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Abstract

A method for detection of semicarbazide (SEM) in baby food was validated. SEM was extracted with hydrochloric acid and derivatised with
2-nitrobenzaldehyde, using®N,,'*C] semicarbazide as internal standard. The extract was neutralised, purified on a solid phase extraction
cartridge and SEM was determined by reversed phase LC-MS-MS. Linearity was demonstrated in the ranges from'0id hggiint?
and from 2 ng mt! to 80 ng mt1. Matrix effects were non significant for meat-based and significant for apple and rice-based baby foods, in
both ranges. Mean recoveries ranged from 87.8% to 107.2% with relative standard deviation from 0.2% to 9.1%, considering both ranges.
Limits of detection and quantification were Quiy kg~ and 0.25.g kg1, respectively. The results of the validation process demonstrated the
method suitability for use in food control.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction detectable (less thanudg kg~1) up to 25ug kg~1. Baby foods
have been reported with higher concentrations, perhaps be-
Semicarbazide (SEM), a metabolite of nitrofurazone, has cause of the higher ratio of gasket area to food mass for these
been used as a marker residue for the illegal use of this drugsmall pack size§7,8].
in animal food productiofi,2]. However, it has been shown SEM belongs to a family of hydrazines which are known
that SEM in food may originate from other sources including  to cause cancer in laboratory animals. However, SEM has not
environmental and those associated with food processing antheen extensively tested for toxic effects. It has weak geno-
packaging material3,4]. The origin of SEM in some foods  toxic activity in vitro and weak carcinogenic activity in fe-
was suspected to be structurally-related to azodicarbonamidemale but not male mice. Due to the limited data available, it
(AZDC), a chemical blasting agent in the production of plas- s not possible to conclude whether SEM may pose risks to
tic seals for lids on glass ja[S], also used in some countries  humang8].
as a flour improving ager6]. The methods of analysis used to detect SEM in food in-
There are few data on concentrations of SEM in food volve acid hydrolysis and a derivatisation step. These steps
packed in glass jars and bottles. The levels of SEM in other are to extract and measure SEM bound to protein in meat as
foods have been found to be variable in the range non- a marker for nitrofurazonfi,2,9]. Considering that SEM is
known to react with chemicals such as carbonyl compounds
* Corresponding author. Tel.: +55 31 34996913; fax: +55 31 34996988, and that these functional groups are present in food, some
E-mail addressjunkeira@dedalus.lcc.ufmg.br (R.G. Junqueira). or all SEM in food may be bound and not free. It would
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be necessary to base any analytical method on the hydroly-respective stock solutions with methanol. Spike solutions of
sis and derivatisation procedure to determinate both free andSEM (20ngmt?® and 200 ngmt!) and [°N,,13C] SEM
reversible-bound residues of SEM in food. As there is a wide (100 ng mi1) were prepared by dilutions of the respective
variety of baby food available, a method capable of determin- intermediate solutions in methanol. The stock, intermediate
ing SEM in a wide range of matrices is required. and spike solutions were stored atto 8°C and prepared
Irrespective of the method employed, the reliability of re- at each year, monthly and weekly, respectively.
sults concerning exposure of SEM, including occurrence data
should be guaranteed using validated proced{t6sl1] 2.3. Instrumentation
Method validation providing the performance figures that in-
dicate fitness-for-purpose have come to dominate the prac- LC-MS—MS analyses were performed using a LC Waters
tical use of validation. However, considering that validation 2695 Separations Module (Milford, Massachusetts, USA)
studies are based on statistical hypothesis testing, a methodoupled via an electrospray interface to a mass spectrometer
validation procedure also needs to provide a basic check thatQuattro Ultima Pt Micromass (Wythenshawe, UK).
the assumptions made with regard to the principles of the
tests are not seriously flaw§t]. 2.4, Samples
Considering that validation by interlaboratory assays
mainly evaluates trueness, repeatability and reproducibility = Sample blanks of apple based puree (from plastic con-
[13], in-house validation covering performance parameters tainers), meat based meal and rice pudding (from metal cans)
such as linearity, matrix effects, selectivity and limits is fun- were obtained from supermarkets. These three types of baby
damental to define the analytical procedures and to checkfood were studied representing groups of acidic, fatty/protein
suitability of the method for further collaborative trial. In- and carbohydrate-rich products, respectively. These samples
house validation is appropriate to ensure the viability of the were identified and stored frozenat8°C, until the moment
method before the costly exercise of a formal collaborative of the analyses.
trial and to provide evidence of the reliability of analytical
methods if collaborative trial data are not availaldlg]. 2.5. Analytical procedure
The work reported here represents the application of a
purposed approach to in-house validation in a quantitative  The validated method was based on previously described
method for analysis of SEM in baby food by liquid chro- procedure$l1,9,14,15] Aliquots of homogenised baby food
matography tandem mass spectrometry (LC-MS—-MS). (2.00g+0.03g) at room temperature were weighed into
50 ml falcon tubes. Solvent blanks, omitting any sample,
were prepared for the calibration curves preparation. Ex-

