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Detection of coliforms on paper-based culture devices is a novel alternative to traditional 
methods of detection. The coliform group of organisms, when present in food, indicates 
feacal contamination. It is one of the major causes of the outbreaks of food-borne 
diseases.  This work demonstrates the detection of coliforms using enzymatic methods on 
paper-based devices. Coliforms were detected on the basis of the presence of β-D-
galactosidase, an enzyme specific to the coliform group. The chromogenic substrate of 
choice for the detection of the enzyme was chlorophenol red-β-D-galactopyranoside. 
Tests on the paper-based culture devices were standardised with respect to the optimum 
substrate concentration, time of incubation and limit of detection. The optimum substrate 
concentration was found to be 2.35mM (1X), while the limit of detection was 2.0 × 102 
CFUmL-1. Although there was no optimum time of incubation, the time of incubation 
was observed to be inversely dependent upon the cell number. Food samples spiked with 
known cell numbers of positive control culture, Escherichia coli ATCC 25922, were used 
for proof of concept studies. Further, actual food samples were also tested. The results of 
the tests on these devices were obtained faster than conventional methods. Thus, tests on 
paper-based culture devices are ideal for use in resource limited settings.    

KEYWORDS: paper-based culture devices, coliform detection, β-D-galactosidase, 
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Introduction- 
Coliforms are described as a group of Gram negative, facultative anaerobic, rod-shaped 
bacteria that ferments lactose with gas and acid formation within 48 h at 35°C ("BAM: 
Enumeration of Escherichia coli and the Coliform Bacteria", 2013). Typical genera of 
coliforms include: Citrobacter, Enterobacter, Hafnia, Klebsiella&Escherichia 
("Coliform Bacteria", 2016).Coliforms can be found in the aquatic environment, in soil 
and on vegetation; they are universally present in large numbers in the faeces of warm- 
blooded animals. Coliforms themselves do not cause any serious illness but their 
presence is used to indicate that other pathogenic organisms of faecal origin may be 
present. Such pathogens include disease-causing bacteria, viruses, or protozoa and many 
multicellular parasites. These enteric pathogens are generally present in very low 
concentrations in environmental waters amongst a large number of different types of 
microbes. Their detection methods are complicated and time consuming. The use of the 
coliform group, and more specifically E. coli, as an indicator of microbiological quality 
of food is being used since the 19th century. Presence of coliforms in raw or processed 
foods indicates faecal contamination. The level of coliforms reflects the general hygienic 
conditions during food production or handling. Buttiaux and Mossel reported that 1 gram 
of human faecal matter usually contains about 40 million coliforms, 4 million E. coli. 
The ratio of these bacteria to each other is about 10:1. Accordingly, 10 E. coli cells per 
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gram of food would be equivalent to about 2.5 µg of faecal contamination. (Varga& 
Anderson, 1968) There are several methods for coliform detection. The traditional 
techniques for detection of coliforms, such as multiple-tube fermentation technique, 
membrane filter technique, the presence/absence tests etc., have limitations such as 
longer incubation times, interference by non-coliforms, non-specific and/or weak 
detection of the coliform group. The newer methods include immunological and PCR-
based methods. Immunological methods, which have been very popular, are easy to apply 
but still have some limitations linked to cross-reaction with non-targeted cells of 
commercialized antibodies. PCR-based methods have a higher level of specificity 
detection but they have major limitations when applied to natural samples. The 
development of enzymatic assays for detection has helped in overcoming the limitations 
of traditional as well as immunological and PCR-based methods. They are specific, 
sensitive and rapid. The enzymatic assays for detection of total coliforms are based on the 
hydrolysis of chromogenic or fluorogenic substrates by β-galactosidase activity, an 
enzyme found in total coliforms (Brenner et al., 1993; George et al., 2000; Rompre et al., 
2002; Bitton, 2005; APHA, 2005 as cited in Nikaeen, Pejhan, &Jalali, 2009). The assay 
with β-galactosidase is easy to perform and interpret, and provides results for total 
coliforms in 24 hours (Bitton, 2005; APHA, 2005 as cited in Nikaeen, Pejhan, &Jalali, 
2009, Edberg et al.; 1990 as cited in Nikaeen, Pejhan, &Jalali, 2009).  
Detection of coliforms in the current work is done using such enzyme assay based on 
hydrolysis of chromogenic substrate by β-D-galactosidase. This work involves the use of 
Chlorophenol red-β-D-galactopyranoside (CPRG), an analogue of galactose, is another 
substrate which is used for β-galactosidase assay. The yellow‐orange CPRG substrate is 
converted into the red chromophorechlorophenol red, yielding a dark red solution by β-
galactosidase when samples are incubated with CPRG. (Sicard et al., 2014) 
Standardisation of this assay was done using known β-galactosidase positive culture E. 
coli ATCC 25922. As proof of concept studies, the device was tested using food samples 
spiked with above culture. The devices were then tested with actual samples for presence 
of coliforms. Tests with traditional methods were carried out simultaneously and the 
results of both the methods were compared. Food samples that are likely to be 
contaminated by coliforms were selected for the study.  
Regular paper-based devices are made of chromatography paper with hydrophilic-
hydrophobic barriers to contain medium to restricted area. Portable culture devices 
(PCDs), which are variants of paper-based devices, were first constructed by Huacca et 
al. in 2012 (Funes-Huacca et al., 2012) for the growth of bacteria. The devices used in 
this work were prepared from masking tape, patterned paper with a reservoir for nutrient 
medium and an oxygen permeable PDMS viewing window. The reservoir could hold up 
to 500µl and the device could be closed to maintain aseptic conditions. The devices are 
portable and do not need trained personnel and equipment for use. Therefore, they are 
ideal for point-of-control testing.  
Materials and Methods- 
Fabrication of PCDs 
The paper-based device was fabricated using a modification of the protocol described by 
Funes-Huacca et al. (2012).  
Cultures Used  
E. coli ATCC25922 was used for spiking food samples for proof of concept testing. 
 
