
Journal of Chromatography A, 1077 (2005) 151–158

Analysis of semicarbazide in baby food by liquid
chromatography tandem mass spectrometry
(LC–MS–MS)—In-house method validation

Scheilla V.C. de Souzaa, Roberto G. Junqueiraa,∗, Richard Ginnb

a Universidade Federal de
Minas Gerais (UFMG), Faculdade de Farm´acia (FAFAR), Departamento de

Alimentos, Av. Antˆonio Carlos 6627, Campus da UFMG, Pampulha, Zip-Code 31.270-010, Belo Horizonte, MG, Brazil
b Central Science Laboratory (CSL), Sand Hutton, York YO41 1LZ, UK

Received 17 January 2005; received in revised form 7 April 2005; accepted 25 April 2005
Available online 13 May 2005

Abstract

tised with
2 xtraction
c
a oods, in
b oth ranges.
L ed the
m
©

K

1

b
i
t
e
p
w
(
t
a

p
f

s be-
these

wn
s not
eno-
e-
le, it
ks to

in-
steps
at as

is
unds
some
uld

0
d

A method for detection of semicarbazide (SEM) in baby food was validated. SEM was extracted with hydrochloric acid and deriva
-nitrobenzaldehyde, using [15N2,13C] semicarbazide as internal standard. The extract was neutralised, purified on a solid phase e
artridge and SEM was determined by reversed phase LC–MS–MS. Linearity was demonstrated in the ranges from 0.1 ng ml−1 to 1 ng ml−1

nd from 2 ng ml−1 to 80 ng ml−1. Matrix effects were non significant for meat-based and significant for apple and rice-based baby f
oth ranges. Mean recoveries ranged from 87.8% to 107.2% with relative standard deviation from 0.2% to 9.1%, considering b
imits of detection and quantification were 0.1�g kg−1 and 0.25�g kg−1, respectively. The results of the validation process demonstrat
ethod suitability for use in food control.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Semicarbazide (SEM), a metabolite of nitrofurazone, has
een used as a marker residue for the illegal use of this drug

n animal food production[1,2]. However, it has been shown
hat SEM in food may originate from other sources including
nvironmental and those associated with food processing and
ackaging materials[3,4]. The origin of SEM in some foods
as suspected to be structurally-related to azodicarbonamide

AZDC), a chemical blasting agent in the production of plas-
ic seals for lids on glass jars[5], also used in some countries
s a flour improving agent[6].

There are few data on concentrations of SEM in food
acked in glass jars and bottles. The levels of SEM in other

oods have been found to be variable in the range non-

∗ Corresponding author. Tel.: +55 31 34996913; fax: +55 31 34996988.
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detectable (less than 1�g kg−1) up to 25�g kg−1. Baby foods
have been reported with higher concentrations, perhap
cause of the higher ratio of gasket area to food mass for
small pack sizes[7,8].

SEM belongs to a family of hydrazines which are kno
to cause cancer in laboratory animals. However, SEM ha
been extensively tested for toxic effects. It has weak g
toxic activity in vitro and weak carcinogenic activity in f
male but not male mice. Due to the limited data availab
is not possible to conclude whether SEM may pose ris
humans[8].

The methods of analysis used to detect SEM in food
volve acid hydrolysis and a derivatisation step. These
are to extract and measure SEM bound to protein in me
a marker for nitrofurazone[1,2,9]. Considering that SEM
known to react with chemicals such as carbonyl compo
and that these functional groups are present in food,
or all SEM in food may be bound and not free. It wo
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be necessary to base any analytical method on the hydroly-
sis and derivatisation procedure to determinate both free and
reversible-bound residues of SEM in food. As there is a wide
variety of baby food available, a method capable of determin-
ing SEM in a wide range of matrices is required.

Irrespective of the method employed, the reliability of re-
sults concerning exposure of SEM, including occurrence data
should be guaranteed using validated procedures[10,11].
Method validation providing the performance figures that in-
dicate fitness-for-purpose have come to dominate the prac-
tical use of validation. However, considering that validation
studies are based on statistical hypothesis testing, a method
validation procedure also needs to provide a basic check that
the assumptions made with regard to the principles of the
tests are not seriously flawed[12].

