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Abstract A novel analytical method employing immunoaffini-
ty column (IAC) clean-up coupled with liquid chromatography-
tandemmass spectrometry (LC-MS/MS) method was developed
for simultaneous determination of ractopamine, chlorampheni-
col, and zeranols (α-zearalanol, β-zearalanol, zearalanone, α-
zearalenol, β-zearalenol, and zearalenone) in animal-originated
foods. The sample was first digested by β-glucuronidase/sulfa-
tase and then extracted with ethyl acetate-diethyl ether (9:1, v/v).
The extracted solution was evaporated to dryness and then the
residue was dissolved by 2 mL of 50% acetonitrile solution.
After filtration, 1 mL filtrate was diluted to 10 mL with PBS.
The reconstituted solution was cleaned up with immunoaffinity
column and then analyzed by high performance liquid
chromatography-tandem mass spectrometry (LC-MS/MS). The
established method was shown to be sensitive efficient and reli-
able as indicated by the linearity (r2 ≥ 0.9994), precision
(RSD ≤ 1.7%), average recovery (72.3–103.2%), and the limit
of detection (0.05–0.10 μg/kg). The method can be used for
determination of trace residues of ractopamine, chloramphenicol,
and zeranols in animal-originated foods.
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Introduction

Ractopamine is a phenolethanolamine β-adrenoceptor ago-
nist, which was mainly developed for the treatment of asthma
in human. The previous studies have shown that ractopamine
is an exogenous substance that alters the manner in which
nutrients are directed toward fat deposits and muscle accretion
(Spurlock ME et al. 1994). Chloramphenicol (CAP) is a
broad-spectrum antibiotic, exhibiting activity against a variety
of aerobic and anaerobic micro-organisms (Allen, 1984).
Zearalenone (ZON), widely used as a growth stimulant in
food-producing animals, is produced by a variety of fusarium
fungi (Dusi G et al. 2009). ZON can be rapidly metabolized
into relative toxins (α-zearalanol (α-ZAL), β-zearalanol (β-
ZAL), zearalanone (ZAN), α-zearalenol (α-ZOL), and β-
zearalenol (β-ZOL)) after being absorbed through the small
intestine and its metabolites (zeranols) can conjugate with
glucuronic acid in the body (Schaut A et al. 2008).

The illegal addition of these drugs as growth promoters in
animals could result in residues in animal tissues (liver, kidney,
muscle, and milk) and lead to risk for consumer safety.
Ractopamine has side effects such as nausea, vomiting, muscle
tremor, palpitation, trembling, headaches, and other symptoms,
especially for patients suffering from diseases as hypertension,
heart disease, and hyperthyroidism. CAP may cause serious ad-
verse effects such as reversible bone marrow depression or
aplastic anemia with pancytopenia, cellular bone marrow, irre-
versible aplastic anemia, and optic neuropathy (Hutchison HE
et al. 1962; Wong S et al. 2013) and zeranols have acute and
chronic toxicity, such as genotoxicity and reproductive and
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immunotoxicity (Marin DE et al. 2010; Zinedine A et al. 2007).
In spite of these risks, these drugs are still illicitly used in live-
stock production because of the economic advantages. For those
substances, a Bzero tolerance residue limit^ has been established
in edible tissues, feeds, and drinkingwater in the USA and China
(Ministry of Agriculture, No. 235; U.S. Food and Drug
Administration, Section 512). In order to provide quality assur-
ance for the consumers and to satisfy legal testing obligations, the
ability to detect these illicit drug residues at low concentrations
has become a very important issue.

