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Abstract In this study, a multi-residue determination method of QUECHERS combined with
UHPLC-MS/MS was developed to determine nine B-lactam antibiotics (penicillin G, amoxicillin,
ampicillin, cephalexin, cefquinome, ceftiofur, cefazolin, cephapirin, cefuroxime) in aquaculture
products. All the nine B-lactam antibiotics exhibited excellent linearity within the range of 2.0-
200 ng/mL (cefuroxime: 5.0-200 ng/mL, r greater than 0.999), while the limits of detection (LODs)
and quantification (LOQs) were 2.0-5.0 pg/kg and 5.0-10.0 pg/kg, respectively. The recoveries of
this method in five aquaculture products (Penaeus Orientalis, Cyprinus Carpio, Channa Argus, Aris-
tichthys Nobilis, and Ctenopharyngodon Idella) ranged from 85.4% to 113.3% and the intra-day and
inter-day precisions (%RSDs) were less than 15%. The results suggested the feasibility of this
method as a rapid, simple, and accurate approach for determining the residues of the B-lactam
antibiotics in aquaculture products.
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1. Introduction

B-lactams antibiotics (B-LA), containing B-lactamide rings in their
chemical structure, are a class of antibiotics dominated by penicillins
and cephalosporins (Lara et al. 2012). The bactericidal mechanism of
B-lactams antibiotics is characterized by the inhibition of cell wall
sticky peptide synthetase hindering the cell wall sticky peptide synthe-
sis, bacterial cell wall defects, and expansion and rupture of the bacte-
rial cell through bacterial penicillin-binding proteins (PBPs) (Tong
2015). It is widely applied in clinics and animal husbandry due to its
strong bactericidal activity, low toxicity, and broad indications (Casu
et al. 2013). B-LA can disrupt the human intestinal flora balance and
induce several allergic reactions. For instance, most people are sensi-
tive to penicillin. Moreover, the residues of B-lactams antibiotics in
animal food can enter the human body through the food chain and
induce bacterial resistance and other risks (Benito-Pefia et al. 2009;
Feledziak et al. 2013). In view of the harmful effect of B-lactam antibi-
otics on human health, many countries, including the European
Union, the United States, and China, have proposed relevant regula-
tions on the maximum residue limits (MRLs) of B-lactam drugs in ani-
mal food. According to the European Union (Commission 2010), the
MRL values of ceftiofur, cefaquinoline and penicillin G are 50-1000
ng/kg. Similarly, according to bulletin 235 of the Ministry of Agricul-
ture of China and GB 31650-2019, National Standard for Food Safety
Maximum Residue Limits for Veterinary Drugs in Food (China Food
and Drug Administration 2019), the MRL values of amoxicillin and
ampicillin in all food animals are 50 pg/kg. With the advancement of
the aquaculture industry, the incidence of diseases has increased due
to the high-density intensive aquaculture mode. Additionally, the over-
use of drugs by aquaculturists, the clinical effects of human or animal
drugs on aquaculture products should not be ignored. According to
the EU Commission Regulation 37/2010, penicillins are B-LA licensed
for aquaculture.

