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Abstract

An on-column fluorometric derivatization method was developed for determining eight biogenic amines by HPLC and
fluorometric detection. The derivatization was carried out by pumping the o-phthalaldehyde reagent through the column
together with other solvents used as mobile phases. The on-column reaction conditions (pH, borate and o-phthalaldehyde
concentrations) were optimized. The matrix effect, the thiol used in the derivative reagent and the effect of the temperature
on the separation process were also studied. Solid-phase extraction was applied prior to the derivatization procedure as a
clean-up of wines by using 2 different commercially available SAX and C,, cartridges to improve the accuracy and the
precision of the method. The linearity range (0.5-15 mg1~') and detection limits (between 100 and 300 pg 17") of this
method were similar to the standard pre-column automated o-phthalaldehyde derivatization method. The method was
checked with several red wines from Tarragona by comparing the results with the standard pre-column method.
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1. Introduction Furthermore, in alcoholic beverages it is important to

take into account the synergic effect that there seems

Biogenic amines are found in various foods and
beverages, such as wine, beer, fish and meat, normal-
ly as a result of enzymatic degradation or fermen-
tation processes [1-3].

They can cause direct or indirect toxicity when
their concentration levels are high. For this reason,
several countries have established regulations for
their intake content in various kinds of foods [4].

* Corresponding author.

to be between the amines and ethanol [5].

Many analytical methods based on different tech-
niques have been described for determining the
biogenic amine content in foods, but high-perform-
ance liquid chromatography (HPLC) is the one
preferred, using either pre-column [6-8] or post-
column [9] derivatization procedures, using dansyl
chloride (DnsCl) [10] or o-phthalaldehyde (OPA)
[11-13], among others [14,15] as fluorescence label-
ling reagents.

The most important advantage that OPA has over
other derivatization reagents is that it reacts with
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amines quickly, and enables the biogenic amines to
be detected at fmol levels. However, it has the
drawback that it only reacts with primary amines to
give unstable derivatives. For this reason, the pre-
column methods have certain drawbacks, such as the
need for carefully controlled reaction conditions,
thus affecting the reproducibility, and expensive
equipment such as an automatic injector in the HPLC
system for derivative formation. In the post-column
methods, an additional pumping system is needed to
carry the analyte from the column to the detector.
The on-column methods avoid the problems that
other methods have, and the results obtained seem to
be satisfactory.

Since OPA has the most commonly accepted
advantages, an on-column derivatization method
[16,17] has been developed to simplify the instru-
mentation usually needed in other derivatization
procedures.

The column used is the determining factor in the
on-column methods, because the derivatization must
be performed in it. When using OPA as the de-
rivatization reagent, the analytical column has to be
resistant to alkaline mediums. Therefore, a polymeric
reversed-phase column was selected as it is tolerant
towards alkaline eluent.

Furthermore, it is difficult to determine amines in
wines because the matrix is very complex. Therefore,
clean-up or preconcentration steps must be under-
taken prior to chromatography. Many analytical
methods include these steps, by using mainly liquid-
liquid extraction (LLE) [18,19] or solid-phase ex-
traction (SPE) [6,10,13] when isolating biogenic
amines in wines.

LLE procedures use different mixtures of organic
solvents to improve selectivity with good results,
although this usually involves tedious preparation
steps. On the other hand, SPE has been performed
with several stationary phases based on anionic [20]
or cationic [6,14] exchangers and octadecylsilane
groups [9], as well as combinations of both [13].

The aim of this work is to find an on-column
derivatizing method for simultaneously determining
eight enologically important biogenic amines. A
polymer-supported C,; column with a mobile phase
containing the OPA reagent was used, and a clean-up
step using anionic and octadecylsilane cartridges was
introduced before separating the studied compounds.

2. Experimental
2.1. Chemicals and reagents

The eight amines studied were: methylamine,
histamine, ethylamine, tyramine, putrescine, cadaver-
ine, phenethylamine and 3-methylbutylamine, all of
which were supplied by Aldrich-Chemie (Beerse,
Belgium). An individual standard solution of 2000
mg1~' of each amine was prepared in HPLC-grade
acetonitrile (Scharlau, Barcelona, Spain) and stored
in darkness at 4°C. Solutions for further studies were
prepared by diluting these standard solutions with
water which was purified using a Milli-Q system
(Millipore, Bedford, MA, USA).

The acetonitrile (ACN), tetrahydrofuran (THF)
and sodium tetraborate used in the preparation of the
chromatographic mobile phase were of HPLC grade
(Scharlau). N-Acetylcysteine (NAC) and OPA were
supplied by Fluka Quimica (Madrid, Spain), whereas
B-mercaptoethanol (ME) was supplied by Aldrich-
Chemie (Beerse, Belgium).