2. Experimental traction solution (10 mk 5% of the 0.2 molt! hydrochlo-
ric acid), internal standard (1Q0 & 2% of the 100 ng mi*
2.1. Reagents, solvents and materials [1°N,,13C] SEM spike solution) and derivatisation solution

(240pl £ 5% of the 2-NBA 10 mg mt! in methanol) were

Ethyl acetate (LC grade), methanol (LC grade), water (LC added to all tubes. The tubes were sealed securely and placed
fluorescence grade) and hydrochloric acid concentrate werein a shaking water bath at 4@ 4+ 3°C during 15 h. The sam-
obtained from Fisher Scientific (Loughborough, Leicester- ples were allowed to cool to room temperature and pH was
shire, UK). 2-Nitrobenzaldehyde (2-NBA) and ammonium adjusted with 10 mi 5% of 0.2 mol -1 di-potassium hydro-
formate were supplied by Sigma—Aldrich Co. Ltd. (Gilling- gen orthophosphate and 8@D+ 5% of 2 mol -1 sodium hy-
ham, Dorset, UK). Di-potassium hydrogen orthophosphate droxide. The tubes were sealed securely, vortex for 30 s and
anhydrous and sodium hydroxide were obtained from BDH centrifuged at 390& g for 15 min.
(Poole, Dorset, UK). Solid phase extraction (SPE) cartridges  SPE cartridges were at room temperature prior to con-
(200 mg, 3 ml) strata styrene divinylbenzene polymer SDB-L ditioning. For conditioning 3 mk 5% of ethyl acetate were
(100,m, 260A) were Phenomenex (Macclesfield, Cheshire, applied to the top of the SPE tubes and passed through under

UK). gravity. This washing with ethyl acetate was a precaution-
ary step to ensure there are no co-extractives that might be
2.2. Standards eluted later with the sample and interfere with the subsequent

analysis. This procedure was repeated applying-8 8t of
Semicarbazide hydrochloride and internal standard methanol and 5 mt 5% of water, sequentially. A small por-

[1°N5,13C] semicarbazide tPN,,13C] SEM) were supplied  tion (0.5ml) of water was remained on the cartridges until
by Sigma—Aldrich Co. Ltd. (Gillingham, Dorset, UK) and the application of sample extracts.
Witega (Berlin, Germany), respectively. Stock solutions The sample and solvent blank extracts were transferred
(Imgmi1) of SEM and f°N5,13C] SEM free were pre-  with a pipette to the SPE tubes, dripping through under grav-
pared in methanol. Intermediate solutions (&ml~1) of ity. The cartridges were washed with 5#1b% of water,
SEM and [°N,,13C] SEM were prepared by dilution of the  dripping through under gravity. SPE cartridges were dried un-
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Table 1

MS-MS conditions for multiple reaction monitoring

Component Molecular ion [M + H](m/2) Product ion (vV2) Collision energy (eV) Dwell time (s)
SEM 209+ 0.5 134+ 0.5 10 0.10

SEM 209+ 0.5 166+ 0.5 10 0.10

SEM 209+ 0.5 192+ 0.5 10 0.10
[*°N,,13C] SEM 212+0.5 168+ 0.5 10 0.10

der vacuum for at least 2 min. The 2-NBA derivative of SEM ' 3) were prepared at the levels of 2, 10, 20, 40 and 80 ng ml
was eluted with 3 mi: 5% of ethyl acetate to 4 mlvials, using  (correspondingto 1,5, 10, 20 andg kg~ of SEM in baby
mild vacuum to obtain a flow rate 1 mImih. The solvent  food) and runin arandom order, onthe same day. Blanks were
was evaporated to dryness at'4l+ 3°C under nitrogenand  also prepared for each curve as a quality control tool, but not
re-dissolved in 1000l + 2% of water:methanol (60/40, v/v). included in regression analysis. These curves were prepared
The purified extracts were filtered through a 4B syringe  in three different days to obtain independent replicates. Be-
filter. fore the extraction step, the solvent or sample blanks were
LC analyses were performed on a C-18 reversed-phasespiked with 10Qul of 20ngmi~* SEM spike solution and

column (50mmx 2.1mm id., 3um particle size, from  50ul, 100ul, 200wl and 40Qul of 200 ng mi! SEM spike
Thermo Hypersil-Keystone) at 3€C +5°C. The autosam-  solution, respectively.

