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ABSTRACT

An effective sample preparation procedure using an accelerated solvent extraction (ASE)
procedure, followed by cleaning with melamine molecularly imprinted polymers solid-
phase extraction (MISPE) was developed. A novel and highly sensitive ASE-MISPE—ultra-
performance liquid chromatography (UPLC) method was developed for effective separation
and simultaneous determination of dicyandiamide (DCD), cyromazine (CYR), and mel-
amine (MEL) in complex animal tissue foods. Under optimized conditions, good linearity
was achieved with a correlation coefficient (r) of 0.9999 in the range of at least two orders of
magnitude. The limit of quantification of the method was 1.7 pg/kg, 5.0 pg/kg, and 3.2 pg/kg
for DCD, MEL, and CYR, which was three orders of magnitude smaller than the maximum
residue limits (MRLs). The intra- and inter-day precisions (in terms of the relative standard
deviation, RSD) of the three analytes were in the range of 1.7-3.1% and 3.1-6.3%, respec-
tively. The average recoveries of analytes from blank chicken, beef, mutton, pork, and pig
liver samples spiked with the three levels varied from 91.2% to 107% with RSD of 1.7-8.3%
for DCD, 89.0—104% with RSD of 2.1—6.1% for CYR, and 94.8—105% with RSD of 1.1-6.6% for
MEL. The proposed method has the characteristics of speed, sensitivity, and accuracy, and
can be used for the routine determination of DCD, CYR, and MEL at the pg/kg level in
complex animal tissue foods.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Dicyandiamide (DCD), cyromazine (CYR), and melamine (MEL)
belong to nitrogen-rich chemical compounds containing cy-
anamide as the basic unit. DCD can result in some diseases,
such as methemoglobinemia and eczema [1]. CYRis a triazine
pesticide used for fly control in crop production and animal
feed by inhibiting insect growth. In recent years, CYR use has
caused actual environmental and human health problems [2].
MEL is a metabolite of CYR that is formed via dealkylation
reactions in both plants and animals and might cause uro-
lithiasis and bladder cancer [3]. These potential and economic
adulterants were deliberately added to a number of different
types of animal- and human-food sources to artificially
enhance apparent protein content [4]. To ensure human food
safety, China has set maximum residue limits (MRLs) for
cyromazine residue in the range of 0.5 mg/kg to 1 mg/kg (5],
and the World Health Organization has set the MRL for mel-
amine in powdered infant formula and in other foods and
animal feed at 1 mg/kg and 2.5 mg/kg, respectively [6]. During
the monitoring of melamine in various foods in September
2012, traces of DCD were found in milk and milk products
supplied by a manufacturer in New Zealand [7]. While there
are no international standards for acceptable levels of DCD in
food products, high doses of DCD are considered toxic to
humans. Therefore, it is of great importance to develop a
simple and sensitive method to monitor DCD, along with CYZ
and MEL, in a wide variety of foods to ensure the health of
customers.

After the melamine contamination incident, several pa-
pers reviewed the advancement in analytical methodology for
MEL, CYR, and related analogs in foods [8—11]. After the DCD
contamination incident, a high-performance liquid chroma-
tography (HPLC) method was reported for the determination
of DCD in dairy products, with the limit of quantification (LOQ)
at 500 pg/kg [12]. Several LC tandem mass spectrometry (MS/
MS) methods have been used for the determination of only
target DCD in different dairy products, with reported LOQs of
10 ng/kg [13], 50 pg/L [14], 50 pg/kg [15], and 0.06 pg/kg [16]. The
sensitivity of these LC-MS/MS methods is higher than HPLC-
UV methods, but it is not widely available in general labora-
tories due to its high price.

