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Determination of Biogenic Amines in Wine 
Using Micellar Electrokinetic Chromatography

Abstract
Production on a large-scale of fermented alcoholic drinks made from different kinds of fruits is carried out 
in homes. Although wine laws regulating home production exist, they do not include upper concentration 
limits of biogenic amines. Therefore, a quick and inexpensive way to determine BAs in wine is crucial. A new 
analytical method based on micellar electrokinetic chromatography has been developed for the separation of 
the four most frequently occurring biogenic amines (histamine, tryptamine, tyramine and 2-phenylethylamine). 
An electrophoresis buffer of 20 mM borate (pH 9.3) containing 30 mM SDS and 5% (v/v) methanol was found to 
provide the optimum separation with respect to resolution and migration time. Finally this method was applied 
to the determination of biogenic amines in home-made red wines.
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Introduction

Biogenic amines (BAs), naturally present in wine, arise from 
two sources: raw materials and fermentation process. Although 
BAs at low concentrations are essential for many physiological 
functions, their pharmacological activity in large quantities 
may become toxic. For instance, BAs cause headache, nausea, 
and cardiac palpitations in sensitive individuals especially when 
alcohol is involved. The level of BAs in wine have received much 
attention due to their inhibiting effect on enzymes responsible for 
detoxification [1]. Moreover, consumer demand for high-quality 
foods has increased interest in biogenic amines, given their 
importance to human health and food safety. For this reason, 
many importers in the EU require analysis of wine samples in 
order to determine BAs [2] even though official regulation about 
their maximum content does not exist. Furthermore, production 
on a large scale of fermented alcoholic drinks from different fruits 
is carried out in homes, for trading as a regional product [3]. 
Although laws regulating home production exist (e.g. in Poland 
[4]), they do not include upper concentration limits of BAs. This 
leads to the conclusion that not only industrial wine production 
should be controlled, but also home-made wines produced as 
regional products. Therefore, a quick and inexpensive way to 
determine BAs in wine is crucial.

Different analytical methods have been developed to 
determine BAs in wine samples based on gas chromatography 
(GC), liquid chromatography (LC) and capillary electrophoresis 
(CE). GC methods are not often used as it needs a chemical 
derivatization step to increase the volatility by decreasing the 
polarity of BAs. However, two GC-MS methods were recently 
developed for the determination of BAs in wine using isobutyl 
chloroformate as a derivatizing reagent. In the first method, 
derivatization was simultaneously performed with a dispersive 
liquid-liquid microextraction technique [3]. In the second 
method, derivatization was carried out in a two-phase reaction 
system [5]. Both methods afford accurate identification and 
rapid quantification of a high number of BAs at high efficiency 
and reproducibility. 

Due to its high sensitivity, adequate resolution and analytical 
versatility, high performance LC with detection by UV 
absorbance, fluorescence emission, or mass spectrometry (MS) 
is the most extensively used technique for the determination of 
BAs in wine samples. Prior sample preparation is often required 
in order to remove other compounds that may interfere with the 
chromatographic analysis, or to concentrate the trace analytes of 
interest. In addition, the determination of BAs by HPLC usually 
requires a derivatization process, because these compounds do 
not have adequate light absorption or fluorescence emission 
properties. Moreover, derivatization reduces the polarity of 
BAs, thus improving their separation by reverse phase HPLC on 
a C18 column, and making them more sensitive towards MS 
detection than the underivatized amines. The most common 
derivatizing agents are ophthalaldeyde, benzoyl or dansyl 
chloride, and 1,2-naphthoquinone-4-sulphonate [5-9]. Liquid 
chromatography coupled with a tandem mass spectrometer 
and ultra-performance LC coupled to a quadrupole-time of 
flight mass spectrometer have been shown to be very powerful 
techniques for BAs determination, also without derivatization [8].

Electrophoresis has become a very useful technique for 
analytical separations. The main advantages of switching 
from HPLC to electrophoresis include better resolution, 
higher effectiveness due to automation, and very low cost of 
chemicals consumption. Determination of BAs using capillary 
electrophoresis (CE) is not reported numerously in the 
literature. The three established approaches are: (a) aromatic 
or heterocyclic amines can be separated in selected buffers 
without derivatization, (b) polyamines can be separated after 
derivatization, and (c) indirect detection of amine compounds. 
In 1998, a micellar electrokinetic chromatography (MEKC) 
method for the determination of BAs in food products in 30 
minutes was proposed [10]. A flow-injection manifold was used 
for automating the determination of BAs in wine samples by 
CE with indirect UV detection; however this method involved 
clean-up by solid phase extraction (SPE) [11]. Very interesting 
CE applications were reported on the determination of BAs in 
mammalian decomposition fluids [12] and in breast cancer cells 
[13]. In another approach, MEKC was applied with specific 
derivatization with 6-aminoquinolyl-N-hydroxysuccinimidyl 
carbamate [14] or with 1,2-naphthoquinone-4-sulfonate [15]. A 
very good way to obtain satisfied separation results is connected 
with sample preconcentration and computer simulation of the 
experimental data [16]. 