Considering that validation by interlaboratory assays
mainly evaluates trueness, repeatability and reproducibility
[13], in-house validation covering performance parameters
such as linearity, matrix effects, selectivity and limits is fun-
damental to define the analytical procedures and to check
suitability of the method for further collaborative trial. In-
house validation is appropriate to ensure the viability of the
method before the costly exercise of a formal collaborative
trial and to provide evidence of the reliability of analytical
methods if collaborative trial data are not available[12].

The work reported here represents the application of a
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respective stock solutions with methanol. Spike solutions of
SEM (20 ng ml−1 and 200 ng ml−1) and [15N2,13C] SEM
(100 ng ml−1) were prepared by dilutions of the respective
intermediate solutions in methanol. The stock, intermediate
and spike solutions were stored at 2◦C to 8◦C and prepared
at each year, monthly and weekly, respectively.

2.3. Instrumentation

LC–MS–MS analyses were performed using a LC Waters
2695 Separations Module (Milford, Massachusetts, USA)
coupled via an electrospray interface to a mass spectrometer
Quattro Ultima Pt Micromass (Wythenshawe, UK).

2.4. Samples

Sample blanks of apple based puree (from plastic con-
tainers), meat based meal and rice pudding (from metal cans)
were obtained from supermarkets. These three types of baby
food were studied representing groups of acidic, fatty/protein
and carbohydrate-rich products, respectively. These samples
were identified and stored frozen at−18◦C, until the moment
of the analyses.

2.5. Analytical procedure
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urposed approach to in-house validation in a quantit
ethod for analysis of SEM in baby food by liquid ch
atography tandem mass spectrometry (LC–MS–MS).

. Experimental

.1. Reagents, solvents and materials

Ethyl acetate (LC grade), methanol (LC grade), water
uorescence grade) and hydrochloric acid concentrate
btained from Fisher Scientific (Loughborough, Leices
hire, UK). 2-Nitrobenzaldehyde (2-NBA) and ammon
ormate were supplied by Sigma–Aldrich Co. Ltd. (Gillin
am, Dorset, UK). Di-potassium hydrogen orthophosp
nhydrous and sodium hydroxide were obtained from B
Poole, Dorset, UK). Solid phase extraction (SPE) cartri
200 mg, 3 ml) strata styrene divinylbenzene polymer SD
100�m, 260A) were Phenomenex (Macclesfield, Ches
K).

.2. Standards

Semicarbazide hydrochloride and internal stan
15N2,13C] semicarbazide ([15N2,13C] SEM) were supplie
y Sigma–Aldrich Co. Ltd. (Gillingham, Dorset, UK) a
itega (Berlin, Germany), respectively. Stock soluti

1 mg ml−1) of SEM and [15N2,13C] SEM free were pre
ared in methanol. Intermediate solutions (10�g ml−1) of
EM and [15N2,13C] SEM were prepared by dilution of th
The validated method was based on previously desc
rocedures[1,9,14,15]. Aliquots of homogenised baby fo
2.00 g± 0.03 g) at room temperature were weighed
0 ml falcon tubes. Solvent blanks, omitting any sam
ere prepared for the calibration curves preparation.

raction solution (10 ml± 5% of the 0.2 mol l−1 hydrochlo-
ic acid), internal standard (100�l ± 2% of the 100 ng ml−1

15N2,13C] SEM spike solution) and derivatisation solut
240�l ± 5% of the 2-NBA 10 mg ml−1 in methanol) wer
dded to all tubes. The tubes were sealed securely and p

n a shaking water bath at 40◦C± 3◦C during 15 h. The sam
les were allowed to cool to room temperature and pH
djusted with 10 ml± 5% of 0.2 mol l−1 di-potassium hydro
en orthophosphate and 800�l ± 5% of 2 mol l−1 sodium hy-
roxide. The tubes were sealed securely, vortex for 30
entrifuged at 3900×g for 15 min.

