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Abstract  
 
Escherichia coli is widely used as a bacterial indicator for faecal contamination in food. 
While the chromogenic plate count is increasingly used for analysis of this microorganism, 
the traditional Most Probable Number (MPN) method is still applied in small/medium food 
industries, especially in Asian developing countries. This article deals with the problem of 
whether the results obtained from these two methods can be mutually converted for the 
purpose of evaluating the wholesomeness of food and for microbiological criterion setting. 
We studied the levels of E. coli in the pure culture, uncooked naturally contaminated food, 
and frozen naturally contaminated food. Two methods of evaluation were used: 9-tube MPN 
estimation and the chromogenic Tryptone Bile X-Glucuronide (TBX) plate count. The results 
obtained by these two different menthods were compared using correlation graphs. The 
results from the two methods showed high correlation (r2 = 0.7978) with the pure culture, and 
were less correlated with uncooked and frozen foods (r2 = 0.6657 and 0.6744, respectively). 
However, the regression trends of the uncooked and frozen food groups were not matching 
with each other. Further, they significantly deviated from that of the pure culture (at a 99 % 
confidence limit). Thus, should there be any attempt to convert an MPN value of E. coli to a 
TBX value, and vise versa, the pure culture model should not be used as the generalised 
predictive correlation model for a specific food.  Instead, specific graphs should be consracted 
for specific food groups.  We also suggest the use of upper correlating values, rather than the 
average, in relating the values between the two methods since this is more relevant 
concerning food safety, yet it cannot be applied without precautions. The results from this 
study also point that in establishing the microbiological standards of E. coli in food to be 
relevant for a chromogenic plate count method which is increasingly used,  it would best be 
done through assessment and evaluation based on refered plate count values rather than by 
attempting to convert values from the existing MPN-based criteria.  
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Introduction 
 
Estimation of indicator microorganisms in food which has been done through the most 
probable number (MPN) method for many decades [1] is under transition to more rapid 
enumeration methods. One disadvantage of the MPN method is the processing time, 
especially when identification of species is required as in the case of Escherichia coli, the 
most common bacterial indicator of faecal contamination [2]. The rapid plate count methods 
using microbiological media incorporated with a chromogenic substrate [3, 4, 5, 6] have 
increasingly been used in place of the MPN method since they are rapid, simple, and reliable 
[7, 8]. At present, the E. coli chromogenic plate count method relies on detection of the 
enzyme β-glucuronidase, using media incorporated with chromogenic glucuronide media such 
as p-nitrophenol-β-D-glucuronide (PNPG), 5-bromo-4-chloro-3-indolyl-β-D-glucuronide (X-
GLUC or BCIG), and 8-hydroxyquinoline-β-D-glucuronide (HQG) [5]. This enzyme is 
specific to the organism [9, 10, 11] with only a few exceptions to some strains of Salmonella, 
Shigella, Yersinia, Citrobacter, Klebsiella, and Serratia [5, 11, 12, 13] Many methods based 
on this principle have been accepted as “official methods” in the microbiological analysis of 
food, such as the method employing Tryptone Bile X-Glucuronide agar (TBX) [14] or 3M 
Petrifilm E. coli count plate [15]. 
 
In the transition period when the use of a traditional method is being replaced by a rapid 
method, there often is a need among the food industries and/or governmental food agencies to 
relate values obtained from one method to another for the purpose of communication or 
evaluation of food quality (Ruengprapun, N., Regional Medical Sciences Centre, Chiang Mai, 
Thailand; personal communication). This is a problem particularly in countries where 
adoption of microbiological techniques by food industries may be at unequal stages. Another 
problem is about establishment of food microbiological criteria on the basis of a new method. 
In case of E. coli, the food groups that are facing this particular problem are those required to 
comply with non zero-tolerance criteria such as uncooked food, raw or partly cooked frozen 
meat and fish products, and unpasteurised dairy products (most cooked or processed food are 
required to contain no E. coli). Although standards and guidelines that are based on colony 
count method for acceptable contamination levels of E. coli in some types of food have been 
established [16, 17, 18], they are limited to certain types of potentially hazardous food 
common in certain geographical areas. For indigenous foods, relying only on such standard 
would be of great limitation. Moreover, the adoption of the rapid colony count method by 
private organisations in newly industrialised countries, such as Thailand, can often be more 
advanced than the official establishment of microbiological criteria. Microbiological criteria 
that correspond to the colony count methods are therefore urgently needed. Since the criteria 
based on MPN have been well established, one approach towards such criterion setting is to 
convert the presently available criteria for E. coli based on MPN values into colony forming 
units (cfu), provided that the analytical results obtained from the two methods are precisely 
related.  The other approach is to establish criteria in colony forming unit values based solely 
on the plate count method, which involves extensive evaluation [19].  
 