At present, the detection methods of B-lactam residues in food pri-
marily focus on milk (Dorival-Garcia et al.2016; Li et al. 2018; Souza
et al.2021), livestock, poultry muscle tissues (such as pig, cattle, sheep,
and chicken) (Chen et al. 2017; Macarov et al. 2012; Prez-Burgos et al.
2012; Rezende et al. 2012), eggs, and animal feeds (Benito-Pefia et al.
2009; Dasenaki and Thomaidis 2015; Kantiani et al. 2009; Wang et al.
2021). The detection methods include the microbiological method
(Souza et al. 2021), immunoassay (Benito-Pena et al. 2005), high-
performance capillary electrophoresis (HPCE), and high-
performance liquid chromatography (HPLC) (Benito-Pena et al.
2009; Lara et al. 2012). The pretreatment methods mainly include lig-
uid-liquid extraction (LLE) (Adlnasab et al. 2012; Jank et al. 2012),
solid-phase extraction (SPE) (Macarov et al.2012; Wang et al.2021;
Yahaya et al.2015), and matrix-assisted solid-phase dispersion extrac-
tion (MSPD) (Wang et al. 2021; Yahaya et al. 2015; Karageorgou
et al.2012). Among them, solid-phase extraction (SPE) is the most
widely adopted method. Moreover, it is challenging to meet the
requirements of multi-residue determination due to the lack of ade-
quate studies on the determination methods of B-LA in aquaculture
products (Arroyo-Manzanares et al. 2015; Dorival-Garcia et al.
2016; Liu et al. 2014; Yahaya et al. 2015) and insufficient measured
substances. Therefore, establishing a simple, fast, and accurate multi-
residue determination method is highly necessary.

The QUEChERS method is a rapid, simple, economical, and eco-
friendly pretreatment method, widely used in the detection of multiclass
drug residues in food (Chen et al. 2017; Prez-Burgos et al. 2012; Shendy
et al. 2016; Wang et al. 2015). However, its application in determining
B-lactam from aquaculture products is limited. Therefore, QUECHERS
combined with the UHPLC-MS/MS technique was developed in this
study by optimizing the extraction and purification processes to deter-
mine nine B-lactam antibiotics residues in aquaculture products. Fur-
thermore, the trueness, precision, and matrix effect of the method
were verified. An accurate method for quantification of nine p-lactam
antibiotics in aquaculture products was developed.

2. Materials and methods

2.1. Materials and reagents

Certified reference materials of penicillin G (purity of 99.5%),
cephalexin (purity of 98.3%), ampicillin (purity of 99.0%),
amoxicillin (purity of 99.5%), cephapirin (purity of 99.4%),
cefuroxime (purity of 99.1%), cefazolin (purity of 98.5%), cef-
tiofur (purity of 99.8%), cefquinome (purity of 98.5%) and
penicillin G-d7 (purity of 98.0%) were obtained from Dr.
Ehrenstorfer (Augsburg, Germany) (Table.A.1). HPLC-grade
acetonitrile (ACN) and methanol (MeOH) were purchased
from Merck (Darmstadt, Germany). Acetic acid (AA) and for-
mic acid (FA) of LC-MS grade were obtained from Fisher Sci-
entific Inc. (Pittsburgh, PA, USA). The primary secondary
amine (PSA, 40-63 pm), Clearnet alumina N (100-300 mesh),
graphitized carbon black (GCB, 120-200 mesh), florisil (F),
and C;g were purchased from ANPEL Laboratory Technolo-
gies Inc. (Shanghai, China). Anhydrous sodium sulfate (Na,-
SO,) was procured from Sinopharm Chemical Reagent Co.,
Ltd. (Shanghai, China). The ultrapure experimental water
(>18.2 MQ) was produced by a Milli-Q purification system
(Millipore, Bedford, USA).

The sample muscles of aquaculture products were pur-
chased from the local supermarkets (Xilang, Guangzhou,
China). The muscle homogenate was extracted from Penaeus
Orientalis, Cyprinus Carpio, Channa Argus, Aristichthys Nobi-
lis, Ctenopharyngodon Idella, and stored at —20 °C until anal-
ysis. All samples were freshwater aquaculture products. The
blank muscle samples of Ctenopharyngodon Idella (nine -
lactam antibiotics not detected) used in the validation process
were collected at the aquaculture base of Pearl River Fisheries
Research Institute, Chinese Academy of Fishery Science,
where none of these antibiotics were used.

2.2. Preparation of standard solution

Stock standard solutions of nine p-lactam antibiotics and peni-
cillin G-d7 (Internal standard) were prepared at 1.0 mg/mL in
a mixture ACN:water (3:7,v/v), and stored at —20°C in the
dark for one month. The mixed intermediate solution was pre-
pared at 10 pg/mL and stored at —20 °C in the dark.

