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1. Introduction

Coccidiosis is a parasitic disease caused by various coc-
cidia in the genus Eimeria (Peek and Landman, 2011). 
Drug resistance and high outbreak and mortality rates 
are the main coccidiosis-related factors threatening the 
livestock breeding industry. Piperazine and its N-substi-
tuted derivatives have diverse biological activities, such 
as antimicrobial (Marchetti et al., 2012), antihyperten-
sive (Glamkowski et al., 1974), anticancer (Demirci et al., 
2019), anti-inflammatory (Silva et al., 2015) and analge-
sic (Silva et al., 2015) activities, and are widely used in 
the treatment of coccidiosis. However, the improper use 

of piperazine leads to drug residues in animal-derived 
foods, and the long-term consumption of these contam-
inated products poses a serious threat to human health 
(Anna et al., 2017; Lee et al., 1997; Staack and Maurer, 
2003). Empirical studies have found that piperazine acts 
as a low-potency agonist of the extrasynaptic γ-amino-
butyric acid receptors in the bag region of muscle tissue 
(Brennan et al., 2007), that benzylpiperazine induces a 
reaction sensitive to dopamine antagonists (Wada et al., 
2015) and that piperazine has possible carcinogenic 
and brain electrophysiological effects (Lin et al., 2010). 
Because of these potential toxic effects, the use of pip-
erazine has been severely restricted or even prohibited 
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in many countries. The European Medicines Agency 
(2010) and the Chinese government (Ministry of Agri-
culture of the People’s Republic of China, 2002) set max-
imum residue limits (MRLs) of 400 μg/kg for piperazine 
in chicken and pork. The Food and Drug Administration 
(FDA) (U.S. Food and Drug Administration, 2014) stipu-
lates an MRL of 100 μg/kg for piperazine in chicken and 
pork. The MRLs of piperazine in Japan (The Japan Food 
Chemical Research Foundation, 2015) are 100 μg/kg for 
chicken and 300 μg/kg for pork.

Various well-developed methods, including non-aque-
ous titration (Ciaccio et al., 1957), gravimetry (Nnaji 
et al., 2017), colorimetry (Lalka et al., 2010), spectro-
photometry (Hayat et al., 2017), liquid chromatography 
(Park et al., 2016), liquid chromatography–tandem mass 
spectrometry (Lin et al., 2010; Xie et al., 2016) and gas 
chromatography–tandem mass spectrometry (Wang 
et al., 2017), have been reported for the measurement 
of piperazine and its salt residues. Nevertheless, tradi-
tional methods face many operational challenges; the 
processes are often quite cumbersome and time-con-
suming, or the detection is susceptible to substantial 
interference from impurities. Non-aqueous titration can 
be influenced by temperature, moisture and titration 
rate (Ciaccio et al., 1957). Gravimetry is cumbersome 
and has a large measurement error for low-abun-
dance components (Nnaji et al., 2017). The applica-
ble range of colorimetry is limited (Lalka et al., 2010). 
Spectrophotometry is affected by the light source, pH, 
cuvette material and other factors. Chromatography is 
increasingly being applied in the analysis of multicompo-
nent mixtures and complex systems. High-performance 
liquid chromatography-fluorescence detection (HPLC-
FLD) (Park et al., 2016) has been utilised to measure 
piperazine residues in animal-derived foods. High-
performance liquid chromatography–electrospray ioni-
sation–tandem mass spectrometry (HPLC-ESI/MS/MS) 
(Lin et al., 2010) has been applied to the quantification 
of piperazine phosphate in human plasma. In previous 
studies, we developed an ultrahigh-performance liquid 
chromatography–electrospray ionisation–tandem triple 
quadrupole mass spectrometry (UHPLC-ESI/MS/MS) 
approach (Xie et al., 2016) and a gas chromatography–
electron ionisation–tandem mass spectrometry (GC-
EI/MS/MS) method (Wang et al., 2017) to determine 
piperazine residues.

