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Abstract

Liquid chromatography coupled to mass spectrometry (LC-MS), especially by the use of electrospray ionisation source (ESI), is currently
used for the analysis of heterocyclic aromatic amines (HAs) in complex samples. The present paper describes the study of the performance of
different narrow-bore reversed-phase columns to achieve the best chromatographic separation for the determination of 16 HAs by LC-ESI-MS
in food samples. Different parameters such as peak symmetry, resolution and number of theoretical plates have been evaluated for each column
using different chromatographic conditions. The column that provided the best results was TS8eB®IMicro ODS-80TS of Tosohaas.

Quality parameters have been established, obtaining good short-term precision in all cases (relative standard deviation (R.S.D.) lower than
7.7%) and low limits of detection{13 pg injected in MS anet 16 pg injected in MS/MS). The content of HAs in two beef extracts have been
determined.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction thermolabile and polar compounds provided by LC and also
because of the selectivity and sensitivity of Ni%—23]

The discovery that cooked fish and beef showed highly For HAs analysis by LC-MS, electrospray ionisation
mutagenic activity, as detected 25 years ago by the source (ESI) has been the most frequently used ionisation
AmesSalmonella test system|[1,2], prompted the re- technique in the last few years, due to its high sensitivity.
searchers to begin an extensive search for mutagens preserarrow-bore liquid chromatography columns are the most
in foods. Since then, more than 20 compounds, known compatible ones with ESI, due to the low mobile phase
as heterocyclic aromatic amines (HAs) have been isolatedflow rate used. Besides, these columns provide higher ef-
and identified from cooked food8-5]. Some HAs have ficiency and shorter analysis time than conventional LC
also been detected in environmental and biological samplescolumns. The aim of this study was to compare the perfor-
(such as cigarette smoke and human urine), and also inmance of different narrow-bore columns to achieve the best

soy sauce, wine, vinegar, beer and in river wgé¢l1]. chromatographic separation of 16 HAs, and to establish
Some of these mutagenic compounds have shown to bean LC-ESI-MS analysis method for their determination
carcinogens in rodents and nonhuman prim§t@s-15] in food samples. Six columns were studied: Symnfetry

A need for a routine analysis method able to quantify low C8 (Waters), Zorbdk SB-C8 (Agilent Technologies), TSK
amounts of HAs in complex matrices such as cooked foods Gef® Semi-Micro ODS-80TS (Tosohaas), DiscovBr#5
have generated interest from many laboratories. In the lastC18 (Supelco), Synerfi! Max-RP (Phenomenex) and
years, liquid chromatography—mass spectrometry (LC-MS) Purosphé? Star RP-C18 (Merck). Buffer composition, pH,
has shown to be one of the most powerful analytical tech- organic modifier and gradient elution program have been
nigues because of the capacity of separation of nonvolatile,studied for each column in order to obtain the best HAs

separation. Different parameters such as peak asymmetry,

mspondmg author. Tel:34-93-402-1100: _resolu_tic_m, r_lumber of theoretical plgtes, analysis time, max-
fax: +34-93-402-1233. imum injection volume and peak height have been evaluated

E-mail addressigalceran@apolo.qui.ub.es (M.T. Galceran). for each column. Taking into account these parameters,
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the column that provided the best results has been used tqPhIP), 2-amino-Bl-pyrido[2,3bjindole (AaC), and 2-

carry out the validation of a LC-ESI-MS method in full

amino-3-methyl-&i-pyrido[2,3blindole (MeAxC), which

scan and product ion scan acquisition mode. Finally, this were obtained from Toronto Research Chemicals Inc.
methodology has been applied to the analysis of HAs in (Toronto, Canada), and 1-methyH9yrido[4,3b]indole

two lyophilised meat extracts.

2. Experimental
2.1. Chemicals

The HAs studied, which are shown Fig. 1, were 2-
amino-1,6-dimethylimidazo[4,b}pyridine (DMIP), 2-ami-
nodipyrido[1,2a:3',2-dlimidazole (Glu-P-2), 2-amino-3-
methylimidazo[4,5]quinoline (1Q), 2-amino-3,4-dimethy-
limidazo[4,5f]quinoline (MelQ), 2-amino-3,8-dimethyli-
midazo[4,5fl]quinoxaline (MelQx), 2-amino-6-methyldipy-
rido[1,2-a:3,2-d]imidazole  (Glu-P-1), 2-amino-3,4,8-
trimethylimidazo[4,5fquinoxaline (4,8-DiMelQx), 2-ami-
no-3,7,8-trimethylimidazo[4,flquinoxaline  (7,8-DiMel-
Qx), 2-amino-3,4,7,8-tetramethylimidazo[4]§uinoxaline
(TriMelQx), 3-amino-1,4-dimethyl-8-pyrido[4,3b]indole
(Trp-P-1), 3-amino-1-methyl¥3-pyrido[4,3-b]indole (Trp-
P-2),  2-amino-1-methyl-6-phenylimidazo[4fpyridine
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(Harman) and Bl-pyrido[4,3-b]indole (Norharman), which
were from Sigma (Missouri, USA). Stock standards solu-
tions of 80ug g~ in methanol were prepared and used for
further dilutions.

Gradient grade acetonitrile (ACN) and methanol, and
HPLC grade dichloromethane, were purchased from Merck
(Darmstadt, Germany), and water was purified in an
Elix-Milli Q system (Millipore Co., Bedford, MA, USA).
Ammonia solution, hydrochloric acid, formic acid and
sodium hydroxide were analytical grade and were provided
by Merck (Darmstadt, Germany). Ammonium acetate and
ammonium formate analytical grade were purchased from
Fluka (Buchs, Switzerland). Diatomaceous earth extraction
cartridges (Extrelut-20) and refill material were provided by
Merck (Darmstadt, Germany); PRS sodium form (500 mg)
and endcapped C18 (100 mg) Bond Elut cartridges, and
coupling pieces and stopcocks were from Varian (Harbor
City, USA).

