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Abstract: This study established a method for detecting 24 tranquilizer drugs and 27 anesthetic drugs in livestock meat by combining the
QuEChERS  method  with  ultra-high  performance  liquid  chromatography-quadrupole-orbitrap  high  resolution  mass  spectrometry
(UPLC-Q-Orbitrap  HRMS).  The  results  demonstrated  that  the  51  target  compounds  exhibited  good  linear  relationships  within  their
respective  ranges  (R2 ≥  0.995  2),  low  detection  and  quantification  limits,  satisfactory  spike  recovery  rates  (84.0%–111.9%),  and  good
precision  (relative  standard  deviation:  2.5%–8.5%),  meeting  the  requirements  for  quantitative  analysis.  This  approach  combines  the
convenience and speed of QuEChERS with the high accuracy of UPLC-Q-Orbitrap HRMS, enabling efficient qualitative confirmation and
reliable  quantitative  analysis  of  51  target  compounds.  With  its  rapid,  accurate,  and  straightforward  advantages,  this  method  holds
significant potential for application in food safety monitoring of livestock meat, providing technical support for regulating the illegal use of
sedatives and anesthetics in animal-derived foods.
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 1    Introduction
Tranquilizer  drugs  refer  to  a  class  of  medications  that  inhibit
excessive  excitement  in  the  central  nervous  system  and  alleviate
emotions  such  as  anxiety  and  tension,  thereby  inducing  a  state  of
relaxation  and  exerting  anti-convulsant  effects[1−3].  Some
unscrupulous  merchants  add  these  drugs  to  animal  feed  during
breeding,  aiming  to  increase  the  weight  of  the  animals[4−6].
Anesthetic  drugs  can  anesthetize  the  central  nervous  system,  with
the advantages of rapid onset and short recovery time[7−9]. In recent
years, some farmers inject such drugs into the animals ready for sale
and then infuse a large volume of water to increase their weight[10−11].
Moreover, administration of these two types of drugs during animal
transportation  can  reduce  the  stress  response  and  mortality  rate,
allowing farmers to gain higher profits[12−13]. If these drugs are abused
in  animal  breeding  and  transportation,  they  will  eventually
accumulate  in  the  human  body  through  the  food  chain  and
threaten  human  health[14−15].  Therefore,  it  is  crucial  to  establish  a
rapid  qualitative  and  quantitative  method  for  the  simultaneous
determination  of  tranquilizer  drugs  and  anesthetic  drugs  in
livestock meat.

Currently,  the  detection  methods  for  tranquilizer  drugs  and
anesthetic  drugs  mainly  include  gas  chromatography-mass
spectrometry  (GC-MS)[16−20],  liquid  chromatography-mass
spectrometry  (LC-MS)[21−24],  tandem  high-resolution  LC-MS[25−27],

and  ion  chromatography  (IC)[28−30].  However,  the  samples  detected
by GC-MS require derivatization treatment, which is complex and
inefficient; LC-MS and IC both suffer from problems such as strong
matrix  interference  and  low  sensitivity;  tandem  high-resolution
LC-MS can achieve simultaneous rapid qualitative and quantitative
analysis  of  multiple  target  compounds.  After  obtaining  abundant
ion  fragment  information,  a  corresponding  database  can  be
established,  enabling  qualitative  screening  of  positive  samples
without the use of standard samples in subsequent analyses. At the
same time, it can avoid the shortcoming of traditional LC-MS that
requires optimization of MS parameters for each target compound,
and has higher sensitivity and accuracy.

The detection of tranquilizer drugs primarily focuses on matrices
such  as  feed,  hair,  blood,  and  livestock  meat[31−32].  The  detection  of
anesthetic  drugs  primarily  focuses  on  matrices  such  as  aquatic
products and cosmetics[33−34].  However, there are few reports on the
simultaneous  detection  of  tranquilizer  drugs  and  anesthetic  drugs
in  livestock  meat.  In  this  study,  ultra-high  performance  liquid
chromatography-quadrupole-orbitrap  high  resolution  mass
spectrometry (UPLC-Q-Orbitrap HRMS) was used as the analytical
instrument,  and  the  QuEChERS  method  was  selected  for  the
purification  of  livestock  meat  matrix.  A  qualitative  screening  and
quantitative  analysis  methods  was  established  for  24  tranquilizer
drugs  and  27  anesthetic  drugs  in  livestock  meat,  together  with
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MS/MS spectral  library of  51 target  compounds.  This  method can
be  widely  applied  for  the  detection  and  analysis  of  anesthetic  and
sedative drug residues in livestock meat, providing robust technical
support  and  methodological  guidance  for  the  risk  assessment  of
such compounds.

 2    Materials and methods

 2.1    Materials and reagents
The  samples  used  in  this  experiment  comprised  pork  muscle
samples, beef muscle samples, and mutton muscle samples, with 10
samples  from  each  animal  type,  totaling  30  samples.  All  samples
were  sourced  from  local  farmers’ markets  and  promptly
refrigerated  at  4  °C  after  collection  for  subsequent  experimental
analysis.

The  standard  substances  (100  μg/mL)  were  all  purchased  from
Tianjin  Alta  Technology  Co.,  Ltd.  (Tianjin,  China)  (Table  1).
Acetonitrile  (chromatographic  grade)  and  methanol
(chromatographic  grade)  were  purchased  from  Thermo  Fisher
Scientific  (USA);  formic  acid  (chromatographic  grade)  was
purchased from Sigma (USA); ultra-pure water (with a resistivity of
18.2  MΩ·cm  at  25  °C)  was  purchased  from  Millipore  (USA);
0.22  μm  nylon  membrane  was  purchased  from  Tianjin  Agela  Co.
(China); 150 mg MgSO4 + 25 mg primary secondary amine (PSA)
and  150  mg  MgSO4 +  50  mg  PSA  +  50  mg  C18 were  purchased
from  NanoChrom  Technologies  (China)  Co.,  Ltd.;  50  mg
petroleum coke (PC) + 50 mg C18 + 50 mg MgSO4 was purchased
from Tianjin Agela Co. (China).