Recently, LC-MS/MS methods for simultaneous measure-
ment of nitrogen-rich compounds, including DCD in milk
materials, were reported, such as adulterants containing ni-
trogen in spiked fresh milk without limit of detection (LOD)/
LOQ information [17], six adulterations, including CYR and
DCD, in skim milk by LC—MS/MS with LOQ of 180 ng/kg and
60 pg/kg for CYZ and DCD, respectively [4], and DCD, MEL, and
cyanuric acid in milk and milk powder with LOQ of 20 ng/kg for
milk samples and 50 pg/kg for milk powder samples [18]. We
used HPLC-quadrupole time-of-flight mass spectrometry
(QTOF-MS) for rapid screening and triple quadrupole mass
spectrometry (TQ-MS) for quantification to analyze DCD and
its five related compounds in infant formula, with LOQ of
66.4 pg/kg for DCD [19]. However, these methods were only
used for analysis of milk and milk products. The simultaneous
analysis of CYR, MEL, ammeline, ammelide, and cyanuric acid
residues in complex tissue samples was developed by HPLC

and LC-MS/MS, with LOQ of 40 ng/kg and 15 pg/kg, respectively
[20]. To the best of our knowledge, there are few reports on the
simultaneous determination of DCD, CYR, and MEL in animal
tissue food.

Sample pretreatment is always a crucial step in deciding
the LOD limits of the overall method, especially when large
numbers of samples are involved and rapid extraction be-
comes even more essential. In the above reported methods,
solid-phase extraction was used to treat milk sample for
determination of CYR and MEL [9]. Microwave-assisted
extraction [13], QUEChERs [15], and dispersive micro-solid-
phase extraction [16] were used for analysis of DCD in milk
powder. Accelerated solvent extraction (ASE) has the advan-
tages of good recovery, rapidity, adequate precision, and less
solvent use [21]. Pressurized liquid extraction (an ASE mode)
was used for complex tissue sample preparation [20]; how-
ever, there is no report for the determination of DCD in meat
samples using the ASE procedure. The classical solid-phase
extraction (SPE) method has low selectivity and is time
consuming, and molecularly imprinted polymers (MIPs) have
been developed to improve selectivity. Coupling MIP with SPE
combines the advantages of molecular recognition with
traditional separation methods. We prepared melamine-MIPs
and validated their performance [22]. After extraction with
acetonitrile and centrifugation treatment for milk samples,
the prepared melamine-MIP was used for SPE of MEL and CYR
from milk and dairy products. However, these sample prepa-
ration procedures need to be improved for simultaneous
determination of DCD, CYR, and MEL in animal food.

The main purpose of the present study was to develop a
rapid and effective sample preparation procedure by coupling
ASE with MISPE and to develop a sensitive HPLC method for
simultaneous determination of DCD, CYR, and MEL in meat
samples.

2. Methods
2.1. Chemicals and reagents

Dicyandiamide, cyromazine, and melamine (> 99.5% purity
for each) were obtained from the Hebei Institute of Food
Quality Supervision Inspection and Research (Shijiazhuang,
China). Methanol (HPLC grade), acetonitrile (HPLC grade),
ammonium acetate (analytical grade), and acetic acid
(analytical grade, 36%) were purchased from Dikma Technol-
ogies Inc. (Tianjin, China).

Mobile Phase A was prepared by dissolving 0.77 g of
ammonium acetate in 1000 mL of water, and adjusting the pH
to 4.7 using acetic acid. Mobile Phase B was acetonitrile. DCD,
CYR, and MEL stock standard solutions, 1000 mg/L, were
prepared by dissolving the compounds, respectively, in a
mixture of acetonitrile and water (8:2), and were stored at 4°C
in amber glass bottles. A fresh working standard solution was
prepared daily by diluting the stock solution with the mobile
phase for different studies. The solution and methanol were
filtered through 0.22-um microporous polyvinylidene fluoride
membranes before use. Distilled water was further purified by
a Molelement 1820a ultrapure water apparatus (Molecular
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Devices Limited, Shanghai, China) and then filtered through a
0.45-pm microporous membrane of mixed cellulose ester.