As a result of its high sensitivity and selectivity, UHPLC is 
increasingly being used for quantitative studies involving 
biological matrices, and the use of a detector, such as an 
FLD, is required. The principle behind an FLD requires 
the solute to emit fluorescence upon exposure to ultra-
violet light. Piperazine has no fluorescent group; there-
fore, it must be reacted with a derivatisation reagent to 
form a fluorescent substance. Precolumn derivatisation 

conditions are easily controlled, and there are many types 
of derivatisation reagents to choose from. In this experi-
ment, dansyl chloride (DNS-Cl) was selected as the deri-
vatisation reagent. The analytical method used in this 
study [accelerated solvent extraction (ASE) extraction 
and UHPLC separation] has not been reported in the lit-
erature. Based on the MRL of piperazine set by the FDA, 
this study established a rapid, sensitive and selective 
ultrahigh-performance liquid chromatography–fluores-
cence detector (UHPLC-FLD) method with precolumn 
derivatisation for the detection of piperazine residues 
in chicken tissues and pork. This method is of great sig-
nificance for promoting the testing of the safety of ani-
mal-derived foods, protecting human health and assuring 
the quality of exports.

2. Materials and methods

Chemicals and reagents

A piperazine standard (CAS No. 110-85-0, 99.0% pu-
rity) was purchased from Sigma-Aldrich Company (St. 
Louis, MO, USA). DNS-Cl (CAS No. 605-65-2, 99.0% 
purity) was obtained from Yuanye Biological Technol-
ogy Co., Ltd. (Thermo Fisher Scientific Inc., MA, USA). 
Triethylamine (99.0% purity, chromatography grade) 
and acetonitrile (chromatography grade) were acquired 
from Thermo Fisher Scientific Inc. (MA, USA). Formic 
acid, n-hexane and ammonia were analytical grade and 
were provided by Sinopharm Chemical Reagent Corp. 
(Shanghai, China). The ultrapure water (18.2 MΩ*cm, 
25°C) used in this study met the standard for ‘water for 
analytical laboratory use-specification and test meth-
ods’ (Standardization Administration of the People’s 
Republic of China, 2008).

Preparation of the standard stock and working solutions

A 10-mg portion of the piperazine standard (99.0% purity) 
was accurately weighed, dissolved in acetonitrile and then 
transferred to a 10-ml brown volumetric flask. After the 
piperazine was completely dissolved, the solution volume 
was adjusted to 10 ml, and it was shaken to mix evenly. 
Once prepared, the 1.0 mg/ml piperazine standard stock 
solution was sealed and stored in an ultralow-tempera-
ture refrigerator (−70°C), and under these conditions, it is 
stable for 4 months of storage.

Piperazine standard working solutions at five concen-
trations (100.0 µg/ml, 10.0 µg/ml, 1.0 µg/ml, 100.0 ng/
ml and 10.0 ng/ml) were prepared by the stepwise dilu-
tion of piperazine standard stock solution (1.0 mg/ml) 
with acetonitrile, and the solutions were stored at 4 °C 
for later use. The working solutions were freshly pre-
pared prior to every use and were used to create the 
standard curve.
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DNS-Cl solution

The derivatisation solution (1.0 mg/ml) was prepared by 
dissolving 10 mg of DNS-Cl in acetonitrile in a brown 
volumetric flask. The solution was adjusted to 10 ml and 
then shaken thoroughly to mix, affording the DNS-Cl 
solution. The solution was stored in the dark and pre-
pared fresh prior to each use.

UHPLC-FLD instruments and conditions

The separation and detection were performed on a Waters 
Acquity UPLCTM apparatus (Waters Corp., Milford, MA, 
USA) coupled with a Waters Acquity FLDTM apparatus 
(Waters Corp., Milford, MA, USA). The samples were sep-
arated on an Acquity UPLC HSS T3 column (100 mm × 2.1 
mm, 1.8 μm), and the column temperature was set at 25 °C. 
Mobile phase A consisted of ultrapure water, while mobile 
phase B consisted of acetonitrile, and they were used at a 
ratio of A:B=15:85 (V/V). The mobile phase was pumped 
through the column at a flow rate of 0.2 ml/min. The mobile 
phase was passed through a 0.2-mm nylon membrane filter 
before use. Experimental results indicated that the maxi-
mum excitation wavelength (Ex) and emission wavelength 
(Em) for the derivative were 330 and 531 nm, respectively.

