Animal Husbandry and Feed Science, 2025, 17 (1-6): 41-48

DOI: 10.19578/j.cnki.ahfs.2025.01-06.007

Screening for Illegally Added Drugs in Self—Formulated

Feeds Using High—Resolution Mass Spectrometry

Xing Qianwen', Xa Cui?, Zhao Fang?, Cui Shasha®, Wu Liyong®, Zhang Liang’, Li Yandong", Han Xue*
1. Hebei Provincial Station of Veterinary Drug and Feed, Shijiazhuang 050035, China; 2. College of Food and Biology, Hebei University of Science
and Technology, Shijiazhuang 050018, China; 3. Hebei Provincial Animal Husbandry Station, Shijiazhuang 050035, China

Abstract

[Objective] The paper aimed to effectively reduce the occurrence of bacterial resistance associated with breeding practices and to miti-

gate food safety risks by controlling the illegal use of veterinary drugs in self-formulated feed at the source. [Method] A screening database com-

prising 274 illegally added chemical drugs in self-formulated feed was established utilizing ultra-performance liquid chromatography coupled with

quadrupole/electrostatic field orbitrap high-resolution mass spectrometry (HPLC-Q-Exactive Focus/MS). Subsequently, 253 batches of self-formulated

feed samples from various farms in Hebei Province were screened and quantitatively analyzed. [Result] The screening results indicated the presence

of 8 pharmaceutical components across 10 batches of self-formulated feed samples, with a detection rate of 3.2% and concentrations ranging from

0.06 to 28 851.8 pg/g. [Conclusion] The application of high-resolution mass spectrometry is feasible and highly significant for the risk monitoring

of illegally added drugs in self-formulated feed.
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ith the rapid advancement of

intensive breeding models, the

)%

self-formulated feed is increasing steadily.

number of practitioners utilizing

Feed company technicians and self-media
channels have disseminated knowledge
regarding premixes and highlighted the
benefits and features of self-formulated
feed. When combined with the practical
experience of industry professionals, this
has contributed to the growing adoption of
self-formulated feed. Self-formulated feed
primarily entails combining purchased
premixes or concentrated feeds with raw
feed materials such as corn and bran. This
approach is characterized by its simplicity,
low processing costs, and operational flexi-
bility, making it highly favored among
farmers. However, some farmers, aiming to
increase economic gains and reduce ex-
penses, utilize substandard raw materials,
which leads to inconsistent quality in self-
formulated feed!"™. Among these, certain

unscrupulous breeders incorporate veteri-
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nary drugs intended for the prevention and
treatment of animal diseases, as well as
prohibited substances, into the feed to mask
potential adverse reactions in livestock
and poultry resulting from the inferior
quality of the raw materials themselves®.
To enhance the supervision of the breed-
ing process, promote rational and scientif-
ic breeding practices, and further reduce
the illegal addition of veterinary drugs in
self-formulated feed, the Ministry of Agri-
culture and Rural Affairs of the People’s
Republic of China issued Announcement
No0.307. This announcement explicitly stipu-
lates that when farmers produce self-for-
mulated feed for daily use, they are pro-
hibited from adding veterinary drugs other
than those permitted for use in commercial
feed, such as anticoccidials and traditional
Chinese medicinal drugs™. However, owing
to the diverse forms of self-formulated feed,
some feed preparers exhibit limited legal
awareness and insufficient understanding

of relevant laws and regulations. Conse-

Supported by the Earmarked Fund for Hebei Agriculture Research System (HBCT2024260407).
*Corresponding author. E-mail: 2379112966@qq.com

quently, illegal and irregular practices
persist, including drug abuse, unauthorized
addition of veterinary drugs, and even the
incorporation of prohibited substances
during the feed preparation process, pos-
ing significant challenges to the regulatory
oversight conducted by feed management
authorities™ .

In this study, a database comprising
274 drugs was established using ultra-
performance liquid chromatography cou-
pled with quadrupole/electrostatic field
orbitrap high-resolution mass spectrometry
(HPLC-Q-Exactive FocusMS). This database
was utilized to investigate the presence of
illegally added drugs in self-formulated
feed products, identify the specific drugs
and illegal additives present, and analyze
the potential causes or sources of their
occurrence. The findings aim to provide
technical support for subsequent regulatory

supervision.