Helium of high purity was used as damper gas for the ion
trap, and N (N1) was used as nebuliser and auxiliary gas for

3
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Fig. 1. Structure and abbreviated names of the 16 HAs used in this study.
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Table 1
Characteristics of columns selected for this study

a7

Column Abbreviated name

Stationary phase

Particle sime)( TMS endcapping Pore size (A)  Length (cm)

Symmetr C8 Symmetry cs
ZorbaX® SB-C8 Zorbax cs8
TSK GeP Semi-Micro ODS-80TS  TSK Gel C18
Synergi™ Max-RP Synergi C12
Discovery® H5 C18 Discovery c18
Purosphé? Star RP-C18 Purospher C18

5 Yes 80 15
3.5 No 80 15
5 Yes 80 15
4 Yes 80 15
3 Yes 80 15
5 Yes 80 12

the ESI source. Both helium and nitrogen were purchased2.4. Mass spectrometric conditions

from Air Liquide (Madrid, Spain). Mobile phase, standard
solutions and samples were passed through a0 5il-
ter provided by Whatman Inc. (Clifton, NJ, USA) before
LC-ESI-MS analysis.

2.2. Liquid chromatography columns

Six narrow-bore (2.1mm i.d.) reversed-phase liquid
chromatography columns have been evaluated: Symfetry
C8 (Waters, USA), Zorbdk SB-C8 (Agilent Technolo-
gies, USA), TSK G& Semi-Micro ODS-80TS (Toso-
haas, Japan), Synefi Max-RP (Phenomenex, USA),
Discovery® H5 C18 (Supelco, USA) and PurospfieBtar

Identification and determination of analytes were carried
out using a LCQ mass spectrometer (Thermo-Finnigan, San
Jose, CA, USA) equipped with an electrospray ionisation
source and an ion trap mass analyser (IT). Data acquisition
was performed using Xcalibl¥ 1.2 software.

LC-MS coupling parameters were: spray voltage, 3kV;
nebuliser gas, 90 a.u.; drying gas, 60a.u.; heated capillary
temperature, 280C. A solution of 0.01% of formic acid
(v/v) in acetonitrile was used as post-column solvent at a
flow rate of 10Qul min~—1.

For the evaluation of the different columns and also for
the quantification of HAs in a meat extract of high concen-

RP-C18 (Merck, Germany). These columns embrace a rangération level (sample A), data acquisition was performed in
of different stationary phases, particle size and endcappingfull scan mode, scanning fromm/z 150 to 250 in centroid

treatment, and these characteristics are giveralle 1

2.3. Chromatographic conditions

mode (three microscans), with a maximum injection time
of 200ms and automatic gain control activated. However,
for the quantification of HAs in another lyophilised meat
extract (sample B) of low concentration level, product ion

LC was performed in a Waters 2690 separations module scan acquisition was performed using the MS/MS condi-

(Milford, MA, USA), quaternary pump equipped with an

tions given inTable 2 Normalised collision energies (NCE,

autosampler. The chromatographic separation of amines¥%) for the fragmentation of the precursor ioM [+ H]*

was carried out using a gradient elution program of a bi-
nary mobile phase at a flow-rate of 3@0min—! composed
by acetonitrile (solvent A) and 30 mM buffer (solvent B).

of each compound ranged from 37 to 45%. The spectra of
product ions were obtained scannimgz from 110 to 250.
For quantification purposes the chromatogram of the most

Formic acid and ammonium formate were used to prepareintense product ions were used. Some ion-molecule reac-

buffer solutions of pH 3.2, 3.7 and 4.0, and acetic acid

tions were observed into the trap, in agreement with re-

and ammonium acetate were used when preparing buffersults obtained by Toribio et al. using LC-APCI-MS/MS

solutions of pH 4.5. The optimal gradient elution pro-
grams obtained for each column are detailed as follows.
Symmetry (solvent B: pH 3.7): 5% A, 0—-1min; 5-30%
A, 1-15min; 30-60% A, 15-18 min; 60% A, 18-24 min;
return to the initial conditions, 24—27 min. Zorbax (solvent
B: pH 3.7): 5% A, 0-1min; 5-20% A, 1-15 min; 20-60%
A, 15-18min; 60% A, 18—24 min; return to the initial con-
ditions, 24-27 min. TSK Gel (solvent B: pH 4.0): 5% A,
0—1 min; 5-30% A, 1-15min; 30-60% A, 15-18 min; 60%
A, 18-24 min; return to the initial conditions, 24—27 min.
Synergi (solvent B: pH 3.7): 5% A, 0—-1min; 5-20% A,
1-15min; 20-60% A, 15-18 min; 60% A, 18—24 min; re-
turn to the initial conditions, 24—27 min. Purospher (solvent
B: pH 4.5): 5% A, 0—1min; 5-30% A, 1-15min; 30-60%
A, 15-18min; 60% A, 18-24min; return to the initial
conditions, 24—-27 min. The amount injected wasl.5

[24]. These reactions occurred only for carbolines (Trp-P-1,
Trp-P-2, AxC, MeAaC, Norharman, Harman, Glu-P-1 and
Glu-P-2) between the product ioN[+ H-NHz] ™ and a sol-
vent molecule (HO and ACN), and adducts @h/z higher
than parent ion were obtained. These ions had a very high
signal, so they were used for the quantification of carbolines
by MS/MS in order to obtain reproducible results.

