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Abstract
In this study, the molecularly imprinted nano-polymer of minocycline was polymerized on the surface of a metal organic
framework material to synthesize a novel composite. This composite was used as absorbent to develop a dispersive solid phase
microextraction method for extraction of 7 tetracyclines in chicken muscle followed by determination with ultra performance
liquid chromatography. The composite achieved high absorption capacities (2200–3000 ng/mg) and high recoveries (> 92%) for
the 7 tetracyclines, and could be reused for 8 times. Due to the high enrichment factors (18–37), the limits of detection for the 7
drugs were in the range of 0.2–0.6 ng/g, and the limits of quantification were in the range of 0.5–2.0 ng/g. The recoveries of the 7
drugs from standard-fortified blank chicken muscle sample were in the range of 69.6–94.7%. Therefore, this method could be
used as a practical tool for multi-detection of the residues of tetracyclines in meat.
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Introduction

As a class of broad spectrum antibiotics, tetracycline drugs
(TCs) are commonly used to treat various bacterial infections
in human beings and animals. However, their residues in
foods of animal origin may cause different risks to the con-
sumers, e.g., allergic reaction, tetracycline pigmentation teeth,
and gastrointestinal disturbance (Michalova et al. 2004;
Roesch et al. 2006). For protection of consumer health, many
countries including the People’s Republic of China and the

European Union have set the maximum residue limit (MRL)
of 100 ng/g for single or total TCs in different animal derived
food samples (European Commission 1999; Ministry of
Agriculture of China 2002).

Therefore, many analytical methods have been reported
to determine TCs residues (Pérez-Rodríguez et al. 2018).
Among the reported analytical methods, the key step is to
extract and purify the samples in order to remove the sam-
ple impurities and increase the analyte concentrations.
The usually used sample extraction and purification
methods include solid phase extraction, matrix solid phase
dispersion, stir bar sorptive extraction, solid phase
microextraction, dispersive solid phase microextraction,
single drop microextraction, and dispersive liquid-liquid
microextraction.

Among these sample preparation methods, dispersive solid
phase microextraction method (DSPME) is very attractive
(Chisvert et al. 2019). For this method, the absorbent is put
into the sample extract to be shaken for several minutes, and
then the analytes absorbed on the absorbent surface are
desorbed for analysis. Therefore, its operation is simple, and
the extraction and purification processes can be accomplished
in one step. Furthermore, this method can achieve different
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enrichment effects depending on the used absorbent.
Therefore, the used absorbent plays the crucial role for a
DSPME method because its absorption capacity, absorption
specificity, and surface area directly influence the method per-
formance. By now, somematerials including polyaniline-SiO2

nanofiber (He et al. 2015), multi-walled carbon nanotubes (Du
et al. 2012), graphene (He et al. 2017), and nanoparticles
(Roman et al. 2011) have been used to develop DSPME
methods for extraction of different analytes.

During the past few years, metal organic frameworks
(MOF) have attracted the interests of many researchers be-
cause this kind of material is a class of novel synthetic mate-
rials that contain large surface area, porous surface, and high
adsorption affinity (Hashemi et al. 2017). Therefore, many
MOF materials have been used to develop DSPME methods
for extraction of different analytes (Rocío-Bautista et al.
2017), such as organic pollutants (Rocío-Bautista et al.
2018), and herbicides (Li et al. 2015). For TCs, there has been
only one paper reporting the preparation of a MOF-based
magnetic stir cake to extract TCs from food samples (Du
et al. 2019). However, all of the abovementioned sample prep-
aration methods employ the non-specific absorbents, so the
competitive absorption and interferential absorption may oc-
cur during the extraction and purification process when a real
sample simultaneously contains different classes of
compounds.

Molecularly imprinted polymer (MIP) is a type of syn-
thetic material that has specific recognition ability, so this
kind of material has been used to develop many extraction
methods for the different analytes (Kubo and Otsuka 2016).
By now, there have been some papers reporting the use of
MIP as absorbent to develop the extraction methods for
TCs (Feng et al. 2016; Jing et al. 2009, 2010; Lv et al.
2012; Lian et al. 2012; Sánchez-Polo et al. 2015), but there
have been only two MIP-based dispersive solid phase ex-
traction methods reported to extract TCs (Chen et al. 2009;
Kong et al. 2012). As discussed above, a sample prepara-
tion method simultaneous containing the merits of
DSPME, MOF, and MIP is desirable.

