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A B S T R A C T   

A magnetic solid phase extraction (MSPE) coupled with high-performance liquid chromatography-diode array 
detection (HPLC-DAD) methodology was developed for the determination of chloramphenicol (CP) and tetra-
cycline (TET) antibiotic residues in milk samples. As a solid phase sorbent, C-nanofiber coated magnetic nano-
particles were synthesized and extensively characterized using Field Emission Scanning Electron Microscopy (FE- 
SEM), Raman Spectroscopy and X-ray Powder Diffraction (XRD) analysis. Experimental variables of MSPE 
method for both antibiotic analytes were investigated and optimized systematically. After MSPE, the linear range 
for both the analytes (r2 > 0.9954) were obtained in a range 10.0–600.0 ng mL− 1. The limit of detections (LODs) 
for CP and TET were 3.02 and 3.52 ng mL− 1, respectively while RSDs % were below than 4.0%. Finally, the 
developed method based on MPSE-HPLC-DAD was applied to real milk samples to quantify the antibiotic resi-
dues. Recovery values for each antibiotic compound were found in the range of 94.6–105.4% (n = 3) by using 
spiked model solution.   

1. Introduction 

Tetracyclines, a group of antibiotics, are one of the main antibiotic 
groups used for veterinary, human therapy and agricultural purposes 
and tetracycline is one of these antibiotics. Tetracycline, naturally pro-
duced by the bacterium "Streptomyces rimosus" belongs to tetracyclines 
antibiotic family and is used in the management and treatment of a 
variety of infectious diseases [1]. Tetracycline is effective in a broad 
spectrum of microbial in the body, such as gram (+) bacteria, gram (− ) 
bacteria, rickettsia, chlamydia, mycoplasmas and amoebas. Although it 
is considered as a broad spectrum antibiotic, it is known as one of the 
least selective antibiotics [2,3]. Chloramphenicol is an antibiotic that 

was first obtained as the metabolism product of bacteria of the "Strep-
tomyces venezuelae" type, and can now be obtained artificially [4]. It is 
effective against many pathogenic bacteria, rickettsia and mycoplasma 
and shows this effect by disrupting the protein synthesis in microor-
ganisms [5]. Chloramphenicol is not a highly preferred antibiotic to use 
due to its many side effects. In very special cases, it is used in the 
treatment of deadly infections such as cholera, typhoid and fever. 
Chloramphenicol is used to kill vibrios that are particularly resistant to 
tetracycline. For this reason, chloramphenicol and tetracycline deriva-
tive antibiotics are used together for treatment purposes [6]. 

However, excessive amounts of these antibiotics not only cause the 
widespread diffusion of antibiotic in water and instigate environmental 
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pollution, but also accumulate in animal tissues and edible animal 
products such as beef, mutton, pork, chicken, milk [7,8]. 

The methods available in the literature for the determination of 
chloramphenicol and tetracycline include high performance liquid 
chromatography (HPLC) [9], liquid chromatography-mass spectrometry 
(LC-MS) [10], molecular spectroscopy [11], spectrofluorimetric [12], 
gas chromatography (GC) [13], gas chromatography-mass spectrometry 
(GC-MS) [14]. However, due to the trace levels in complex food matrices 
and the disruptive effects of matrix components, pre-separation and 
pre-concentration techniques have become an inevitable stage prior to 
analysis of these antibiotics [15]. 

It is of great importance to develop a new sample preparation tech-
nique, which is inherently simple, fast, efficient, inexpensive, possesses 
high analyte retention capacity and allows regeneration for using same 
sorbent multiple times [16–18]. SPE offers significant advantages over 
conventional liquid-liquid extraction (LLE) methods in terms of high 
analyte recovery, highly purified extracts, the ability to simultaneously 
extract a wide range of polarity analytes and reduce organic solvent [19, 
20]. However, the disadvantages of the cartridge configuration of 
traditional SPE techniques in which the adsorbents are filled, such as the 
time-consuming steps, the use of excessive amount of solvent, and the 
large amount of waste after the process, limit their use. 

