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Research Progress in Pre-treatment and Detection Technol-
ogies for Veterinary Drug Residues
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Abstract In recent years, the problem of veterinary drug residues in animal-derived foods has attracted worldwide attention. Developing rapid, simple, highly sen-
sitive, and high-throughput veterinary drug residue detection technologies has become an urgent need. This paper provides a comprehensive review of the pretreat-
ment and analytical techniques for veterinary drug residue analysis, comparing the detection principles, operational procedures, and respective advantages and dis-

advantages of various detection technologies. It further explores the future development directions of veterinary drug residue detection technologies.
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Pre-treatment Techniques for Veterinary Drug

Residues

Sample pre-treatment is the process of extracting and purif-
ying target compounds from samples to be tested. Based on the
physical and chemical properties of sample matrices and target an-
alytes, samples undergo preparation, extraction or enzymatic hy-
drolysis, purification, and concentration. Due to the complexity of
samples, when they contain abundant fats, proteins, or sugars,
the matrix effect (ME) can significantly increase, which may in-
terfere with target detection and contaminate the mass spectrome-
ter, particularly in trace analysis'".

According to the literature, during the analysis of a batch of
samples, pre-treatment accounts for two-thirds of the total time,
and approximately 60% of failures are attributed to this step. Ef-
fective pre-treatment not only reduces the impact of matrix and in-
strument contamination, but is also crucial for minimizing instru-
ment maintenance and enhancing the sensitivity, accuracy, and
precision of analytes. Therefore, selecting and designing a well-
considered sample processing procedure is of significant impor-
tance for ensuring the accuracy of experimental results.

Most current sample pre-treatment methods are designed for
analyzing one or multiple types of residues. During the detection
process, the high consumption of pre-treatment reagents can easily
lead to pollution of water sources, air, soil, and other environ-
mental components. Thus, while ensuring food safety through tes-
ting, there is a risk of causing secondary environmental pollution.

Due to the frequent occurrence of drug abuse, the scope of analytical
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targets, sample volumes and the difficulty of detection have all in-
creased significantly’ . Traditional detection methods are no lon-
ger sufficient to meet current demands, and new pre-treatment ap-
proaches are constantly emerging. The following are several main
pre-treatment methods currently commonly used for determining
veterinary drug residues.

Liquid-liquid extraction (LLE)

Liquid-liquid extraction is one of the classical extraction and
purification methods. Its principle involves separating target resi-
dues with different partition coefficients between two immiscible
solvents, and it is widely used for the extraction of similar related
substances*’. This method is matrix-driven and offers relatively
weak purification effects. It can be used for quantitative screening
of some veterinary drug residues and is often applied for semi-
quantitative screening of residues from several veterinary drug
products. Extraction solvents should be selected to minimize harm
to human health and environmental pollution. Acetonitrile, dime-
thyl sulfoxide, ethyl acetate, methanol, and cyclohexane are com-
monly used. The advantages of this method include not requiring
specialized equipment, and being inexpensive and easy to operate.
However, it involves high reagent consumption, poses significant
health risks to operators and is relatively time-consuming. It also
entails cumbersome procedures. Additionally, emulsification can
occur during the operation'*’. Ultrasonic-assisted liquid-liquid ex-
traction is an environmentally friendly technique. It involves emit-
ting ultrasound waves at liquid or liquid-solid interfaces, genera-
ting numerous bubbles that then collapse instantaneously, creating
shockwaves. When the bubbles collapse, the target analytes are
transferred into the extraction solvent.

Solid-phase extraction ( SPE)

Solid-phase extraction ( SPE ) separates measurable sub-
stances from impurities through selective adsorption and selective
elution. This means that target substances in a liquid sample are
adsorbed, eluted, and desorbed via heating, thereby achieving

]

rapid separation and purification”™ . An appropriate solid-phase
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extraction cartridge must be selected based on the properties of the
analyte to achieve optimal separation and purification. Solid-phase
extraction is a four-step process involving activation, loading,
washing, and elution, and it is a method frequently used today. It
is simple, rapid, and efficient, consumes minimal reagents, and
can be easily integrated with large-scale equipment. Commonly
used SPE cartridges include hydrophilic-lipophilic balanced
(HLB) columns, mixed-mode strong anion exchange (MAX) col-
umns, and mixed-mode strong cation exchange (MCX) columns.