SPE cartridges were at room temperature prior to
itioning. For conditioning 3 ml± 5% of ethyl acetate we
pplied to the top of the SPE tubes and passed through
ravity. This washing with ethyl acetate was a precau
ry step to ensure there are no co-extractives that mig
luted later with the sample and interfere with the subseq
nalysis. This procedure was repeated applying 3 ml± 5% of
ethanol and 5 ml± 5% of water, sequentially. A small po

ion (0.5 ml) of water was remained on the cartridges u
he application of sample extracts.

The sample and solvent blank extracts were transf
ith a pipette to the SPE tubes, dripping through under g

ty. The cartridges were washed with 5 ml± 5% of water
ripping through under gravity. SPE cartridges were dried
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Table 1
MS–MS conditions for multiple reaction monitoring

Component Molecular ion [M + H]+ (m/z) Product ion (m/z) 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
[15N2,13C] SEM 212± 0.5 168± 0.5 10 0.10

der vacuum for at least 2 min. The 2-NBA derivative of SEM
was eluted with 3 ml± 5% of ethyl acetate to 4 ml vials, using
mild vacuum to obtain a flow rate 1 ml min−1. The solvent
was evaporated to dryness at 40◦C± 3◦C under nitrogen and
re-dissolved in 1000�l ± 2% of water:methanol (60/40, v/v).
The purified extracts were filtered through a 0.45�m syringe
filter.

LC analyses were performed on a C-18 reversed-phase
column (50 mm× 2.1 mm i.d., 3�m particle size, from
Thermo Hypersil-Keystone) at 30◦C± 5◦C. The autosam-
pler was maintained at 15◦C± 5◦C and the injection volume
was 10�l. The mobile phase was composed of solvent A (am-
monium formate 5 mmol l−1) and solvent B (methanol). The
gradient program started at 20% solvent B and increasing to
95% solvent B (over 7 min). This proportion was maintained
for 1 min and then returned to the initial condition. The total
run time was 16 min and the flow rate was set at 0.2 ml min−1.

The MS source was maintained at 120◦C and the elec-
trospray capillary voltage to 3 kV. Desolvation temperature
was 450◦C. Nitrogen was used as the drying and nebulis-
ing gas at a flow rate of 700 l h−1 and 100 l h−1, respectively.
The collision cell entrance and exit energies were set at 0 eV.
The collision gas, argon, was blend into the cell at a pres-
sure of 10−4 mbar. Spectra for SEM and [15N2,13C] SEM
were over the rangem/z50 to 300 in the MS mode only. Se-
lected ions were monitored by multiple reaction monitoring
( the
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3) were prepared at the levels of 2, 10, 20, 40 and 80 ng ml−1

(corresponding to 1, 5, 10, 20 and 40�g kg−1 of SEM in baby
food) and run in a random order, on the same day. Blanks were
also prepared for each curve as a quality control tool, but not
included in regression analysis. These curves were prepared
in three different days to obtain independent replicates. Be-
fore the extraction step, the solvent or sample blanks were
spiked with 100�l of 20 ng ml−1 SEM spike solution and
50�l, 100�l, 200�l and 400�l of 200 ng ml−1 SEM spike
solution, respectively.

Calibration curves from 0.1, 0.2, 0.3, 0.4 and 1 ng ml−1

were prepared, corresponding to 0.05�g kg−1 to 0.5�g kg−1

of SEM in baby food.
After an exploratory fit with simple linear regression, the

residuals were examined for obvious patterns. Jacknife stan-
dardised residuals test was applied sequentially until no fur-
ther outliers were detected[16] or until a drop of 22.2% in the
original number of results[13]. Violations of assumptions un-
derlying regression analysis were evaluated: residual normal-
ity [17], independence[18] and homoscedasticity[19,20].
F-tests were undertaken to check the regression and lack-of-
fit significance[21]. The slopes and interceptions obtained
for the solvent and each matrix-matched calibration function
were compared for significant differences by t test[16]. The
hypothesis tests were performed at theα = 0.05 level.
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Table 1). Concentrations were calculated by comparing
atio ofm/z 209→ 166 response SEM with the ratio ofm/z
12→ 168 response [15N2,13C] SEM.

