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ABSTRACT 
Introduction: Membrane filtration (MF) is one of the widely used technique on a routine basis. On the 
other hand, replica plate (RP) technique can be used to transfer existing bacterial colonies in 2 plates 
which even allows pinpointing the original colony. The aim of this study is to comparatively detect the 
cfu/100 mL of fecal coliform using MF and RP techniques. 

Methods: In the study, a total of 25 bottled water were selected from the local market in Kathmandu 
valley. The total coliform count was detected using MF, while fecal coliform was detected using both MF 
and RP technique. 

Results: It was found that the average cfu/100 mL for total coliform, fecal coliform (MF) and fecal 
coliform (RP) were 143.38, 49.82, 51.00 respectively. Pearson correlation coefficient calculated between 
total coliform and fecal coliform (MF), total coliform and fecal coliform (RP), fecal coliform (MF) and 
fecal coliform (RP) were found to be 0.695, 0.733 and 0.990 respectively; implying a positive correlation.  

Conclusions: It has been demonstrated that intrinsic and extrinsic factors influence colony forming units. 
Furthermore, RP is a more sensitive method for screening fecal coliforms although both MF and RP can 
be efficiently used.  
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INTRODUCTION 
It has long been debated on which method for 

detecting fecal coliform is the best and precise one. 
As there are many tests available for detection of 

fecal coliform but the most preferred ones are most 

probable number and membrane filtration 

technique. Membrane filtration (MF) technique is 
one of the tests that is routinely practiced test 

laboratories which involves filtration to trap 

microbes (such as bacteria, fungi, molds etc) in the 

cellulose membrane.1,2 Replica plate (RP) 

technique isn’t popular which could be due to ease 
in the methodology of membrane filtration and 

most probable number technique; labor and 

material intensive methodology of replica plate; 

technical expertise in obtaining, interpreting and 
confirming results of replica plate.3,4  

RP technique allows comparison of colony pattern 

on 2 plates (1st and 2nd), by allowing a convenient 

method to screen all the colonies and detect a 
desired phenotype/characteristic of the colony.4 The 

RP technique can also help in the screening of 

acquired antibiotic resistance,5 small colony 

variants6,7 present in original colonies of the 1st 

plate.  

Variability in MF and RP technique result analysis 

can be due to intrinsic factors (such as procedure 

design, natural dispersion of bacteria within the 

bottle etc) and extrinsic factors (like lack of 
resources and materials hence deviating from 

expected methodology, clumping of bacterial cells, 

reduction in microbial number caused by cell 

d a m a g e c a u s e d b y v a c u u m ’s p r e s s u r e , 
environmental conditions at the time of sampling, 

turbidity, and season etc).1,8,9 Nobel et al. (2003) 

acknowledged that different test procedures1,8 are 

likely to yield different fecal coliform number 
which could be due to a variety of intrinsic and 

extrinsic factors (including the difference in 

metabolic process endpoints). 

Scientists across the globe are struggling to 

pinpoint the colonies which have acquired changes 

(ie mutated) over the period of time. As the 
pinpoint of correct colonies could reveal a pattern 

of mutation. The major causes of mutation are 

genetic jugglery, transposons, the lysogenic cycle 

of bacteriophage, plasmid incorporation etc. This 

study focuses on detecting a number of colony 
forming unit both in membrane filtration and 

replica plate technique. This data will provide 

knowledge on which method for detecting is best 

and precise.  

The aim of this study is to detect cfu/100 mL of 

fecal coliform using MF and RP technique. 

METHODS  

The study was performed in Department of 
Microbiology, St. Xavier’s College, Maitighar. The 

study was conducted from June 2017 to September 

2017. A total of 25 bottled water locally available 

in Kathmandu valley was selected based on their 
availability. A bottled water of 20L was purchased 

in the market. After shaking the bottle, the seal was 

opened in the market/retailer and the neck was 

sterilised with 70% ethanol. Four sterilised bottles 

were filled leaving headspace and were labeled 
properly. The collected samples were kept in a mini 

cooler with ice packs and transported to the 

laboratory to be processed. 

Coliform count by MF technique:  

i. Sterile M-endo agar: Sterile prepared M-endo 

agar was taken out of the refrigerator and was 

dried in hot air oven at 55℃ for 5 minutes. 

ii. Filtration of water sample: Inside aseptic 

conditions, membrane filtration apparatus was 
set and was disinfected with 70% alcohol. 100 

mL water sample was filtered through the 

membrane (cellulose) filter of pore size 

0.45µm. With the help of sterile forceps, the 
filter paper was transferred to M-endo agar.   
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iii. Total coliform screening: The M-endo agar 

from process “ii.” was marked and was 

incubated at 37℃ for 24 hours.10, 11  

iv. Fecal coliform screening: Process “ii.” was 
repeated. The M-endo agar was incubated at 

44.5℃ for 24 hours.10 

v.  Repetition and quality control: Step “ii.”, “iii.” 

and “iv.” were triplicated and repeated for all 

the samples. Step “iii.” and “iv.” were repeated 
such that the filter paper (without filtered i.e. 

direct from the sealed sachet) were placed on 

the agar surface. The plates were incubated at 

37℃ and 44.5℃ for 24 hours respectively. 