2.5. Sample treatment

Two lyophilised meat extracts candidate to laboratory ref-
erence material were analysed. They were prepared from
a commercial beef meat extract (Bofjlthat was spiked
with HAs [25] at a different levels (sample A+70ng gt
extract; sample B~10ngg ! extract). To extract the ana-
lytes, a previously described purification metH@é] was



48 E. Barcet-Barrachina et al. / J. Chromatogr. B 802 (2004) 45-59

Table 2

MS/MS parameters used with ion trap LCQ instrument

Segment Time Analyte Precursor ions NCE Product ions used for Product ion scan

(min) [M + H]T (m/2 (9%)2 quantification (/2 range (n/2

1 0-9.3 DMIP 163 41 148 [140-170]
Glu-P-2 185 43 158 [150-190]
IQ 199 41 184 [150-205]

2 9.3-11 MelQx 214 41 199- 173 [165-220]
MelQ 213 40 198 [165-220]
Glu-P-1 199 44 184+ 172 [165-210]

3 11-14.5 7,8-DiMelQx 228 42 213 187 [180-235]
4,8-DiMelQx 228 42 213+ 187 [180-235]
Norharman 169 45 16% 142 + 115 [110-175]
TriMelQx 242 41 227+ 201 [195-250]
Harman 183 44 18% 168 + 115 [110-190]

4 14.5-18 Trp-P-2 198 40 222 199 + 181 [175-225]
Trp-P-1 212 40 236+ 213 + 195 [190-240]
PhiIP 225 43 210 [200-230]

5 18-25 AC 184 39 208+ 185 + 167 [165-215]
MeAaC 198 37 222+ 199 4 183 + 181 [175-225]

Activation Q: 0.45, activation time: 30 ms, isolation widtm/@): 1.5.
@ NCE: normalised collision energy.

used. Briefly, 1 g beef extract sample was homogenised inversed stationary phases (C8, C12 and C18) were used.
12 ml NaOH (1 M) and mixed with 13 g diatomaceous earth. Moreover, particle size was relatively small (from 3 ta)
The amines were eluted from the extraction column, contain- to achieve high efficiency values. The selected columns are
ing the diatomaceous earth mixture, directly to a propylsul- indicated inTable 1
phonic acid (PRS) cartridge using 75 ml dichloromethane. In order to establish the best chromatographic separation
This cartridge was dried and rinsed with 15 ml MeOH€eH for each narrow-bore reversed-phase liquid chromatography
(4:6) and 2ml of water. The amines retained were eluted column, buffer composition, pH and gradient elution pro-
through a C18 (100 mg) cartridge using 20 ml of 0.5M am- gram were studied. ESI source requires analytes to be ionised
monium acetate solution at pH 8.5. It was rinsed with 5ml in the liquid phase, so for HAs analysis the pH of the mo-
H»0, and the adsorbed HAs were then eluted using 0.8 ml bile phase should be lower tharKp of the HAs (pH <
of methanol-ammonia solution (9:1 (v/v)). The extract was 5) to protonate the amino group. Volatile buffers as formic
evaporated to dryness under a stream of nitrogen and theacid/ammonium formate (pH 3.2, 3.7 and 4.0) and acetic
analytes were redissolved in 5Q00of a solution contain- acid/ammonium acetate (pH 4.5) were selected to cover the
ing the internal standard in methanol-ammonium formate pH range between 3 and 5. Buffer concentration was set at
30mM at pH 4.0 (1:1 (v/v)). Finally, the extract was injected 30 mM as a compromise between buffer capacity and ionic
in the LC-MS system. strength that must be low to reduce surface tension. More-
A Supelco Visiprep and a Visidry SPE vacuum manifold over, in all cases acetonitrile was used as organic modifier.
(Supelco, Gland, Switzerland) were used for manipulations Each column was tested using the four buffers proposed for
with solid-phase extraction cartridges and solvent evapora-the different pH values, and the gradient elution program
tion, respectively. was optimised for each case to obtain the best separation of
a standard mixture of 16 HAs (Opg g~ 1). All gradient elu-
tion programs started at 5% of acetonitrile, and after an iso-

3. Results and discussion cratic stage of 1 or 2 min, the percentage of acetonitrile (%
ACN) was increased until 20 or 30% in 14 min to achieve a
3.1. Optimisation of chromatographic conditions good separation of the most polar analytes. After that, an in-

crease of the % ACN until 60% in 3 or 4 min was performed
The aim of this study was to obtain the best HAs sepa- and then an isocratic stage at 60% ACN was carried out to
ration, providing high resolution values, low analysis time, achieve the separation of the less-polar HAs. Due to the low
high efficiency, and the highest signal in order to decrease theorganic modifier concentration at the initial conditions of
detection limits. For that reason, six reversed-phase columnsthe gradient elution program, standards and samples were
have been studied. All of them were neither endcapped prepared in 1:1 methanol/buffer to avoid peak broadening.
or specially deactivated for bases. Narrow-bore columns In a preliminary evaluation the Discovery column was
(2.1 mm) compatible with LC-ESI-MS with different re- rejected because &&C and MeAC suffered a strong



Table 3

Peak height values normalised respect the maximum value obtained for each amine using five columns and different pH conditions

HAs Symmetry Zorbax TSK Gel Synergi Purospher
pH32 pH37 pH40 pH45 pH32 pH37 pH40 pH45 pH32 pH37 pH40 pH45 pH32 pH37 pH40 pH45 pH32 pH37 pH40 p