Media and Reagents Used  
Substrate, Chlorophenol Red-β-D galactopyranoside (CPRG), was procured from Sigma 
Aldrich. A stock (11mgmL-1 i.e. 18.8mM, 8X) of CPRG was prepared in phosphate 
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buffer pH 7.5. Substrate concentrations used were 0.24mM (0.1X), 1.17mM (0.5X), 
2.35mM (1X) and 4.7mM (2X). 
PCDs were loaded with 450µL of lactose broth containing the desired concentrations of 
CPRG. 

Food Sample Preparation  
10 g of food sample was added to a flask containing 40 ml Ringer's Solution (Vegetable 
samples along with the leaves and 2 inch stalks, and meat samples were finely chopped). 
The finely chopped samples were individually mixed in a blender for 2 minutes. 
Remaining 50 ml of Ringer's solution was then added. This processed food sample was 
used for further enrichment or direct use. For liquid food samples, 10-1 dilution in 
Ringer's Solution was used.  
Spiked Food Sample Preparation  
1mL of E. coli ATCC 25922 suspension of known cell number was addedto 10 mL of 
such food preparation.  
Protocol for Assay  
PCDs were opened and the hydrophilic area of patterned paper was loaded with  
450 µL of medium. The devices were allowed to dry for 30 minutes. 50 µL of culture or 
test sample was added and the devices were incubated at 37°C for the predetermined 
time. The results were recorded visually or with a smart phone camera or scanner. 