Magnetic solid phase extraction (MSPE), a new SPE approach, is 
performed based on its ability to adsorb and desorb analytes on a 
magnetic adsorbent ranging from mg or μg using an external magnetic 
field without some tedious steps (centrifugation or filtration). Sorbent 
particles can be easily isolated and collected during adsorption and 
desorption, making the sample pre-treatment procedure more conve-
nient, time-saving and cost-effective [21–23]. When magnetic solid 
phase extraction methods in the literature are examined, it is seen that 
carbon-based nanoparticles such as carbon nanotubes (CNTs), fullerene, 
nano diamond and carbon nanofibers (C-NFs), which have high surface 
area and adsorption capacity and can be used repeatedly due to their 
inertness in the working solution environments, are frequently preferred 
as adsorbents [24–27]. 

In this work, C-nanofiber coated magnetic nanoparticles were syn-
thesized and used as sorbent in a magnetic solid phase extraction of 
tetracycline and chloramphenicol at trace levels from milk samples. 
Together with the HPLC-DAD, the main analytical factors that affected 
the extraction efficiency in the experiment were carefully optimized. 
The method was validated by standard addition and recovery experi-
ments. The satisfactory material performance of the adsorbent showed 
that it could be used as a promising material in the development of MSPE 
techniques with high analytical performance. 

Fig. 1. FESEM images of C-nanofiber coated magnetic nanoparticles.  

Fig. 2. XRD spectrum of C-nanofiber coated magnetic nanoparticles.  
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2. Materials and methods 

2.1. Instrumentation 

Characterization of synthesized magnetic C-nanofibers was carried 
out by using Field Emission Scanning Electron Microscopy (FE-SEM), 
Raman Spectroscopy and X-ray Powder Diffraction (XRD) techniques. 
The Raman spectra of the nanomaterials were obtained using a Raman 
Spectrophotometer (WITec alpha 300 M + micro-Raman system, Ger-
many) with a 532 nm laser source. X-ray diffraction spectrum of mag-
netic C-nanofibers was taken with a Bruker AXS D8 brand X-ray 
diffractometer. SEM and SEM-Mapping analysis were performed using a 
Zeiss Gemini 500 Field Emission Scanning Electron Microscope to 
elucidate the morphological structures of C-nanofibers and magnetic C- 
nanofibers. Chromatographic analysis of Tetracycline and Chloram-
phenicol were performed by the Shimadzu (Prominence) HPLC (Kyoto, 
Japan) system. All separations and determinations were done on a 
phenyl hexyl column (Luna® 5 μm Phenyl-Hexyl 100 Å, 250 mm × 4.6 
mm). All mobile phases required for analysis were prepared for use in 
HPLC-DAD analysis using HPLC grade acetonitrile and methanol (Sigma 
Aldrich, St. Louis, MO, USA). 

2.2. Chemicals and reagents 

In this study, all chemicals used are at the rate of 99.5% purity. 
Deionized water system had 18.2 MΩ cm resistivity was used to obtain 
deionized water (MES, MP Minipure Dest Up, Turkey). The HPLC grade 
acetonitrile (ACN) and methanol (MeOH) were used for HPLC-DAD 
analysis (Sigma Aldrich, St. Louis, MO, USA). For HPLC analysis, a 
mixture of phosphate buffer solution (pH 6.0, 50 mM), methanol and 
acetonitrile (60:10:30) was used as the mobile phase. A stock solution of 
Tetracycline and Chloramphenicol had 100 μg mL− 1 concentration was 
prepared in the analytical purity of methanol (Sigma Aldrich, St. Louis, 
MO, USA). In the synthesis of magnetic C-nanofibers, C-nanofibers with 
100 nm in diameter and 20–200 μm in length, FeCl3, NaCH3COO and 
ethylene glycol were used (Sigma Aldrich, ST Louis, USA). 

