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ABSTRACT 

 

 

There have been numerous chemical studies to detect Eschericha Coli Bacteria or better known as 

E.coli bacteria. According to (Wisuthiphaet, et al, 2019), studies using image processing to detect 

E.coli bacteria have been restricted. There is an urgent need to incorporate image processing into 

systematic reviews for the identification of E.coli in water or food samples. The E.coli detection 

process takes between 24 hours to 48 hours as the bacteria needs to go through the growth phase as a 

result of a mixture of water samples and chemical reagents and then placed in an incubator at certain 

temperatures and humidity.  This article review several approaches for E.coli bacteria detection from 

standard technique, portable hybrid imaging system, hybrid smartphone and microfluidic biosensor, 

smartphone and paper microfluidics and goes to fibre optics. The colour change after several hours is 

an indicator for detecting the presence of E.coli bacteria in the water sample. Although standard 

techniques such as Gold Nanoparticles, Solid phase Cytometry, Viable Plate Count and Polymerase 

Chain Reaction (PCR) for detection the presence of E.coli, the use of this technique involving the 

transfer of water samples to the laboratory, trained staff, longer sample monitoring process, expensive 

costs and complex procedures. E.coli detection techniques are also going through a revolutionary 

phase as technology advances by using a hybrid technique that combines standard technique and image 

processing. E.coli growth monitoring and detection process is now easier as it can be viewed using a 

portable device, smartphone or via a website in real-time. 
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1. INTRODUCTION 

Food and water are a necessity in human life and without it human beings cannot 

afford to live and water is an essential source of human life. This is because water is 

actively used in many human activities such as beverages, washing food and for 

cleaning purposes. In addition, human health depends on the quality of water used. 

There are three measures of water quality assessment, namely physical, microbial and 

chemical (Dunca, 2018). The microbial method is most often used to assess water 

quality because it is easy to use and is capable of examining water source frequently by 

using the simple test. Human drinking water has the potential to be contaminated by 
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bacteria called organisms. These organisms are composed of Faecal Coliforms, Total 

Coliforms and E.coli (Odonkor, et al, 2013). Escherichia coli or better known as E.coli 

is a type of bacteria found in human and animal intestines (Lim, et al, 2010). The 

presence of E.coli in the water indicates the presence of human or animal sewage 

contaminants. E. coli enters through into creeks, rivers, lakes or ground water. E.coli 

bacteria in the water can cause various diseases. These E.coli bacteria are extremely 

dangerous as they can be life threatening as reported by (Rettner,2018) five deaths 

were reported in Arkansas, California, two deaths in Minnesota and one death in New 

York due to E.coli bacteria found in Romaine lettuce. Meanwhile, more than 96 people 

were admitted to the hospital and twenty-seven of them showed symptoms of kidney 

failure. According to (Almadidy, et al, 2002) early detection of E. coli bacteria can 

prevent the spread of more severe disease outbreaks and divides E.coli into two types, 

the harmless and the dangerous. This type of harmless E.coli produces vitamin K2 in 

the gut and serves to protect the gut from bacterial pathogen attacks. According to 

(Sukhumungoon, 2015), (Kabiru, et al, 2015) and (Jang, et al, 2017),  Hazardous 

E.coli, E. coli diarrheagenic, E. coli 0157: H7 refers to E.coli that can cause human 

illness such as diarrhoea, vomiting, pneumonia, urinary tract infections shown as 

Figure 1 (Ahmed, et al, 2015). Studies of E.coli using image processing are essential as 

the world is moving towards Industrial Revolution 4.0 (IR4.0), the transition from man 

power to cyber physical system using the latest technology such as internet of things 

(IoT), IoT security and cloud. In addition, this study is important for the social 

wellbeing aspect as this study has an impact on health community. 

