
Introduction

Biogenic amines and their precursor amino acids are
aliphatic, alicyclic and heterocyclic organic bases of low
molecular mass that are formed as a result of metabolic
process in animals, plants and micro-organisms. Hista-
mine, tyramine, tryptamine, β-phenylethylamine are con-
sidered to be important aromatic biogenic amines
occurring in foods. Biogenic amines may also be consid-
ered as carcinogens because of their ability to react with
nitrites to form potentially carcinogenic nitrosamines [1,2].
The importance of determination of biogenic amines in
foods have received crucial attention in recent years due
to the possibility of using amine concentration as an index
of food quality [3-5], as the original concentration levels of
biogenic amines can be changed during food processing
and storage and are influenced by the hygienic conditions
employed.

In order to establish separation methodologies and de-
termine biogenic amines and precursor amino acids, liq-
uid chromatography (LC) is the method of choice
because of its versatility, precision and sensitivity, and re-
sults are obtained in a reasonable time. Due to their im-
portant roles in human health and ubiquity in foodstuffs,
various reversed phase high-performance liquid chro-
matographic (RP-HPLC) methods have been developed
for determining biogenic amines in fish products, cheese
varieties, meat and meat products, and fermented foods
[6-8]. Although the methods are usually based on pre- or
post column derivatization of amines using several deri-

vatization reagents [9-11], the chromatographic separa-
tion of aromatic biogenic amines and their precursor
amino acids can be performed using UV detection with-
out using any derivatization agent. The detection method-
ology that does not require derivatization is preferred for
convenience and simplicity.

The two most useful optimization parameters for iono-
genic solutes in LC are the polarity and the pH of the mo-
bile phase. The approach for optimizing the organic
modifier concentration in the mobile phase during chro-
matographic separation of aromatic biogenic amines and
precursor amino acids has been made by establishing a
relationship between the retention parameters and Re-
ichardt’s ET

N scale of solvent polarity [12]. Moreover, pH
of the mobile phase is a major factor that affects the chro-
matographic behavior of biogenic amines and precursor
amino acids. Because they contain ionogenic functions
such as carboxylic, amino and hydroxylic groups.

The retention of the solutes in LC depends on the degree
of ionized and non-ionized species of each compound.
Thus, knowledge of the acid-base dissociation constants
of studied compounds in acetonitrile (MeCN)-water binary
mixtures, which are used as mobile phase, can help to
improve the analytical method and would lead to a better
understanding of the behavior of studied compounds.

In this work, the proportion of organic modifier of the
hydro-organic mobile phase was optimized in order to
separate eight compounds which were four biogenic
amines and their precursor amino acids, namely tyra-
mine-tyrosine, histamine-histidine, β-phenylethylamine-
phenylalanine and tryptamine-tryptophan. The
components were detected by using their natural ab-
sorbances in the UV region. The relationships between
the retention parameters (k) of the compounds and Re-
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ichard’s ET
N scale of solvent polarity were used to opti-

mize the proportion of organic modifier in the mobile
phase. In order to find the optimum pH value, the pKa val-
ues of amino acids in 20 and 30 %(v/v) MeCN-water mix-
tures were determined with using potentiometric method
according to the rules and procedures endorsed by
IUPAC [13,14]. The dissociation constants determined
correspond to the dissociation of the terminal carboxylic
and protonated amino groups of the compounds studied.

Materials and Methods

Chemicals and Reagents

Analytical reagent grade chemicals were used, unless
otherwise indicated. Histidine, phenylalanine, tyrosine,
tyrptophan, histamine, tyramine, β-phenyletilamine and
tryptamine (Figure 1a, b) purchased from Sigma (MO,
USA) and used without further purification. Water, with
conductivity lower than 0.05 μS cm-1, was obtained with
a Milli-Q water purification system (Millipore Corp. Biller-
ica, USA). MeCN (HPLC grade), sodium hydroxide,
potassium hydrogen phthalate (dried at 110 oC before
use), hydrochloric acid were supplied by Merck (NJ,
USA). 1-heptansulphonic acid sodium salt as ion pair
reagent was purchased from Fluka (MO, USA). Potas-
sium hydroxide, potassium chloride were also purchased
from Merck (NJ, USA) and were used in potentiometric
studies. Potassium hydroxide solutions (0.025 mol l-1)
were prepared in each MeCN–water mixture from 1.000
mol l-1 potassium hydroxide solution (Titrisol, Merck) by
dilution. Hydrochloric acid solutions were prepared by di-
lution from 1.000 mol l-1 hydrochloric acid (Titrisol, Merck)
in each MeCN-water mixture. The ionic strength was ad-
justed at 0.1 mol l-1 with potassium chloride.

