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INTRODUCTION 
Food is nutritional and therefore susceptible to spoilage. Foods are 
nutritious and perishable, and support the growth of microorganisms 
(Mengistu et al., 2022). Additionally, foods have their own normal 
ora and can be contaminated with pathogenic and non-pathogenic 
organisms, unless properly treated (Belina et al., 2021). Food quality 
depends on chemical, physical, and biological conditions (Mengistu et 
al., 2022). Bacteria can be introduced into food from various sources 
including humans, processing equipment, and raw materials 
(Madoroba et al., 2021)(Sharma et al., 2020). Moreover, microbial 
numbers can increase during prolonged storage even at low 
temperatures (Yang et al., 2018)(Baltić et al., 2017).

Existing methods for detecting and enumerating bacteria include 
microscopic-, culture-based, and culture-independent methods 
(Hameed et al., 2018). Conventional methods for microbial 
enumeration involve ltration, serial dilution, and plating and often 
require 48 h for the results (Apruzzese et al., 2019). Culture-
independent methods include the use of bioluminescent and 
potentiometric biosensors, uorescence-based probes, oxygen-
sensing assays, and ow cytometry (Abbasian et al., 2018). Antigen-
antibody-dependent methods, such as enzyme-linked immunosorbent 
assays and nucleic acid-based polymerase chain reactions, are 
expensive and cannot distinguish between living and dead organisms 
(Weng & Neethirajan, 2017). 

The number of viable organisms in food serves as a quality indicator 
for human consumption and export (Mengistu et al., 2022). Often, 
large batches of exported food are recalled because of non-compliance 
with relevant quality standards (Belina et al., 2021)(Dada et al., 
2021)(Duan et al., 2017). Methods capable of detecting and 
enumerating live bacteria have applications in food and water analysis 
industries (Feizi et al., 2016) (Sharma et al., 2020). The most common 
method for enumerating the microbial load is the plate count 
technique, which involves sample dilution, plating, and incubation to 
develop microbial colonies on growth media (Sharma et al., 
2020)(Yang et al., 2018)(Hasan et al., 2023). Although simple, this 
method is labor-intensive and time-consuming, and requires 
laboratory infrastructure and experienced personnel (Santovito et al., 
2021). Moreover, the results may be prone to underestimation owing to 
cell clumping or inhibition by neighboring cells (Duan et al., 2017). 
Therefore, there is a need to develop methods that facilitate rapid 
enumeration of viable counts. 

Rapid methods for total viable counting include direct microscopic 
counting, membrane ltration techniques, and the use of viable stains 
such as trypan blue and tetrazolium salts, which detect dehydrogenase 

activity in viable cells (Belina et al., 2021)(Kim et al., 2016)(Cadena-
Herrera et al., 2015). Dehydrogenase enzymes play a crucial role in 
catalyzing the oxidation of organic substances, ultimately forming 
water (Junillon & Flandrois, 2014). Triphenyltetrazolium chloride 
(TTC) can be reduced to produce red formazan, allowing quantitative 
assessment using colorimetric methods (Francisco et al., 2014)(Brown 
et al., 2013).

Therefore, there is a need to develop rapid and inexpensive food testing 
and monitoring systems for on-site application (Kerrouche et al., 
2020). Portable culture devices (PCDs) offer on-the-spot diagnosis 
and pathogen detection in environments with limited resources 
(Agustini et al., 2020)(Nishat et al., 2021)(Mazur et al., 2023). These 
devices function based on molecular marker-based or culture-based 
detection systems, meeting the ASSURED criteria that emphasize 
affordability, sensitivity, specicity, user-friendliness, rapidity, 
robustness, equipment-free operation, and delivery to underserved 
populations (Nguyen et al., 2020)(Levy et al., 2020)(Musile et al., 
2021). They have also been applied in point-of-care detection systems 
(Derda et al., 2015)(Bordbar et al., 2021)(Suntornsuk & Suntornsuk, 
2020). Furthermore, they are economical for large-scale production 
and can be operated by individuals without specialized skills in the 
eld (Weng & Neethirajan, 2017)(Xu et al., 2021)(Tang et al., 2016). 
Funes-Huacca et al. suggested a culture apparatus that included 
medium-infused paper sheets, a PDMS layer, and tape for the growth 
and quantication of E. coli in remote, resource-constrained settings 
(Funes-Huacca et al., 2012)(Deiss et al., 2014). Portable culture 
devices designed with paper and masking tape have also been reported 
for the detection of Staphylococcus aureus (Lokur, 2018). The 
potential for detecting microorganisms in food samples can also be 
examined (Noviana et al., 2021)(Akyazi et al., 2018).

This study proposes the construction of a portable culture device with 
patterned paper, masking tape, PDMS, and cotton pads. The device 
semi-quantitatively enumerates the number of viable organisms in 
food samples based on their dehydrogenase activity using TTC as a 
chromogenic substrate.

MATERIALS AND METHODS
Fabrication of PCD: 
The devices were fabricated using patterned Whatman lter paper No. 
1, cotton pads as the media reservoir, and masking tape (Nishat et al., 
2021)(Ozer et al., 2020).