2.2. Instrumentation

The ultra-performance liquid chromatography (UPLC) equip-
ment was an Acquity UPLC H-Class system (Waters, Milford,
MA, USA), which consisted of an Acquity Quaternary Binary
Solvent Manager, an Acquity Sample Manager-FTN, an Acq-
uity diode array detector, and a high-temperature column
heater. Empower III workstation was used as the data acqui-
sition system. An Acquity UPLC bridged ethyl hybrid (BEH)
hydrophilic interaction chromatography (HILIC) column
(100 mm x 2.1 mm, 1.7 um i.d.) was used as the analytical
column and was connected to an inline precolumn. The
extraction equipment was an APLE-2000 automatic acceler-
ated solvent-extraction apparatus (Beijing Titan Instruments,
Beijing, China) equipped with 11 mL stainless-steel extraction
cells. A TGL-16M centrifuge (Xiangyi Centrifuge Co., Hunan,
China) and RE-2000A rotary evaporator (Yarong Biochemistry
Instrument Co., Shanghai, China), a MX-F Vortex mixer (Sci-
logex, LLC, Rocky Hill, CT, USA), and a PHS-3C pH meter
(Shanghai Precision & Scientific Instrument Co., Shanghai,
China) were used in sample preparation. SPE empty tubes and
sieve plates were purchased from Bonna-Agela Technologies
Inc. (Tianjin, China).

2.3. ASE procedure

Poultry muscle and pork liver were purchased fresh from a
market (Baoding, China), cut into small pieces, and ground
into a homogeneous sample using a mincer. This material was
then kept frozen at —18°C. All samples were dried and kept in
amber glass bottles at 4°C prior to analysis.

An ASE procedure was used in sample pretreatment. A
cellulose filter was put in the bottom of an ASE extraction cell
to prevent fine-powder breakthrough into the collection bot-
tle. Homogenized powder sample (4 g) and diatomite (4 g) were
mixed and transferred into an 11-mL extraction cell. Aqueous
trifluoroacetic acid at pH 3.0 was selected as an extraction
solvent. Conditions used in the extraction were: oven tem-
perature of 70°C with a 3-minute heat-up time under a pres-
sure of 10 MPa and two static cycles with a static time of
5 minutes. The flush volume was 40% of the extraction cell
volume. The extract was purged from the sample cell using
pressurized nitrogen for 1 minute. The raw extracts were
transferred into 50-mL pear-shaped flasks and concentrated
to 3 mL by using a rotary evaporator at 45°C for 15 minutes. All
experiments were carried out in triplicate.

2.4.  MISPE clean-up procedure

MIPs were synthesized with melamine as the template and
methacrylic acid as the organic functional monomer by the
procedure described in our previous work [22]. A MISPE col-
umn was prepared by packing the MEL-imprinted polymers
(100 mg) into an empty SPE column (60 mm x 8.0 mm, i.d.).
The cartridge was capped with two fritted polyethylene sieve
plates at the bottom and top ends. The MISPE column (60 mg/
3 mL) was preactivated with 3 mL methanol and equilibrated

with 3 mL water. After the 3 mL concentrated extract was
passed through the cartridge at a flow rate of 0.3 mL/min, the
cartridge was equilibrated for 30 minutes to complete inter-
action and adsorption with the analytes. The loaded car-
tridges were washed in turn with 3 mL water and 3 mL
methanol, and the eluate was discarded. The analytes in the
cartridge were eluted with 3 mL methanol:acetic acid (30:70, v/
v). The eluate was evaporated to dryness under a stream of
nitrogen at 40°C. The obtained residue was redissolved in
1.0 mL of mobile phase for UPLC analysis.