Apparatus

Chromatographic equipment consisted of a Shimadzu
Model LC 10 ADVP pump with an auto injector (SIL 10
ADVP) and a diode-array detector system (SPDM 10 A
DAD) was used for chromatographic separation. This
equipment has a column oven (CT 10 AVP) and a de-
gasser system (DGU 14 A). A YMC-Pack ODS-AM col-
umn (250 × 4.6 mm I.D., 5 μm) was used at 25 oC.

The e.m.f measurements to evaluate the pH of the mobile
phase were performed with a model Metleer-Toledo MA
235 pH/ion analyzer with Hanna HI 1332 Ag/AgCl com-
bined pH electrode system (±0.1 mV). The measure-
ments were performed in triplicate to ensure stability and
reproducibility of the potentiometric system. While ad-
justing the pH, solutions were thermostated externally at
25±0.1 oC. Potassium hydrogen phthalate solutions (0.05
mol kg-1) prepared in appropriate MeCN–water binary
mixtures were used as primary standard buffer refer-
ences [15,16].

In order to obtain the pKa values using potentiometric
technique, potential values of the potentiometric cell were
measured with the same pH meter. Triplicate titrations of
each system were performed. The glass electrode was

stored in water when not in use and soaked for 20-25 min
in MeCN-water mixture before potentiometric measure-
ments. The stabilization criterion for the potential read-
ings was 0.2 mV within 120 s. In all instances, the
electrode system gave stable and reproducible potentials
within 5 min. The cell was thermostated externally at 25
0C ± 0.1 with a cooler system water bath (Heto CBN 8-30)
and temperature control unit (Heto HMT 200) and the test
solution was stirred magnetically under a continuous
stream of purified nitrogen. All titrations were carried in
double-walled and thermostated vessel.

Chromatographic procedure and measurements

Stock standard solutions of biogenic amines and their
precursor amino acids were prepared in water at con-
centrations of approximately 1000 mg l-1. Working solu-
tions were diluted with the corresponding mobile phase
before injections. Stock standard solutions were stored
in deep freezer and diluted working solutions were stored
at 4 oC.

In this study, the mobile phases assayed were MeCN–
water (26-30 (v/v)) with 6.10-3 mol l-1 1-heptansulphonic
acid sodium salt as ion pair reagent. The pH of the mobile
phase was adjusted to 2.45 with hydrochloric acid. The
flow-rate was maintained at 0.8 ml/min. For each com-
pound and for every mobile phase composition, the re-
tention time values, tR , were determined from three
different injections. The retention factors were established
for each mobile phase composition and pH studied. A
wavelength of 215 nm was selected as being optimal for
the simultaneous determination of all eight compounds.

Potentiometric procedure

The pKa values were determined by titration of the ap-
propriate solution of amino acids (3 mM) in 20 and 30
%(v/v) MeCN-water mixtures, using KOH solution as
titrant, in 0.1 mol l-1 ionic strength (KCl) according to the
criteria endorsed by IUPAC [13,14].

The standardisation of the electrode system was carried
out, each time in MeCN-water binary mixtures studied by
Gran’s method [17,18]. The potential was allowed to sta-
bilize after each addition of acid and the potential values
obtained were used to calculate the standard potential
of the cell, E0. Usually, about 10 or 12 additions to back-
ground solution were enough for verify Eo to be accurately
determined. The calculation of pK values requires an it-
erative cycle for each point of the potentiometric titration
at which e.m.f. was measured and were carried out by
making use of the program written in PASCAL, PKPOT
[19].

Results and Discussion

In this study, the dissociation constants of amino acids
(Figure 1) in MeCN-water binary mixtures, which are
used as mobile phase, were determined to establish the
appropriate pH of the mobile phase. As an example for
potentiometric studies, series of measurements for titra-
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tion of histidine and phenylalanine in 30% and 20% (v/v)
MeCN using KOH solution in the same solvent as titrant
respectively are shown in Figure 2a and 2b. The symbols
indicate experimental values and solid line indicates the
theoretical titration curve in the figures.