 2.2    Instruments and equipment
The ultimate  3000 UPLC-Q-Orbitrap HRMS was  purchased from
Thermo Fisher Scientific, USA; the CR22N high-speed refrigerated
centrifuge  was  purchased  from  Hitachi,  Germany;  the  KQ-500E
ultrasonic  cleaner  was  purchased  from  Kunshan  Ultrasonic
Instruments Co., Ltd., China; the Vortex Genius 3 vortex mixer was
purchased from, IKA, Germany.

 2.3    Method

 2.3.1    Sample preparation

A 5 g portion of previously homogenized at 10 000 r/min for 5 min
at  room  temperature  sample  (pork  muscle,  beef  muscle,  and
mutton  muscle  samples)  was  weighed  into  a  50  mL  plastic
centrifuge tube. Added 5 mL of acetonitrile,  vortexed for 1 min to
mix,  ultrasonicated  for  20  min  at  500  W,  and  then  centrifuged  at
10  000  r/min  for  5  min.  Following  this,  2  mL  of  supernatant  was
transferred  into  a  2  mL  QuEChERS  purification  tube  containing
150 mg of MgSO4,  50 mg of PSA, and 50 mg of C18.  The mixture
was  mixed  on  a  vortex  for  1  min  and  then  centrifuged  at
13  000  r/min  for  5  min.  The  supernatant  was  filtered  through  a
0.22  µm  nylon  filter  membrane  into  the  LC  vial  for  UPLC-Q-
Orbitrap HRMS analysis.

 2.3.2    Preparation of the mix-standards stock solution

The mix-standards  stock  solution  were  prepared  in  methanol  at  a
concentration of 1 μg/mL and were stored at –20 °C in a dark place.

 2.3.3    Preparation of blank matrix solution

The  livestock  meat  without  the  target  compound  was  pretreated
according  to  the  above  sample  preparation,  and  the  blank  matrix
solution  was  obtained,  which  was  used  for  the  preparation  of  the
standard curve.

 2.3.4    Chromatographic conditions

The chromatographic separation was performed on a XBridge BEH
C18 chromatographic column (2.1 mm × 100 mm, 2.5 μm, Waters,
USA), aqueous solution containing 0.1% (V/V) formic acid (phase A)
and  0.1%  formic  acid  methanol-acetonitrile  (1:1, V/V)  (phase  B)
were  used  as  mobile  phase.  The  flow  rate  was 0.3  mL/min.  The
injection  volume  was  5  μL.  The  gradient  elution  program  was  as
follows:  0–3.0  min,  98%  to  70%  A;  3.0–15.0  min,  70%  to  50%  A;
15.0–18.0 min, 50% to 5% A; 18.0–20.0 min, 5% A; 20.0–20.1 min,
5% to 98% A; 20.1–22.0 min, 98% A.

 

Table 1    MS parameters of 24 tranquilizer drugs and 27 anesthetic drugs.

Category Compound Molecular formula CAS
Retention

time (min)

Adduct/

charge

Parent ion m/z
Relative mass

deviation (× 10–6)
Fragment ions m/zTheoretical

value

Measured

value

Tranquilizer

drugs

Azaperol C19H24FN3O 2804-5-9 4.43 [M + H]+ 330.197 6 330.198 2 1.82 312.187 38, 192.118 71, 149.076 45, 121.076 17
Desloratadine C19H19ClN2 100643-71-8 6.51 [M + H]+ 311.131 311.131 8 2.57 294.104 95, 282.105 13, 259.135 89

Hexanitrodiphenylamine C16H19ClN2 131-73-7 6.69 [M + H]+ 275.131 275.132 1 4.00 230.074 08, 202.042 42, 167.073 67
Azaperone C19H22FN3O 1649-18-9 5.04 [M + H]+ 328.182 328.181 4 –1.83 264.873 41, 208.883 54, 165.071 33, 121.076 19

Propionylpromazine C20H24N2OS 3568-24-9 15.21 [M + H]+ 341.168 2 341.169 3 3.22 296.111 66, 268.079 59, 86.096 56
Cyproheptadine C21H21N 41354-29-4 13.14 [M + H]+ 288.174 7 288.174 4 –1.04 191.086 18, 110.096 53, 96.081 02, 82.065 41

Diazepam C16H13ClN2O 439-14-5 16.39 [M + H]+ 285.078 9 285.079 1 0.70 257.084 44, 222.115 17, 193.088 68, 154.041 87
Chlorpromazine C17H19ClN2S 50-53-3 15.83 [M + H]+ 319.103 319.103 4 1.25 246.014 45, 86.096 52, 58.065 22

Terfenadine C32H41NO2 50679-08-8 18.16 [M + H]+ 472.321 472.320 9 –0.21 454.310 70, 436.300 11, 57.070 76
Haloperidol C21H23ClFNO2 52-86-8 11.32 [M + H]+ 376.147 4 376.149 4.25 358.137 94, 165.071 73, 123.024 56
Droperidol C22H22FN3O2 548-73-2 8.47 [M + H]+ 380.176 9 380.178 3 3.68 194.098 31, 165.071 66, 123.024 48
Carazolol C18H22N2O2 57775-29-8 7.13 [M + H]+ 299.175 4 299.176 4 3.34 222.092 29, 184.076 40, 116.107 41, 74.060 32

Prochlorperazine C21H26ClN3OS 58-38-8 15.81 [M + H]+ 404.155 8 404.157 2 3.46 246.014 56, 171.149 70, 143.118 33, 70.065 32
Diphenhydramine C17H21NO 58-73-1 9.45 [M + H]+ 256.169 6 256.168 5 –4.29 211.121 64, 119.059 66, 91.053 86, 72.081 05

Promethazine C17H20N2S 60-87-7 11.74 [M + H]+ 285.142 285.142 6 2.10 240.084 96, 198.037 72, 86.096 66, 71.073 17
Acepromazine C19H22N2OS 61-00-7 12.21 [M + H]+ 327.152 6 327.153 3 2.14 254.064 15, 222.091 90, 86.096 60, 58.065 27

Astemizole C28H31FN4O 68844-77-9 7.21 [M + H]+ 459.255 5 459.257 5 4.35 308.156 31, 218.154 42, 135.080 73, 105.070 05
Hydroxyzine C21H27ClN2O2 68-88-2 13.46 [M + H]+ 375.183 4 375.182 9 –1.33 219.148 57, 201.046 65, 166.078 08
Fluphenazine C22H26F3N3OS 69-23-8 17.27 [M + H]+ 438.182 1 438.180 3 –4.11 396.167 39, 280.038 15, 171.148 19, 143.117 16

