, 58-67 (1984).

The Primary Structure of fRNA-leu from Cow Mammary Gland.
Oligonucleotides of T1 RNase Digest. The Reconstruction of the Total
Nucleotide Sequence.

173. Rahn, R. O., J. Inorg. Biochem., 21, 311-321 (1984).

Chromatographic Analysis of the Adducts Formed in DNA Complexed with
cis-Diamminedichloroplatinum (II).

174. Rahn, R. O., Chang, S. S. and Hoeschele, J. D., J. Inorg. Biochem., 18, 279-
290 (1983).

Adducts Formed Between Beoxyguanosine and cis-Dichlorodiamineplatinum.

175. Wild, C. P., Smart, G., Saffhill, R. and Boyle, J. M., Carcinogenesis, 4, 1605-
1609 (1983).

Radioimmunoassay of O6-Methyldeoxyguanosine in DNA of Cells Alkylated
in vitro and in vivo.

71

Bulletin 1928 text  3/10/99 2:32 PM  Page 71



176. Bergman, K., Arch. Toxicol., 54, 181-193 (1983).

Interactions of Trichloroethylene with DNA in vitro and with RNA and DNA
of Various Mouse Tissues in vivo.

177. Bergman, K., Arch. Toxicol., 49, 117-129 (1982).

Reactions of Vinyl Chloride with RNA and DNA of Various Mouse Tissues
in Vivo.

178. Gombar, C. T., Zubroff, J., Strahan, G. D. and Magee, P. N., Cancer Res., 43,
5077-5080 (1983).

Measurement of 7-Methylguanine as an Estimate of the Amount of
Dimethylnitrosamine Formed Following Administration of Aminopyrine and
Nitrite to Rats.

179. Tuck, M. T. and Cox, R., Carcinogenesis, 3, 431-434 (1982).

Ethionine Inhibits in vivo Methylation of Nuclear Proteins.

11.16 Miscellaneous Applications
180. Saska, M., Clarke, S. J., Wu, M. D. and Iqbal, K., J. Chrom., 590, 147-151

(1992).

Glucose-Fructose Equilibria on Dowex Monosphere 99 CA Resin under
Overloaded Conditions.

181. Karsten, U., Thomas, D. N., Weykam, G., Daniel, C., Kirst, G. O., Plant
Physiol. Biochem., 29, 373 (1991).

A Simple and Rapid Method for Extraction and Separation of Low Molecular
Weight Carbohydrates from Macroalgae Using HPLC.

182. Petrusova, M., Petrus, L. and Lattova, E., Carbohydr. Res., 215, 199-202
(1991).

Chromatography of 1-Deoxy-1-Nitroalditols on a Cation-Exchange Resin in
the Lanthanum Form.

183. Wang, W. T., Safar, J. and Zopf, D., Anal. Biochem., 188, 432-435 (1990).

Analysis of Inositol by High-Performance Liquid Chromatography.

184. Angers, D. A., Nadeau, P. and Mehuys G. R., J. Chrom., 454, 444-449 (1988).

Determination of Carbohydrate Composition of Soil Hydrolysates by HPLC.

185. Butler, E. C. V., J. Chrom., 450, 353-360 (1988).

Determination of Inorganic Arsenic Species in Aqueous Samples by Ion-
Exclusion Chromatography With Electro-Chemical Detection.

186. Sasaki, K., Hicks, K. B. and Nagahashi, G., Carbohydr. Res., 183, 1-9 (1988).

Separation of Eight Inositol Isomers by Liquid Chromatography under Pressure
Using a Calcium-Form, Cation-Exchange Column.

187. Ivey, J. P. and Haddad, P. R., J. Chrom., 391, 309-314 (1987).

Determination of Dimethylsulphoxide Using Ion-Exchange Chromatography
with Ultraviolet Absorption Detection.

188. Stevens, T. S. and Chritz, K. M., Anal. Chem., 59, 1716-1720 (1987).

Determination of Water by Liquid Chromatography Using Conductometric
Detection.

189. Chiu, K. G., J. High Res. Chrom. & Chrom. Commun., 9, 57-58 (1986).

Analysis of Mixtures of Cyanovaleric and Other Carboxylic Acids by Liquid
Chromatography.

190. Hicks, K. B., Carbohydr. Res., 145, 312-318 (1986).

A Simple L.C. Method for the Direct Analysis of Sugar Acids and Their
Lactones.

72

Bulletin 1928 text  3/10/99 2:32 PM  Page 72



191. Cheetham, N. W. H. and Punruckvong, A., Carbohydr. Polymers, 5, 399-406
(1985).

An HPLC Method for the Determination of Acetyl and Pyruvyl Groups in
Polysaccharides.