Until recently, there are several articles reporting the use of
MIP-MOF composite to developmatrix solid phase dispersion
methods for extraction of pyrethroids (Liang et al. 2019) and
TCs (Wang et al. 2018). As far as we know, there has been no
article reporting the use of MIP-MOF composite to develop
the DSPME method for extraction and purification of veteri-
nary drugs in poultry products so far. In the present study, a
MOF material was synthesized, and a type of nano-MIP for
TCs was polymerized on the MOF surface to produce a MIP-
MOF composite. This composite was used as absorbent to
develop a DSPME method for extraction of TCs in chicken
muscle sample followed by determination with ultra perfor-
mance liquid chromatography/photo-diode array detector
(UPLC-PDA).

Materials and Methods

Chemicals and Reagents

Minocycline (MC), chlortetracycline (CTC), tetracycline
(TC), oxytetracycline (OTC), demeclocycline (DMC), and
doxycycline (DC) were obtained from Sigma-Aldrich (St.
Louis, USA). Methacycline (MTC) was purchased from
J&K Scientific Ltd. (Beijing, China). Methacrylic acid (MA)
was obtained from Tianjin Kemiou Chemical Reagent Co.,
Ltd. (Tianjin, China). N-t-Butylacrylamide (TBAm) was pur-
chased fromTCI (Tokyo Japan). Ammoniumpersulfate (APS)
was purchased from Fuchen Chemical Company (Tianjin,
China). Acrylamide (AA), N,N-methylenebisacrylamide
(BIS), N,N,N,N-tetramethylethylenediamine (TEMED), and
sodium dodecyl sulfate (SDS) were purchased from Beijing
Solarbio Science & Technology Co., Ltd. (Beijing, China).
ZrCl4 and 2-amino-1,4-benzene-dicarboxylic acid (H2N-
H2bda) were obtained from TCI Chemicals (Tokyo Japan).
Tetrabutyl titanate (TBT) was obtained from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China). Liquid chro-
matographic grade acetonitrile was purchased from Dikma
(Richmond Hill, USA). Other common chemical reagents of
analytical grade were purchased from Beijing Chemical
Company (Beijing, China). The stock solutions of the 7 TCs
(100 μg/mL) and their working solutions with concentrations
of 0.1–200 ng/mL were prepared with methanol, respectively.

Synthesis of MOF Material UiO-66

The MOF material UiO-66 was synthesized according to a
previous literature (Katz et al. 2013). Briefly, 60 mL dry
N,N-dimethylformamide (DMF) and 10 mL concentrated hy-
drochloric acid were added into a 100-mLTeflon-lined stain-
less steel autoclave, and then 1.25 g ZrCl4 and 0.1812 g H2N-
H2bda were dissolved in the mixture. The autoclave was
sealed and heated in an oven at 80 °C for 12 h under autoge-
nous pressure. After cooling down to room temperature, the
reaction system was washed with DMF, and the sample was
purified with anhydrous methanol for several times to elimi-
nate DMF. The yellow product was dried at 80 °C for 12 h to
obtain UiO-66.

Synthesis of MIP-MOF Composite

The nano-MIP was synthesized according to a recent report
(Cenci et al. 2015) that was directly polymerized on the sur-
face of UiO-66 to produce the composite MIP-MOF. Briefly,
8 mg AA, 8 mg MA, 4 mg TBAm, 80 mg BIS, and 0.02 mg
SDS were dissolved in 10 mL water, and the solution was
filtered with a 0.2-μm filter. Then, 0.1 mmol template MC
was added into the above solution, and the mixture was son-
icated for 10 min and purged with nitrogen stream for 30 min.
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After that, 4 mg APS, 3.87 μL TEMED, and 80 mg UiO-66
were added, and the mixture was stirred at room temperature
for 20 h. The suspension was centrifuged at 10,000 rpm for
15 min, and the obtained sediments were transferred into a
Soxhlet apparatus to be extracted for 6 h with methanol/
acetic acid (9:1, v/v). Finally, the suspension was filtered and
the particles were washed with methanol and dried to obtain
the MIP-MOF. At the same time, a type of controlled MIP
without addition of UiO-66 and a type of controlled non-
imprinted polymer composite without addition of the template
MC (NIP-MOF) were also synthesized for comparison with
the MIP-MOF. The MIP, MOF, and MIP-MOF were charac-
terized with Fourier transform infrared (FT-IR) and transmis-
sion electron microscope (TEM) techniques, respectively.