In response to the problems indicated, we therefore aimed to explore how the numbers of E. 
coli obtained from MPN and plate count methods are related. The specific methods selected 
in this study are the 9-tube MPN and the Tryptone Bile X-Glucuronide (TBX) chromogenic 
plate count methods, which would be employed to pure E. coli culture and selected food  
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groups.  The results of this study would point to possibility and/or limitations of relating the 
MPN of E. coli into colony forming units, and vise versa, for communication of the result and 
microbiological criterion establishment.  
 
Materials and Methods 
 
Preparation of pure culture inoculum 
An early stationary phase culture (OD600 ~ 0.8) of E. coli (strain FT20, originally isolated 
from swine excrement) was prepared in one large batch in Nutrient Broth and stored in 
aliquots (each concentrated from 1.5 ml culture) at -70C in 50% (v/v) glycerol. When 
preparing inocula for enumeration, an aliquot of the frozen culture was grown in 250 ml 
Nutrient Broth at 37C in agitating conditions (130 rpm) until reaching the level of 
approximately 109 cfu/ml (OD600 ~ 0.8). The active culture was then serially diluted by 10-
fold to obtain samples with cell density ranging from 10 to 108 cfu/ml. Portions from the tubes 
containing 10 to 104 cfu/ml were further diluted to obtain cell concentrations (in estimated 
number) in finer scales within this range, as shown in Table 1. 
 
Food samples and preparation of food homogenates  
Naturally contaminated food samples (144 in total) analysed in this study consist of uncooked 
foods (including minced pork, minced fish fillet, and beef), frozen foods (including frozen 
seafood products, frozen minced pork, and ice deserts), and processed/heat-treated foods 
(including sausages, fish balls, and meat balls). These foods are commercially available. 
When preparing a food homogenate for enumeration, a twenty-five gram portion of each food 
sample was homogenised in 225 ml sterile Peptone Water using a food homogeniser (Seward 
Stomacher 400, Brinkmann, Canada) for 1 min, giving a 10-1 dilution.  The food homogenate 
was further diluted by a 10-fold serial dilution in 9 ml Peptone Water until the required 
dilutions were obtained.  
 
Enumeration of E. coli using the Most Probable Number (MPN) and the Tryptone Bile X-
Glucuronide (TBX) chromogenic plate count methods  
The number of E. coli in each sample was estimated using Most Probable Number (MPN) and 
a chromogenic plate count methods. The MPN method used was the 9-tube MPN (three sets 
of three tubes containing 0.1, 0.01, 0.001 g inocula in each set). MPN values for the samples 
were deduced from the MPN table [20] after confirming E. coli through the set of biochemical 
tests including Indole production, Methyl Red, Voges-Proskauer, and citrate utilisation 
(IMViC) tests. For the chromogenic plate count method, Tryptone Bile X-Glucuronide (TBX) 
agar (20 g/L Peptone, 1.5 g/L bile salt, 0.075 g/L 5-bromo-4-chloro-3-indolyl--glucuronide 
(X-GLUC, Fluka, U.S.A.), specific to -glucuronidase [4], 15 g/L agar), was used. Culturing 
of E. coli from pure culture and food samples was carried out by spreading 0.1 ml suspension 
on TBX agar plate (duplicate) and incubated at 37C for 6 h and subsequent incubation at 
45C for 18-24 h for maximum recovery of injured cells as a result of food processing [14]. 
For pure culture, blue E. coli colonies were enumerated directly. For food samples, 
presumptive E. coli (blue colonies) were overlayed with Kovac’s reagent (3 ml) on the surface 
of the TBX agar. Colonies of which the colour changed from blue to red or pink were 
confirmed as E. coli [15]. Correlation between data (log10 cfu/g or ml) obtained by the two 
methods for each set of samples was analysed using the Excel programme (Microsoft, USA).   
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Table 1. Dilution of E. coli culture to obtain approximate required concentrations within the 
range of 10-104 cells per millilitre 
 