Xylazine C12H16N2S 7361-61-7 5.10 [M + H]+ 221.110 7 221.110 8 0.45 164.053 09, 147.091 93, 90.037 33, 58.065 19
Loratadine C22H23ClN2O2 79794-75-5 16.33 [M + H]+ 383.152 1 383.150 3 –4.70 337.108 12, 294.102 54, 259.133 94
Cetirizine C21H25ClN2O3 83881-51-0 14.30 [M + H]+ 389.162 6 389.162 3 –0.77 201.046 66, 166.077 79, 149.023 44

Brompheniramine C16H19BrN2 86-22-6 7.35 [M + H]+ 319.080 4 319.079 8 –1.88 274.023 28, 244.983 17, 194.096 83, 167.073 35
Tripelennamine C16H21N3 91-81-6 5.94 [M + H]+ 256.180 8 256.180 5 –1.17 211.123 02, 119.060 41, 91.054 43, 72.081 53
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 2.3.5    MS conditions

The  MS  analysis  was  performed  using  an  electrospray  ionization
(ESI) source in positive ionization mode. The optimized parameters
of ion source were as follows: the positive ion voltage was 3 500 V,
the  ion  transfer  tube  temperature  was  320  °C,  the  vaporizer
temperature was 350 °C, the sheath gas pressure was 35 arb, the aux
gas pressure was 10 arb.  MS conditions were as  follows:  scan type
was Full Scan-ddMS2, scan range was 60–600 m/z, the duration was
22  min,  the  collision  energy  was  30  eV,  Full  Scan  orbitrap
resolution  was 70 000,  MS2 orbitrap  resolution  was 17 500.
Automatic  gain  control  target  was  1  ×  105,  isolation  window  was
4.0 m/z.  The  MS  parameters  of  24  tranquilizer  drugs  and  27
anesthetic drugs were shown in Table 1.

 2.3.6    Calculation of matrix effects (ME)

ME was calculated using the following formula:

ME (%) =
B−A
A

× 100

In  the  formula: A represents  the  slope  of  the  standard  curve
prepared  with  acetonitrile; B represents  the  slope  of  the
matrix-matched  standard  curve  prepared  with  the  blank  matrix
extract.

 2.3.7    Establishment of database

Under  the  chromatographic  and  MS  conditions  specified  in
sections 2.3.4 and 2.3.5,  data were collected for 51 mixed standard
solutions.  The  original  data  were  imported  into  the  Thermo
mzVault  software,  and  a  secondary  spectral  library  including  51
compounds was created.

 2.3.8    Method validation

The  quantitative  analysis  of  51  target  compounds  was  carried  out
using  the  external  standard  method.  The  standard  solutions

prepared  in  section  2.3.2  were  diluted  with  blank  matrix  extract
solutions  to  form  standard  series  working  solutions  of  different
concentrations (1,  2,  5,  10,  20,  50,  100,  200 ng/mL),  with the peak
area  of  the  parent  ion  of  the  target  compound as  the  ordinate  (y)
and the corresponding standard solution concentration (ng/mL) as
the  abscissa  (x),  and  a  standard  curve  was  plotted.  The  limit  of
detection (LOD) and limit of quantitation (LOQ) were determined
by  adding  the  standard  solutions  to  the  blank  matrix.  The
signal-to-noise  ratio  (RSN)  was  measured  for  each  analyte,  with
LOD and LOQ defined as the concentrations achieving RSN ≥ 3 and
RSN ≥ 10, respectively.

Accuracy  and  precision  determination:  the  mix-standards  stock
solution were added to blank beef, mutton and pork matrix for the
spiked  recovery  experiment.  Each  matrix  was  spiked  with  three
concentration  levels:  LOQ,  2LOQ,  and  10LOQ,  with  each
concentration level tested independently six times.

 2.4    Data processing
Data  for  target  compounds  were  acquired  in  Full  Scan-ddMS2

mode,  with  precise  quantitative  results  analyzed  in  the  Quan
Browser module of Xcalibur software. Qualitative confirmation was
achieved using a combination of Tracefinder and mzVault software.
Data processing and statistical analysis were conducted in Microsoft
Excel,  including  data  organization,  calculation,  and  graphical
presentation.

 3    Results and discussion

 3.1    Optimization of chromatographic conditions
In  this  experiment,  XBridge  BEH  C18 chromatographic  column
(2.1 mm × 100 mm, 2.5 μm) was used to investigate the separation
degree,  peak  shape  and  response  values  of  51  target  compounds.
The  experimental  results  showed  that  the  XBridge  BEH  C18

Table 1 (Continued)
 

Category Compound Molecular formula CAS
Retention

time (min)

Adduct/

charge

Parent ion m/z
Relative mass

deviation (× 10–6)
Fragment ions m/zTheoretical

value

Measured

value

Anesthetic

drugs

Procaine C13H20N2O2 59-46-1 3.61 [M + H]+ 237.159 8 237.158 8 –4.22 164.069 60, 120.043 93, 100.111 98, 72.081 07
Procainamide C13H21N3O 51-06-9 2.64 [M + H]+ 236.175 7 236.174 9 –3.39 163.085 60, 120.043 92, 100.111 90

Chloroprocaine C13H20Cl2N2O2 133-16-4 18.39 [M + H]+ 271.272 2 271.273 32 4.13 254.246 44, 240.230 80, 158.153 20, 123.116 62
Prilocaine C13H20N2O 721-50-6 5.34 [M + H]+ 221.164 8 221.163 82 –4.43 205.157 53, 193.157 39, 136.074 84, 111.080 28

Ropivacaine C17H26N2O 84057-95-4 6.19 [M + H]+ 275.211 8 275.211 1 –2.54 126.128 14, 98.096 76, 84.081 06
Bupivacaine C18H28N2O 2180-92-9 7.74 [M + H]+ 289.227 4 289.228 2 2.77 140.143 86, 98.096 69, 84.081 05

