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Abstract

The influence of organic modifier on the separation of six biogenic amines in capillary zone electrophoresis was
investigated using ammonium acetate as a background electrolyte. The electrophoretic mobility of each biogenic amine at a
given pH decreases to a different extent on addition of organic modifier which may lead to alteration of the migration order.
The results indicate that addition of acetonitrile (30%, v/v) or methanol (40%, v/v) to ammonium acetate buffer (100 maf)
at pH 7.5 effects the resolution of co-migrating biogenic amines. Complete separation of six biogenic amines was achieved
in short times using a 44 cmX50 um LD. fused-silica capillary at 10 kV. Methanol is relatively less effective than
acetonitrile as an organic modifier to separate these biogenic amines.
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1. Introduction

Biogenic amines are physiologically active organic
bases in metabolic processes of animals, plants and
microorganisms. They are widely present in food-
stuffs and animal feed. In particular, histamine, 2-
phenylethylamine, tryptamine and tyramine were
reported to be responsible for diseases with symp-
toms similar to intoxication [1,2], whereas histamine
and tyramine were considered as indicators of food
poisoning or food spoilage [3]. As the concentration
of biogenic amines increases as a result of spoilage
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of foodstuffs and animal feed, monitoring the con-
tents of these decomposition products is commonly
required.

Various methods, including gas chromatography
[2], high-performance liquid chromatography
(HPLC) [4-9] and mass spectrometry [10] have
been developed to analyze biogenic amines in body
tissues and foodstuffs. Capillary electrophoresis (CE)
has become a popular and powerful separation
technique that possesses many advantageous fea-
tures, such as high resolution, extremely high ef-
ficiency, rapid analysis and small consumption of
sample and solvent. Thus the development of a new
and sensitive analytical method using capillary zone
electrophoresis (CZE) to separate biogenic amines is
desirable. Since reports regarding the separation of
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biogenic amines in CZE are still lacking, we present
here the results of our investigation. In this work, the
influence of organic modifier on the separation of
these biogenic amines is emphasized.

2. Experimental
2.1. Chemicals and reagents

Six biogenic amines (Sigma, USA), as shown in
Fig. 1, and ammonium acetate (Aldrich, USA) were
obtained from the indicated suppliers. Methanol
(MeOH) and acetonitrile (ACN) were of HPLC
grade (Mallinckrodt, USA) and were used without
further purification. All other chemicals were of
analytical-reagent grade. Deionized water was pre-
pared with a Milli-Q system (Millipore, Bedford,
MA, USA).

Standard solutions of biogenic amines were pre-
pared at a concentration of about 20 ppm in metha-
nolic solution. The pH of the buffer solution was
adjusted with ammonia aqua to a desired value. All
solutions were filtered through a membrane filter
(0.22-um) before use.

2.2. Apparatus and electrophoretic procedures

Separations were carried out on a capillary electro-
phoresis system (Spectra-Physics Model 1000, Fre-
mont, CA, USA), as described previously [11].

All experiments were performed using a fused-
silica capillary with ammonium acetate buffer sys-
tems suitable for the desired pH at 25°C and
measurements were run at least in triplicate to ensure
reproducibility. An applied voltage of 10 kV was
selected and the total current was kept below 100 wA
in order to avoid Joule heating. Sample injections
were made in the hydrodynamic mode. The sample
solution was typically injected for 1 s. All measure-
ments were monitored at 215 nm.

When a new capillary was used, the capillary was
washed for 2 h with 1.0 M NaOH at 60°C, followed
by 0.5 h with deionized water at 25°C. The capillary
was prewashed for 3 min with running buffer before
each injection and postwashed for 2 min with
deionized water, 3 min with NaOH (0.1 M) and 2
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Fig. 1. Structures of biogenic amines.

min with deionized water to maintain proper repro-
ducibility of run-to-run injections.

For peak identification, on-column UV spectra
(200-300 nm with a 2-nm wavelength increment) of
biogenic amines were recorded simultaneously dur-
ing the electrophoretic separation. A three dimen-
sional spectral scan of CE separation of a mixture of
biogenic amines, as shown in Fig. 2, is presented to
show the characteristics of UV absorption spectra of
these analytes. The optimum detection wavelength
was set at 200 nm.