Evaluation of MIP-MOF Absorption Ability

For comparing the absorption ability, MIP-MOF, NIP-MOF,
MOF, and MIP (20 mg) were added into 5 mL of the standard
solution of 5 test drugs respectively to be incubated for differ-
ent times (MC, sulfadiazine, amoxicillin, chloramphenicol,
and clenbuterol; 10 μg/mL, 5–240 min). After incubation
and centrifugation, the analyte amounts of each drug absorbed
by the four absorbents were estimated respectively by measur-
ing the supernatants based on their calibration curves

(developed on a UV spectrophotometer at their respective
maximum absorption wavelengths).

Development of the DSPME Method

The schematic representation of the MIP-MOF-DSPME pro-
cedure is shown in Fig. 1. The isolation of TCs from the
chicken muscle sample was according to a previous method
(Nikolaidou et al. 2008). Briefly, the chicken muscle samples
were homogenized before extraction, and 1 g sample and
10 mL 0.4 M oxalate buffer (pH 4.0) were added into a cen-
trifuge tube. Then, the tube was vortexed for 5 min and cen-
trifuged at 6000 rpm for 5 min. The supernatant was decanted
into a clean tube, and 5 mg MIP-MOF was added. The mix-
ture was shaken for 15 min and centrifuged at 10,000 rpm for
5 min. The supernatant was decanted, and 1 mLmethanol was
added to desorb the analyte from MIP-MOF by vortex for
5 min. After centrifugation at 10,000 rpm for 5 min, the eluate
was transferred into a clean tube and evaporated to dryness in
a 45 °C water bath under cold nitrogen gas. The dry residue
was dissolved in 200 μLmethanol for UPLC analysis. Finally,
the MIP-MOF particles were washed with 5 mL methanol for
the next use.

In this study, the 7 TCs were diluted with the extracts of
blank chicken samples to prepare the matrix-matched solu-
tions (100 ng/mL) for evaluation of the enrichment effect.

Extract TCs in meat

supernatant shaking and

centrifuge

Add MIP-MOF

elution solvent

Discard supernantant Eluting UPLC analysis

Fig. 1 Schematic representation of the MIP-MOF-DSPME procedure

Table 1 Determination parameters of the MIP-MOF-DSPME-UPLC method for the 7 TCs

Analyte Retention time
(min)

Absorption capacity (ng/
mg)

Recovery
(%)

Enrichment
factor

Linearity (ng/
mL)

r2 LOD (ng/
g)

LOQ (ng/
g)

MC 6.65 2370 92 37 2–200 0.9334 0.6 2.0

CTC 10.18 2280 93 28 1–200 0.9853 0.4 1.0

TC 8.35 3000 94 25 0.5–200 0.9996 0.2 0.5

OTC 7.85 2970 97 23 0.5–200 0.9994 0.2 0.5

DC 10.78 2400 92 18 1–200 0.9986 0.4 1.0

DMC 9.17 2690 93 21 2–200 0.9964 0.6 2.0

MTC 10.46 2200 95 19 1–200 0.9979 0.4 1.0

Food Anal. Methods (2020) 13:1211–1219 1213



The enrichment factor (EF) for each drug was calculated as
C/C0, where C is the analyte concentration after DSPME and
C0 is 100 ng/mL (He et al. 2017). During the experiments, the
MIP-MOF amount, sample pH, absorption time, and elution
solvent were optimized respectively with MC as the represen-
tative drug and with EF as the criterion. In addition, the recy-
cle performance of the composite was tested.

