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chem. pptn. and used as a solid-phase extn. adsorbent to enrich and 
purify 5 food synthetic pigments. The MSPE-HPLC anal. method was 
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The composite material was stable and could be reused. This method 
was successfully applied for studying the food samples.
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Magnetic nanomaterials are a special type of nanomate-
rial with unique magnetic and physical properties, making 
them widely applicable in various fields1–3). The external 
magnetic field or magnetic signal emitted by the external 
environment can cause special functional materials with 
magnetism to respond quickly. This means that by control-
ling the external magnetic field or signal, specific response 
behaviors of magnetic materials can be achieved. This cha-
racteristic of magnetic materials is widely used in protein 
purification, magnetic resonance imaging, drug targeted 
delivery, enzyme immobilization, bacterial/cell separa-
tion, magnetic separation and purification, immunoassay, 
and catalysis. In most cases, polymer nanocomposites are 
composed of metal, clay, ceramics, and other additive nano-
materials. The performance difference between polymer 
based materials and nanoadditive materials is significant, 
resulting in composite materials with good complementarity 
and easy access to properties that neither of the original 
materials possess. This is conducive to the development 
of material nanoeffects. In addition, due to the excellent 
properties of polymer matrix materials such as corrosion 
resistance and easy processing, the industrialization cost 
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is relatively low, which is conducive to the industrialization 
process of composite materials4–6). In addition, the inherent 
characteristics of polymer matrix materials determine that 
they can also inhibit the oxidation and agglomeration pro-
cesses of nanomaterial particles, maintain high long-term 
stability of the system, and fully utilize the specific proper-
ties of nanounits. The addition of nanoparticles to polymer 
matrices can provide high-performance novel materials, 
which has led to potential applications in many industrial 
fields.

Magnetic nanocomposites refer to composite mater-
ials made by combining various materials such as metals, 
metal oxides, non-metallic ions, organic molecules, and 
conductive polymers using nanotechnology. They have 
the characteristics of high strength, elasticity, and wear 
resistance, as well as magnetic, corrosion-resistant, and 
electromagnetic shielding functions. They are currently 
the most active and promising materials in research and 
are highly favored by domestic and foreign researchers. 
Magnetic nanocomposites have been widely used in various 
fields including electrical machinery, nuclear power, auto-
mobiles, home appliances, and power electronics. Due to 
the structural diversity, stability, and reliability of magnetic 
nanocomposites, they can be used in the automotive indus-
try to manufacture fine parts with high shape complexity, 
sensors, critical core components, and more. In the power 
electronics industry, they can be used for inverters, sensors, 
busbars, and unit components. In addition, in the home 
appliance industry, they can be used in refrigerators, air 
conditioners, washing machines, or microwave ovens to 
enhance their magnetic performance. In addition, magnetic 
nanocomposites can also be applied to many environmen-
tal protection technologies, such as heavy magnetic field 
technology, separation and purification technology, natural 
gas purification technology, or heavy metal purification 
technology. They can effectively remove harmful substances, 
improve environmental quality, protect groundwater quality 
and atmospheric quality7–11).

Magnetic polymer nanocomposites have a wide range 
of applications in food testing, mainly including the fol-
lowing aspects: pesticide residue detection: Magnetic 
polymer nanocomposites can be used as adsorbents for 
sample pretreatment. For example, Chai Zonglong et 
al.12) synthesized magnetic nanocomposites by surface 
modifying carbon nanotubes with Fe

3
O

4
, which exhibited 

strong adsorption properties and stable recovery rates for 
various organophosphorus pesticides in spinach. After 
hydrophobic modification of the surface of synthesized 
ZrO

2
/Fe

3
O

4
 nanomaterials by Shang Feng et al.13), the 

resulting magnetic nanocomposite material can rapidly 
enrich tetracycline veterinary drugs in honey, improving 
detection speed. Heavy metal detection: Adding functional 
groups with strong affinity for specific metal ions on the 
surface of magnetic nanoparticles can improve the extrac-
tion efficiency of magnetic nanomaterials for metal ions. 
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Xu Xiaomei et al.14) synthesized Fe
3
O

4
/SiO

2
/M-SiO

2
-NH

2

magnetic nanomaterials, which can be used for selective 
separation and enrichment of Pb2+ in different matrix wine 
samples, with low detection cost and easy operation. The 
Schiff base functional magnetic nanocomposite material 
(Fe

3
O

4
 SiO

2
-L) prepared by Bagheri et al.15), which can 

selectively enrich trace amounts of Pb2+ and Cd2+ in tuna, 
shrimp and other samples. Combined with flame atomic 
absorption spectroscopy, a rapid and sensitive detection 
method was established to additive and illegal additive 
detection. Magnetic polymer nanocomposites also have 
good detection effects on industrial dyes and synthetic 
pigments in food. For example, there are studies utilizing 
magnetic nanocomposites Fe

3
O

4
/PDA/NPs were used to 

enrich synthetic pigments such as amaranth, spring red, 
sunset yellow, and seduction red in beverages, shortening 
the analysis time.