2.5. UPLC analysis

After the UPLC column was conditioned with a mobile phase
of ImM ammonium acetate-acetic acid solution (pH 4.7) and
acetonitrile (4:96, v/v), a 10-uL volume of sample solution was
injected into the column at 35°C and eluted with the mobile
phase at 0.4 mL/min. DCD, MEL, and CYR, were detected at
220.0 nm, 235.7 nm, and 239.2 nm, respectively. The rela-
tionship between the standard solution concentration in the
range of 0.007—3.35 pg/mL for DCD, 0.0134—6.7 ung/mL for CYR,
and 0.02—10 pg/mL for MEL (number of points, n = 7), and their
peak areas were calculated by using weighted least-squares
regression.

3. Results and Discussion
3.1. Optimization of ASE conditions

The effect of different conditions on extraction efficiency of
ASE was investigated via recovery test. Three replicates of
each extraction experiment were carried out. The selection of
a suitable extraction solvent is the first challenge in ASE
method development. Several solvents have been used in ASE
for the preparation of food samples [21]. The polarity of the
extraction solvent should closely match that of the target
compounds. In this work, simultaneous extraction of DCD,
CYR, and MEL from a pork sample were investigated using
different solvents at 70°C and 10 MPa for 5-minute static
times.

The data in Table 1 show that high recovery and precision
were achieved by using methanol, acetonitrile, or aqueous
trifluoroacetic acid (pH 3.0). The use of hot water as an
extraction solvent has steadily become an efficient, low-cost,
environmentally friendly method. The effect of aqueous tri-
fluoroacetic acid with pH from 2.5 to 7.0 on the extraction was
investigated. The recovery of the three analytes decreased
with increased pH from 3.0 to 7.0. Satisfactory recovery was
achieved with water at pH 3.0.

Temperature is one of the most important parameters for
ASE. The effect of temperature from 40°C to 80°C on the re-
covery was investigated. The recovery of DCD, CYR, and MEL
increased with increasing temperature from 40°C to 70°C due
to the solubility of the target analytes to be increased, but
when > 80°C, the recovery of DCD (decomposition tempera-
ture: 80°C) decreased to 77.2%, and > 85°C, the recovery of CYR
decreased to 79.1%. This may be because an increase of the
temperature has a large impact on the degradation rate of
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Table 1 — Recovery of the three analytes using different solvents.

Analyte Methanol Acetonitrile Aqueous trifluoroacetic acid (pH 3)
Recovery RSD,n=3 Recovery RSD,n=3 Recovery RSD,n=3
Dicyandiamide 98.7 4.3 98.1 2.7 99.3 2.1
Cyromazine 99.2 1.6 98.9 23 99.7. 2.0
Melamine 99.8 3.1 97.4 1.5 101 3.7

Data are presented as %.
RSD = relative standard deviation.

DCD and CYR. In this work, to ensure their stability in the
extraction process, the temperature was set at 70°C.

The extraction process can be conducted in a static or dy-
namic mode. The static process can be repeated several times
to obtain better extraction efficiency. In this work, the
extraction efficiency was investigated using static times of
5 minutes, 10 minutes, and 15 minutes, and two cycles. The
results showed that significant amounts of the analytes were
found with 5 minutes of static time in the first extract. In order
to evaluate the number of extraction cycles, an additional
three consecutive extractions were made. The results indi-
cated that two extraction cycles were adequate for obtaining
extraction efficiency > 92%. Thus, 5 minute static times and
two static cycles were used for further work.

Flush volume was also investigated to ensure that all
analytes were eluted and closely related to the final volume.
Different flush volumes were used to extract analytes. To
minimize solvent and time, a flush volume of 40% (cell vol-
ume, 11 mL) was enough to extract the target analytes in the
samples with obtained high-extraction efficiency.

