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Abstract

A rapid and selective cation exchange chromatographic method coupled to integrated pulsed amperometric detection (PAD) has been devel
to quantify biogenic amines in chocolate. The method is based on gradient elution of aqueous methanesulfonic acid with post column addi
of strong base to obtain suitable conditions for amperometric detection. A potential waveform able to keep long time performance of the /
disposable electrode was set up. Total analysis time is less than 20 min. Concentration levels of dopamine, serotonin, tyramine, histamine
2-phenylethylamine were measured, after extraction with perchloric acid from 2 g samples previously defatted twice with petroleum ether. T
method was used to determine the analytes in chocolate real matrices and their quantification was made with standard addition method.
dopamine, histamine and serotonin were found in the analysed real samples. Repeatabilities of their signals, computed on their amounts ir
real samples, were 5% for all of them. Repeatabilities of tyramine and phenethylamine were relative to standard additions to real samples (c
to 1 mg/l in the extract) and were 7 and 3%, respectively. Detection limits were computed with the 3 s of the baseline noise combined with t
calibration plot regression parameters. They were satisfactorily low for all amines: 3 mg/kg for dopamine, 2 mg/kg for tyramine, 1 mg/kg fc
histamine, 2 mg/kg for serotonin, 3 mg/kg for 2-phenylethylamine.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Biogenic amines; Integrated pulsed amperometric detection; Au disposable electrode; Chocolate; lon chromatography

1. Introduction aliphatic diamines, were found in tumour cells and their detec-
tion in organ transplant recipients was the basis for monitoring
It is well known that biogenic amines (BAs) are a group the extent of tissue rejectid8]. Moreover, secondary amines
of naturally occurring amines derived from enzymatic decarsuch as putrescine and cadaverine play an important role in food
boxylation of some natural amino acids and proteins. Manypoisoning as they can potentiate the toxicity of histanjilj.
of them have powerful physiological effects (e.g., histamineAll of them can also react with nitrites to form nitrosamines,
serotonin, dopamine, tyramine) and have an important biologwhich are carcinogenic compounds. The detection of aromatic
ical activity [1]. For these reasons, it is important to monitor BAs has become particularly important also in choco[at§
biogenic amine levels in foodstuffg,3], beverage$4,5] and as they are found at significant concentration levels. Tyra-
plants[6,7], in view of their importance for human health and mine, serotonin, 2-phenylethyl amine and dopamine content
food safety as they are members of pressor amine group and tendn be modified during technological processes from cocoa to
to cause hyper or hypotensif®]. Some of them, in particular the final product and is influenced by the prevailing hygienic
conditions.
Determination of BAs is mainly based on gas or liquid
* Corresponding author. Tel.: +39 049 8275182; fax: +39 049 8275161,  Chromatographic separation followed by different detection
E-mail address: paolo.pastore@unipd.it (P. Pastore). approaches including FID12], UV [2,11,13] fluorescence
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[5,14]. The main drawbacks of these methods are relate@€hromeleon software, version 6.20. The column used was a
to the process of pre- or post-column derivatisation leadinddionex CS17 (2 mmx 250 mm, 5um) with a pre-column CG17

to long analysis times, low reproducibility, interferences and(2 mmx 50 mm, 5um) thermostated at 4&C. The eluent was
problems connected to the stability of derivatisation prod-methanesulfonic acid (MSA) 6 mM for 3.5 min, then linearly
ucts. Other method8,15,16]do not involve derivatisation and to 27 mM in 7.5min. This last concentration was maintained
use conductometric detection after ion chromatographic semgonstant for 7 min. The chromatographic run was preceded by
aration with chemical suppression of the eluent or integrated min of equilibration at 6 mM methanesulfonic acid. The flow
pulsed amperometric detection (PAD) in various operative conrate was 0.35 ml/min. A post column addition of 0.1 M NaOH
ditions[17,18] In particular, integrated square wave detectionwas made by using a Biorad 1350T pump at 0.35 ml/min. The
(ISWD) was used for standard mixturEk9], and applied to injected volume was 1(l. Extracted samples were centrifuged
determine BAs in soybean seef0]. Pulsed amperometric with a Serafini centrifuge, mod. 322, and sonicated with a
detection was used in milk sampl¢®l] and electrochemi- Branson, mod. 2200, ultrasonic bath. The flow-through elec-
cal detection at fixed potential at carbon electrof#y was trochemical cell (Dionex) consisted of a 1.0 mm diameter Au
used for serum matrices. Moreover, carbon electrodes modlisposable working electrode, a titanium counter electrode and
ified with gold nanoparticle$23] were applied to extracted a pH-Ag/AgCl combination reference electrode. The adopted
sardine samples. The drawback of conductometric detectiowaveform and the corresponding integration interval (charge is
is the large presence of alkaline and alkaline-earth cationmeasured) is reported Fig. 1

detected together with amines usually much less concentrated.