DMIP 27 59 64 58 47 50 61 38 55 92 73 69 100 68 15 28 24 12 3 33
Glu-P-2 46 58 60 32 36 43 62 37 58 100 88 68 84 40 34 23 19 8 4 18
1Q 17 31 45 17 43 66 95 29 55 100 87 58 87 57 82 11 17 16 7 28
MelQx 19 59 50 24 55 66 59 29 74 100 84 52 97 62 28 15 38 24 11 37
MelQ 18 45 69 24 37 45 73 35 53 96 100 66 80 61 84 33 19 20 8 33
Glu-P-1 24 55 64 39 50 37 66 40 78 100 87 67 87 57 63 30 31 18 8 32
7,8-DiMelQx 20 62 56 25 57 65 60 28 83 100 86 49 87 62 34 17 36 22 11 37
4,8-DiMelQx 23 79 57 29 58 66 61 25 85 89 77 57 100 63 26 15 40 24 11 31
Norharman 29 69 71 36 57 71 80 53 88 100 79 70 66 64 73 30 37 22 10 34
TriMelQx 27 80 62 32 55 73 67 31 73 96 83 53 100 69 38 16 71 51 19 59
Harman 39 76 90 48 58 70 93 66 82 100 90 84 86 70 95 46 35 24 13 44
Trp-P-2 24 55 66 31 52 67 89 50 64 85 68 55 60 62 100 39 29 23 11 33
Trp-P-1 21 52 57 27 50 100 97 43 52 71 60 50 51 60 69 54 23 18 10 28
PhiIP 16 51 47 65 44 88 100 58 52 78 50 50 56 59 29 44 34 26 13 41
AaC 17 36 66 38 46 100 85 49 50 54 31 46 45 80 87 36 30 20 16 56
MeAaC 30 49 40 28 47 100 80 45 58 76 41 33 36 74 30 10 28 29 25 52

2g-qooreqg '3

H

65—-Gt (#002) 208 g uborewolyd °c / “[e 18 eulyoell
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Table 4 m
Peak asymmetry factors, calculated at 10% peak height, obtained for each amine using five columns and different pH conditions o
HAs Symmetry Zorbax TSK Gel Synergi Purospher g
pH3.2 pH37 pH4.0 pH45 pH32 pH37 pH40 pH45 pH32 pH37 pH40 pH45 pH32 pH3.7 pH40 pH45 pH32 pH37 pH40 pH@.

DMIP 1.2 1.3 1.1 1.6 1.8 1.3 1.7 1.9 1.2 1.3 1.3 15 1.0 1.3 1.3 1.8 1.1 1.0 1.2 1.1 %:;
Glu-P-2 1.2 1.5 1.1 1.5 2.2 1.8 2.4 2.5 1.4 1.3 1.6 1.6 1.7 2.0 2.3 3.0 2.0 2.1 1.9 3.6 g'
1Q 2.7 2.0 15 2.8 0.9 1.6 2.7 2.4 2.4 2.2 1.8 1.8 25 2.0 2.0 2.0 3.1 1.9 1.6 19 o
MelQx 1.4 1.5 1.0 2.0 1.5 1.6 2.0 2.0 1.7 1.5 1.3 2.0 1.6 1.0 1.3 2.3 1.0 1.3 1.2 09 o
MelQ 25 1.8 2.0 3.1 3.6 35 3.3 3.2 2.4 2.0 2.0 25 2.8 3.0 2.3 4.0 2.9 25 1.3 1.9 <
Glu-P-1 1.4 1.2 1.2 1.5 2.0 2.7 2.5 2.5 1.5 1.9 1.3 1.5 1.1 15 2.0 2.0 1.7 1.2 2.0 1.7 <
7,8-DiMelQx 1.3 1.4 1.3 1.6 1.1 1.7 3.0 2.5 3.0 1.5 15 1.5 1.7 2.0 1.7 2.7 1.1 1.2 1.1 1.2 9
4,8-DiMelQx 1.0 1.4 1.5 1.3 2.0 2.1 2.5 2.4 2.0 15 15 1.8 1.5 2.0 1.8 3.0 0.8 1.3 2.0 1.6 g
Norharman 1.4 1.1 1.0 1.3 1.5 1.3 15 1.8 1.5 1.5 1.3 1.5 1.6 1.5 1.5 2.0 1.8 3.0 1.8 27 3
TriMelQx 1.1 1.3 1.4 2.1 1.2 2.0 2.1 2.0 1.2 1.1 1.1 1.6 1.5 1.5 1.2 1.9 1.0 1.2 1.6 15 &
Harman 1.1 1.0 1.2 1.4 1.3 1.4 1.4 15 1.1 1.2 1.3 1.3 1.2 1.4 1.4 1.8 2.3 1.8 1.6 1.9 ;
Trp-P-2 1.1 1.1 15 1.6 1.3 1.2 15 1.8 1.8 1.4 1.3 1.6 1.6 1.6 1.0 1.7 1.8 11 1.5 19 o
Trp-P-1 1.0 1.4 1.7 1.8 1.0 1.6 1.0 1.8 15 1.4 1.5 1.6 1.3 15 1.4 25 1.5 1.3 1.2 18 R
PhIP 1.0 1.0 1.6 15 11 2.0 1.6 15 1.8 1.2 1.0 15 1.1 15 1.3 2.0 0.9 0.9 0.9 1.5 'g
AaC 1.5 1.3 1.0 1.5 1.0 1.3 1.0 1.5 1.7 1.5 15 2.0 2.0 1.6 1.5 15 2.8 1.4 1.3 1.2 N
MeAaC 1.0 2.0 1.0 1.0 15 1.2 1.0 1.0 2.0 1.3 15 1.0 1.8 2.0 1.0 2.0 2.4 1.8 15 1.3 \;
a1