The novel reversed-phase solid-phase extraction cartridge
eliminates the need for activation and equilibration steps. After
extraction, the sample solution can be passed directly through the
cartridge. Its unique frit design and packing technology allow for
rapid passing relying on gravity, saving reagents and improving ef-
ficiency. This method is environmentally friendly. It achieves up
to 95% removal of matrix interferences such as proteins, reduces
matrix effects, and enhances analytical accuracy and sensitivity.
QuEChERS method

The QuEChERS method was developed in the early 21™ cen-
tury, initially for detecting pesticide residues in agricultural prod-
ucts. Since then, it has been applied to the analysis of veterinary
drug residues because it is rapid, simple, and reliable for the sim-
ultaneous detection of multiple compounds. The principle involves
adsorbing, separating, and purifying the impurities by the interac-
tion between absorbent fillers and impurities in the matrix'®.
With ongoing research, this technique is increasingly being ap-
plied in animal feed, processed foods, pharmaceuticals, and envi-
ronmental fields. The process is straightforward, requiring only
homogenization, the addition of water and detergents, and parame-
ter setting on an automated QuEChERS machine, followed by di-
rect injection of the supernatant into the machine. It eliminates the
drawbacks of manual enrichment, elution, concentration, and
evaporation of target compounds. This method saves a significant
amount of organic chemicals, improves efficiency, and reduces
economic costs.

Accelerated solvent extraction (ASE)

Accelerated solvent extraction is a pre-treatment method that
uses organic solvents to automatically extract solid or semi-solid
samples under high temperature and pressure. This method en-
hances the solubility and diffusion efficiency of target analytes.
High temperature increases analyte solubility and reduces matrix
effects, while high pressure keeps the solvent in a liquid state at
elevated temperatures, preventing the evaporation of volatile com-
ponents and shortening extraction time'”'. However, the high cost
of equipment required for this technique has limited its widespread
application in the analysis of veterinary drug residues in animal-
derived foods.

Matrix solid-phase dispersion ( MSPD)

Matrix solid-phase dispersion is a rapid sample pre-treatment
technique proposed in the 1980s. It allows for the extraction and
purification of samples to be completed in a single step. The

uniqueness of this technique lies in its simultaneous homogenization,

extraction, and purification of the sample, eliminating the need for
transfer and solid-phase extraction cartridge steps. This reduces
the loss of target compounds and saves time costs in experiments.
Due to limitations in grinding particles and packing processes,
standardizing this method remains challenging™’ . In recent years,
some researchers have summarized the application of matrix solid-
phase dispersion for detecting veterinary drug residues in animal-

derived foods"’ .

Detection Techniques for Veterinary Drug Resi-

dues

Veterinary drugs in animal-derived foods can accumulate and
enrich in the human body through the food chain, posing risks to
human health. Attention to the detection of veterinary drug resi-
dues has been increasing both at home and abroad, with particular
focus on the detection of steroid hormones, nitroimidazoles, B-ag-
onists, sedatives, and similar drugs in animal-derived foods.

With societal development and advances in science and tech-
nology, detection methods for veterinary drug residues in animal-
derived foods are also evolving toward rapid efficiency, high sensi-
tivity, and environmental friendliness. Mass spectrometry screen-
ing technology is an analytical approach that separates and detects
compounds based on their mass-to-charge ratio (m/z). By detec-
ting the mass-to-charge ratio of compounds, accurate qualitative
and quantitative analyses are achieved. High-resolution mass
spectrometry (HRMS) offers exceptional resolution and ultra-high
precision mass analyzers for qualitative screening, effectively com-
pensating for the limitations of triple quadrupole mass spectrome-
try, which relies on reference standards and has a narrower
scope' . Liquid chromatography-mass spectrometry ( LC-MS )
combines the high-efficiency separation of chromatography with the
precise qualitative capability of mass spectrometry. It offers advan-
tages such as high sensitivity, strong selectivity, and a broad ap-
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plication range, making it the " gold standard" for analyzing trace

compounds'"’ .

High-resolution mass spectrometry (HRMS) based on liquid
chromatography (LC) has become an essential tool for detecting
veterinary drug residues. Ecological and efficient extraction meth-
ods represent the developmental direction for pre-treatment ap-
proaches. Advances in chromatography and column packing mate-
rials, improvements in resolution, and the optimization of applica-
tion software will further drive the application of this technology in
the determination of veterinary drug residues.