2.3. Synthesis of C-nanofiber coated magnetic nanoparticles 

C-nanofiber coated magnetic nanoparticles were produced by using 
hydrothermal synthesis method in a solvothermal production reactor. 
For this purpose, 1.0 g of iron (III) chloride and 4.0 g of sodium acetate 
were dissolved in a solution containing 25 mL of deionized water and 50 
mL of ethylene glycol. 0.50 g C-nanofibers was homogeneously 
dispersed in this solution by applying ultrasonic vibration for 2 h in an 
ultrasonic water bath. The resulting mixture was allowed to react in the 
reactor at 180 ◦C for 12 h. The C-nanofiber coated magnetic nano-
particles obtained after the completion of the hydrothermal reaction 
process were collected with an external neodymium magnet, then 
washed several times with deionized water and ethanol and dried in a 
vacuum oven. 

2.4. Magnetic solid phase extraction 

Magnetic solid phase extraction optimization and real sample studies 
were carried out in 50 mL centrifuge tubes. For this, 3 mL of pH 9 buffer 
solutions were added to 5 mL sample or model solutions containing 
antibiotic molecules and the final volumes were completed to 50 mL 
with deionized water. 50 mg of magnetic C-nanofiber was added to these 
solutions and the caps of the tubes were tightly closed and placed in a 
shaker device. Stirring was applied to the tubes at 80 rpm for 30 min. 
After the set time expired, a neodymium magnet was held from the outer 
part of the tubes and the adsorbent particles with magnetic properties 

Fig. 3. a. Raman spectrum of C-nanofiber coated magnetic nanoparticles, b. Raman spectrum of Fe3O4 nanoparticles.  

Fig. 4. The effect of pH on extraction efficiency of TET and CP (N = 3).  
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were collected within the wall of the tube. The aqueous phases were 
decanted and removed from the adsorbent. After the aqueous phases 
were removed, 500 μL of ACN: MeOH (1:1) was added on the solid phase 
and the tubes were vortexed for 40 s. With this process, the analyte was 
desorbed from the adsorbent. The eluent phases were separated from the 
adsorbent phase by holding a neodymium magnet from the outer part of 
the tubes. The eluents were taken with the help of a micropipette, passed 
through 0.45 μm filters and taken into HPLC vials. Samples containing 
chloramphenicol and tetracycline enriched in this way were analyzed by 
HPLC. 

2.5. Milk samples and protein precipitation 

Milk samples were prepared for the analysis by using a methodology 
explained by Agadellis et al. [8]. Five different milk samples were pur-
chased from a local market in Sivas, Turkey and were stored daily at 

4 ◦C. Non-pasteurized milk samples were used in the application of the 
method development. Separation of milk proteins before the MSPE 
procedure was carried out by using a known protocol with small mod-
ifications which was optimized in previous studies [28–30]. According 
to the used protocol for the protein precipitation: 5 mL of milk sample 
was homogenized and added 5 mL of ACN. After vortex mixing of the 
solution for 1 min, the samples were centrifuged for 10 min at 3500 rpm. 
Then, the supernatant in Falcon tubes was evaporated under nitrogen to 
a final volume of 5 mL and submitted to the developed MSPE procedure. 