Butacaine C18H30N2O2 149-16-6 7.85 [M + H]+ 307.238 307.238 9 2.93 178.086 55, 142.159 32, 120.044 53, 100.112 18
Tetracaine C15H24N2O2 94-24-6 9.04 [M + H]+ 265.191 1 265.190 1 –3.77 220.131 99, 176.106 02, 72.081 11
Benzocaine C9H11NO2 94-09-7 9.32 [M + H]+ 166.086 3 166.086 3 0.57 138.055 18, 120.044 49, 94.065 23, 77.038 59
Pramoxine C17H27NO3 637-58-1 11.28 [M + H]+ 294.206 4 294.207 2 2.72 151.075 88, 128.107 44, 123.044 48, 100.075 97

Cinchocaine C20H29N3O2 85-79-0 13.95 [M + H]+ 344.233 3 344.233 6 0.87 271.145 32, 215.082 50, 172.040 12, 144.045 06
Risocaine C10H13NO2 94-12-2 12.63 [M + H]+ 180.101 9 180.101 9 0.22 138.055 01, 120.044 14, 94.065 14, 77.038 57

3-Aminobenzoic acid C7H7NO2 99-05-8 2.55 [M + H]+ 138.055 0 138.055 1 0.91 120.044 45, 94.651 4, 77.038 62, 56.964 80
4-Aminobenzoic acid C7H7NO2 150-13-0 12.63 [M + H]+ 138.055 0 138.055 1 0.94 120.044 41, 105.044 84, 94.065 13, 77.038 63

4-Acetamidobenzoic acid C9H9NO3 556-08-1 3.55 [M + H]+ 180.065 5 180.065 6 0.60 162.054 14, 136.075 07, 94.065 75
Etidocaine C17H28N2O 36637-18-0 6.80 [M + H]+ 277.227 4 277.227 5 0.36 232.070 59, 128.143 88, 86.096 70

Mepivacaine C15H22N2O 22801-44-1 5.00 [M + H]+ 247.180 5 247.179 9 –2.43 98.069 34, 84.513 90, 70.065 41
Trimecaine C15H24N2O 616-68-2 6.22 [M + H]+ 249.196 1 249.195 2 –3.61 86.096 57, 224.925 93, 193.121 46, 98.984 23

Oxybuprocaine C17H28N2O3 99-43-4 8.84 [M + H]+ 309.217 3 309.218 2.26 236.128 88, 192.102 60, 136.039 81, 100.112 37
Proparacaine C16H26N2O3 298-50-0 6.02 [M + H]+ 295.201 6 295.202 2 2.03 222.113 34, 178.086 94, 136.039 84, 100.112 39

Articaine C13H20N2O3S 23964-58-1 5.03 [M + H]+ 285.126 7 285.126 9 0.70 240.062 61, 198.036 07, 86.096 56
Lidocaine C14H22N2O 137-58-6 4.91 [M + H]+ 235.180 5 235.180 7 0.85 217.193 36, 179.105 61, 57.070 33

Tricaine methanesulfonate C9H11NO2 886-86-2 9.02 [M + H]+ 166.086 3 166.086 4 0.94 138.055 01, 120.044 34, 94.065 14, 77.037 61
Methyl eugenol C11H14O2 93-15-2 16.15 [M + H]+ 179.106 7 179.106 7 0.01 164.082 43, 149.022 42, 138.066 73, 116.971 71

Methyl isoeugenol C11H14O2 93-16-3 16.97 [M + H]+ 179.106 7 179.106 6 –0.41 151.074 58, 138.054 24, 116.971 55, 107.049 10
1-Acetoxy-2-methoxy-4-(1-

propenyl)benzene
C12H14O3 93-29-8 17.42 [M + H]+ 207.101 6 207.101 9 1.45 165.090 16, 149.022 60, 133.064 22, 105.069 77

Eugenol acetate C12H14O3 93-28-7 16.95 [M + H]+ 207.101 6 207.101 8 0.97 189.089 98, 165.090 21, 149.022 67, 84.959 91
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chromatographic  column could  effectively  separate  four  groups  of
isomers: tricaine methanesulfonate and benzocaine, 3-aminobenzoic
acid  and  4-aminobenzoic  acid,  methyl  eugenol  and  methyl
isoeugenol,  and  1-acetoxy-2-methoxy-4-(1-propenyl)  benzene  and
eugenol  acetate.  The  peak  shape  was  better  and  sharper.  The
extraction ion chromatograms of the 51 compounds were shown in
Figure S1.

Since  all  51  compounds  were  detected  using  ESI+,  0.1%  formic
acid acetonitrile-0.1% formic acid water, 0.1% formic acid methanol-
0.1% formic acid water, and 0.1% formic acid methanol-acetonitrile
(1:1, V/V)-0.1%  formic  acid  water  were  selected  as  the  mobile
phases  to  investigate  the  separation  degree  and  peak  shape  of  the
target  compounds.  The  experimental  results  showed  that  when
acetonitrile  was  used  as  the  mobile  phase,  the  chromatographic
peaks  of  methyl  eugenol  and  methyl  isoeugenol  could  not  be
separated;  however,  when  acetonitrile  was  used  as  the  organic
phase, the peak shape of the tranquilizer drugs was better than that
of  methanol  as  the  organic  phase.  Therefore,  0.1%  formic  acid
methanol-acetonitrile  (1:1, V/V)  was adopted as  the organic  phase
for  this  experiment.  In addition,  adding formic acid to  the mobile
phase  can  effectively  improve  the  response  of  the  target
compounds.  Therefore,  0.1%  formic  acid  methanol-acetonitrile
(1:1, V/V)-0.1% formic acid water was selected as the mobile phase
for this experiment.

 3.2    Optimization of MS parameters
The UPLC-Q-Orbitrap HRMS simultaneously collects the primary
parent  ion  and  secondary  fragment  ion  information  of  51  target
compounds in the Full Scan-ddMS2 mode. The theoretical accurate
mass  number  of  the  molecular  ion  peak  [M  +  H]+ is  calculated
based on their chemical formulas, and then the corresponding ion
chromatogram and MS/MS spectral library are extracted, as shown
in Figures  S1−S2.  The  relative  deviation  of  the  accurate  mass
numbers of the 51 compounds is all less than 5.0 × 10–6, as shown in
Table 1. This complies with the regulations of European Union for
LC/MS[35],  and can be used for qualitative and quantitative analysis
of the target compounds.