3

0S



Table 5

Number of theoretical platesV(= 5.54 (tr/wo5)2) normalised respect the maximum value obtained for each amine

HAs Symmetry Zorbax TSK Gel Synergi Purospher
pH32 pH37 pH40 pH45 pH32 pH37 pH40 pH45 pH32 pH37 pH40 pH45 pH32 pH37 pH40 pH45 pH32 pH37 pH40 p

DMIP 6 8 6 5 13 17 13 24 15 51 34 30 100 14 14 11 13 8 10 18
Glu-P-2 5 6 6 8 15 29 32 67 30 100 69 94 80 8 9 17 19 8 15 18
1Q 1 3 7 3 40 75 60 46 20 86 100 81 77 25 37 30 14 37 58 77
MelQx 16 27 24 9 62 59 39 44 71 88 75 67 100 44 54 23 57 55 44 46
MelQ 1 11 17 9 21 46 40 29 23 100 68 68 76 30 45 37 18 43 40 67
Glu-P-1 4 14 15 23 30 26 32 56 100 100 89 81 91 41 46 36 55 38 47 43
7,8-DiMelQx 27 31 44 13 70 45 64 49 94 99 74 67 100 52 47 34 53 51 47 42
4,8-DiMelQx 28 40 46 16 77 65 55 44 95 81 75 69 100 41 48 29 46 42 42 38
Norharman 51 62 64 33 70 69 71 53 88 88 79 60 100 57 72 38 24 29 31 24
TriMelQx 38 52 40 18 61 64 59 44 67 86 70 42 100 72 54 37 44 45 37 36
Harman 46 69 52 31 52 75 71 57 85 79 90 86 100 77 65 49 37 39 38 37
Trp-P-2 100 32 27 21 39 47 64 32 58 41 42 32 47 50 39 31 23 27 21 22
Trp-P-1 11 16 14 9 75 92 100 14 21 19 22 13 25 96 17 69 10 10 11 8
PhiIP 11 12 13 60 12 44 69 41 20 17 18 22 21 25 21 100 9 8 14 8
AaC 22 8 52 66 44 57 100 48 8 12 19 33 7 62 48 68 4 3 7 25
MeAaC 36 14 53 42 46 40 100 50 12 21 35 35 13 43 34 47 3 14 19 26

2g-qooreqg '3

H

65—-Gt (#002) 208 g uborewolyd °c / “[e 18 eulyoell
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Table 6

Resolution valuesR; = 2(rg2 — tg1)/(w1 + w2)) between consecutive peaks on five columns and different pH conditions

No. HAs

[4°]