.6. Validation procedure

The performance characteristics of the method wer
ablished by in-house validation procedures employing
ays with standard solutions, sample blanks and spiked
les. Linearity, matrix effects, selectivity, trueness, precis
etection and quantification limits were studied. The fitn

or-purpose of this method was assessed based on the
f the established performance characteristics[12]. The val-

dation was carried out in two sets of analysis to cover
oncentration ranges.

.6.1. Linearity and matrix effects
Linearity and matrix effects were assessed by solven

atrix-matched calibration curves. Apple-based puree, m
ased meal and rice pudding (three different varieties),
sed as representative matrices. Six calibration curves
ent, apple, meat, rice variety 1, rice variety 2 and rice va
s

.6.2. Selectivity, trueness and precision
Selectivity, trueness, precision and experimental limi

etection and quantification of the method were define
ssays with apple based puree, meat based meal and ric
ing blanks and spiked at 0.10, 0.15, 0.20, 0.25, 0.50,
nd 30�g kg−1, in three independent replicates, before
xtraction step. Considering the results of the matrix ef
ests, respective matrix matched curves were prepared t
ulate the SEM concentration in the spiked samples. The
entrations of spiked samples at 0.1�g kg−1 to 0.5�g kg−1

ere calculated using the respective matrix matched ca
ion curves in the range of 0.1 ng ml−1 to 1 ng ml−1, while the
oncentrations of spiked samples at 1�g kg−1 to 30�g kg−1

ere calculated using the respective matrix matched c
n the range of 2 ng ml−1 to 80 ng ml−1.

The absence of false positive results for all sample bl
as considered acceptable for selectivity. Trueness wa
estigated through mean recovery obtained for the three
ates of spiked samples at each level. The minimum true
riteria ranged from−50% to +20%,−30% to +10% an
20% to +10% for≤1�g kg−1, >1�g kg−1 to 10�g kg−1

nd≥10�g kg−1 mass fractions, respectively[22]. Based on
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these criteria, the acceptable mean recovery range for spiked
samples at 0.10, 0.15, 0.20, 0.25, 0.50 and 1�g kg−1 was
50% to 120% and for spiked samples at 10�g kg−1 and
30�g kg−1 was 80–110%. Intralaboratory precision under
repeatability conditions was expressed in terms of relative
standard deviation obtained for the replicates of spiked sam-
ples at each level. This parameter was considered acceptable
when falling within two thirds[22] of the range calculated by
the Horwitz function modified by Thompson[23]. Consider-
ing that the interlaboratoryal precision estimated by Thomp-
son function[23] was 22%, intralaboratory relative standard
deviations≤14.7% were acceptable.

2.6.3. Limits of detection and quantification
The limit of quantification was stated as a concentration

below which the method could not operate with an accept-
able precision and trueness. The limit of detection was the
lowest concentration of SEM that was detectable in all repli-
cates but not necessarily quantified, distinguished from zero
(signal/noise≥3). These limits were established based on
the mean recovery and relative standard deviation results ob-
tained for the replicates of spiked samples.

3. Results and discussion
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Durbin–Watson statistics were 2.04, 2.24, 1.69, 1.59, 2.05
and 2.17 for solvent, apple, meat, rice variety1, rice variety 2
and rice variety 3 curves, respectively, showing that residuals
were statistically independent (p> 0.05). Homoscedasticity
was confirmed. The residual variability across all concen-
tration levels was constant, since Levenet-statistics were
not significant (p> 0.05) (Table 2). The high significance
(p< 0.001) of the regression can be seen inTable 3, while
the lack-of-fit was not significant (p> 0.05) for the solvent
and matrix matched curves, indicating linearity in the range
from 2 ng ml−1 to 80 ng ml−1 (corresponding to 1�g kg−1 to
40�g kg−1 of SEM in baby food). The solvent, apple, meat,
rice variety 1, rice variety 2 and rice variety 3 curves are
demonstrated inFig. 2.