Preparation of samples

This study was conducted strictly in accordance with the 
requirements of the applicable ethics ordinances and was 
authorised by our school’s ethics committee. Chicken tis-
sues (muscle, kidney and liver) and pork samples were 
collected from Jinghai yellow chickens (Jinghai Poultry 
Company, Jiangsu, China) and Duroc-Landrace-York-
shire swine (Kangle Farming Company, Jiangsu, China), 
respectively. The diet of the animals prior to slaughter 
was completely free of drugs. Each sample (2.0 ± 0.02 g) 
was weighed precisely and loaded into a mortar. Diatoma-
ceous earth (4.0 g) was added for homogenisation, and the 
mixed samples were ground as finely as possible to max-
imise extraction efficiency. The samples were packed in 
sample cells (22 ml), and ASE was then undertaken using 
an ASE350 apparatus (Thermo Fisher Scientific Inc., MA, 
USA). The ASE procedure involved degreasing, rinsing 
and static extraction. The appropriate volume of n-hexane 
was pumped into the extraction cell and adequately mixed 
with the matrix to remove fat impurities. The sample was 
rinsed to remove residual solvents in the pipeline, and then 
the system was purged with nitrogen for 60 sec. Then two 
cycles of static extraction (80°C, 1,500 psi, 5 min) using 2% 
formic acid in acetonitrile as the extractant were carried to 
fully extract the target components.

The extracts were collected in 60-ml collection bottles, 
transferred to 50-ml centrifuge tubes and purified on 

a Strata-X-C SPE column (3 ml/60 mg, Phenomenex 
Corp., WA, USA). This SPE column not only ensures 
effective purification but also guarantees the appropri-
ate flow rate. The column was activated with methanol 
(3 ml) and then equilibrated with 2% formic acid in 
water (3 ml). After all the extracts (20 ml) were loaded 
onto the column, 0.1 mol/L aqueous hydrochloric acid 
(2 ml) was loaded onto the column, and the system was 
then rinsed with methanol (2 ml). Finally, the column 
was eluted with 10% ammonia in methanol (9 ml), and 
the eluate was collected in a centrifuge tube. The eluate 
was concentrated under a stream of nitrogen in a nitro-
gen blower (No. N-EVAP-112, Organomation Corp., 
MD, USA). Then, the dried residue was redissolved in 
acetonitrile (1 ml). The mixture was ultrasonicated with 
an ultrasonic wave cleaner (No. P300H, Elma Corp., 
Wetzikon, Switzerland) for 10 min. Then 0.12% triethyl-
amine (100 μl) and 1.0 mg/ml DNS-Cl (600 μl) were 
sequentially added. The volume was adjusted to 2 ml 
with acetonitrile, and the mixture was placed in an oven 
(50°C, 20 min) for derivatisation. After the reaction was 
complete, the mixture was vortexed for 1 min. Then the 
supernatant was fed into a syringe equipped with a filter 
(13 mm × 0.22 μm), and the filtrate (10 μl) was injected 
into the UHPLC-FLD system.

Method validation

The standard working solution was diluted into a series 
of concentrations [limit of quantitation (LOQ), 5.0, 10.0, 
50.0, 100.0, 150.0 and 200.0 μg/kg] and added to blank 
matrix extract. The calibration curve, which was gener-
ated by plotting the spiked concentration of piperazine 
in different blank matrices as the independent variable 
(X) and the peak area of the piperazine derivative as the 
dependent variable (Y), was fitted to the equation Y = a × 
X + b by a weighted least-squares linear regression.

A series of piperazine standard solutions were added to 
2 g of homogenised blank sample, resulting in final pip-
erazine concentrations of LOQ, 0.5, 1.0 and 2.0 MRL. 
Multiple spiked samples were analysed by UHPLC-FLD, 
and the peak areas of the analytes were fitted with equa-
tions of the form Y = a × X + b to calculate the detected 
piperazine concentrations. The recovery percentage was 
calculated as the ratio of the detected concentration to 
the actual added concentration.

Precision was divided into intraday precision and inter-
day precision, and both parameters were evaluated based 
on relative standard deviations (RSDs). Four spiked con-
centrations (LOQ, 0.5, 1.0 and 2.0 MRL) were deter-
mined using the same calibration curve at different time 
points in one day, and each spiked concentration was 
evaluated based on six parallel replicates on the same 
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day to determine the intraday RSD. The interday RSD 
was determined by analysing four spiked concentra-
tions (with six parallel replicates per concentration) on 
7 consecutive days using the Horwitz equation, RSD

max
 

(maximum allowable RSD) = RSD × 2/3, where RSD = 
2(1 - 0.5 * logc) and c is the analyte concentration (g/g). A 
method is considered accurate and precise when the 
recovery is between 80 and 110% and the RSDs do not 
exceed RSD

max
 (European Union, 2002).