2.2. Equipment

Chromatographic experiments were performed
using a Hewlett-Packard (Waldbronn, Germany)
1050 liquid chromatograph with a HP Model 1046A
fluorescence detector. The samples were injected
with a HP Series 1050 automatic injector. Separation
was performed using an Asahipack OP-50 cartridge
(250X4.6 mm 1.D., particle size 5 pm) supplied by
Hewlett-Packard. Chromatographic data were col-
lected and recorded on a HP Vectra 5/100 im-
plemented with the Chemstation software version
B.01.02.

2.3. High-performance liquid chromatographic
method

Three solvent reservoirs containing the following
eluents: (A) 5 mM borate solution (pH 9) with 1%
THF, (B) 5 mM borate solution (pH 9) with 12 mM
OPA-NAC, and (C) ACN were used to separate all
the amines with the HPLC gradient elution shown in
Table 1. The flow-rate was fixed at 0.8 ml min~', so
as not to exceed the upper limit of the column
pressure. Eluents (A) and (B) were filtered through a
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Table 1
HPLC elution programme used in the amines chromatography
Time (min) %A %B %C
0 70 15 15
10 70 i5 15
11 80 - 20
27 80 - 20
28 75 - 25
40 75 - 25

A: 5 mM borate (pH 9)/1% THF. B: 12 mM OPA-NAC/5 mM
borate (pH 9). C: ACN.

0.45-pm nylon membrane (Millipore). The eluted
OPA derivatives were detected by monitoring their
fluorescence using 340 nm and 450 nm as the
excitation and emission wavelengths, respectively.
The analytical chromatographic column was thermo-
stated at 40°C throughout the experiment. Under
these conditions all eight amines were eluted in less
than 40 min.

2.4. Solid-phase clean-up

Solid-phase extraction (SPE) experiments were
performed using a Visiprep DL disposable-liner
solid-phase extraction vacuum manifold with indi-
vidual flow control valves from Supelco (Bellefonte,
PA, USA) which enabled twelve SPE tubes to be
dried at a time.

C,; and SAX cartridges (500 mg, Varian, Harbor
City, CA, USA) were used to remove interfering
compounds such as amino acids and polyphenols
from wine. They were activated with two fractions of
3 ml of methanol, and further conditioned with two
fractions of 5 ml of Milli-Q-purified water and dried
before sample elution. After the sample had been
eluted, water was passed through the cartridge so
that the same volume was obtained and reproducibil-
ity was not lost.

3. Results and discussion

The determination of biogenic amines by HPLC
has usually been carried out with fluorescence de-
rivatization reagents, such as OPA, mainly because

they react quickly with amines, as has been already
mentioned.

In previous works, OPA has been used with pre-
column HPLC techniques, which require additional
expensive equipment such as an automatic injector,
among other things. When on-column derivatization
procedures are used, the reaction is completed when
the OPA contained in the mobile phase reaches the
analyte in the injection loop. OPA and borate con-
centrations, the thiol used in the indole formation
and the percentage of acetronitrile, pH and column
temperature in the mobile phase, were the parameters
studied to optimize the OPA-labelling reaction. All
the experiments were carried out by analysing a red
wine fortified with 10 mg1~" of the amines.

In the first part of this report the separation of the
compounds was optimized. Given that the eight OPA
derivatives obtained from amines have different
polarities, it was necessary to vary the percentage of
organic solvent in the mobile phase. A single linear
gradient elution could not be used because of the
baseline drift, but it was alternated with several
isocratic elutions at different chromatographic times.
Besides the OPA eluent which was halted at minute
11 to decrease the baseline drift as the ACN per-
centage increased, the mobile phases used were
always made up of different ACN and borate frac-
tions so that the alkalinity needed for the deri-
vatization and the polarity were suitable for eluting
the analytes.

Before gradient optimization, parameters such as
the active thiol which are indispensable for the OPA-
labelling reaction were studied. 3-Mercaptoethanol
has been widely used [7,12], although NAC [16,17]
as well as other thiols [21] have also been used. In
this work, NAC was selected because it results in a
more stable baseline with only a faint odour, whereas
the B-mercaptoethanol is a smelly liquid and difficult
to handle.

Since the most polar amine derivatives can coelute
with other polar compounds present in wine, such as
polyphenols and aminoacids, the proportion of or-
ganic solvent during the initial chromatographic
separation must be enough for them to be separated.
Several percentages of ACN were tested and the best
results were obtained with an initial proportion of
ACN of 15%.

As the reaction between amines and OPA is almost



314 O. Busto et al. | J. Chromatogr. A 757 (1997) 311-318

instantaneous, the OPA derivatives are formed when
the analyte comes into contact with the mobile
phase. For this reason, the OPA eluent does not need
to be continuously pumped throughout the chromato-
gram, and at minute 11 the percentage of OPA is
eliminated. The change in the baseline fluorescence
is observable because a peak appears in the middle
of the chromatograms.