192. Baker, J. O., Tucker, M. P. and Himmel, M. E., J. Chrom., 346, 93-109 (1985).

Noble, Diatomic and Aliphatic Gas Analysis by Aqueous HPLC.

193. Denutte, H., Slegers, G., Goethals, P., van de Casteele, C. and de Leenheer, A.,
Int. J. Appl. Radiat. Isot., 36, 82-84 (1985). 

Remote-Controlled, Photosynthetic Preparation of HPLC-Purified [11C]
Glucose.

194. Gruen, M. and Loewus, F. A., Anal. Biochem., 130, 191-198 (1983).

Determination of Ascorbic Acid in Algae by HPLC on Strong Cation-Exchange
Resin with Electrochemical Detection.

195. Schlabach, T. D. and Robinson, J., J. Chrom., 282, 169-177 (1983).

Improvements in Sensitivity and Resolution with the Cyanoacetamide Reaction
for the Detection of Chromatigraphically Separated Reducing Sugars.

196. Pauls, R. E. and Weight, G. J., J. Chrom., 254, 171-177 (1983).

Liquid Chromatographic Determination of Acetic Acid Trapped in Charcoal
Tubes.

197. Tyagi, J. S., Merlino, G. T., deCrombrugghe, B. and Pastan, I., J. Biol. Chem.,
257, 13001-13008 (1982). 

Chicken Embryo Extracts Contain a Factor That Preferentially Blocks the
Accumulation of RNA Polymerase II Transcripts in a Cell-free System.

198. Hokse, H., J. Chrom., 189, 98-100 (1980).

Analysis of Cyclodextrins by High-Performance Liquid Chromatography.

199. Fitt, L.E., J. Chrom., 152, 243-246 (1978). 

Convenient, In-Line Purification of Saccharide Mixtures in Automated HPLC.

73

Bulletin 1928 text  3/10/99 2:32 PM  Page 73



Section 12
Reference Index

Reference
Numbers

Acetic Acid ................................................................30, 191, 196

Acetylated Amino Sugars ........................................................12

Alcohols ....................................................................................14
Ethanol..............................................................................71-74
Glycerol .........................................................67, 70-72, 85, 160

Aldehydes .................................................................................14

Alditols ..................................................................13, 34, 38, 134

Aldonic Acid .............................................................12, 147, 190

Aminex Methodologies.................................8, 10-15, 18, 19, 65
Carboxylic acids .......................................................................1

gradient elution ....................................................................1
optimization .............................................................2, 12, 14

Sugars..............................................................................26, 35

Arsenic ...................................................................................185

Ascorbic Acid .......................................................50, 66, 80, 194

Bacterial Metabolites ................................................48, 102-113

Carbohydrates
Macroalgae...........................................................................181
Soil .......................................................................................184

Carbohydrate Analysis of Glycoconjugates.................165-170

Carboxylic Acids ....................................................3, 5, 8, 12, 14

Gradient elution ........................................................................1

Optimization ...............................................................1, 2, 8, 16

Cell Culture .....................................................................153, 155

Cellular Metabolites ................................................152-156, 158

Cellulose and Wood Sugars...........................................125-133

Citric Acid .................................................................................28

Clinical
Bacterial identification..............................................77, 102-113
Organic acids

ascorbic acids ...................................................................80
bacterial cell wall .............................................................105
lactic acids.........................................................................91
oral fluid .............................................................................78
plasma...........................................80, 81, 82, 84, 87, 88, 93

74

Bulletin 1928 text  3/10/99 2:32 PM  Page 74



seminal fluid .......................................................................92
sialic acid ...................................................................86, 100
spinal fluid..........................................................................83
urine ................................81, 88, 89, 90, 94, 96, 98, 99, 108

Sugars
erythrocytes .......................................................................97
oral fluid .............................................................................78
seminal fluid .......................................................................92
urine ....................................................................79, 95, 101

Corn Syrup ....................................................33, 35, 76, 122, 180

Cyanovaleric Acid ..................................................................189

Detection
Dual detection

RI/light scattering .................................................................4
RI/UV...............................24, 40, 68, 71, 140, 146, 152, 153
conductivity / UV......................................................1, 23, 31

Electrochemical ...........................21, 66, 98, 99, 126, 141, 142, 
144, 145, 185, 194

Immobilized enzymes ...........114, 124, 126, 141, 142, 144, 145
Pulsed Amperometric
Detection........................................................................79, 183

Dextrins ...................................................................................114
Cyclodextrin .........................................................................198

Dimethysulfoxide ...................................................................187