The signal-to-noise ratio (S/N) calculation requires 
six replicate injections. The limit of detection (LOD) is 
defined as the lowest analyte concentration that can be 
detected using the given detector with an S/N ratio of ≥ 3, 
and the LOQ is the concentration of the analyte when 
S/N ≥ 10.

Repeatability is one of the indicators used to evaluate 
chromatographic methods, as it reflects the consis-
tency of the results of multiple injections of the analyte. 
Six aliquots of the piperazine standard working solu-
tion (1.0 μg/ml) were derivatised and assessed using the 
UHPLC-FLD system, and the RSD values of the retention 
time and peak area were calculated.

The method developed in this experiment was verified by 
the measurement and calculation of the linearity, recov-
ery, precision (intraday RSD and interday RSD), LOD and 
LOQ as stipulated by the European Union (EU) commis-
sion decision (European Union, 2002) and the FDA bio-
analytical method validation guidelines (U.S. Food and 
Drug Administration, 2001). The method was also well 
validated by the stability results and the evaluation of 
matrix effects.

3. Results and discussion

Optimisation of the derivatisation conditions

We faced a difficult problem in the course of the ex-
periment: piperazine is not easily detected due to its 
high polarity and its lack of fluorescent group. Pipera-
zine, an amine derivative, can be substituted with com-
mon derivatisation reagents such as benzoyl chloride, 

o-phthalaldehyde and DNS-Cl. Benzoyl chloride is toxic 
and easily degraded in water (Wada et al., 2015). The 
product formed using o-phthalaldehyde as the derivati-
sation reagent has poor stability (Allenmark et al., 1985). 
When using DNS-Cl as the derivatisation reagent, the 
efficacy of the derivatisation was better, the conditions 
were simpler and the obtained derivative had good sta-
bility and reproducibility (Dong et al., 2016; Park et al., 
2016; Xie et al., 2016). Furthermore, the peak shape of 
the derivative bearing a dansyl functional group was sig-
nificantly better than those of the derivatives obtained 
with the other two derivatisation reagents. Piperazine 
and DNS-Cl may undergo a single-substitution reac-
tion or a double-substitution reaction, and the deriva-
tives were analysed by mass spectrometry. Piperazine 
was monosubstituted, generating 1-dansyl piperazine, 
which is consistent with the results reported by Lin 
et al. (2010). The reaction equation is shown in Figure 1. 
We also examined the stability of the derivative at room 
temperature over a 24 h period and concluded that the 
derivative was relatively stable within 12 h but began to 
degrade slowly after 16 h.

The derivatisation conditions, including the triethyl-
amine content, the DNS-Cl content and the reaction 
temperature and time, were optimised, and the control 
variable method was adopted for analysis. As shown in 
Figure 2A, when the triethylamine content is greater 
than or equal to 0.04%, the peak area of the derivative 
does not change significantly. When the amount of tri-
ethylamine is 0.12%, the peak area of the derivative is 
relatively large. That is, the optimum amount of triethyl-
amine is 0.12%. Figure  2B shows that the peak area of 
the derivative increases with increasing DNS-Cl content 
within a certain range. The peak area of the derivative 
is the largest when 600 μl of DNS-Cl is added. The peak 
area of the derivative was reached at a temperature of 
50°C, and the reaction was closest to being complete at 
this temperature (see Figure 2C for details). Figure 2D 
shows that the peak area of the derivative was largest at 
20 and 40 min; therefore, the derivatisation time was set 
at 20 min to save time. In summary, the optimised deri-
vatisation conditions were 0.12% triethylamine, 600 μl of 
DNS-Cl, 50°C and 20 min.

Figure 1.  The derivatisation of piperazine with dansyl chloride.
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Optimisation of the ASE conditions

The pre-treatment of complex samples is often the 
most challenging part of modern analytical methods. 