 3.3    Optimization of pre-treatment conditions

 3.3.1    Optimization of the extraction solvent

Since  livestock  meat  contains  a  considerable  amount  of  fat  and
protein,  and  the  polarities  of  various  tranquilizer  drugs  and
anesthetic drugs are quite different, while improving the extraction
efficiency  of  different  compounds,  it  is  necessary  to  minimize  the
influence  of  fat,  protein  and other  substances  on the  experimental
results. In this experiment, the commonly used extraction reagents
acetonitrile,  ethyl  acetate  and  methanol  reported  previously  were
selected as extraction solvents[16,21]. Each extraction solvent was tested
in triplicate in parallel, and the experimental results were shown in
Figure  1.  The  protein  precipitation  effect  of  methanol  and  ethyl
acetate is not as good as that of acetonitrile. Moreover, the average
recovery rate of 51 compounds in acetonitrile is between 60.4% and
98.4%;  the  average  recovery  rate  in  methanol  is  between  8%  and
81.3%,  and  the  recovery  rate  of  20  compounds  is  below  50%;  the
average recovery rate in ethyl acetate is between 12% and 90%, and
the  recovery  rate  of  23  compounds  is  below  50%.  Based  on  the
above  experimental  results,  acetonitrile  was  selected  as  the
extraction solvent in this experiment.

 3.3.2    Optimization of purification methods

In  recent  years,  many  scholars  have  applied  the  QuEChERS
method,  which  is  commonly  used  for  pesticide  residue  detection
and  analysis,  to  the  experiments  of  veterinary  drug  residue
detection  and  analysis[36−39].  The  common  QuEChERS  usually
includes  fillers  such  as  C18,  PSA,  MgSO4,  and  PC.  C18 mainly
adsorbs non-polar macromolecular impurities, such as proteins and
fats,  which  are  liposoluble  substances;  PSA  can  adsorb  organic
acids; MgSO4 mainly serves to strongly absorb water, preventing the
emulsification  of  the  organic  phase;  PC  can  strongly  adsorb
pigments.  In  this  experiment,  the  recovery  rates  of  three  different
fillers and specifications of QuEChERS (A: 150 mg MgSO4 + 25 mg
PSA; B: 150 mg MgSO4 + 50 mg PSA + 50 mg C18; C: 50 mg PC +
50  mg  C18 +  50  mg  MgSO4)  were  compared  through  the  blank
matrix spiked recovery experiment.  Each purification material  was
tested in triplicate in parallel,  the experimental  results  were shown
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Figure 1    Effects of different extraction solvent on recovery rates of (A) 24 tranquilizer drugs and (B) 27 anesthetic drugs.
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in Figure  2.  The  recovery  rates  of  the  fillers  in  A,  B,  and  C  were
within the range of 28.0% to 132.5%, 71.0% to 116.0%, and 5.0% to
118.5%,  respectively.  The  results  demonstrated  that  the  average
recovery rates for all 51 compounds obtained using B fell within the
acceptable  range  of  70%  to  120%,  meeting  the  validation
requirements for quantitative analysis. Therefore, B was selected as
the  purifying  agent.  The  samples  were  purified  using  the
QuEChERS method, which offers the advantages of simplicity and
speed compared to solid phase extraction (SPE)[17−18].

 3.4    ME

The  matrix  of  livestock  meat  which  rich  in  fat  and  protein  is
relatively  complex and can easily  interfere  with the  reproducibility
and accuracy of the test results. Therefore, this study examines the
degree of interference of the ME on the experimental results. When
the |ME| ≤ 15%, it is considered that the ME can be ignored[21]. The
results of the ME for beef, mutton and pork in this experiment were
shown  in Table  2.  Only  10  compounds  in  the  beef  matrix,  26
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Figure 1    (Continued)
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Figure 2    Effects of different purification agents on recovery rates of (A) 24 tranquilizer drugs and (B) 27 anesthetic drugs.
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Figure 2    (Continued)

 

Table 2    Linearity, LOD and LOQ of 24 tranquilizer drugs and 27 anesthetic drugs.

No. Compound Linear equation
Linear range

(ng/mL)
R2

LOD
(μg/kg)

LOQ
(μg/kg)

ME (%)
Beef Mutton Pork

1 Azaperol y = –1.262 3 × 106 + 362 111x 1–100 0.996 3 1 2 –39.9 46.1 6.4
2 Desloratadine y = –837 746 + 265 786x 1–200 0.995 6 1 2 47.6 –28.2 –15.7
3 Hexanitrodiphenylamine y = –1.700 07 × 106 + 469 457x 1–100 0.995 2 1 2 12.5 34.5 –20.5
4 Azaperone y = –985 469 + 186 263x 2–100 0.995 6 2 5 9.2 61.3 –0.9
5 Propionylpromazine y = –2.090 36 × 106 + 1.149 94 × 106x 1–200 0.999 8 1 2 18.4 –2.6 –9.3
6 Cyproheptadine y = 258 681 + 1.618 64 × 106x 1–200 0.999 4 1 2 1.7 –1.9 45.4
7 Diazepam y = –4.755 43 × 106 + 1.728 09 × 106x 1–200 0.997 8 1 2 38.4 60.6 16.9
8 Chlorpromazine y = –8.964 45 × 106 + 1.033 3 × 106x 5–200 0.997 0 5 10 37.3 0.8 18.5
9 Terfenadine y = –243 647 + 836 102x 1–200 0.998 9 1 2 –27.9 –8.4 –42.5