At present, different methods have been developed for the
detection of RAP, CAP, and zeranols separately, including
enzyme-linked immunosorbent assay (ELISA) (Pleadin J
et al. 2012; Minervini F et al. 2010; Beloglazova NV et al.
2012), gold immunochromatography assay (GICA) (Zhang
et al. 2009), high performance liquid chromatography
(HPLC) (QU et al. 2011; YOU et al. 2012; Urraca JL et al.
2004), liquid chromatography (LC), and gas chromatography
(GC) coupled with mass spectrometry (MS) (HE et al. 2007;
Akhtar MH et al. 1995; Dickson LC et al. 2009; Ashwin HM
et al. 2005). Because of its high sensitivity and selectivity,
liquid chromatography-tandem mass spectrometry (LC-MS/
MS) is often the method of choice in the analysis of trace
levels of polar contaminants (Nielen MWF et al. 2007).

Immunoaffinity column (IAC) allowing the highly selec-
tive isolation of the analyte from a complex matrix is preferred
in terms of precision, concentrating, and efficient sample
clean-up for residue analysis (Zhang et al. 2013). IACs need
less solvent and take less time than the conventional SPE or
LLE methods because they are based on the specific interac-
tion of antigen and antibody immobilized on an appropriate
support material (Tsikas D 2010).

Our laboratory has developed methodologies for the deter-
mination of sulfonamide (Yuan et al. 2013) and zeranols (You
et al. 2012) cleaned by IAC. However, these immunoaffinity
columns are only suitable for the same kind of mycotoxin.
Compared to the previous researches, this study adopted a
new kind of immunoaffinity column developed by our re-
search group. The aim was to provide data about the co-
occurrence of multiple mycotoxins in the same sample, spe-
cifically, ractopamine, chloramphenicol, and zeranols in
animal-originated foods, taking advantage of the capabilities
of immunoaffinity column combined with HPLC-MS/MS
analysis method, which led to a better purification effect and
lower limits.

Material and Methods

Chemicals and Reagents

Ractopamine (RAP, purity ≥ 97%) and chloramphenicol (CAP,
purity ≥ 98.5%) were purchased from Dr. Ehrenstorfer GmbH

(Augsburg, Germany). Zearalanone, α-zearalanol, β-zearalanol,
zearalenone (ZON), α-zearalenol (α-ZOL), and β-zearalenol
were purchased from Sigma-Aldrich (St. Louis, MO, USA, pu-
rities ≥ 98.0%). The β-glucuronidase/sulfatase was purchased
from Sigma-Aldrich (St. Louis, MO, USA).

Ethyl acetate, diethyl ether, tert-butyl methyl ether, aceto-
nitrile, and methanol (HPLC grade) were purchased from
Tedia (Fairfield, OH, USA). Ultrapure water was produced
by a Milli-Q system (Millipore Corporation, USA).
Ammonium hydroxide was supplied by ROE (Newark, DE,
USA). Sodium hydroxide, anhydrous sodium acetate, hydrous
disodium hydrogen phosphate, potassium chloride, potassium
phosphate dibasic, acetic acid, and other chemicals or solvents
were of HPLC or analytical grade.

Standard Solutions

RAP, CAP, ZON,α-ZOL, β-ZOL, ZAN, α-ZAL, and β-ZAL
stock solutions were individually prepared by dissolving the
weighed compound in methanol at final concentration of
1 mg/mL in glass vials. Mixed working standard solution
was prepared by diluting individual stock solutions to obtain
a solution at concentrations of 50 μg/mL for RAP and CAP,
100 μg/mL for zeranols, and then diluted with 25% acetoni-
trile solution to a final concentration (0.05, 0.25, 0.5, 1.0, 2.5,
10.0, 25.0μg/L for RAP and CAP; 0.1, 0.5, 1.0, 2.0, 5.0, 20.0,
50.0 μg/L for zeranols). All standard solutions were stored at
−20 °C.

Phosphate buffer solution (PBS, pH 7.4) was prepared by
dissolving 8.00 g of sodium chloride, 0.20 g of potassium
chloride, 2.90 g of disodium hydrogen phosphate, and
0.24 g of potassium dihydrogen phosphate in 900 mL of water
and adjusting to pH 7.4 with 1.0 mol/L sodium hydroxide.
Finally, the solution was diluted to the volume.