 

 

 

 

 

 

 

Figure 1: E.coli cell  
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2. STANDARD TECHNIQUE 

 

There are various techniques for detecting E.coli including Gold Nanoparticles, Solid 

phase Cytometry, Viable Plate Count and Polymerase Chain Reaction (PCR) as shown 

in Figure 2 (a) - (d). This Gold nanoparticles technique was able to detect the presence 

of E.coli by inductively coupled plasma mass spectrometry (ICPMS). In addition, this 

technique requires trained staff to control antigen targets, sensitive antigen testing and 

cost (Wang and Alocilja, 2015), Solid phase Cytometry uses fluorescent signals to 

detect viable organisms. The disadvantages of this technique is limited to the ability of 

detection the  fluorescent signals, complicated test because it involves multiple 

processes and requires additional steps to detect E.coli by using a ScanRDI® device 

(Clark, 2001). The Viable Plate Count uses the method of calculating the bacterial 

concentration based on the cell count on the agar plate. Plates containing E.coli will be 

incubated in overnight incubators at 37˚C. However, this test has its drawbacks in 

requiring the implementation of the MALDI-TOF test to detect the presence of E.coli 

(Bajwa, et al, 2013). Meanwhile, PCR technique was invented by Kary B. Mullis in 

1885 while working as a chemist at Cetus Corporation (Disotell, 2017). However, this 

technique has some drawbacks, require a DNA specialist, specifically for E.coli 

bacteria only, high cost and highly sensitive testing (Babaie, et al, 2017). 

 

                    (a)                        (b)                     (c)                                            (d) 

 

Figure 2:  (a) Gold nanoparticles  (b) Solid phase Cytometry  

                 (c) Viable Plate Count   (d) Polymerase Chain Reaction (PCR)  
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3. PORTABLE HYBRID IMAGING SYSTEM 

 

Portable hybrid imaging system for the detection of E.coli is a three-arm device that 

uses Surface Plasmon Resonance (SPR) imaging technology. According to (Zordan, et 

al, 2009), NIH ImageJ software was used to capture image foodborne illness pathogens 

E. coli 0157: H7 and was able to analyze percentage area of gold spot. This method to 

detect E.coli's presence used a mixture of cytometry imaging device and microfluidic 

SPR as shown in Figure 3. Imaging cytometry device is placed on a plate reader and it 

is based on cell-based screening (Berney, et al, 2007) and (Lahtinen, et al, 2006). SPR 

is a measurement of the light intensity of the metal layer. In addition, it displays 14 

pathogens in the form of positive and negative results simultaneously, portable and 

lightweight design makes this equipment easy to carry everywhere. It is also simple to 

detect E.coli as this portable hybrid imaging system will be positioned close to the 

sample without needing samples through an incubation method. The drawback using 

SPR that it can only capture bacteria if it is within the SPR range on the gold surface 

(Zordan, et al, 2009). This is because the detection of image epi-fluorescence is directly 

proportional to the SPR where the SPR is placed at the bottom of the biochip while the 

epi-fluorescence is at the top of the biochip (Berney, et al, 2007). 

 

 

 

 

 

 

 

Figure 3:  Portable imaging cytometry device and microfluidic SPR  

 

4. HYBRID SMARTPHONE AND MICROFLUIDIC BIOSENSOR 

 

Hybrid smartphone and microfluidic biosensor is a mix of mobile, sensor, and 

microfluidic component. The transition to this technology is important since prices are 

costly, wide and difficult to control with conventional biosensor methods (Xu, et al, 

2018). 880nm NIR LEDs with smartphones equipped with digital cameras, Apple's 

Xcode software that enables users to capture 4 different angles at fixed distance, 
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MiePlot v4.2.11 software, a sphere-scattering computer program using Mie theory & 

the Debye series and gyro sensors internally used to detect E.coli in beef (Liang, et al, 

2014). This 880nm NIR LED is placed perpendicular to the beef and digital cameras 

will detect scatter light at 15
o
, 30

o
, 40

o
 and 60

o
 angles using positioning stages as 

shown in Figure 4 (a). Figure 4 (b) uses a smartphone-based detection system at 15
o
, 

30
o
, 40

o
 and 60

o
 angles without using positioning stages by programming the distance 

and angle between smartphones to ground beef in Xcode Apple software and adjusting 

the NIR LED together with built-in gyro sensor. Figure 4 (c) shows the actual picture 

taken using a smartphone connected to an 880nm NIR LED. 