Preparation of test culture and substrate: 
An 18-hour-old saline suspension of E. coli MTCC 4040 was used. The 
strain was obtained from the Microbial Type Culture Collection 
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(MTCC) and Gene Bank in Chandigarh and maintained on Nutrient 
Agar (Himedia, Mumbai, India). The optical density of the culture was 
adjusted to 0.1 at 600 nm wavelength. An appropriate amount of TTC 
(SRL Chemicals, Mumbai, India) was weighed and dissolved in sterile 
distilled water. 

Loading the devices and recording results: 
-1The devices were loaded with 25 µL of a 1 gL  TTC solution, 180 µL of 

nutrient medium, and 20 µL of saline suspension of the test organism, 
with an optical density of 0.1 at 600 nm. After incubation at 37°C, the 
devices were visually inspected for color development and scanned 
using a laser scanner (HP LaserJet Pro M1136 Multifunction Printer 
Scanner). The intensity was measured using ImageJ® software.

Optimization of detection using a Portable Culture Device: 
The fabricated PCD was tested for its ability to estimate the number of 
viable organisms using a chromogenic substrate. Standardization was 
performed with respect to the following points.

a. Substrate concentration: 
-1Devices were loaded with 1–5 gL  of substrate to determine the 

optimum concentration. All devices were incubated at 37°C for 18 h, 
and the results were recorded.

b. Incubation temperature and time: 
The devices were inoculated and incubated at 37 and 25°C to 
determine the optimum temperature. Saline suspensions with varying 
numbers of E. coli were prepared by serial dilution. The suspensions 
were then inoculated onto the PCD. The time required for color 
development was recorded for 24 hours at two-hour intervals. The cell 
numbers in the suspension were determined using the Miles and Misra 
technique (Miles et al., 1938).

Determination of Viable counts using the Miles and Misra 
technique:
Test saline suspensions were prepared and serially diluted. Ten 
microliters of the dilution were inoculated in one quadrant of a 
Nutrient Agar plate (Himedia, Mumbai, India) in triplicate. The plates 
were then incubated at 37°C for 24 h. The colonies were counted and 
the CFU/mL for each dilution was determined (Miles et al., 1938).
 
Proof-of-concept studies for estimating the viable count of E. coli 
from spiked food using PCD: 
Dairy products such as milk and Curd, Juice, and seafood such as 
shrimp and egg yolk were used for the analysis. Solid food samples (50 
g) were homogenized in 450 mL of sterile physiological saline, 
autoclaved, and spiked with 10 ml of a randomly selected dilution of 
saline suspension of E. coli at an optical density of 0.1 at 600 nm.  
Liquid samples such as milk and egg yolk were similarly spiked. The 
devices were inoculated with spiked samples, incubated, and the 
results were recorded. Dilutions of the spiked samples were plated on 
Nutrient Agar to determine the viable counts using the Miles and Misra 
method. 

Estimation of the viable count of food using PCD: 
Dairy products such as milk and Curd, Juice, and seafood such as 
shrimp and egg yolk were used for analysis. Solid food samples (50 g) 
were homogenized with 450 mL of sterile physiological saline, 
inoculated onto the devices, incubated, and the results were recorded. 
Liquid samples such as milk and egg yolk were inoculated onto the 
devices and incubated, and the results were recorded. Dilutions of the 
samples were also plated on Nutrient Agar to determine viable counts 
using the Miles and Misra technique.

RESULTS AND DISCUSSION
Optimization of substrate concentration 

Fig 1. Optimisation of Substrate concentration (From left to right: 
Devices inoculated with substrate concentration ranging from 1-5 

-1gL ) 

All devices exhibited a pinkish-red color, as shown in Fig. 1. The color 
-1 -1displays a gradient of intensity. The mean grey values for 1 gL , 2 gL , 

-1 -1 -13 gL , 4 gL , and 5 gL  were found to be 55.48±0.74, 57.43±0.73, 
63.50±0.45, 65.24±0.85, and 68.11±0.88, respectively. However, in 

-1accordance with ASSURED criteria, 1 gL  of substrate was selected 
for further studies.

Optimization of Incubation Temperature 

Fig 2. Optimisation of temperature (From left to right: Devices 
incubated at 25°C and 37°C)

To determine the optimum temperature, the devices were incubated at 
37 and 25°C. Pinkish-red coloration was observed in all the devices, as 
shown in Fig. 2; however, ImageJ analysis did not reveal any 
signicant differences in color intensity. The mean grey value for the 
devices incubated at 37°C was 61.70±1.09, and at 25°C was 
66.61±1.27. These results align with the potential of the proposed 
application for on-site detection as the device functions equally 
efciently at both temperatures. However, these devices cannot be 
used at temperatures that do not support microorganism growth. 

