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The new standard for detection and enumeration of coliforms

By definition, coliforms are lactose-fermenting Enterobacteriaceae 
that produce acid and gas during the fermentation process of 
lactose. They are rod-shaped, Gram-negative, aerobic or facultative 
anaerobic bacteria. They are typically an indicator of fecal 
contamination and may co-occur with other pathogenic organisms 
of fecal origin. Although coliforms may be a normal part of our 
intestinal tract flora, they can occasionally be the cause of diverse 
infections, especially for elderly people or children. 

The following genera of bacteria are characteristically coliforms: 
Citrobacter, Enterobacter, Escherichia and Klebsiella.

Water testing is an important topic with regard to coliforms. Water 
is vital in the production of many items, including pharmaceuticals 
and food and beverages, and water is also used in the cleaning of 
production equipment. Depending on the source and treatment 
of the water used, the risk of fecal contamination can be very 
high. Even in highly developed regions of the world or in villages 
close to mountains with pristine water, cases of contamination still 
occasionally occur.
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Cat. No. Medium Description
1.10426 

1.46689
1.46757
1.18441

Chromocult® Coliform  
Agar (CCA)
CCA ReadyPlate™ 90 mm
CCA ReadyPlate™ 55 mm
CCA Merckotube®

For the simultaneous detection of coliform bacteria and E. coli in drinking water, waters with low bacterial background flora and 
processed food samples acc. ISO 9308-1 2014.

Note: Chromocult Coliform agar is the original and only agar that was used to prepare and publish this new ISO standard.

1.00850 Chromocult® Coliform 
Agar ES

For detection of coliform bacteria and E. coli in food and animal feeds. ES is for the enhanced selectivity because of higher expected 
bacterial background flora in food matrices like raw ground beef, raw ground chicken and raw milk (AOAC validated).

44657 ECD MUG Agar The bile-salt mixture in this E. coli Direct Agar extensively inhibits the non-obligatory intestinal accompanying flora. The cleavage of 
the fluorogenic substrate MUG and a positive indole test demonstrate the presence of E. coli.

1.10620 Fluorocult® LMX Broth, 
modified

Used for the simultaneous detection of coliform bacteria and E. coli in water, food and dairy products by the chromogenic and 
fluorogenic procedure.

81938 HiCrome™ Coliform Agar A selective chromogenic medium recommended for simultaneous detection of E. coli and total coliforms in water and food 
samples. The chromogenic mixture contains two chromogenic substrates, Salmon-GAL and X-glucuronide. The enzyme  
β-D-galactosidase produced by coliforms cleaves Salmon-GAL, resulting in the salmon to red coloration of coliform colonies.  
The enzyme β-D-glucuronidase produced by E. coli cleaves X-glucuronide (dark blue to violet colored colonies in combination  
with both activities).

70722 HiCrome™ E. coli Agar B HiCrome E. coli Agar B is used in the detection and enumeration of E. coli in foods without further confirmation on a membrane 
filter or by indole reagent. Most of the E. coli strains can be differentiated from other coliforms by the presence of enzyme 
glucuronidase which is highly specific for E. coli. E. coli cells absorb X-glucuronide and the intracellular glucuronidase splits the bond 
between the chromophore and the glucuronide. The released chromophore gives the blue coloration of the colonies.

73009 HiCrome™ ECC Agar HiCrome ECC Agar is a differential medium recommended for the presumptive identification of E. coli and other coliforms in 
food and environmental samples. The chromogenic mixture contains two chromogens as X-glucuronide and Salmon-GAL. 
X-glucuronide is cleaved by the enzyme β-glucuronidase produced by E. coli. Salmon-GAL is cleaved by the enzyme galactosidase 
produced by the majority of coliforms, including E. coli. Color of E. coli colonies: blue/purple

85927 HiCrome™ ECC  
Selective Agar

HiCrome ECC Selective Agar is a selective (Tergitol as inhibitor) medium recommended for the simultaneous detection of  
E. coli and coliforms in water and food samples. The ingredients help even the sublethally injured coliforms to grow rapidly.  
The chromogenic mixture contains two chromogenic substrates as Salmon-GAL and X-glucuronide. The enzyme β-D-galactosidase 
produced by coliforms cleaves Salmon-GAL, resulting in the salmon to red coloration of coliform colonies. The enzyme  
β-D-glucuronidase produced by E. coli cleaves X-glucuronide. E. coli forms dark blue to violet colored colonies due to cleavage of 
both Salmon-GAL and X-glucuronide.

Table 1. Chromogenic and Fluorogenic Media for Detection of Coliforms, particularly E. coli

Coliforms can be a problem not only in water, but also in meat, 
vegetables, other types of food, and in processed food. The fecal 
contamination can occur by contact with the raw material, through 
tainted process water, or by humans.

Classical media to detect, identify and enumerate coliforms are 
based on lactose fermentation and the usage of an indicator often 
combined with an inhibitor like bile salt. In recent years, a variety of 
new chromogenic media became available; the use of these media 
enables the analyst to replace some steps of the process and to 
realize advantages such as additional confirmation, faster results, 
fewer reagents, and reduced labor intensity. Table 1 lists some of 
the interesting chromogenic and fluorogenic media for E. coli and 
other coliforms. The methodology behind such media is a smart 
combination of selective agents and the differentiation by  
detection of characteristic enzymes with corresponding 
chromogenic and fluorogenic substrate. A list of about 200  
different media for detection of coliforms can be found at  
sigma-aldrich.com/coliforms.

