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Abstract
A sensitive and reliable method using liquid chromatography–negative electrospray ionization mass spectrometry was devel-
oped for the simultaneous determination of chloramphenicol, florfenicol, and thiamphenicol at trace levels in animal feed. The 
analytes were extracted from grinded feed with ethyl acetate. Further the ethyl acetate was evaporated, residue resuspended 
in Milli-Q water, defatted with n-hexane, and solid phase extracted using BondELUT C18 cartridges. Separation was carried 
out on a C6 phenyl column with a mobile phase consisting of 0.1% formic acid in Milli-Q water and acetonitrile. The detec-
tor response was linear over the tested concentration range from 100 to 1000 µg kg−1. The recovery values for all analytes 
in feed were higher than 79% with RSD for repeatability and reproducibility in the ranges of 4.5–10.9% and 8.4–13.5%, 
respectively. CCα and CCβ varied between 76.8 and 86.1 µg kg−1, and between 111.3 and 159.9 µg kg−1, respectively. The 
results showed that this method is effective for the quantification of phenicols in non-target feed.
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Introduction

Antibiotics are widely used for therapeutic and prophylac-
tic purposes in human and veterinary medicine and also to 
promote growth and increase feed efficiencies in food pro-
ducing animals [1]. However, abused use of antibiotics and 
their presence in the food of animal origin are of concern 
due to development of resistance in target pathogens against 
antibiotics, induced allergic reactions in some hypersensi-
tive individuals, and potential compromise of the human 
intestinal and immune systems [2, 3]. There is a diverse 
range of chemical substances with antimicrobial activity. 
Among them, phenicols, including chloramphenicol (CAP), 
thiamphenicol (TAP) and florfenicol (FF) are readily avail-
able broad-spectrum antibiotics. They are effective against a 
wide variety of Gram-negative and Gram-positive bacteria, 
including most anaerobic organisms. Chloramphenicol was 
first isolated in 1947 from cultures of Streptomyces ven-
ezulae, and synthetic production began in 1949 [4]. CAP 

was used widely for many years in veterinary practice, both 
therapeutically and prophylactically, due to its excellent 
pharmacokinetic and antibacterial properties. However, 
CAP is hematotoxic to humans and is associated with side 
effects such as bone marrow aplasia (loss of ability to pro-
duce blood cells), and therefore, aplastic anaemia. These 
effects are unrelated to dosage and generally fatal [5–7]. 
TAP and FF have been used as alternatives to CAP, since 
they do not have the same side effects. However, even though 
it is prohibited, CAP is still used because of its efficacy and 
relatively low cost as well as the availability and preven-
tion of some infectious diseases in mammals, birds, bees 
and aquaculture. In addition to its illegal use, products of 
animal origin can contain CAP residues because of its occur-
rence in the environment [8]. According to the literature, 
chloramphenicol can still be found in several food matri-
ces, suggesting its continued use [6, 9–15]. Besides, there 
is little information available regarding the occurrence of 
its analogues in foods of animal origin and environment. 
Therefore, sensitive and reliable methods for the analysis of 
phenicols are needed.

Various analytical methods have been reported for the 
determination of TAP and FF in food, such as gas chro-
matography (GC) [16, 17], liquid chromatography (LC) 
[18–21], GC–mass spectrometry (MS) [22, 23], LC–MS 
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[24], and LC–MS/MS [25–27]. Sample preparation is criti-
cal to the validity of trace analysis. Previous investigations 
have set forth various types of pretreatment methods for 
fenicols in food before chromatographic determination, 
including liquid–liquid extraction (LLE) [28], solid-phase 
extraction (SPE) [29] or QuEChERS technique [27]. Con-
ventional methods for extraction of organic analytes from 
food samples usually consist of a homogenisation step, fol-
lowed by tedious liquid–liquid extraction procedures with 
one or more several clean-up steps and purification of the 
extract to remove co-extractants, before the sample is sub-
jected to chromatographic separation. In the world of lit-
erature, there are many methods for analysing phenicols in 
food of animal origin, but methods for analysing phenicols 
in feed are still rare.