Detection time and limit of detection
Table 1. The mean gray value measured using ImageJ for devices 

8 1  inoculated with cell numbers ranging from 10 to 10  CFU/mLand 
incubated for 24 h. (Standard deviation = ± 0.09 to ±1.32)

Table 2. User friendly interpretation chart

Table 1 shows the mean gray intensities of the devices measured using 
ImageJ software. The results indicated that the intensity of the color 
was directly proportional to the cell number and inversely proportional 

8 1to incubation time. Fig 3 shows the devices inoculated with 10 -10  
CFU/mL after 24 h of incubation. It is evident from these results that 

8 1the time required for color development was 8-24 h, for 10 -10  
CFU/mL respectively, which is equal to that required for conventional 

1plating methods. The minimum number of viable cells was 10  
1CFU/mL. Therefore, the LOD of the semiquantitative method was 10  

CFU/mL, which is less than the permissible limit for most exportable 
8foods. Cell counts greater than 10  cells were detected in less than 8 h. 

This makes the device suitable for estimating the viable counts in food 
samples. The research aims to develop a detection system for on-site 
testing; therefore, a user-friendly interpretation chart is recommended, 
as presented in Table 2. 
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Time (in h)
8 10 12 14 16 18 20 22Cell  number 

CFU/mL
810 55 58 60 66 66 66 68 70
710 0 55 57 61 64 65 66 68
610 0 0 54 55 61 63 66 65
510 0 0 0 53 57 61 62 65
410 0 0 0 0 54 56 59 63
310 0 0 0 0 0 54 56 59
210 0 0 0 0 0 0 53 56
110 0 0 0 0 0 0 0 53

Time (in h)
8 10 12 14 16 18 20 22 24Cell number

CFU/mL
810 1 1 2 2 3 3 4 4 5
710 0 1 1 2 2 3 3 4 4
610 0 0 1 1 2 2 3 3 4
510 0 0 0 1 1 2 2 3 3
410 0 0 0 0 1 1 2 2 3
310 0 0 0 0 0 1 1 2 2
210 0 0 0 0 0 0 1 1 2
110 0 0 0 0 0 0 0 1 1
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Fig 3. Determination of Limit of Detection (From left to right: 
8 1Devices inoculated with 10 -10  CFU/mL after 24 h of incubation at 

25°C)

Proof-of-concept studies for estimating the viable count of E. coli 
from spiked food using PCD:
Viable counts of food samples spiked with E. coli were determined by 
PCD. The counts were correlated with those obtained for spiked 
samples using the conventional Miles and Misra technique. Table 3 
presents the results. The time of appearance of the color was correlated 
with the cell number, as shown in Table 3. The cell numbers estimated 
using both methods were similar. This scorecard-based readout is 
useful for onsite detection.

Table 3. Results of spiked samples using PCD and Miles and Misra 
for determination of viable counts from samples.

Estimation of viable counts in food using PCD
Food samples with permissible limits were selected and collected from 
local locations in Mumbai. The PCDs were then inoculated with the 
samples. Viable counts of the samples were determined using the Miles 
and Misra method. Table 4 and Fig 4 present the results. All samples 
contained living bacteria. The estimated numbers of viable organisms 
using both the conventional and portable culture devices were similar. 
The food that must be exported has permissible limits. Thus, 
estimation of viable counts in food samples is important. PCDs can be 
used to rapidly determine the microbial load of food before export, to 
avoid rejection.

Fig 4. Results of samples using PCD for determination of viable 
counts from samples.

Table 4. Determination of viable counts in samples using PCD and 
the Miles and Misra technique. 

CONCLUSIONS
A rapid method for semi-quantitative estimation of the viable counts of 
organisms in food was developed using TTC on a Portable Culture 
Device. The device was standardized for the substrate concentration, 

-incubation time, and temperature at an optimum concentration of 1 gL
1. The optimal time and temperature were determined as 8 h and 25°C, 
respectively. 

This proof-of-concept was established by detecting E. coli in spiked 
food samples, demonstrating that the device can be used to semi-
quantify the viable counts of organisms in food samples. The intensity 
of the color developed can be read using ImageJ software or any other 
image analysis software for mobile phones. However, a user-friendly 
score card can also be used for interpretation in resource-constrained 

settings. Additional samples are required to thoroughly test the 
devices. Moreover, on-site applicability of the detection system 
requires rigorous testing. 
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Spiked 
Sample

Time of 
development of 
colour of PCD (h)

Corresponding cell 
number from the 
scorecard (CFU/mL)

Viable count 
(CFU/mL) 

Milk 8 810 81.67 × 10
Shrimp 10 710 73.14 × 10
Juice 12 610 66.5 × 10
Dahi 14 510 54.23 × 10
Egg yolk 18 310 32.16 × 10

Sample Time of 
development 
of colour of 
PCD

Corresponding 
cell number from 
the scorecard
(CFU/mL)

Viable 
count 
(CFU/mL)

Permissible 
Limits
(CFU/mL)

Milk  8 h 810 81 × 10 43 × 10
Shrimp 10 h 710 75.18 × 10 65 × 10
Juice 12 h 610 65.5 × 10 15 × 10
Dahi 20 h 210 24.23 × 10 71 × 10
Egg yolk 22 h 110 11.13 × 10 Nil
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