Dual Columns .........................................8, 10, 11, 88, 89, 91, 96

Fermentation
Carboxlic acids .....................141, 146, 147, 148, 150, 151, 153
Sugars ..................................140, 141, 143-146, 149, 150, 153
Sulphite liquors .............................................................140, 142

Food and Beverages
Carboxylic acids .....................................................................31

beer ...................................................................................65
cacao beans ......................................................................22
dairy ........................................28, 29, 40, 41, 42, 45, 48, 49
fruits ....................................................28, 29, 30, 56, 63, 64
juices ...................................................28, 29, 52, 53, 56, 59
meats ..........................................................................27, 30
sorghum ............................................................................24
sugar cane...........................................................................8
sugars/sweeteners.................................................23, 26, 36
vegetables ...............................28, 29, 50, 55, 56, 57, 58, 60
wine...........................................................65, 66, 68, 71, 72

75

Reference
Numbers

Bulletin 1928 text  3/10/99 2:32 PM  Page 75



Oligosacharides
beer .............................................................................65, 70
polydextrose ......................................................................20

Sugars
beer .....................................65, 70, 73, 74, 75, 76, 114, 120
dairy foods.................................................40, 43, 44, 46, 47
food fibers .........................................................................32
fruits ................................................................51, 52, 63, 64
juices .........................................................52, 53, 61, 62, 67
meat ..................................................................................37
sorghum ............................................................................24
sugar/sweeteners ................................25, 33, 34, 36, 38, 39
vegetables ....................................................................54,58
wine.....................................................65, 68, 69, 71, 72, 73

Sulfite ...............................................................................21, 66

Gluconic Acid .............................................................7, 8, 12, 16

Glucose-1-phosphate.............................................................157

Hydroxyproline .......................................................................159

Inositol.............................................................................183, 186

Inulin .........................................................................................79

Ketoaldonic Acids ..........................................................147, 148

Ketones .....................................................................................14

Ketose .........................................................................................6

Lactic Acid ............................................27, 29, 91, 137, 138, 155

Lactose ..............................................................40, 43, 44, 46, 47

Lipopolysaccharides..............................................................163 

Microbial Metabolites .....................................110, 161, 162, 164

Noble and Diatomic Gases ....................................................192

Nucleic Acids...................................................................171-179

Oligosaccharides ................65, 70, 115-123, 127, 129, 131, 149
Polydextroses .........................................................................20

Orotic Acid ..........................................................................41, 42

Plant Biochemistry .............................4, 134, 135, 136, 139, 170

Sialic Acid .........................................................................86, 100

Sugar Anomers...........................................................................9

Sugars ...........................................11, 17, 33, 35, 46, 51, 65, 118
Degradation........................................................................6, 11
Optimization ...........................................................13, 121, 129

76

Reference
Numbers

Bulletin 1928 text  3/10/99 2:32 PM  Page 76



Uronic Acids ...........................................................8, 12, 94, 190

Water Determination ..............................................................188

Wood Degradation Products .........125, 126, 128, 129, 131, 141

Wood Sugars ...................................................................125-133

77

Reference
Numbers

Bulletin 1928 text  3/10/99 2:32 PM  Page 77



Life Science
Group

12-1943    1212    Sig 1211Bulletin 1928 Rev B     US/EG

Bio-Rad 
Laboratories, Inc.

Web site www.bio-rad.com  USA 800 424 6723  
Australia 61 2 9914 2800  Austria 01 877 89 01  Belgium 09 385 55 11 
Brazil 55 11 5044 5699  Canada 905 364 3435  China 86 21 6169 8500  
Czech Republic 420 241 430 532  Denmark 44 52 10 00  
Finland 09 804 22 00  France 01 47 95 69 65  Germany 089 31 884 0  
Greece 30 210 9532 220  Hong Kong 852 2789 3300  
Hungary 36 1 459 6100  India 91 124 4029300  Israel 03 963 6050  
Italy 39 02 216091  Japan 03 6361 7000  Korea 82 2 3473 4460  
Mexico 52 555 488 7670  The Netherlands 0318 540666  
New Zealand 64 9 415 2280  Norway 23 38 41 30  
Poland 48 22 331 99 99  Portugal 351 21 472 7700  
Russia 7 495 721 14 04  Singapore 65 6415 3188  
South Africa 27 861 246 723  Spain 34 91 590 5200  
Sweden 08 555 12700  Switzerland 061 717 95 55  
Taiwan 886 2 2578 7189  Thailand 800 88 22 88   
United Kingdom 020 8328 2000

Information in this guide was current as of the date of writing (1995) and not necessarily the date 
this version (Rev B, 2012) was published.