7.9

Symmetry Zorbax TSK Gel
pH 3.25 pH 3.7 pH 4.0 pH 4.5 pH 3.25 pH 3.7 pH 4.0 pH 4.5 pH 3.25 pH 3.7 pH 4.0 pH 4.5
1 DMIP Peaks Rg Peaks Rs Peaks Rs Peaks Rs Peaks Rs Peaks Rg Peaks Rs Peaks Rs Peaks Rs Peaks Rs Peaks Rs Peaks Rg
2  Glu-P-2 1-2 0% 1-2 1.6 1-2 20 1-2 59 1-2 39 1-2 58 1-2 6.8 1-2 10.7 1-2 27 1-2 3.7 1-2 4.4 1-2 7.4
3 1Q 2-3 21 2-3 45 2-3 6.4 2-3 23 2-3 8.4 2-3 10.3 2-3 8.4 24 38 2-3 36 2-3 7.8 2-3 8.3 2-3 5.4
4 MelQx 3-5 2.8 3-6 3.8 3-6 32 344 33 36 %0.8-6 2.3 3-6 22 4-3 %5 3-5 39 3-6 6.3 3-6 56 3-4 6.4
5 MelQ 5-6 27 6-5 1.3 6-5 24 4-5 22 6-5 38 64 42 6-4 1.7 3-6 22 5-6 31 652 606% 1.8 4-5 1.3 m
6 Glu-P-1 6-4 8.0 54 3.7 54 £15-6 0.6 54 33 4-5 24 4-5 46 6-7 1.8 6-4 71 5-4 4.8 5-4 16 5-6 2@ 1.2°
7 7,8-DiMelQx 4-7 12.6 4-7 9.0 4-7 10.3 6-7 53 4-7 99 5-7 48 5-7 1.7 7-5 15 4-7 11.1 47 11.0 4-7 9.9 6-7 5.4
8 4,8-DiMelQx 7-8 19 7-8 1.5 7-8 20 7-8 21 7-9 2.8-9 1.4 7-9 24 5-8 1.5 7-8 21 7-8 1.9 7-8 19 7-8 2.3 §
9 Norharman  8-9 1.6 8-9 40 8-9 51 89 49 9-8 3.6 9-8 28 9-8 20 8-9 22 89 3.0 89 3.6 89 3.7 8-9 &9
10 TriMelQx 9-11 8.3 9-10 4.1 9-10 3.8 9-10 25 8-11 3.8 8-11 57 8-11 5.6 9-10 1.6 9-10 56 9-10 4.8 9-10 4.4 9-10 %’1.9
11 Harman 11-10 0% 10-11 2.1 10-11 20 10-11 $£011-10 2.0 11-10 1.7 11-10 #210-11 1.3 10-11 1.3 10-11 1.8 10-11 1.7 10-11 20 §
12 Trp-P-2 10-12 159 11-12 103 11-12 99 11-12 98 10-12 95 10-12 10.2 10-12 10.7 11-12 6.2 11-12 105 11-12 8.8 11-12 93 11—1%
13 Trp-P-1 12-14 13 12-14 2.8 12-14 50 12-13 6.5 12-14 16 12-14 49 12-13 6.1 12-13 6.5 12-1% 184 1.6 12-14 35 12-13 56 z
14 PhIP 14-13 6.0 14-13 23 14-13 ®A3-14 7.6 14-13 51 14-13 $£213-14 36 13-15 227 14-13 6.9 14-13 4.8 14-13 3.2 13-14 3.3;
15 AaC 13-15 14.1 13-15 22.0 13-15 269 14-15 138 13-15 15 13-15 7.4 14-15 6.5 15-$413t06 4.1 13-15 12.7 13-15 195 14-15 226 :
16 MeAxC 15-16 6.9 15-16 6.0 15-16 7.0 15-16 5.2 15-16 86 15-16 65 15-16 82 14-16 7.2 15-16 11.2 15-16 8.4 15-16 8.2 15-16%«
Synergi Purospher %
pH 3.25 pH 3.7 pH 4.0 pH 4.5 pH 3.25 pH 3.7 pH 4.0 pH 4.5 3
Q
1 DMIP Peaks Rg Peaks Rg Peaks Rs Peaks Rs Peaks Rs Peaks Rs Peaks Rs Peaks Rs |
2  Glu-P-2 1-2 19 1-2 0.8 1-2 22 1-2 84 1-2 23 1-2 2.7 1-2 35 1-2 5.2 w
3 1Q 2-3 38 2-3 70 2-3 70 2-3 6.3 2-3 2.8 2-3 4.7 2-3 52 2-3 3.0 %
4 MelQx 3-5 58 3-6 6.2 3-6 50 34 94 3-5 29 3-6 39 3-5 39 34 4.9 S
5 MelQ 5-6 4.4 6-5 1.4 6-5 26 4-5 25 5-6 21 6-5 1.5 5-6 21 4-5 2.2 g
6 Glu-P-1 6-4 82 54 56 54 20 5-6 0. %4 6.1 5-4 29 6-4 0?7 5-6 1.7 E
7 7,8-DiMelQx 4-7 11.9 4-7 12.7 4-7 11.2 6-7 11.8 4-7 9.1 4-7 9.4 4-7 8.2 6-7 3.7 &
8 4,8-DiMelQx 7-8 16 7-8 1.6 7-8 15 7-8 31 7-8 1.4 7-8 1.4 7-8 1.4 7-8 1.7 (',-.
9 Norharman  8-9 52 89 43 8-9 55 89 6.5 8-9 22 89 26 8-9 29 8-9 3.9 ©
10 TriMelQx 9-10 4.3 9-10 57 9-10 3.4 9-10 1.7 9-10 3.0 9-10 3.2 9-10 2.7 9-10% 0.8
11 Harman 10-11 2.6 10-11 1.7 10-11 24 10-11 1.6 10-1f 10-11 1.2 10-11 1.2 10-11 15
12 Trp-P-2 11-12 103 11-12 129 11-12 100 11-12 85 11-12 69 11-12 73 11-12 6.5 11-12 5.9
13 Trp-P-1 12-14 1.4 12-14 28 12-14 50 12-13 58 12-14 Ap-14 1.% 12-14 24 12-13 45
14  PhIP 14-13 5.1 14-13 3.8 14-13 1.7 13-14 4.1 14-13 50 14-13 3.7 14-13 3.1 13-14 28
15 AaC 13-15 6.9 13-15 11.2 13-15 199 14-15 115 13-15 3.8 13-15 9.1 13-15 144 14-15 17.9
16 MeAxC 15-16 104 15-16 59 15-16 6.5 15-16 5.2 15-16 7.3 15-16 6.8 15-16 6.6 15-16 7.2

2 Values lower than 1.2.

7.7
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adsorption over all the working conditions tested, giving ergi with buffer at pH 3.7; Purospher with buffer at pH
very wide peaks that prevent their detection. For the other 4.0; and Symmetry with buffer at pH 3.7, because at these
columns, peak height (normalised valudsble 3, peak conditions they gave the best column performarkgg. 2
asymmetry factorfable 4, and number of theoretical plates shows the LC-MS(IT) chromatograms of a standard HAs
(normalised valuesiable § have been calculated at the dif-  solution (0.4ug g~1) obtained at the optimal conditions for
ferent pH values. Differences between columns have beenthese columns.
observed. These three parameters are related: a low peak Other parameters such as equilibration time, maximum
height may be indicative of a tailing or a wide peak and tail- injection volume and limits of detection were studied in or-
ing peaks provide high asymmetry factor values. Moreover, der to select the best column for HAs analysis. A short equi-
wide peaks provide a low number of theoretical plates. So, libration time produces a decrease in the total analysis time.
as can be deduced froffables 3-5the TSK Gel column To study this parameter, different equilibration times (be-
with buffers of pH 3.7 and 4.0 gave the best results for most tween 3 and 10 min) were tested for each column and three
of the polar amines, while for the less-polar the asymmetry consecutive injections of a standard solution (Quigy 1)
factor values were below 2.0 and the peak height and num-were performed. A short equilibration time produced a de-
ber of theoretical plates were lower than those obtained with crease in the retention and the resolution values, especially
the Zorbax column. This last column showed the best perfor- for the most polar amines that eluted at the first part of the
mance when using a buffer of 3.7 and 4.0 for the less-polar chromatogram. For values higher than 8 min no increase of
amines, but for most of the polar analytes asymmetry fac- the retention timetg) was observed for all columns. The re-
tor values were higher than 2.0. As a consequence, the peaktention time of each analyte at an equilibration time of 8 min
height and number of theoretical plates decrease. This factwas taken as reference and used to calculate the normalised
can be explained by the absence of endcapped treatment inig differences for each compound and colurig. 3shows
this column that favoured the adsorption of basic analytes. the normalised differences with respect to the reference re-
The Synergi column, using a buffer of pH 3.2, gave results tention time for equilibration times between 3 and 7 min,
similar to the TSK Gel at pH 3.7 and 4.0. But when the for the most polar amines. For all the compounds except
buffer pH increased, the peak height and number of theoret-DMIP, it can be observed that the equilibration time for the
ical plates decreased. Moreover, the interaction with silanol TSK Gel and the Purospher columns can be reduced with-
groups produced tailing peaks, giving high asymmetry fac- out a significant variation in retention times. Using 5 min as
tor values in spite of the endcapped treatment of this col- equilibration time, the retention times with the TSK Gel col-
umn. For the Symmetry column using buffer at pH 3.7 and umn showed only a variation between 0.5 and 2.2% except
the Purospher column using buffer at pH 4.5, generally the for DMIP, where the variation was 4.4%. For the Purospher
peak height and number of theoretical plates values werecolumn, the retention time variation was slightly higher.
lower than for the other columns, while the asymmetry fac- Maximum injection volume for all columns was studied
tor values were always below 2.0 for most of the amines. because LODs values are inversely proportional to the in-
These facts are the consequence of the wider peaks obtainegection volume. Four consecutive injections of a standard
at these separation conditions. solution (0.15.g g~1) were carried out, varying the volume