In the present study, MEKC is demonstrated to be a very 
fast and useful technique for the determination and separation 
of selected BAs in home-made wine without any derivatization 
procedure. For MEKC analysis, the most important and the 
most frequently occurring in food biogenic amines were selected: 
histamine, tryptamine, tyramine and 2-phenylethylamine. 

Experimental
Reagents and materials

The chemicals used in the investigation were purchased 
from the following suppliers: the amine standards (histamine, 
tryptamine, tyramine, and 2-phenylethylamine) were obtained, 
mostly as hydrochloride salts, from Sigma Aldrich (Steinheim, 
Germany); borate buffers (pH 4, 7, 9) and boric acid were 
obtained from Chempur (Torun, Poland). Sodium dodecyl 
sulfate (SDS) and methanol were purchased from Merc 
(Darmstadt, Germany). DI water was produced in our laboratory 
using a Milli-Q water purification system (Millipore, Bedford, 
MA, USA).

Stock solution: Stock solutions (1.0 mg/mL) were prepared 
by weighing each free compound and dissolving it in deionized 
water. The solutions were stored at room temperature in silanized 
screw-capped vials with solid PTFE-lined caps (Supelco, 
Bellefonte, PA). Standard solutions were prepared by dilution 
and mixing of stock solutions with deionized water.

Instrumentation: The analyses were performed using the 
HP3DCE system (Agilent Technologies, Waldbronn, Germany) 
equipped with a diode array detector. Experimental conditions: 
uncoated fused silica capillary: L=64.5 cm , 50 μm ID (purchased 
from Composite Metal Services, Worcester, UK) , borate buffer 
(20 mM) with SDS (30 mM) and methanol (5% by volume), 
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λ=200 nm, U=20 kV, injection: 10 mbar × 20 s. The wine sample 
was directly injected into the CE system.

Results and Discussion 

Proper selection and optimization of experimental 
parameters is not a trivial task, due to their complex interrelation 

Figure 1: Determination of BAs by MEKC. Experimental conditions: uncoated fused silica capillary: L=64.5 cm, 50 μm ID, borate buffer (20 mM) with SDS (30 
mM) and methanol (5%), λ=200 nm, U=20 kV, injection: 10 mbar × 20 s.

Figure 2: Separation of four BAs (a) without SDS addition to the buffer, (b) with addition of SDS to the running buffer but without methanol, 
and (c) with SDS (30 mM) and methanol (5%). 1: histamine, 2: tyramine, 3: 2-phenylethylamine, 4: tryptamine.

and combined effects on the separation efficiency and peak 
resolution. The most labor-intensive and time-consuming task 
was the selection of appropriate buffer, surfactant concentration, 
applied voltage, and hydrodynamic injection. After performing a 
series of analyses using standard mixtures of biogenic amines in 
several buffer solutions, the most suitable buffer concentration 
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and pH, were selected. Determination of histamine, tryptamine, 
chemical derivatization. Migration times obtained for each 
biogenic amine were considerably different leading to very good 
separation results as shown in Figure 1.

MEKC separation of a mixture of BAs were performed next. 
From Figure 2a it is evident that without SDS addition to the 
buffer, adequate separation of the four amines was not attained. 
A lack of suitable filtration and degassing of running buffer 
before the electrophoretic analysis resulted in the acquisition 
of spurious peaks. Addition of methanol (5% by volume) was 
actually necessary to obtain the satisfactory resolution shown 
in Figure 2c. Without methanol, the 2-phenylethylamine and 
tryptamine peaks were not well separated, as illustrated in Figure 2b.

Last, the separation of BAs in a wine sample was performed. 
The wine matrix was composed of a nonvolatile fraction (including 
polyphenolic compounds, proteins, and carbohydrates) and a 
volatile fraction (incorporating flavor and aroma compounds). 
The complex matrix composition made the electrophoretic 
analysis much more difficult due to overlapping of the many 

unknown component peaks in Figure 3. Some components 
were adsorbed irreversibly on the fused-silica surface inside the 
capillary to jeopardize the MEKC analysis. 

To summarize, the proper choice and optimization of all 
experimental parameters is key to the good separation of BAs 
for accurate determination in a complex wine matrix. Here only 
a preliminary determination of BAs is presented to demonstrate 
the feasibility. The MEKC method needs further development 
before accurate determination of BAs in alcoholic products can 
be succeeded without matrix interference. For now, it can be 
concluded that the determination of standard BAs by MEKC 
is easy in regards to sample preparation. The method provides 
complete separation of the four important BAs within 25 minutes 
with good efficiency.
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Figure 3: Electropherogram obtained by MEKC for a sample of red wine. Experimental conditions as in Figure 1. 
Histamine, tyramine, 2-phenylethylamine, and tryptamine are indicated by four red arrows.
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