3. Results and discussions 

3.1. Characterization of the C-nanofiber coated magnetic nanoparticles 

XRD, Raman and FE-SEM analyzes were performed to verify the 
production of magnetic C-nanofibers. The formation of magnetic C- 
nanofibers with particle sizes below 200 nm was proven by FE-SEM 
images. When the images of the magnetic C-nanofiber material, which 
is the final product of the synthesis, are examined, homogeneous dis-
tribution of Fe3O4 structures on the fiber rods below 200 nm was seen 
(Fig. 1). X-ray diffraction (XRD) measurements were made to examine 
the crystal structure of magnetic C-nanofibers. As shown in Fig. 2, the 
observed diffraction peaks at 2θ: 25 and 43.0 for specific peaks of C- 
nanofiber. Again, the diffraction peaks at 2θ: of 30.2, 32, 35.8, 45.6, 57 
and 63 are characteristic peaks of magnetic Fe3O4 particles [31,32]. The 
raman spectrum of magnetic carbon nanofibers and Fe3O4 nanoparticles 
were also obtained. As shown in Fig. 3, two intense characteristic peaks 
centered at 1342 cm− 1 (D peak) and 1587 cm− 1 (G peak) were observed 
for C-nanofibers. For Fe3O4, the characteristic peaks at 293, 409, 614 
and 1315 cm− 1 with their height were observed. The peaks obtained 
were confirmed to be compatible with the literature [33]. The ID/IG ratio 
representing the graphitization scope was calculated as 1.18 using peak 
heights based on Lorentzian function fit. Results from FE-SEM, XRD and 
Raman analyzes show that carbon nanofibers have been successfully 
magnetized by Fe3O4 nanoparticles formed homogeneously on c-nano-
fibers. In view of the Brunauer-Emmett Teller (BET) theory, C-nanofiber 
coated magnetic nanoparticles of the specific surface area, BJH 
Adsorption average pore width (4 V/A) and BJH adsorption cumulative 
volume of pores: was 25.7 m2 g− 1, 117.981 Å and 0.086403 cm3 g− 1, 
respectively. 

3.2. Optimization experiments 

3.2.1. Effect of pH 
Sample solution pH is one of the most important parameters that 

affect the determination of the form in which the analyte is in the so-
lution and therefore the retention of the analyte on the solid sorption 
phase. Therefore, it is one of the first parameters to be optimized. In 
order to find the most suitable pH, magnetic solid phase extraction 
method was applied to model solutions by adding phosphate buffer 
solutions changing pH from 2 to 11. According to the results shown in 
Fig. 4. As the solution pH moves from the acidic region to the basic 
region, the extraction efficiency increases, and the maximum extraction 
efficiency is obtained at pH 9.0 and the extraction efficiency decreases 
again at higher pH values. It was decided that pH 9.00 BR buffer will be 
used for further MSPE experiments. 

3.2.2. Optimization of Adsorption and desorption time 
Efficient contact of the adsorbent with sample solution containing 

the analyte(s) or the elution solutions are important criteria to reach 
high extraction efficiency for solid phase extraction. Manual shakers, 
vortex mixers and ultrasonic vibration apparatus used to increase the 
contact between the adsorbent and sample/elution solutions are effec-
tive laboratory equipment that can be found in almost any laboratory. 
For our experiments, the model solutions with the same conditions were 
prepared and other parameters were kept constant except the vortex 

Fig. 5. a) The effect of adsorption time on adsorption equilibrium of TET and 
CP (N = 3) b) The effect of vortex duration time on desorption efficiency of TET 
and CP (N = 3). 
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shaking time. It was studied for periods ranging from 0 to 90 min and the 
adsorption equilibrium was reached within 30 min (Fig. 5a). There ap-
pears to be no significant change in the extraction yield beyond 30 min. 
Therefore, in the following experiments, all samples were vortexed for 
30 min. The same experiments were carried out to find optimum 
desorption time and results showed that the desorption equilibrium 
between adsorbent and elution solvent was reached within 20 s 
(Fig. 5b). There was no significant change in the elution efficiency above 
20 s. Hence, analytes were desorbed with 20 s of vortex mixing for 
subsequent experiments. 

3.2.3. Eluent type and volume 
One of the most critical steps of the solid phase extraction method is 

that all or almost all of the analytes adsorbed on the adsorbent surface 
must be exhaustively desorbed. The choice of elution solvent to be used 
should be able to obtain the most ideal and distinctive peaks, provide a 
high desorption efficiency from the adsorbent, and be able to dissolve a 
high percentage of analyte. For this purpose, methanol, ethanol, iso-
propanol, acetonitrile, distilled water, acetone, hexane and methanol/ 
acetone (ACN: MeOH) solution at 1:1 (v/v) ratio were evaluated as 
suitable solvents available in our laboratory. The results obtained were 
shown in Fig. 6a. The best desorption efficiency was achieved with the 
solvent ACN: MeOH (1:1). Therefore, this solution was selected as eluent 
for further studies. After the suitable elution solvent was determined, the 
volume of elution solvent was studied in order to obtain the highest 
extraction efficiency. The MSPE experiments were carried out on the 
model solutions under same test parameters by using ACN: MeOH (1:1) 

in volumes varying between 200 μL and 1250 μLas shown in Fig. 6b. The 
obtained results showed that the highest extraction efficiencies were 
obtained by eluting with 500 μL ACN: MeOH (1:1). Therefore, 500 μL 
ACN: MeOH (1:1) was used as the optimum eluent. 