2.3. Sample preparation

Approximately 2.0 + 0.1 g of muscle samples were added to
15 mL centrifuge tubes and spiked 50 puL of the internal stan-
dards (1.0 pg/mL), after a vortex-mixing, 5 mL of 1% FA in
ACN and 2.0 g Na,SO4 to each tube. Later, the tube was
homogenized using a vortex oscillator (T25 Ultra-Turrax,
IKA, Germany) for 1 min and then centrifuged at 5000 rpm
for 5 min. The supernatant was transferred into a 10 mL plas-
tic centrifuge tube containing 200 mg of C;g and 500 mg of
Na,SO,4. The mixture was vortexed for 1 min and centrifuged
for 5 min at 5000 rpm, and the supernatant was transferred to
another 10 mL glass tube. The extraction solution was dried
with nitrogen at 45 °C. After vaporizing, the residues were dis-
solved in 1 mL of the aqueous solution of 10% acetonitrile
containing 0.1% formic acid and filtered through 0.22 um
nylon syringe filters before the UHPLC-MS/MS analysis.
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2.4. The instrument conditions

2.4.1. Chromatographic conditions

The UHPLC-MS/MS system is comprised of an equity
UHPLC liquid chromatography connected with Xevo TQD
MS/MS triple quadrupole detector (Waters, Milford, USA).
An Acquity ® UPLC® BEHTM C18 column (100 mm x 2.
1 mm, with 1.7-um particle size, Waters, Milford, USA) at
the column temperature of 30 °C separated nine B-lactam
antibiotics. The injection volume was 10 pL, mobile phase A
consisted of 0.1% formic acid (v/v) in water, and mobile phase
B consisted of 0.1% formic acid (v/v) in acetonitrile. The ratio
of water: methanol solution (80:20 v/v) was used as a seal
wash. The chromatographic conditions of the gradient for a
total run time of 8.0 min are summarized as follows: 0—
1.00 min, 10 %B; 1.00-3.00 min, 10-30% B; 3.0-5.0 min,
30-40% B; 5.00-5.01 min, 40-10% B; 5.01-8.00 min, 10% B
at a flow rate of 0.4 mL/min (Table.A2).

2.4.2. Mass spectrometric conditions

Waters Xevo TQD mass spectrometer with an electro spray
ionization (ESI) source (Waters, Milford, MA, USA) was con-
nected to the UHPLC system through ESI interface and oper-
ated in the multi-reaction monitoring (MRM) positive ion
mode (ESI + ). The capillary voltage was 0.5 Kv, the ion
source and desolvation temperatures were 120 C and 400 °C,
respectively. The nitrogen (N,) and argon (Ar) were used as
the desolvation and collision gas at flow rates of 900 L/h
and 20 L/h, respectively. The MRM-MS parameters of nine
B-lactam antibiotics are summarized in Table 1. All data were
acquired using MassLynx (Version4.1) software.

2.5. Method validation

The QuEChERS and UHPLC-MS/MS techniques were
employed to determine nine B-lactam antibiotics in aquacul-

ture products. Validation parameters (Linearity, sensitivity,
trueness, precision, and matrix effect) were evaluated accord-
ing to the guidelines of SANTE/12682/2019, using blank sam-
ples (SANTE 2019). The information related to the blank
sample is described in 2.1.

The sensitivity of the method was performed by determin-
ing the limit of detection (LOD) and limit of quantification
(LOQ) of each antibiotic. The LOQ was the lowest concentra-
tion at which the method was validated, and the quantifier
multiple reaction monitoring (MRM) transition of each com-
pound was evaluated at S/N of > 3; and > 10, respectively.