1 Sample Source

The samples were obtained from
multiple breeding enterprises located in
Hebei Province. Detailed information re-
garding the feed samples is provided in
Tab.1.
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Tab.1 Information of collected samples

Collection
Collection site Sample type quantity
batch
Langfang, Hebei Self-formulated feed for fattening pigs 2

Baoding, Hebei
and poultry

Xingtai, Hebei

Cangzhou, Hebei
feed at egg laying period

Self-formulated feed for laying hens, self-formulated feed for livestock 24

Self-formulated feed for laying hens, self-formulated feed for broilers 30

Self-formulated feed for laying hens at youth period, self-formulated 31

Hengshui, Hebei Self-formulated feed for laying hens 21
Tangshan, Hebei Self-formulated feed for laying hens 38
Qinhuangdao, Hebei Self-formulated feed for livestock and pouliry 15
Shijiazhuang, Hebei  Self-formulated feed for laying hens 52

Handan, Hebei
Zhangjiakou, Hebei
Chengde, Hebei

Self-formulated feed for broilers, self-formulated feed for fattening pigs 23
Self-formulated feed for laying hens 10
Self-formulated feed for laying hens 7

2 Materials and Methods

The analytical method initially de-
veloped by the research group® was adopted
and suitably modified to enhance its sen-
sitivity and accuracy to fulfill the require-
ments for qualitative and quantitative
analysis. The specific details were as
follows.

2.1 Instrument UltiMate 3000-Q-Ex-
active Focus system was utilized, equipped
with an Accucore RP-MS chromatographic
column (100 mmx2.1 mm, particle size
2.6 pwm) manufactured by Thermo.

2.2 Sample pretreatment
weighing (2.00+£0.01) g was added 10 mL

of 50% acetonitrile aqueous solution. The

A sample

mixture was vortexed at 2 500 rpm for
3 min, followed by ultrasonic extraction
for 30 min, and then centrifuged at 12 000
rpm for 10 min. Subsequently, 1 mL of
the supernatant was collected and diluted
with 9 mL of 50% acetonitrile aqueous
solution. This solution was vortexed thor-
oughly for 3 min, after which 1 mL of the
supernatant was filtered through a 0.22
pwm microporous membrane prior to mass
spectrometry analysis.

2.3 Chromatographic conditions Chro-
matographic separation was performed using

an Accucore RP-MS column (100 mmx

2.1 mm, particle size 2.6 pm) maintained
at 30 “C. The mobile phases consisted of
0.05% formic acid in water (phase A) and
methanol (phase B). The flow rate was set
at 0.3 mL/min, and the injection volume
was 5 (L. The gradient elution conditions
are detailed in Tab.2.

2.4 Mass spectrometry conditions The
mass spectrometry analysis was conducted
using an electrospray ionization (ESI)
source, with simultaneous monitoring of
positive and negative ions (ESI* and ESI").
The scanning mode employed was a first-

stage full scan/data-dependent second-stage

Tab.2 Elution gradient of the mobile phase

Volume ratio of mobile phase

Time // min
Phase A Phase B

0 98 2
2.5 95 5
5.8 90 10
6.5 85 15
7.5 80 20
9.5 70 30
10.5 60 40
12 55 45
14 45 55
18 5 95
21 5 95
225 98 2
25 98 2

mass spectrometry scan (Full MS/ddMS?).
The primary source parameters were set as
follows: sheath gas flow rate 9 arb, spray
voltage 3 kV, capillary (ion transport tube)
temperature 320 °C, S-lens voltage 55 kV,
and auxiliary gas heating temperature
30 °C. The primary scanning mode em-
ployed in mass spectrometry was Full MS,
with a scanning range (m/z) of 100—1 200,
a primary resolution of 70 000, an ion ca-
pacity of 1x10° entering the C-Trap, and a
maximum ion injection time of 100 ms.
The secondary scanning mode utilized was
ddMS?, featuring a secondary resolution of
35 000 and a variable excitation time
ranging from 3 to 9 s. The stepped collision
energies were set at 20, 40, and 60 kV,
with a dynamic exclusion duration of 8 s.
Prior to data acquisition, mass axis cali-
bration was performed using both positive
and negative ion correction solutions.

2.5 Qualitative and quantitative meth-
ods The samples underwent Full MS/
ddMS* scanning, and target compounds
were identified by comparing accurate
mass number, retention time, daughter
ions, and isotope abundance against those
in the established screening database.
When the peak time deviation of the un-
known substance was within £0.5 min, the
parent ion response value was 10° or
higher, the precise mass number deviation
was within 5 ppm, the daughter ion re-
sponse value was 10* or higher, the precise
mass number deviation was within 5 ppm,
and the isotope abundance ratio was within
70%, it could be concluded that the sam-
ple contained illegally added drugs. During
quantitative analysis, the total ion current
chromatogram was extracted based on the
exact mass number of the primary parent
ion, and the chromatographic peak corre-
sponding to the target compound was in-
tegrated. Subsequently, quantification was

conducted using single-point calibration.