All the regression assumptions were tested and con-
firmed for the 0.1 ng ml−1 to 1 ng ml−1 curves indicat-
ing linearity in this range. No outliers were detected in
solvent, apple and meat curves by Jacknife standardised
residuals test. One outlier was detected in rice curve
at 0.4 ng ml−1 level. Ryan-Joiner correlation coefficients
were 0.9849, 0.9747, 0.9645 and 0.9763 for solvent, ap-
ple, meat and rice curves, respectively, demonstrating nor-
mal distribution of the residuals (p> 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). Levene t statistics were 1.61× 10−1,
3 -
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.1. Linearity and matrix effects

The residual plots and outliers removed for the sol
nd matrix-matched curves at the upper range are sho
ig. 1. The assumption that the residuals are normally

ributed was confirmed. Ryan–Joiner correlation coeffici
ere 0.9575, 0.9667, 0.9754, 0.9855, 0,9793 and 0.948
olvent, apple, meat, rice variety 1, rice variety 2 and rice
ty 3 curves, respectively, indicating no significant (p> 0.10)
eviation of normality. No autocorrelation was observed

able 2
esidual homoscedasticity evaluation by modified Levene test for sol

tatistic Solvent Apple M

13 13 12
2
p 5.38× 10−4 6.02× 10−4 3.
* 7.72× 10−1 −1.71× 10−3 −1.

4.56× 10−1 9.99× 10−1 2.

: number of observations,s2
p: pool variance,t∗: Levenet-statistic,p: signifi

able 3
NOVA statistics for regression including lack of fit test of solvent and

tatistic Solvent Apple Mea

egression
F 2.69× 104 1.89× 104 3.26×
p 5.49× 10−20 3.79× 10−19 6.64×

ack-of-fit
F 2.71 1.08 2.83
p 1.15× 10−1 4.12× 10−1 1.16×

: variance ratio,p: significance.
18 DF
.11× 10−1, −1.17 and−9.98× 10−1, respectively, con
rming homoscedaticity (p> 0.05). No lack of fit (p> 0.05)
nd significant regression (p< 0.001) were obtained for the
urves.

The intercepts were not significantly different from z
p> 0.05) and no significant differences were observed
ween the intercepts of the solvent and matrix matched c
p> 0.05), in both ranges. No matrix effects were detecte
eat. However, when the slopes from the solvent stan

urves were compared with that from apple and rice ma

d matrix-matched calibration curves

Rice 1 Rice 2 Rice 3

14 13 12
−4 1.09× 10−3 1.57× 10−3 1.23× 10−3

−1.80 −1.53 7.34× 10−1

−1 9.67× 10−2 1.53× 10−1 4.80× 10−1

.

-matched calibration curves

Rice 1 Rice 2 Rice 3

2.67× 104 1.04× 104 1.60× 104

1.86× 10−21 1.00× 10−17 2.34× 10−17

3.81 3.27 0.269
5.16× 10−2 8.02× 10−2 8.46× 10−1
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Fig. 1. Residual plots for outlier diagnostics by Jacknife standardised residuals test in solvent and matrix-matched calibration curves. ei = residual;× = non-
outlier;⊗ = outlier.

matched curves significant differences (p< 0.05) were ob-
served for the two studied ranges.Table 4shows the matrix
effects results for the curves from 2 ng ml−1 to 80 ng ml−1

range. Based on these results it was possible to conclude that
SEM solvent curve analysed as described in this method gave
the same signal as meat-based baby food samples containing

the same concentration of SEM. In the other hand, matrix
matched curves need to be used to calculate SEM concentra-
tions for apple and rice-based baby foods. Considering the
wide variety of baby food available, it is important to eval-
uate each specific case that will require new tests of matrix
effects.

