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AbstractAbstractAbstractAbstract    

Sarcosine is a recently identified biomarker for prostate cancer. However, the rapid detection 

methods for sarcosine are relatively lack because of the low concentration and the presence 

of complicated interfering substances in serum or urine. In this manuscript, hollow nanospheres of 

Fe3O4 was synthesized and used as carrier to disperse Pt (Pt) nanoparticles. In order to achieve 

excellent electron transfer ability, we use polyaniline to coat Pt-Fe3O4 nanoparticles, and pyrolyze the 

polyaniline to carbon (C). Thus, hollow magnetic Pt-Fe3O4@C nanocomposites with good electron 

transfer ability are formed. The Pt-Fe3O4@C nanocomposites have high catalytic activity and 

stability. The nanocomposites were immobilized on glassy carbon electrode (GCE) to construct a 

nonenzyme hydrogen peroxide (H2O2) sensor (Pt-Fe3O4@C/GCE). We further construct a sensitive 

sarcosine biosensor by immobilizing sarcosine oxidase (SOx) on the Pt-Fe3O4@C/GCE. The high 

catalytic activity and good biocompatibility of Pt-Fe3O4@C nanocomposites greatly retained the 

bioactivity of immobilized SOx, and the prepared sarcosine biosensor has good electrocatalytic 

performance towards sarcosine. It has a linear detection range between 0.5-60 µM with a limit of 

detection (LOD) of 0.43 µM (the signal to noise ratio is 3), and the sensitivity is 3.45 nA µM-1 (48.8 

nA µM-1 cm-2), which has the potential to be used for rapid screening of prostate cancer.  

Key words: Biosensor; Electrochemical Sensor; Sarcosine; Prostate Cancer; Nanosphere 

1. Introduction 
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Sarcosine has been identified as a differential metabolite whose concentration in serum or urine is 

highly elevated during prostate cancer progression[1]. Therefore, sarcosine may become a sensitive 

biomarker for the prostate cancer screen. However, the quantitative determination of sarcosine is 

particularly difficult due to the very low concentration and the presence of complicated interfering 

substances in serum or urine. In most cases, quantitative detection of sarcosine is usually achieved by 

mass spectrometry (MS) based methods[2-4]. However, these methods are not suitable for routine 

detection because of the high cost, the difficulty of instrument operation and sample preparation. 

Biosensors have the properties of simple and inexpensive[5-7]. The most popular way to detect 

enzyme reactions in various biosensors is to monitor the production of enzymatic catalytic reactions. 

In the presence of oxygen, sarcosine is catalyzed by sarcosine oxidase (SOx) to produce 

formaldehyde, glycine and hydrogen peroxide (H2O2)[8, 9]. On the other hand, H2O2 plays an 

important role in many fields such as the medicine, chemical synthesis, textile, environmental 

protection and food[10-14]. Compared with other methods for the detection of H2O2, electrochemical 

sensors have attracted wide attention for their rapid, economical, accurate and reliable quantitative 

analysis[15]. In this work, the concentration of H2O2 is proportional to the concentration of sarcosine. 

Therefore, the determination of sarcosine could be realized by electrochemical detection of H2O2. 

The chemical equation (1) and (2) shows the enzymic catalytic reaction and the electro-catalytic 

reaction[16]. 

         Sarcosine + H2O + O2   SOx   Formaldehyde + Glycine + H2O2              （1） 

         H2O2  
0.3 V  O2 + 2H+ + 2e-                                        （2） 

Based on an electrochemical H2O2 sensor, some sensitive sarcosine biosensors had been 

constructed successfully, which provides a more convenient diagnosis method for prostate cancer 

screening[6, 9, 17, 18]. Though the previously reported sarcosine biosensors have their advantages, 

there are still many work to do to improve the detection performance. In Rebelo’s work, the linear 

range of sarcosine biosensor is very well (0.01-0.1 µM). However, it does not refer to the 

anti-interference property of ascorbic acid (AA), uric acid (UA) or dopamine (Dop)[16]. In Pundir’s 

work, both the linear range and the anti-interference property of sarcosine biosensor is fairly well. 

However, this work use gold electrode and with a high applied voltage of 1 V vs Ag/AgCl[19]. 
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Rebelo’s work has showed that the anti-interference property of gold electrode is not satisfied even at 

a lower voltage (0.6 V)[16]. So the reason of its good anti-interference property is worthy of further 

studies, especially under such a high voltage. Much more work is worthy to do since sarcosine is a 

better biomarker for prostate cancer.  