pler was maintained at & 4+ 5°C and the injection volume Calibration curves from 0.1, 0.2, 0.3, 0.4 and 1 nghl
was 1Q.L|. The mobile phase was Composed of solventA (am- were prepared, Corresponding to Op@kg—l t00.5ug kg—l
monium formate 5 mmoH?) and solvent B (methanol). The  of SEM in baby food.
gradient program started at 20% solvent B and increasing to  After an exploratory fit with simple linear regression, the
95% solvent B (over 7 min). This proportion was maintained residuals were examined for obvious patterns. Jacknife stan-
for 1 min and then returned to the initial condition. The total dardised residuals test was applied sequentially until no fur-
run time was 16 min and the flow rate was setat0.2mithin  ther outliers were detect§t6] or until a drop of 22.2% in the
The MS source was maintained at TZDand the elec-  original number of resulfd 3]. Violations of assumptions un-
trospray capillary voltage to 3kV. Desolvation temperature derlying regression analysis were evaluated: residual normal-
was 450C. Nitrogen was used as the drying and nebulis- ity [17], independencgl8] and homoscedasticitji9,20]
ing gas at a flow rate of 700 It and 1001 %, respectively.  F-tests were undertaken to check the regression and lack-of-
The collision cell entrance and exit energies were set at 0 eV.it significance[21]. The slopes and interceptions obtained
The collision gas, argon, was blend into the cell at a pres- for the solvent and each matrix-matched calibration function
sure of 10*mbar. Spectra for SEM and®N2,'3C] SEM were compared for significant differences by t {@€]. The

were over the rangevz 50 to 300 in the MS mode only. Se-  hypothesis tests were performed at&ve0.05 level.
lected ions were monitored by multiple reaction monitoring

(Table 9. Concentrations were calculated by comparing the 2.6.2. Selectivity, trueness and precision

ratio of m/z 209— 166 response SEM with the ratio ofz Selectivity, trueness, precision and experimental limits of

212— 168 response'PN,,13C] SEM. detection and quantification of the method were defined by
assays with apple based puree, meat based meal and rice pud-

2.6. Validation procedure ding blanks and spiked at 0.10, 0.15, 0.20, 0.25, 0.50, 1, 10

and 30ug kg1, in three independent replicates, before the
The performance characteristics of the method were es-extraction step. Considering the results of the matrix effects
tablished by in-house validation procedures employing as- tests, respective matrix matched curves were prepared to cal-
says with standard solutions, sample blanks and spiked same¢ulate the SEM concentration in the spiked samples. The con-
ples. Linearity, matrix effects, selectivity, trueness, precision, centrations of spiked samples at fgkg! to 0.5ug kg~*
detection and quantification limits were studied. The fithess- were calculated using the respective matrix matched calibra-
for-purpose of this method was assessed based on the resultson curves in the range of 0.1 ngmito 1 ng mi1, while the

of the established performance characterigfi®$. The val- concentrations of spiked samples aitdkg ! to 30pug kg1
idation was carried out in two sets of analysis to cover two were calculated using the respective matrix matched curves
concentration ranges. in the range of 2 ng mi* to 80 ngmtL.

The absence of false positive results for all sample blanks
2.6.1. Linearity and matrix effects was considered acceptable for selectivity. Trueness was in-

Linearity and matrix effects were assessed by solvent andvestigated through mean recovery obtained for the three repli-
matrix-matched calibration curves. Apple-based puree, meat-cates of spiked samples at each level. The minimum trueness
based meal and rice pudding (three different varieties), werecriteria ranged from-50% to +20%,—30% to +10% and
used as representative matrices. Six calibration curves (sol-—20% to +10% for<1pgkg ™, >1pgkg ! to 10pg kgt
vent, apple, meat, rice variety 1, rice variety 2 and rice variety and>10ug kg~ mass fractions, respectivgy2]. Based on
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these criteria, the acceptable mean recovery range for spikedDurbin—Watson statistics were 2.04, 2.24, 1.69, 1.59, 2.05
samples at 0.10, 0.15, 0.20, 0.25, 0.50 andykg ! was and 2.17 for solvent, apple, meat, rice varietyl, rice variety 2
50% to 120% and for spiked samples atpidkg ! and and rice variety 3 curves, respectively, showing that residuals
30ng kgt was 80-110%. Intralaboratory precision under were statistically independernp ¥ 0.05). Homoscedasticity
repeatability conditions was expressed in terms of relative was confirmed. The residual variability across all concen-
standard deviation obtained for the replicates of spiked sam-tration levels was constant, since Levergtatistics were
ples at each level. This parameter was considered acceptablaot significant p>0.05) (Table 3. The high significance
when falling within two third§22] of the range calculated by  (p<0.001) of the regression can be seermable 3 while
the Horwitz function modified by Thomps¢23]. Consider- the lack-of-fit was not significanp@ 0.05) for the solvent
ing that the interlaboratoryal precision estimated by Thomp- and matrix matched curves, indicating linearity in the range
son function[23] was 22%, intralaboratory relative standard from 2 ng m- to 80 ng mt1 (corresponding to fug kg~ to
deviations<14.7% were acceptable. 40.g kgt of SEM in baby food). The solvent, apple, meat,
rice variety 1, rice variety 2 and rice variety 3 curves are

