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(A) Supplementary information to Experimental Section 
 

Enrichment broths for selective growth and enrichment of E. coli, S. aureus and β-lactam resistant 

bacteria are summarised in Table S1. Table S2 summarises the list of primers employed for polymerase 

chain reaction (PCR) for detection of pathogenic bacteria in real milk samples.  

 

 
Table S1. Enrichment broth with supplements to encourage growth of desired bacteria 

 

Enrichment broth Favours growth of bacteria References 

BPW + Vancomycin HCl (8 mg L-1)  E. coli Bisha et al., 2014 

BPW + Sodium Chloride (75 g L-1) + 

Deferoxamine (0.01 g L-1) 

 S. aureus Bruins et al., 2007;  

Isenberg, H.D., 2010;  

Rambach, 2003 

BPW + Cefotaxime (2 μg mL-1)  β- lactam resistant bacteria Mir et al., 2016 

 

 

 

Table S2. List of primers used for PCR based identification of pathogens. 

Primer Sequence 5΄-3΄ Annealing 

temp. (°C) 

Amplicon 

size (bp) 
Reference 

Eco 223 (F) ATCAACCGAGATTCCCCCAGT 
64 232 

 

Riffon et al., 2001 

Eco 455 (R) TCACTATCGGTCAGTCAGGAG 

Sau 234 (F) CGATTCCCTTAGTAGCGGCG  

70 

 

1267 

 

Riffon et al., 2001 

Sau 1501 (R) CCAATCGCACGCTTCGCCTA 

TEM (F) AGATCAGTTGGGTGCACGAG  

62 

 

618 

 

Yazdi et al., 2011 

TEM (R) CAGTGCTGCAATGATACCG 

TEM-1 (F) CGGCATTTTGCCTTCCTGTTTTTGC  

55 

 

702 

 

Abdullah et al., 2017 

TEM-1 (R) GGCCCCAGTGCTGCAATGATA CCG 
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(B) Optimisation of colourimetric paper-based assays with enzymes 

 

 
 

 
 

Figure S1 (a) Reaction on μPAD between CRPG substrate (3 mM) and β-galactosidase enzyme solutions. 
Concentrations down to 20 mU mL-1 could be detected. (b) Reaction on μPAD between nitrocefin (1 mM) and β-
lactamase enzyme solutions. Concentrations down to 0.1 mU mL-1 of β-lactamase could be detected. (c) Reaction 
on μPAD between BCIP substrate (5.7 mM) and alkaline phosphatase enzyme solutions. Concentrations down 
to 6 mU mL-1 could be detected readily by naked eye. The colour reactions were carried out by adding different 
concentrations of β-galactosidase, alkaline phosphatase and β-lactamase onto the μPADs, followed by 3-4 h 
incubation at 37 °C. Data obtained from three separate experiments (n=3). 
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(C) Colourimetric reactions from pathogen cells in culture media 
 

 

 

 

 

Figure S2 (a) Reaction on μPAD between the CRPG substrate (3 mM) and β-galactosidase enzyme from lysed  

E. coli cells. A colour change was detectable at 3.6 x 106 cfu mL-1. (b) Reaction on μPAD between the BCIP 

substrate (5.7 mM) and alkaline phosphatase excreted from S. aureus. Colour change was detected from 

concentrations ≥ 4.5x106 cfu mL.-1 Solutions of chromogenic substrates were pre-deposited on μPADs. 

Suspensions of live bacteria were added. For the detection of β-galactosidase from E. coli, the cells were lysed 

beforehand. The μPADs were incubated at 37 °C for 3-4 h before colour readout. 
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Figure S3 (a) Reaction between nitrocefin substrate and live bacteria of β-lactam resistant and  

β-lactam susceptible strains of E. coli. (b) Reaction between nitrocefin substrate and live bacteria of β-lactam 

resistant and β-lactam susceptible strains of S. aureus. (n=3) 
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(D) Differentiation of -lactam resistant and ESBL-resistant bacteria 
 

 

 
 

 

 
Figure S4 (a) Colourimetric reaction on nitrocefin-embedded μPADs with β-lactam susceptible E. coli,  

β-lactam resistant E. coli and ESBL-resistant E. coli. A red colour is observed both for β-lactam resistant  

E. coli and ESBL resistant E. coli. (b) Colourimetric reaction on HMRZ-86-embedded μ-PADs with β-lactam 

susceptible E. coli, β-lactam resistant E. coli and ESBL resistant E. coli. A red colour is observed only for ESBL 

resistant E. coli. (n=3) 
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(E) UV/vis spectrophotometric analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5 Reactions between the substrates and pathogen derived enzymes tested in conventional microtitre 

plates and read out through UV-visible spectrometry. (a) Detection of E. coli with CPRG substrate via UV-visible 

spectrophotometry at λ = 594 nm. (b) Detection of S. aureus with BCIP via UV-vis spectrophotometry at λ = 405 

nm. (n=3) 



9 
 

 

 

 

Figure S6 Reactions between the substrates and pathogen derived enzymes tested in conventional microtitre 

plates and read out through UV-visible spectrometry. (a) Detection of β-lactam resistant S. aureus with nitrocefin 

via UV-vis spectrophotometry at λ = 490 nm. (b) Detection of β-lactam resistant E. coli with nitrocefin via UV-vis 

spectrophotometry at λ = 490 nm. (n=3)  
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Figure S7 Reactions between the substrates and pathogen derived enzymes tested in conventional microtitre 

plates and read out through UV-visible spectrometry. (a) Analysis of β-lactam resistant and ESBL-resistant E. coli 

with nitrocefin via UV-vis spectrophotometry at λ = 490 nm. (b) Analysis of β-lactam resistant and ESBL resistant 

E. coli with HMRZ-86 via UV-vis spectrophotometry at λ = 490 nm. (n=3) 

 

 

 

 

 



11 
 

(F)  Spiked milk samples 
 

 

 

 

Figure S8 No colour change observed from reaction between CPRG and β-galactosidase enzyme from E. coli 

spiked milk. E. coli could not be detected in milk on the basis of β-galactosidase enzyme, probably as the released 

β-galactosidase reacts with lactose in the milk, thus no enzyme was available for interaction with the CPRG 

substrate. (n=3) 
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(G) Results from real milk samples 
 

(G.1) μPADs
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(G.2) PCR  

(G.2.1) E. coli  

E. coli positive = presence of band at 232 bp 
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E. coli positive = presence of band at 232 bp 
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E. coli positive = presence of band at 232 bp 
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E. coli positive = presence of band at 232 bp 
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E. coli positive = presence of band at 232 bp 
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(G.2.2) Beta-lactam resistant E. coli 

Beta-lactam resistant E. coli positive = presence of band at 618 bp 
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(G.2.3) S. aureus 

S. aureus positive = presence of band at 1267 bp 
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S. aureus positive = presence of band at 1267 bp 
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S. aureus positive = presence of band at 1267 bp 
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S. aureus positive = presence of band at 1267 bp 
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S. aureus positive = presence of band at 1267 bp 
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(G.2.4) Beta-lactam resistant S. aureus 

Beta-lactam resistant S. aureus positive = presence of band at 702 bp  
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Beta-lactam resistant S. aureus positive = presence of band at 702 bp 
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