Magnetic Fe3O4 nanomaterial has the properties of superparamagnetic, good biocompatibility, low 

toxicity, easy to prepare, and easy to be functionalized. It has been widely used in environmental 

detection, electrochemistry, biomedical, medical diagnosis and medicine[20-24]. The properties and 

applications of Fe3O4 nanoparticles depend on their crystallinity, size and morphology, especially the 

size effect of nanoparticles[25, 26]. Fe3O4 is a multifunctional magnetic recycling heterogeneous 

supporter which can be used as a carrier for the preparation of versatile catalysts[27]. Precious metal 

nanomaterials have received extensive attention because of their excellent performances in the fields 

of optics, magnetism, electricity, and catalysis[18, 28-30]. However, due to the limitations of their 

properties and rare reserves, the large-scale application of precious metal nanomaterials have been 

greatly limited. Therefore, it is desirable to reduce the use of precious metals while improving 

composited with other non-precious metals[31, 32]. Its physical and chemical properties such as 

optical, electrical, magnetic, catalytic, and mechanical properties can be significantly altered by 

controlling size, morphology, and structure[33-36]. In this study, Fe3O4 hollow nanospheres 

werefabricated and used as carrier to support platinum (Pt), and further was combined with carbon 

(Pt-Fe3O4@C) to achieve good conductivity. The Pt-Fe3O4@C nanocomposite makes full use of the 

three materials (precious metal, magnetic material, and conductive material) and shows very high 

electrocatalytic activities. In addition, the Pt-Fe3O4@C nanocomposites also greatly reduce the 

amount of Pt (only 1.1 wt%) compared with other Pt biosensors[18, 28-30]. This indicates that this 

nanocomposites can provide more active sites. The prepared enzyme free H2O2 sensor and the 

sarcosine biosensor have a rapid and sensitive response to H2O2 and sarcosine, respectively. Because 

of the sarcosine biosensor has a very low limit of detection (LOD), it is suitable to be used in the 

large-scale screening of prostate cancer. The Pt-Fe3O4@C nanocomposites also have potential use to 

construct biosensors for other low concentration substrates in the field of food safety and medical, 

etc.  

2 Material and methods 
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2.1 Reagents and instruments 

SOx got from J&K Scientific Ltd (lyophilized powder, 25 U•mg-1). The SOx solution (1 U• µL-1) 

was prepared by dissolving SOx in sodium phosphate buffer (PBS, pH 7.0) which contains 7% 

bovine serum albumin (BSA). Sarcosine was purchased from Shanghai Macklin Biochemical Co., 

Ltd. Chitosan (CS) was purchased from Sigma-aldrich Co., Ltd.. H2O2 was obtained from Shanghai 

Aladdin Biochemical Technology Co., Ltd. (30 wt%). The serum sample was purchased from 

Huayang Zhenglong Biochemical Products Laboratory. Ultra-pure water (18.2 MΩ•cm-1) was used in 

this work.  

 Scanning electron microscope (SEM) was conducted by using S-4800 scanning electron 

microscope. Transmission electron microscope (TEM) observations were carried out on a Joel 2100F 

apparatus equipped with an energy-dispersive X-ray spectrometer (EDS). Electrochemical 

measurements data were recorded by CHI660E electrochemical workstation (Shanghai, China). All 

the electrochemical experiments were implemented with a three electrode system. In the three 

electrodes system, the reference electrode was saturated calomel electrode (SCE), meanwhile the 

auxiliary electrode and the working electrode were composed of Pt electrode and modified glassy 

carbon electrode (GCE), respectively. 

2.2 Preparation of Pt-Fe3O4@C nanocomposites 

  The Fe3O4 hollow nanospheres wereprepared by hydrothermal method. FeCl3·6H2O (1.35 g) and 

ammonium acetate (3.85 g) was dissolved in 70 mL of ethylene glycol, magnetically stirred for 0.5 h, 

and the mixed solution was placed in an autoclave and kept at 200 °C for 8 h[37]. After cooling to 

room temperature for several hours, the upper layer clarified solution was separated. The black 

sediment was centrifuged (10000 rmp, 4 min) and washed with ethanol and dried in a vacuum drying 

oven at 60 °C for 10 h. The obtained black powder was Fe3O4 hollow nanospheres. The nano Pt was 