Gas chromatography-mass spectrometry ( GC-MS)

Gas chromatography-mass spectrometry ( GC-MS) accompli-
shes continuous separation between two phases primarily by levera-
ging differences in the boiling point, polarity, adsorption, and
other physical properties of samples. Based on differences in the
fragmentation patterns of substances, the ion source facilitates the
passage of charged ions through the detector. These ions are then
processed by an electrical signal amplifier, and the computer sys-

tem calculates the results. This method is suitable for volatile,
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small-molecular-weight, and thermally stable compounds. It is
easy lo operate, time-efficient, and environmentally friendly.
GC-MS is widely used in environmental and pesticide analysis due
to its robust detection, and high sensitivity and accuracy. Howev-
er, most veterinary drugs have high polarity and boiling points, re-
quiring extensive derivatization processes for detection by GC.
Since the 1980s, the development of high-performance liquid chro-
matography (HPLC) has surpassed that of GC, with drugs such as
sulfonamides and chloramphenicol being detected using HPLC'™'.
High-performance liquid chromatography ( HPLC)

The fundamental principle of high-performance liquid chro-
matography (HPLC) is that solvents of different polarities are sep-
arated or mixed with the mobile phase in the stationary phase
based on polarity differences, after which they are detected by the
detector and converted into electrical signals. HPLC is relatively
inexpensive and easy to operate, making it widely used in pharma-
ceuticals, chemistry, agriculture, the food industry, and re-
search. However, HPLC lacks a universal detector that meets the
requirements for veterinary drug residue analysis. Commonly used
detectors include ultraviolet detectors, fluorescence detectors, and
electrochemical detectors. Over the past decade, the most signifi-
cant development in HPLC has been the diode array detector.
Liquid chromatography-mass spectrometry ( LC-MS)

Research on liquid chromatography-mass —spectrometry
(LC-MS) began in the late 1960s. LC-MS largely addresses the
limitations of GC-MS, as it can analyze samples with low volatili-
ty, water solubility, and thermal instability. It allows for the sepa-
ration of more polar, high-molecular-weight, non-volatile, and
thermally unstable samples. These compounds constitute up to
80% of total organic matter. Combined with the powerful qualita-
tive capability of mass spectrometry for structural analysis by ex-
tracting compound fragment ions, L.C-MS has broad applications in
the field of organic analysis .

Types of mass spectrometers

Given the extensive application of LC-MS, the selection of
mass spectrometers has become a critical point. Triple quadrupole
mass spectrometers (TSQ-MS) offer strong quantitative and quali-
tative capabilities, with advantages such as high specificity and
sensitivity. They are already widely used for determining trace vet-
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erinary drug residues in animal-derived foods'™*'. Sector field

mass spectrometers ( Sector-MS ) change the magnetic field
strength and use secondary electron avalanche voltage detectors for
acceleration. lons, under the influence of Lorentz force, can ob-
tain accurate mass numbers, achieving high resolution. Although
they possess exceptional quantitative capabilities, good stability,
high sensitivity, and high resolution, these instruments are bulky,
structurally complex, difficult to operate, and relatively slow in
analysis speed””’. Fourier transform ion cyclotron resonance mass
spectrometry ( FTICR-MS) uses a magnetic field to induce ion cy-
clotron motion, and creates resonance conditions through rapid
sweeping and radiofrequency voltage, and following computer-

based fast Fourier transformation, mass spectra with ultra-high

mass accuracy can be obtained. This achieves high resolution and
is unaffected by signal detection time and resolution limitations. It
can simultaneously measure the mass-to-charge ratio and abun-
dance ratio of all ions. However, the instrument has the largest
physical footprint among mass spectrometers, requires a supercon-
ducting magnet and a high-vacuum system, and places high de-
mands on operators "', The bulky size and operational complexity
of Sector-MS and FTICR-MS instruments limit their widespread
use, and they are primarily employed for analyzing complex

samples.