In the European Union, animal feeds must fulfil several 
rules laid down by current legislation [30–32]. The main 
rules give requirements for the composition, storage, trans-
port, and usage of animal feeds. Cross-contamination can 
occur during production and handling in the feed mill, dur-
ing transport, or on the farm. Carry-over of veterinary drugs 
during feed production may also cause the contamination 
of non-medicated feedstuffs. The use of antibiotics in feed 
for non-medicinal purposes was banned in the EU in 2006. 
According to the Regulation (EU) 2019/4 of the European 
Parliament and of the Council of 11 December 2018 on the 
manufacture, placing on the market and use of medicated 
feed, amending Regulation (EC) No 183/2005 of the Euro-
pean Parliament and of the Council and repealing Council 
Directive 90/167/EEC, by 28 January, 2023, the Commis-
sion shall indicate specific maximum levels for cross-con-
tamination of non-target feed with active substances and 
methods for analysing active substances in feedingstuffs. 
Regarding the maximum levels of cross-contamination, 
delegated acts will be based on a scientific risk assessment 
carried out by the European Food Safety Authority [33]. 
Taking into account the European legislation for feed and 
carry-over problems during the production of medicated 
feeds, the objective of this article is to present a LC–MS 
method for the simultaneous identification and quantification 
of phenicols (florfenicol, tiamphenicol and chloramphenicol) 
in non-target feed.

Materials and Methods

Chemicals and Reagents

Florfenicol, thiamphenicol, chloramphenicol, and formic 
acid were from Sigma Aldrich (St. Louis, USA). HPLC-
grade acetonitrile and methanol were purchased from Baker 
(Deventer, The Netherlands). Ethyl acetate was from Chem-
pur (Piekary Śląskie, Poland) and n-hexane was from POCH 

(Gliwice, Poland). Purified water was prepared in-house 
with Milli-Q water system from Millipore (Bedford, MA, 
USA).

Two SPE cartridges BondElut C18 (500 mg, 3 mL) of 
Agilent (CA, USA) and Strata-X (polymeric sorbent-surface 
modified styrene divinylobenzene, 200 mg, 3 mL) from Phe-
nomenex (Torrance, CA, USA) were used. An SPE manifold 
(J.T. Baker, Oklahoma, PA, USA) and a pump as a vacuum 
source were used.

Standard Solutions

Stock standard solutions of individual compound 
(1000 μg mL−1) were prepared by weighting of 20.0 mg of 
reference standard and dissolving in to 20 mL of acetonitrile. 
Working standard solutions (100 μg mL−1) were prepared 
by diluting the respective standard stock solutions in ace-
tonitrile. Working standard solutions were prepared daily to 
avoid degradation problems.

Blank Samples

Samples were collected from feed mills and farms in Poland. 
Prior to use, the absence of veterinary drugs in all blank 
samples was confirmed by LC–MS analysis and by apply-
ing the developed method. Feed for different animal species 
(swine, poultry and cattle) have been collected, grinded and 
sieved through a sieve of 1 mm mesh size before analysis.

Calibration Curve Preparation

The test samples used for method development and vali-
dation were prepared by spiking the blank feed samples 
(5.00 g) with the working standard solutions (100 μg mL−1), 
and the target compounds at the concentration 100, 250, 
500, 750 and 1000 µg kg−1 for matrix-matched calibration 
curves. The samples were shaken on a vortex mixer for 30 s, 
then allowed to stand at room temperature for 1 h to enable 
sufficient equilibration with the feed matrix.