 

                (a)                                                (b)                                              (c) 

 

Figure 4 (a) This bench top system contains an iPhone 4S, NIR LED and ground beef 

sample placed on the handle, (b) smartphone-based detection system at an angle of (A) 

15
o
 (B) 30

o
 (C) 40

o
 (D) 60

o
, (c) Figure (A) shows raw image (B) Processed image of 

(A) at higher light intensity using iPhone camera while Figure (C) shows a raw image 

(D) Processed image of (C) at lower light intensity using an iPhone camera  

 

In addition, according to (Zhu et al., 2012) smartphones integrated with glass 

capillaries, filters and external lenses which were then connected to a light plastic case 

where these glass caps function as microfluidic channels. This system is easy to use, 

compact and cost effective for E.coli detection. A study by (Zhu, et al, 2012) showed 

that Gold nanoparticles (AuNPs) were used to detect E.coli bacterial concentrations as 

well as smartphone APP lighting to monitor colour changes on AuNPs. If E.coli 

bacteria is detected, the colour of AuNPs will change from blue to red and this APP 

sensor is used to calculate the number of E.coli bacteria. This app contains 2 menus, 

colour scan and concentration analysis to detect RGB values. The focal length between 

the sample and the smartphone is maintained at 5 cm for high precision and accuracy. 
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Cu reacts with Gold nanoparticles (AuNPs) to trigger colour changes that can be 

detected by using apps and smartphones. This technique according to (Zheng, et al, 

2019) and (Mou, et al, 2019) is capable of detecting E.coli as low as 50 CFU / ml in 1 

hour.  

 

5. SMARTPHONE AND PAPER MICROFLUIDICS 

 

Detection of E.coli using smartphone and paper microfluidics was introduced by (Park 

and Yoon, 2015). Microfluidics are made up of three channels namely low detection, 

high detection and conjugated beads as shown in Figure 5. This paper chip can be used 

by putting it in a water sample or this water sample will be inserted into a pipette and 

then passed onto a paper chip. The detection rate of a single cell is 90 seconds and this 

method combines the smartphone applications and gyro-sensor functionality found in 

smartphones. This paper chip is placed at a distance of 9 cm from the smartphone 

camera and the image will be captured using apps installed inside the smartphone. This 

app is built using C objective programming compatible with iPhone. This image will 

be captured in auto mode using internal gyro sensor. The gyro sensor is used, as it can 

sense rotational motion and identify orientation changes. This system for gyro sensors 

is present in the iPhone's smartphone (Umek, et al, 2015). The drawback of using 

microfluidics paper technology is that E.coli results are not available in real time. 

Images captured using a smartphone need to be transferred to a laptop for analysis 

purposes using Matlab software. The code algorithm will convert this colour image to 

the green image and will be divided into 3 channels. E.coli will be detectable based on 

average green pixel intensities. 

 

 

 

 

 

 

Figure 5: Step to use smartphone and paper microfluidics to test water samples 
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6. FIBER OPTICS 

 

Figure 6 shows the process of detecting E.coli using fiber optics by mixing the Colilert 

reagent in 100 mL water sample. This automatic detection of E.coli can be detected 

within 16 hours and the bacterial recognition rate is at 1 bacteria per 100mL of water 

sample (1CFU / 100mL). Among the hardware used are raspberry pi, CMOS camera, 

optical fibers, plexiglas and UV LEDs. Matlab software and cross-correlation methods 

are used to process raw image. E.coli can be detected if the intensity exceeds 20% after 

the first 75 minutes. A study by (Tok, et al, 2019) showed that it can saves time 

compared to visual inspection, does not require trained staff, reduces counting error for 

calculating E.coli and 40 samples of water can be analyzed simultaneously. 

 

 

 

 

 

 

 

 

Figure 6: Automatic detection of E.coli using fiber optics and raspberry pi [20] 

 

7. CONCLUSION 

 

The issue with using naked eye to detect E.coli is that it takes a long time and needs 

qualified staff to handle the chemical testing. Using SPR technology, smartphones, 

biosensors, paper microfluidics and fiber optics making the E.coli detection process 

easier, using less samples, automated monitoring and analysis, does not require 

qualified staff, save time, portability and experimentation samples are not confined to 

the lab area but can be done on-site. The technological advances in the identification of 

E.coli are useful because E.coli can be identified as soon as possible and the risk to the 

public is reduced. Therefore, imaging methods for detecting the presence of E.coli are 

proposed for integration with incubators. This is because the water or food sample 

needs to be incubated for the process of growing the culture. The image processing can 

be paired with controllers such as Arduino and Raspberry pi to control the incubator at 
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optimal temperature and humidity, mixture between sample and reagent and finally 

image processing algorithm can be used to analyse the presence of E.coli in water or 

food samples. 
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