In most recommended methods, a confirmation step is also needed 
such as the Kovac’s or oxidase reagents, but there are also plenty of 
other tests such as reagents, strips, discs and confirmation cards  
(see Table 2). Often a characteristic enzyme or fermentation abilities 
are the detection target.

http://sigma-aldrich.com/coliforms
http://www.sigma-aldrich.com/catalog/search/ProductDetail/mm/1.10426

http://www.sigma-aldrich.com/catalog/search/ProductDetail/mm/1.46689

http://www.sigma-aldrich.com/catalog/search/ProductDetail/ALDRICH/1.46757

http://www.sigma-aldrich.com/catalog/search/ProductDetail/ALDRICH/1.18441
http://www.sigma-aldrich.com/catalog/search/ProductDetail/mm/1.00850
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/44657
http://www.sigma-aldrich.com/catalog/search/ProductDetail/ALDRICH/1.10620

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/81938
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/70722
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/73009
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/85927
http://sigma-aldrich.com/coliforms. 
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Cat. No. Medium Description
09142 HiCrome™ ECD Agar  

 with MUG
This product is used for the detection of E. coli in water and food samples by using a combination of chromogenic and fluorogenic 
substrate. The presence of E. coli is indicated by a blue colored colony formation due to cleavage of chromogenic substrate.  
The fluorogenic substrate MUG permits rapid detection of E. coli and also detects anaerogenic strains which may not be detected in 
conventional procedures.

90924 HiCrome™ m-TEC Agar HiCrome M-TEC Agar is recommended by the U.S. Environmental Protection Agency (USEPA) for differentiation and enumeration of 
thermotolerant E.coli from water by membrane filtration technique.

51489 HiCrome™  
Rapid Coliform Broth

Rapid HiColiform Broth is used for detection and confirmation of E. coli and coliforms on the basis of enzyme substrate reaction 
from water samples, using a combination of chromogenic and fluorogenic substrate. The fluorogenic substrate (MUG) is split by 
enzyme β-D-glucuronidase, which is specifically found in E. coli. The reaction is indicated by a blue fluorescence under UV light.  
The presence of total coliforms is indicated by the blue green color of the broth due to cleavage of chromogenic substrate (X-Gal). 
IPTG amplifies enzyme synthesis and increases the activity of β-D-galactosidase.

62634 LST-MUG Broth LST broth with the addition of fluorogenic substrate MUG for the detection of E. coli. In addition, the medium is modified with 
tryptophan for a confirmation step with the Kovac's reagent (indole test).

39734 Membrane Lactose 
Glucuronide Agar

M-Lauryl Sulfate Chromogen Agar is for the differentiation and enumeration of E. coli and other coliforms, which simplifies the membrane 
filtration technique for E. coli and coliforms by reducing the number of filtration stages required from two to one, thereby reducing the 
need for further confirmation steps. Coliform bacteria are detected based on lactose fermentation (yellow colonies). X-Glucuronide is 
cleaved by β-glucuronidase present in the E. coli. In combination with the lactose fermentation, it results in a green colony.

M1678 MUG EC Broth Selective media used for the detection of E. coli by a fluorogenic procedure.
17165 MUG Tryptone Soya Agar For cultivation of fastidious and nonfastidious microorganisms, especially for E. coli by fluorogenic method.
51413 Plate Count MUG Agar Plate Count MUG Agar is used for determination of plate count of microorganisms in milk and other dairy products, including direct 

detection and enumeration of E. coli by fluorogenic method.
92435 
1.16122

TBX Agar (powder) 
(granulated)

Tryptone Bile Agar with the chromogenic substrate X-glucuronide is used for the detection and enumeration of E. coli in foodstuffs, 
animal food and water without further confirmation.

95273 VRB MUG Agar A Violet Red Bile Agar for the detection and enumeration of coliform bacteria, modified with the fluorogenic substrate to 
differentiate E. coli. Gram-positive accompanying flora is extensively inhibited by crystal violet and bile salts. A color change to red 
indicates lactose-positive colonies, within which E. coli can be demonstrated by fluorescence in the UV.

Cat. No. Reagents, Disks, Strips & Cards Description
29333
39442

Barritt's Reagent A
Barritt's Reagent B

Used in Voges-Proskauer test for detection of acetoin production by bacterial culture.

05686
49825

DMACA Indole Disks
DMACA Reagent

For Indole test to determine the ability of an organism to split tryptophan into indole and alpha-aminopropionic 
acid. The presence of indole can be detected by the addition of DMACA, which results in a bluish-purple complex. 
With this method, it is possible to differentiate Escherichia coli from Klebsiella.

75444 E. coli Enzyme Confirmation Test This test utilizes a fluorogenic substrate which, when hydrolyzed by a specific enzyme (during peptide hydrolysis), 
produces a blue/white fluorescence.

40926 Fecal Coliforms Enzyme Confirmation Test This test utilizes a fluorogenic substrate which, when hydrolyzed by a specific enzyme (during peptide hydrolysis), 
produces a blue/white fluorescence.

1.11350
1.09293
60983
67309
78719

Kovac's Reagent for Indole

Kovac's Reagent Strips

In the presence of oxygen, some bacteria, like E. coli, are able to split tryptophan into indole and  
alpha-aminopropionic acid. This reagent is used for detecting the indole and identifying the indole-positive and 
indole-negative microorganisms.

