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a b s t r a c t 

Promethazine (PHZ) is used as a sedative in veterinary medicine, and its residue can threaten the health 

of human. The electrochemical detection of PHZ is suitable method for application in the field. However, 

the traditional electroanalysis is difficult to perform directly in meat samples due to matrix interfer- 

ence. This work integrates magnetic solid-phase extraction and differential pulse voltammetry for highly 

sensitive and selective determination of PHZ in beef and beef liver for the first time. CoFe2 O4 /graphene 

coated with C18 -functionalized mesoporous silica (MG@mSiO2 -C18 ) is synthesized as dispersed magnetic 

adsorbent to extract PHZ. Magnetic glassy carbon electrode modified with nitrogen-doped hollow carbon 

microspheres (HCM) attracts the MG@mSiO2 -C18 with PHZ, and directly detects the PHZ without elution 

procedure. MG@mSiO2 -C18 can separate PHZ to avoid the interference of impurities on following detec- 

tion, and also concentrate PHZ on magnetic electrode. Additionally, the electrode modification with HCM 

can amplify the electrochemical signal of PHZ. Finally, the integrated PHZ determination method exhibits 

a wide linear range from 0.08 μmol/L to 300 μmol/L with a low limit of detection of 9.8 nmol/L. The beef 

sample analysis presents excellent recovery, demonstrating that this protocol is promising for the rapid 

and onsite detection of PHZ in real meat samples 

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia 

Medica, Chinese Academy of Medical Sciences. 
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Promethazine (PHZ), a kind of phenothiazine antihistamines, 

s a sedative with central nervous system depression. It is com- 

only used to prevent and cure nausea and emesis caused by mo- 

ion sickness and surgery [1] , and treat psychotic disorders such 

s schizophrenia, mania and depression [2] . In animal medicine, 

HZ is frequently used as veterinary drug to decrease the activ- 

ty for growth promotion and fattening during feeding, and reduce 

eight loss and mortality during the transportation of animals [3] . 

he residue of PHZ in animal-derived food can contribute the se- 

ious harm on human body, such as coma, neurologic abnormality, 

xtrapyramidal effect, respiratory depressions and even death [4] . 

he European Union has early prohibited the use of the phenoth- 

azines [5] , and in 2011, the Ministry of Agriculture of the People’s 

epublic of China issued an announcement prohibiting the use of 

HZ in animal feed and drinking water [6] . As a consequence, it 

s extremely important to develop reliable and applicable methods 
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or determination of PHZ in animal-derived food, the main source 

f proteins for humans. 

The chromatography coupled with different detection systems 

s the most universal technique for analysis of the residues of vet- 

rinary drugs in animal-derived food because of its high reliabil- 

ty and wide acceptance [ 7 , 8 ]. In the U.S. Food and Drug Admin-

stration (FDA) Foods Program Compendium of Analytical Meth- 

ds, liquid chromatography tandem mass spectrometry (LC-MS) is 

sed by FDA regulatory laboratories for the determination of psy- 

hotropic drugs in ingredients of animal origin [9] . Coincidentally, 

he LC-MS is employed for the determination of PHZ in meat in 

he standard method promulgated by the Chinese government de- 

artments. The chromatographic separation is carried out on a C18 

olumn, in which a mixture of formic acid solution-acetonitrile is 

sed as the mobile phase. The mass spectrometry with an elec- 

rospray ionization source is performed to detect PHZ [6] . How- 

ver, the sophisticated instrumentation, well-trained personnel and 

 relative long analysis time are required in LC-MS analysis, which 

imits the deployment of it in onsite, rapid and real time applica- 
nstitute of Materia Medica, Chinese Academy of Medical Sciences. 
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Scheme 1. (A) The preparation process of the MG@mSiO2 -C18 nanocomposites and 

HCM microspheres. (B) The schematic illustration of MSPE enrichment and electro- 

chemical detection of PHZ. 
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ions. It should be noted that the matrix complexity of meat sam- 

les and low concentrations of the existing drugs generally require 

aborious and time-consuming procedures of samples pretreatment 

nd target enrichment before chromatography-based assays. The 

olid-phase extraction (SPE) is one of the most frequently used 

echniques in samples pretreatment due to its facile preparation, 

ow cost, low solvent consumption and high extraction efficiency 

10] . SPE techniques based on various functionalized materials are 

sually used in combination with chromatographic analysis for the 

etermination of PHZ in meat samples [ 11 , 12 ]. However, it gener-

lly has multistep separation operations and adsorbent loss short- 

omings. As a contrast with traditional SPE, the SPE based on dis- 

ersive magnetic materials that is called magnetic solid-phase ex- 

raction (MSPE) can rely on an external magnetic field even a mag- 

et to achieve the separation of solid adsorbent and matrix, which 

onsequently improves the separation efficiency and simplifies the 

peration procedure [ 13 , 14 ]. Therefore, MSPE has been widely ap- 

lied to the pretreatment of intricate environmental and biologi- 

al samples in recent years [ 15 , 16 ]. At present, however, MSPE has

arely been applied to the pretreatment of meat samples for PHZ 

rior to chromatography-based methods. 