Sample Determination

Some blank chicken muscle samples were obtained from a
controlled slaughterhouse in Baoding, Hebei China. The 7
TCs were diluted with the blank extracts to evaluate the
MIP-MOF-DSPME-UPLC method. The limit of detection
(LOD) for each drug was calculated as the drug concentration

Fig. 2 UPLC chromatograms of
(A) the 7 TCs before and (B) after
DSPME procedure, (C) blank
chicken, and (D) TCs fortified
blank chicken (1 =MC, 2 = OTC,
3 = TC, 4 = DMC, 5 = CTC, 6 =
MTC, 7 = DC; 100 ng/mL)

a b c

B

AFig. 3 a FT-IA results and b TEM
results for (a) MIP, (b) MOF, and
(c) MIP-MOF (the image scale in
TEM results is 100 nm)
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corresponding to S/N = 3, and the limit of quantification
(LOQ) was calculated as S/N = 10. Then, the 7 TCs were
fortified into the blank chicken samples (1, 10, and 100 ng/
g) to be analyzed respectively as described above. The intra-
day recovery (six repetitions at each fortification level in a
single day) and the inter-day recovery (duplicate injections
at each fortification level on six successive days) for each drug
were calculated respectively. Finally, 80 chicken muscle sam-
ples were collected from some supermarkets in China and
analyzed by the developed method.

UPLC Conditions

The UPLC system consisted of ACQUITY H-CLASS liquid
chromatography, PDA detector and HSS T3 column (2.1 ×
100 mm, 1.8 μm) (Waters, USA). The mobile phase consisted
of (A) acetonitrile/methanol (3:2, v/v) and (B) 0.01% oxalic
acid with gradient elution. The gradient elution program was:
started with 5% (A), linearly increased to 40% (A) in 5.0 min,
further increased to 80% (A) in 5.0 min and maintained for
2 min, finally brought back to 5% (A). The flow rate was
0.3 mL/min, the injection volume was 10 μL, and the detec-
tion wavelength was 350 nm.

Results and Discussions

Optimization of UPLC Conditions

For simultaneous determination of the 7 TCs with UPLC, the
separation conditions were optimized for shortening the anal-
ysis time and obtaining the optimal peak shape. During the
experiments, acetonitrile and methanol incorporating different
proportions of acid at different gradient programs were com-
pared. Results showed that the separation conditions in
“UPLC Conditions” achieved the best separation. The reten-
tion times of the 7 TCs are shown in Table 1, and the repre-
sentative chromatograms are shown in Fig. 2.

Characterization of MOF and MIP-MOF

In the past few years, manyMOFmaterials have been reported
(Hashemi et al. 2017; Rocío-Bautista et al. 2017). In the pres-
ent study, the MOF material UiO-66 was synthesized accord-
ing to a previous method with Zr as metal ion and H2N-H2bda
as organic ligand (Katz et al. 2013). As shown in Fig. 3a, the
results from Fourier transform infrared analysis (FT-IR)
showed that the MOF contained the characteristic peaks of
NH2 and O-H bond (around 3449 cm−1), phenyl ring (1655–
1264 cm−1), and Zr (770, 482 cm−1), indicating UiO-66 was
obtained. The MIP-MOF composite contained the peaks from
MOF (Zr, 770, 482 cm−1) and MIP (alkyl group, 2929, 1446,
and 711 cm−1, C=C bond 903 cm−1), indicating a new

composite was obtained. At the same time, the characteristic
peaks of phenyl ring and Zr inMIP-MOF decreased due to the
coated polymer shells (Fig. 3a). As shown in Fig. 3b, the
results from transmission electron microscopy (TEM) showed
that the MIP and the MOF were nano-sized particles, and the
MIP-MOF was core-shell structured composite. These results
revealed that the MIP-MOF was obtained, so it was used to
develop the DSPME method.

Evaluation of MIP-MOF

For evaluation of absorption ability, MOF, MIP, MIP-MOF,
and NIP-MOF were used to absorb 5 test drugs respectively
(MC, sulfadiazine, amoxicillin, clenbuterol, and chloram-
phenicol). As shown in Fig. 4a, MOF showed comparably
high absorption amounts for the 5 drugs, NIP-MOF showed
comparably low absorption amounts for the 5 drugs, and MIP
andMIP-MOF only showed high absorption amounts forMC.
These results indicated that MIP and MIP-MOF showed

MOF MIP MIP-MOF NIP-MOF
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Fig. 4 a Adsorption capacities of MOF, MIP, MIP-MOF, and NIP-MOF
for the test drugs (absorption 240 min). b Adsorption kinetic curves of
MIP-MOF and NIP-MOF for MC (absorbent 20 mg; drug 10 μg/mL,
5 mL)
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specific absorption whereas MOF and NIP-MOF showed
non-specific absorption. The absorption amount for MC from
MIP-MOF was lower than that from MOF (Fig. 4a), which
was because the entire MOF surface could absorb the analyte
whereas only the MC-imprinted pores on MIP-MOF surface
could absorb the analyte. In addition, the adsorption kinetic
curves shown in Fig. 4b illustrated that MIP-MOF achieved
much higher adsorption amount for MC than NIP-MOF at
different absorption times, indicating the formed cavities were
beneficial for capturing MCmolecules. Therefore, the synthe-
sized MIP-MOF could be used to develop the specific extrac-
tion method for TCs.