28816 Lactose Disks Used to differentiate bacteria on the basis of carbohydrate fermentation abilities.
08714 Methyl Red Solution Some bacteria utilize glucose to form large amounts of acid with the result that the pH value of the medium falls 

distinct. Other species produce no or less free acid. This difference can be visualized by using methyl red.
49940 ONPG Disks ONPG Disks are used to detect the presence of β-galactosidase, an enzyme found in lactose-fermenting organisms. 

Lactose utilization depends upon two enzymes: β-galactoside permease, which catalyzes transport of lactose into 
the cell, and β-galactosidase, which breaks down lactose into galactose and glucose. β-Galactosidase is not lactose 
specific and can act on simple galactosides including the ONPG (o-nitrophenyl-β-D-galactopyranose) substrate. 
ONPG hydrolysis results in the release of galactose, and the yellow chromogenic compound, o-nitrophenol. The 
test substrate, ONPG, does not depend on an induced or constitutive permease enzyme to enter the cell; therefore, 
reactions are rapid and occur within a 24-hour period, even for late lactose fermenters.

07345
07817
18502

Oxidase Reagent acc. Gaby-Hadley A
Oxidase Reagent acc. Gaby-Hadley B
Oxidase Reagent acc. Gordon-McLeod

The reagents are used for detection of oxidase activity of bacterial culture.

1.13300
40560
1.00181
70439

Bactident Oxidase
Oxidase Strips
Oxidase Test

Oxidase Test is an important differential procedure which should be performed on all Gram-negative bacteria that 
are to be identified. In the presence of the enzyme cytochrome oxidase (Gram-negative bacteria),  
the N,N-dimethyl-p-phenylenediamine oxalate and α-naphthol react to indophenol blue.

77643 Total Coliforms Enzyme Confirmation Test This test utilizes a fluorogenic substrate which, when hydrolyzed by a specific enzyme (during peptide hydrolysis), 
produces a blue/white fluorescence.

Table 2. Reagents and Tests for Confirmation and Identification of Coliforms and E. coli

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/09142
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/90924
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/51489
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/62634
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/39734
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/M1678
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/17165
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/51413
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/92435
http://www.sigma-aldrich.com/catalog/search/ProductDetail/ALDRICH/1.16122
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/95273
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/29333

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/39442
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/05686
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/49825
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/75444
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/40926
http://www.sigma-aldrich.com/catalog/search/ProductDetail/mm/1.11350

http://www.sigma-aldrich.com/catalog/search/ProductDetail/mm/1.09293

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/60983
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/67309
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/78719
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/28816
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/08714
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/49940
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/07345
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/07817
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/18502
http://www.sigma-aldrich.com/catalog/search/ProductDetail/MM/1.13300
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/40560
http://www.sigma-aldrich.com/catalog/search/ProductDetail/ALDRICH/1.00181

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/70439
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/77643
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For faster and easier simultaneous detection of coliform bacteria and 
E. coli in drinking water and waters with low bacterial background 
flora, a drastically revised ISO 9308 Part 1 was put into effect in 2014. 
Lactose TTC agar was replaced by chromogenic coliform agar (CCA) as 
the culture medium for enumerating coliform bacteria and Escherichia 
coli after the membrane filtration step. CCA is based on enzymatic 
reactions that distinctly color the colonies of the target organisms. 
CCA’s simultaneous detection of coliforms and E. coli, earlier results as 
well as easier lab procedures, and colony identification improves the 
testing of samples such as drinking water, disinfected pool water and 
finished water from drinking water treatment plants – and thus helps 
to combat waterborne pathogens. At our company, CCA also stands 
for Chromocult® Coliform Agar, the fully validated and original culture 
medium on which the new standard is based.

When the International Organization for Standardization (ISO) 
reviewed the ISO 9308-1:2000 standard in 2006, the predominant 
view was that its Lactose TTC (triphenyl tetrazolium chloride) agar 
based method was not selective enough and that there was too 
much accompanying flora (Pitkänen et al, 2007)1. By 2006, ISO had 
also decided that coliform bacteria should no longer be defined 
by the ability to ferment lactose but instead by β-D-galactosidase 
activity. Because a larger number of Enterobacteriaceae genera 
show β -D-galactosidase activity than ferment lactose (Table 3), 
this change of detection method effectively re-defines the group of 
coliform bacteria.

Culture Medium
Criterion for 
Definition Criterion Positive Genera

Lactose TTC Agar Acid production 
from lactose

Escherichia, Klebsiella, Enterobacter, 
Citrobacter, Y ersinia, Serratia, Hafnia, 
Pantoea, Kluyvera

Chromogenic 
Coliform Agar

β-D-galactosidase 
activity

All the above, plus: Cedecea, 
Ewingella, Moellera, Leclercia, 
Rhanella, Yokenella

Table 3. Method-dependent Definition of Coliform Bacteria

Confirmed Results a Day Earlier
Whereas the ISO 9308-1:2000 procedure takes 48 hours to confirm 
results, the CCA method delivers results within 24 hours because 
there is no need for subcultures on TSA agar and in tryptophan  
broth for confirmation (Figure 3). On CCA, coliform bacteria and  
E. coli can be detected and enumerated simultaneously due to the 
different colors of the colonies. Both the old and new methods 
require quick and simple concluding confirmation tests. The new  
ISO 9308-1 workflow includes only an oxidase test to avoid  
false-positive results caused by non-coliforms with β-D-galactosidase 
activity such as Aeromonas. Total coliform bacteria are calculated as 
the sum of oxidase-negative colonies with pink to red color and all 
dark blue to violet colonies. The Lactose TTC workflow requires  
a tryptophanase test for E. coli detection in addition to an oxidase  
test (Figure 3). 