(a)

(b)

Figure 1. a) Structural formulae of studied amino acids;
b) Biogenic amines

(a)

(b)

Figure 2. a) Plot of potentiometric measurement for his-
tidine in 30% (v/v) MeCN. b) Plot of potentiometric meas-
urement for phenylalanine in 20% (v/v) MeCN. Solid lines
indicate the theoretical values calculated by PKPOT.

Table 1. The pKa values of amino acids obtained by po-
tentiometric method in MeCN-water media.

Compounds

pKa

20 % (v/v)
MeCN

30 % (v/v)
MeCN

Histidine 2.85 (0.03)
5.97 (0.07)
9.14 (0.05)

3.00 (0.09)
6.07 (0.02)
9.22 (0.08)

Tyrosine 3.04 (0.02)
8.88 (0.09)
9.50 (0.03)

3.15 (0.03)
9.15 (0.10)
10.91 (0.13)

Phenylalanine 3.03 (0.03)
8.74 (0.09)

3.14 (0.03)
8.96 (0.06)

Tryptophan 3.16 (0.01)
8.89 (0.13)

3.24 (0.01)
9.11 (0.02)
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Table 1 shows the dissociation constants of amino acids
studied obtained by the potentiometric method using the
PKPOT program [19] in 20% and 30% (v/v) of MeCN and
the values in parenthesis are standard deviations. The
first pKa values correspond to carboxylic acid group dis-
sociation while the second corresponds to protonated
amino groups dissociation.

Potentiometric results showed that when pH<3 all these
compounds were in protonated forms hence pH of the
mobile phase was adjusted to 2.45 taking care of limiting
pH values of the columns.

Nowadays to optimize the chromatographic separation
by using a few experimental data, criteria that have to be
evaluated to achieve the good separation and minimum
analysis time are retention factor, k, resolution, Rs, and
selectivity, α. The normalized scale of solvent polarity
was shown a significantly better linearity than similar plots
against the volume fraction of organic modifier and pro-
posed by Reichardt [12]:

log k = C + eET
N (1)

Retention factor values for biogenic amines and their pre-
cursor amino acids studied were obtained experimentally
in MeCN-water binary mixtures which values are in the
range of 0.880-0.867 (26-30% (v/v) MeCN).

The correlation between the experimental log k values of
the solutes studied over the whole experimental range of
MeCN contents and the ET

N values of the mobile phases
are shown in Table 2.

Table 2. Relationships between log k for studied com-
pounds and ET

N parameters, with correlation coefficients
(r).

According to Eq. (1) logarithms of the retention factor cor-
relate linearly (r > 0.98) with the polarity of the mobile

phase for the studied compounds except histamine (Fig-
ure 3).

Figure 3. Plot of normalized scale of solvent polarity vs.
percentage of MeCN. Symbols: •: Histidine, ▄ : Tyrosine,
▲: Tyramine, x : Phenylalanine, * : Histamine, o: Trypto-
phan, + :β-Phenylethylamine, -:Tryptamine. Experimen-
tal conditions: mixtures containing acetonitrile-water at
different percentages, containing 6.10-3 mol l-1 1-heptan-
sulphonic acid sodium salt as ion pair reagent, and pH
adjusted to 2.45.

The structural features of MeCN-water mixtures, explored
by Marcus and Migron [21], show three regions which are
water-rich, microheterogeneity and MeCN-rich medium.
The limit of MeCN molar fraction, XMeCN, for water-rich
medium is ≤ 0.1 that corresponds to approximately 28%
(v/v). In this work, the linear correlation between log k ver-
sus were obtained up 30% (v/v) MeCN for the studied
seven compounds. Histamine is the most sensitive com-
pound by the polarity of the mobile phase and the be-
havior of the compound is different than the others. The
slope of the straight line (up to 28%) is greater than the
others but correlation coefficient is smaller. Changing the
proportion of MeCN (even 1%) caused the change of the
elution order of the compounds and gave twin peaks. Re-
tention times of histamine were dramatically influenced
by the polarity of the mobile phase.

The selectivity for adjacent solute pairs of the studied
compounds was calculated in the usual way, α = ki / kj.
The selectivity between adjacent pairs of compounds ver-
sus percentage of MeCN in the mobile phase is shown
in Figure 3. As can be observed from Figure 3, there is a
good concordance of both selectivity values at 28% (v/v)
MeCN over the whole MeCN range for all compounds
studied.