2.6.3. Limits of detection and quantification demonstrated ifrig. 2

The limit of quantification was stated as a concentration  All the regression assumptions were tested and con-
below which the method could not operate with an accept- firmed for the 0.1ngmi! to 1ngmf?! curves indicat-
able precision and trueness. The limit of detection was the ing linearity in this range. No outliers were detected in
lowest concentration of SEM that was detectable in all repli- solvent, apple and meat curves by Jacknife standardised
cates but not necessarily quantified, distinguished from zeroresiduals test. One outlier was detected in rice curve
(signal/noise>3). These limits were established based on at 0.4ngmt?! level. Ryan-Joiner correlation coefficients
the mean recovery and relative standard deviation results ob-were 0.9849, 0.9747, 0.9645 and 0.9763 for solvent, ap-
tained for the replicates of spiked samples. ple, meat and rice curves, respectively, demonstrating nor-
mal distribution of the residualsp& 0.10). Durbin Wat-
son statistics obtained for these curves were 2.58, 2.89,
2.52 and 1.97 respectively, showing the residuals indepen-
dence p>0.01). Levenesk pr statistics were 1.6% 1071,
3.11x 1071, —1.17 and—9.98x 101, respectively, con-
firming homoscedaticity> 0.05). No lack of fit p>0.05)

The residual plots and outliers removed for the solvent and significant regressiop € 0.001) were obtained for these
and matrix-matched curves at the upper range are shown incurves.
Fig. 1 The assumption that the residuals are normally dis-  The intercepts were not significantly different from zero
tributed was confirmed. Ryan—Joiner correlation coefficients (p>0.05) and no significant differences were observed be-
were 0.9575, 0.9667, 0.9754, 0.9855, 0,9793 and 0.9486 fortween the intercepts of the solvent and matrix matched curves
solvent, apple, meat, rice variety 1, rice variety 2 and rice vari- (p> 0.05), in both ranges. No matrix effects were detected for
ety 3 curves, respectively, indicating no significgnt 0.10) meat. However, when the slopes from the solvent standard
deviation of normality. No autocorrelation was observed and curves were compared with that from apple and rice matrix-

3. Results and discussion

3.1. Linearity and matrix effects

Table 2
Residual homoscedasticity evaluation by modified Levene test for solvent and matrix-matched calibration curves
Statistic Solvent Apple Meat Rice 1 Rice 2 Rice 3
n 13 13 12 14 13 12
s§ 5.38x 1074 6.02x 1074 3.65x 1074 1.09x 1073 157x 1073 1.23x 1073
t 7.72x 107t —1.71x 1073 -1.12 -1.80 —-1.53 734x 1071
p 456x 1071 9.99x 101 2.89x 1071 9.67 x 1072 153x 101 480x 1071
n: number of observationsﬁ: pool variancet*: Levenet-statistic,p: significance.
Table 3
ANOVA statistics for regression including lack of fit test of solvent and matrix-matched calibration curves
Statistic Solvent Apple Meat Rice 1 Rice 2 Rice 3
Regression

F 2.69x 10* 1.89x 10* 3.26x 10* 2.67x 10* 1.04x 10* 1.60x 10

p 5.49x 10-20 3.79x 10719 6.64x 10719 1.86x 1072 1.00x 10717 2.34x 10°Y7
Lack-of-fit

F 271 1.08 2.83 3.81 3.27 0.269

p 1.15x 1071 4.12x 1071 1.16x 1071 5.16x 102 8.02x 1072 8.46x 1071

F: variance ratiop: significance.
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Fig. 1. Residual plots for outlier diagnostics by Jacknife standardised residuals test in solvent and matrix-matched calibratiojraesidaaéx = non-
outlier; ® = outlier.

matched curves significant differences<(0.05) were ob- the same concentration of SEM. In the other hand, matrix
served for the two studied rang@able 4shows the matrix matched curves need to be used to calculate SEM concentra-
effects results for the curves from 2 ngmhlto 80 ng mi tions for apple and rice-based baby foods. Considering the
range. Based on these results it was possible to conclude thatvide variety of baby food available, it is important to eval-
SEM solvent curve analysed as described in this method gaveuate each specific case that will require new tests of matrix
the same signal as meat-based baby food samples containingffects.