0.05 M sodium acetate buffer (pH 4.8) was prepared by
dissolving 6.80 g of sodium acetate in 900mL ultrapure water,
adjusting pH to 4.8 with acetic acid, and finally being diluted
to the volume.

Apparatus

LC-20 high performance liquid chromatography (Shimadzu,
Japan)-API4000 tandem mass spectrometer (AB corporation,
USA); XH-B vortex mixer (Jiangsu healthcare medical sup-
plies Co., LTD.); 3–30 K refrigerated centrifuge (German,
Sigma company); ZHWY-2112B constant temperature culture
oscillator (Shanghai Zhicheng analytical instrument
manufacturing Co., LTD.); N-EVAP116 nitrogen dry instru-
ment (Organomation Associates, USA); and rotary vacuum
evaporators (4011 Digital) was obtained from Heidolph
Company (Germany). IAC for RAP, CAP, ZON, α-ZOL, β-
ZOL, ZAN, α-ZAL, and β-ZAL (IAC-CRZ, 100 ng for each
component; volume 3 m; Clover Technology Group Inc.,
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Beijing, China) was used for sample purification and stored at
4 °C.

Sample

Samples of pork, fish, milk, and liver bought from the super-
markets in Chongqing, China, were used in the experiments.
The samples were fully homogenized and stored at −18 °C.

LC-MS/MS Conditions

For the HPLC system, chromatographic separation was achieved
on a Shimadazu Shim pack VP-ODS column (150 × 2.0 mm,
5 μm). The mobile phase and a gradient elution program are
shown in Table 1. The flow rate was kept at 0.3 mL/min, and
the column temperature was maintained at 40 °C.

For the mass spectrometric analysis, a mass spectrometer
equipped with the manufacturer’s electrospray ionization
(ESI) source, operated in positive mode (RAP) or negative
mode (CAP and ZERS), was applied in multiple reaction
monitoring (MRM) mode. The total online HPLC-MS/MS
analysis time per sample was 15 and 8 min. Some MS/MS

conditions are shown in Table 1. Mass spectrum parameters of
all compounds are shown in Table 2.

Sample Preparation

The homogenized test sample (pork, fish, milk, liver) of 2.0 g
was accurately weighed and put into a 50-mL centrifuge tube,
10 mL of sodium acetate buffer and 30 μL of β-glucuroni-
dase/sulfatase were added, and the substances were mixed for
1 min with a vortex mixer. The mixture was incubated for 16 h
at 37 °C. After cooling to room temperature, 15 mL ethyl
acetate-diethyl ether (9:1, v/v) was added. The sample was
extracted for 15 min by oscillator, and then centrifuged at
7500 r/min for 5 min. The supernatant was transferred to an-
other 50-mL centrifuge tube. The sample was extracted with
15 mL ammonium hydroxide-ethyl acetate-diethyl ether
(0.2:9:1, v/v/v) again, and the supernatant was combined.
After centrifugation at 7500 r/min for 8 min, the supernatant
was transferred into a 100-mL-round-bottomed flask. The ex-
tract was concentrated to almost dryness on rotary vacuum
evaporator at 39 °C, and the residues were dissolved with
5 mL methanol, then all the solution were collected in a
10-mL cuvette and evaporated to dryness in a 40 °C water

Table 1 Instrument conditions for target compounds

Ionization mode ESI+ mode ESI− mode

LC condition Column Shimadzu Shim-pack VP-ODS (150 × 2.0 mm, 5 μm)
Mobile phase A: acetonitrile

B: 2 mmol/L ammonium acetate containing 0.2% formic acid
Injection volume 20 μL 10 μL
Gradient list Time (min) 0 5 11 11.5 13 Time (min) 0 7 7.5 8