loaded on the Fe3O4 hollow nanospheres by thermal reduction method. 5 mL of H2PtCl6·6H2O 

solution (0.02 g•mL-1) was used to soak Fe3O4 nanospheres for 48h. Then the nanospheres weredried 

in a vacuum drying oven at 60 °C for 10 h. The dried nanospheres weresintered at 500 °C for 5 h to 

obtain Pt-Fe3O4 composite nanoparticles. 0.15 g Pt-Fe3O4 was dispersed in 15 mL ethanol solution 

that containing 4 mL of aniline, and certain amount of FeCl3·6H2O was dissolved in 5 mL ethanol 
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solution. The above two kinds of solution were mixed with ultrasonication for about 60 min to 

polymerize aniline and form polyaniline (PANI). The mixed solution was finally centrifuged to 

obtain Pt-Fe3O4@PANI nanocomposites, and the nanocomposites weredried in a vacuum drying 

oven at 60 °C for 10 h. Then the Pt-Fe3O4@PANI nanocomposites was calcined at 700 °C under Ar 

atmosphere to carbonize the PANI to form the nanocomposites of Pt-Fe3O4@C. 

2.3 Fabrication of modified electrode and sarcosine biosensor 

The bare glassy carbon electrode (GCE, Ø3 mm) were polished with Al2O3 powder (0.3 µm) to 

a mirror surface, washed with ultra pure water, soaked in anhydrous ethanol for 5 min and then dried 

naturally. The Pt-Fe3O4@C electrode (Pt-Fe3O4@C/GCE) was obtained by dropping 10 µL turbid 

solution on the surface of the modified electrode. The turbid solution was composed of 10 mg of 

Pt-Fe3O4@C nanocomposites, 0.04 mL of 1% CS, 0.21 mL of ethanol and 0.75 mL of water. The 

mixed solution was ultrasonicated for 2 h. For comparison, the Fe3O4/GCE, Pt-Fe3O4/GCE and 

Pt-Fe3O4@PANI/GCE were also prepared by using Fe3O4, Pt-Fe3O4 or Pt-Fe3O4@PANI 

nanoparticles according to the same procedure.  

The SOx/Pt-Fe3O4@C/GCE sarcosine biosensor was fabricated by dripping 4 µL of 1 U•µL-1 SOx 

solution onto the surface of Pt-Fe3O4@C/GCE and dried 2 h at room temperature, then coated with 4 

µL of 1% CS. After it was dried naturally, the sarcosine biosensor was successfully prepared. 

The fabrication process and the mechanism of the sarcosine biosensor is schematically shown in 

scheme 1. 

Scheme 1 

3. Results and Discussion 

3.1 Characterization of the Pt-Fe3O4@C  

  Fe3O4 hollow nanospheres wereprepared mainly according to the reported literature[37]. The nano 

Pt was loaded on the Fe3O4 nanospheres to obtain Pt-Fe3O4 composite by thermal reduction method. 

Pt-Fe3O4@PANI nanocomposites wereprepared by polymerizing aniline monomer into polyaniline 

with the catalytic action of Fe3+. At last, the Pt-Fe3O4@PANI was calcined at 700 °C under Ar 

atmosphere to form the Pt-Fe3O4@C nanocomposites. The final Pt-Fe3O4@C was characterized by 
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SEM and TEM. As shown in Fig.1a, the Pt-Fe3O4@C shows a spherical structure with a uniform 

outer diameter of several hundred nanometers. Pt particles with a diameter of about 3-7 nm can be 

found on the surface of the hollow spheres (Fig. 1b). The hollow spheres are confirmed by TEM (Fig. 

1c). The element mapping (Fig. 1d) shows that the C and Pt elements are uniformly dispersed on the 

sphere, showing the uniformly distribution of Pt nanoparticles. The element analysis spectrum shows 

the existence of Pt (1.1 wt%) and Fe (87.9 wt%) (Fig. 1e). The relative low content of Pt indicates 

the high dispersion of Pt nanoparticles[38]. The selected area electron diffraction pattern (Fig. 1f) is a 

polycrystalline ring pattern, which belongs to the Pt-Fe3O4 nanocomposites. These results indicate 

the successful preparation of Pt-Fe3O4@C nanocomposites and the uniformly distribution of nano Pt. 