The samples spiked with B-lactam antibiotics at LOQ,
2 x LOQ and 4 x LOQ (n = 6 at each level) in the muscle
of P.orientalis, C.carpio, C.argus, A.nobilis, and C.idella were
analyzed by the recovery experiments to validate the trueness
and precision of the method. Intermediate precision (inter-
day precision) was evaluated by the analysis of six spiked sam-
ples in the muscle of C.idella at 5.0 pg/kg in three different
days. The analyses were carried out in triplicate. The results
were expressed as the percentages of relative standard devia-
tions (% RSD). The RSD within 20%, and the recoveries rang-
ing from 70% to 120% of the nominal concentrations are the
primary means to detect drug residues (Chun et al. 2005).

2.6. Matrix effects

Matrix effects (ME) refer to the direct or indirect effect of co-
eluting substances in the matrix with response to the target
analysis, leading to changes in the ionization efficiency of the
analysis and enhancing or weakening the signal response of
the target analysis (Chatterjee et al. 2016; Shin et al. 2018).
Several studies have reported that high protein and fat con-
tents in aquaculture products can easily cause matrix enhance-
ment or suppression (Kruve et al. 2008). In this study, the
matrix effect of nine B-lactam antibiotics in different aquacul-
ture products was analyzed. The matrix effect was calculated

Table 1 Optimized EST MRM-MS instrument parameters of nine B-lactam antibiotics.
Compounds Retention time Precursor ion Daughter ion Dwell time Cone voltage (V) Collision energy (eV)
(min) (m/z) (m/z) (ms)
penicillin G 5.47 335 160* 30 62 22
176 30 62 26
amoxicillin 1.31 366 114* 30 22 18
208 30 22 12
ampicillin 3.25 350 160* 30 34 12
192 30 34 16
cephalexin 3.37 348 158%* 30 32 12
174 30 32 16
cefquinome 3.02 529 134%* 30 32 15
396 30 32 12
ceftiofur 4.97 524 241* 30 45 22
208 30 45 16
cefazolin 3.93 455 323* 30 45 15
158 30 45 10
cephapirin 1.94 424 292%* 30 40 28
152 30 40 16
cefuroxime 4.16 447 386* 30 32 12
342 30 32 12
penicillin G-d7 5.36 374 160 30 62 22

* Quantitation ion.
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by the following equation (Chatterjee et al. 2016; Guedes et al.
2016):

Sn— S

ME =—"—""x100
5 X

Where S, is slope of the matrix-matched calibration curve,
and S; is the slope of the curve obtained by the standard sol-
vent. The matrix effect can be ignored when its absolute value
is less than 20%. When the absolute value of ME is between
20% and 50%, ME is considered medium. If the absolute val-
ues of ME are greater than 50%, the matrix effect exerts a sig-
nificant influence (Chatterjee et al. 2016; Guedes et al. 2016).

2.7. Analyses of real samples

In this study, 20 samples were collected from freshwater aqua-
culture of C.argus in Guangdong Province. A pooled sample
was prepared from at least 3 fishes. The homogenate of muscle
was extracted and stored at —20°C until analysis. The pretreat-
ment method and chromatographic conditions established in
this study were used to determine the residues of nine
B-lactam antibiotics.

2.8. Data statistics

Data were collected by Waters MassLynx V4.1 software, and
the qualitative and quantitative analyses of the test results were
performed using the MassLynx V4.1 SCN843 data processing
software. Statistical analyses were performed using Origin
2020 (Origin Lab, Northampton, MA, U.S.A.) and Excel
2016. Data were presented as mean =+ standard deviation
(SD).

3. Results and discussion

3.1. Optimization of instrument conditions

The UHPLC-MS/MS technique was developed for determin-
ing nine B-lactam residues in MRM mode. Approximately,
100 ng/mL of the mixed standard solution containing nine -
lactam antibiotics were injected into the mass spectrometry
system, and the mass spectrum parameters, such as the declut-
tering voltage and collision energy, were optimized. The
detailed optimized MRM parameters are summarized in
Table 1. One parent ion, two daughter ions (Table 1), and
the highest intense one was utilized for quantification, while
the secondary strength ion was monitored for identification
(Moreno-Gonzalez and Garcia-Campaia 2017).