Table 4
Slope and intercept comparisons of apple, meat, rice 1, 2 and 3 curves with solvent standard curve
Statistic Apple Meat Rice 1 Rice 2 Rice 3
Slope comparisons with solvent curve

t 4.95 1.11 2.87 541 5.89

p 5.94x 10°° 2.80x 1071 8.65x 1073 1.94x 1075 7.61x 1076
Intercept comparisons with solvent curve

t 6.77x 1072 2.05 1.54 1.40 1.13

p 9.47x 1071 5.35x 102 1.37x 1071 1.75x 1071 2.72x 101

t: t-statistic for the contrasts of the matrix-matched curves with the solvent qursignificance.
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Fig. 2. Solvent and matrix-matched calibration curves with respective regression equations, determination co&ficmisignificances of regressiqy (
Area ratio = area SEM/are&’N,,13C] SEM.

3.2. Selectivity, trueness and precision tained in the range from 0ydg kg~ to 30pg kg for ap-
ple, meat and rice spiked samples. Relative standard de-

Some typical multiple reaction monitoring ion chro- viations were above 14.7% for apple spiked samples at
matograms are shownfig. 3illustrating thenyz209— 192 0.1pgkg! and 0.15.gkg™! and for rice spiked sam-
transition for a solvent standard (used for confirmation) to- ples at 0.15ugkg™! and 0.2ugkg™!. Precision and no
gether with thewz209— 166 transition used for quantifica- |ack of trueness were observed between P.g%g ! and
tion for a typical baby food. The mean retention time for 30gkg™! with mean recoveries varying from 87.8%
SEM was 8.08 mig- 0.03min. In all cases for the foods to 107.2% and relative standard deviation from 0.2% to
examined the ion chromatograms were free from inter- 9 10,
ferences and peak shapes were sharp and essentially in-
distinguishable in profile from standards of comparable 3.3. Limits of detection and quantification
concentrations.

All the sample blanks analysed had non-detected re- The whole spiked samples at Qufj kg~ was detected
sults for SEM (signal/noise <3). The mean recovery val- for SEM and this concentration level was established as
ues ranged from 93.8% to 107.2%, 96.6% to 104.1% andthe method limit of detection, adopting the criterion for
87.8% to 112.9% for apple, meat and rice spiked sam- detection signal/noise-3. The limit of quantification of
ples, respectively. Relative standard deviations obtained un-this method was 0.28gkg™1, the lowest concentration
der repeatability conditions were between 0.7% and 24.6%level that trueness and precision results were appropri-
for apple, 0.2% and 9.3% for meat and 0.7% and 24.7% ate (mean recovery between 50% and 120% and rela-
for rice (Table 5. Acceptable mean recoveries were ob- tive standard deviationc<14.7%, respectively). The pro-
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Table 5

Mean recovery and relative standard deviation for apple, meat and rice spiked samples at different levels

Level (ugkg™1) Apple Meat Rice

RmM (%) RSD (%) Rm (%) RSD (%) Rm (%) RSD (%)

0.10 1046 246 974 9.3 970 9.1

0.15 938 192 1035 9.2 1040 162

0.20 1023 35 987 8.8 1129 247

0.25 941 23 1040 3.0 960 59

0.50 997 7.7 966 7.6 1065 0.7

1 1028 0.7 1037 0.2 989 81
10 1051 27 1041 6.0 1022 71
30 1072 35 1010 9.1 878 51

Rm: mean recovery, RSD: relative standard deviation. Rm critefi9% to +20% (for spiked samplesafl ug kg1); —30% to +10% (for spiked samples at
>1pgkg ! to 10ngkgt); —20% to +10% (for spiked samplesalOpg kg~1). RSD criterion:<14.7%.

1004 140 g---mmmmmmm o

L[0T R L S B

Recovery (%)

70

0.00 0.10 0.20 0.30 0.40 0.50
SEM / ug kg

Fig. 4. Distribution of the individual recovery values for spiked samples
) between 0.1.g kg~! and 0.5.g kg~?, including detection (0.jug kg~1) and
(a) Time quantification (0.2.g kg~1) limits. O =rice;d = meat;x = apple.
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