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Supplementary methods 

1. Determination of grafting density of capture probes on the epoxy-functionalized 

MNPs 

The average diameter of the MNPs was 64 ± 12 nm (Fig. 2b). Despite their 

clustered morphology, these MNPs were approximated as spheres to calculate the 

average volume of individual MNP (VMNP). 
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=1.37×10
-22

 m3 

The density (ρ) of the clustered MNPs was reported to be 3.32 g·cm-3,1 the average 

mass of an individual MNP was determined as: 

mMNP=VMNP×ρ=4.55×10
-19

 kg 

Considering the silanization layer on the epoxy-functionalized MNPs was very 

thin (Fig. S9), and the density of GPTMS (1.07 g·mL-1) is much lower than that of the 

MNPs, the epoxy-functionalization was presumed to have a negligible effect on the 

overall mass. Therefore, the average mass of an individual epoxy-functionalized MNP 

was approximated to remain at 4.55 × 10-19 kg.  

For the capture probe grafting, 0.39 mg of the epoxy-functionalized MNPs was 

added in each assay. Accordingly, the total number of the epoxy-functionalized MNPs 

(Aepoxy-functionalized MNPs) present in each grafting reaction assay was calculated as: 

Aepoxy-functionalized MNPs=
0.39 mg

mMNP

=8.57×10
11

 



To optimize the process of grafting the capture probes onto the epoxy-

functionalized MNPs, 480 µL (V1) of a capture probe solution at different 

concentrations (Cinput) was input into each grafting assay. The total volume of the 

grafting reaction (Vtotal) was 680 µL. After conjugation, the concentration of the 

ungrafted capture probes in the mixture was Cungrafted. The mass of capture probes 

grafted onto the epoxy-functionalized MNPs was: 

mgrafted=Cinput×V1-Cungrafted×Vtotal 

The molecular weight (Mw) of the capture probes was 6410.3 g·moL-1, thereby the 

amount of substance of the capture probes grafted onto the epoxy-functionalized MNPs 

(ncapture probe) was: 

ncapture probe=
mgrafted

Mw of capture probes
 

Thus, the total number of the capture probes grafted onto the epoxy-functionalized 

MNPs (Acapture probe) was: 

Acapture probe=ncapture probe×6.02×10
23

 

Finally, the grafting density of the capture probes on each epoxy-functionalized 

MNP (Pcapture probe) was determined by calculating the number of capture probes grafted 

per MNP: 

Pcapture probe=
Acapture probe

Aepoxy-functionalized MNP

 

 

2. Determination of grafting density of report probes on the AuNPs 

The average diameter of the AuNPs was measured to be 88 ± 12 nm (Fig. 4a). 

As illustrated below, despite their popcorn shape, these AuNPs were approximated as 



spheres for calculating the average volume of an individual AuNP (VAuNP). 
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=3.57×10
-22

 m3 

The specific surface area (α) of an individual spherical AuNP with the same 

particle size (88 nm) was: 

αspherical AuNP=
4πR2

4
3

πR3
=3.53 m2·g-1 

The density (ρ) of Au is 19.3 g·cm-3,2 the average mass of an individual AuNP was: 

mAuNP=VAuNP×ρ=6.89×10
-18

 kg 

For the report probe grafting, 0.74 mg of the AuNPs was added in each assay. 

Accordingly, the total number of the AuNPs (AAuNPs) present in the grafting reaction 

assay was calculated as: 

AAuNPs=
0.74 mg

mAuNPs

=1.07×10
11

 

To optimize the process of grafting the reporter probes onto the AuNPs, 480 µL 

(V1) of a report probe solution at different concentrations (Cinput) was added in each 

assay. The total volume of the grafting reaction (Vtotal) was 680 μL. After conjugation, 

the concentration of the ungrafted report probes in the mixture was Cungrafted. The mass 

of report probes grafted onto the AuNPs was: 

mgrafted=Cinput×V1-Cungrafted×Vtotal 

The molecular weight (Mw) of the report probes was 6015.0 g·moL-1, thereby the 

amount of substance of the report probes grafted onto the AuNPs (nreport probe) was: 



nreport probe=
mgrafted

Mw of report probes
 

Therefore, the total number of the report probes grafted onto the AuNPs (Acapture 

probe) was: 

Areport probe=nreport probe×6.02×10
23

 

Finally, the grafting density of the report probes on each AuNP (Preport probe) was 

determined by calculating the number of report probes grafted per AuNP: 

Preport probe=
Areport probe

AAuNPs

 

 

3. Determination of capture efficiency of capture probe-grafted MNPs for 

Salmonella DNA 

The Salmonella genome, which is haploid, comprises approximately 4.9 × 106 

base pairs (bp).3 Therefore, the Mw of the Salmonella DNA can be estimated using the 

following equation:4 

Mw of the Salmonella DNA=(number of nucleotides×607.4)+157.9=2.98×10
9
 g∙mol

-1
 

The mass of a single copy of Salmonella DNA was then calculated as: 

m of each copy Salmonella DNA=
Mw of Salmonella DNA

6.02×10
23

=4.95×10
-9

 µg 

Thus, the concentration of Salmonella DNA solution, measured using a Nanodrop 

spectrophotometer and reported in ng·μL-1, can be converted into the number of copies 

per mL (e.g. copies·mL-1). 