Amperometric detection ensures good sensitivity and does ngt3. Procedures

require derivatisation, however, the reported methods usually

lack in repeatability above all when applied to real matrices2.3.1. Extraction of amines from chocolate

owing to electrode surface poisoning. In the present work an Chocolate was grated and fats were twice extracted from 2 g
improved method of detection of non derivatised dopaminef sample with two aliquots of 10 ml petroleum ether. Extrac-
(DOP), serotonin (SER), tyramine (TYR), histamine (HIS) andtion were made by shaking for 10 min and then centrifuging for
2-phenylethylamine (PHE) in chocolate has been developed byo min at 3000 rpm. Then, the petroleum ether solution was dis-
using a suitable ion chromatographic separation coupled witgarded and the residual ether eliminated with a nitrogen flow.
an integrated pulsed amperometric detection at gold disposablgmines were then extracted with 10 ml of 0.1 M HGI@n
electrodes able to improve signal repeatability. This detectiomn ultrasonic bath for 20 min and centrifuged at 4500 rpm for
technique resulted more selective than the potentially usable U¥5 min. Solution was filtered with a O@an PTFE filter and

one. diluted 1:1 prior injection. A second extraction with 5ml of

HCIO4 was made to verify the completion of extraction. Ether
2. Experimental used for fats extraction was tested for the presence of amines.
2.1. Reagents 2.3.2. Standard additions calibration and recovery tests

Three standard additions were made to calibrate the ana-
All reagents were of analytical grade and were usedytical method and to evaluate the recovery of the analytes in
as purchased: dopamine 99% (3-hydroxytyramine hydrochloge extraction procedure. For this purpose 2g of grated plain
ride, Janssen, Geel, Belgium), serotonin hydrochloride 99%hgcolate were added of 10, 20, i30of a standard solution
(Lancaster, Morecambe, England), tyramine >99% (Flukagontaining DOP (4000 mg/l), TYR (2000 mg/l), HIS (900 mg/),

Milan, ltaly), histamine base >97% (Fluka, Milan, ltaly), 2- SgER (4000 mg/l) and PHE (3000 mg/l). The added solution was
phenylethylamine >99% (Fluka, Milan, Italy), HCQ0% RP

Normapur (Prolabo, France), NaOH (Riedel deéhdrluka,

0,6
Milan, Italy), methanesulfonic acid 99% (Sigma-Aldrich, Milan, 04
Italy), petroleum ether 35-6@ (Prolabo, France), GCN ’
HPLC grade 99.8% (Baker, Deventer, Holland). The solutions 0.2
were prepared with milliQ water (Millipore Plus System, Milan,  ~ 0.0
Italy, resistivity 18.2 Mohrrem). Standard solutions of BAs :cn -0,2 1
were prepared in HCI©0.1 M at 100 mg/l and stored atg. ? 0,4 1 Integration time
For the evaluation of recovery from chocolate, a more concen- 4 |
trated solution was used (about 4000 mg/l), to avoid the addition 5
of large amount of solution. w 087
.1,0 -
2.2. Instrumentation -1,2
-1,4 ; . . .
A Dionex GP50 gradient pump equipped with an EG40 0.0 02 04 06 0.8 1,0