Presence of colonies was looked upon the 

incubated plates.12 

vi. Calculation: The result was expressed as a 

number of cfu/100 mL of water9. Cfu/100 mL 

from process “iii.” and “iv.” was detected as:  

total colonies counted. 

Colony count by RP technique: 

i. Primary plate: The plate with the filtered paper 

incubated at 37℃ for 24 hours was marked 

(with orientation) and taken as a primary plate.  

ii. Sterilisation of cylindrical block, clamp and 
velveteen cloth: The wooden block, clamp and 

velveteen cloth were wrapped in aluminum foil 

and then placed in an autoclave at 121℃ at     

15 lbs for 15 minutes. The cylindrical block, 

clamp and velveteen cloth were taken out from 
the autoclave with the foil intact and was then 

dried in a hot air oven.   

iii. Transfer of colonies from primary plate to 

secondary plate: In sterile condition, sterile 
velveteen cloth was placed over the cylindrical 

block and was locked with the help of the 

clamps. The cylindrical block covered with 

velveteen cloth was lowered to the surface of 

the agar so that there was contact between 

velveteen plate and the colonies on the agar 

surface. The cylindrical block covered with 

velveteen cloth was then lowered to the 
secondary plate (M-endo) so that the 

impressions of the cells in the velveteen plates 

were inoculated in the secondary plate. The 

plate was marked (with orientation) again and 

was incubated at 44.5℃ for 24 hours.12 

iv. Repetition and quality control: Step “iii.” was 
triplicated and was repeated for all the samples. 

Step “iii.” was repeated in an agar medium 

devoid of colonies and was transferred to 

secondary plate.3,4,12 The observed colonies 
were counted, which was cfu/100 mL (as the 

initial filtrated water sample was 100mL in 

volume). 

The statistical calculation was done using SPSS 
version 19. 

RESULTS 
In a total of 25 bottled water samples, 24 were 

contaminated with coliform while 1 sample was 
devoid of contamination of coliform. In the 24 

contaminated samples, coliform count detected 

through MF technique revealed that cfu/100 mL 

ranged from 3 – Too Many To Count (TMTC)     
(M = 143.38, SD = 132.8) cfu/100 mL. These 

results are presented in Table 1, represented in 

Figure 1 and shown in Figure (2, 5). 
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Table 1. Comparison of Cfu/100 mL count of 
total coliform and fecal coliform  

(both MF and RP) 

SN Sample 
size

Coliform count (cfu/100 mL)

Total 
coliform 

by MF 
technique

Fecal 
coliform 

by MF 
technique

Fecal 
coliform 
by RP 
technique

1 25 143.38 ± 
132.804

49.82 ± 
45.371

51.00 ± 
44.939
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The MF and RP technique revealed that 17 samples 

were contaminated with fecal coliform and eight 

samples were free from contamination with fecal 
coliform. In the 17 contaminated samples, fecal 

coliform detected through MF technique revealed 

that cfu/100 mL ranged from no viable count – 163 

(M = 49.82, SD = 45.37) cfu/100 mL. In the 17 

contaminated samples, coliform count detected 

through RP technique revealed that cfu/100 mL 

ranged from no viable count – 150 (M = 51.0,     
SD = 44.94) cfu/100 mL. These results are 

presented in Table 1, represented in Figure 1 and 

shown in Figure (4,7) and (3, 6) respectively. 

The result of Pearson correlation coefficients  

(Table 2) indicated that the cfu/100 mL of total 
coliform and fecal coliform (MF technique), total 

coliform and fecal coliform (RP technique), fecal 

coliform (MF technique) and fecal coliform (RP 

technique) demonstrated a statistically significant (r 
= 0.695, r = 0.733 and r = 0.99; at confidence 

interval 99%) positive correlation with each other 

respectively.  