Many  extraction methods, such as microwave-assisted 
extraction (Staack and Maurer, 2003), ultrasound-
assisted extraction (Anna et al., 2017), supercritical fluid 
extraction (Moawed et al., 2015) and ASE, have been de-
veloped, refined and applied. Among these methods, ASE, 
which combines elevated temperature and pressure with 
liquid solvents (Richter et al., 1996), is widely used be-
cause it has the ability to reduce the amount of extraction 
solvent required, shorten the sample preparation time and 
improve the extraction efficiency. ASE also has the advan-
tage of a higher degree of automation compared with other 
methods (Anna et al., 2017; Moawed et al., 2015; Staack 
and Maurer, 2003). A target can be subjected to ASE as 
many times as needed with different solvents or different 
solvent ratios in the extraction, and all of these parameters 
can be conveniently and reliably programmed by the user. 
This automation avoids the interference of artefacts intro-
duced in the manual operation process. Many studies have 
used ASE to extract target analytes; for example, ASE was 
used for the rapid extraction of cocaine and benzoylecgo-
nine from coca leaves (Brachet et al., 2015); the extraction 
of anthraquinones from slimming tea (Wang et al., 2016); 
and the extraction of phenolic compounds, mainly flavo-
noids, from species of Passiflora (Gomes et al., 2017).

The recovery rate of the substance to be measured is affected 
by the extraction solvent and pre-treatment method. 
Here, 2% formic acid in water, 2% formic acid in acetoni-
trile, 2% formic acid in water–acetonitrile (1:1, V/V), 2% 
formic acid in water–acetonitrile (3:1, V/V) and 2% formic 
acid in water–acetonitrile (1:3, V/V) were compared in the 
extraction of piperazine from the biological matrix. The 
extraction efficiencies achieved using accelerated solvent 
extraction–solid-phase extraction (ASE-SPE) and liquid–
liquid extraction–solid-phase extraction (LLE-SPE) tech-
niques were also compared. The data in Table 1 show that 
the extraction efficiencies achieved by ASE-SPE of the 
chicken tissues were 35.53–88.82% (RSD, 1.06–6.42%) 
and those using LLE-SPE were 37.39–77.73% (RSD, 
0.68–7.35%). The extraction efficiencies with the five sol-
vents using ASE-SPE of pork were 45.49–89.99% (RSD, 
1.61–3.51%) and those using LLE-SPE were 34.79–82.28% 
(RSD, 1.88–2.29%). When the chicken tissues and pork 
were subjected to ASE-SPE using 2% formic acid in ace-
tonitrile, the extraction efficiencies were at least 84.96% 
(RSD, 1.06%). Therefore, we extracted piperazine using 
ASE-SPE with 2% formic acid in acetonitrile.

ASE is an automated method of extraction using organic 
solvents at high temperature and high pressure. Increasing 
the temperature can increase the capacity of the solvent 
to dissolve the analyte. Increasing the pressure raises the 
boiling point of the solvent, which is desirable because the 
solute is much more soluble in the liquid solvent than in 
the gas. Extraction temperatures from 40 to 120 °C were 
analysed, and the peak area of the extract was the highest 

Figure 2.  Effects of the triethylamine content (A), the equiv-
alents of dansyl chloride dosage (B), the temperature (C) and 
the reaction time (D) on the derivatisation reaction.
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at 80 °C. The extraction pressure is typically set to 1,500 
psi, and minor variations around this value have little 
effect on the extraction efficiency. In light of earlier stud-
ies, we chose 80 °C and 1,500 psi as the final extraction 
conditions for the ASE.