0.08
0.07 ‘ A
S |l‘ pH4.1
0.05 J ]
2 0.04
0.03 f pH 4.3
0.02 pHAT
0.01 pH 5.3
0.00 - pH7.8
000 050 100 150 200 250 300 350 4.00
0.10
0.09 C
0.08
0.07
0.06
3mM
2 005 R -
0.04 [_ 2mMm
S
0.03 A .2 |8
0.02 j 1mMm
oo t L 0.5 mM
0.00 —
v00 050 100 150 200 250 300 350 400
Time / min

AU

3.2. Optimization of clean-up conditions by MISPE

To completely eliminate matrix interferences and concentrate
the analytes, we investigated the effects of the MISPE washing
and eluting conditions. The purpose of the wash step is to
remove all interfering compounds from the complex matrix
without eluting out the target analytes. Different volumes of
water, methanol, and acetonitrile in the range of 1.0-6.0 mL
were investigated. The interfering components were
removed, and DCD, CYR, and MEL were fully retained when
using 3 mL water and 3 mL methanol, therefore, this combi-
nation was chosen as the washing solvent. The nature of the
elution solvent is also important, because the target analytes
should be efficiently desorbed while other matrix components
are retained in the cartridge. To achieve the best recovery, we
evaluated a series of acidic elution solutions, including
methanol—acetic acid (70:30, v/v), ethyl acetate—acetic acid
(70:30, v/v), and acetonitrile—acetic acid (70:30, v/v). The best
recoveries (74.6—100%) were obtained when using 3.0 mL
methanol—acetic acid (70:30, v/v) as the eluting solution.
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Figure 1 — (A) Chromatograms of the analytes under different pH conditions, (B) effect of different pH on the signal response
of the analytes, (C) chromatograms of the analytes using different concentrations of ammonium acetate solution, and (D)
chromatograms of the analytes using different proportions of ammonium acetate solution in the mobile phase

1—dicyandiamide, 2—cyromazine, 3—melamine.
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3.3. Optimization of UPLC separation conditions

Because DCD, CYR, and MEL are small and highly polar mol-
ecules, it is difficult to achieve sufficient retention using
traditional C18 columns. The separation condition of these
analytes was investigated by using an Acquity UPLC BEH HILIC
column (100 mm x 2.1 mm, 1.7 pm i.d.) and ammonium ace-
tate—acetic acid solution—acetonitrile as mobile phases.

The pH of ammonium acetate solution influenced the
stability and ionization of analytes. CYR could be hydrolyzed
at pH < 2 to melamine, and the dissociation constants pKy are
5.0 for melamine [22], therefore, the pH of the ammonium
acetate solution was adjusted to 4.1-5.3 with acetic acid. The
effect of pH on the retention time and peak area of the ana-
lytes was investigated. The result showed no obvious change
in retention time at a pH range of 4.1-7.8 (Figure 1A); however,
the peak areas for DCD, CYR, and MEL increased with
decreasing pH from 4.1 to 4.7, and when pH > 4.7, the peak
areas decreased (Figure 1B). The best response for the three
analytes was achieved at pH 4.7, which was used in subse-
quent work.

We also investigated the effect of the concentration of
ammonium acetate solution on the retention time and peak
area of the three analytes. Figure 1C shows no obvious effect of
ammonium acetate concentration in the range of 0.5-3mM on
retention times. Additionally, no effect of ammonium acetate
concentration on peak areas was observed. Therefore, 0.5mM
ammonium acetate solution was used in subsequent work. We
then investigated the effects of different proportions of
ammonium acetate solution in the mobile phase on the peak
area and retention time of the three analytes in an isocratic
elution program (Figure 1D). The results showed that the
retention time increased with the decrease in volume ratio of
ammonium acetate—acetic acid solution in mobile phases,
especially for CYR. Using ammonium acetate—acetic acid sol-
ution—acetonitrile (4:96, v/v) as mobile phases achieved the
baseline separation of the DCD peak from solvent peaks.
Therefore, the isocratic elution program with 0.5mM ammo-
nium acetate—acetic acid solution (pH 4.7)—acetonitrile (4:96, v/
v) as a mobile phase was favorable for separation and detection.