To optimize the capture efficiency of the capture probe-grafted MNPs for 

Salmonella DNA, 10 μL of a 1011 copies·mL-1 Salmonella DNA solution (equivalent to 

495 ng Salmonella DNA) was hybridized with different amounts of the epoxy-



functionalized MNPs over varying durations. Considering the total volume of each 

hybridization assay was 55 μL and the post-hybridization concentration of the residual 

Salmonella DNA solution was Cunhybridized, the capture efficiency (η) can be determined 

as: 

η=(1-
Cunhybridized×55 µL

495 ng
)×100% 

 

4. Determination of capture efficiency of report probe-grafted AuNPs for 

Salmonella DNA 

Similarly, to optimize the capture efficiency of the report probe-grafted AuNPs for 

Salmonella DNA, 495 ng Salmonella DNA in 10 μL of TE buffer was hybridized with 

varying quantities of the report probe-grafted AuNPs over different durations. Given 

that the total hybridization reaction volume was 55 μL and the post-hybridization 

concentration of unhybridized Salmonella DNA denoted as Cunhybridized, the capture 

efficiency (η) was also calculated as: 

η=(1-
Cunhybridized×55 µL

495 ng
)×100% 

 



Supplementary tables 

Table S1 Operating parameters of ICP-MS analysis. 

 

  

Operating parameters Values 

RF power 1550 W 

Plasma gas (Ar) flow rate 14 L·min-1 

Nebulizer gas (Ar) flow rate 0.8 L·min-1 

Auxiliary gas (Ar) flow rate 0.8 L·min-1 

Scanning mode Peak hopping 

Isotopes 197Au 



Table S2 Information of pathogenic bacteria used in anti-interference assay 

 

  

Bacterial species 
Bacterial 

strains 
Bp 

H. influenzae ATCC 9006 1.9 M 

S. pneumoniae ATCC 6303 2.2 M 

E. coli ATCC 3110 5.9 M 

BHS ATCC 19615 1.9 M 

CTB - 361 

AHS ATCC 49619 1.9 M 

N. meningitidis WHOP 2.3 M 

S. pyogenes ATCC 10389 1.9 M 

L. acidophilus ATCC 13651 2.0 M 

P. aeruginosa ATCC 17434 7.3 M 



Table S3 Comparative performance analysis of different detection methods for Salmonella. 

Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

Plate 

culture 
- - - - - - - 

3 - 7 

days 
5-9 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

PCR 

Magnetic beads 
Capture of 

Salmonella 

 

Sphere 

6 - 6.4 × 104 2 
85.9% - 

92.1% 
- 3 h 10 

- - - 102 - 107 2 × 102 
84.2% - 

99.2% 
- 24 h 11 

- - - - 130 - - 24 h 12 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

Magnetic beads 
Capture of 

Salmonella 

 

Sphere 

- 104 - - 3 - 4 h 13 

Magnetic beads 
Capture of 

Salmonella 

 

Sphere 

- 102 - - 7 h 14 

AuNPs 

Capture of 

Salmonella 

DNA 
 

Sphere 

- 10 pg·μL-1 - - 
> 55 

min 
15 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

Isothermal 

amplification 

techniques 

- - - 
2.1 × 102 - 

2.1 × 103 
2.1 × 101 - - 50 min 16 

- - - - 
1.2 - 12  

CFU/reaction 
- - 35 min 17 

- - - - 103 - - 60 min 18 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

ELISA 

AuNPs 
Capture of 

Salmonella 

 

Nanorods 

1.21 × 10 - 

1.21 × 108 
1.21 × 102 

99.2% - 

110.7% 
- 50 min 19 

MNPs 
Capture of 

Salmonella 

 

Sphere 

- 10 cells·mL-1 
90% - 

114% 

83% - 

95% 

135 

min 
20 

Carbon 

nanotubes 

Capture of 

Salmonella 

 

Tubular 

- 103 - - 3 h 21 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

MNPs 
Capture of 

Salmonella 
- 

1.4 × 104 - 

5.9 × 105 
3.2 × 103 

82.7% - 

117% 
- 4 h 22 

Electro-

chemical 

biosensors 

AuNPs 

Labelling of 

Salmonella and 

amplification of 

signal  

Sphere 

10 - 106 10 
94.2% - 

118% 

1.4% - 

4.5% 
1 h 23 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

AuNPs and 

chitosan 

composite 

Electrode 

materials 

 