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 5.41 5.89
p 5.94× 10−5 2.80× 10−1 8.65× 10−3 1.94× 10−5 7.61× 10−6

Intercept comparisons with solvent curve
t 6.77× 10−2 2.05 1.54 1.40 1.13
p 9.47× 10−1 5.35× 10−2 1.37× 10−1 1.75× 10−1 2.72× 10−1

t: t-statistic for the contrasts of the matrix-matched curves with the solvent curve,p: significance.
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Fig. 2. Solvent and matrix-matched calibration curves with respective regression equations, determination coefficients (R2) and significances of regression (p).
Area ratio = area SEM/area [15N2,13C] SEM.

3.2. Selectivity, trueness and precision

Some typical multiple reaction monitoring ion chro-
matograms are shown inFig. 3illustrating them/z209→ 192
transition for a solvent standard (used for confirmation) to-
gether with them/z209→ 166 transition used for quantifica-
tion for a typical baby food. The mean retention time for
SEM was 8.08 min± 0.03 min. In all cases for the foods
examined the ion chromatograms were free from inter-
ferences and peak shapes were sharp and essentially in-
distinguishable in profile from standards of comparable
concentrations.

All the sample blanks analysed had non-detected re-
sults for SEM (signal/noise <3). The mean recovery val-
ues ranged from 93.8% to 107.2%, 96.6% to 104.1% and
87.8% to 112.9% for apple, meat and rice spiked sam-
ples, respectively. Relative standard deviations obtained un-
der repeatability conditions were between 0.7% and 24.6%
for apple, 0.2% and 9.3% for meat and 0.7% and 24.7%
for rice (Table 5). Acceptable mean recoveries were ob-

tained in the range from 0.1�g kg−1 to 30�g kg−1 for ap-
ple, meat and rice spiked samples. Relative standard de-
viations were above 14.7% for apple spiked samples at
0.1�g kg−1 and 0.15�g kg−1 and for rice spiked sam-
ples at 0.15�g kg−1 and 0.2�g kg−1. Precision and no
lack of trueness were observed between 0.25�g kg−1 and
30�g kg−1 with mean recoveries varying from 87.8%
to 107.2% and relative standard deviation from 0.2% to
9.1%.

3.3. Limits of detection and quantification

The whole spiked samples at 0.1�g kg−1 was detected
for SEM and this concentration level was established as
the method limit of detection, adopting the criterion for
detection signal/noise≥3. The limit of quantification of
this method was 0.25�g kg−1, the lowest concentration
level that trueness and precision results were appropri-
ate (mean recovery between 50% and 120% and rela-
tive standard deviation≤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 (�g kg−1) Apple Meat Rice

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

0.10 104.6 24.6 97.4 9.3 97.0 9.1
0.15 93.8 19.2 103.5 9.2 104.0 16.2
0.20 102.3 3.5 98.7 8.8 112.9 24.7
0.25 94.1 2.3 104.0 3.0 96.0 5.9
0.50 99.7 7.7 96.6 7.6 106.5 0.7
1 102.8 0.7 103.7 0.2 98.9 8.1

10 105.1 2.7 104.1 6.0 102.2 7.1
30 107.2 3.5 101.0 9.1 87.8 5.1

Rm: mean recovery, RSD: relative standard deviation. Rm criteria:−50% to +20% (for spiked samples at≤1�g kg−1); −30% to +10% (for spiked samples at
>1�g kg−1 to 10�g kg−1); −20% to +10% (for spiked samples at≥10�g kg−1). RSD criterion:≤14.7%.

Fig. 3. MRM chromatogram obtained after the LC–MS–MS traces for (a)
m/z209→ 192 transition for 2 ng ml−1 solvent and (b)m/z209→ 166 tran-
sition for 1�g kg−1 apple baby food.

file of distribution of the individual recovery values for
spiked samples between 0.1�g kg−1 and 0.5�g kg−1 (Fig. 4)
shows the transition from the detection to the quantification
range.

The performance characteristics of the method presented
in this paper indicate its fitness for use in food control.

Fig. 4. Distribution of the individual recovery values for spiked samples
between 0.1�g kg−1 and 0.5�g kg−1, including detection (0.1�g kg−1) and
quantification (0.25�g kg−1) limits. = rice; = meat;× = apple.
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