Prospects

The increasing public concern over food safety and the grow-
ing stringency of international trade requirements for food safety
impose higher demands on veterinary drug residue analysis tech-
nology, while also presenting opportunities for its development.
The rapid advancement of modern analytical technologies provides
fundamental technical assurance for the establishment and im-
provement of veterinary drug residue detection methods. The
emergence of new analytical approaches and the complementary
application of multiple techniques are progressively addressing va-
rious challenges in veterinary drug residue analysis, such as com-
plex matrices, the wide variety of veterinary drugs, and low con-
centration levels. Currently, various countries are continuously
strengthening the monitoring and management of veterinary drug
residues, imposing increasingly higher demands on data accuracy
and expanding both the scope of monitoring and sample sizes. This
necessitates further advancements in veterinary drug residue detec-
tion technology to meet these evolving needs. The development di-
rection of veterinary drug residue detection technology can be sum-
marized as follows; (1) higher sensitivity, and lower detection
limits and quantification limits; (2) high throughput ( analyzing
more samples per unit of time) ; (3) multi-residue analysis (sim-
ultaneous determination of multiple veterinary drug residues ) ;
(4) higher selectivity, specificity, and anti-interference capabili-
ty; (5) increased automation and miniaturization of analytical in-
struments, and integration of pre-treatment and detection; (6)
advancement of more hyphenated techniques; and (7) pollution
reduction and achieving environmental friendliness. Evidently,
veterinary drug residue analysis technology still possesses signifi-
cant room for development. More scholars are needed to join the
research in this field, and continuously dedicate efforts to the de-
velopment and application of analytical methods across the three
levels of veterinary drug residue screening, quantification, and

confirmation.

References

[1] ZHANG JW, MENG L, WU ZM, et al. Research progress of pretreat-
ment technology for detection of veterinary drug residues in milk [ J].
Journal of Food Safety and Quality, 2021, 12(22) . 8745 —8751. (in
Chinese) .

[2] LIU YZ, ZHANG LL. Review of sample pretreatment technology for de-

tection of macrolide antibiotics residues in animal derived food [ J].



Lei WANG et al. Research Progress in Pre-treatment and Detection Technologies for Veterinary Drug Residues 53

Chemical Research, 2020, 31(3): 263 —269. (in Chinese).

[3] DENG LY. Research progress on pre-treatment methods for multi-residue
veterinary drugs in animal-derived foods[ J]. Animal Husbandry and Vet-
erinary Science & Technology Information, 2020(3): 15 - 16. (in Chi-
nese).

[4] QIAN C, LI J, CHEN G L. Research progress of sample preparation

methods in veterinary drug residue analysis for animal-derived foods[ J].

Journal of Food Safety and Quality, 2015, 6(5) ; 1666 — 1674. (in Chi-

nese).

GAO PF, GONG W, TANG YY, et al. Research progress on detection

technology and analysis of existing circumstance of veterinary drug resi-

s

[

dues in beef, mutton, cattle milk and goat milk[ J]. Chinese Journal of
Veterinary Drug, 2022, 56(1): 77 —85. (in Chinese).

[6] HU YN. Research on a liquid chromatography-mass spectrometry screen-
ing method for multiple residues involving 63 veterinary drugs in animal-
derived foods[ D]. Hubei: Huazhong Agricultural University, 2021. (in
Chinese) .

[7] WIERUCKA M, BIZIUK M. Application of magnetic nanoparticles for

magnetic solid-phase extraction in preparing biological , environmental and

food samples[ J]. TrAC, Trends in Analytical Chemistry (Regular ed. ) ,

2014, 59 50 —58.

WANG C, LIANG RQ, CAO ], et al. Application progress of high reso-

lution mass spectrometry in food analysis[J]. Journal of Food Safety and

Quality, 2018, 9(5) : 1038 —1044. (in Chinese).

[9] LEON N, ROCA M, IGUALADA C, et al. Wide-range screening of

banned veterinary drugs in urine by ultra high liquid chromatography cou-

8

[

Editor: Yingzhi GUANG

0®00#00S00S00S0040000S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0

(Continued from page 49)

References

[1] WANG TY LI MH, WU ZC, et al. Evaluation model of yellow peach cli-
matic quality rating in hilly mountainous areas[ J]. Journal of Applied
Meteorological Science, 2024, 35(4) : 456 —466.

[2] LIANG R. Loudi; " Ziquejie Tribute Rice" and " Shuiyunfeng Yellow
Peach" approved as national geographical indication products[ J]. The
Food Industry, 2025, 46(8) : 9.

[3] WANG F, HUANG JB, LI GH. Occurrence of and progress in fruit tree
diseases caused by Botryosphaeria spp. [ J]. Plant Protection, 2013, 39
(6):7-13.

[4] WANG JL. Systematic study on Botryosphaeria and related genera from
some regions of China[ D]. Beijing: Beijing Forestry University, 2003.

[5] ZHAO JP. Systematic taxonomy of tree canker pathogens—Botryosphaeria
and related fungi [ D]. Beijing: Chinese Academy of Forestry, 2007.

[6] WU XQ, HE YQ, LIU ZH. Occurrence and progress on tree cankers
caused by Botryosphaeria spp. [ J]. Journal of Nanjing Forestry Universi-
ty, 2001(1) ; 61 —66.