culture to 
diluent ratio 

 

volume (ml) 
 

estimated concentration (cells/ml)  obtained from further 
dilution of tubes containing approximate cell density of  

culture diluenta 10/ml 102/ml 103/ml 104/ml 

1/9 1 9 1 10 100 1000 

1/8 1 8 1.11 11.11 111.11 1111.11 

1/7 1 7 1.25 12.5 125 1250 

1/6 1 6 1.42 14.28 142.85 1428.57 

1/5 1 5 1.66 16.66 166.66 1666.66 

¼ 2 8 2 20 200 2000 

1/3 2 6 2.5 25 250 2500 

½ 3 6 3.33 33.33 333.33 3333.33 

1/1 5 5 5 50 500 5000 

2/1 6 3 6.66 66.66 666.66 6666.66 

3/1 6 2 7.5 75 750 7500 

4/1 8 2 8 80 800 8000 

5/1 5 1 8.33 83.33 833.33 8333.33 

6/1 6 1 8.57 85.71 857.14 8571.42 

7/1 7 1 8.75 87.5 875 8750 

8/1 8 1 8.88 88.88 888.88 8888.88 

9/1 9 1 9 90 900 9000 

aPeptone water was used as diluent. 
 
 
Results and Discussion 
 
Relating the MPN estimates and the TBX counts of E. coli observed from the pure culture 
model 
E. coli cultures of different concentrations were exposed to the 9-tube MPN estimation and 
the TBX count. Log10 values of the results obtained from the two methods were plotted 
against each other, excluding the MPN values below 3 and above 1100, which were the lower 
and upper limits of detection of the MPN method used in this study. A linear regression was 
deduced from the plot (Figure 1) with a high correlation between the results obtained by the 
two methods (r2 = 0.7978). It was noted, nevertheless, that one value obtained from one  
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method correlated to varied ranges of values obtained from the other. This can be expected 
from the nature of the MPN method [1]. 
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Figure 1. Correlation between log values of MPN and TBX count of E. coli observed 

from the pure culture model. 
 
Relating the MPN estimates and the TBX counts of E. coli observed from the food models 
We examined naturally contaminated E. coli in two food types: raw/uncooked foods and 
frozen foods to investigate whether the correlation between the MPN and TBX count of E. 
coli in food would follow the pattern of the pure culture. Correlation between the results for 
these food groups obtained from the two methods and that from the pure culture are 
demonstrated in Figures 2 and 3. It can be seen that the results obtained by the two methods in 
raw/uncooked food and frozen food were less correlated (r2 = 0.6657 and 0.6744, 
respectively) than it was with the pure culture (r2 = 0.7978). The patterns of correlation (slope 
of the regression line) of the two food types were also different from each other. This pointed 
to inconsistencies of correlation in relation to the type of food and the level of E. coli. 
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Figure 2. Correlation between log values of MPN and TBX count of E. coli in 
raw/uncooked food (dotted line with square symbols) compared with that observed in 
the pure culture model (continuous line with circle symbols). The dotted line 
paralleled to the curve of the pure culture represents the standard deviation at a 99% 
confidence level.    
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Figure 3. Correlation between log values of MPN and TBX count of E. coli in frozen 
food (dotted line with triangle symbols) compared with that observed in the pure 
culture model (continuous line with circle symbols). The dotted line paralleled to the 
curve of the pure culture represents the standard deviation at a 99% confidence level.    
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From Figures 2 and 3, the regression trend of both food groups deviated (at 99% confidence 
limit) from that of the pure culture. The deviation was more significant in frozen food than in 
raw/uncooked food. In other words, at this confidence limit, the pattern of correlation of the 
MPN and the TBX count of the pure culture model was quite different from those of the food 
models to be generally applicable to them.   
 