In relation to the resolutionRg) between closed peaks from 5 to 25ul. Wider and fronting peaks were observed as
(Table §, there are some aspects to comment on. First, somethe volume increased, and this effect was more important
changes in the elution order of MelQ, MelQx, Glu-P-1 and for analytes that eluted in the first part of the gradient. Peak
PhIP were observed when pH increased. This behaviourwidth at 10% height was measured in order to check the vari-
could be related to thel, values of HAs. For instanceKg ations in the peak shape as the volume injected increased.
of PhIP is~5.5[27,28], which is lower than the values of Peak width at ful injected was taken as the reference value,
Trp-P-1 and Trp-P-2 (85 ~8.5). So PhIP is partially depro-  and differences of peak width between this value and those
tonated at pH 4.5 and consequently its retention is higher, obtained at 10-2pl injected are shown ifrig. 4. It can be
affecting the elution order. Moreover, the best separations observed that these differences are more important for all
were obtained on the TSK Gel and Synergi columns using amines (except DMIP) when using the Symmetry and the
a buffer at pH 4.0, because the low&gtvalue was always  Synergi columns, and they can reach 1 min when injecting
>1.5. For the Symmetry column the best resolved peaks25pul. The TSK Gel column showed the lowest peak broad-
were obtained using a buffer at pH 3.7 althoutvalue for ening mainly when 1Q.1 were injected, because the differ-
DMIP/GIlu-P-2 was 1.0. The highe&s values &1.2) for ences of peak width were lower than 2s. For compounds
the Zorbax column were obtained using a buffer at pH 3.7 which eluted at the last part of the gradient (less-polar
and 4.0. The Purospher column gave accept&ylealues amines), the effect of increasing injection volume was only
(=1.1) at pH 3.7. significant when 2.l were used, so for these casesul5

Taking into account peak height and peak symmetry of sample could be injected without having fronting peaks.
the Zorba® SB-C8 column was discarded. For the other  Limit of detection (LODs) were established for each col-
columns, the best separation conditions for each one were:umn as the quantity of analyte that produces a signal-to-noise
for TSK Gel, gradient program with buffer at pH 4.0; Syn- ratio of 3:1 (Table 7. Standard solutions at very low con-
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Fig. 2. LC-MS(IT) chromatograms (total ion chromatogram, TIC) of 16 HAs with four columns (optimised separation conditiSestoh 2, column
A: Symmetny® C8, column B: TSK G& Semi-Micro ODS-80TS, column C: Synelfi Max-RP and column D: PurospfferStar RP-C18. Standard
solution of HAs: 0.4.gg~1, injection volume: Sul. Analytes—1: DMIP; 2: Glu-P-2; 3: 1Q; 4: Glu-P-1; 5: MelQ; 6: MelQx; 7: 7,8-DiMelQx; 8:
4,8-DiMelQx; 9: Norharman; 10: TriMelQx; 11: Harman; 12: Trp-P-2; 13: PhIP; 14: Trp-P-1; 18 And 16: MeAC.
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Fig. 3. Bar charts showing the normalised differences of retention times respect to the referencegrvaluan( equilibration time of 8 min), when
equilibration time was varied from 7 to 3minll) Symmetry, E) TSK Gel, () Synergi, &) Purospher.

centration levels were injected. Purospher column gave the

Table 7 highest values for most of the compounds. Among the other

Limits of detection (pg injected) of HAs using the best four columns at three columns there were no significant differences, although

the optimal conditions (seSection 2 the TSK Gel gave slightly lower LODs, mainly due to the

HAS Symmetry TSK Gel Synergi Purospher  Narrow and symmgtrical peaks obtained.

ovIP 3 13 13 7 Frpm'these studies we can conclude thaF the TS@GeI

Glu-P-2 6 3 13 7 Semi-Micro ODS-80TS column at the working conditions

IQ 11 2 11 22 indicated in Section 2have been selected. This column

MelQx 6 6 5 7 provided the best separation for HAs determination by

MelQ 5 5 8 5 LC-ESI-MS in combination with the best values of peak

Glu-P-1 5 2 4 17 height, peak symmetry, and number of theoretical plates.