Adding a certain amount of acid in the mobile phase can
improve the ionization efficiency, peak shape, and separation
effect in the positive ESI mode (Lopes et al. 2012; Moreno-
Gonzalez and Garcia-Campana 2017). Therefore, the ammo-
nium acetate (5 mmol/L), formic acid, and acetic acid (0.1%
in aqueous phase and organic phase) were optimized, while
MeOH and ACN were evaluated as organic phases. The
results indicated that the signal intensities of ACN as the
organic mobile phase were higher than MeOH. The best ion-
ization was observed with the addition of formic acid. There-
fore, the percentages of FA were also optimized, and finally,
0.1% FA was employed as an additive in the aqueous and
organic phases. Additionally, the gradient elution was opti-

mized to achieve the best separation and peak efficiencies. At
the beginning of the gradient, a high proportion of the aqueous
phase (90%) was used to accelerate the elution of hydrophilic
interfering substances. Additionally, a high percentage of
organic phase was set before the end of the gradient to flush
the column and resist interference caused by target residues
(Table.Al). The ion chromatograms extracted from a standard
solution at 50 ng/mL for nine B-lactam antibiotics (quantifica-
tion transition was shown) are depicted in Fig.Al.

3.2. Optimization of mobile phase in chromatography

The composition of the dissolving agent is associated with the
elution effect and response strength of the target compounds.
Moreover, these agents play a significant role in obtaining a
larger response strength during detection by dissolving the
agents as much as possible. Therefore, the composition of
the dissolving solution was optimized in this study. The
response strengths of the target compounds in 10% acetoni-
trile—water, 30% acetonitrile-water, 50% acetonitrile—water,
10% ACN-water (containing 0.1% FA), and 10% ACN-
water (containing 0.3 %FA) were compared. The peak area
of 50 ng/mL B-lactam antibiotics was relatively high in 10%
ACN and 10% ACN containing 0.1% FA (Fig. 1), indicating
excellent elution ability of B -lactam antibiotics. The ampi-
cillin, ceftiofur, and cefuroxime exhibited the highest response
strength in 10% ACN aqueous (containing 0.1% FA). There-
fore, 10% ACN solution with 0.1% FA was used as the dis-
solving solution in this study.

3.3. Optimization of extraction solvent

The selection of extraction solvent has significant importance
in detecting the extraction effect of the target analytes in the
matrix. The commonly used extraction agents for antibiotic
extraction are methanol, acetonitrile, and acidified acetonitrile
(Dasenaki and Thomaidis 2015). Herein, 100 ng of the f-
lactam antibiotic standard mixed solution was mixed with a
blank sample of grass carp and the recoveries of methanol,
acetonitrile, 1% formic acid acetonitrile, and 1% acetate acid
acetonitrile were compared as extraction agents. The spiked
recovery results of each compound in these extraction agents
are shown in Fig. 2. The recoveries of penicillin, cefquinome,
and amoxicillin were lower than 80% upon using methanol
as an extraction agent. The recoveries of cephalexin and cef-
quinome in pure acetonitrile were lower than 70%, while the
recovery of ampicillin in acetonitrile with acetic acid was lower
than 60%).When 1.0% FA-ACN was used as an extraction
agent, the spiked recoveries of nine B-LA ranged from
86.9% to 111.7%, meeting the requirements of drug residue
analysis.