Afterwards, other parameters which are important
in the OPA-labelling reaction and the separation of
the compounds analyzed, were examined. First of all,
it must be taken into account that fortified wines will
be optimized in order to ensure the efficacy of the
analytical method proposed for the samples ana-
lyzed. For all the experiments, a red wine spiked
with 10 mg 1™' of the biogenic amines was used, and
subsequently checked with amine standard solutions.

The OPA-NAC concentration was the first vari-
able tested. The molar ratio of OPA and NAC was
always set at equivalence, so they were optimized
together. Firstly, the concentration had to be enough
to derivatize the amines when large amounts of other
compounds that could be derivatized appeared in real
samples. The concentrations tested ranged between
0.5 and 5 mM according to other studies [16,17]. The
capacity factors (k') and the areas of the amines in
the fortified wine were represented versus OPA-
NAC reagent concentration and no significant differ-
ences were observed for k' at different concen-
trations. For histamine there was a little change in
the response, but there was no change in the re-
sponses of the rest of the amines between 2 and 5
mM. For this reason, 2 mM OPA-NAC was chosen
as it is enough to derivatize all the amino compounds
in real samples

The pH of the mobile phase was the second
parameter tested. The values tested were between 8
and 11 in order to ensure the formation of deriva-
tives, since the OPA derivatization of amines is
generally best carried out at alkaline pH. The area
response variations show that at pH values lower
than 9 and higher than 10, most of the amines had
lower responses. Since best results were obtained
between 9 and 10, pH 9 was chosen for subsequent
work.

The concentration of borate was also checked at
the optimized pH. The concentrations tested ranged
between 5 and 50 mM, since these were the con-

centrations used in previous studies. As in the
previous variables, the k' and the variation of the
areas were represented versus the variable studied.
The k' increased as the borate concentration rose.
Furthermore, similar areas were obtained at different
concentrations. Since 15 mM borate did not sig-
nificantly decrease the derivative responses, and the
retention times slightly increased as the borate
concentration rose, it was fixed as the optimum.

The last parameter examined was the column
temperature. The values tested were 35°C, 40°C and
45°C. At higher values the resolution of the chro-
matographic peaks did not improve and the column
durability would decrease. The k" and the area versus
temperature show that there were no differences
among the temperatures tested, although above 45°C
there was a slight tendency to decrease. Symmetrical
peaks were obtained at all temperatures. Neither did
the temperature affect the derivatization yield, the
areas being similar in all cases. Thus, 40°C was fixed
for subsequent analysis.

When experimental conditions were determined, a
sample aliquot of 5 pl was subjected to HPLC
determination. Fig. la shows the chromatogram of
the analysis of 1 mg1~' of amine standard solution
under the conditions outlined. As can be seen, two
baseline distortions appear as a consequence of the
percentage of organic solvent changes, although they
do not interfere with the peaks of the analytes. When
dealing with wines, the attenuation was changed in
these zones in order to obtain a good baseline. This
did not affect the chromatographic areas of the
analytes, as it was done exactly at the chromato-
graphic times corresponding to the aforementioned
distortions, and the initial attenuation was returned to
immediately afterwards.

Fig. 1b and Fig. lc show the chromatograms
obtained when a red wine and the same sample
spiked with 10 mg 1~ ' of the amines were analyzed.
The first one shows that histamine, methylamine,
ethylamine and putrescine are present in this wine,
and this is confirmed with a subsequent standard
addition. As can be seen, at low concentrations, the
peak that elutes between histamine and methylamine
prevents them from being quantified. Furthermore,
ethylamine is overlapped by another unknown peak.
Therefore, to determine these analytes a clean-up
step had to be done to prevent these interferences.
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Fig. 2. Chromatogram obtained from the on-column derivatization of the same red wine as shown in Fig. 1b after: (a) C,,, and (b) SAX
clean-up. For peak assignation, see Fig. 1.

Two solid-phase extraction cartridges, a non-polar C,; cartridges: The stationary phase was used to
(C,s) and a strong anion-exchanger (SAX) were eliminate non-polar compounds. A 5-ml volume of a
used. In previous studies [13], octadecylsilane (C ) red wine was processed without treatment. Poly-
and quaternary ammonium groups had been used to phenolic and other non-polar compounds were re-
remove large amounts of polyphenols from samples tained in the cartridge, while the elute conserved the

by slight modification of the sample pH. amines. A 5-pl aliquot was then injected.
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Table 2
Percentage of recoveries with octadecylsilane and ammonium
anion exchangers (R and R.S.D. in %)

Amine C SAX
R R.S.D. R R.S.D.