Optimization of MIP-MOF Amount

For a DSPME method, the first step is to select the optimum
absorbent amount. In this study, different amounts of MIP-
MOF (2–20 mg) were used to perform the DSPME procedure
by using the matrix matched MC solution (10 mL, 100 ng/
mL). As shown in Fig. 5a, the EFs of MC were generally

comparable (26–29), indicating theMIP-MOF contained large
absorption capacity and its amount showed negligible influ-
ence on analyte absorption at low analyte concentration. For
convenient operation, 5 mg MIP-MOF was selected for the
subsequent experiments.

Optimization of Sample pH

For development of a DSPME method for TCs, the pH value
is a critical factor because it influences the ionic form of TCs
molecule and the absorbed analyte amount. TCs are the am-
photeric compounds that have several dissociation constants:
pKa 2.8–3.3, 7.3–8.3, 9.3–10.2 (Samanidou et al. 2007). In
this study, the matrix-matched MC solution was adjusted to
different pH values (2.0–11.0) for performing the DSPME
procedure. As shown in Fig. 5b, the EFs of MC at pH 4.0,
8.0, and 9.0 (29, 27, and 26) were generally higher than those
at other pH values (10–23). This was because the MC mole-
cules at the three pH values were mainly as non-dissociation
forms, thus obtaining a high absorption amount and high EFs.
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Fig. 5 Enrichment factors for MC when using a different amounts of
MIP-MOF (absorption 30 min, pH 4.0, elution with methanol), b differ-
ent sample pH (MIP-MOF 5 mg, absorption 30 min, elution with meth-
anol), c different absorption times (MIP-MOF 5 mg, pH 4.0, elution with

methanol), and d different elution solvents (MeOH =methanol, ACN=
acetonitrile, X = 10% formic acid, Y = 10% acetic acid, MIP-MOF 5 mg,
pH 4.0, absorption 15 min)
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For convenience, the sample extracts (oxalate buffer, pH 4.0)
were used for DSPME procedure directly.

Optimization of Absorption Time

For shortening the sample pretreatment time, the absorption
time was optimized. During the experiments, 5 mgMIP-MOF
was added into matrix-matched MC solution to be shaken for
different times (1–30min). As shown in Fig. 5c, the EF ofMC
reached a plateau after 15min shaking (26–28), so 15min was
selected as the optimal absorption time.

Optimization of Elution Solvent

For a MIP-based extraction method, the critical factor is to
find an optimal elution solvent to elute the absorbed analyte
from the absorbent. In this study, several kinds of elution
solvents including methanol, acetonitrile, and their mixtures
with formic acid and acetic acid at different volume propor-
tions were used to elute MC from MIP-MOF. As shown in
Fig. 5d, the EFs of MC when adding acid were higher than
those when using pure methanol and pure acetonitrile.
However, the use of acid in elution solvent damaged the
MOF structure, and there was a large impurity peak in

UPLC chromatogram. General consideration, methanol was
selected as the optimal elution solvent.

Performance of the MIP-MOF-DSPME-UPLC Method

Under the optimal conditions, the matrix-matched solutions of
the 7 TCs (10 μg/mL, 10 mL) were used to estimate the MIP-
MOF absorption capacity according to the procedures in
“Evaluation of MIP-MOF” absorption ability. As shown in
Table 1, MIP-MOF simultaneously recognized the 7 drugs,
and the absorption capacities were in the range of 2200–
3000 ng/mg. The previously reported MIP materials for TCs
recognized at most 4 drugs (Feng et al. 2016; Jing et al. 2009,
2010; Lv et al. 2012; Lian et al. 2012; Sánchez-Polo et al.
2015; Chen et al. 2009; Kong et al. 2012; Wang et al. 2018),
so the recognition spectrum of the present MIP material was
broader than those MIPs.