The prospect of magnetic polymer nanocomposites in 
food detection is very broad. With the continuous develop-
ment of materials science, it is expected to develop mag-
netic polymer nanocomposites with better performance, 
further improving the detection sensitivity and selectivity 
of various harmful substances in food, and achieving accu-
rate detection of trace pollutants. Integrating magnetic 
separation, enrichment, detection and other functions into 
one, we have developed a more convenient and fast one-
stop detection platform. For example, combining micro-
fluidic technology to achieve automated processing and 
detection of samples, improving detection efficiency and 
flux. Develop methods and materials that can simultane-
ously detect multiple types of harmful substances, such 
as detecting pesticide residues, heavy metals, pathogens, 
etc. in food, to improve detection efficiency and reduce 
detection costs16).

Magnetic polymer nanocomposites, which combine the 
advantages of polymers and inorganic magnetic nanomate-
rials, have received high attention from scholars around the 
world in recent years and have become one of the research 
hotspots in the field of materials The preparation methods 
of polymer magnetic nanocomposites, especially the surface 
treatment technology of nanoparticles and the interface 
interaction between dispersed phase and polymer matrix, 
are the main research directions in the field of polymer mag-
netic nanocomposites17–22). Various chemical preparation 
methods of magnetic ferric oxide nanoparticles, including 
the commonly used coprecipitation method, sol gel method, 
microemulsion method, and hydrothermal method, have 
excellent magnetism, dispersion and stability. Magnetic 
resonance imaging has good contrast enhancement effect 
and can be used for the construction of nanoprobe, mag-
netic resonance imaging and molecular imaging, magnetic 
hyperthermia, drug carrier and targeted diagnosis and 
treatment integration research23–25).

The magnetic polymer nanomaterials prepared based on 
Fe

3
O

4
 have good biocompatibility, low toxicity, high specific 
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surface area adsorption capacity, efficient adsorption of var-
ious substances, good stability, good mechanical strength and 
heat resistance. Under certain external forces and tempera-
ture changes, the structure and properties of the material will 
not change significantly, which is conducive to its storage 
and use in various practical applications. Different ratios of 
polymer monomers and Fe

3
O

4
 nanoparticles can be selected 

for synthesis according to different application requirements 
to regulate the properties of the material.

In the study, magnetic polymer nanocomposites with 
oleic acid-modified magnetic nanoparticles (OA-Fe

3
O

4
) 

were prepared and an efficient and controllable prepara-
tion method was developed to obtain magnetic polymer 
nanocomposites with uniform particle size, strong magnetic 
properties, good stability, and good biocompatibility. By 
utilizing the magnetic response characteristics of magnetic 
nanomaterials, rapid separation and enrichment of target 
substances can be achieved under the action of an external 
magnetic field, greatly reducing detection time and efficient-
ly enriching and separating trace target analytes in food, 
thereby improving the sensitivity of detection methods and 
achieving accurate detection of low concentration harmful 
substances or nutrients in food. Technical solutions and 
guidance for food testing researchers were given.

Experimental

Materials 
As FeCl

3
 and FeCl

2
 hydrates, analytically pure reagents 

of Nanjing Chemical Reagent Co., Ltd. were used. Oleic 
acid (purity 98%) was also delivered by Nanjing Chemical 
Reagent Co., Ltd. Allura Red, Lemon Yellow, Sunset Yellow, 
Amaranth Red and Carmine Red pigments were delivered 
by Guangdong Preet Biotechnology Co., Ltd. All 3 food 
samples (jelly, candy, preserved plum) were purchased from 
supermarkets.

Methods

nanoparticles (OA-Fe3O4) 
The OA-Fe

3
O

4
 nanoparticles were prepared by chemical 

precipitation. Samples of FeCl
3
·6H

2
O and FeCl

2
·4H

2
O 

were dissolved in 100 mL of distilled water, transferred 
to a three-necked bottle, protected with N

2
 and stirred 

and a mixture of oleic acid (1 mL) with distilled water (15 
mL) were dropwise added, stirred and crystallized for 30 
min. The product formed was introduced into a beaker 
with a magnet at the bottom. Black precipitate was settled 
at the bottom, the liquid was removed, the precipitate was 
washed with distilled water and precipitated again with 
a magnet. After repeated washing, the precipitate was 
rinsed with ethanol and dried under vacuum to obtain 
magnetic polymer nanoparticles.
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During the sample pre-treatment process, solid 1 g 
samples (jelly and candy) were crushed and extracted 
with 40 mL of ultrapure water at 40°C for 30 min until 
the samples were completely dissolved. Then the solutions 
were centrifuged with a high-speed centrifuge and filtered 
to obtain the final extracts. In the case of preserved plum, 
sample 1 g of was cut into small pieces, and extracted 
twice for 15 min with 20 mL of ultrapure water under 
ultrasonic treatment. Both extracts were then centrifuged 
and filtered to obtain the final extract. After changing 
pH of the extracts to 6, 10 mg of OA-Fe

3
O

4
 were added. 