Easier Handling and Result Interpretation
The Lactose TTC detection method for coliform bacteria is based 
on their ability to fermentatively produce acid from lactose. Lactose 
positive colonies take on a yellow color, and the agar directly 
beneath such colonies turns yellow due to the contained pH 
indicator. However, an abundance of colonies can lead to the  
entire agar surface beneath the membrane filter turning yellow 
(Figure 3). A background of non-target organisms impedes the 
reading of the membrane and makes it almost impossible to count 
all typical colonies that show a yellow color development in the agar.

Whereas performing and evaluating Lactose TTC agar requires 
experienced and skilled staff, working with CCA agar is much less 
demanding. Colonies of E. coli, coliform bacteria and non-coliform 
Enterobacteriaceae such as Salmonella Enteritidis can be easily  
and clearly distinguished by their colors (Figure 2). Only the colony 
color needs to be evaluated, not the agar surface beneath the 
membrane filter.

Figure 2. Colonies of E. coli, Coliform Bacteria and Non-coliform 
Enterobacteriaceae on CCA

Coliform bacteria

E. coli

Salmonella Enteritidis

ISO compiled a set of further requirements for the new test method, 
including β-D-glucuronidase activity for E. coli detection, greater 
speed-to-result, a low detection limit, as well as the availability of 
validation data and of a product on the market. Our Chromocult 
Coliform Agar was deemed to be the only suitable culture medium 
and was subsequently used as the basis for the new ISO 9308-1 
titled “Water quality – Enumeration of Escherichia coli and coliform 
bacteria – Part 1: Membrane filtration for waters with low bacterial 
background flora”.

How the CCA Medium Works
The ISO 9308-1:2012 draft for the new standard stipulates that CCA 
must contain peptones, pyruvate, sorbitol and phosphate buffer to 
support rapid colony growth of even sublethally injured coliforms. 
Tergitol® 7 is included for partial inhibition of accompanying 
Gram-positive bacterial flora and some Gram-negative bacteria, 
but it does not hinder the growth of coliforms. The chromogenic 
substrate for coliform bacteria is Salmon-GAL (6-chloro-3-indoxyl-
β-D-galactopyranoside), which is cleaved by β-D-galactosidase, 
resulting in pink to red colored colonies. To induce the production 
of this enzyme, isopropyl-β-D-thiogalactopyranoside (IPTG) is added. 
For E. coli, the specific chromogenic substrate is X-glucuronide 

(5-bromo-4-chloro-3-indoxyl-β-D-glucuronide), which is cleaved by 
β-D-glucuronidase. However, E. coli cleaves both Salmon-GAL and 
X-glucuronide, resulting in dark blue to violet colored colonies.  
Some non-coliform bacteria, such as Salmonella Enteritidis, can also 
grow on CCA. These appear typically as colorless colonies. Light-blue 
or turquoise colony colors can also occur after prolonged incubation 
times. (Figure 2).

http://merckmillipore.com/chromocult
http://sigma-aldrich.com/microbiology
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Validation Study Procedure
Unlike the Lactose TTC agar method, the CCA method has been fully 
performance validated using Chromocult® Coliform Agar, the original 
culture medium on which the revised standard

is based. Validation of CCA was performed according to ENV ISO 
13843 (“Water quality – Guidance on validation of microbiological 
methods”). The results show that CCA is a reliable method for the 
quantification of both E. coli and coliform bacteria.2

To determine the fundamental parameters, the validation study 
used drinking water spiked with naturally contaminated ambient 
river water samples from ten locations, each having different levels 
of contamination. Samples were processed according to ISO 9308-1 
(2012) using EZ-Pak® membrane filters for filtration and 220 colonies, 
including typical E. coli and coliform bacteria as well as atypical 
colonies, were randomly selected to determine the fundamental 
characteristics of CCA. Table 4 sums up the results.

E. coli Coliform Bacteria
Sensitivity 94% 91%

Specificity 97% 94%

False positive rate 6% 5%

False negative rate 3% 11%

Efficiency 96% 92%

Selectivity – 0.78 - 0.32

Working range  
(colonies per membrane filter)

10 to 100

Recovery (relative to TSA) all >80%, mean 104% all >70%, mean 94%

Repeatability 0.046 0.035

Reproducibility 0.127 0.114

Robustness towards 
incubation length changes

Explicit increase of presumptive colonies 
between 18 and 24 hours

Table 4. Performance characteristics of CCA using Chromocult® 
Coliform Agar

Figure 3. Comparison of Old and New ISO 9308-1 Workflow

New ISO Workflow Makes your Testing Faster

Previous ISO 9308-1 (2000) WorkflowStep NEW ISO 9308-1 (2014)