DISCUSSION  
The average cfu/100 mL for total coliform, fecal 

coliform (MF technique) and fecal coliform (RP 
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Fig 1. Wick and candle diagram illustrating 
coliform count vs cfu/100 mL 

Fig 2. Total coliform (MF) 
count (cfu/100 mL) of 

sample Zxc4

Fig 3. Fecal coliform (RP) 
count (cfu/100 mL) of sample 

Zxc4

Fig 4. Fecal coliform (MF) 
count (cfu/100 mL) of sample 

Zxc4

Fig 5. Total coliform (MF) 
count (cfu/100 mL) of 

sample Zxc14

Fig 6. Fecal coliform (RP) 
count (cfu/100 mL) of sample 

Zxc14

Fig 7. Fecal coliform (MF) 
count (cfu/100 mL) of sample 

Zxc14
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technique) were 143, 50, 51 (Table 1, Figure 1, 

2-7). The Pearson’s correlation coefficient between 

cfu/100 mL of the total coliform and fecal coliform 
(MF technique), total coliform and fecal coliform 

(RP technique), fecal coliform (MF technique) and 

fecal coliform (RP technique) are 0.695, 0.733 and 

0.990 respectively; which implies positive 

correlation (Table 2).  

The Pearson’s correlat ion coeff icient is 

significantly less (i.e. 0.695) than other two values 

(i.e. 0.733 and 0.990) suggesting that the 

relationship between total coliform and fecal 
coliform (MF) is, in fact, dependent on bacterial 

load in the bottled water. The less value (i.e. 0.695) 

can also be explained by the fact that that the 

bacterial load in the bottled water might not have 
been due to intrinsic factors and extrinsic factors.
1,8,9  

The Pearson’s correlat ion coeff icient is 

significantly moderate (i.e. 0.733) than other two 

values (i.e. 0.695 and 0.990) indicating that the 
relationship between total coliform and fecal 

coliform (RP) is, in fact, dependent on bacterial 

load in the colonies on the 1st plate which could 

have small colony variants.6,7 The value (i.e. 0.733) 

can also be explained by the fact that that the 

bacterial load transferred in the 2nd plate might be 

influenced by labor-intensive methodology; 
technical expertise in analysing and evaluating the 

results of the replica plate.3,4 

The Pearson’s correlat ion coeff icient is 

significantly high (i.e. 0.990) than other two values 

(i.e. 0.733 and 0.695) highlighting the fact that the 
relationship between fecal coliform (MF) and fecal 

coliform (RP) is, in fact, dependent on bacterial 

load in both, the bottled water and colonies in 1st 

plate respectively. The value (i.e. 0.990) can also be 
explained by the fact that fecal coliform was 

screened (Table 1, Figure 1, 3, 4, 6, 7). The findings 

of this study suggest that, although different 

methods were selected the statistical error seems 
small, in case of the relationship between fecal 

coliform (MF) and fecal coliform (RP). Due to lack 

of prior studies on this topic the findings of this 

study could not be compared with. 

Both RP and MF technique is susceptible to 
clumping, as observed colonies are transferred in 

former and 100 mL water is filtered through the 

apparatus in the later, which might aid in clumping 

of the bacteria respectively.1,8,9 The reason could be 
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Table 2: Results from comparison between three different coliform’s results as per Pearson’s 
correlation coefficient  

SN N  
(total 

sample size)

Total 
coliform

Fecal 
coliform 

(MF)

Fecal 
coliform 

(RP)

Significance 
level

Inference

1 25 Total 
coliform

1 0.01 -

2 Fecal 
coliform 
(MF)

0.695 1 Positive correlation 
between total coliform and 
fecal coliform (MF)

3 Fecal 
coliform 
(RP)

0.733 0.990 1 Positive correlation 
between total coliform and 
fecal coliform (RP), and 
fecal coliform (RP) and 
fecal coliform (MF) 
respectively
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the capacity to form biofilms by the coliform.13 To 
detect fecal coliform from total coliform, replica 
plate method was chosen as it is the only procedure 
which enables transportation of entire colonies in a 
go.3,4 The microorganisms could be uniformly 
distributed in the bottled water by shaking up to 25 
times.1  

This study is among the first to compare the two 
methodologies to quantify cfu/100 mL between the 
MF and RP for fecal coliform. The findings of the 
study suggest that RP technique is sensitive, 
acceptable and can be used in the laboratory for 
routine analysis/screening, which will be more 
economical than MF. RP can be used to screen 
multi drug-resistant pathogens in a go too, saving 
both time and expenses. 

CONCLUSIONS 
Replica plate technique (as all colonies are 
transferred from the 1st plate) is more sensitive than 
membrane filtration technique (due to intrinsic and 
extrinsic factors).  

Both membrane filtration method and replica plate 
method can be used to detect fecal coliform as the 
correlation between the total coliform and fecal 
coliform (MF technique), total coliform and fecal 
coliform (RP technique) were significantly 
respectively. 

Membrane filter can be used to screen the 
etiological agent causing outbreaks while replica 
plate method can be used to screen mutated 
colonies from the original colonies. 
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