electrochemical detector and a LC25 oven was used as te)
chromatographic system. All devices were controlled by the Fig. 1. Detection waveform.
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immediately adsorbed by the matrix. Chocolate samples werpaper might need a slight correction to compensate little differ-
homogenized before extraction. Amines were then extractednces of the reference electrode potential and to compensate the
from chocolate as previously described. Inthe case of 85% cocqgaotential shift due to differences of the pH value of solution.
chocolate the added volumes were 20, 40 andI60
3.2. Post-column reagent
3. Results and discussion
The necessity to detect amines at alkaline pH range compelled
3.1. Choice of the potential waveform the use of a post-column addition of a strong base. Hoekstra and
Johnson19] suggested the use of a cationic micromembrane
As mentioned in the introduction section, a quite importantsuppressor to change the elution pH from acidic to alkaline. The
problem connected to the use of gold electrodes in real matrice&lea was based on the usual ion exchange of the methyl sulfonate
is the surface poisoning that can be caused either by adsorptioon with hydroxide, giving a neutral pH, and to a concomitant
of oxidation products or by Au oxidation for the presence ofslight NaOH permeation from the suppression membrane, pro-
ligands in the matrix or for too oxidative applied potentials. Inducing an alkaline pH depending on the NaOH concentration
one of their papers, Hoekstra and Johndi} showed the way of the regenerating solution. Although a cation self regenerat-
to obtain an optimal waveform for the biogenic amine detectioring suppressor (CSRS-II), tested by us, would have the great
but, unfortunately, its use in real matrices usually can lead to eraeadvantage of minimizing dilution and producing a very sta-
sion and recession of the electrode surface. We tried to overconide base-line, we verified that: (1) it eliminates tyramine and
this problem by setting up suitable reductive steps in order talecrease partially also the response of other amines; (2) the
preserve or to recover the Au metal surface. The potential wavexmount of permeated NaOH did not allow a strict control of the
form proposed in this papeFig. 1) is a modified version of the detection pH; (3) the pH is usually much lower than 13 (NaOH
Hoekstra and Johnson’s one. On the basis of cyclic voltamma.1 M) and in this condition, alkaline and alkaline-earth cations
grams in alkaline media (pH close to 13) of the different aminegusually present in real matrices even at high concentrations)
under study, the waveform begins at a rest potential@®5V  can produce a signal due to the substitution of their counter ions
were gold is at its metal state. Potential was kept at that valuaiith OH™ responsible of the signal change. For all these rea-
for 0.2 s and then was positively scanned up to 0.50V in 0.15 ssons the suppression would be avoided in the determination of
During this period electrode is covered with an oxide layer andamines in real matrices. We therefore decided to pump and mix
in the presence of amines, their oxidation does occur. Potentit?daOH directly into the elution stream by a “tee” junction so that
remains at 0.5V for 0.1 s (this step was included also to stabilisthe operative measured pH was always close to 12.7. The added
the base-line signal) and then returns back-th25V with a  NaOH concentration delivered was 0.1 M in order to limit the
reverse scan opposite to the rising one remaining at that valudilution effect. Higher concentrations, coupled to slower flow
up to 0.8s. The linear scans (positive and negative) placed irates did not produce better results owing to the increased diffi-
this first part of the waveform, minimize any contribution to the culty of controlling low flow-rates and for problems of effective
net analytical signal from the formation and reduction of surfacesolutions mixing. The experimental conditions chosen allowed
oxide because the measured charges are of opposite polarity. Ttie use of Au disposable electrodes that remained stable for
period of time at 0.5V increases the sensitivity towards aminealmost two weeks of continuous work without any decrease of
and the extra amount of oxide formed is recovered by the followthe response.
ing steady potential step a0.25 V. This trapezoidal part of the
waveform is essentially the combination of the IVD and ISWD 3.3. Calibration and analysis of real matrices
modes reported in RgfL5]. Inthe last part of the wave-form, five
rapid cyclic scans from0.25Vto—1.2V are applieduptoals The proposed detection wave-form was applied to the deter-
time length. This cyclic sequence allowed the electrode surfacmination of BAs in various chocolate matrices. From prelim-
to stabilise at metallic state and probably to condition at negaiary experiments, we verified the absence of BAs in white
tive potential before performing a new charge sampling periodchocolate and presence of trace amounts in milk chocolate. We
Charge is measured from 0.2 to 0.8 s. We empirically verifiedherefore chose to optimise the analytical method with plain and
that the chosen number of triangular cycles ensures the min85% cocoa chocolate. The chromatogranisigf 2b and 3how
mum base-line noise and short surface stabilisation time. Insidéhe separation obtained for two real samples with the chosen
each cycle, very important parameters were, obviously, the stegdution gradient compared to the five standard analyigs 2a)
time of each potential level and the potential levels themselvesll at the concentration of 2.0 mg/l. In particular, the reported
Slight variations of time length of the individual steps inside thechromatograms refer to a plain chocolate sample containing a
cycle did not affect very much the overall performance of thedeclared cocoa amount of 50%ig. 2b) and a chromatogram
detection. On the other hand, potential levels were quite criticakelative to a sample containing 85% of cocég( 3). A sinu-
In this context a helpful check for the optimal performance ofsoidal base-line noise, produced by the post-column pump used
the waveform is the base-line signal level. The best detectiofor the NaOH delivering, becomes evident at trace level anal-
performance was obtained when residual charge was as closeysss while it has no effect when detecting the amine contents
possible to 0 nC at least at the beginning of the chromatographigsually present in chocolate. This noise can be further reduced
gradient. In other words, the potential levels proposed in thidy using a pressurized post-column device. In this case, also
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temperature plays a significant role in peak separation. Higher
temperature produced sharper peaks improving both efficiency
and selectivity so that the chosen temperature waC4@he
highest possible to keep the column safety unchanged. It must
be noted that all the tested amines have UV active groups and
therefore they could be potentially detected also by UV tech-
b nigue. Anyhow, we verified that this detection technique cannot
3 be used owing to the presence of a huge signal of absorbing com-
‘ \/4 5 a ponents present in the cocoa real matrices that hid all the amine
] 1 > j \,,-w--— peaks. Therefore, a relevantimprovement in terms of selectivity
A j\__j‘\_,,——- has been obtained with the present IPAD technique. Quantifica-
minutes