The electrochemical method has been attracting extensive at- 

ention due to the high sensitivity, rapid response, operational sim- 

licity and low cost [ 17 , 18 ]. Recently, some effort s have been going

n to develop advanced electrode modification materials for the 

esponse signal amplification in electrochemical detection of PHZ 

 19 , 20 ]. Despite the desired sensitivity and selectivity have been 

chieved, the complex matrix such as the animal-derived food is 

pt to make the electrochemical methods difficult to perform sat- 

sfactorily, which forces the samples pretreatment techniques to 

e equipped prior to the detection. To our best knowledge, how- 

ver, there have been no reports yet that SPE technology includ- 

ng MSPE was introduced to the pretreatment of meat sample for 

HZ detection before electrochemical methods. On the other hand, 

agnetic separation is a facile pretreatment technique for electro- 

hemical methods to reach the requirement of rapid and onsite de- 

ection. Target analytes are normally determined through different 

lectrochemical methods after desorbed from magnetic absorbents 

y small volume eluent [ 21 , 22 ]. Because magnetic electrode can at-

ract the magnetic materials absorbing target analytes dispersed in 

he sample solution, sometimes, the direct detection of target ana- 

ytes is achieved on the electrode without the elution procedure 

 23 , 24 ]. Therefore, we integrated the MSPE separation technique 

nd the electrochemical detection method based on magnetic elec- 

rodes for facile and quick separation and determination of PHZ in 

eef or beef liver samples. 

Herein, we prepared magnetic graphene (MG) firstly, and then 

rapped the MG by C18 groups functionalized mesoporous sil- 

ca (MG@mSiO2 -C18 ) to capture PHZ ( Scheme 1 A). The CoFe2 O4 

anoparticles have more surface hydroxyl (M-OH) species than 

e3 O4 [25] , and the cobalt tends to form coordination bond with 

mine groups more likely than iron [26] . As a result, CoFe2 O4 re- 

laced the classical Fe3 O4 as the magnetic core. Moreover, the 

ertical coating of organic-inorganic hybrid mesoporous silica on 

he MG composites could improve the interfacial properties of 

raphene and provide aligned mesoporous structure [ 27 , 28 ]. The 

odification with hybrid C18 -mesoporous silica allows the pre- 

ared material to possess not only unique hydrophobic sites but 

lso mechanical, thermal and chemical stabilities [ 29 , 30 ]. The 

G@mSiO2 -C18 is expected to be an ideal MSPE absorbent for PHZ 

nrichment based on the strong hydrophobic interaction of PHZ 

log Kow 

4.81) with C18 groups, the coordination of amine groups in 

HZ with cobalt as well as iron in CoFe2 O4 , and the π- π stacking 

nteraction of benzene rings in PHZ and graphene. On the other 

and, the magnetic electrode was modified with nitrogen-doped 

ollow carbon microspheres (HCM) with enhanced catalytic activ- 
2 
ty and excellent electrical conductivity [ 31 , 32 ]. The PHZ loaded 

agnetic adsorbents in solution were gathered onto the surface 

f magnetic electrode, further increasing the detection sensitivity 

oward the target analytes without the conventional solvent elu- 

ion step in general MSPE operation ( Scheme 1 B). After systemati- 

al methodology verification, the proposed integrated approach of 

SPE pretreatment and electrochemical detection was practically 

pplied to the determination of PHZ residue in beef and beef liver 

amples. 

As shown in Scheme 1 A, the magnetic CoFe2 O4 particles were 

ecorated onto graphene oxide (GO) via a solvothermal reaction. 

he MG was encapsulated by C18 -functionalized hybrid meso- 

orous silica using a facile sol-gel synthesis method. 