Lower and upper correlating values of MPN and TBX count from the pure culture and 
food models  
Should there be any attempt to convert an MPN value of E. coli to a TBX value, and vise 
versa, the upper correlating value, rather than the average, should be considered since this is 
more relevant concerning food safety. The correlating ranges of values of the TBX counts and 
MPNs are listed in Tables 2 and 3. It can be seen from these tables that although many 
correlating MPN values of most food samples were within the range of those of the pure 
culture, there were also many exceptional cases. Some correlating upper values from food 
samples can be higher than that of the pure culture by one log. Therefore, even the upper 
correlating values of the pure culture model could not be applied to food without precautions. 
A validation should be carried out for the particular type of food, and should involve a 
sufficiently large number of samples having different levels of contamination, before 
conversion between the MPN and the colony count can be made accurately. Nevertheless, 
such tables should not be treated as a standard, but rather, as a guideline where there is a 
necessity to communicate or convert results obtained from one method in light of the other. 
They should be used with care, taking into account the inconsistency of the curve pattern that 
may be obtained for each food type and the possibility that the correlating upper value(s) of a 
sample being analysed may extend beyond the upper values observed for the samples used 
when constructing the curve.   
 
Table 2. Lower and upper values of the MPN that correlated with ranges of the TBX counts 
observed from the pure E. coli culture, raw/uncooked food samples and frozen food samples. 
 
TBX count 
(cfu/ml) 

 

  correlating MPN value per g or ml for 

 

pure culture  
 

raw/uncooked food  
 

frozen food 

no. of 
samples 

lower 
value 

upper 
value 

 no. of 
samples 

lower 
value 

upper 
value 

 no. of 
samples 

lower 
value 

upper 
value 

0-10 51 <3 43  8 3.6 15  60 <3 9.1 

11-50 33 9.1 150  5 9.1 460a  11 <3a 75 

51-100 27 9.1 460  6 23 460  5 6.2a 150 

101-500 34 15 1100  6 21 1100  15 15 460 

501-1000 20 240 >1100  1 240 240  ND ND ND 

1001-5000 27 240 >1100  8 1100 >1100  ND ND ND 

>5000 40 >1100 >1100  ND ND ND  ND ND ND 

alower or upper correlating MPN values that extended beyond the range observed in the  pure culture;  
ND: no data available. 
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Table 3. Lower and upper values of TBX counts that correlated to MPN values observed 
from the pure E. coli culture, raw/uncooked food samples, and frozen food samples 
 
 MPN 
values 

 

correlating TBX values (cfu/ml) 
 

pure E. coli culture 
 

raw/uncooked food 
 

frozen food 
 

no. of 
samples 

 

lower 
value 

 

upper 
value 

 

no. of 
samples 

 

lower 
value 

 

upper 
value 

 

no. of 
samples 

 

lower 
value 

 

