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A B S T R A C T   

The abuse of enrofloxacin (ENR) in aquaculture and the lack of monitoring of other metabolites except cipro
floxacin (CIP) may lead to unknown harmful effects on human health. In this study, ENR metabolites were 
screened in real fish samples based on ultrahigh-performance liquid chromatography coupled with Q-Orbitrap 
mass spectrometry combined with Compound Discoverer software, and another metabolite deethylene-ENR 
besides CIP was detected and identified for the first time. Correspondingly, a method for the determination of 
ENR and CIP and the semi-quantitative analysis of deethylene-ENR in aquatic products was established. Method 
validation illustrated that excellent linearity and satisfactory recoveries of analytes were obtained. Limits of 
detection of ENR and CIP were both 0.1 μg kg− 1, and their limits of quantification both 1 μg kg− 1. CIP and 
deethylene-ENR were detected in 12 of 14 ENR-positive fish samples, so deethylene-ENR should be of concern as 
a possible risk candidate in aquatic products.   

1. Introduction 

China is the largest producer of aquatic products worldwide (Jiang 
et al., 2022; Naylor et al., 2000). With the expansion of the scale of 
aquaculture and the rapid development of intensive aquaculture, the 
diseases of aquatic animals caused by various pathogenic bacteria are 
relatively common, which has seriously affected the sustainable devel
opment of aquaculture and has led to substantial economic losses (Wang 
et al., 2018). To prevent diseases and reduce these losses, effective 
antimicrobial agents are used for treatment, including quinolones, tet
racyclines and sulfonamides, etc. (Song et al., 2016). The increased 
usage of antibiotics in aquaculture is a growing concern. Due to the 
possible abuse of antibiotics, the veterinary drug residues in aquatic 
products are frequently detected exceeding the maximal residue limits 
(MRLs), resulting in a series of ecological effects and health problems. 

Enrofloxacin (ENR) belongs to the third-generation quinolones that 
inhibits bacterial DNA-gyrase, and its structure is shown in Fig. 1. It is 
widely used in the prevention and treatment of various animal infectious 
diseases because of its broad antibacterial spectrum and convenient 

administration (Yang et al., 2022). ENR is one of the veterinary drugs 
with the highest detection frequency in aquatic products. The overuse of 
ENR can result in the accumulation of drug residues, increased pathogen 
resistance, ecological impact on the environment and risk to human 
health through the food chain. Therefore, domestic and foreign regu
lations have been set for the use of ENR in aquaculture. China has 
stipulated that the residue markers of ENR are ENR and its main 
metabolite ciprofloxacin (CIP), and the MRL is 100 μg kg− 1 in fish 
(China, 2019), which is the same as that in the European Union (MRLs, 
Commission Regulation (EU) No 37/2010) (European Union, 2009). 
And the USA Food and Drug Administration (FDA) even prohibited the 
application of ENR in the breeding of edible animals in 2005 (United 
States, 2005). 

ENR is dealkylated to CIP, a metabolite that contributes to ENR ac
tivity and is by itself a potent antimicrobial agent (Intorre et al., 2000; 
Sodhi and Singh, 2021). Previous studies mostly focused on the phar
macokinetics and tissue distribution of ENR in kinds of aquatic products, 
such as snakehead (Zhang et al., 2021), yellow croaker (Ma et al., 2022), 
carp (Yang et al., 2022) and crayfish (Liu et al., 2022). ENR can be 
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slowly absorbed and distributed into various tissues in fish with a long 
half-life (Zhang et al., 2021). In addition, ENR metabolites were 
screened and qualitatively analyzed in ENR drug-treated samples only 
from chickens (Morales-Gutiérrez et al., 2015) and cows (Junza et al., 
2014; Junza et al., 2016). Morales-Gutiérrez et al. (2015) investigated 
the identification and distribution of the metabolites of ENR in the liver, 
kidney and muscle tissue of ENR-treated broiler chickens using high 
performance liquid chromatography coupled with ion trap quadrupole- 
Orbitrap mass spectrometry (HPLC-LTQ-Orbitrap). They identified 31 
different metabolites of ENR, of which the main metabolites were CIP 
and deethylene-ENR. Junza et al. (2014) analyzed milk samples from 
cows medicated with ENR using HPLC-high resolution mass spectrom
etry (ToF and LTQ-Orbitrap), and found and identified 24 metabolites of 
ENR. In order to obtain as many metabolites as possible, drug treatments 
are often used at a high concentration dose. However, in the actual 
farming process, the composition of drug metabolites is relatively 
complex and the content is very low due to the combined use of drugs 
and the degradation of drugs brought about by various organisms and 
abiotics. The metabolites that are finally converted are often only me
tabolites with a high conversion rate and a long residual period. 