Selection of the SPE columns and optimisation of the 
SPE conditions

Sample purification is conducted to remove impurities 
and improve the sensitivity and accuracy of the analysis 
results. SPE is considered a good choice for purification 
and enrichment of trace components, especially in sam-
ples containing complex impurities. SPE does not require 
a large number of mutually incompatible solvents, and no 
emulsification occurs during the treatment. This technique 
uses a highly efficient and highly selective adsorbent (sta-
tionary phase) that significantly reduces solvent usage and 
simplifies the pre-treatment process. In this study, three 
types of cation-exchange columns (PCX, MCX and Stra-
ta-X-C) were compared. The recovery percentages with the 
PCX column (3 ml/60 mg, Agela Technologies Corp., CA, 
USA) and the MCX column (3 ml/60 mg, Waters Corp., 
Milford, MA, USA) were less than 70%. The PCX column is 
a weak cation-exchange column, and it showed insufficient 
enrichment of piperazine (substantial baseline noise was 
observed), and the purification effect of the MCX column 
on weak alkaline compounds, such as piperazine, is inad-
equate (interference from an impurity peak is observed). 
The Strata-X-C column had an obvious purification effect, 
and the recoveries were greater than 80%. This result may 
be related to the type of filler, the packing technique and 
the pore size of the column. Based on evaluation of search-
able publications (Lee et al., 1997; Lin et al., 2010; Llasera 
and García-Cicourel, 2017; McClintic et al., 2003; Park 
et al., 2016; Sakaguchi et al., 2016) and preliminary exper-
iments, methanol and 2% formic acid in water were used 
as the activation and balance solutions, methanol and 0.1 
mol/L hydrochloric acid in water were used as leachates 
and 10% ammonia methanol was used as the eluent. We 
found that 2 ml of 0.1 mol/L hydrochloric acid in water and 
methanol could eliminate the impurities adsorbed by the 
SPE column without rinsing out the analytes. A high con-
centration of piperazine (2.0 MRL) in the sample could be 
eluted with 9 ml of 10% ammonia in water and methanol.

Optimisation of the chromatographic conditions

The key to achieve good separation in chromatographic 
analysis is the selection and optimisation of the chromato-
graphic conditions. By tuning these conditions, chromato-
graphic peaks with high symmetry and good resolution can 
be achieved, which is essential for the analysis of trace ana-
lytes. This study compared the separation efficacies of an Ac-
quity UPLC BEH amide column (2.1 mm × 100 mm, 1.7 μm), Ta
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an Acquity UPLC BEH C18 column (2.1  mm × 100  mm, 
1.7 μm) and an Acquity UPLC HSS T3 column (2.1 mm × 
100 mm, 1.8 μm). The retention time of the derivatives on 
the C18 column and the amide column was reasonable; how-
ever, the chromatographic peaks showed substantial tailing, 
which may be caused by insufficient inertness of the surface 
of the column filler or interactions between the silanol group 
and the amines. The HSS T3 column is filled with tightly 
bound silica gel particles, which effectively retain polar 
substances and do not strongly retain nonpolar substances; 
thus, a good chromatographic peak shape can be obtained 
for piperazine, a highly polar alkaline compound. There was 
no interference from impurity peaks around the peak of the 
analyte, and no leading peaks or tailing was observed. We 
examined the separation efficacies of three different ratios of 
the ultrapure water–acetonitrile mobile phase system (10:90, 
15:85 and 20:80, V/V). When the composition of the mobile 
phase was 15:85, the retention time of the derivative was rea-
sonable, and the target peak was not affected by interferants.

Isocratic and gradient elution differ in whether the 
composition ratio and the flow rate of the mobile phase 
change. We used a reversed-phase chromatographic 

column specifically designed for the separation and reten-
tion of polar substances. For highly polar piperazine, 
using a high-proportion organic phase has a strong elu-
tion ability and can provide a good separation effect. In 
this study, isocratic elution was performed with solutions 
A (ultrapure water) and B (acetonitrile) at 0.2 ml/min, and 
the ratio was 15:85 (V:V). The target peak was well shaped 
and well separated from the baseline, and the retention 
time was 3.207 min, as shown in Figure 3. Figure 4 shows 
that the chromatographic peak of the derivative is well 
separated from any interfering impurities, and the target 
peak is symmetrical. When the piperazine standard was 
added to blank matrix at a concentration of 50.0 μg/kg, 
the retention times of the derivatives from chicken mus-
cle, kidney and liver were 3.195, 3.223 and 3.224 min, 
respectively, and that from pork was 3.194 min.

Method validation

Any new test method needs to be verified according to certain 
requirements to ensure its scientific rigour before its appli-
cation. The method validation was performed in accordance 

Figure 3.  Ultrahigh-performance liquid chromatograms of dansyl chloride standard (A) and 50 μg/kg piperazine standard (B).
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with the EU Commission decision (European Union, 2002) 
and the FDA guidelines for bioanalytical method validation 
(U.S. Food and Drug Administration, 2001).

The concentrations of piperazine in blank chicken tissues 
(muscle, kidney and liver) and pork were in the range of 
LOQ-200.0 μg/kg, and the peak area of the piperazine 
derivative showed a good linear relationship with the 
concentration of added piperazine. The linear range, lin-
ear regression equation and R2 are listed in Table 2.