Filtration of 100 mL water sample using a 0.45 µm filter

Lactose TTC agar with Tergitol ® 7
21 ± 3 h at 36 ± 2°C

If yellow color develops in the medium

Subculture on TSA agar  

21 ± 3 h at 36 ± 2°C

Oxidase

Subculture in tryptophan 
broth  

21 ± 3 h at 44 ± 0.5°C

Indole

-  = No color change

+  = Color change

Filtration of 100 mL water sample using a 0.45 µm filter

Chromocult® Coliform Agar
21 + / 3 h at 36 ± 2°C

Coliforms: 
pink or red colonies

Coliforms pink/red  E. coli confirmed

Coliforms –

Non-coliforms Coliforms

E. coli

E. coli:
dark blue or violet colonies

Confirmation

Detection

Sample 
Preparation 

-

+

-

+

-

+
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Fundamental Characteristics of CCA
The results indicate that for the detection of E. coli and coliform 
bacteria, respectively, the method is sensitive (94% and 91%), specific 
(97% and 94%) and highly efficient (96% and 92%), with performance 
better for E. coli than for total coliform bacteria (Table 4). The lower 
values for coliform bacteria were obtained due to a similar appearance 
of Aeromonas spp. which can also be found in water samples. To 
enhance sensitivity for coliforms, ISO 9308-1:2014 recommends in case 
of doubts the usage of an Oxidase test. Coliforms are Oxidase-negative, 
while Aetomonas spp. are Oxidase-positive. The selectivity values 
(-0.78 and -0.32) are considerably better than the guidance value of 
-1 suggested in ENV ISO 13843 for colony count methods. However, 
selectivity for E. coli is not as pronounced as for coliform bacteria. This 
is because the CCA medium is not intended to be selective for E. coli 
alone but for total coliforms including E. coli. Overall, the selectivity 
of CCA is similar to that of Lactose TTC agar. Repeatability and 
reproducibility can be considered acceptable.

Good Recovery
ISO 9308-1 stipulates membrane filtration as the method to 
recover microorganisms from the water samples. The choice of the 
membrane plays a key role for recovery because it must enable 
the target organisms contained in the sample (ideally all of them) 
to adhere and grow into colonies over the incubation period. For 
the validation studies, the 47 mm diameter and 0.45 μm pore size 
EZ-Pak® gridded mixed cellulose ester membrane filter was selected. 
In comparative tests with four other brands of membrane filters with 
the same pore size, it showed the best recovery performance (Figure 5).

Figure. 5. Recovery of Five 0.45 μm Pore Size Membrane Filter Brands on Chromocult Coliform Agar Using the Same Water Sample 
Containing Cells of  Three Coliform Bacteria Strains

E. coli 
ATCC 35270

C. koseri 
ATCC 27156

S. marcescens 
ATCC 14576

Brand 1 Brand 2 Brand 3 Brand 4 Merck Millipore

Figure. 4. Lactose TTC Agar with Tergitol® 7 after Growth of 
Lactose Positive Colonies on Membrane Filter

View from the top (left) and bottom (right) of the Petri dish

For validation of the CCA medium, the key recovery parameter is 
relative recovery: the number of target organism colonies that grow 
on CCA as a proportion of those that grow on nonselective TSA 
medium. The observed recovery rates were high, averaging 104% for 
E. coli and 94% for total coliforms. In all tested cases, relative recovery 
was >70% for coliform bacteria and >80 % for E. coli. 

http://merckmillipore/chromocult
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Table 5: Filter used in the validation study
Description Cat. No.
EZ-Pak™ cellulose mixed ester filter  
(gridded, 0,45 μm pore size)

EZHAWG474

S-Pak™ cellulose mixed ester filter  
(gridded, 0,45 μm pore size)

HAWG047S6
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Robustness: A Critical Issue
The CCA method was also assessed for robustness, i.e., its tolerance 
towards slight changes in procedure or towards unavoidable 
variations in laboratory environment conditions. The most relevant 
factor in this respect is the length of the incubation period, which 
the new ISO 9308-1 sets at 21 +/- 3 hours. Plates that were evaluated 
after 18, 21 and 24 hours showed that, for E. coli, the observed 
number of colonies rose moderately by 11.0% between 18 and  
21 hours and only very slightly by 1.4% between 21 and 24 hours of 
incubation. For total coliforms, the increases were 28.6% and 18.4%, 
respectively, so considerably higher. This seems to be due to coliform 
bacteria that either grew slowly or show reduced β-D-galactosidase 
activity. A colony count increase over a prescribed incubation period is a 
known and widely recognized phenomenon (e.g., for typical membrane 
filtration methods, such as ISO 7899-2 for enterococci, unpublished data). 
However, provided that the increase is not excessive, CCA counts after 
21 +/- 3 hours of incubation can be considered acceptable for practical 
and operational purposes. Nevertheless, the preferred incubation time 
for water samples should be 21 hours. Incubation for 24 hours increases 
the recovery, particularly of target bacteria that are stressed (e.g., retrieval 
from disinfected waters). ISO plans the publication of an amendment 
to ISO 9308-1:2014 for end 2016 in which the incubation time is newly 
defined from 21-24 h. 

Practical Significance of this Study
The results of the studies are significant in several respects. They allow 
the conclusion that the chromogenic coliform agar (CCA) method 
meets the requirements of ENV ISO 13843 (“Water quality – Guidance 
on validation of microbiological methods”). In addition, they show that 
Chromocult® Coliform Agar meets the requirements of the new ISO 
9308-1 for chromogenic coliform agar. 

The combination of Chromocult® Coliform Agar,EZ-Pak® membrane 
filters and Bactident Oxidase Test that were used in the studies 
constitutes a validated set-up for E. coli and coliform bacteria testing 
of water with low bacterial background flora according to the new 
ISO 9308-1. Laboratories that use this combination of products do not 
need to perform validation themselves.

Did you know … 

Humans get used to the bacteria in their water? 
In fact, many people become immune to bacteria that are 
typically present in their own water (National Groundwater 
Association, Ohio). Guests, infants and people with deficient 
immune systems may experience some gastrointestinal distress 
such as diarrhea or gastroenteritis.