Furthermore, the matrix-matched solutions of the 7 TCs
(100 ng/mL) were used to evaluate the MIP-MOF-DSPME
method. As shown in Table 1, the DSPME method showed
high recoveries (92%– 97%) and high EFs (18–37) for the 7
drugs. As shown in Fig. 2, the chromatograms of TC stan-
dards before and after DSPME procedure illustrated the high
enrichment effect. Due to the high enrichment effect, the
LODs of the MIP-MOF-DSPME-UPLC method for the 7

Table 2 TC recoveries from standard-fortified blank chicken muscle samples (n = 6)

Analyte Added (ng/g) Inter-assay Intra-assay

Recovery (%) CV (%) Recovery (%) CV (%)

MC 1 72.5 8.6 84.3 9.8

10 86.7 6.4 92.3 5.1

100 92.1 6.1 85.0 7.3

CTC 1 84.5 8.4 79.1 8.6

10 69.6 6.2 84.7 8.4

100 73.6 5.2 83.6 8.0

TC 1 74.1 9.4 94.7 9.3

10 73.2 5.6 82.1 7.4

100 82.3 5.7 91.4 6.3

OTC 1 94.6 11.6 93.7 6.8

10 84.7 7.6 86.2 7.2

100 79.3 8.2 87.4 7.3

DC 1 85.7 8.3 74.3 6.8

10 87.6 7.6 83.5 7.8

100 80.9 8.6 72.8 9.4

DMC 1 77.5 8.7 78.5 8.6

10 71.3 9.4 89.4 9.7

100 82.3 9.1 83.9 5.8

MTC 1 84.2 10.1 82.6 9.0

10 76.8 7.3 84.8 7.6

100 71.0 8.0 75.3 7.0
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drugs were in the range of 0.2–0.6 ng/mL and the LOQs were
in the range of 0.5–2.0 ng/mL (Table 1).

During the experiments, the matrix-matched MC solution
(100 ng/mL) was used to perform the DSPME procedure for
successive 10 times. Results showed that the recoveries were
generally stable when repeating the experiments for 8 times
(RSD < 4.7%), and decreased about 26%when repeating for 9
times, indicating the MIP-MOF was a durable and recyclable
absorbent. Then, the 7 TCs were fortified into the blank chick-
en muscle samples to evaluate the MIP-MOF-DSPME-UPLC
method. As shown in Table 2, the inter-assay recoveries were
in the range of 69.6–94.6% with the coefficients of variation
of 5.2–11.6%, and the intra-assay recoveries were in the range
of 72.8–94.7% with the coefficients of variation of 5.1–9.8%.
As shown in Fig. 2, the UPLC chromatograms of the blank
chicken and the TC-fortified blank chicken indicated the sat-
isfactory purification effect.

Sample Analysis

The 80 real chicken muscle samples were analyzed with the
present method. Results showed that one sample contained
TC residue (21 ng/g) and another sample contained CTC res-
idue (49 ng/g), but their residual levels were all lower than
their maximum residue limits (100 ng/g). Other real samples
were all determined as negative samples by the method.
Therefore, this MIP-MOF-DSPME-UPLC method could be
used as a useful tool for multi-determination of the 7 TCs in
meat samples.

Comparison with Related Methods

The present study for the first time reported a MIP-MOF
composite–based DSPME method for extraction of TCs in
poultry products. For comparison with the related methods,
the details of the previously reported MOF-based sorptive
method (Du et al. 2019), MIP-DSPME methods (Chen et al.
2009; Kong et al. 2012), and MIP-MOF-based matrix solid
phase dispersion method (Wang et al. 2018) for extraction of
TCs are summarized in Table 3. General considerations on
sample pretreatment time, multi-determination ability, and en-
richment effect and sensitivity, the authors encourage the use

of the MIP-MOF-DSPME-UPLC method for the determina-
tion of TCs in poultry products.

Conclusion

As the promising absorbents, MOF and MIP have been used
to develop many sample preparation methods for extraction
and purification of different analytes. In this study, a type of
nano-MIP for TCs was directly polymerized on the surface of
a MOF material to generate a novel composite. A simple dis-
persive solid phasemicroextractionmethodwas developed for
extraction of 7 TCs in the chicken muscle sample followed by
UPLC determination. Results showed that this method was
simple, rapid, sensitive, and accurate, so it could be used as
a routine tool for multi-detection of the residual TCs in meat
sample.
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