Recovery is an important indicator of the accuracy of an 
analytical method, and it reflects the matrix effects in 
the method. The same homogeneous sample is repeat-
edly measured, and the degree of closeness between the 
measured values is the precision. Precision represents 
the repeatability of an analysis and is expressed by the 
RSD. The spiked concentrations of piperazine in the 
blank sample were equal to the LOQ, 0.5, 1.0 and 2.0 
MRL, and the calculated recovery rate and precision are 
shown in Table 3.

Figure 4.  Ultrahigh-performance liquid chromatograms of blank matrix and blank matrix spiked with 50 μg/kg piperazine stan-
dard. (A) Blank chicken muscle; (B) blank chicken muscle spiked with 50 μg/kg piperazine standard; (C) blank chicken kidney; 
(D) blank chicken kidney spiked with 50 μg/kg piperazine standard; (E) blank chicken liver; (F) blank chicken liver spiked with 50 
μg/kg piperazine standard; (G) blank pork; and (H) blank pork spiked with 50 μg/kg piperazine standard.

Table 2.   The linear range, linear regression equation and coefficient of determination of chicken tissues and pork.

Matrix Linearity range (µg/kg) Linear regression equation Coefficient of determination (R2)

Chicken muscle 1.80–200.0 y = 54,151 × – 6,597 0.9997
Chicken kidney 3.50–200.0 y = 52,702 × – 19,427 0.9991
Chicken liver 2.40–200.0 y = 54,264 v – 33,486 0.9995
Pork 1.85–200.0 y = 52,581 × – 4,523.4 0.9994
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The lowest concentration required to detect the presence 
of the analyte being measured is the LOD, and the low-
est concentration required to quantify the analyte being 
measured is the LOQ. Both parameters can be obtained 
by calculating S/N values and are important indicators 
of the sensitivity of the method. The LODs of piperazine 
in chicken muscle, kidney and liver were 0.50, 1.20 and 
0.80 μg/kg, respectively, and the LOQs were 1.80, 3.50 and 
2.40 μg/kg, respectively. The LOD of piperazine in pork 
was 0.62 μg/kg, and the LOQ was 1.85 μg/kg.

The repeatability reflects the consistency of multiple anal-
ysis results of the analyte. Six independent measurements 
were made under different experimental conditions. The 
RSDs of the retention time and peak area of the pipera-
zine derivative were 0.10 and 0.18%, respectively.

The stability of the standard is a key factor in ensuring 
that the test results are accurate. We studied the stability 
of the piperazine standard solution under different tem-
perature conditions. The standard is stable during storage 
for 2 months in the dark at −70 °C or for 1 month at 4 °C. 
At room temperature (25  °C), the compound degraded 
gradually after 15 h. If long-term storage is required, we 
recommend protecting the compound from light and 
storing it at −70 °C.

Evaluation of matrix effects

Matrix effects are defined as the effects of other compo-
nents in the matrix on the accuracy of the determination 
of the mass or concentration of the analyte. Such effects 

are inevitable and can be divided into enhancement and 
suppression effects. This study investigated the matrix ef-
fects at three concentrations (0.5, 1.0, and 2.0 MRL), and 
the matrix effects of each sample are shown in Table 4. 
The recoveries from the various samples ranged from 
83 to 110%, which was consistent with the research of 
Matuszewski and Chavezeng (2003). Chicken muscle 
showed an enhancement effect, and the other matrices 
showed suppression effects. This study optimised the 
method to decrease the influence of the matrix effect by 
adding piperazine into blank matrix.

Comparison of different detection methods

In previous studies, our research team developed UH-
PLC-ESI/ME/MS (Xie et al., 2016) and GC-ESI/MS/ 
MS (Wang et al., 2017) methods for the determination 
of  piperazine residues. Compared to complex systems 
that need to be combined with expensive mass spec-
trometry, it is more economical and broadly applicable 
to use an independent UHPLC system for detection. 

Table 4. Recovery (%) of piperazine at different concentra-
tions from different matrices.

Level 
added  
(µg/kg)

Matrix

Chicken 
muscle

Chicken 
kidney

Chicken 
liver

Pork

0.5 MRL 102.40 92.70 95.23 94.59
1.0 MRL 105.27 91.28 92.32 96.84
2.0 MRL 107.50 89.32 92.66 97.23

Table 3. Recovery and precision of piperazine added to blank chicken tissues and pork (n = 6).