[7] FANG ZD. Research methods in plant pathology [ M]. Beijing: China
Agriculture Press, 1998.

[8] SU ZG, YANG Z(Q. Spatial distribution of high-temperature damage dur-
ing the maturation period of yellow peach fruits[ J]. Journal of Anhui Ag-
ricultural Sciences, 2015, 43(19); 168 —169, 189.

Editor: Yingzhi GUANG

pled to high-resolution mass spectrometry[J]. J Chromatogr A, 2012,
1258 : 55 —65.

[10] HU MZ, MENG XS, WANG C, et al. Advances in application of mass
spectrometry in high-throughput and rapid detection[J]. Journal of In-
strumental Analysis, 2018, 37(2): 127 - 138. (in Chinese).

[11] CHEN G, SCHNEIDER MJ. A rapid spectrofluorometric screening
method for enrofloxacin in chicken muscle[ J]. J Agric Food Chem,
2003, 51(11): 3249 -3253.

[12] SU Y. Research on high-throughput screening methods for hundreds of
veterinary drug residues in animal-derived foods[ D]. Sichuan; Sichuan
Agricultural University, 2019. (in Chinese).

[13] GUO TR, YE M, KE H, et al. Application of high resolution mass
spectrometry in the detection of veterinary drug residues in animal foods
[J]. Food Science and Technology, 2020, 45(7) : 371 =377. (in Chi-
nese) .

[14] WU YN, LI JG, ZHENG MH, et al. Research on trace and ultra-trace
detection techniques for dioxins, polychlorinated biphenyls, and chloro-
propanols[ Z]. 2004. (in Chinese).

[15] WANG W, CAI WS, SHAO XG. Progress in Fourier transform ion cy-
clotron resonance mass spectroscopy [ J ]. Progress in Chemistry, 2005
(02): 336 —342. (in Chinese).

[16] SENYUVA HZ, GOKMEN V, SARIKAYA EA. Future perspectives in
Orbitrap-high-resolution mass spectrometry in food analysis: A review
[J]. Food Addit Contam Part A Chem Anal Control Expo Risk Assess,
2015, 32(10) : 1568 - 1606.

Proofreader: Xinxiu ZHU
[SE JeleR JeleR JeieR JSIeR JeieR AeieR JeleR JeleR YeleR JelsR JeleR YeieR JeleR ool JeieR Yok Jelek Yok JeieR Yelek YeleR JeleR Yol

[9] SLIPPERS B, WINGFIELD MJ. Botryosphaeriaceae as endophytes and
latent pathogens of woody plants; Diversity, ecology and impact [ J].
Fungal Biology Reviews, 2007, 21 90 —106.

[10] WANG F, ZHAO L, LI G, et al. ldentification and characterization of
Botryosphaeria spp, causing gummosis of peach trees in Hubei Province,
central China[ J]. Plant Disease, 2011, 95 1378 - 1384.

[11] WANG F, HUANG JB, LI GH. Diseases caused by Botryosphaeria spe-
cies in fruit trees and research advances[ J]. Plant Protection, 2013, 39
(6):7-13.

[12] LIU Y, WANG FR, WANG HL, et al. Transcriptomic analysis of peach
response to Botryosphaeria infection [ J ]. Molecular Plant Breeding,
2024, 22(6) : 1842 — 1849.

[13] ZHOU YY, ZHANG W, LI XH, et al. Identification of Botryosphaeria
dothidea associated with cherry leaf spot disease[ J]. Acta Phytopatho-
logica Sinica, 2021, 51(4) : 636 —640.

[14] WANG XJ, LI SY, LI YW, et al. Pathogen identification of kiwifruit
soft rot and fungicide screening for control of the disease[ J]. Journal of
Plant Protection, 2017, 44(5) ; 826 —832.

[15] WEAVER DJ. A gummosis disease of peach trees caused by Botryospha-
eria dothidea[ J]. Phytopathology, 1974, 64 . 1429 —1432.

[16] YU FS, QIANG Y, QIN SL, et al. Identification of a strain in Botryo-
sphaeria infecting fruit of yellow peach variety "Jinxiu" [J]. Acta Agri-
culturae Universitatis Jiangxiensis, 2021, 43(3) ; 566 —573.

Proofreader: Xinxiu ZHU



	美生-1期-串稿 50.pdf
	美生-1期-串稿 51.pdf
	美生-1期-串稿 52.pdf
	美生-1期-串稿 53.pdf