upper 
value 
 

<3 19 0 5.5 ND ND ND 55 0 15 
3 1 1 1 ND ND ND 1 15 15 
3.6 11 0 8 4 0 2 6 0 10a 
7.2 1 6.5 6.5 ND ND ND 2 25 65a 
7.4 3 2 10 1 5 5 ND ND ND 
9.2 13 4 52 3 2.5a 18 1 10 10 
11 ND ND ND ND ND ND 1 30 30 
14 3 10 17 ND ND ND ND ND ND 
15 4 6.5 1.30102 1 4 4 4 20 2.05102a 
21 2 10.5 20.5 1 2.10102 2.10102a ND ND ND 
23 22 3.5 1.90102 1 61.5 61.5 2 50 1.80102 
38 1 51 51 ND ND ND 1 65 65 a 
43 16 8.5 1.80102 2 26.5 2.21102 3 30 3.05102a 
75 5 43 1.20102 ND ND ND 7 40 2.80102a 
93 17 36.5 1.66102 2 51 66 1 1.60102 1.60102 
150 8 48 2.56102 4 21.5a 3.60102a 2 70 3.70102a 
210 1 71.5 71.5 ND ND ND ND ND ND 
240 14 79.5 1.19103 2 1.40102 6.40102 3 1.75102 2.60102 
290 ND ND ND 1 62 62 ND ND ND 
460 15 95 3.05103 2 36a 79.5 2 3.30102 4.55102 
1100 14 3.40102 2.03103 2 3.79102 1.12103 ND ND ND 
>1100 62 6.50102 1.05108 7 1.14103 2.16103 ND ND ND 
athe lower or upper correlating MPN values that extended beyond the range observed in the pure culture;  
ND: No data available. 
 
Sensitivity of the MPN and TBX plate count methods when applied to food samples with 
low levels of E. coli  
The MPN method has a presumptive step that enriches the organisms of interest, therefore, it 
is presumed to have a higher sensitivity than the plate count method. This could be another 
reason that prevents many food industries from switching from MPN methods to a rapid 
chromogenic plate count method apart from the cost. We analysed data from food samples 
containing low levels of E. coli, including frozen and heat treated foods, yielded by the MPN 
and the TBX plate count (pour plate, having limit of detection of 10 cfu/g) methods. 
Interestingly, those samples revealed to be positive by the TBX plate count method were of 
greater number than those revealed to be positive by the MPN method (Table 4).  
 
Table 4. Number of food samples revealed to be positive for E. coli by the MPN or TBX 
plate count methods    

 
 

food category 

 

no. of samples positive by one of the methods used 
 

MPN method  
(MPN/g) 

 

TBX plate count method 
(CFU/g)  

frozen food 3 (3.6a) 3 (5) 
 1 (10) 
 2 (15) 

heat-treated food 2 (3.6a) 1 (5) 
 3 (10) 
 1 (20) 
 1 (55) 

Total number of samples 5 12 
  areading from the positive tube set 1-0-0 
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It should be noted that all samples that were positive according to the TBX count method 
while negative according to the MPN estimation contained E. coli at levels lower than 100 
cfu/g. A chromogenic plate count method that has detection limit of 100 cfu/g, therefore, 
would fail to detect E. coli in such samples. Matner et al. [21] also demonstrates higher 
sensitivity of a chromogenic plate count, which is based on the same principle as the TBX 
plate count, over the MPN method when analysing food samples with low levels of E. coli.  
 
Conclusions  
 
The problem underlying this study is whether or not it would be possible to convert analytical 
values of E. coli obtained by a chromogenic plate count method to MPN values or vise versa. 
The results from this study indicated that there are great limitations, since there were 
inconsistencies in the correlation of values obtained from the two methods and the additional 
variation due to the type of food. It is strongly adviced that food industries take precautions 
when attempting to relate data obtained from one method to the other. In countries where food 
authorities still rely on the MPN values, it is suggested that priority should be given to 
establishing criteria based on the chromogenic plate count methods whichare increasingly 
used by food industry to cover major types of food relevant to the country. In addition, 
establishing these criteria would best be done through assessment and evaluation based on the 
use of chromogenic plate count methods rather than by converting from the existing MPN 
values. The higher sensitivity of the TBX count compared to the MPN method in revealing 
low level contamination in the majority of the samples should also further encourage the use 
of this method by the food industry in place of the MPN estimation for quantitative analysis 
of E. coli in foods that should comply with a zero-tolerance criterion. The observations and 
deduction made in this study, though limited to E. coli, may be useful when considering other 
indicator microorganisms or pathogens, especially at this transition period when there is an 
urgent need for revision and establishment of food microbiological criteria in response to the 
rapid, continual development of microbiological methods. 
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