Sphere 

10 - 105 5 - - 4 h 24 

Reduced 

graphene oxide 

and TiO2 

nanoparticles 

Electrode 

materials  

Folded and 

wrinkled 

structure 

10 - 108 10 - - 1 h 25 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

Magnetic beads 
Capture of 

Salmonella 

 

Sphere 

102 - 106 1.04 × 103 - - 3 h 26 

Optical 

biosensors 

AuNPs 

Colorimetric 

probes for UV-

vis analysis 
 

Sphere 

25 - 105 10 
89% - 

106.5% 
5% - 27 

polyethyleneim

ine-templated 

Ag/Cu 

nanoclusters  

Capture of 

Salmonella 

 

Irregular shape 

1.43 × 102 - 

1.43 × 107 
3.8 

83.8% - 

103.5% 

0.5% - 

4.9% 
1 h 28 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

MNPs 
Capture of 

Salmonella 

 

Sphere 

101 - 105 10 
80% - 

105% 
- 2.5 h 29 

AuNPs 

Element labels 

for surface 

enhanced 

Raman 

spectroscopy 

(SERS) analysis 

 

Sphere 

101 - 107 5 - - 3 h 30 

Fe3O4@Si 
Capture of 

Salmonella 

 

Sphere 

1.6 × 101 - 

1.6 × 107 
4 

92.6% - 

106.7% 

0.7% - 

5.5% 
- 31 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

AuNPs 

Element labels 

for SERS 

analysis 
 

Sphere 

27 - 2.7 × 105 27 
82.9% - 

95.1% 
- - 32 

MNPs 
Capture of 

Salmonella 

 

Sphere 

101 - 107 10 
97.6% - 

100.4% 

1.8% - 

6.5% 
30 min 33 

Amorphous 

carbon 

nanoparticles 

Capture of 

Salmonella 
 

Irregular shape 

50 - 106 35 
83% - 

117% 
4.7% - 34 



Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

Au@Platinum 

nanocatalysts 

Labeling 

Salmonella 
 

Porous sphere 

18 - 1.8 × 107 17 
88.7% - 

110.6% 

6% - 

8.5% 
1 h 35 

AuNPs 

Capture 

Salmonella and 

color 
 

Sphere 

7 × 101 - 7 × 

109 
23 

94.9% - 

105.6% 

2.4% -

4.9% 
2.5 h 36 

AuNPs 

Element labels 

for SERS 

analysis 
 

Sphere 

102 - 107 35 
94.5% - 

105% 
- 1 h 37 



 

Detection 

methods 
Nanomaterials 

Function of 

nanomaterials 

Morphology 

of 

nanomaterials 

Detection 

range 

(CFU·mL-1) 

LOD 

(CFU·mL-1) 
Recovery RSDs 

Assay 

time 
Refs 

ICP-MS 

AuNPs 

Element labels 

for ICP-MS 

analysis 
 

Popcorn-shape 

102 - 105 100 - - 40 min 38 

AuNPs 

Element labels 

for ICP-MS 

analysis 
 

Popcorn-shape 

1 - 2.1 × 108 

(101 - 1010 

copies·mL-1) 

1 
96.8% - 

102.8% 

0.75% - 

1.61% 
70 min 

This 

work 



Supplementary figures 

 

 

Figure S1. ATR-FTIR spectra of MNPs and epoxy-functionalized MNPs. 

  



 

Figure S2. Zeta potential of MNPs and epoxy-functionalized MNPs. 

  



 

Figure S3. M-H curves of MNPs and epoxy-functionalized MNPs. 

  



 

Figure S4. UV-vis spectra of epoxy-functionalized MNPs and capture probe-grafted 

MNPs. 

  



 
Figure S5. N2 adsorption-desorption isotherm of AuNPs. 

  



 

Figure S6. Wide-scan XPS spectrum of report probe-grafted AuNPs. 

  



 

 
Figure S7. Effect of capture probe-grafted MNPs on isolation of the MNPs-S. 

typhimurium DNA-AuNPs complexes. 

  



 

 

Figure S8. (a) Effect of hybridization duration on the capture efficiency of capture 

probe-grafted MNPs and report probe-grafted AuNPs on S. typhimurium DNA. (b) 

Effect of the mass ratio of capture probe-grafted MNPs to report probe-grafted AuNPs 

on assay performance. (c) AFM images and (d) DLS analysis demonstrating the 

formation of MNPs-S. typhimurium-AuNPs complexes. 

  



  

Figure S9. TEM images of the epoxy-functionalized MNPs (68 ± 10 nm). 

  



 

Figure S10. TEM images of three different batches of MNPs synthesized with the 

VEG/VDEG ratio of 4/16. 
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