300

nC

tion has been made by standard addition method as reported in
the procedure section. We chose this calibration method on the
basis of the following results: (1) the sensitivities of the exter-
Fig. 2. Chromatograms relative to (a) standards at 2 mg/l concentrationlevelar]qal calibration are different from those of the standard addition
(b) plain chocolate sample. Experimental conditions: column Dionex CS17 with . .
precolumn; methanesulfonic acid gradient; flow rate 0.35 ml/min; post columrmethOd as aresultof the influence of the mat_rlx onthe eleCtroqe
NaOH at 0.35 ml/min; injection volume }0; =40 C. For the electrochemical  Surface performance; (2) the chocolate matrices are usually dif-
detection conditions, seg. 1 (1) dopamine; (2) tyramine; (3) histamine; (4) ferent from one another and therefore it seems reasonable to use
serotonin; (5) 2-phenylethylamine. standard additions; (3) if the injected sample is a real matrix the
analytes retention times are slightly different from those of the
300 external standards (compare the two chromatogranfsgof2)
so that the presence of close interfering peaks can give some
interpretation problems. Anyway, the amount of amines added
in the standard addition method has been chosen on the basis
of an estimate of the analyte concentration in the real matrices
with external standard3able 1lreports the regression parame-
ters, interceptip), slope 1), their standard deviations,{ and
Sy, respectively), standard deviation of residuajs (for a con-
fidence level of 95%) and correlation coefficieR},(relative to
the used standard addition method at the temperature 40
The recovery of the analytes was checked by making a second
-302 =0 extraction on the same chocolate sample and also by extracting
minutes the petroleum ether solution used to eliminate fats. Both these
Fig. 3. Chromatogram relative to a 85% cocoa chocolate sample. Experimentg\(\l0 second extractions did not S.hOW any peak of the an.aly'.:es
conditions: column Dionex CS17 with precolumn; methanesulfonic acid graldi—SO that we assumed our eXtraCFlon procedure as quantitative.
ent; flow rate 0.35 ml/min; post column NaOH at 0.35 ml/min; injection volume The reported chromatograms point out the absence of TYR and
10ul; T=40C. For the electrochemical detection conditions, Bige 1: (1) PHE in the sample extract while the found amount of DOP, HIS
dopamine; (3) histamine; (4) serotonin. and SER in the extract of the 85% cocoa sample were 9.6, 1.0,
6.1 mg/l, respectively. In the case of the plain chocolate, the
the detection limits may be lowered. The base-line drift evi-found amounts were 8.2, 0.46, 4.8 mg/l, respectively. The con-
denced in the standard run corresponds to the variation of eluefigntration in mg/kg can be obtained by multiplying the given
concentration but it does not interfere with the determinatiorvalues by 10. In our opinion, the determination of the limit of
of the BAs in real samples as demonstrated by the real samp#etection (LOD) would be made on the basis of the calibration
chromatogram. This fact points out the great sensitivity of theolot statistics as both blank and analytes are accounted for and
electrode to minimal variation of the pH value. Anyhow, the this method would be applied to a low standard concentration
effect is hidden by the head components of the matrix likelyrange[24]. We tried this approach but the external calibration
responsible of a modification of the electrode response. Columplots gave slopes statistically different from those obtained by

-30
0

nC 3

Table 1
Regression parameters of the calibration plots (standard addition method) of the five analytes in the case of 85% cocoa sample

bo (NC min) b1 (NCminlmg™?) spg (NC Min) sp, (NCminlmg 1) sy (NC min) R
DOP 35.5 3.71 0.3 0.04 0.5 0.9996
TYR 0.9 35 0.4 0.1 1.2 0.998
HIS 8.5 8.2 0.5 0.3 0.9 0.997
SER 27.4 45 1.0 0.1 1.8 0.997
PHE 2.5 3.6 1.2 0.2 1.0 0.994

Linear modely =bg + b1x.
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Table 2 of the measurements are good enough to give robust results and
LOD and repeatabilities of the different amines computed from the 85% cocogq propose the analytical approach for the determination of the
chocolate sample studied BAs also in different real matrices.

LOD (mgl/l) Concentration (mg/l) RSD (%)
DOP 0.3 9.6 5 Acknowledgements
TYR 0.2 0.95 5
HIS 0.1 16 7 The financial support of the Italian Ministry of University
SER 0.2 6.1 5 and Research (MIUR) is gratefully acknowledged.
PHE 0.3 18 3
4 N=5. References
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