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Determination of bixin and norbixin in meat using liquid chromatography 1 and photodiode array detection 2 3
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In this study, the development of an analytical method that enables routine analysis of the dyes 17 annatto, bixin and norbixin in meat tissue is described. Liquid solid extraction was carried out using 18 acetonitrile. Analysis was by HPLC with photodiode array detection using 2 fixed wavelengths (458 19 and 486 nm). Additionally, the possibilities of ion trap mass spectrometry (MS) were assessed.

20

Method performance characteristics according to Commission Decision 2002/657/EC were 21 determined, with recoveries between 99 and 102 % and calibration curves being linear in the 0.5 to 10 22 mg kg -1 range. The limit of quantification was 0.5 mg kg -1 . 23 24

When detection was performed using photodiode-array detection, a TSP Spectra System UV6000 LP 110 (Thermofinnigan, San José, CA, USA) with deuterium lamp was used with a detection range between 111 300 and 580 nm (bandwidth 1 nm). Additionally, two fixed wavelengths, 458 and 486 nm (bandwidth 112 9 nm), were tested. 

141

For this, blank sausage meat samples were fortified with a standard solution of a mixture of the dyes at 142 the level of 0.5, 0.75, 1, 2 and 4 mg kg -1 unless otherwise mentioned.

144

Results and Discussion

145

Method performance

146

Up to now, analytical approaches for the detection of annatto, or bixin and norbixin, are described for 147 different matrices, however, not for meat. Within this perspective, the aim of this study was to develop 148 an analytical approach for the detection of annatto, and more in particular bixin and norbixin in meat With the developed method, the two compounds of annatto, norbixin and bixin, were separated and 153 simultaneously detected by liquid chromatography (LC) using either photodiode array or ion trap mass 154 spectrometry with electrospray ionisation (ESI). Using PDA detection, the main peaks obtained from 155 the chromatographic separation of bixin and norbixin were scanned between 300 and 580 nm and were 156 similar to those reported by [START_REF] Scotter | Characterization of the colored thermal degradation products of bixin from annatto 296 and a revised mechanism for their formation[END_REF]. More in particular, 2 fixed wavelengths were used, 458 The linearity of the method was evaluated using repeated analysis of 5 calibration points in the 201 concentration range of 0.5, 0.75, 1, 2 and 4 mg kg -1 . Correlation coefficients were between 0.93 and 1. 

232

PDA and MS² analysis different ionization modes and wavelengths were tested respectively. The 233 evaluation of the ruggedness of our method resulted in restraining the parameters as described in the 234 Materials and Methods section. Above this, a wide range of commercial processed pork meat products 235 (e.g. sausages, non-smoked gammon, smoked gammon and sliced cold meat products) were analysed 236 using the above described method. In all investigated matrices it was possible to determine annatto, 237 and more specifically norbixin and bixin at 0.5 mg kg -1 using PDA and 1 mg kg -1 using MS² by 238 spiking into the matrix (see also figure 4). No problems were encountered with co-extractive 239 interferences, thus demonstrating the robustness of the method with respect to the analysis of 240 processed meat products. In this study, a routine quantitative approach for the determination of annatto or norbixin and bixin in 257 meat tissue in the low mg kg -1 concentration range is described. Using this validated method, the dye 258 annatto, and more in particular its compounds bixin and norbixin, can be detected in meat tissue from 259 the concentration level of 0.5 mg kg -1 , which fits into the objectives of the inspection services. The RT: 1,18 -5,81 SM: 7G 

  MS) detection was carried out with a Thermofinnigan LCQ DECA ion trap with 115 electrospray ionisation (ESI) interface using the above described chromatographic parameters.116Multiple mass spectrometry (MS²) spectra were acquired. The MS method consisted of segments, the 117 first (0-4 min) in negative ionisation mode, with a full scan MS scan event and an MS² scan event 118 (parent ion 379 MW, collision energy 25). The second segment (4-10 min), in positive ionisation 119 mode, consisted also of a full scan MS scan event and an MS² scan event (parent ion 395 MW, 120 collision energy 30). Isolation width was set at 2.0 and activation Q at 0were recorded and processed using Xcalibur 1.2. software 124 (Thermofinnigan, San José, CA, USA). All data were further analyzed using Microsoft ® sample analysis, a standard mixture (10 ng on column) of the targeted colour agents 129 was injected to check the operation conditions of the LC-PDA devices. For quantitative analysis, 130 calibration standards were spiked at 3 levels in sample matrix 0.5, 1 and 5 mg kg -1 . When using this Method validation for the detection of annatto, bixin and norbixin in meat tissue was carried out 137 according to Commission Decision 2002/657/EC concerning detection of residues of veterinary drug 138 substances in matrices of animal origin. The examined validation parameters for the complete 139 analytical method were selectivity/specificity, linearity, precision, trueness/recovery, 140 applicability/ruggedness/stability and decision limit (CCα) and detection (CCβ) capability.