[Fig. 1]  

3.2 Electrochemical performance of the modified electrode 

In order to study the potential applications of Pt-Fe3O4@C nanomaterials in the field of 

electrochemical analysis, an electrochemical non-enzyme H2O2 sensor and an amperometric 

sarcosine biosensor based on the Pt-Fe3O4@C nanomaterials were prepared, respectively. Fig.2a 

shows the CV curves of the Fe3O4 modified GCE (Fe3O4/GCE), the Pt-Fe3O4 modified GCE 

(Pt-Fe3O4/GCE), the Pt-Fe3O4@PANI modified GCE (Pt-Fe3O4@PANI/GCE) and the Pt-Fe3O4@C 

modified GCE (Pt-Fe3O4@C/GCE) at the potential ranges from -0.4 to 0.8 V with a sweep rate of 50 

mV•s-1 in the solution of 5 mM potassium ferricyanide. The CV curves of the GCE and the 

SOx/Pt-Fe3O4@C/GCE are also displayed in Fig. 2a as a comparation. Reversible redox behavior 

was detected on all the above electrodes. The CV curve of the Pt-Fe3O4@C/GCE shows the highest 

response signal in comparison with the CV curves of the bare GCE, Fe3O4/GCE, Pt-Fe3O4/GCE, and 

Pt-Fe3O4@PANI/GCE. In addition, the potential difference between the oxidation and the reduction 

peak current of the Pt-Fe3O4@C/GCE is the smallest. Consider these signals, it is clear that the 

Pt-Fe3O4@C/GCE electrode has the best electrochemical performance. The oxidation peak and the 

reduction peak current of the SOx/Pt-Fe3O4@C/GCE and the Pt-Fe3O4@PANI/GCE were reduced 

greatly because of the insulating films of SOx or PANI blocked the transfer of electrons. The 

interface properties of the modified electrode also was studied by electrochemical impedance 

spectroscopy (EIS). The EIS curves of the Pt-Fe3O4@C/GCE, the bare GCE, and the Pt-Fe3O4/GCE 
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in 10 mM of K3Fe(CN)6
3− solution was illustrated in the inset of Fig. 2a. The electron transfer 

resistance (Ret) of the modified electrode was evaluated. The Pt-Fe3O4@C/GCE exhibits much 

smaller semicircular domains (26.1 Ω) than the bare GCE (757.6 Ω) and the Pt-Fe3O4/GCE (275.5Ω). 

EIS results further confirmed that Pt-Fe3O4@C has excellent electrochemical properties. These 

remarkable properties could be attributed to the conductivity and stability of the graphite carbon 

formed during the sample preparation process[39].   

Fig. 2b illustrates the CV curves of Pt-Fe3O4@C/GCE in 5 mM K3Fe(CN)6
3− solution with various 

sweep rates. It can be seen that both the anode peak potential and the cathode peak potential 

remained reversible and very little shift with the increase of sweep rate, showing the electrode has 

fast electron transfer kinetics and excellent electrochemical reaction ability. The relationship 

between the sweep rate and the anode and cathode peak currents is shown in the inset of Fig.2b. 

Both the cathode and the anode peak current increase monotonously with the sweep rate. In the 

range of 10 - 60 mV•s-1, the peak current and the square root of the sweep rates has a linear 

relationship, which showing a diffusion-controlled process of Pt-Fe3O4@C/GCE electrode. This 

also illustrates that the electrochemical reaction on the electrode is very fast. Fig. 2c shows the i-t 

response curves of the H2O2 on the bare GCE, the Fe3O4/GCE, the Pt-Fe3O4/GCE, the 

Pt-Fe3O4@PANI/GCE, and the Pt-Fe3O4@C/GCE in 0.1 M PBS with an applied potential of 0.3 V. 

With the continuously addition of 1 mM of H2O2, the response currents of all the electrodes 

increased accordingly. From fig. 2c, it can be seen that the response current of the 

Pt-Fe3O4@C/GCE is obviously higher than Pt-Fe3O4/GCE and other electrodes, showing that the 

Pt-Fe3O4@C nanomaterials have excellent catalytic ability towards H2O2. Further more, the 

response current of Pt-Fe3O4@C/GCE varies rapidly with the addition of hydrogen peroxide, and 

the response time is less than 2 s, as shown in fig. 2d. The upper inset in fig. 2d shows the linear 

fitting curve of the Pt-Fe3O4@C/GCE towards H2O2. It has a wider detection range of 0.001 - 6.0 

mM with a linear regression equation of i/µA =0.74+19.16 c/mM, n = 32, R2=0.994. The sensitivity 

is as high as 19.16 µA•mM-1 (271 µA•mM-1
•cm-2). The lower inset shows the enlarged view of 0 - 

0.03 mM H2O2. The Pt-Fe3O4@C/GCE has a lower LOD (0.6 µM) towards H2O2 and could be used 

as a high performance enzyme free H2O2 sensor.  