10 Haloperidol y = 17 961.2 + 793 821x 1–200 0.999 8 1 2 –48.3 –1.4 –26.3
11 Droperidol y = –20 724.3 + 325 624x 1–200 0.999 9 1 2 50.9 54.6 5.0
12 Carazolol y = 444 213 + 947 604x 1–200 0.999 2 1 2 –32.9 11.3 –39.0
13 Prochlorperazine y = –5.689 94 × 106 + 522 372x 5–200 0.996 8 5 10 30.0 20.9 –18.5
14 Diphenhydramine y = –273 287 + 931 218x 1–200 0.999 9 1 2 47.1 –4.5 47.3
15 Promethazine y = –5.248 37 × 106 + 1.299 28 × 106x 1–200 0.998 5 1 2 –7.4 –16.8 39.5
16 Acepromazine y = –1.873 11 × 106 + 1.116 64 × 106x 1–200 0.999 7 1 2 34.9 –8.6 16.3
17 Astemizole y = –53 196 + 199 573x 1–200 0.997 8 1 2 –44.5 –12.7 30.0
18 Hydroxyzine y = –57 330.7 + 694 885x 1–200 0.999 6 1 2 –35.7 –6.9 26.8
19 Fluphenazine y = –193 966 + 787 070x 1–200 0.999 6 1 2 –49.5 10.5 –47.6
20 Xylazine y = 578 396 + 1.915 12 × 106x 1–200 0.999 7 1 2 –24.8 –5.8 –44.8
21 Loratadine y = 89 214.3 + 530 582x 1–200 0.999 8 1 2 –15.1 52.6 –42.4
22 Cetirizine y = 195 066 + 300 047x 1–200 0.999 1 1 2 34.9 61.3 –26.7
23 Brompheniramine y = –988 913 + 268 569x 1–100 0.995 6 1 2 –25.5 18.5 –16.7
24 Tripelennamine y = –1.647 87 × 106 + 478 574x 1–100 0.996 7 1 2 41.2 26.4 –35.3
25 Procaine y = –1.772 5 × 106 + 1.294 52 × 106x 1–200 0.998 5 1 2 –53.7 –43.8 –11.3
26 Procainamide y = –653 290 + 695 696x 2–200 0.999 9 2 5 –37.6 –38.4 –23.5
27 Chloroprocaine y = 9.206 36 × 106 + 1.106 32 × 107x 5–200 0.999 4 5 10 27.8 –58.7 43.9
28 Prilocaine y = 1.320 72 × 106 + 755 569x 1–200 0.997 6 1 2 –1.4 1.9 48.3
29 Ropivacaine y = –844 839 + 1.727 93 × 106x 1–200 1.000 0 1 2 40.3 –9.7 42.3
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compounds in the mutton matrix  and 12 compounds in the pork
matrix can be considered to have no ME. The response intensity of
the remaining compounds is significantly enhanced or inhibited by
the matrix.  To eliminate this  influence,  the quantitative analysis  of
51 target compounds uses a blank matrix-matched standard curve.

 3.5    Linearity,  LOD  and  LOQ  of  tranquilizer  drugs  and
anesthetic drugs
As  shown  in Table  2,  within  the  concentration  range  of
1–200  ng/mL,  the  linear  relationship  of  the  51  target  compounds

was good, with a correlation coefficient (R2) ≥ 0.995 2, and the LOD
was 1–5 μg/kg, the LOQ was 2–10 μg/kg.

 3.6    Accuracy and precision
As  shown  in Table  3,  the  average  spike  recovery  rates  of  beef,
mutton and pork ranged from 84.0% to  111.9%,  85.1% to  107.1%
and  84.1%  to  105.9%  respectively,  and  and  the  relative  standard
deviation  (RSD)  ranged  from  2.5%  to  7.5%， 2.7%  to  7.4%  and
2.6% to 8.5% respectively. The results indicate that the average spike
recovery  rates  and  RSDs  of  the  51  target  compounds  all  meet  the
corresponding detection requirements[40].

Table 2 (Continued)
 

No. Compound Linear equation
Linear range

(ng/mL)
R2

LOD
(μg/kg)

LOQ
(μg/kg)

ME (%)
Beef Mutton Pork

30 Bupivacaine y = –683 552 + 933 327x 1–200 0.999 9 1 2 47.9 –6.6 38.8
31 Butacaine y = 1.090 95 × 107 + 1.106 38 × 107x 1–200 0.999 2 1 2 15.8 14.5 –14.2
32 Tetracaine y = –911 930 + 1.322 55 × 106x 1–200 0.999 6 1 2 –43.0 –1.6 –4.9
33 Benzocaine y = –872 679 + 1.216 04 × 106x 1–200 0.999 7 1 2 –45.4 23.3 9.7
34 Pramoxine y = 968 869 + 1.559 65 × 106x 1–200 0.999 0 1 2 –27.2 –1.4 –11.3
35 Cinchocaine y = –3.503 39 × 106 + 1.291 68 × 106x 1–200 0.999 5 1 2 –19.2 2.5 –1.7
36 Risocaine y = –1.436 14 × 107 + 1.237 96 × 107x 1–200 0.999 7 1 2 17.8 14.7 –21.2
37 3-Aminobenzoic acid y = –594 665 + 597 934x 1–200 0.999 5 1 2 –8.9 –3.9 25.5
38 4-Aminobenzoic acid y = –1.367 06 × 106 + 1.467 43 × 106x 1–200 0.999 9 1 2 –50.9 18.7 –32.2
39 4-Acetamidobenzoic acid y = –229 741 + 253 536x 1–200 0.999 1 1 2 –14.1 48.4 –8.9
40 Etidocaine y = –558 096 + 1.432 98 × 106x 1–200 0.999 4 1 2 –11.9 –3.9 37.3
41 Mepivacaine y = 1.504 96 × 106 + 1.451 05 × 106x 1–200 0.999 1 1 2 46.6 –1.5 –51.0
42 Trimecaine y = 937 145 + 1.553 98 × 106x 1–200 0.999 0 1 2 31.8 –1.4 30.8
43 Oxybuprocaine y = –561 302 + 1.222 87 × 106x 1–200 0.999 4 1 2 –2.5 –4.3 21.1
44 Proparacaine y = –9.252 28 × 106 + 9.298 99 × 106x 1–200 0.999 3 1 2 35.2 16.6 –47.0
45 Articaine y = 1.637 83 × 106 + 950 915x 1–200 0.998 3 1 2 44.4 –22.5 –13.3
46 Lidocaine y = –449 967 + 1.655 79 × 106x 1–200 0.999 6 1 2 24.8 –5.9 –45.3
47 Tricaine methanesulfonate y = 15 702 + 534 459x 1–200 0.999 6 1 2 54.0 –34.7 –47.1
48 Methyl eugenol y = 721 513 + 27 097.3x 10–200 0.997 8 5 10 48.9 –57.8 30.1
49 Methyl isoeugenol y = 47 596.3 + 59 668.8x 5–200 0.996 7 5 10 35.1 –47.6 –22.4
50 1-Acetoxy-2-methoxy-4-(1-propenyl)benzene y = 449 587 + 194 123x 2–200 0.996 8 2 5 19.4 –32.8 –28.7
51 Eugenol acetate y = 452 803 + 146 710x 2–200 0.995 8 2 5 –8.7 –30.9 –44.1

 

Table 3    Recoveries and RSDs of 24 tranquilizer drugs and 27 anesthetic drugs (n = 6).