2.3. Mobility calculation

The electrophoretic mobility of analytes was
calculated from the observed migration time as
described [11].
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in which u_ is the electrophoretic mobility of the
solute tested, u the apparent mobility, g, is the
electroosmotic mobility, f,, is the migration time
measured directly from the electropherogram, ¢, is
the migration time for an uncharged solute (methanol
as neutral marker), L, is the total length of capillary,
L, is the length of capillary between injection and
detection and V is the applied voltage.
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Fig. 2. Three dimensional spectral scan of CE separation of a mixture of six biogenic amines. Buffer: ammonium acetate (100 mM) with
acetonitrile (30%, v/v) at pH 7.5. Operating conditions: 10 kV, 25°C. Capillary: 44 cmX50 wm. I.D. Peak identification: 1=histamine,
2=benzylamine, 3 =2-phenylethylamine, 4 =tryptamine, 5= tyramine and 6= serotonin.

3. Results and discussion

3.1. Separation with buffer containing no organic
modifier

With ammonium acetate (100 mM) as a back-
ground electrolyte and with an applied voltage of 10
kV, tryptamine and tyramine were not resolvable in
the pH range 7.0-7.5; histamine and benzylamine
co-migrated at pH 7.5 and were only partially
resolvable at a pH in the range 7.5-8.5. Thus,
complete separation of all six biogenic amines was
not achievable in the pH range 7.0-8.5 with back-
ground electrolyte containing no organic modifier. At
pH 7.5, the migration order follows histamine=
benzylamine < 2-phenylethylamine < tryptamine =
tyramine << serotonin.

3.2. Separation with buffer containing organic
modifier

The addition of organic modifiers to the buffer
electrolyte can serve to control electroosmotic flow
[12-21]; to improve separation and resolution [13—
17,22]; to enhance analyte solubility {I12]; and to
broaden the applicability of CZE to a wide range of
non-ionic compounds [19,20,23].

As illustrated in Fig. 2, addition of acetonitrile
(30%, v/v) to the buffer electrolyte effected the
resolution of co-migrating analytes of biogenic
amines. Complete separation of biogenic amines was
achieved within 6 min. The resolution of tryptamine

and tyramine was greatly enhanced, because the
decrease in the electrophoretic mobility of tyramine
was considerably greater than that of tryptamine. A
similar situation also occurred for benzylamine and
histamine. The extent of the decrease in the electro-
phoretic mobility of histamine was comparatively
greater than those of benzylamine and 2-phenyl-
ethylamine when acetonitrile was added to the
buffer. Consequently, the reversal of the migration
order between histamine and benzylamine or even
histamine and 2-phenylethylamine might occurred.
Table 1 lists the mobility data of biogenic amines
obtained with ammonium acetate buffer (100 mM)
containing acetonitrile as an organic modifier at pH
7.5. Generally, a decreased electrophoretic mobility
is accompanied by an increased proportion of ace-
tonitrile. Depending on the nature of each individual

Table |

Electrophoretic mobilities of biogenic amines obtained with
ammonioum acetate buffer (100 mM) containing as organic
modifier at pH 7.5

Analyte Electrophoretic mobility

Acetonitrile Methanol

0% 20% 30% 20% 30%
Histamine 295 2.63 2.52 2.21 1.87
Benzylamine 295 2.78 2.76 2.32 2.04
2-Phenylethylamine 2.76 2.63 2.62 2.19 1.92
Tryptamine 243 227 222 1.89 1.64
Tyramine 2.43 2.18 2.12 1.84 1.57
Serotonin 2.19 1.94 1.86 1.64 1.38

Mobility in unit of 10 "em™V ™ 's ™",
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biogenic amine, the decrease in the electrophoretic
mobility of each analyte was found to vary to a
different extent when an organic modifier was added
to the buffer electrolyte.

On addition of methanol (40%, v/v) to the buffer
electrolyte at pH 7.5, effective separation of all six
biogenic amines could be achieved within 11 min.
Fig. 3 presents such electropherogram of biogenic
amines obtained. The mobility data of biogenic
amines obtained with ammonium acetate buffer (100
mM) containing methanol at pH 7.5 are also listed in
Table 1. The electrophoretic mobility of biogenic
amines decreases more substantially with the addi-
tion of methanol than with acetonitrile. However, the
overall resolution of biogenic amines was better with
acetonitrile than with methanol at the same con-
centration. Therefore, a greater proportion of metha-
nol is necessary to be added to the buffer solution
than that of acetonitrile for an effective separation.