3.4. Performance of the method

3.4.1. Specificity

Under the optimized conditions, chromatograms of real
samples and spiked samples were obtained. Figure 2 shows
the chromatograms of blank samples and spiked samples
after the MISPE process.

After the MISPE process, DCD, CYR, and MEL were selec-
tively extracted and no interferences from the matrices were
observed. This demonstrated the high selectivity of the syn-
thesized MIPs to DCD, CYR, and MEL. The retention time of the
target analytes in the five matrices was accordant. No inter-
fering peaks were observed at the retention times of any an-
alyte. this indicated that this procedure had high selectivity
and specificity.

3.4.2. Linearity and detection limit
Under the optimized conditions, we evaluated the linearity of
calibration curves for the analysis of real samples with the
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Figure 2 — Chromatograms of (A) blank chicken sample and
spiked blank chicken sample, (B) blank mutton sample and
spiked blank mutton sample, (C) blank beef sample and
spiked blank beef sample, (D) blank pork sample and
spiked blank pork sample, and (E) blank pig liver sample
and spiked blank pig liver sample after the treatment by
ASE—MISPE. Mobile phase—0.5mM ammonium
acetate—acetic acid solution (pH 4.7): acetonitrile (4:96 v/v);
spiked level: 1—dicyandiamide, 2.0 ng/kg; 2—cyromazine,
2.0 pg/kg; 3—melamine, 5.0 ng/kg. ASE-

MISPE = accelerated solvent extraction molecularly
imprinted polymer solid-phase extraction.

measured peak areas of the standards against their concen-
trations (number of points, n = 7). The linear regression
equations are listed in Table 2 and show good linearity for
each analyte, with correlation coefficients (r) of 0.9999.

The LOD was determined as the sample concentration that
produced a peak height 3-fold higher than the level of the
baseline noise, and the LOQ was calculated as the sample
concentration that produced a peak height 10-fold higher than
the signal-to-noise ratio. The LOD and LOQ values for the in-
strument (solution) are also given in Table 2. The instrument
LOD was 0.002 ug/mL, 0.004 pg/mL, and 0.006 pg/mL and the
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Table 2 — Linear regression equation, correlation coefficient (r), linearity range, LOD, and LOQ for the analytes.

Analyte Linear regression equation r Linearity range (ug/mL) LOD (ng/mL) LOQ (ng/mL)
Dicyandiamide A = 222377.0034C—2272.4688 0.9999 0.007-3.35 0.002 0.007
Cyromazine A =197932.6918C—5456.8541 0.9999 0.0134-6.7 0.004 0.013
Melamine A =117932.6247C-5011.1573 0.9999 0.02—10 0.006 0.02

LOD = limit of detection; LOQ = limit of quantification.

instrument LOQ was 0.007 ng/mL, 0.013 png/mL, and 0.02 ng/mL
for DCD, CYR, and MEL, respectively.

For 4-g samples and a 1 mL final solution, the method LOD
was 0.5 ng/kg, 1.0 pg/kg, and 1.5 pg/kg for DCD, CYR, and MEL,
respectively, and their method LOQ was 1.7 pg/kg, 3.2 ng/kg,
and 5.0 pg/kg, respectively.

The LOQ values are at least three orders of magnitude
smaller than the MRL [5,6]. Moreover, since the sample prep-
aration procedure (AES-MISPE) has a higher enrichment factor,
recovery yield, and is without matrix effects, the sensitivity of
the method for DCD was higher than that observed using the
LC [12] and LC-MS/MS methods [4,13—15,18,19]. Similarly, the
sensitivity for CYR and MEL was higher than those observed
using LC [20] and LC-MS/MS [4,18,20].