For more information, visit 
merckmillipore.com/chromocult

http://www.sigma-aldrich.com/catalog/search/ProductDetail/mm/EZHAWG474
http://www.sigma-aldrich.com/catalog/search/ProductDetail/mm/HAWG047S6
http://merckmillipore.com/chromocult
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Innovative Test Systems for Coliforms and E. Coli 
By Jvo Siegrist, Product Manager Microbiology 
Ivo.siegrist@sial.com

There is an increasing demand for faster and smarter testing 
methods.

Hygiene and food safety are currently very important topics and 
are critical for maintaining a good reputation. A company can 
be completely ruined if an illness is able to be traced back to the 
food or beverage manufacturer. There are several “gold standards” 
(guidelines) recommended to prevent such cases, but they are 
often time consuming and there is room for improvement. Some 
interesting methods for innovative detection of coliforms and E. coli 
are described in this article.

FluoroSELECT™ Swap Assay
For specific hygiene testing for fecal contamination a swap test, 
in combination with sensitive and early detection, could be an 
interesting solution. One example is the FluoroSELECT™ assay,  
where a specific peptidase for E. coli or coliforms could be  
detected by a sensitive and specific fluorogenic substrate and a 
handheld fluorometer. 

The swap is taken and placed into the buffer. Then an inducer and 
the fluorogenic substrate are added. Afterwards, the lysing agents 
are added to start the lysis of the cells, and immediately the released 
enzyme starts to hydrolyze the fluorogenic substrate. This results in  
a fluorescence which is read by a portable, low cost fluorometer  
(see Figure 2). The excitation wavelength is at 360 nm, respectively 
480 nm while the emission wavelength is at 460 nm (blue) or  
530 nm (green), the intensity of which is then measured to decide 
if the sample is positive or negative. It is a rapid test since the 
assay takes a maximum of 30 minutes, although it requires some 
incubation time. Sensitivity is 100 cfu per sample after 8 hours 
of Incubation and 1 cfu per sample after 10 hours of incubation. 
Because the enzymes are specific, the assay is highly specific and 
robust. In addition, since it is a typical fluorescence assay, it is also 
highly sensitive and small amounts of the cleaved fluorogen will 
already have been detected. 

Assay Cat. No.
FluoroSELECT™ E. coli Assay Kit
FluoroSELECT™ single channel fluorometer; λex 360 nm; λem 460 nm

53649
Z805726

FluoroSELECT™ Total Coliform Assay Kit
FluoroSELECT™ single channel fluorometer; λex 480 nm; λem 530 nm)

94478
Z805726

Table 1: FluoroSELECT™ Assay Systems for Coliforms and E. coli

 Cell with Enzyme  lysis 

Substrate

Fluorgen (responsible 
for the �uorescene)

 

 

Enzyme

Figure 2: Principle of the Assay

The bacteria cells are lysed and the target enzyme is released. Then 
the enzyme converts the specific substrate into a fluorogen which 
can be detected by the fluorescence.

HybriScan® Rapid Test System
A further rapid, qualitative and quantitative detection of E. coli would 
be possible with an innovative in situ hybridization system which 
needs rRNA as the detection target.

The HybriScan® method is based on the detection of rRNA via 
hybridization events and specific capture and detection probes. 
Sandwich hybridization is very sensitive, detecting attomoles of the 
respective target rRNA molecules. The ideal hybridization target 
for bacteria and yeast is rRNA. These cells contain a large number 
of rRNA-containing ribosomes; a single cell therefore contains 
several thousand copies of rRNA but only one DNA. Sandwich 
hybridization also provides sensitivity in crude biological samples 
because it is not susceptible to matrix interference. Specificity 
is achieved by targeting conserved or unique rRNA sequences. 
A biotin-labeled capture probe is used to immobilize the target 
sequence on a solid support plate (streptavidin-coated microtiter 
plate). A digoxigenin-labeled detection probe provides an enzyme-
linked optical signal read out (see Figure 3). Detection results from 
application of anti-DIG-horseradish peroxidase Fab fragments. The 
bound complex is visualized by horseradish peroxidase substrate 
TMB (3,3’,5,5’-tetramethylbenzidine). Photometric data are measured 
at 450 nm, compared with standard solutions and then the colony 
forming units can be calculated.

Figure 3: Principle of the HybriScan® in situ Sandwich 
Hybridization System
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http://sigma-aldrich.com/fluoroselect
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/53649
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/Z805726
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/94478
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/Z805726
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Table 2: HybriScan® System for Detection and Identification  
of E. coli

For more information, visit 
sigma-aldich.com/hybriscan

Did you know … 

in situ hybridization is seen as one of the most 
interesting potential methods for detection of 
coliforms? 
The enzymatic method, which has been improved over the  
past few decades, is still expensive, as is the complicated PCR.  
In addition, the detection of the lowest cfu and same-day results 
with a quantitative analysis is not easy. Even though many 
innovative bacterial detection methods have been developed,  
few have the potential for becoming a standardized method 
(Rompré et al. 2002).

Figure 1. Search the ultimative method

Assay Description Cat. No.
HybriScan®D E. coli Detection and identification of Escherichia 

coli in water and food samples
96343

HybriScan®I E. coli Identification of Escherichia coli 76545

Certified Reference Microorganisms

Diverse Strains from: 
Acinetobacter, Aspergillus, Bacillus, Candida, Citrobacter, Clostridium, E. coli, Enterobacter, Enterococcus, 
Klebsiella, Listeria, Legionella, Pseudomonas, Saccharomyces,  Salmonella, Staphylococcus, Vibrio and 
many more.