Compound Spiked level
(μg/kg)

Beef Mutton Pork
Average spike

recovery rate (%) RSD (%) Average spike
recovery rate (%) RSD (%) Average spike

recovery rate (%) RSD (%)

Azaperol
2 94.8 4.6 97.2 5.9 97.3 3.1
4 87.0 7.4 105.7 6.1 91.6 6.3

20 107.7 5.4 94.8 7.0 102.8 3.7

Desloratadine
2 86.7 4.7 85.9 4.9 91.8 7.0
4 87.8 3.6 85.9 5.7 92.8 4.5

20 86.3 6.2 101.6 4.7 91.1 6.0

Hexanitrodiphenylamine
2 87.2 3.0 99.7 5.7 86.7 3.2
4 105.3 4.6 101.1 6.5 101.1 4.6

20 105.5 5.4 85.3 7.3 97.3 5.9

Azaperone
5 85.9 6.7 99.8 5.4 100.8 5.5

10 110.5 4.5 101.2 5.2 88.1 5.9
50 105.0 7.1 102.6 4.2 87.6 2.7

Propionylpromazine
2 108.7 7.4 89.5 3.5 104.1 4.2
4 108.1 3.4 94.4 5.7 102.9 6.5

20 87.6 3.7 106.8 3.7 94.0 4.9

Cyproheptadine
2 86.5 5.5 85.3 4.2 105.6 6.9
4 107.7 5.2 101.0 6.6 97.5 3.7

20 100.9 3.2 87.2 4.7 89.3 6.5

Diazepam
2 89.0 2.9 96.4 4.1 99.4 6.7
4 96.0 2.8 93.6 3.0 99.6 4.0

20 88.3 5.9 104.1 6.4 103.2 6.7
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Table 3 (Continued)
 

Compound Spiked level
(μg/kg)

Beef Mutton Pork
Average spike

recovery rate (%) RSD (%) Average spike
recovery rate (%) RSD (%) Average spike

recovery rate (%) RSD (%)

Chlorpromazine
10 90.5 5.0 91.9 6.7 94.1 7.0
20 111.2 5.4 104.0 6.8 91.1 6.3

100 111.2 4.5 100.7 3.6 90.4 7.1

Terfenadine
2 88.5 6.4 96.4 6.2 92.3 6.9
4 93.6 3.8 105.9 4.2 86.4 4.5

20 92.2 4.0 95.6 2.8 94.5 3.9

Haloperidol
2 111.4 3.0 102.0 5.4 105.6 3.8
4 99.6 5.2 86.4 3.8 103.6 3.3

20 106.7 2.6 96.0 6.6 88.7 3.3

Droperidol
2 106.0 3.1 105.2 3.8 103.5 5.0
4 102.6 4.6 88.2 3.2 98.7 5.9

20 86.1 2.9 102.9 2.7 92.0 6.4

Carazolol
2 89.3 4.8 91.1 7.1 105.3 3.1
4 102.0 3.9 93.0 5.5 96.6 6.5

20 92.1 5.6 106.6 4.7 100.5 3.6

Prochlorperazine
10 111.9 2.7 93.7 3.0 90.4 7.0
20 111.6 4.0 97.0 5.1 88.4 4.2

100 102.5 4.7 102.6 5.9 103.3 3.4

Diphenhydramine
2 95.8 5.8 98.0 3.2 104.2 5.0
4 96.5 6.8 85.4 4.3 95.5 2.9

20 88.0 5.8 106.6 3.8 92.7 4.0

Promethazine
2 86.8 4.1 100.2 3.6 92.3 3.7
4 94.8 5.7 99.1 7.1 95.4 6.8

20 91.4 5.4 96.8 6.4 102.0 7.4

Acepromazine
2 89.5 5.9 85.4 3.1 91.2 6.8
4 92.0 3.0 99.6 3.5 97.6 4.2

20 105.4 4.9 93.6 5.5 99.9 6.9

Astemizole
2 98.5 7.5 88.8 4.5 95.1 3.5
4 111.4 5.4 87.3 6.1 103.9 3.9

20 102.4 5.0 106.1 6.8 92.3 5.2

Hydroxyzine
2 104.7 3.5 101.8 5.5 91.2 5.3
4 85.6 5.6 104.0 5.4 90.0 3.7

20 108.3 5.7 102.7 7.0 96.4 3.7

Fluphenazine
2 99.3 2.8 107.1 5.1 101.6 5.6
4 88.0 5.0 95.5 6.5 100.2 3.1

20 99.6 6.5 105.5 4.1 86.7 7.2

Xylazine
2 87.9 7.4 85.9 4.9 105.9 8.5
4 98.9 4.9 104.1 6.5 95.6 5.5

20 110.7 5.8 102.8 6.4 87.7 6.7

Loratadine
2 94.9 3.5 95.2 3.0 86.4 4.3
4 105.6 4.5 85.6 3.4 99.7 3.8

20 102.8 4.8 102.6 7.1 104.1 7.3

Cetirizine
2 89.2 3.1 96.2 6.5 97.0 7.0
4 106.3 4.7 100.1 6.0 92.9 6.6

20 111.4 6.6 105.6 5.1 100.2 3.8

Brompheniramine
2 91.2 7.3 103.8 4.5 89.2 5.3
4 100.5 4.4 86.7 4.5 86.8 7.4

20 106.5 7.1 88.9 3.5 87.2 2.9

Tripelennamine
2 90.1 6.9 98.0 6.6 90.8 6.0
4 85.6 6.0 103.4 3.5 101.2 6.0

20 89.0 5.6 95.6 4.7 90.3 4.2

Procaine
2 93.2 2.5 93.5 5.3 90 3.1
4 86.4 3.7 87.5 4.8 94.7 4.3

20 93.6 6.7 88.5 6.6 89.3 2.8

Procainamide
5 92.3 2.5 89.9 3.6 84.2 3.2

10 94.2 6.5 93.3 5.8 91.1 3.7
50 88.2 5.2 90.0 6.5 90.3 5.6

Chloroprocaine
10 92.0 7.5 87.8 5.4 89.7 3.3
20 92.4 6.6 85.5 5.1 94.5 5.6

100 94.3 6.7 92.9 3.8 92.8 4.0
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Table 3 (Continued)
 