3.3. Effect of buffer concentration

In addition to buffer pH and organic modifier,
buffer concentration is also an important separation
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Fig. 3. Electropherograms of biogenic amines with addition of
methanol (40%, v/v) in ammonium acetate (100 mM) at pH 7.5.
Peak identification and operating conditions are the same as for
Fig. 2.
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Fig. 4. Electropherogram of biogenic amines obtained at varied
concentrations of ammonium acetate buffer: (a) 12.5 mM, (b) 25
mM, (c) SO mM, (d) 75 mM and (e) 100 mM. Peak identification
and operating conditions are the same as for Fig. 2.

parameter. Fig. 4 presents the electropherogram of
biogenic amines obtained at varied buffer concen-
trations from 12.5 mM to 100 mM. The results
clearly indicate that, in order to effectively separate
these biogenic amines at pH 7.5, the concentration of
ammonium acetate buffer containing acetonitrile
(30%, v/v) or methanol (40%, v/v) should be
greater than 50 mM. Preferred buffer concentrations
lie in the range 75~100 mM.

4. Conclusion

Addition of acetonitrile or methanol to ammonium
acetate buffer is essential to effect the resolution of
biogenic amines. These amines were efficiently
separated by CZE with ammonium acetate buffer
(100 mM) containing acetonitrile (30%, v/v) or
methanol (40%, v/v) at pH 7.5 with an applied
voltage of 10 kV.



146 W.-C. Lin et al. / J. Chromatogr. A 755 (1996) 142—-146

Acknowledgments

We thank the National Science Council of the
Republic of China for financial support.

References

[11 G. B. Baker and R. T. Coutts, Analysis of Biogenic Amines,
Techniques and Instrumentation in Analytical Chemistry,
Vol. 4, Elsevier, New York, 1982,

[2] G.B. Baker, I.T.F. Wong, R.T. Coutts and F.M. Pasutto, J.
Chromatogr., 490 (1989) 9.

[3] M.T. Veciana-Nogues, M.C. Vidal-Carou and A. Marine-
Font, J. Food. Sci., 55 (1990) 1192.

[4] M.C. Gennaro and C. Abrigo, Chromatographia, 31 (1991)
381.

[5] D. Homero-Mendez and A. Garrido-Fernandez, Analyst, 119
(1994) 2037.

[6] H. Vuorela, P. Lehtonen and R. Hiltunen, J. Liq. Chroma-
togr., 14 (1991) 3181.

[71 R. Draisci, S. Cavalli, L. Lucentini and A. Stacchini,
Chromatographia, 35 (1993) 584.

[8] O. Busto, M. Mestres, J. Guasch and F. Borrull, Chromato-
graphia, 40 (1995) 404.

[9] K. Hermann, G. Frank and J. Ring, J. Lig. Chromatogr., 18
(1995) 189.

(10] N. Shafi, J. M. Midgley, D. G. Watson and G. A. Smail, J.
Chromatogr., 490 (1989) 9.

[11] C.E. Lin, W.C. Lin and W.C. Chiou, J. Chromatogr. A, 705
(1995) 325.

[12] Y. Walbroehl and JW. Jogenson, Anal. Chem., 58 (1986)
479.

[13] E.D, Lee, W. Muck, I.D. Henion and T.R. Covey, Biomed.
Environ. Mass Spectrom., 18 (1989) 844.

[14] IM. Johansson, E.C. Hung, J.D. Henion and I
Zweigenbaum, J. Chromatogr., 554 (1991) 311.

[15] G.M. McLaughlin, J.A. Nolan, J.L. Lindahl, R.H. Palmieri,
KW. Anderson, S.C. Morris, J.A. Morrison and T.J. Bron-
zert, J. Liq. Chromatogr., 15 (1992) 961.

[16] C. Schwer and E. Kenndler, Anal. Chem., 63 (1991) 1801.

[17] X. Huang, J.A. Luckey, M.J. Gordon and R.N. Zare, Anal.
Chem., 61 (1989) 766.

[18] An. D.Tran, S. Park, P. Lisi, O.T. Huynh, R.R. Ryall and
P.A. Lane, J. Chromatogr., 542 (1991) 459.

[19] S. Fujiwara and S. Honda, Anal. Chem., 59 (1987} 487.

[20] G.M. Janini, K.C. Chan, J.A. Barnes, G.M. Muschik and H.J.
Issaq, Chromatographia, 35 (1993) 497.

[21] T. Tsuda, K. Nomura and G. Nakagawa, J. Chromatogr., 248
(1982) 241.

{22} C.E. Lin, W.C. Chiou and W.C. Lin, J. Chromatogr. A, 722
(1996) 345.

{23] Y. Shi and 1.S. Fritz, J. High Resol. Chromatogr., 17 (1994)
713.