 [Fig. 2]    
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3.3 Electrochemical properties of the sarcosine biosensor 

We further measured the electrochemical properties of SOX/Pt-Fe3O4@C/GCE by using i-t method. 

During the test, a certain amount of sarcosine solution was dropped into the PBS solution each 100 s. 

With the increase of sarcosine concentration, the corresponding response current increased rapidly, 

indicating that the enzyme was successfully immobilized on the surface of Pt-Fe3O4@C electrode 

and the biosensor had a sensitive reaction speed toward sarcosine. The current response of 

SOx/Pt-Fe3O4@C/GCE toward sarcosine in 0.1 M PBS was recorded by keeping the potential at 0.3 

V. The responds current of sarcosine is in a linear range between 0.5 to 60 µM. The regression linear 

fitting equation is: i/nA = 3.45 c/µM + 7.18, R2=0.995. According to the calibration curve, it is 

estimated that the LOD of the sarcosine biosensor is 0.43 µM according to S/N = 3. These values are 

comparable to the behaviors of the recent reported sarcosine sensors (Table1).   

[Fig. 3] 

     [Table 1] 

Anti-interference response is a great challenge for sarcosine analysis, because sarcosine 

concentration is lower than many electrochemical activity interference in serum. Maltose (Mal), 

Citric acid (CA), Fructose (Fru), K+, Ca2+, Dop, UA, AA, and Cysteine (Cys) coexist with sarcosine 

in human blood serum. The anti-interference performance of SOx/Pt-Fe3O4@C/GCE toward these 

interfering species was evaluated by using i-t measurement. The current responses of the 

SOx/Pt-Fe3O4@C/GCE biosensor in 0.1 M PBS with continuously adding sarcosine (50 µM), Mal 

(300 µM), CA (300 µM), Fru (300 µM), K+ (300 µM), Ca2+ (300 µM), AA (100 µM), Dop (100 µM), 

UA (300 µM) and Cys (300 µM) was shown in Fig.4. It can be clearly seen that 

SOx/Pt-Fe3O4@C/GCE has rapid response to sarcosine, while the response to interfering species can 

be neglected. This is due to the anti-interference ability of CS film[40]. These results demonstrate the 

superior selectivity of SOx/Pt-Fe3O4@C/GCE toward sarcosine. The biosensor was kept at 4 ℃ 

with plastic wrap when not in use. The long term stability of the sensor was also tested. The current 

signal could retain 90% of its initial data within 30 days, showing good stability.  
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[Fig. 4] 

 3.4 Detection of sarcosine in serum 

In order to prove the accuracy of the SOx/Pt-Fe3O4@C/GCE biosensor in the analysis of sarcosine, 

standard addition method was used to detect sarcosine in human serum (diluted 10 times with PBS 

solution). The added concentration of the sarcosine was 10, 20 and 30 µM, respectively. Five 

repetitive experiments were carried out to calculate the precision of the sarcosine sensor. The relative 

standard deviation (RSD) of the determination is between 0.15 - 3.3%, as shown in table 2. At lower 

concentration (10 µM), the RSD is only 0.15%. While at higher concentration (20 or 30 µM), the 

RSD is a little larger than 3%, showing very high precision of the biosensor. The recovery rate of the 

biosensor is between 92-99%, showing high accuracy of the sensor. These results also show that the 

SOX/Pt-Fe3O4@C/GCE biosensor may be used for actual sample testing. 

[Table 2] 

4. Conclusion  

In summary, Pt-Fe3O4@C nanocomposites with high catalytic performance but lower Pt content 

(1.1 wt%) was prepared successfully. The presence of hollow magnetic material Fe3O4 makes the 

nanocomposites more convenient for recycling and more biocompatible. The formation of carbon via 

pyrolyzing polyaniline achieves excellent electron transfer ability and helps to keep the high catalytic 

activity of Pt. The prepared SOx/Pt-Fe3O4@C/GCE sarcosine biosensor has excellent sensing 

properties. The linear detection range of the sarcosine biosensor is 0.5 - 60 µM and the LOD is 0.43 

µM, which is comparable to the content of sarcosine in serum or urine of prostate cancer patient. 