Sample Preparation and Extraction

A sample feed of 5 ± 0.01 g was weighted into a 50 mL poly-
propylene centrifuge tubes. Next 20 mL of ethyl acetate was 
added and samples were shaken at room temperature for 
25 min on a horizontal shaker and centrifuged at 3500×g for 
15 min at 15 °C. Twelve millilitres of the supernatant was 
transferred to an amber glass conical tube and evaporated 
to dryness under nitrogen stream at 40 °C ± 5 °C. The resi-
dues were resuspended in 2 mL of mixture 30% methanol 
in Milli-Q water and shaken on a vortex mixer for 1 min, 
and next 5 mL of Milli-Q water was added. The resulting 
solution was transferred to a 15 mL centrifuge tube and 
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shaken on a vortex mixer. Subsequently 2 mL of n-hexane 
was added to degrease the extract and was stirred manually 
for 1 min. Prepared samples were centrifuged at 3500×g 
15 min, 15 °C. After centrifugation, the n-hexane layer was 
removed.

Clean‑Up

For the clean-up step, the SPE apparatus and C18 BondE-
LUT cartridges (500 mg, 3 mL) were used. Prior to the sam-
ple loading, the cartridges were preconditioned with 3 mL 
of methanol, and 3 mL of water. In total, 6 mL of sample 
solution prepared was loaded into the SPE cartridge. The 
cartridge was then washed with 3 mL of water and vac-
uum-dried for 5 min. The analytes were eluted with 3 mL 
of methanol. The eluate extract was evaporated to dryness 
under a nitrogen stream at 40 °C ± 5 °C. The residues were 
resuspended in 1 mL 30% methanol in Milli-Q water. Next, 
the extract was mixed on a vortex mixer, and transferred into 
autosampler vials for analysis.

LC–MS

For detection and quantification of phenicols, an Agilent 
LC–MS system consisting of an Agilent 1200 series liquid 
chromatograph and single quadrupole mass spectrometer 
Agilent 6140 (Agilent Technology, CA, USA) were used. 
The experiments were conducted in the negative electro-
spray mode with selected ion monitoring. The ChemSta-
tion software (Agilent Technology, CA, USA) controlled 
the LC–MS system and processed the data. The operating 
parameters were capillary voltage 2000 V, drying gas tem-
perature (250 °C), drying gas flow (12 L min−1), and nebu-
lising gas pressure (35 psi). Molecular masses of the precur-
sor ions of FF, TAP and CAP were 321, 354, and 356 m/z, 
respectively. The separation of the phenicols was performed 
on a phenyl C6 (150 × 4.6 mm, 5 μm) column protected by 
a C6 guard column (4.0 × 3.0 mm, 5 μm), both from Phe-
nomenex, operated at 20 °C. The mobile phase consisted of 
0.1% formic acid in deionized water (solvent A) and ace-
tonitrile (solvent B). The gradient used was 0–10 min, 20% 
B; 10–12 min, 36% B; 12–14 min, 36% B; before returning 
to 20% B in 2 min, with a final hold at 20% B until 20 min. 
The flow rate was 0.7 mL min−1 and the injection volume 
was 10 μL.

Validation Procedure

The proposed LC–MS–ESI method was in-house validation.
The linearity of the method was evaluated using fortified 
blank feed samples. Good linearity was found by analysis of 
the feed samples spiked with standard solutions in the range 
100–1000 µg kg−1 with the correlation coefficients higher 

than 0.998 for all analysed phenicols. The LOD, LOQ, CCα 
and CCβ parameters were estimated using the calibration 
curve procedure according to the ICH guideline and the 
European Commission Decision 2002/657/EC [34, 35]. The 
limit of detection (LOD) is the lowest concentration of ana-
lyte that the analytical process can reliably differentiate from 
background levels, while the limit of quantification (LOQ) 
is the lowest concentration of analyte that can be quantified. 
LOD and LOQ values were calculated from a signal-to-noise 
ratio (S/N) of 3 and 10, respectively. CCα was calculated 
by analysing 20 blank feed samples. Matrix-matched cali-
bration curve was prepared and decision limit (CCα), and 
detection capability (CCβ) were determined according to 
the European Commission Decision 2002/657/EC for sub-
stances with no permitted limit. CCα was calculated with 
a statistical certainty of 1 − α (α = 1%) whereas CCβ was 
calculated with a statistical certainty of 1−β. CCβ was cal-
culated as decision limit plus 1.64 times the corresponding 
standard deviation (β = 5%). Selectivity/specificity of the 
method was tested by analysing 20 blank feed samples to 
verify the absence of potential interfering endogenous com-
pounds at the target analyte retention times. Intra-day preci-
sion was assessed by comparing the results of six replicates 
prepared on the same day at three different concentrations 
(100, 500 and 1000 µg kg−1). The procedure was repeated 
to determine inter-day precision by comparing results from 
samples prepared and analysed on three different days. Coef-
ficients of variation (CV, %) and standard deviations (SD) 
were calculated for each level. Percentage recoveries were 
calculated as the measured content divided by the fortifica-
tion level multiplied by 100. The measurement uncertainty 
was estimated using MUkit Measurement Uncertainty Kit 
1.0.3.7 software (SYKE, Finnish Environmental Institute, 
Finlands). The matrix effect was checked by analysing feed 
samples for poultry and swine of 100 μg kg−1 concentration 
level and calculated by the equation proposed previously by 
Matuszewski et al. [36].