The morphologies and sizes of MG and MG@mSiO2 -C18 were 

bserved using transmission electron microscopy (TEM). Fig. 1 A 

epresents a typical TEM image of graphene with wrinkles, and 

he ∼150 nm CoFe2 O4 nanoparticles are anchored onto graphene 

heet. The involvement of nanoparticles would prevent the restack- 

ng of graphene sheets after GO was reduced under the hydrother- 

al condition. In MG@mSiO2 -C18 TEM images ( Figs. 1 B and C), 

he translucent layer with a thickness of about 50 nm could be 

een, suggesting that the C18 -functionalized mesoporous silica was 

oated on the whole MG. 

The FT-IR spectra were used to inspect the nanocomposites 

onstruction and the surface functional groups. As shown in 

ig. 1 D, the broad band at around 3420 cm−1 and the peaks of 

724 and 1625 cm−1 in GO curve are attributed to the vibrations 

f O–H and C= C, respectively. The MG curve, comparing with the 

O curve, has a newly formed peak at 579 cm−1 produced by 

e–O–Fe/Co–O–Co vibration in CoFe O nanoparticles, which ver- 
2 4 
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Fig. 1. TEM of (A) MG and (B, C) MG@mSiO2 -C18 nanocomposites. (D) FT-IR spectra of GO, MG and MG@mSiO2 -C18 . (E) Magnetization curves of CoFe2 O4 , MG and MG@mSiO2 - 

C18 . (F) N2 adsorption-desorption isotherms of MG@mSiO2 -C18 . Inset: Pore size distribution of MG@mSiO2 -C18 . 
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fies the nanoparticles anchored to graphene. In the MG@mSiO2 - 

18 curve, two emerging peaks at 2920 and 2850 cm−1 are at- 

ributed to the vibration of –CH2 – in C18 groups, two faint peaks at 

956 and 2871 cm−1 to –CH3 , and those at 1259 and 1050 cm−1 

broad peak) to the vibration of Si–C and Si–O–Si respectively in 

he organic-inorganic hybrid mesoporous silica. All of the FT-IR 

pectra suggested the successful synthesis of MG@mSiO2 -C18 . 

Fig. 1 E shows the magnetic hysteresis loops to assess the mag- 

etic behavior of the prepared nanocomposites. The wide hystere- 

is presented from CoFe2 O4 , MG and MG@mSiO2 -C18 is typical 

haracteristic of the hard magnetic behavior of CoFe2 O4 . Moreover, 

he CoFe2 O4 , MG and MG@mSiO2 -C18 possess the specific satura- 

ion magnetization of 72.4, 69.4, 36.0 emu/g, respectively. Although 

he magnetism of MG@mSiO2 -C18 decreased in comparison with 

oFe2 O4 and MG due to the encapsulation of mesoporous silica, 

he saturation magnetization still makes the nanocomposites suffi- 

iently easy to separate from solution in an external magnetic field. 

The N2 adsorption-desorption isotherms of MG and 

G@mSiO2 -C18 are shown in Fig. S2 (Supporting information) 

nd Fig. 1 F, respectively, and the latter shows the representative IV 

ype curve with a sharp capillary condensation step at a relative 

ressure of approximately 0.5. The Brunauer-Emmett-Teller (BET) 

urface area of MG@mSiO2 -C18 is 203.71 m2 /g, which is much 

arger than that of MG of 22.22 m2 /g. Besides, the most common 

arrett-Joyner-Halenda (BJH) model was employed to calculate the 

G@mSiO2 -C18 with average pore size of 4.62 nm, and the pore 

ize distribution is also shown in Fig. 1 F (inset). The mesoporous 

tructure of MG@mSiO2 -C18 coming from the organic-inorganic 

ybrid silica could promote the exposure of more functional 

roups for improving the adsorption activity, which profits from 

he rigid network skeleton [33] . 

The crystal structure and the disorder of graphene in 

G@mSiO2 -C18 nanocomposites were studied by the X-ray diffrac- 

omer (XRD) and Raman spectra. Additionally, the morphology, ele- 

ents distribution and phase composition of MG@mSiO2 -C18 were 

xplored by TEM with energy dispersive X-ray spectrometry (EDS) 

nd X-ray photoelectron spectroscopy (XPS). The analytical results 

f XRD, Raman spectra, TEM, EDS and XPS are supplied in Figs. 