Matrix Level added (µg/kg) Recovery (%) RSD (%) Intraday RSD (%) Interday RSD (%)

Chicken muscle 1.80 88.02 ± 1.62 1.84 4.03 5.84
50.0 88.31 ± 3.27 3.70 2.87 4.25

100.0α 96.75 ± 3.13 3.24 3.28 4.47
200.0 99.77 ± 3.46 3.47 4.24 4.02

Chicken liver 3.50 79.64 ± 7.46 5.63 6.71 7.77
50.0 85.83 ± 2.21 2.57 3.90 4.74

100.0α 86.31 ± 2.92 3.38 2.82 5.69
200.0 83.71 ± 1.17 1.40 3.36 3.96

Chicken kidney 2.40 80.10 ± 1.62 2.02 6.35 6.59
50.0 89.96 ± 2.76 3.07 4.18 5.99

100.0α 86.64 ± 1.05 1.21 3.80 7.07
200.0 89.86 ± 1.02 1.14 2.62 3.52

Pork 1.85 87.10 ± 2.23 2.56 4.68 5.06
50.0 92.70 ± 1.87 2.01 2.50 2.58

100.0α 94.71 ± 2.98 3.15 6.25 6.44
200.0 90.07 ± 2.23 2.48 4.68 5.08

Note: α, maximum residue limit.
RSD, relative standard deviation.
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The application of UHPLC in this experiment provides 
suitable chromatographic separation for piperazine de-
tection. Piperazine can be detected using a FLD at trace 
levels only after being derivatised with a group giving 
it high optical density or the capacity for induced light 
emission. Previous reports have described various deri-
vatisation reagents for piperazine. For instance, in the 
research reported by Navaneeswari and Reddy (2012), 
4-chloro-7-nitrobenzofuran was used as a derivatisation 
reagent to determine the levels of piperazine in pharma-
ceutical preparations. Acetic anhydride was exploited as 
the derivatisation reagent in Wang et al.’s (2017) study on 
the determination of piperazine residues in chicken and 
pig tissues. In the studies by Lin et al. (2010) and Park et 
al. (2016) on determining piperazine contents, DNS-Cl 
was selected as the derivatisation reagent. We evaluated 
and optimised the derivatisation conditions (equivalents 
of the reagent, reaction time and reaction temperature) to 
obtain a stable, monosubstituted product, and the signals 
met the requirements after the targets were captured by 
the detector. Compared with the results of Park et al.’s 
(2016) study, the retention time was shorter (17.4 min 
versus 3.2 min), and our method achieved lower LODs 
and LOQs due to the optimisation of the pre-treatment 
methods and chromatographic conditions. In particu-
lar, the implementation of ASE in the pre-treatment has 
many advantages, such as reducing the time required and 
simplifying the operation. Comparison of the recoveries 
obtained with ASE-SPE and LLE-SPE, we found that ASE 
demonstrated better extraction efficiency (see Table 1 for 
details). In addition to the innovation of the method, this 
platform has obvious advantages over other methods in 
terms of reagent usage and ease of operation.

Application of the method

To evaluate the applicability and reliability of the newly 
developed method, the researchers purchased 20 chicken 
samples (the muscle, kidney and liver of each chicken 
were sampled and tested) and 15 pork samples from a 
local supermarket for analysis. The detected concentra-
tions in chicken muscle, kidney and liver and pork were 
13.5–21.6, 19.2–29.8, 17.9–23.6 and 12.6–21.5 μg/kg, 
respectively; none of the samples contained piperazine 
above the MRL set by the FDA (100.0 μg/kg). Thus, the 
present method can be applied as a sophisticated method 
to quantify piperazine in chicken and pig tissue samples.

4. Conclusions

In this study, the highly selective and sensitive determi-
nation of piperazine residues in chicken tissues (muscle, 
kidney and liver) and pork was achieved using a newly 
developed ASE-SPE-UHPLC-FLD method coupled with 
precolumn derivatisation (DNS-Cl). The experimental 

parameters of this newly established approach are sound 
and meet the requirements of the confirmatory criteria 
set by the EU. In addition, the practicability and reliability 
of this method have been demonstrated in the analysis of 
samples from local supermarkets.
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