This biosensor has potential to be used in the large-scale screening of prostate cancer. The 

Pt-Fe3O4@C nanocomposites also could construct biosensors for other low concentration substrates 

in the field of medical and food safety. 
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Scheme 1. The fabrication process and the mechanism of the SOx/Pt-Fe3O4@C/GCE biosensor. 
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Table 1. Comparison of sensing performances of SOx/Pt-Fe3O4@C/GCE with other electrochemical 
sarcosine sensors. 

Table 2. The standard recovery of the sarcosine sensor in serum sample. 
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Figure Captions 

Fig. 1. a) SEM, b, c) TEM, d) elemental mapping and e) element analysis spectrum, f) selected area 

electron diffraction pattern of Pt-Fe3O4@C nano composites. 

 

Fig. 2. a) CVs of Pt-Fe3O4@C/GCE, Pt-Fe3O4@PANI/GCE, Pt-Fe3O4/GCE, Fe3O4/GCE, bare GCE 

and SOx/Pt-Fe3O4@C/GCE at a sweep rate of 0.05 V s-1 in 5 mM K3Fe(CN)6
3− solution, and the 

EIS of Pt-Fe3O4@C/GCE, bare GCE, Pt-Fe3O4/GCE in 10 mM K3Fe(CN)6
3− solution, b) CVs of the 

Pt-Fe3O4@C/GCE in 5 mM K3Fe(CN)6
3− solution at sweep rates from 0.01 to 0.06 V s-1. The linear 

relationship between the redox peak current is shown in the illustration, c) I-T curves of 

Pt-Fe3O4/GCE, Pt-Fe3O4@PANI/GCE, Pt-Fe3O4@C/GCE, Fe3O4/GCE and the GCE to the 

successive addition of 1mM H2O2, in 0.1 M PBS (PH=7.0) at 0.3 V potential, d) I-T curves of 

Pt-Fe3O4@C/GCE to the successive addition of H2O2 in 0.1 M PBS (PH=7.0) at 0.3 V. Insets 

including corresponding calibration plot of the hydrogen peroxide sensor at 0-6mM and an enlarged 

view of 0-0.03 mM H2O2. 

 

Fig. 3. I-T curves of SOx/Pt-Fe3O4@C/GCE to continuous addition of sarcosine. The inset shows 

the linear plot for the SOx/Pt-Fe3O4@C/GCE and the enlarged view of 0-2 µM of sarcosine. 

Fig. 4. The anti-interference performance of Pt-Fe3O4@C/GCE for Mal, CA, Fru, K+, Ca2+, AA, 

UA, Dop, and Cys. 
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Scheme 1. 
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Table 1.  

electrodes 
linear range 

(µM) 

limit of 

detection 

(µM) 

potential 

(V) 

 

interference study ref 

CA AA UA Dop Cys 

Pt/MNP/ 

GCE 
5-40 0.24 0.4 No  No No No  No  [9] 

Carbon screen 

printed electrodes 
0.01-0.1 0.016 0.6 - - - - - [16] 

PAA /GCE 
0.001-0.05 

(logarithmic) 
0.0004 -0.55 - No  No - - [17] 

Pt@ZIF8/GCE 5-30 1.06 0.4 No  Yes No - Yes [18] 

Au 0.1-100 0.01 1 No No No - - [19] 

CNT/Pt 6-750 6 0.2 - - No - - [41] 

PVA-Au-pph 

TEOS -SOD- GE 
500-7500 500 0.55 - - - - - [42] 

Pt-Fe3O4@C/GCE 0.5-60 0.43 0.3 No  No  No No  No this work 

No, represents noninterference; Yes, represents interference; -, represents the interference test was 
not performed.
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Table 2. 

No. Added (µM) Found (µM) Recovery (%) RSD (%) 

1 10.0 9.9 99 0.15 

2 20.0 19.0 95 3.1 

3 30.0 27.6 92 3.3 
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Fig.1. 

            

             

            



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

21 

 

Fig.2. 
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Fig.3. 
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Fig.4 
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� Hollow Pt-Fe3O4@C nanospheres with high catalytic activity were prepared. 

� The SOx/Pt-Fe3O4@C/GCE biosensor has good sensing properties towards sarcosine. 

� The sensor has a linear range of 0.5-60 µM with good anti-interference property. 
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