3.4. Selection of a purifying agent

Aquaculture products contain many impurities, such as pro-
tein and fat, which could easily induce target based matrix
interference. Therefore, purifying the sample and reducing
the interference through the impurity peak method are highly
necessitated to reduce the target-based matrix co-extract inter-
ference. PSA, GCB, C,g, neutral alumina and Florisil are the
commonly used purifying agents in the QuUEChERS method.
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The PSA is primarily used to remove organic acids, sugars,
and fatty acids, while C;g3 is used for fat and cholesterol
removal. GCB can effectively adsorb pigment and neutral alu-
mina can remove fat and pigments. Florian silica is a highly
polar and highly active compound, and can adsorb nonpolar
and moderately polar compounds (Chatterjee et al. 2016;
Ruiz-Medina et al. 2012). The type and dosage of the purifying
agents were optimized by the matrix labeling method. 100 ng
of B-LA mixed with the standard solution was added into
the blank grass carp matrix, extracted with 1.0% formic acid
acetonitrile, and purified with 100 mg of five sorbents, respec-
tively. The recovery rates of each adsorbent were compared,
and each adsorption step was repeated three times. The results
showed that the four adsorbents except for C;g had strong
adsorbents for B-LA and the spiked recoveries were less than
70%. When C,g was used as the adsorbent, the spiked recover-
ies of nine B-lactam antibiotics ranged from 90% to 130%
(Fig. 3a). Therefore, Cig3 was selected as the purifying agent
in this method. The dosages of C;g were optimized at the con-
centrations of 50, 100, 200, 300 and 500 mg, and the recovery
rate and purification effect were compared to obtain a better
purification effect. When the dosage of the purifying agent
was 200 mg, the spiked recoveries of 9 B-lactam antibiotics
ranged from 87.44% to 106.22%(Fig. 3b) without any impu-
rity peak interference, meeting the requirements of drug resi-
due detection. Therefore, 200 mg C;3 was selected as the
adsorbent for QUEChERS in this study.

B penicillin G
a I amoxicillin
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I ccphalexin
[ ] cefquinome
I ceftiofur
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3.5. Method validation

3.5.1. Selectivity, sensibility and linearity

The matrix-matched calibration standard curve was plotted
using the mixed standard solutions of blank matrix extract pre-
pared by the series dilution method at the concentrations of
2.0, 5.0, 10, 20, 50, 100, 150 and 200 ng/mL. The chromato-
graphic conditions established in this study were used for
determination, and a standard curve was plotted with the ratio
of the peak area of the target to the internal standard as Y-
coordinate and the concentration as X-coordinate. The results
showed that the linear range of 9 B-lactam was between 2.0
and 200 ng/mL (cefuroxime: 5.0-200 ng/mL), and the correla-
tion coefficient (r) was greater than 0.999 (Table 2). The LODs
and LOQs are listed in Table 2. The LOD and LOQ of the nine
B-lactam antibiotics were measured in the spiked samples and
calculated by considering the value 3 and 10 times more than
the background noise, respectively (SANTE 2019). The LOD
and LOQ of the nine B-lactam antibiotics were in the range
of 2.0-5.0 pg/kg and 5.0-10 pg/kg, respectively (Table2).

3.5.2. Recovery and precision

The feasibility of the method was evaluated by intermediary
precision (inter-day) and repeatability (intra-day) as depicted
in Table 3. The recoveries and precision of the method in the
blank samples of P.orientalis, C.carpio, C.argus, A.nobilis,
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Fig. 3  Effect of adsorbent type (a) and dosage (b) on spiked recovery rate (n = 3).
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Table 2 Linear equations, Correlation coefficient, LOD and LOQ for 9 B-lactam antibiotics.