7.8-DiMelQx ! 3 2 9 Moreover, a low equilibration time was needed.

4,8-DiMelQx 2 5 8 11 '

Norharman 3 3 5 6

Harman 2 3 4 9 3.2. Performance of the LC-ESI-MS method

Trp-P-2 4 4 6 8

Trp-P-1 2 3 2 3 To check the method’s performance using the TSK Gel

Zh'g 1;‘ g g 1;5 column, quality parameters such as limits of detection, lin-
o : s . -

MeAaC 12 8 8 2 earity range and short-term precision were studied. Limits

of detection are given ifflable 7and ranged from 2 to 13 pg
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Fig. 4. Bar charts showing the peak width difference (in seconds) when the injected volume was increased from 5t (l)2Symmetry, E) TSK
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injected. The highest LOD corresponds to DMIP because it
is the widest peak in the chromatogram.
The linearity range was determined, and was found to be Table 8
0.02-1.0ug g ! for all compounds. Calibration curves for Results of quantification of sample A-f0ngg™) and B (~10ngg™)

the amines using TriMelQx as internal standard @&J_l) using full scan and product ion scan modes, respectively
were established at six concentration levels in the linearity HAs Sample A (ngg! Sample B (ngg!
range. The curves were fitted to a linear function, which gave meat extract) meat extract)
regression coefficients better than 0.99 for all the analytes. ToDMIP 66.9+ 4.2 12.4+ 17
determine repeatability or short-term precision, six replicate 'MQ | ;g-zi g-g ﬂgi 12
injections of a HAs standard solution at a concentration of 2QX 77'51 50 9'91 17
0.15pgg~! were carried out. Relative standard deviations , g pimeiox 7744 4.6 115+ 18
(R.S.D.) of the concentration values of the six replicates Trp-p-2 63.2+ 5.0 9.3+ 3.0
were calculated for all analytes, and they were ranged from Trp-P-1 69.8+ 4.8 8.5+ 1.6
1.8 t0 6.5%. PhiP 70.1+ 5.6 9.0+ 2.5
o AaC 75.44 4.2 7.3+ 2.6
In order to evaluate the applicability of the LC-ESI-MS oG 70.94 55 924 17

method to the analysis of real samples, two lyophilised




E. Barceb-Barrachina et al. / J. Chromatogr. B 802 (2004) 45-59 57

100 NL: 1.75E7

TIC
50 1
o \
1007 NL: 4.11E6
m/z: 163 DMIP
50
0 RO Admadand o v 4 " " [URY
100 4
NL: 8.14E6
m/z: 199 10
50
0 e
100 .
m/z: 214 MeIQ NL: 8.23E6
50 T
] —
0
100 .
m/z: 213 MeIOx NL: 6.25E6
50 7
A A .
0
100 ]
. NL: 6.76E6
° |m/e: 228 A 4,8-DiMelQx
g 50
- A . . e
g
100 7]
2 . NL: 6.76E6
< m/z: 242 TriMelQx
o 50 7
2
R= 24
&
100 7]
m/z: 198 Trp-P-2 NL: 7.20E5
507 MeAaC
0 A N - " L Adauldiiad Ammmf‘
10077
m/z: 212 Trp-P-1 NL: 7.21E5
5077 A
0 Mol N A -
100
m/z: 225 NL: 6.48E5
50 PhIP
0 P A
100 7
m/z: 184 NL: 3.61E5
50 -1 AaC
— o - oA e % v .
(Ve e e s s S s e I B B B e e R B B B B S e |
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 5. LC—-MS(IT) chromatogram corresponding to sample A in full scan mode.

meat extracts that contain different concentration levels of Results of quantification of HAs in sample A in full scan
HAs (sample A and B) were analysed. For each extract, mode are given infable 8§ where it can be observed that
six individual, fully independent analyses were carried out, good precision£8% R.S.D.) was obtained for all the stud-
on three different days. The clean-up procedure used isied compounds. As an example, a LC—-MS chromatogram
described inSection 2.5 Quantification of HAs was per-  of an extract is shown ifrig. 5. In order to improve sen-
formed by standard addition method, at four spiking lev- sitivity, for sample B that contains a lower concentration
els around 50, 100, 150 and 200%. TriMelQx was used of HAs (~10ngg?l), the acquisition was carried out in
as internal standard in order to correct signal variations on product ion scan mode instead of full scan mode. LODs
ESI-MS. and short-term precision using standard solutions were very
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Fig. 6. lon chromatograms of MefC in sample B: (A) full scan LC-MS(IT), (B) product ion scan LC-MS/MS(IT).

similar to those achieved in full scan mode 16 pg in-
jected and<7.5% R.S.D., respectively). However, in this
complex sample LODs decreased over six times in MS/MS  This work was carried out with financial support from
compared to MS mode. As an examplég. 6 shows the the Commission of the European Community, RTD pro-
LC-MS chromatograms of Me&C acquired in both acqui- gramme “Quality of Life and Management of Living
sition modes. As can be seen, the improvement of the signalResources”, project QLK1-CT99-01197 “Heterocyclic
is significant when using the product ion scan mode, due to Amines in Cooked Foods—Role in Human Health”. Finan-
its higher selectivity in complex samples. Results of quan- cial support was also provided by the Ministerio de Ciencia
tification of HAs in sample B using product ion scan mode y Tecnoloda, project AGL2000-0948.

are given inTable 8 A decrease in the precision values
(<18% R.S.D.) in sample B due to the lower concentration
of HAs was observed.
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