A (%) 5 5 60 95 5 A (%) 70 70 25 25
B (%) 95 95 40 5 95 B (%) 30 30 75 75

MS Condition Electrospray voltage (IS) 5500 V −4500 V
Atomization gas pressure (GS1) 45 Psi 35 Psi
Air curtain gas pressure (CUR) 40 Psi 40 Psi
Auxiliary air pressure (GS2) 60 Psi 60 Psi
Collision chamber inlet voltage (EP) 4.5 V −10 V
Temperature 650 °C 550 °C

Table 2 LC-MS/MS acquisition parameters for the analyses

Compound Parent ion
(m/z)

Daughter ions
(m/z)

Declustering
potential (V)

Collision energy
(V)

Entrance
potential (V)

Collision cell exit
potential (V)

RAP 302.3 164.1*, 284.2 42 18.3, 23.7 4.5 8, 14.7

CAP 320.9 151.9*, 194.0 −57 −23, −17 −5.1 −8.6, −2.6
ZON 317.2 175.0*, 273.0 −80 −35, −28 −8 −15, −8
β-ZAL 321.2 277.2*, 303.2 −83 −31, −29 −10 −6, −17
ZAN 319.1 275.0*, 301.0 −80 −31, −35 −8 −15, −15
α-ZOL 319.2 275.0*, 301.0 −81 −31, −31 −8 −19, −19
α-ZAL 321.2 277.2*, 303.2 −83 −31, −29 −10 −6, −17

*Quantitative ion pair
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bath under a gentle flow of nitrogen. The residue was dis-
solved by 2 mL of 50% acetonitrile solution and filtrated,
and 1 mL filtrated solution was diluted to 10 mL with PBS
to be purified.

Clean-up Procedure

The diluted solution was loaded onto the IAC-CRZ column at
a rate of about 1 drop/s until the air came through the column.
The column was washed by 5 mL PBS and 5 mL ultrapure
water at a rate of about 1–2 drops/s. Then the analytes were
eluted with anhydrous ethanol (3 mL) at a rate of 1 drop/s.
When the eluting solvent passed through, the column was
suctioned to dryness. The eluted analytes were collected in a
10-mL cuvette and evaporated to dryness in a 40 °C water
bath under a gentle flow of nitrogen, and the residue was
reconstituted in 1 mL 25% acetonitrile solution. The final
purification was filtered through a 0.22-μm nylon membrane
filter and analyzed by HPLC-MS/MS.

Results and Discussion

Optimization of HPLC-MS/MS

The HPLC-MS/MS with ESI source and MRMmode provid-
ed a highly selective and sensitive method. According to the
chemical structure characteristics of the target, most of the
compounds contained carbonyl and fitted in ESI+ mode form
[M + H]+ ions, the few compounds estrogen due to containing
phenol hydroxyl suitable for ESI−mode form [M−H]− ions. In
the corresponding ion mode, direct injection standard solution

(1mg/L) and determine [M+H]+ or [M−H]−molecular ion by
the primary mass spectrometry, then fragment ions informa-
tion was obtained by the secondary mass spectrometry. Two
characteristic ions of maximum sensitivity were selected as
the quantification and identification ions to optimize the MS/
MS parameters.

The commonly used mobile-phase compositions such as
acetonitrile/water and methanol/water were optimized. The
results showed that acetonitrile/2 mmol/L ammonium acetate
containing 0.2% formic acid was suitable for ESI+ and ESI−

mode. Some MS/MS conditions are shown in Table 1. The
mass spectrum parameters of all compounds are shown in
Table 2. Under the optimal operating conditions of HPLC-
MS/MS, all analytes were eluted within the 13- and 8-min
analysis time.