3.4.3. Repeatability

The precision of the method was investigated by analyzing the
three analytes in a spiked blank sample. The intra-day preci-
sion of the method was expressed as the relative standard
deviation (RSD) of nine determinations made for intra-day
accuracy, and inter-day precision of the method was also
expressed as RSD of three assays for each day within 3 days.
The intra- and inter-day RSDs for spiked blank pork matrix at
levels of 20 ug/kg were in the range of 1.7% and 3.1% for DCD,
2.9% and 6.3% for CYR, and 3.1% and 4.5% for MEL, respec-
tively. It was shown that the repeatability and reproducibility
of the method was satisfactory for residue determination of
the studied analytes in animal-derived foods.

3.5.  Analysis of real samples

The ASE—MISPE—UPLC method was used to analyze DCD,
CYR, and MEL resides in five animal-derived foods. To inves-
tigate the effect of the sample matrix on accuracy, a recovery
experiment was carried out in triplicate by spiking 10 pg/kg,
50 ng/kg, and 100 pug/kg of the analytes into animal-derived
food samples. The results are given in Table 3 along with the
RSD. The average recoveries of analytes from blank chicken,
beef, mutton, pork, and pigliver samples spiked with the three
levels varied from 91.2% to 107% with RSD of 1.7—8.3% for
DCD, 89.0—104% with RSD of 2.1-6.1% for CYR, and 94.8—105%
with RSD of 1.1-6.6% for MEL. It was indicated that the pro-
posed MISPE—UPLC method had feasibility for the determi-
nation of these analytes in complex tissue samples.

4. Conclusion

This work provided optimized ASE conditions and MISPE
clean-up procedures for animal tissue food sample prepara-
tion. Under the optimized conditions, DCD, CYR, and MEL
were selectively concentrated and all matrix interferences
were eliminated simultaneously, first achieving residue
analysis of chicken, beef, mutton, pork, and pig liver samples.
The proposed method had higher sensitivity than those pre-
viously reported [4,15—18,22], and are capable of effective and

Table 3 — Determination of the analytes in spiked tissue samples.

Matrix Spiked Dicyandiamide Cyromazine Melamine
(ng/ke) Found Recovery RSD* Found Recovery RSD* Found Recovery RSD*

(ng/kg) (%) (%) (ng/kg) (%) (%) (ng/kg) (%) (%)
Chicken 10 9.9 99.1 6.5 9.9 99.0 4.6 9.9 99.0 6.2
50 48.6 97.2 1.9 46.6 93.1 21 48.9 97.7 2.9
100 96.5 96.5 2.7 98.2 98.2 4.9 96.0 96.0 2.0
Mutton 10 9.80 97.9 3.0 8.9 89.0 5.7 10.5 105 43
50 47.4 94.7 4.9 45.1 90.2 4.1 49.6 99.2 4.7
100 91.2 91.2 3.2 97.6 97.6 3.0 96.6 96.6 41
Beef 10 10.3 103 7.4 9.6 96.0 2.2 10.0 100 3.5
50 47.9 95.7 3.7 45,5 91.0 47 49.1 98.1 1.1
100 93.1 93.1 2.0 97.4 97.4 4.3 96.7 96.7 2.9
Pork 10 10.2 102 53 10.4 104 5.8 9.9 99.0 3.3
50 49.1 98.1 3.9 45.0 90.0 2.8 47.4 94.8 2.7
100 94.3 94.3 2.7 95.9 95.9 6.1 97.3 97.3 6.6
Pig liver 10 10.7 107 8.3 9.5 95.0 3.5 10.0 100 4.2
50 49.5 99.0 2.9 49.7 99.3 5.8 49.5 98.9 2.6
100 93.0 93.0 1.7 94.1 94.1 2.9 97.0 97.0 2.1

RSD = relative standard deviation.
an=3.



http://dx.doi.org/10.1016/j.jfda.2016.01.003
http://dx.doi.org/10.1016/j.jfda.2016.01.003

JOURNAL OF FOOD AND DRUG ANALYSIS 24 (2016) 579—585

585

sensitive determination of DCD, CYR, and MEL at the pg/kg
level in complex animal tissue samples.
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