3 Results and Analysis
3.1 Establishment of the screening

database A mixed standard solution was
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prepared, and analysis was conducted ac-
cording to the established chromatograph-
ic conditions (Section 2.4) and mass spec-
trometry parameters (Section 2.5). The ex-
act mass number of each compound was
determined using the high-resolution mass
spectrometry data analysis software, Xcal-
ibur. When ddMS?* was employed in con-
junction with dynamic exclusion mode,
secondary data were automatically ac-
quired once the response intensity of the
parent ions in the list reached the prede-
termined threshold. The target was sub-
jected to collisions at three different colli-
sion energies (20, 40, and 60 eV), and the
secondary spectra were obtained by sum-
mation. The exact mass number of the
primary secondary fragments and the re-
tention time of the compounds were deter-
mined using Xcalibur software. Subse-
quently, the Chinese and English names,
molecular formulae, retention time, pre-
cise mass number, and fragment ion mass
number of all identified compounds were
imported into TraceFinder 4.0 software to
construct the screening database. The
database information is presented in Tab.3.
3.2 Screening results of actual feed
samples The experiment involved the
selection of 253 batches of self-formulated
feed samples collected during the breeding
process for screening and analysis. Among
these, 10 batches tested positive for 8 dif-
ferent drugs, resulting in a detection rate
of 3.2% . The identified substances in-
cluded monensin, tiamulin, albendazole,
albendazole sulfone, albendazole oxide,
tilmicosin, amoxicillin, and zearalenone,
with concentrations ranging from 0.06 to
28 851.8 pglg, as detailed in Tab.4.
Among the detected drugs, monensin
is an anticoccidial agent that is effective
in preventing and treating coccidiosis in
domestic animals, including chickens and
calved”. Accordingto Announcement No.307
issued by the Ministry of Agriculture and
Rural Affairs of China, monensin is clas-
sified as an insecticidal agent permitted

for inclusion in self-formulated feed™. In

this study, samples containing monensin
were identified as self-formulated feed for
laying hens, with a detected concentration
of 25.6 wg/g. This concentration is below
the recommended dosage range of 90-110 g
of monensin per 1 000 kg of feed, as
specified in Announcement No.665 issued
by the Ministry of Agriculture and Rural
Affairs of China®. The analysis of the cause
is twofold: first, farmers incorporated low
levels of monensin into their self-formulated
feed as a preventive measure; second, the
feed became contaminated with monensin
residues originating from other samples
processed on the same production line
during the mixing procedure. Except for
monensin, the substances detected in the
screening, including tiamulin, albendazole,
tilmicosin, and amoxicillin, are antibacte-
rial and anthelmintic drugs that are pro-
hibited from being added.

In addition to the detection of veteri-
nary drugs, this screening also identified
the mycotoxin zearalenone. Zearalenone is
commonly present in mold-contaminated
wheat, corn, and other grains. The use of
grains contaminated with zearalenone as
feed for livestock and poultry can adversely
affect their health and pose safety risks to
consumers”. The zearalenone content de-
tected in this screening was 13.5 pg/g,
which exceeds the maximum limit of 500
ng/g established by the GB 13078 -2017
Feed Hygiene Standards". 1t is hypothe-
sized that this exceedance may result from
the use of grains contaminated with zear-
alenone as raw materials in the production
of self-formulated feed, or from the storage
of these feed products in humid condi-
tions, thereby facilitating zearalenone
contamination. Consequently, it is impera-
tive for farmers to rigorously regulate the
quality of feedstuffs and to store the fin-

ished feed in an appropriate environment.

4 Discussion
China exhibits a substantial demand
for meat, eggs, and dairy products, which

consequently results in significant feed

requirements for livestock farming, with a
wide variety of feed types available "'
Among livestock farmers, particularly
those operating on a larger scale, self-for-
mulated feed are commonly preferred due
to their high flexibility, functioning as a
crucial supplement to commercial feed.
The utilization of self-formulated feed offers
two primary advantages. Firstly, it enables
farmers to reduce expenses substantially
by eliminating costs related to packaging,
transportation, and storage. Secondly, its
flexible application permits farmers to ad-
just the feed composition promptly in re-
sponse to the growth status of their live-
stock, thereby enhancing production effi-
ciency. Concurrently, the extensive and
flexible use of self-formulated feed pre-
sents substantial challenges for regulatory
oversight, particularly due to the difficulty
in effectively controlling the improper use
of veterinary drugs. This situation poses a
considerable risk to the quality and safety
of livestock and poultry products!>". Ef-
fectively controlling the illegal use of vet-
erinary drugs in self-formulated feed at
the source, reducing the emergence of
bacterial resistance originating from the
breeding stage, minimizing food safety
risks, and preventing harm to human
health at the end of the food chain consti-
tute a novel challenge for regulatory au-
thorities!".