Optimization of Extraction Solvent

Theoretically, the pH of the extraction solvent should be two
units higher than that of the pKa of the analytes to ensure that
the analytes were all completely neutral and could be effec-
tively extracted by the extraction solvent. CAP (pKa = 9.61)
and RAP (pKa = 9.40) are both easy to resolve in an acidic
solution. For zeranols, a similar group is present for all of
them, which have pKa values above 7.42, and are more easily
to be extracted by organic phase under neutral and weak alka-
line condition. In order to improve the recoveries of the
analytes, different solvents and solvent combinations such as
acetonitrile, ethyl acetate, diethyl ether, tert-butyl methyl
ether, ethyl acetate—ethanol (8:2 v/v), ethyl acetate-diethyl
ether (8:2 v/v), and ethyl acetate-diethyl ether (9:1 v/v) were
evaluated.

Fig. 1 Extraction recoveries of
RAP, CAP, and ZER with
different solvents
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As Fig. 1 shows, using ethyl acetate-diethyl ether mixture
gave better results than that of either solvent alone in terms of
minimizing interference peaks on liquid chromatography or
ethyl acetate-diethyl ether (9:1 v/v) could provide, satisfactory
recoveries, and reproducibilities. Finally, this mixture was
chosen as the extraction solvent. The recovery rates of RAP,
CAP, and zeranols were satisfactory by adjusting the pH value
of the aqueous phase and using a two-step extraction.

Development of the Elution Solution

The strength of the binding to the antigen is important as
binding strength will influence recovery during the extraction
stage. Finally, the analytes are eluted from the IAC by break-
ing the antibody-antigen bond. This study investigated meth-
anol, acetonitrile, and anhydrous ethanol as the elution solu-
tions. A sample of 0.5 mL 1 μg/kgmixed standard was diluted

to 10 mL with PBS and loaded onto the IAC-CRZ column.
After that, the analytes were eluted with 6 mL of methanol,
acetonitrile, and anhydrous ethanol at a rate of 1 drop/s, re-
spectively. The results (Fig. 2) showed that when using anhy-
drous ethanol as the elution solution, the average recovery rate
of the eight target analytes was ≥94.1%.

The volume of elution solution was also investigated. The
eluted solution was recollected at a 0.5-mL interval from 1 to
4 mL and determined by HPLC-MS/MS. It was demonstrated
that the elution rates were improved as the volume of the
eluent increased, i.e., anhydrous ethanol increased and
reached its maximum when the volume was 3 mL. So, 3 mL
anhydrous ethanol was selected as the eluent.

IAC-CRZ Regeneration

Regeneration of the IAC-CRZ column was investigated. Six
IAC-CRZ columns were tested with standard, solution mixture
of RAP, CAP, and ZERs at 10 μg/kg. In each experiment, after
being eluted with 3 mL anhydrous ethanol, the columns were
washed with 20 mL ultrapure water and then followed by 10mL
PBS. After the last 2 mL, PBS permeated the columns and the
ends of the IAC-CRZs were sealed. The columns were used
again after storage at 4 °C in a refrigerator for 24 h. As the
recoveries showed, the capacities of the IAC-CRZ column for
the eight substanceswere gradually declined. It was thought to be
sufficient for the determination of residues when the capacity of
the columnwasmore than 70%of themaximum. So, the column
could be recycled three times at least.

Fig. 2 Elution rate of RAP, CAP, and ZER with different solvents

Table 3 Calibration curves, matrix effect, limits of detection, and quantification of RAP, CAP, and ZER

Name Matrix Linear range
(μg/L)

The standard curves LOD
(μg/kg)

LQD
(μg/kg)

The matrix curves

RAP pork 0.05~25 y = 31,128× + 22,865 R2 = 0.9993
fish y = 31,145× + 24,629 0.009 0.03 y = 31,393× + 17,293 R2 = 0.9992
liver y = 32,305× + 18,098 R2 = 0.9985

CAP pork 0.05~25 y = 10,538× + 1738.3 R2 = 0.9986
fish y = 9798.4× − 906.93 0.007 0.02 y = 9537.1× − 882.83 R2 = 0.9997
liver y = 9932× + 3015 R2 = 0.9994