ENR and CIP are representative fluoroquinolones (FQs). The studies 
have shown that FQs and their metabolites are highly toxic to algae, 
plants, bacteria, crustaceans and fish (Ramesh et al., 2021). Joob and 
Wiwanitkit (2016) reported that CIP toxicity resulted in renal failure in 
humans. Baloch et al. (2017) found that CIP could induce hepatocellular 
necrosis and lead to liver injury in a case study of CIP treatment in 
humans. Xiao et al. (2018) used zebrafish as a model to reveal the 
relationship between fluoroquinolone structure and neurotoxicity. The 
results indicated that the piperazinyl moiety is an important functional 
group for the neurotoxicity of FQs containing piperazine ring, and the 
modification of the piperazinyl structure does not affect its neurotox
icity. Ring-opening of the piperazinyl structure decreases neurotoxicity 
but enhances embryotoxicity. Therefore, it is of important significance 
to carry out research on residue screening, identification and analysis of 
unknown toxic metabolites of ENR in aquatic products. 

Various analytical methods have been developed for the detection of 
ENR in animal-derived foods, such as immunoassay (Aymard et al., 
2022; Lei et al., 2022), capillary electrophoresis (Horstkötter et al., 
2002), high performance liquid chromatography (HPLC) (Oyedeji et al., 
2021), high performance liquid chromatography coupled with tandem 
mass spectrometry (HPLC-MS/MS) (Guidi et al., 2018; Shen et al., 2011; 
Wang et al., 2021). Thereinto, HPLC-MS/MS was widely used in the 
multi-residue analysis of quinolones due to its advantages of high 
sensitivity, specificity and ability to simultaneous confirmation and 
quantification. HPLC-MS/MS method usually makes use of triple quad
rupole (QqQ) instruments, but its detection range is usually limited to 
target analysis with official standard substances (Guidi et al., 2018; Shen 
et al., 2011; Wang et al., 2021). In recent years, the application of high 
resolution mass spectrometry (HRMS) has grown rapidly, especially 
with the development of Orbitrap MS instruments and improvement of 
ToF MS systems (Gavage et al., 2021). HRMS instruments are usually 
considered to be less sensitive than QqQ. However, several studies have 

demonstrated that the HRMS instruments can achieve similar sensitivity 
due to technical improvements (Anumol et al., 2017; Cavaliere et al., 
2019). HRMS technology has the characteristics of high mass resolution 
and high mass accuracy, and it has great advantages in high-throughput 
detection, suspect screening and identification of unknown substances, 
which is helpful for the screening and identification of unknown me
tabolites of target compound (Jia et al., 2018; Sun et al., 2021; Wu et al., 
2020). 

The purpose of this present work was to screen and identify unknown 
metabolites of ENR in real fish samples, as well as to provide a reference 
for the formulation of residue markers of ENR, and to provide candidates 
for subsequent toxicology experiments. In this study, the metabolites of 
ENR were screened in actually farmed fish through a control experiment 
of negative and ENR-positive crucian carp samples obtained from the 
market based on ultrahigh-performance liquid chromatography coupled 
with quadrupole Orbitrap mass spectrometry (UHPLC-Q-Orbitrap MS) 
combined with Compound Discoverer software. Moreover, this pro
posed method was validated on investigation of linearity, limits of 
detection (LODs), limits of quantification (LOQs), accuracy and preci
sion. Finally, the determination of ENR and its metabolites was realized 
in a variety batches of real-world fish samples. 