Determination of Optimum Substrate Concentration  
Substrate optimisation on PCDs was done using serial dilutions of positive control 
culture, E. coli ATCC 25922.  To prepare the dilutions, suspension of 18 h old culture of 
E. coli (1.0A) was serially diluted 10 fold up to 10-9 dilution and each dilution was 
inoculated on PCDs as per the protocol above. The devices were incubated at 37°C and 
observed at an interval of one hour till positive results were obtained to determine 
optimum time of incubation.  
Determination of Optimum Time of Incubation 
The same set was used for determining the optimum Time of Incubation.  
Determination of Limit of Detection   
The same set of experiment done for determining optimum substrate concentration was 
used to determine LOD. Simultaneously, viable count was performed on MacConkey’s 
agar for each dilution. 
Proof of Concept Test using Spiked Food samples 
Food samples tested included Spinach, lettuce, coriander, sprouted green gram & moth 
beans, meat and milk. These samples were prepared and spiked with varied, known cell 
numbers of E. coli ATCC 25922 and tested on PCDs as per protocol above. A separate 
control was kept for all food samples, which consisted of food sample treated in the exact 
same manner as that of spiked sample but without spiking. Coliform count was done for 
all samples on MacConkey's agar plates.  
Test with Samples   
Samples tested included sprouted grains (cowpea, moth beans & green gram), lettuce, 
spinach, milk, chicken, mutton & prawns. All the samples were prepared and tested as 
per protocol in the preceding section. 
 
Results and Discussion 
Determination of Optimum Substrate Concentration 

All substrates give good observable results with PCD.The time required for getting 
positive results is a combination of concentration of substrate used and amount of 
enzyme produced. Substrate concentrations 0.1X and 0.5X took more than 5 hours to 
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give positive results, 1X gave results within 2 hours, while 2X gave results within an 
hour. To maintain the balance between the concentration of substrate and the time 
required to obtain results, it was decided to use substrate concentration of 1.0X for all 
further experimentation. 

Determination of Time of Incubation  

There is no optimum time of incubation here. The time required to obtain positive results 
depends on the amount of enzyme and indirectly, number of cells. Thus time required to 
get positive result can be used as an approximate guideline to indicate the number of cells 
present in the sample. For example, positive results within one hour will indicate cell 
number of 109 CFUmL-1and above, while positive results between 2-3 hours will indicate 
cell number of 108 to 107 CFUmL-1. Results obtained within 10 hours will indicate a cell 
number of 103 to 104 CFUmL-1. The lowest number of cells that could be detected by this 
method was 2.0 × 102 CFUmL-1 observed after 16 hours of incubation. (Table 1) 

Table 1: Determination of Time of Incubation 

Dilution CFUmL-1 
Time required for 
positive results 
(hours) 

Undiluted 2.1 × 109 1 

10-1 1.43 × 108 2 

10-2 2.0 × 107 3 

10-3 1.1 × 106 4 

10-4 3.5 × 105 5 

10-5 2.2 × 104 5 

10-6 1.95 × 104 10 

10-7 2.0 × 103 10 

10-8 2.0 × 102 16 

10-9 - 
Negative even 
after 24 hours 

Determination of Limit of Detection  

The limit of detection of PCD is 2.0 × 102 CFUmL-1after 10 hours of incubation. Cell 
numbers below 2.0 × 102 CFUmL-1 are below the limit of detection of this method. 

Proof of Concept Test using Spiked Food samples 
All spiked samples had coliform counts above the detectable limit of the device and 
showed positive results. The time taken to get positive result was in accordance with the 
coliform count. (Table 2) 
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Table 2: Proof of Concept Test using Spiked Food samples 

No. Name of the 
sample 

Coliform 
count 
(CFUmL-1) 

Time required to get positive results 
(hours) 

1 Spinach 7×108 1 

2 Lettuce 5×107 3 (W) to 4 

3 Coriander 2.3 × 104 5 

3 
Green Gram 
(Moong) 

6×108 1 

4 Moth Bean 7.5×107 1 

5 Minced Meat 2.21×108 2 

6 Milk 1.4×109 8 (W) to 10 

 
Test with Samples   
All the three non-spiked sprouted grains showed coliform count around 105 CFUmL-1 
which is expected to give positive result in 4hours according to tests with positive control 
culture. Instead all of them gave positive result with 1.5 hours. This can be attributed to 
presence of β-galactosidase in different organs of several plant species.  

The colour of the sample dominates the observation area when undiluted milk sample is 
used. Hence 10-1 dilution of the milk sample should be used. Dilution factor should be 
considered while concluding the results. 