ZON pork 0.1~50 y = 15,715× + 8731.5 R2 = 0.9993
fish y = 16,062× + 8626 0.03 0.09 y = 16,111× − 2787.7 R2 = 0.9989
liver y = 15,914× − 8004.4 R2 = 0.9984

β-ZAL pork 0.1~50 y = 17,715× + 3725.5 R2 = 0.9999
fish y = 16,223× + 7808.7 0.03 0.09 y = 18,042× + 8590.2 R2 = 0.9993
liver y = 16,024× + 5887.5 R2 = 0.9997

ZAN pork 0.1~50 y = 23,158× + 16,631 R2 = 0.9981
fish y = 24,358× + 17,193 0.02 0.05 y = 23,115× + 2303.1 R2 = 0.9983
liver y = 23,867× - 14,811 R2 = 0.9931

α-ZOL pork 0.1~50 y = 10,056× + 2525 R2 = 0.9998
fish y = 10,124× + 5442.6 0.04 0.1 y = 10,364× + 6327.4 R2 = 0.9983
liver y = 9771.7× - 2699.8 R2 = 0.9989

α-ZAL pork 0.1~50 y = 16,106× + 9654 R2 = 0.9981
fish y = 15,901× + 8994.4 0.03 0.09 y = 18,103× + 5050 R2 = 0.9996
liver y = 16,081× + 5678.2 R2 = 0.9997

β-ZOL pork 0.1~50 y = 1805.1× + 797.59 R2 = 0.9997
fish y = 1865.5× + 1013 0.04 0.1 y = 1803.9× + 638.79 R2 = 0.9983
liver y = 1821.5× + 312.78 R2 = 0.9999

Food Anal. Methods (2017) 10:3239–3246 3243



Method Validation

Calibration curves were obtained in a range of 0.1–50 μg/kg
(0.05–25 μg/kg for RAP and CAP). The coefficient of corre-
lation (r2) was above 0.999 for all of the analytes. Each target
analyst present in the samples was quantified by comparing its
peak area to that of corresponding standard, as shown in

Table 3. The limits of detection (LOD) and quantification
(LOQ) were estimated at the lowest concentration in spiked
samples corresponding to a signal-to-noise ratio (S/N) of 3:1
and 10:1, respectively. Detailed summary of the calibration
curves, LODs, and LOQs is provided in Table 3.

In this study, matrix-matched calibration curves was per-
formed at seven concentration levels (0.05, 0.25, 0.5, 1.0, 2.5,

ba

dc

Fig. 3 LC-MS/MS
chromatograms of the blank
matrix (a and c) and the spiked
sample (b and d) for CAP (a and
b) and α-ZOL (b and d),
respectively. Spiked level
10 μ g/mL

Table 4 Extraction recoveries
and RSDs for RAP, CAP, and
ZER

Analyte Matrix Spiked 0.05 μg/kg Spiked 0.1 μg/kg Spiked 0.5 μg/kg

recovery/% RSD/% recovery/% RSD/% recovery/% RSD/%

RAP pork 89.80 5.2 99.00 4.7 98.30 2.6
fish 87.60 7.3 96.10 3.1 89.90 6.7
liver 87.60 6.8 91.50 5.7 89.50 5.5

CAP pork 98.60 1.5 99.10 3.9 97.70 1.4
fish 89.50 5.8 93.80 7.7 95.30 4.1
liver 91.30 7.7 95.30 4.5 93.70 6.4

ZON pork 91.50 1.2 101.00 2 78.50 3.4
fish 91.80 2.9 88.10 8.9 83.40 8.3
liver 77.60 6.1 86.50 3.9 83.30 3.1

β-ZAL pork 96.00 7 78.50 5.5 81.40 7.2
fish 88.50 6.3 88.70 7.2 83.50 7.1
liver 86.10 6.8 81.60 9.1 85.50 6.2