3-S7 in Supporting information, which further supports the suc- 

essful construction of MG@mSiO -C . 
2 18 

3 
The electrode modification material, HCM, was synthesized as 

hown in Scheme 1 A. The morphologies and microstructures of 

CM were characterized by TEM. In Fig. 2 A, the resulting HCM 

isplays a hollow spherical structure and ∼330 nm uniform size. 

igh-angle annular dark-field scanning TEM (HAADF-STEM) and N 

lement EDS mapping analysis ( Figs. 2 B and C) indicate a homoge- 

eous distribution of N element, proving the formation of N-doped 

CM. The results of EDS spectrum reveals that the N content is 

bout 6% in HCM. The XPS full-scan spectra and high-resolution 

pectra of C 1s and O 1s are shown in Fig. S9 (Supporting infor- 

ation), and no characteristic peak of Si indicates that the tem- 

late SiO2 is removed. The high-resolution N 1s spectrum ( Fig. 2 D) 

as used to characterize the type of N dopants which highly de- 

ermines the performance of the electrocatalyst. The N 1s spec- 

rum shows that N element mainly exists in the form of pyridinic 

 ( ∼398.3 eV), pyrrolic N ( ∼399.8 eV), graphitic N ( ∼400.8 eV) 

nd oxidized N ( ∼402.3 eV), which reveals that the graphitic N 

f HCM has the highest relative ratio. The graphitic N can induce 

on-uniform electron distribution on adjacent carbon atoms and 

nhance the electrochemical catalytic activity [34] . 

The electrochemical properties of HCM modified electrode 

ere investigated via cyclic voltammetry (CV) and electrochem- 

cal impedance spectroscopy (EIS) in 0.1 mol/L of KCl solution 

ontaining 5 mmol/L [Fe(CN)6 ]
3-/4−. The typical CV responses and 

yquist plots of bare magnetic glassy carbon electrode (MGCE) and 

CM/MGCE are shown in Figs. 2 E and F, respectively. The CV an- 

dic peak current of HCM/MGCE (184.7 μA) is about 2.5 times that 

f bare MGCE (74.1 μA), and the former displays a lower peak po- 

ential. The Rct values for MGCE and HCM/MGCE in Nyquist plots 

ere calculated as 1485 � and 26.59 �, respectively. These re- 

ults of electrochemical measurement reveal that HCM is equipped 

ith enhanced catalytic activity and excellent electrical conductiv- 

ty, which should be ascribed to the synergistic effects of hollow 

tructure and doping of N [35] . 

Fig. 3 A shows UV–vis absorption spectra of 600 μmol/L PHZ be- 

ore and after adsorption by MG, MG@mSiO2 and MG@mSiO2 -C18 , 

espectively, by soaking 1 mg of adsorbent into PHZ aqueous so- 

ution. The PHZ absorbance of supernatant declined following the 

dding of above three adsorbents, which means the concentration 

f PHZ decreases. Among that, MG@mSiO -C has the highest ef- 
2 18 
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Fig. 2. TEM (A), HAADF-STEM image (B) and the corresponding EDS N elemental mapping images (C) of HCM. (D) XPS high-resolution N 1s spectrum of HCM. CV (E) and 

EIS (F) in 0.1 mol/L KCl solution containing 5 mmol/L (1:1) [Fe(CN)6 ]
3−/4− acquired at bare MGCE and HCM/MGCE. 

Fig. 3. (A) UV–vis absorption spectra of 600 μmol/L PHZ and the supernatant of 600 μmol/L PHZ after enriching by different nanocom posites. (B) CV recorded from 

HCM/MGCE after enriching by MG@mSiO2 -C18 in absence and presence of PHZ. (C) The first and second CV scans recorded from HCM/MGCE after enriching by MG@mSiO2 - 

C18 toward 100 μmol/L PHZ. (D) Electrooxidation mechanism of PHZ. CV (E) and DPV (F) recorded from different operating processes toward 100 μmol/L PHZ. a: MGCE 

without enrichment, b: HCM/MGCE without enrichment, and c: HCM/MGCE with enrichment by MG@mSiO2 -C18 . A: 0.1 mol/L PBS, pH 8.3; B-E: 0.1 mol/L PBS + 0.1 mol/L 

KCl, pH 6.0. 
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ect for PHZ adsorption, indicating that it can be used as the ideal 

SPE material for PHZ enrichment. 