After ultrasonic treatment of the suspensions at 55°C for 
3 min, the solid particles were separated with a magnet, 
discarded the supernatant, and desorbed twice at 45°C 
with 1 mL of acetone/Britton-Robinson buffer solution 
(60/40 by volume) (1 mL each time). Finally, both desorp-
tion solutions were combined, dried under nitrogen at 
60°C, dissolved in 1 mL of ultrapure water, and analyzed 
by MSPE-HPLC (a combined method of magnetic solid 
phase extraction followed by high-performance liquid 
chromatography).

MSPE-HPLC analysis conditions 
Chromatography column: Eclipse Plus C18 column (4.6 

phase: methanol (B), 0.02 M ammonium acetate solution 

The pretreated extraction solution was subjected to the 
same treatment on all 3 samples (candy, jelly, and preserved 
plum) according to the established experimental method. 
Lemon yellow, Sunset yellow, and Allura red had good lin-
ear relationships within the range of 0.2–1000 /mL, while 
Amaranth and Carmine red had good linear relationships 
within the range of 0.2–500 /mL. The chromatograms of the 
extraction solution before and after the magnetic solid-phase 
extraction process were compared with 5 standard samples 
of edible synthetic pigments. The results are listed in Table 1.

Food sample Lemon  Yellow Amaranth Red Carmine Red Sunset Yellow Allura Red

Jelly 3.35 - - -

Candy - - - - 2.52

Preserved plum - 2.55 - -
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Results and discussion

Quantity of adsorbent 
The amount of adsorbent used was the primary factor 

in ensuring maximum adsorption of the target analyte. 
The adsorption rates of both target analytes increased 
significantly when the mass of the magnetic material 
ranged from 0 to 20 mg. However, as the mass of the 
material increased, the extraction efficiency did not 
change significantly (Fig. 1). Therefore, the mass of 
Fe

3
O

4
 was 20 mg.

Adsorption time 
Adsorption time was another important factor affect-

ing extraction efficiency. The effect of adsorption times 
(0–12 min) on the extraction efficiency of the target 
analyte was shown on Fig. 2. As the adsorption time 
increased from 2 min to 8 min, the extraction efficiency 
significantly increased. At 8 min, the adsorption effi-
ciency reached its maximum and no longer changed. 
Therefore, in order to achieve maximum adsorption 
efficiency, the optimal adsorption time was chosen to 
be 8 min.
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Adsorption temperature 
The adsorption temperature was a very important factor 

in the magnetic solid-phase extraction process. Effect of 
the adsorption temperature, the experiment investigated 
the effects of five different temperatures in the range 
25–55 C on the extraction efficiency was shown on Fig. 
3. The adsorption efficiency reached its maximum values 
(99.9% for maltoland 95.8% for ethyl maltol) at 40°C. 
Therefore, the optimal temperature for the extraction was 
40°C.

Adsorption pH
The pH of the solution could change the form of the 

target analyte in the solution, the charge form and den-
sity of the adsorbent surface. The effect of pH on the 
extraction efficiency was studied. The pH range of the 
solution was adjusted between 2–10 with 0.01 M NaOH 
and 0.01 M HCl. The extraction efficiency reached its 
maximum at pH 6. Due to the isoelectric point of Fe

3
O

4

being at pH 6.5, when pH <6.5, the surface of Fe
3
O

4
 was 

positively charged. Therefore, under acidic conditions, 
it would be beneficial for the electrostatic adsorption of 
Fe

3
O

4
. However, under acidic conditions, Fe

3
O

4
 nano-

particles may lose reactive materials. Therefore, pH 6 
was chosen as the optimal pH for subsequent experi-
ments.

The recovery rate of samples, represented by jelly was 
also examined. Three levels of spiked concentrations (5, 
50, 200 /mL) were added to the actual jelly samples, and 
each concentration was measured in parallel five times. 
The results are shown in Table 2. The experimental results 
showed that the recovery rate was between 73.2–107.7%, 
and the relative standard deviations (RSDs) were between 
0.19% and 1.34%. The recovery rate of this experiment 
was good and the precision was good, which was suitable 
for quantitative analysis and detection of edible synthetic 
pigments in food samples such as candy, jelly, and pre-
served plum.

Concentration 5

Pigment Recovery a Recovery a Recovery a

Lemon Yellow

Amaranth Red 73.2

Carmine Red

Sunset Yellow

Allura Red 1.34
a n = 5)
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Conclusion 

Oleic acid-modified magnetic nanoparticles (OA-Fe
3
O

4
) 

were prepared by chemical precipitation and used as 
a solid-phase extraction adsorbents to enrich and purify 5 
food synthetic pigments. The MSPE-HPLC analysis method 
was also established. Reaction conditions such as material 
quality, extraction temperature and pH were optimized. 
Under optimal conditions, the linear range of Allura Red, 
Lemon Yellow, Sunset Yellow was 0.25–1000 /mL, while 
the linear range of Amaranth Red and Carmine Red was 
0.25–500 /mL.
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