ZAN pork 89.20 3.2 87.60 2.7 88.60 6.1
fish 87.20 5.7 89.20 4.9 90.80 7.8
liver 91.80 4.5 89.90 6.3 78.70 5.9

α-ZOL pork 87.90 2 91.40 1.3 79.80 5
fish 86.50 6.2 87.50 6.4 82.90 3.2
liver 90.80 4.6 87.00 6.1 86.80 4.7

α-ZAL pork 95.40 7.4 83.80 2.8 84.00 7.1
fish 88.20 8 84.80 4.3 85.20 5.2
liver 87.00 3.1 86.30 5.9 82.20 5.2

β-ZOL pork 82.60 1.9 91.30 2.9 78.80 6.2
f ish 87.00 5.8 90.90 1.9 81.60 6.9
liver 84.90 5.9 88.70 6.4 75.60 5.8
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10.0, 25.0μg/L for RAP and CAP; 0.1, 0.5, 1.0, 2.0, 5.0, 20.0,
50.0 μg/L for zeranols) by spiking the extracts obtained from
blank sample. Corresponding, standard calibration samples
were obtained by diluting the appropriate volume of stock
standard solutions with 25% acetonitrile solution.

As shown in Table 3, the matrix effects of the samematerial
are different in four kinds of matrices, for the material ingre-
dients of each matrix are not the same. SSEs were in the range
of 98.3–111.5%; the linearities of matrix-matched calibration
curves (r2 ≥ 0.9987) and solvent standard calibration curves
(r2 ≥ 0.9992) were satisfactory. Moreover, the chromatograms
for blank matrix and spiked sample did not contain any inter-
fering peak (taking CAP and α-ZOL for example, Fig. 3).
Based on the experimental results, the matrix effects were
conspicuously eliminated after the sample solution was
cleaned up by the IAC-CRZ column. Besides, external cali-
bration curve could guarantee a reliable and accuracy
quantization.

The recoveries of the method were evaluated by using
blank samples (2.0 g) spiked with standard analytes at three
concentration levels (0.025, 0.05, 0.25 μg/kg for RAP and
CAP; 0.05, 0.1, 0.5 μg/kg for zeranols), each concentration
being repeated for six times. The precision expressed as rela-
tive standard deviation (RSD%) was determined for each
compound from six replicates of spiked samples. As show in
Table 4, the average recovery at three spiking levels ranged
from 75.6 to 101.1%, and the RSD was 1.2–9.1%, indicating
satisfactory precisions and recoveries.

Validation Study for Pork

A real sample survey was conducted to check the effective-
ness of the validated method and its feasibility in routine anal-
ysis. In order to ensure that the proposed method could be
used for the determination of ractopamine, chloramphenicol,
and zeranols in real samples, 15 commercial feed samples for
growing-finishing pigs were collected from the market and
detected. The results showed that all samples were negative,
which are the same as those detected at the same time with
other published methods for single drug in feeds.

Conclusions

In this study, a HPLC-MS/MSmethod with IAC clean-up was
successfully developed to simultaneously detect ractopamine,
chloramphenicol, and zeranols in animal-originated foods.
The established method holds the features of good recoveries
and high sensitivity. To our knowledge, this is the first report
for simultaneous determination and purification of
ractopamine, chloramphenicol, and zeranols with IACmethod
in animal-derived foods. A novel IAC-CRZ column was ap-
plied for the clean-up and concentration of RAP, CAP, and

ZERS. It is efficient enough to eliminate matrix effect of the
samples and guarantee the high specificity of the determina-
tion method. Besides, the IAC-CRZ column can reduce the
cost of the analysis and make the clean-up procedure simple.
Additionally, the developed method is successfully applied to
detect the residue of RAP, CAP, and ZERS in animal-derived
food, and it may be applied in other kinds of matrices in the
future.
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