Compound Spiked level
(μg/kg)

Beef Mutton Pork
Average spike

recovery rate (%) RSD (%) Average spike
recovery rate (%) RSD (%) Average spike

recovery rate (%) RSD (%)

Prilocaine
2 85.8 2.8 86.2 5.0 90.4 5.3
4 88.3 6.6 91.3 7.0 84.8 3.8

20 89.5 3.4 88.3 4.5 87.4 4.2

Ropivacaine
2 91.9 6.1 87.6 6.1 94.3 2.7
4 84.2 4.8 92 2.8 84.4 8.3

20 88.9 6.8 85.3 5.3 87.5 5.1

Bupivacaine
2 87.1 2.8 92.8 7.3 92.0 6.3
4 87.2 4.8 87 5.7 93.8 6.7

20 90.1 6.8 87.7 4.4 88.8 5.0

Butacaine
2 86.5 4.9 85.6 3.3 84.6 6.7
4 90.0 3.1 88.7 6.6 87.4 7.2

20 84.1 3.8 92.5 3.3 100.5 6.7

Tetracaine
2 91.3 4.7 86.8 5.5 84.5 5.6
4 93.1 3.0 85.9 5.1 94.8 3.9

20 92.4 5.0 87.2 5.6 94.5 4.0

Benzocaine
2 84.5 7.1 88.1 6.7 93.7 7.1
4 86.2 4.6 85.9 4.8 91.1 5.1

20 85.3 3.5 89.0 6.3 91.3 6.4

Pramoxine
2 91.5 5.5 90.9 5.3 93.9 6.4
4 85.3 5.9 87.0 3.5 95.0 4.0

20 90.8 3.8 86.4 6.7 85.5 6.8

Cinchocaine
2 87.5 3.1 85.9 6.0 94.8 3.5
4 101.8 3.6 85.1 5.5 94.8 4.7

20 85.9 6.5 94.5 3.9 87.3 4.7

Risocaine
2 91.1 7.5 93.8 5.2 87.9 6.9
4 90.6 5.6 85.5 6.0 93.3 2.6

20 89.9 5.0 92.4 7.4 94.1 5.2

3-Aminobenzoic acid
2 94.1 4.8 92.5 6.5 87.2 6.6
4 90.3 3.5 88.1 7.3 84.7 3.3

20 94.3 6.2 89.7 6.2 87.6 7.4

4-Aminobenzoic acid
2 86.9 3.3 90.9 3.9 93.3 6.1
4 90.1 4.5 92.5 7.3 88.2 5.4

20 91.1 6.6 90.0 5.8 90.2 5.7

4-Acetamidobenzoic acid
2 86.7 4.7 87.4 3.9 88.6 4.1
4 85.4 3.7 86.9 5.7 91.3 4.3

20 89.5 3.4 90.3 2.8 86.6 4.0

Etidocaine
2 91.4 4.0 92.6 5.5 88.2 4.4
4 93.5 4.9 93.3 5.2 89.4 2.6

20 95.0 5.3 88.5 4.8 85.8 3.2

Mepivacaine
2 91.6 4.8 86.1 5.0 87.6 4.2
4 92.2 7.5 89.4 5.5 90.9 7.3

20 84.8 5.7 91.3 5.6 91.2 4.0

Trimecaine
2 87.7 6.6 88.6 7.2 84.5 3.2
4 86.9 6.9 93.3 3.0 90.7 4.0

20 92.3 3.1 85.1 4.6 85.1 3.0

Oxybuprocaine
2 88.5 6.6 89.1 5.5 90.7 5.0
4 91.7 5.6 85.5 4.0 89.7 3.5

20 92.9 6.4 88.0 5.4 84.3 3.2

Proparacaine
2 89.6 7.4 90.8 6.2 86.5 8.1
4 86.9 5.8 90.1 6.4 85.3 4.0

20 88.7 3.9 86.8 7.1 88.5 3.7

Articaine
2 92.8 3.7 87.4 2.8 88.9 3.3
4 91.2 7.2 91.0 3.3 88.0 5.9

20 88.7 7.2 93.7 4.1 84.2 3.5

Lidocaine
2 92.3 2.9 93.0 4.6 86.1 5.1
4 93.8 3.4 86.0 6.6 93.8 3.9

20 90.4 5.3 85.3 5.3 91.5 6.6

Tricaine methanesulfonate
2 92.8 6.5 90.5 2.7 89.6 4.2
4 86.2 3.1 90.5 4.9 92.9 4.4

20 91.5 3.4 85.7 4.0 93.8 5.0
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 3.7    Sample analysis
In  order  to  investigate  the  applicability  of  the  method,  10  beef
samples,  10  mutton  samples  and  10  pork  samples  were  tested  for
the residues of 24 tranquilizer drugs and 27 anesthetic drugs. It was
found that the content of cyproheptadine in one batch of pork was
11 μg/kg, while none of the other compounds were detected. None
of the 51 target substances were detected in other samples.

 4    Conclusions
This  study  focused  on  beef,  mutton  and  pork  as  the  research
subjects. By optimizing the purification methods for pre-treatment,
chromatographic and MS conditions, a method for simultaneously
detecting 24 tranquilizer drugs and 27 anesthetic drugs in livestock
meat was established. Methodological validation and actual sample
testing  were  also  conducted.  The  samples  were  purified  using  the
QuEChERS  method,  which  has  the  advantages  of  simplicity  and
rapidity compared to traditional purification methods (SPE). It is an
environmentally  friendly  and  highly  versatile  analytical  method.
This  study  provides  important  data  and  technical  support  for  the
rapid screening and precise  quantification of  24 tranquilizer  drugs
and 27 anesthetic drugs in livestock meat.
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