Currently, the primary techniques for
detecting veterinary drugs in feed are liquid
chromatography and liquid chromatography-
tandem mass spectrometry. These methods
involve relatively complex detection pro-
cedures, including intricate sample pre-
treatment and limited detection targets.
The development and application of high-
resolution mass spectrometry screening tech-
nologies have addressed these limitations.
By utilizing the high resolution and mass
accuracy of this equipment, it is possible
to simultaneously analyze hundreds of
compounds and conduct non-targeted drug

This study employed HPLC-

Q-Exactive Focus/MS to screen for drugs

screening!.
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Tab.3 Database information
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in self-formulated feed samples collected throughout the
province. Among 253 batches of self-formulated feed prod-
ucts analyzed, illegal additions of tiamulin, albendazole,
albendazole sulfone, albendazole oxide, tilmicosin, and
amoxicillin were detected. Albendazole sulfone and alben-
dazole oxide, recognized as metabolic derivatives of al-
bendazole ", were excluded from the list of illicit addi-
tives. The analysis further indicated that excessively high
concentrations of albendazole produced strong instrument
signal responses, which interfered with detection accura-
cy. This phenomenon warrants careful consideration in
future experimental designs. Another possibility is that
the feed contained metabolites originating from other
feedstuffs, which necessitates further testing for confirma-
tion. Additionally, screening revealed the presence of two
or more veterinary drugs in self-formulated feed products,
indicating that multiple veterinary drugs were likely
added concurrently during the breeding process. Regula-
tory authorities ought to enhance guidance and profes-
sional training for livestock farmers within their jurisdic-
tions, thereby promoting scientifically grounded and envi-
ronmentally sustainable farming practices. Concurrently,
these authorities should intensify risk assessments con-
cerning the presence of illegal drug additives in self-for-
mulated feed, implement targeted supervision and inspec-
tion programs, and impose stringent penalties on farmers
who unlawfully incorporate veterinary drugs into feed.
Such measures will contribute to the establishment of
standards and regulations governing the environmentally
responsible use of self-formulated feed in the livestock

farming industry.

S Conclusions

This study developed a database comprising 274
drugs utilizing HPLC-Q-Exactive Focus/MS and subse-
quently screened 253 batches of self-formulated feed
samples against this database. The screening results indi-
cated that 10 batches contained 8 distinct drugs, corre-
sponding to a detection rate of 3.2%. The identified com-
pounds included monensin, tiamulin, albendazole, alben-
dazole sulfone, albendazole oxide, tilmicosin, amoxicillin,
and zearalenone, with concentrations ranging from 0.06 to
28 851.8 pglg. The screening results demonstrate that
this method effectively accomplishes rapid, high-through-
put, non-targeted screening of illegal drug additives in
self-formulated feed. It offers robust technical support for
the supervision of feed product quality and serves as a

valuable reference for governmental decision-making.
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Tab.4 Screening results of actual feed samples

Sample No. Sample source Sample type Drugs Effects Drug content// pg/g

ZP14 Handan, Hebei Self-formulated feed for fattening pigs Tiamulin Antimicrobial 1376.2

ZPL16 Shijiazhuang, Hebei Self-formulated feed for laying hens Monensin Anticoccidial 25.6

7ZPL19 Qinhuangdao, Hebei Self-formulated feed for pigs Albendazole, albendazole sul- Deworming 14.2, 0.06, 0.6
fone, albendazole oxide

ZPL21 Qinhuangdao, Hebei Self-formulated feed for cattle Albendazole, albendazole sul- Deworming 185.8, 1.7, 164.6
fone, albendazole oxide

7PL36 Cangzhou, Hebei Self-formulated feed for laying hens Tiamulin Antimicrobial 262.3

ZP141 Xingtai, Hebei Self-formulated feed for laying hens Tiamulin Antimicrobial 340.5

7P142 Xingtai, Hebei Self-formulated feed for laying hens Tiamulin Antimicrobial 5 808.4

7P1A48 Baoding, Hebei Self-formulated feed for livestock and poultry Tilmicosin, amoxicillin Antimicrobial 28 851.8, 7.4

7P149 Baoding, Hebei Self-formulated feed for livestock and poultry Tilmicosin, amoxicillin Antimicrobial 707.3,9.7

ZPL50 Baoding, Hebei Self-formulated feed for laying hens Zearalenone Mycotoxin 13.5
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