Histamine 70 72 100 3.1
Methylamine 65 8.5 98 53
Ethylamine 105 4.5 95 45
Tyramine 102 43 100 35
Putrescine 100 39 75 6.6
Cadaverine 80 5.7 100 3.0
Isoamylamine 100 35 102 4.1
Phenethylamine 105 4.1 103 45

Results from triplicate analyses of a red wine spiked with 5 mg1™'
of the amines. Conditions given in the text.

Fig. 2a shows the chromatogram obtained when
the C,; elute of the red wine shown in Fig. 1b was
injected. As can be seen, the peak that appeared
between histamine and methylamine decreased and
both peaks were accurately quantified. Furthermore,
the peak corresponding to ethylamine was well
defined.

SAX cartridges: The same study was carried out
but this time the ionic compounds were eliminated.
A 5-ml portion of a red wine was adjusted to pH 8 in
order to retain polyphenolates and amino acids which
had been converted into their anionic forms. As in
the previous experiment, 5 pl of the elute was then
injected.

Fig. 2b shows the chromatogram of the same red
wine shown in Fig. 1b, but after SAX treatment. As
can be seen, all of the peaks of interest are well
defined, as most of the interferences were prevented.

Table 2 gives the recoveries obtained when the
clean-up step was done on a red wine spiked with 5
mg 17" of the amines. As expected, both SPEs

showed good results. However, histamine, methyl-
amine and cadaverine were better recovered when
SAX treatment was applied, perhaps due to the anion
exchangers selectively retaining polyphenolates and
some fairly ionized amino acids at alkaline pH.
Putrescine was also better recovered when C,q
extraction was applied. It can be observed that the
histamine/methylamine interference shown in the
chromatogram in Fig. 1b has almost disappeared in
Fig. 2a and has been completely removed in Fig. 2b,
with no important analyte losses.

Thus, in order to verify the linearity of the
response of the different derivatives, including SAX
treatment, at the previously specified wavelengths for
the working concentrations, standard solutions of
amines that ranged between 0.1 and 15 mg1™' were
prepared and injected. The linearity was calculated
by means of an external standard method. Linear
least-squares regression was used to calculate the
slope, intercept and correlation coefficient ") by
using the ULC computer program [22]. All the
calibration lines showed ranges of linearity r*>
0.995) between 0.5 and 15 mg1™".

The detection limit was calculated from the
amount of amines required to give a signal-to-noise
ratio of 3 and was found to be between 0.1 and 0.3
mg1~' for all the biogenic amines. The quantifica-
tion limit was established at 0.5 mgl~ ' and was
fixed as the first point in the calibration graphs.

The reproducibility and the repeatability of the
on-column derivatization technique were considered
either with 1 mg 1~ of an amine standard solution in
acetonitrile or an amine-free red wine spiked with 1
mgl~' of each amine. The repeatability analyses
(n=5) of amines gave relative standard deviations
(R.S.D.s) below 5% for the peak area and below 1%
for the retention times, in both cases. The repro-

Table 3
Mean (mg1™') of the amine concentrations obtained from the triplicate analyses of 5 red wines from Tarragona
Amine Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

a b a b a b a b a b
Histamine 1.6 1.9 1.0 1.8 1.3 1.6 24 3.0 0.6 0.9
Methylamine 1.1 1.2 0.9 1.0 1.0 1.4 38 43 1.1 1.7
Ethylamine 1.4 1.9 1.3 1.5 0.8 1.0 1.3 1.7 1.2 1.7
Putrescine 53 6.1 43 50 5.0 59 4.1 5.0 438 5.2

Quantification after applying (a) the combined on-column/SAX method, and (b) the pre-column automated method.
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ducibility was examined in the same way but the
analysis took place over different days. The results
were slightly higher than for the repeatability and did
not exceed 10% in any case.

The method was applied to determine the biogenic
amine content of five red wines from Tarragona (see
Table 3). The results were compared with the ones
obtained by automatic injection of the amines after
OPA derivatization, as this is the method which is
usually used in this kind of determination [6,7,13].
The two sets of data showed no differences between
them, all having R.S.D.s lower than 5%. Histamine,
methylamine, ethylamine and putrescine were found
in all the samples analyzed whereas none showed
contents of tyramine, isoamylamine or phenethyl-
amine over their detection limits.

4. Conclusions

The method described seems to be suitable for the
determination of eight biogenic amines in wines. It
involves an easy, fast clean-up step with strong anion
exchanger cartridges to avoid chromatographic inter-
ferences.

The on-column derivatization technique appears to
be a good alternative to the classical pre-column
derivatization procedure, since it obtains good results
with simpler equipment, which is especially im-
portant in enological laboratory work.
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