Applications
•	Quality control to assure the quality  

of test results (water, food, beverage,  
environmental etc.)

•	Performance testing of media  
acc. ISO 11133:2014

•	Validation of new methods

Certified Reference 
Microorganisms

Bio-resourceful Quality Control

Certified Reference Microorganisms

Determination of Vitamin Content by Bacteria

Volume 7.4 • 2015

12235_T415021, Microbiology Focus 7.4_v4.indd   1 13/10/15   8:28 am

•	Materials for proficiency testing  
or ring trials

•	Method development

•	Staff training

•	Starter cultures (R&D, Fermentation, …) 

For additional info and ordering, visit  

sigma-aldrich.com/mibi-crm

Certified Reference Microorganisms are microorganisms in a certified quantity (ISO 17025), 
produced under ISO Guide 34 using a new technology. Vitroids contain ATCC® and CECT® 
strains and the Lenticule® discs are designated to NCTC strains. One pack contains 10 discs; 
each discs is individually packed and silica gel desiccant and mylar foil protect it from 
humidity. Each lot has a comprehensive certificate of analysis.

http://sigma-aldich.com/hybriscan
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/96343
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/76545
http://sigma-aldrich.com/mibi-crm
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Validation of a Rapid Microbiological Method in 
Filterable Raw Materials
By Jan Freitag, Friedrich Schiller University, Germany — Jan.Freitag@gmx.com 
By Dr. Michael Rieth, Millipore Sigma — Michael.Rieth@merckgroup.com

Early detection of microcolonies by universal enzymatic 
fluorescent staining

To ensure the safety and quality of pharmaceutical products, raw 
materials and additives must be free of contamination before they 
can be used in the manufacturing process. Traditional approaches 
for detecting microbial contamination in filterable samples are time 
consuming, requiring up to fourteen days to complete. As a result, 
there is increasing demand among pharmaceutical manufacturers 
and quality control laboratories for more rapid microbiological 
methods for contamination testing. Use of an alternative rapid 
test will ensure a faster pace of manufacturing and can ultimately 
accelerate time to market, leading to significant cost savings. 
Additionally, rapid testing will enable timely implementation of 
corrective actions. 

Compendial methods for detecting microbial contamination in 
filterable samples are nearly one century old and are based on 
morphological and biochemical characterization of microorganisms. 
However, recent technologies have emerged for rapid detection 
of microorganisms. In 2000, the Parenteral Drug Association (PDA) 
published the first guidance document on the validation and 
implementation of alternative rapid microbiological methods.1  
The United States Pharmacopeia (USP) and European Pharmacopeia (EP)3 
have also published guidance documents on alternative methods.

EP Chapter 5.1.6 groups rapid microbiological methods (RMMs) 
into three categories: growth-based, direct measurement and cell 
component analysis.3 Growth-based methods detect a signal  
(e.g., colorimetric or bioluminescence) after a brief incubation 
period in liquid or on solid media. Direct measurement methods 
detect cell viability without requiring growth of the microorganism. 
Cell component analysis, or indirect measurement, assesses the 
expression of certain cell components (e.g., DNA or RNA) that 
correlate with microbial contaminants. RMMs may be qualitative or 
quantitative, destructive or non-destructive, and may be applied to 
both filterable and non-filterable products. 

The Milliflex® Quantum system (Millipore Sigma, Billerica, 
Massachusetts) is a rapid microbiological, growth-based method 
(“rapid method”) for the quantitative detection of contaminants 
in filterable samples. The system utilizes universal enzymatic 
fluorescent staining of viable and culturable microorganisms 
(Figure 1). The fluorescent staining procedure is non-destructive, 
allowing downstream specific identification of the enumerated 
microorganims.4   

Methods
This rapid microbiological method was evaluated at our factory in 
Darmstadt, Germany, a biopharmaceutical company focused on the 
areas of oncology, neurodegenerative diseases and endocrinology 
for the validation of the filterable raw materials glycerol, pyridoxine 
hydrochloride and thiamine chloride hydrochloride. The 
microorganisms used in the validation study included C. albicans,  
B. subtilis, S. aureus, and A. brasiliensis, and the isolate S. epidermidis. 
Microorganisms that are detected during microbiological quality 
control are stressed as a result of starvation, heat, dehydration and 
disinfectants. To simulate these conditions, the microorganisms were 
exposed to 60 °C, or starvation in the case of B. subtilis, to induce 
spore formation. The goal was to obtain an inoculum around  
50% compared to frozen stock solution.

Two methods were used in the validation study, which differed by 
inoculation. The inoculation was either performed at the last rinsing 
step, or the raw material buffer solution was inoculated directly. If the 
raw material used appeared to inhibit growth of the microorganism, 
then the inoculation was performed at the last rinsing step. Yeast 
were incubated at 20-25 °C and bacteria were incubated at 30-35 °C. 
The recovery rates were evaluated after three days using the rapid 
method (Table 1). In parallel, the traditional compendium method was 
performed with an incubation time of five days. 