The electrochemical behavior of PHZ adsorbed by MG@mSiO2 - 

18 on HCM/MGCE was investigated by CV and differential pulse 

oltammetry (DPV). No visible peak was observed in absence of 

HZ, while two obvious anodic peaks at 0.63 V (AI ) and 0.82 V 

AII ) were identified in presence of PHZ ( Fig. 3 B). Interestingly, an 

nconspicuous anodic peaks (AIII ) appeared at 0.34 V only during 

he second scan ( Fig. 3 C). The electrooxidation mechanism of PHZ 

s illustrated in Fig. 3 D. In the first scan, one electron was removed

rom N atom in phenothiazine molecular skeleton to yield a rela- 

ively stable cation radical, generating the AI . And the AII at higher 

otentials was inferred to attribute to the oxidation of the tertiary 

itrogen in the lateral chain [36] . In the second scan, another elec- 
4 
ron was removed from S atom to yield a divalent cation that un- 

erwent hydrolysis to produce PHZ sulfoxide, generating AIII [37] . 

The anodic peak of PHZ in CV, acquired by immersing the 

CM/MGCE directly into 100 μmol/L PHZ solution, presents en- 

anced peak current with a lower peak potential compared with 

hat from bare MGCE, which reveals the enhanced catalytic activ- 

ty and fast electron transfer of HCM/MGCE toward PHZ ( Fig. 3 E). 

fter PHZ was enriched by MG@mSiO2 -C18 , the anodic peak of PHZ 

n HCM/MGCE presents tremendously increased peak current, in- 

icating that the enrichment effect of MG@mSiO2 -C18 can greatly 

nhance the current signal response of PHZ on HCM/MGCE. The 

PV, a highly sensitive technique, was performed from 0.30 V to 

.75 V to investigate the peak AI in presence of 100 μmol/L PHZ 

 Fig. 3 F). The results are consistent with those of CV, which af- 
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Fig. 4. (A) DPV responses at HCM/MGCE toward PHZ of different concentrations. (B) The linear relationship between the concentration of PHZ and current intensity at 0.57 V. 

(C) The effect of interfering species in electrochemical detection of PHZ at HCM/MGCE. (D) The reproducibility analysis on ten modified electrodes toward 10 μmol/L PHZ. 

Insets of A and B show Zoom in display of the DPV curves and calibration plot for low concentrations, respectively. 
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rms that HCM modification and MG@mSiO2 -C18 enrichment to- 

ard PHZ can synergistically increase the sensitivity of PHZ detec- 

ion in DPV. 

It is concluded that the combination of MSPE and electrochem- 

cal detection is a strategy of killing three birds with one stone: 

rstly, the functionalized magnetic nanocomposites selectively cap- 

ure and enrich the target analytes in sample solutions; secondly, 

he waiver of elution procedure saves the solvent consumption, 

nd the analysis labor and time; and thirdly, the modification of 

agnetic electrode can enhance the electrochemical signals of an- 

lytes. Therefore, the protocol should offer a potential platform for 

he selective, sensitive and convenient detection of PHZ residues in 

nimal-derived food. 

Before assessing the effect of MSPE enrichment by MG@mSiO2 - 

18 and DPV detection based on HCM/MGCE toward PHZ, several 

elevant parameters were investigated (see Supporting informa- 

ion), in which the adsorption time was optimized to be 30 min, 

he pH of sample solution to be 8.3, the amount of MG@mSiO2 -C18 

o be 0.75 mg, and the pH of supporting electrolyte to be 6.0. Un-

er the optimal experimental conditions, a series of PHZ solutions 

t different concentrations were detected electrochemically after 

nrichment by MG@mSiO2 -C18 . As shown in Fig. 4 A, the peak cur- 

ent at 0.57 V in DPV gradually increased following the incremen- 

al PHZ concentration from 0.08 μmol/L to 300 μmol/L. The cor- 

esponding calibration plot exhibited good linearity between the 

eak value and PHZ concentration in two ranges of 0.08–10 μmol/L 

nd 10–300 μmol/L ( Fig. 4 B). In lower PHZ concentration, the linear 

egression equation of I (μA) = 0.679 CPHZ (μmol/L) + 0.052 with 

2 of 0.995 was acquired, and another equation of I (μA) = 0.151 

PHZ (μmol/L) + 5.296 was acquired with R2 of 0.997 in higher 

HZ concentration. The limit of detection (LOD) was calculated 

o be 9.8 nmol/L based on the S/N = 3. To evaluate the protocol

f PHZ electrochemical detection after enrichment by MG@mSiO2 - 

18 -HCM/MGCE, the key analytical characteristics were tabulated 

n Table S1 (Supporting information) to compare with the previ- 

usly literatures for the determination of PHZ. It is obvious that 

he considerable low LOD and broad linear range were obtained. 