3.2.4. The amount of adsorbent and reusability 
The developed material should possess strong affinity towards the 

target antibiotic molecules. Since, the current study focuses on trace 
determination of TET and CP molecules, the adsorption capacity is not 
the main interest of study. However, it is important to evaluate the 
minimum quantity of the adsorbent needed in the extraction process for 
facilitate the extraction process, efficiency of separation, and reusability 
of magnetic material. The effect of the adsorbent amount on the 
extraction efficiency was studied in the range of 10–100 mg. The MNPs 
was added to 50 mL of the sample solution. The obtained results showed 
that analytical signals were increased by the adsorbent amounts up to 
50 mg, and then there was not a meaningful change and then remained 
constant. In addition, magnetic separation of MNPs after SPE by an 
external magnet was very easy for re-use. 

The other important parameter is reusability of the developed ma-
terials. This directly affects both the analysis cost and repeatability. The 
reusability tests of the synthesized magnetic materials were performed 
to observe the stability of the adsorbent to be reused after extraction 
process. The evaluation was carried out by comparing peak areas of 
model samples including 100 ng mL− 1 of both antibiotics. After 20 cycle 
use, the change of peak area for TET and CP molecules was lower than 
10% of RSD. Magnetic material after every use was washed with 2 mL of 

Fig. 6. a) The effect of elution solvents on desorption efficiency of TET and CP (N = 3) b) The effect of volume of elution solvent on desorption efficiency of TET and 
CP (N = 3). 

Table 1 
Analytical merits of the developed MSPE-HPLC method.  

Parameter Before MSPE HPLC-PDA After MSPE HPLC-PDA 

Chloramphenicol Tetracycline Chloramphenicol Tetracycline 

Linearity 2.0–20.0 μg mL− 1 2.0–20.0 μg mL− 1 10.0–600.0 ng mL− 1 10–600 ng mL− 1 

LODa 0.62 μg mL− 1 0.55 μg mL− 1 3.02 ng mL− 1 3.52 ng mL− 1 

LOQb 1.90 μg mL− 1 1.86 μg mL− 1 9.63 ng mL− 1 9.83 ng mL− 1 

RSD (%) 4.0 3.5 3.2 3.8 
Calibration Sensitivity 9.85 12.35 1221.42 1346.15 
Determination Coefficient (R2) 0.9972 0.9985 0.9954 0.9973 
Preconcentration Factor (PF) – – 100 100 
Enhancement Factor (EF) – – 124 109  

a Limit of Detection. 
b Limit of Quantification. 
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ACN: MeOH (1:1) and 2 mL of ultrapure water. Thus, the synthesized 
magnetic material was proven as robust solid phase sorbent. 

3.2.5. Analytical performance criteria of the method 
After the determination of the most suitable experimental 

conditions, all analytical performance parameters of the developed 
MSPE-HPLC procedure including the enhancement factor (EF), pre- 
concentration factor (PF), relative standard deviation (RSD, %), limit 
of detection (LOD), limit of quantification (LOQ), linear range and 
correlation coefficient were determined, and reported in Table 1. The 
developed MSPE method was applied to standard solutions containing 
increasing concentrations of tetracycline (TET) and chloramphenicol 
(CP) antibiotics to determine the linear working range. The linear cali-
bration curves were found for Tetracycline and Chloramphenicol in the 
range of 10.0–600.0 ng mL− 1. Linearity of method describes the direct 
proportionality between the concentration of TET and CP molecules in 
model solutions and peak area of antibiotics. 10 calibration standards in 
the range of 10.0–600.0 ng mL− 1 were tested for 3 replicate analysis. 