2. Methods and materials 

2.1. Chemicals and reagents 

ENR (purity of 99.7 %), CIP hydrochloride (purity of 92.3 %), ENR- 
D5 (purity of 99.0 %) and CIP-D8 hydrochloride (purity of 89.73 %) 
were purchased from Dr. Ehrenstorfer GmbH (Augsburg, Germany). 
HPLC-MS grade acetonitrile, methanol and n-hexane were obtained 
from Sigma-Aldrich (Darmstadt, Germany). Analytical-grade anhydrous 
sodium sulfate was purchased from Sinopharm Chemical Reagent Co. 
(Shanghai, China). Formic acid, HPLC-grade, was purchased from 
Aladdin Biochemical Technology Co. (Shanghai China). Millipore Milli- 
Q plus ultrapure water system (Milford, MA, USA) was used for ultra
pure water purification. 

2.2. Preparation of standards 

Individual 1.0 mg mL− 1 stock solutions of each analyte in methanol 
containing 2 % formic acid were prepared and stored at − 18 ◦C in the 
dark. Working solutions were prepared at 0.1 mg mL− 1 by appropriate 
dilution of the stock solutions with methanol and stored at 4 ◦C. Seven 
calibration standards mix solutions at concentrations of 5, 10, 25, 50, 
100, 250, and 500 μg L–1 were prepared by serial dilution of working 
solutions with water-methanol (75:25, v/v), and the concentration of 
both isotopes was 50 μg L–1. 

2.3. Sample preparation 

All fish samples used in the experiment were crucian carp. The edible 
part (muscle) of fish was bought as the samples from the local markets in 

Fig. 1. Chemical structures of ENR and CIP.  
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Nanjing (China). They were homogenized using a kitchen blender and 
stored at − 18 ◦C. The sample preparation method for the determination 
of analytes in fish samples was referred to the Ministry of Agriculture 
Announcement No. 1077 of China (The Ministry of Agriculture of China, 
2008). 

Five grams of ground fish muscles after thawing were weighed into a 
50 mL centrifuge tube. One hundred microliter of mix internal standard 
solutions ENR-D5 and CIP-D8 at 0.5 mg L–1 was mixed with samples. The 
mixture was vortexed for 30 s and then stood in the dark for 10 min. Ten 
grams of anhydrous sodium sulfate was added and mixed. After adding 
20 mL of acetonitrile containing 1 % formic acid, the sample was mixed 
by vortex for 1 min, ultrasonically extracted for 10 min and then 
centrifuged at 8000 rpm for 5 min. The supernatant was transferred into 
a 50 mL pear-shaped bottle. The extraction was repeated once with 20 
mL of acetonitrile containing 1 % formic acid, and the two extracts were 
combined. The rotary evaporation to dryness ensued in a water bath at 
40 ◦C. The residue was reconstituted with 1 mL of water-methanol 
(75:25, v/v), then added with 2 mL of n-hexane, vortexed for 30 s, and 
transferred to a 10 mL centrifuge tube. After the extract solution was 
centrifuged at 8000 rpm for 5 min, the lower solution was filtered 
through 0.22 μm organic phase membrane filters for analysis. 

2.4. Instrumentation and analytical conditions 

The sample solutions were analyzed using an Ultimate 3000 UHPLC 
system (Thermo Fisher Scientific, San Jose, CA, USA) coupled with a Q- 
Exactive quadrupole Orbitrap mass spectrometer (Thermo Fisher Sci
entific, Bremen, Germany). 

The separation was carried out on a Hypersil GOLD (150 mm × 2.1 
mm ID, 3 μm, Thermo Scientific) maintained at 40 ◦C. The mobile phase 
was composed of water containing 0.1 % formic acid (A) and methanol 

(B), and was pumped at a flow rate of 0.3 mL min− 1. The gradient profile 
was 25 % B at the beginning, held for 1 min, linearly increased to 90 % B 
from 1 to 5 min, 90 % B from 5 to 8 min, and finally came back to the 
initial conditions, 25 % B from 10 to 14 min. The injection volume was 3 
μL. 