The interference study of as-proposed PHZ detection protocol 

as carried out at HCM/MGCE after enrichment by MG@mSiO - 
2 

5 
18 with different ions (Cl−, Na+ , Mg2 + and SO4 
2−), several biolog- 

cal compounds (glucose (Glu), ascorbic acid (Asc) and l -cysteine 

 l -Cys)), and common veterinary drugs (metronidazole (MET), ac- 

taminophen (ACE) and enrofloxacin (ENR). The interfering sub- 

tances mentioned above at concentrations 10 times higher than 

HZ were introduced individually to monitor the AI peak cur- 

ent. As shown in Fig. 4 C, the peak current signal at 0.57 V is

ot distinctly varied, which means that the developed method 

f PHZ detection was equipped with superior anti-interference 

apability. 

The reproducibility as an important indicator of analysis ac- 

uracy was examined on different HCM/MGCE toward 10 μmol/L 

HZ. It could be seen from Fig. 4 D that the slight change of cur-

ent responses as well as the low relative standard deviation (RSD) 

3.2%) among 10 electrodes indicate the adequate reproducibility 

f the proposed PHZ detection protocol. In addition, the stabil- 

ty of MG@mSiO2 -C18 for the enrichment and detection of PHZ 

as investigated. The current responses of PHZ did not exhibit 

pparent changes within a week. It still accounted for 96.5% of 

he original value on the ninth day (Fig. S14 in Supporting infor- 

ation), suggesting that the MG@mSiO2 -C18 possesses satisfactory 

tability. 

The determination method with satisfactory analytical perfor- 

ance was applied for PHZ detection in beef and beef liver sam- 

les. Firstly, different doses of PHZ were added into above sample 

inces, and then they were extracted by acidic acetonitrile. The 

G@mSiO2 -C18 was used to capture the target PHZ. Subsequently, 

he MG@mSiO2 -C18 carrying PHZ was attracted by the magnetic 

CM/MGCE, and then the PHZ was detected directly by DPV with- 

ut an additional elution process. The analytical results are shown 

n Table 1 , and the detected PHZ concentrations are approximate 

ith the actually spiked doses. Additionally, the recoveries are all 

etween 81.5% and 97.2% and the RSDs less than 4.5%, demonstrat- 

ng that the as-proposed PHZ detection protocol has the promising 

otential for rapid and on-site PHZ detection in meat food. 

In summary, a novel strategy for the determination of PHZ was 

eveloped based on MSPE enrichment with MG@mSiO2 -C18 and 

lectrochemical detection by DPV on HCM/MGCE. The MG@mSiO2 - 

18 with mesoporous structure captures the target PHZ via hy- 
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Table 1 

Recovery experiments of PHZ in beef and beef liver samples on HCM/MGCE after 

enrichment by MG@mSiO2 -C18 . 

Samples Added (μmol/L) Found (μmol/L) Recovery (%) RSD (%) 

Beef 0 0 

0.2 0.165 82.5 4.5 

1 0.922 92.2 3.2 

10 9.715 97.2 1.8 

Beef 

liver 

0 0 

0.2 0.163 81.5 1.4 

1 0.913 91.3 1.2 

10 9.607 96.1 2.2 
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[  
rophobic interaction of PHZ molecules with C18 , coordination of 

he amine groups with cobalt as well as iron, and π- π stack- 

ng interaction of benzene rings in PHZ and graphene, and the 

rganic-inorganic hybrid endues the mesoporous silica with ex- 

ellent structural stability. The HCM/MGCE can easily attract the 

G@mSiO2 -C18 carrying PHZ magnetically without the elution 

rocess necessary in official standard method, and then the ad- 

orbed PHZ can be on-electrode detected via DVP. Eventually, a 

road linear range was achieved for PHZ detection with the re- 

arkably low LOD. The real beef and beef liver samples fortified 

ith PHZ were successfully analyzed with satisfactory reliability, 

hich validates the practical application feasibility of the combi- 

ation of MSPE and electroanalysis. The most interesting merit of 

his study is that, from the aspect of electrochemical method, DPV 

echnique is effectively extended to the selective and sensitive de- 

ermination of PHZ in meat samples after facile MSPE pretreatment 

y using MG@mSiO2 -C18 as the adsorbent. Another one is that, 

rom the aspect of sample pretreatment, the traditional SPE proce- 

ure for LC-MS analysis of PHZ in the intricate matrices is greatly 

implified when the electrochemical detection is introduced on the 

agnetic electrodes modified by nitrogen-doped HCM. 
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