Vegetable samples lettuce and Spinach showed results comparable to that obtained with 
positive control culture of E. coli.Colour of the vegetable sample did not interfere with 
the observations. Spinach sample showed green colour in the beginning but with 
progressing incubation time, red colour of product chlorophenol red was clearly visible. 
If the colour of the sample is too dark then it is advisable to use 10-1 dilution and interpret 
the results accordingly.  

Meat samples also showed results comparable to those of positive control culture of E. 
coli. (Figure 1) 
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Figure 1: Test with Samples

Conclusion 

PCD can detect up to 10
hours, which is still faster than the conventional techniques.

The test is not suitable for vegetable or food samples that have 
own. β- galactosidase of 
enzymes are active in the lower pH range and give very low activity at pH 7 (Tenu, 
Viratelle, Garnier, & Yon, 1971). So if the pH of the reaction is controlled criticall
interference due to inherent plant enzymes can be minimised. For vegetable samples 
which are originally red in colour, it is advisable to use other substrates like ONPG or X
Gal.  

Detection of coliforms in food indicates faecal contamination. The 
conducted routinely as an indication of hygienic handling of food samples during food 
production and storage. The devices discussed in this work are well suited for application 
on field especially in resource poor settings. No skilled
handling and results are visible to the naked eye. No special instrumentation is required. 
A chart of time required for positive reaction and approximate cell number can be 
provided along with these devices for semi
taken at the remote locations in villages where mass production and distribution of food 
takes place. Timely detection and intervention can prevent food poisoning or food 
infection outbreaks. This reduces the burden 
system. Thus detection of coliforms in food samples with the help of these devices is a 
good alternative to conventional methods.
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Test with Samples at (a) 1.5 hours; (b) 4 hours; (c) 9 hours; (d) 17 hours

PCD can detect up to 105CFUmL-1 in 5 hours while it can detect up to 10
hours, which is still faster than the conventional techniques. 

The test is not suitable for vegetable or food samples that have β-galactosidase of their 
galactosidase of E. coli is active in the pH  range of 5-8 while most of the plant 

enzymes are active in the lower pH range and give very low activity at pH 7 (Tenu, 
Viratelle, Garnier, & Yon, 1971). So if the pH of the reaction is controlled criticall
interference due to inherent plant enzymes can be minimised. For vegetable samples 
which are originally red in colour, it is advisable to use other substrates like ONPG or X

Detection of coliforms in food indicates faecal contamination. The test for coliforms is 
conducted routinely as an indication of hygienic handling of food samples during food 
production and storage. The devices discussed in this work are well suited for application 
on field especially in resource poor settings. No skilled personnel are required for their 
handling and results are visible to the naked eye. No special instrumentation is required. 
A chart of time required for positive reaction and approximate cell number can be 
provided along with these devices for semi-quantitative assay. These devices can also be 
taken at the remote locations in villages where mass production and distribution of food 
takes place. Timely detection and intervention can prevent food poisoning or food 
infection outbreaks. This reduces the burden on the already weak healthcare management 
system. Thus detection of coliforms in food samples with the help of these devices is a 
good alternative to conventional methods. 
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at (a) 1.5 hours; (b) 4 hours; (c) 9 hours; (d) 17 hours 

in 5 hours while it can detect up to 103 CFUmL-1 in 10 

galactosidase of their 
8 while most of the plant 

enzymes are active in the lower pH range and give very low activity at pH 7 (Tenu, 
Viratelle, Garnier, & Yon, 1971). So if the pH of the reaction is controlled critically, this 
interference due to inherent plant enzymes can be minimised. For vegetable samples 
which are originally red in colour, it is advisable to use other substrates like ONPG or X-

test for coliforms is 
conducted routinely as an indication of hygienic handling of food samples during food 
production and storage. The devices discussed in this work are well suited for application 

personnel are required for their 
handling and results are visible to the naked eye. No special instrumentation is required. 
A chart of time required for positive reaction and approximate cell number can be 
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