Capacity factors (log k) and selectivity factors (α) ob-
tained for biogenic amines and precursor amino acids
studied with the mobile phase of 28% (v/v) MeCN are
given in Table 3.

Compounds Equation r

Histidine log k = 22.609ET
N - 20.085 0.991

Tyrozine log k = 17.937ET
N - 15.871 0.988

Tyramine log k = 20.802ET
N - 18.199 0.978

Phenylalanine log k = 21.955ET
N - 19.087 0.984

Tryptophan log k = 26.699ET
N - 23.031 0.982

β-Phenylethyl
amine

log k = 27.515ET
N - 23.689 0.999

Tyriptamine log k = 32.034ET
N - 27.493 0.999

Histamine log k = -48.241ET
N + 42.493 0.905
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Figure 4. Plot of selectivity, α, vs. percentage of MeCN
for pairs of studied compounds. Symbols: •:Tyrosine/His-
tidine, ▄:Tyramine/ Tyrosine, ●: Phenylalanine / Tyramine,
Χ:Histamine / Phenylalanine, +: Tryptophan/Histamine,▲:
β-Phenylethylamine/Tryptophan, *:Tryptamine/β-Phenyl
ethylamine. Experimental conditions as in Figure 3.

Table 3. Chromatographic capacity factors, selectivity
and resolutions of studied compounds at 28% (v/v)
MeCN.

Achieving a good resolution between all of the analytes of
interest is the main goal of a chromatographic separation.
In terms of fundamental chromatographic parameters, the
resolution between two adjacent peaks, Rs , is given by:

RS = (1/4)(N)1/2 [( α - 1)/ α] [k /(1+ k)] (2)

Efficiency Selectivity Retention

where N is the number of theoretical plates. Although the
selectivity term is generally regarded as the most impor-
tant in LC, full attention must be given to all of the terms
in Equation (2). Also, Table 3 shows the variation of Rs for
adjacent solute pairs for 28% (v/v) MeCN.

The separation of ionizable compounds (such as amines
and amino acids) by reversed – phase HPLC can be
achieved by means of ion-pair chromatography. Ion pair
reagents have long been known and used for their ability
to change selectivity and increase retention of polar com-
pounds on reversed-phase (RP) analytical columns. In
this study alkanesulfonate salt (RSO3

-) was chosen as
ion pair agent and the pH of the mobile phase should be
adjusted to lower than 3 to protonate amine groups of the
amino acids.

Figure 5 shows a chromatogram of the studied com-
pounds in a mobile phase of MeCN – water with 28%
(v/v) organic modifier at pH 2.45. Under the chosen con-
ditions a good separation was obtained with an analysis
time of 12 min. The best peak shape and resolution is ob-
tained when 6.10-3 mol l-1 1-heptansulphonic acid sodium
salt was used. The elution order was histidine, tyrozine,
tyramine, phenylalanine, histamine, tryptophan, β-
phenylethylamine and tyriptamine.

Figure 5. Chromatogram of a standard mixture of aro-
matic biogenic amines and their precursor amino acids,
with a mobile phase of MeCN-water (28:72, v/v) contain-
ing 6.10-3 mol l-1 1-heptansulphonic acid as ion pair
reagent, with the pH adjusted to 2,45 with HCl. Histidine
(1), tyrozine (2), tyramine (3), phenylalanine (4), hista-
mine (5), tyriptophan (6), β-phenylethylamine (7), trypta-
mine (8).

Conclusion

The separation of eight compounds of aromatic biogenic
amines and their precursor amino acids has been per-
formed by RP-HPLC in isocratic mode without using any
derivatization reagent. The mobile phase consists of
MeCN-water (28:72, v/v) containing 6.10-3 mol l-1 1-hep-
tansulphonic acid sodium salt as ion pair reagent, and the
pH adjusted to 2.45 with HCl. This optimum condition can
be used for adequate separation for quantitative analysis
of biogenic amines and their precursor amino acids in fer-

Compound k log k α Rs

Histidine 0.469 -0.329 - -

Tyrosine 0.625 -0.204 1.333 1.029

Tyramine 0.988 -0.005 1.581 3.285

Phenylalanine 1.210 0.083 1.225 1.446

Histamin 1.482 0.171 1.225 1.420

Tryptophan 1.924 0.284 1.298 4.214

β-Phenylethylamine 2.165 0.335 1.125 2.574

Tryptamine 2.986 0.475 1.379 4.762
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mented foods and beverages applying the appropriate
extraction methodologies.
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