Results and discussion

Chromatographic Conditions

Chromatographic conditions were optimised to improve 
separation, sensitivity, and selectivity, taking into account 
the compounds investigated. Regarding the chromatographic 
analysis, due to the different physical–chemical characteris-
tics of the phenicols selected, it was necessary to find a com-
promise to guarantee a sharp peak shape and reproducible 
retention times. The M–H ion was obtained as the precur-
sor ion for individual fenicols antibiotics under the negative 
mode for both qualitative and quantitative determinations.
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The mobile phase optimization was necessary to obtain 
satisfactory response for different compounds at particular 
concentration levels and for different feed matrices in both 
ionization polarities. For the analysis of CAP, TAP and FF 
form food and feed matrices, researchers usually use mobile 
phase formic acid, acetic acid, amonium acetate, amonium 
formate, amonium acetete with formic acid in water or pure 
water in combination with methanol or acetonitrile. The 
use of formic acid or acetic acid improved the response and 
peak shape of CAP, TAP and FF which are monitored in 
negative mode. Thus, we started the optimization procedure 
with an elution gradient of water and acetonitrile. With this 
scheme, it was possible to obtain satisfactory retention times 
for molecules in the negative mode. For the separation of 
phenicoles, researchers usually use modified C18 or C8 
chromatographic columns such as LiChrospher, Symmetry 
Shield RP18, Zorbax Eclipse Plus, XTerra C18 and Hyper-
sil C18-BD or Kinetex C8 [27, 37–40]. In this study, three 
chromatographic columns (Kinetex C18, Zorbax Eclipse C8 
and phenyl C6) were investigated, and the best results (peak 
resolution and signal intensity) were obtained using the Phe-
nomenex phenyl C6 column and mobile phase consisting 
of 0.1% formic acid in Milli-Q water and acetonitrile. The 
SIM and SCAN chromatograms of blank feed sample and 
feed sample spiked at 100 µg kg−1 for CAP, TAP and FF are 
shown in Figs. 1 and 2. 

Sample Preparation

Animal feed is derived from a multitude of raw materials 
from plant and animal origin, as well as pharmeceutical and 
industrial sources. As feed ingredients are very depend-
ent upon the animal species (poultry, swine, cattle, horse), 
developing a satisfactory procedure for the extraction and 
purification of amphenicoles from a feed matrix is one of 
the most time-consuming and complex process in optimis-
ing a method.

The extraction of analytes having different polar natures 
is always a difficult job. Various methods are found in the 
literature for simultaneous extraction of all the phenicols 
drugs in eggs, honey, milk, shrimps, fish, tissues, kidney 
and liver [40–50].