Figure 1. The Rapid Microbiological Growth-based Method 
Utilizes Enzymatic Fluorescent Staining of Viable and Culturable 
Microorganisms 

http://merckmillipore.com/milliflex
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Table 1. The Recovery Rates were Evaluated after 3 Days Using the Rapid Method

Results
As expected, bacterial growth was sensitive to low pH, whereas the 
mold and yeast remained unaffected. A. brasiliensis was the most 
resistant of all tested organisms and was only verifiably inhibited 
by orange aroma. Orange oil, peach aroma, and orange aroma had 
the greatest inhibitory effect on the other microorganisms; the 
main ingredient in these substances is limonene. Growth inhibition 
of P. aeruginosa and B. subtilis by Na-saccharin was expected, as 
was the inhibitory effect of Nicotinamide PHA Prod on B. subtilis 
and P. aeruginosa. What was surprising, however, was the inability 
of Nicotinamide PHA Prod to inhibit the growth of S. aureus. The 
stressed B. subtilis appeared to be strongly sensitive to changes in  
pH and other conditions. 

The recovery rates and p-values obtained using the rapid method 
were inside the limits for the three raw materials based on the 
European Directorate for Quality Medicines,5 demonstrating that  
this method is applicable for quantitative quality control of  
these substances. 

Conclusion
The rapid microbiological growth-based method represents an 
alternative for the quantification of contaminants in filterable products 
and has been successfully validated for three raw materials: glycerol, 
pyridoxine hydrochloride and thiamine chloride hydrochloride. It 
allows pharmaceutical manufacturers and quality control laboratories 
to address contamination events sooner, avoid line shutdowns, reduce 
storage costs and enable the earlier release of products to the market. 

Milliflex® Quantum System Kits Cat. No.
Milliflex® Quantum standard kit with validation protocol A4 
format includes 1 reader, 1 reader stand, 1 membrane transfer 
tool, 1 removal rack, 1 camera and installation CD, 1 Validation 
Protocol (A4), Installation and Training Services

MXQUA4K01

Milliflex® Quantum standard kit with validation protocol letter 
format includes 1 reader, 1 reader stand, 1 membrane transfer 
tool, 1 removal rack, 1 camera and installation CD, 1 Validation 
Protocol (LT), Installation and Training Services

MXQULTK01

Milliflex® Quantum standard kit includes 1 reader, 1 reader 
stand, 1 membrane transfer tool, 1 removal rack, 1 camera 
and installation CD

MXQUANK01
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Table 2: Milliflex® Quantum System Kits

For more information, visit 
merckmillipore.com/milliflex

Raw Materials A. brasiliensis C. albicans B. subtilis P. aeruginosa S. aureus S. epidermidis
Recovery 
Rate [%] T-test

Recovery 
Rate [%] T-test

Recovery 
Rate [%] T-test

Recovery 
Rate [%] T-test

Recovery 
Rate [%] T-test

Recovery 
Rate [%] T-test

Orange aroma n.e. n.e. 100.69 0.87 94.83 0.74 52.94 0.2 73.68 0.34 100 1

Ascorbic acid n.e. n.e. 102.7 0.88 88.75 0.3 119.35 0.59 102.6 0.91 100 1

Dexpanthenol n.e. n.e. 92.41 0.1 100 1 79.37 0.06 113.11 0.07 117.07 0.31

Dexpanthenol n.e. n.e. 96.67 0.56 87.01 0.52 86.11 0.19 89.29 0.39 100 1

Glycerol 85% n.e. n.e. 90 0.39 106.19 0.18 78.95 0.18 117.81 0.44 118.1 0.06

Glycerol 85% n.e. n.e. 122.69 0.19 119.1 0.26 90.32 0.1 96.72 0.9 103.57 0.88

Glycine n.e. n.e. 102.96 0.87 96.49 0.92 81.82 0.5 108.93 0.71 127.93 0.1

Metformin hydrochloride/
Magnesium stearate 0.5 %

n.e. n.e. 81.06 0.07 119.1 0.26 74.19 0.42 110 0.75 106.06 0.86

Sodium dihydrogen phosphate 
dihydrate

n.e. n.e. 95.29 0.65 90.91 0.57 100 1 79.55 0.35 100.96 0.96

Nicotinamide n.e. n.e. 102.44 0.81 111.86 0.4 106.25 0.77 112.5 0.55 112.62 0.28

Orange oil 85.71 0.65 250 0.4 100 1 117.39 0.71 103.51 0.92 94.59 0.83

Peach aroma n.e. n.e. 98.63 0.71 110.29 0.47 n.e. n.e. 104.88 0.8 102.44 0.92

Pyridoxine hydrochloride n.e. n.e. 108.03 0.17 108.62 0.63 104 0.78 115 0.39 100 1

Sodium saccharin n.e. n.e. 101.65 0.92 89.47 0.72 107.14 0.83 80 0.09 107.69 0.53

Thiamine chloride hydrochloride n.e. n.e. 101.37 0.92 109.68 0.1 80 0.25 74.19 0.11 118.75 0.16

Thiamine chloride hydrochloride 83.33 0.68 95.71 0.67 101.56 0.92 77.78 0.23 90.91 0.59 113.25 0.45

https://www.emdmillipore.com/CA/en/product/Milliflex-Quantum-standard-kit-with-validation-protocol-A4-format,MM_NF-MXQUA4K01?bd=1
https://www.emdmillipore.com/CA/en/product/Milliflex-Quantum-standard-kit-with-validation-protocol-letter-format,MM_NF-MXQULTK01
https://www.emdmillipore.com/CA/en/product/Milliflex-Quantum-standard-kit,MM_NF-MXQUANK01
http://merckmillipore.com/milliflex
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