  149 tissue. The possibilities of 2 detection techniques, photodiode array (PDA) and ion trap mass 150 spectrometry (MS) were evaluated. 151 152

  157 and 468 nm. In figure 2, UV and MS² chromatograms and spectra of 10 ng bixin, norbixin and annatto 158 on column are shown. As can be noticed, the PDA-spectra of norbixin and bixin are identical with 159 absorption maxima on 458 and 486 nm. Moreover, a typical increase in absorption intensity was 160 observed around 430 nm for both compounds. It was also observed that annatto mainly consists of 161 norbixin, though both αand β-isomers of bixin and norbixin were present, consistent with Lancaster 162 and Lawrence (1996) (See figure 2).Multiple mass spectrometry (MS²) was used to obtain structural information on the compounds 164 corresponding to each chromatographic peak. Bixin and norbixin produced the [M-H] + ion in full scan 165 MS. This molecular ion, more in specific with m/z 379 and 395 for norbixin and bixin respectively, 166 was used as precursor ion for MS². As can be seen in figure2, the MS² product ions of norbixin 167 (@379) are 253, 291, 310 and 335 whereas the main product ions of bixin (@ 395) are 317, 335, 345, 168 363 and 377. Using MS², detection is possible from a concentration level of 1 mg kg -1 as the presence 169 of several ions in the spectrum of bixin makes a clear interpretation difficult concerning matrix 170 interferences. With PDA the limit of quantification is 0.5 mg kg -1 . Therefore, PDA detection was 171 preferred for use in routine analysis.172 173Full in-house method validation for bixin and norbixin in meat 174 Identification 175 For method validation and interpretation of the obtained results, criteria as described in the considered compounds at national action level (AL). This AL was based on the 192 acceptable daily intake (ADI) for bixin and norbixin and a concentration level of 0.5 mg kg -1 has been 193 postulated. The specificity of the chromatographic method was proved since no significant interfering 194 peaks with a signal to noise ratio of 3 or more were observed at the retention times of the targeted 195 compounds by analysis of fortified samples. As described before, selectivity was proved since 196 conform 2002/657/EC, analytes are identified on the basis of their relative retention time and the ion 197 ratio of the precursor and product ions in the obtained spectrum. 198 199 Linearity 200

  Because no proficiency tests were available for annatto, and more specific for norbixin or bixin, in 220 matrices of animal origin, to evaluate the reproducibility only the within-reproducibility was 221 considered. To this end, 3 series of 5 replicates of fortified samples at 0.5 up to 4 mg kg -1 were 222 analysed by different operators and on different days. The calculated CVs for both different operators, 223 different days of analysis and different concentrations were all between 3 and 17 % for both 224 compounds considered. These values are of the same order of magnitude in comparison with the determine the ruggedness of the analytical method, experiments were carried out by 229 changing factors of the sample pre-treatment and clean-up like different SPE sorbents, extraction 230 solvents and volumes. In addition, a lot of parameters of the chromatographic analysis, e.g. injection 231 volume, liquid phases, chromatographic columns and solvent gradient programs were tested. For the

Page

  the decision limit, which is the concentration level at and above which the sample is non-244 compliant with 95 % certainty, was calculated for the considered coloring agents. This value was 245 defined as the mean concentration of the spiked blank samples at AL concentration level plus 1.64 246 times the corresponding standard deviation at this concentration. The detection capability, which is the 247 of the CCβ values for these compounds gave 0.7 mg kg -1 .250 251In routine analysis, quantification of the obtained residues of norbixin and bixin was based on 252 calibration curves of 3 spikes (0.5, 1 and 5 mg kg -1 ) in the same matrix of the sample to

Figure 1 .

 1 Figure 1. Chemical structure of bixin (MW 395) (A) and norbixin (MW 378) (B)

1Figure 2 .Figure 3 .

 23 Figure 2. Chromatograms and MS² spectra of norbixin (A) and bixin (B), PDA spectrum of norbixin (C) and bixin (D), PDA spectrum 2

Figure 4 .

 4 Figure 4. Chromatograms and PDA spectra of 1 g commercial pork sausage fortified with 0.5 mg kg -1 norbixin (A) and bixin (B). 2
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As colour is often a key consumer perception for food preference and acceptability, natural and 29 synthetic colorants have extensively been used to colour food, drugs and cosmetics(Bittencourt et al., 

Bixin and norbixin powders were provided by LGC Promochem (Molsheim, France) with a purity of

88.5 % and 97.1 % respectively. Annatto was purchased from Chromadex, Inc (Daimler St., Santa

Commission Decision 2002/657/EC were used. Targeted dye compounds in meat samples were

times the above mentioned standard deviation. The CCα values for norbixin and bixin were 0.6 mg kg -

seeds: an application of time-of-flight secondary ion mass spectrometry. Spectroscopy Europe 17: 16-
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