Mass spectrometer equipped with an electrospray ionization source. 
The electrospray ionization source was operated in the positive ioniza
tion mode under the following specific conditions: sheath gas (N2, > 99 
%), 40 arbitrary units (arb); auxiliary gas (N2, > 99 %), 10 arbitrary 
units (arb); spray voltage, 3.5 kV; S-Lens RF level, 55; capillary tem
perature, 320 ◦C; vaporizer temperature, 350 ◦C; scanning method, full 
MS/dd-MS2 (resolution 70,000/17,500); scan range, m/z 150–700; 
normalized collision energy (NCE), 20/45. Accurate masses for ENR (m/ 
z 360.1718) and CIP (m/z 332.1405) were added to the inclusion list. 

2.5. Data analysis 

Data was processed using Xcalibur™ 3.1, Compound Discoverer 3.1 
and Mass Frontier 7.0 (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). Xcalibur™ 3.1 software was used for qualitative and quantitative 
analyses of analytes. The accurate mass error was set below 5 ppm. The 
qualitative analysis was carried out based on retention time, accurate 
mass, MS2 spectrum, etc. Identification parameters for the analytes are 
presented in Table 1. The quantitative analysis was performed with the 
peak area corresponding to precursor ions ([M + H]+) of the analytes 
obtained in full scan mode. Fish samples free of ENR and CIP were 
regarded as negative samples after determination according to the Na
tional Standards of the People’s Republic of China (China, 2019) in 
combination with the sample preparation according to Ministry of 
Agriculture Announcement No. 1077 of China. Compound Discoverer 
3.1 software was used for screening of metabolites of ENR by comparing 

Table 1 
Identification parameters for analytes.  

Compound Retention time (min) Elemental composition Observed m/z Theoretical m/z Mass error (ppm) Product ions m/z 

ENR  2.57 C19H22FN3O3  360.1712  360.1718  − 1.67 316.1823, 245.1084, 204.0689 
CIP  2.46 C17H18FN3O3  332.1401  332.1405  − 1.20 288.1508, 245.1083, 231.0565 
ENR-D5  2.55 C19H17D5FN3O3  365.2026  365.2032  − 1.64 321.2135, 245.1084, 204.0696 
CIP-D8  2.43 C17H10D8FN3O3  340.1902  340.1907  − 1.47 296.2011, 249.1335, 235.0818  

Fig. 2. The extracted ion chromatograms of M1-ENR (m/z 334.1561) with different initial mobile phases (B: methanol).  
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negative and positive samples, and the workflow is shown in Fig. S1. 

3. Results and discussion 

3.1. Optimization of instrument conditions 

The gradient elution condition used in the preliminary experiment 
were as follows: initial 10 % B, 1–5 min 10 %-90 % B, 5–8 min 90 % B, 
8–10 min 90 %-10 % B, 10–14 min 10 % B. A metabolite temporarily 
denoted as M1-ENR (m/z 334.1561) was observed in ENR-positive fish 
samples when the metabolites of ENR were analyzed. However, as 
shown in Fig. S2(b), there are two chromatographic peaks with close 
retention times (6.07 and 6.21 min) in the extracted ion chromatogram 
of M1-ENR, which is not conducive to qualitative and quantitative an
alyses. When analyzing other fish samples, it was found that both pos
itive and negative samples showed a peak with a retention time of 6.21 
min (Fig. S2). According to the secondary mass spectrum of M1-ENR, it 
was finally determined that the retention time of M1-ENR was 6.07 min. 
For better chromatographic separation, the chromatographic conditions 
were optimized by adjusting the initial mobile phase ratio of gradient 
elution (10 % B, 15 % B, 20 % B, 25 % B). The result is shown in Fig. 2, 
and good separation was obtained when the initial mobile phase ratio 
was 25 % B. However, as shown in Fig. S3, since the impurity peak was 
close to the peak of CIP, it was speculated that it might be the isotopic 
peak of CIP. The accurate mass of the isotopic peak of CIP is m/z 
334.1439 (Fig. S4). The mass range of impurity is m/z 
334.1578–334.1544 due to the mass error of 5 ppm in HRMS, so the 
interference of isotopic peak could be excluded. Although the retention 
time was slightly shorter, the requirements for accurate qualitative and 
quantitative analyses were met, and the final extracted ion chromato
grams of ENR, CIP and M1-ENR are shown in Fig. S3. 