The proposed method was validated following the International 
Conference on Harmonization (ICH, 2005, ICH, 2019) and Food and 
Drug Administration (FDA, 2018) guidelines. The limit of detection 
(LOD) describes the lowest concentration of an analyte that can be 
reliably detected. The limit of quantitation (LOQ) refers to the lowest 
concentration of the analyte in a sample, which can be quantitatively 
determined with suitable precision and accuracy. In accordance with 
ICH guidelines (Q2/R1 2005), the LOD and LOQ were derived from the 
slope m and its residual standard deviation of the response SD, derived 
from three calibration curves. Through the calibration curve parame-
ters, the limits of detection (LOD) and limits of quantification (LOQ) 
were also calculated being LOD equal to calculated intercept of linear 
regression plus three times the Sy/x, and for LOQ, ten times this value 
[34,35]. Preconcentration factors (PF) were calculated by using the ratio 
of the initial solution volume (50 mL) to the last elution solvent volume. 
The enhancement factors (EF) were found from the ratio of the slope of 
calibration curve of the analytes after MSPE application to that of prior 
MSPE application. The relative standard deviations (RSD, %) were found 
by applying the MSPE method for seven repeating analysis, which in-
cludes 100 ng mL-1 of tetracycline and chloramphenicol. 

3.2.6. Analysis of real samples 
To investigate the applicability of the developed method on real 

samples and correctness of the developed method by means of recovery 
studies, milk samples were analyzed under the optimized conditions. 
According to Turkish Food Codex, maximum residue limits of CP and 

Table 2 
Application of the proposed MSPE-HPLC procedure for milk samples (N = 3).  

Samplesa Added 
ng mL− 1 

Foundb ng mL− 1 RSD 
% 

Recovery 
% 

CP TET CP TET CP TET 

Milk 1 0.0 
100.0 
300.0 

Not 
detected 
95.8 ±
5.5 
291.3 ±
14 .7 

Not 
detected 
94.6 ±
4.3 
294.3 ±
12.4 

– 
5.7 
5.0 

– 
4.5 
4.2 

– 
95.8 
97.1 

– 
94.6 
98.1 

Milk 2 0.0 
100.0 
300.0 

Not 
detected 
98.7 ±
4.4 
304.3 ±
13.2 

Not 
detected 
96.4 ±
4.5 
312.5 ±
17.2 

– 
4.4 
4.3 

– 
4.7 
5.5 

– 
98.7 
101.4 

– 
96.4 
104.2 

Milk 3 0.0 
100.0 
300.0 

53.3 ±
3.4 
142.5 ±
8.5 
342.8 ±
17.7 

Not 
detected 
104.4 ±
4.3 
304.3 ±
16.1 

6.3 
5.9 
5.1 

– 
4.1 
5.3 

– 
92.9 
97.0 

– 
104.4 
101.4  

Milk 4 
0.0 
100.0 
300.0 

Not 
detected 
102.5 ±
5.4 
312.3 ±
16.2 

Not 
detected 
98.7 ±
4.0 
285.9 ±
16.8 

– 
5.3 
5.2 

– 
4.1 
5.9 

– 
102.5 
104.1 

– 
98.7 
95.7  

Milk 5 
0.0 
100.0 
300.0 

Not 
detected 
95.9 ±
6.4 
287.3 ±
18.2 

75.8 ±
3.8 
185.4 ±
6.7 
392.3 ±
20.3 

– 
6.7 
4.9 

5.0 
3.6 
5.1 

– 
95.9 
95.7 

– 
105.4 
104.4  

a The samples were prepared as explained in section. 
b The average value of five replicates ± standard deviation. 

Table 3 
Comparison of the new method with other reported methods.  