Herbicides The range of linearity (ng/mL)  Regression equations Correlation coefficient (r) LOD* LOQ®
(ng/kg) (ng/kg)
penicillin G~ 2.0-200 y = 0.126843x0.026551 0.9996 2.0 5.0
amoxicillin ~ 2.0-200 y = 0.068784x + 3.503905 x 10*  0.9993 2.0 5.0
ampicillin 2.0-200 y = 0.355569x + 0.040544 0.9992 2.0 5.0
cephalexin 2.0-200 y = 0.241674x-0.028225 0.9995 2.0 5.0
cefquinome  2.0-200 y = 3.807627x-0.216908 0.9997 2.0 5.0
ceftiofur 2.0-200 y = 3.224660x-0.224095 0.9997 2.0 5.0
cefazolin 2.0-200 y = 0.278485x-0.014464 0.9992 2.0 5.0
cephapirin 2.0-200 y = 0.129537x-0.004699 0.9994 2.0 5.0
cefuroxime 5.0-200 y = 0.157906x-0.014075 0.9992 5.0 10

2 LOD, limit of detection; ® LOQ, limit of quantification.

and C.idella were determined by adding 5, 10, and 20 pg/kg (5,
10, and 20 pg/kg for cefuroxime), respectively. The precision
was determined with six replicates at each level and expressed
as RSD As depicted in Table3, the average recoveries of the 9
B-lactam antibiotics were in the range of 85.4-113.3%. The
RSDs of the antibiotics within the tested concentrations ran-
ged from 0.68 %to 14.9%. Satisfied recoveries (70-120%)
and precision (RSD < 20%) were obtained according to the
criteria established by SANTE/12682/2019 (SANTE 2019).

3.5.3. Matrix effect

The matrix effect produced by the aquatic product matrix co-
extract could affect the trueness and sensitivity of the method.

Therefore, in this study, the matrix standard curve and solvent
standard curve were measured under the established pretreat-
ment method and chromatographic determination conditions.
The matrix effect was calculated according to the formula in
2.5. The matrix effects of nine PB-lactam antibiotics in five
aquaculture products (P.orientalis, C.carpio, C.argus, A.no-
bilis, C.idella) were compared and analyzed and the results
are depicted in Fig. 4.The results demonstrated that the sub-
strate effect of B-lactam antibiotics was significantly affected
by the substrate type of aquaculture products. The matrix
effects of cefazolin, ceftiofur, and cephalexin were
within = 20%, indicating that the matrix effect of these three
drugs in the five aquaculture products was within the accept-
able range. Generally, the matrix effect of most B-lactam com-

Table 3 The recoveries and precisions of 9 B-lactam antibiotics in the muscle of five aquatic products (n = 6).

Compounds Addition Penaeus Orientalis ~ Cyprinus carpio Channa argus Aristichthys nobilis Ctenopharyngodon Inter-day
levels/ idella Precision
neke Recoveries/ RSD/ Recoveries/ RSD/ Recoveries/ RSD/ Recoveries/ RSD/ Recoveries/ RSD/ (%)

% % % % % % % % % %

penicillin G 5.0 91.8 1.58 103.5 10.6 92.4 9.84 95.1 10.8 97.6 9.18 13.4
10 89.9 1.99 988 10.6  100.9 12.1 89.6 10.2 88.9 6.56  3.36
20 99.4 10.8 96.1 3.02 105.8 827 99.5 12.8 86.5 452 0.68

amoxicillin 5.0 95.3 10.7 101.4 739 913 7.66 86.9 7.89 929 1.16  8.35
10 97.8 8.13 101.2 7.39  86.5 10.4 87.5 8.00 88.4 6.79 4.76
20 92.6 10.3 99.3 1.48 89.0 9.38 100.4 10.3 89.2 9.16 2.20

ampicillin 5.0 96.1 3.02 917 8.53 9738 14.1 94.0 7.36  99.6 8.12  9.26
10 95.0 434 969 6.75 101.6 13.6 95.4 6.09 923 1.5 127
20 86.7 4.19 104.7 5.14 104.5 0.75 854 9.84 88.6 5.63 13.8

cephalexin 5.0 88.4 6.81 983 13.8 99.9 11.6 94.1 13.3 96.9 10.1 5.71
10 88.5 6.87 933 6.18 91.6 10.3 97.5 14.9 91.9 7.61  4.17
20 95.5 7.12 101.4 9.00 95.5 11.4 99.4 9.60 93.42 3.67 13.1