Abundant fragments can provide substantial information of chemical 
structure based on HRMS (Li et al., 2021). In general, mass spectrometry 
is optimized for fragmentation degree by adjusting the collision energy. 
The optimization of mass spectrometry conditions will facilitate the 
subsequent structure derivation of metabolites of ENR. In order to obtain 
the optimal MS/MS spectrum that contained abundant fragment ions, 
the different NCE values (10, 15; 20, 25; 30, 35; 40, 45; 50, 55; 60, 65; 
70, 75) were investigated. In this study, the screened metabolite of ENR, 
M1-ENR, was taken as an example. Fig. S5 shows the mass spectra of M1- 
ENR with different NCEs. When the NCE was lower than 20, the frag
mentation degree of the mass spectrum of target analyte was poor, and 
when it exceeded 50, some fragment ions with large mass were lost due 
to the excessive fragmentation. Hence, two collision energy levels of 20 
and 45 were selected. The final mass spectrum was a superposition of the 
mass spectra at the two collision energy levels (20/45), and the mass 
spectrum of M1-ENR is shown in Fig. S6. 

3.2. Method validation 

3.2.1. Linearity 
A series of mixed standard solutions with concentrations of 5–500 μg 

L–1, corresponding to 1–100 μg kg− 1 in fish sample, for ENR and CIP 
were prepared by appropriate dilution of working solutions using water- 
methanol (75:25, v/v). The concentrations of isotope internal standards 
for ENR-D5 and CIP-D8 were 50 μg L–1. The ratio of target analyte peak 

area to the corresponding internal standard peak area was used as 
ordinate y. The corresponding concentration of analyte was used as 
abscissa x. The results of the linear regression analysis are shown in 
Table 2. Obviously, both of the coefficients of determination (R2) were 
>0.999, indicating the satisfactory linearity. 

3.2.2. Limits of detection and quantification 
Generally, limits of detection (LODs) and limits of quantification 

(LOQs) are estimated using the lowest detectable and quantifiable 
concentrations of target compounds in the samples with signal-to-noise 
(S/N) ratios equal to 3 and 10, respectively. However, because of the 
extremely low noise in extracted ion chromatograms of UHPLC-Q- 
Orbitrap MS, the S/N ratios of analytes is usually infinite. In conse
quence, mixed matrix-matched standard solutions of different concen
trations were prepared using the fish matrix extracts and analyzed, with 
the minimum detectable spiked concentrations as the LODs of the ana
lytes. LOQ was defined as the lowest spiked level with satisfactory re
covery and repeatability. As shown in Table 2, LODs of ENR and CIP 
were both 0.1 μg kg− 1, and their LOQs both 1 μg kg− 1. 

3.2.3. Accuracy and precision 
The method accuracy was evaluated in terms of recoveries using 5 g 

negative fish samples spiked at three different concentrations (1, 10 and 
100 μg kg− 1 for mixed ENR and CIP). The spiked level of both isotopes 
was 10 μg kg− 1. The precisions of the proposed method were evaluated 
in terms of intra-day repeatability expressed as relative standard devi
ation (RSD). As shown in Table 2, satisfactory recoveries ranging from 
85.3 % to 95.9 % for ENR and 67.5 % to 98.7 % for CIP in fish samples 
were obtained. The RSDs for the five replicates of ENR and CIP re
coveries ranged from 9.0 % to 12.8 % and 3.4 % to 9.6 %, respectively. 
These results indicated that the proposed method was accurate and 
repeatable. 