Pre-concentration Method Determination 
Method 

Target Molecule LOD Linear Range Applications Reference 

Mixed-mode fabric phase sorptive extraction HPLC-UV Tetracycline 15 μg kg− 1 – milk samples [8] 
ionic liquid-anionic surfactant based aqueous 

two-phase extraction 
HPLC Chloramphenicol 

Tetracycline 
4.2 μg kg− 1 

5.8 μg kg− 1 
20.4–305.4 μg 
kg− 1 

Honey [37] 

Matrix molecularly imprinted mesoporous sol–gel LC-MS Chloramphenicol 17 μg kg− 1 50–5000 μg kg− 1 milk samples [38] 
. Solid-phase extraction HPLC-DAD Chloramphenicol 

Tetracycline 
21.4 ng. 
mL− 1 

21.0 ng 
mL− 1 

50–500 ng mL− 1 

50–500 ng mL− 1 
Bovine Milk [39] 

Direct Sample extraction ELISA kit Chloramphenicol 
Tetracycline 

12.5 ng L− 1 

1.500 ng 
L− 1 

50–4.050 ng L− 1 ultra-heat-treatment 
milk 

[40] 

magnetic metal organic framework of type 
Fe3O4@ZIF-8 

ultra-HPLC-MS Tetracycline 0.125 ng 
mL− 1 

0.5–50 ng L− 1 water samples [10] 

solid-phase extraction (with a C18 cartridge) HPLC Chloramphenicol 
Tetracycline 

0.45 μg 
mL− 1 

0.44 μg 
mL− 1 

2–10 μg mL− 1 

2–10 μg mL− 1 
milk samples [3] 

Direct Sample extraction LC-MS/MS Tetracyclines (TCs) 17.2 μg 
kg− 1 

– Chicken meat. [41] 

molecularly Imprinted Polymer Mixed with Solid- 
Phase Extraction 

HPLC Chloramphenicol 
Tetracycline 

20 μg kg− 1 

10 μg kg− 1 
10–1000 μg kg− 1 

20–600 μg kg− 1 
Raw Milk [42] 

Magnetic Solid Phase Extraction HPLC-PDA Chloramphenicol 
Tetracycline 

3.43 ng 
mL− 1 

3.55 ng 
mL− 1 

10–600 ng mL− 1 

10–600 ng mL− 1 
Milk Samples This 

Study  
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TET in the milk sample are zero and 100 μg kg− 1 [36]. The CP and TET 
contents in the tested samples were shown in Table 2. In one of samples, 
TET was detected while CP was detected in another sample. The spiked 
recoveries of antibiotic molecules were in the ranges 94.6–105.4% for 
milk samples. These satisfactory results demonstrate that the proposed 
method of sample pretreatment and analysis is suitable for determining 
CP and TET antibiotics in milk samples. 

3.3. Comparison of analytical merits 

A comparison table is given in Table 3. The developed method has 
comparable merits with approaches MS based methods. As known, 
analysis cost is higher in MS based methods. The applicable linear range 
and facility of simultaneously analysis of two antibiotics with the 
developed method are highlights of this study. The most important 
advantage of the proposed method is to offer an easy applicable 
approach for two antibiotic molecules in milk samples by using a con-
ventional HPLC and MSPE. 

4. Conclusions 

In the present work, C-nanofiber coated magnetic nanoparticles were 
explored as extraction sorbent for the MSPE toward TET and CP mole-
cules at trace levels. The proposed approach exhibited good sensitivity, 
wide linearity, simple operation, and excellent recovery. This proposed 
approach was successfully employed for analyzing real milk samples. 
The nanocomposite exhibited promising performance in MSPE of anti-
biotics, and further exploration of the use of magnetic C-nanofiber ma-
terial in the extraction strategy is in progress. 

The results showed that this developed method is reliable and highly 
sensitive, and may meet the requirements for trace TET and CP mole-
cules in milk samples. The residual concentration of antibiotics in the 
milk samples was relatively low, so it is necessary to enrich the analytes 
before analysis. The results indicate that the described method might to 
be a tool for the determination of antibiotics residues in the real samples, 
as well as providing useful information on the application of magnetic 
materials in the separation field. 
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