cefquinome 5.0 94.5 10.2  100.1 7.69 97.6 9.23 927 11.8 87.3 1.41 129
10 101.9 11.2  102.5 4.01 107.7 9.63 918 12.0 88.4 241 11.5
20 106.7 462 111.3 13.4  110.8 6.68 103.4 12.9 99.6 8.85 3.98

ceftiofur 5.0 95.3 10.8 101.8 2.02 107.3 11.7 99.5 11.1 94.8 7.77 13.8
10 96.9 9.88  96.6 7.15 1133 8.79  96.0 7.99  96.9 488 11.0
20 105.6 10.1 92.8 391 105.2 10.6 95.8 4.67 104.8 11.2 5.68

cefazolin 5.0 98.7 1.57 972 8.58 958 6.38 100.2 8.81 96.14 545 1.89
10 98.7 1.64 103.3 11.0 97.3 4.07 107.1 9.78  96.95 5.68 13.8
20 93.2 7.17 101.2 9.35 101.7 8.35 1034 9.86 97.5 13.9 1.59

cephapirin 5.0 105.8 827 99.6 8.12 947 12.6 88.7 5.36  99.6 8.85 10.1
10 104.8 737 923 11.5 96.5 12.6 95.5 11.4 99.9 841 9.53
20 103.5 10.6 88.6 5.63 957 24 1053 8.51 89.4 6.98 5.70

cefuroxime 10 94.3 12.1 91.7 8.53 993 1.48 919 7.63  102.0 921 6.38
20 85.6 412 96.9 6.75 97.1 2.56 957 5.42 102.6 9.53 3.93
40 89.5 4.52 104.7 5.14 929 1.16 952 1.81 102.5 401 1.54
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Fig. 4 Matrix effects of nine B -lactam compounds in different aquatic product substrates (n = 3).

pounds falls between + 20% and + 50%. In addition, there is
a moderate matrix effect. The matrix effect of cefuroxime in C.
argus was less than —50%, showing strong matrix inhibitiory
effect (de Sousa et al. 2012; Guedes et al. 2016). Therefore, it
is recommended to adopt a matrix calibration curve while
determining the actual samples to reduce the matrix effect on
the trueness of test results.

3.6. Analyses of actual samples

The established QUEChERS method was applied for the resi-
due analysis of B-lactam antibiotics in 20C.argus samples
obtained from the local market, and cefuroxime and cefazolin
residues were detected (Table.A3). Cefuroxime was detected in
6 samples with the concentration ranging from 11.51 + 1.03
png/kg to 75.15 + 3.61 pg/kg, and the residual concentration
in the 4 samples was greater than the MRL value in the cattle
muscle (20 pg/kg); while cefazolin was detected in 8 samples
with the concentrations ranging from 15.21 £+ 2.54 pg/kg to
38.12 + 2.58 pg/kg.

4. Conclusions

A QuEChERS combined with UHPLC-MS/MS technique was devel-
oped to determine nine B-lactam antibiotic residues in aquaculture
products, and the feasibility of the method was validated, following
the international recommendations. The nine B-lactam antibiotics
showed good linearity in the range of 2.0-200 ng/mL, and the correla-
tion coefficient r was greater than 0.999. The LODs and LOQs of the
nine B-lactam antibiotics ranged from 2.0 to 5.0 pg/kg and 5.0 to
10 pg/kg, respectively. The recoveries and precision were 85.4%-
113.3% (n = 6) and 0.68%-14.9% (n = 6), respectively. The results

validated the feasibility of the method for qualitative and quantitative
analysis of B-lactam antibiotic residues in aquaculture products due to
its simple, rapid, cost-effective, and eco-friendly nature, and the linear-
ity, sensitivity, and precision of the method were in consistent with the
requirements of veterinary drug residue analysis.
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