3.3. Screening and identification of metabolites of ENR in fish samples 

The workflow of Compound Discoverer software consisted of process 
nodes (Fig. S1). The acquired data of ENR-positive and negative fish 
samples using UHPLC-Q-Orbitrap MS as raw files were input into soft
ware to search for unknown metabolites of ENR (Input File node). The 
Mark Background Compounds node was used to identify and subtract 
background compounds in negative (blank) samples. For the identifi
cation of unknown compounds, different nodes were set up, including 
Search Mass Lists, Search ChemSpider, Predict Compositions, Com
pound Class Scoring, Calculate Mass Defect and Assign Compound An
notations. Among them, the Search Mass Lists node was used to search 
the local database. The local database was created by collecting all 
possible metabolites and degradation products of ENR mentioned in the 
literature. The Predict Compositions node was used to predict the 
elemental composition of unknown compounds. At the same time, the 
Search ChemSpider node was used to search commercial mass spectral 
databases for matching compounds with a specific elemental composi
tion (Scarpone et al., 2020). The Compound Class Scoring node was used 
to detect the same fragment ions as ENR, and compare the difference 
between the fragment ions of the unknown compound and ENR. 

The results showed that ENR was mainly metabolized to CIP and M1- 
ENR. Among them, CIP is a known metabolite of ENR, which was formed 

Table 2 
Linear range, linear equation, coefficient of determination (R2), recoveries, precisions, limit of detection (LOD) and limit of quantitation (LOQ) of analytes.  

Compound Linear range 
(μg kg− 1) 

Linear equation R2 Recovery (%) Precision as RSD (%, n = 5) LOD LOQ 

Spiked level (μg kg− 1) 

1 10 100 1 10 100 (μg kg− 1) 

ENR 1–100 y = 0.0189 × – 0.0046  0.9999  85.3  95.9  95.1  12.8  12.6  9.0  0.1  1.0 
CIP 1–100 y = 0.0189 × – 0.0070  0.9999  67.5  93.0  98.7  7.2  3.4  9.6  0.1  1.0  
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by the N-deethylation of ENR. M1-ENR was characterized by a molec
ular formula of C17H20FN3O3 with a retention time of 2.04 min and an 
accurate quasi-molecular ion [M + H]+ at m/z 334.1546 with a mass 
error of 4.49 ppm. The mass spectrum is shown in Fig. S7, and the main 
fragment ions were m/z 334.1546, 314.1488, 296.1405, 263.0824, 
217.1335, 120.0808, 86.0971, 72.0815 and 70.0659. Among them, it 
had fragment ions at m/z 86.0971, 72.0815 and 70.0659 in common 
with ENR (Fig. S7). The fragment ion at m/z 314.1501 ([C17H20N3O3]+) 
was formed from the parent ion by losing of fluoride ([M + H – HF]+), 
which further produced the fragment ions at m/z 296.1405 
([C17H18N3O2]+) through the loss of H2O. The fragment ion at m/z 
263.0824 ([C13H12FN2O3]+) was formed from the parent ion by losing 
of an ethyl group and C2H5N ([M + H – C2H4 – C2H5N]+), indicating that 
the piperazine ring of ENR connected to the benzene ring turned into an 

amino group. The possible structural formula of M1-ENR was finally 
elucidated as shown in Fig. S7, which corresponded to deethylene-ENR. 
Deethylene-ENR was formed by the cleavage of the piperazine ring of 
ENR, which was consistent with the results of ENR metabolism in 
chickens (Morales-Gutiérrez et al., 2015; Morales-Gutiérrez et al., 
2014). Ring-opening of the piperazinyl structure decreases neurotox
icity but enhances embryotoxicity as shown by Xiao et al (2018). Sub
sequently, the analytical procedure was established for determination of 
ENR and CIP, and the semi-quantitative analysis of deethylene-ENR in 
real fish samples. 

3.4. Real samples analysis 

The developed method was applied to determine ENR and its me
tabolites (CIP and deethylene-ENR) in 15 fish samples. These fish sam
ples were collected from local markets. Due to the lack of official 
standard substance of deethylene-ENR, semi-quantitative analysis was 
performed, according to the calibration curve of ENR, and the concen
tration of deethylene-ENR was calculated by the ratio of the peak areas 
of deethylene-ENR and ENR-D5. The residue levels of ENR and its me
tabolites in real fish samples are shown in Table 3. The results showed 
that ENR was detected in 14 samples, CIP was detected in 12 samples, 
and deethylene-ENR was detected in the same 12 samples. Among them, 
ENR metabolites, CIP and deethylene-ENR, were detected in 12 of 14 
ENR-positive samples, and only two samples did not contain its 
metabolite, indicating a generally high detection rate for metabolites. 
The extracted ion chromatograms of ENR, CIP and deethylene-ENR in 
different samples (solvent standard sample, negative fish sample, posi
tive fish sample) are shown in Fig. 3. 