In the current study, various combinations of solvents, as 
described by previous reports, were evaluated. The method 
used by Xie et al. [51] was found to be the most relevant for 
the extraction of all phenicols. It consists of extraction with 
ethyl acetate/acetonitrile/ammonium hydroxide mixture, fol-
lowed by hexane wash and without further clean-up step. 
However, using this method, CAP gave poor recoveries. A 
second extraction with mixture of acetonitrile/ethyl acetate/
methanol was evaluated separately [52]. A third extraction 
used only ethyl acetate [2]. Ethyl acetate was better for the 
recovery of most of the remaining CAP and the rest of the 

pharmaceuticals as compared to previous two extraction 
methods. Ethyl acetate, due to its polarity, provides a high 
selective extraction of nonpolar compounds including fat 
[41]. After extraction feed samples were centrifuged,12 mL 
of extract was evaporated at the nitrogen stream. Residues 
were resuspended in 2 mL of 30% methanol in Milli-Q 
water, mixed, then added 5 mL of Milli-Q water and then 
2 mL of n-hexane was added to defat the sample, then manu-
ally mixed and centrifuged.

SPE was used for sample clean-up. Two different SPE 
disposable cartridges were tested for clean-up and pre-
concentration. The method of cartridges preparation was 
the same for C18 BondElut and Strata-X cartridges. The 
cartridges were conditioned with methanol and water, than 
samples were loaded. Cartridges were washed with water 
and dried under vacuum for 5 min. Next phenicoles were 
eluted with methanol. The experiment showed that better 
recoveries and pure extract was obtained with the BondE-
LUT C18 cartridge than Strata-X cartridges. Therefore, for 
the purification of phenicols from feed matrix we selected 
BondELUT C18 cartridges.

Method Validation

The developed procedure was designed to obtain a method 
for detection and quantification of florfenicol, thiampheni-
col and chloramphenicol in non-target feed. Due to the 
lack of a certified reference material for all analytes under 
investigation, the accuracy and precision of the method in 
terms of repeatability (RSD %, intra-day precision), repro-
ducibility (RSD %, inter-day precision) and uncertainty 
were determined using blank feed samples fortified with 
known amounts of analytes. The accuracy and precision 
values were calculated at three validation levels for each 
compound on three different days. The mean extraction 
recoveries ranged from 80.7% to 93.1% for CAP, 79.3% 
to 101.4% for TAP, 83.2% to 93.9% for FF. Overall mean 
recoveries ranged from 86.8% to 92.7% for all the three 
analytes. The method precision was estimated in terms of 
RSD. The intra-day and inter-day variations calculated for 
all the analytes ranged from 4.5% to 10.9% and 8.4% to 
13.5%, respectively. The values of CCα (decision limit) 
and CCβ (detection capability) were calculated from preci-
sion experiments for all the compounds and are presented 
in Table 1. The LOD and the LOQ values were estimated 
from blank feed extracts. Matrix effects were ± 36%, which 
is in compliance with SANTE/11945/2017 requirements 
[53]. The expanded uncertainty was estimated to be in the 
range of 29.8–34.8%, depending on the analyte. Specific-
ity is the ability of the method to distinguish between the 
analyte of interest and the other substances (impurities or 
matrix components) that may be present in a test sample. 
In the evaluation, the specificity of blank feed samples 
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was analysed by the MS detector. The results obtained 
with blank samples were compared with CAP, TAP and 
FF spiked samples and no interfering peaks were observed. 
The method was tested in in-house comparisons by analys-
ing samples to which known concentrations of antibiotics 
were added by various analysts and by analysing real feed 
samples. The method was shown to be appropriate for all 
the analytes with acceptable accuracy and precision. All 
validation parameters are presented in Table 1.

Conclusions

A quantitative LC–MS–ESI method was optimized for the 
simultaneous determination of three fenicols (chloram-
phenicol, thiamphenicol and florfenicol) in feed samples. 
Good separation of all the compounds in less than 20 min 

Fig. 1   SIM chromatograms of blank feed sample
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and pure chromatograph image was obtained. The method 
has been successfully applied to the analysis of feed sam-
ples for poultry and swine. The results obtained using the 

method in the analysis of commercial feed samples showed 
that the method is able to quantify phenicols at carry-over 
level in different kinds of feeds.

Fig. 2   SIM chromatograms of feed sample spiked with thiamphenicol, florfenicol and chloramphenicol at a concentration of 100 μg kg−1
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