Previous pharmacokinetic studies of ENR showed that 98 % of ENR 
existed in the form of the parent drug in aquatic animals, and the content 
of the metabolite CIP was less than 2 % (Intorre et al., 2000; Shan et al., 
2018; Zhang et al., 2021). This present work found that the content of 
CIP was generally lower than that of ENR, but almost all exceeded 2 % of 

Table 3 
Residue levels of ENR and its metabolites in real fish samples.  

Number ENR CIP Deethylene-ENR 

(μg kg− 1) 

1 2.26 ± 0.04 0.98 ± 0.04 0.84 ± 0.01 
2 1.23 ± 0.04 0.91 ± 0.01 0.81 ± 0.00 
3 30.34 ± 5.06 2.20 ± 0.15 2.29 ± 0.06 
4 2.09 ± 0.08 1.00 ± 0.01 0.85 ± 0.01 
5 7.77 ± 0.57 1.01 ± 0.03 1.17 ± 0.03 
6 100.63 ± 34.96 3.94 ± 0.69 4.51 ± 1.40 
7 41.01 ± 10.66 2.99 ± 0.38 3.13 ± 0.55 
8 21.39 ± 0.82 2.83 ± 0.07 2.20 ± 0.06 
9 112.70 ± 17.89 0.99 ± 0.09 2.09 ± 0.23 
10 8.33 ± 0.10 ND ND 
11 ND ND ND 
12 13.87 ± 0.38 3.71 ± 0.08 4.27 ± 1.76 
13 14.10 ± 0.36 3.14 ± 0.57 5.75 ± 0.18 
14 165.78 ± 6.83 2.22 ± 0.06 4.30 ± 0.25 
15 19.63 ± 1.32 ND ND 

ND: not detected. 

Fig. 3. The extracted ion chromatograms of ENR, CIP and deethylene-ENR in different samples. (a) solvent standard sample for mixed ENR and CIP at 25 μg L–1 

prepared in water-methanol (75:25, v/v); (b) negative fish sample; (c) positive fish sample containing only ENR; (d) positive fish sample containing ENR, CIP and 
deethylene-ENR. 

J. Dai et al.                                                                                                                                                                                                                                      



Food Chemistry 404 (2023) 134757

6

ENR. Especially when the residual amount of ENR was low, the residual 
amount of metabolites was also maintained at a certain level. The res
idue levels of ENR residue markers are sum of ENR and its main 
metabolite CIP, and the MRL is 100 μg kg− 1 in fish. Drug residues in 
three samples analyzed exceeded the MRLs. The findings of this study 
indicated somewhat frequent detection rate of ENR, implying its prob
able abuse in the process of aquaculture (Guidi et al., 2018). The residue 
levels of deethylene-ENR and CIP were comparable. Thus, further 
research may need to pay attention to the residual amount and toxicity 
of deethylene-ENR, which will help provide guidance for more scientific 
and rational usage and risk assessment of ENR in aquaculture. 

4. Conclusions 

The food safety problems brought about by pesticide and veterinary 
drug residues have always been attracting widespread attention of 
people. With the advancement of science and technology and the 
development of sophisticated instruments, residue markers such as 
harmful metabolites are constantly being updated. In recent years, 
analytical methods based on the combination of HRMS and chromato
graphic separation techniques have been applied in various fields. In this 
study, UHPLC-Q-Orbitrap MS was used to screen and identify the me
tabolites of ENR in real fish samples. It is found that in addition to the 
detection of main metabolite CIP as a residue marker of ENR, another 
metabolite deethylene-ENR was frequently detected in ENR-positive fish 
samples, and the detection rate and residue levels were comparable to 
that of CIP. Since the metabolites with similar structures may be as toxic 
as the parent drug, it is of important significance to carry out research on 
residue screening, identification and analysis of unknown toxic metab
olites of pesticide and veterinary drugs in food, which provides reference 
value for the formulation of residue limits. 
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