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Abstract 

Readycult® Coliforms (RC), containing 5-bromo-4-chloro-3-indolyl-ß-D-galactopyranoside (X-

Gal) and 4-methylumbelliferyl-ß-D-glucuronide (MUG), is a new selective and differential 

medium for determination of the presence or absence of total coliforms (TC) and E. coli in 

drinking and surface water. After incubation at 37°C for 24h, the development of blue-green in 

an initially colourless solution is specific for total coliforms; fluorescence at 366 nm in the same 

vessel demonstrates the presence of E. coli.  This method was evaluated with 300 samples, 

using 100-ml sample volumes, and compared to accepted methods by the E.P.A. and DIN. A 

total of 90 (62 E. coli) confirmed vessels were positive by the E.P.A test, 94 (60 E. coli) by the 

DIN test and 100 (63 E. coli) by the RC system. False-positive results for coliforms and E.coli 

were by the EPA test 1(1), by the DIN test 1 (2) and by the RC system 3 (0). Aeromonas 

hydrophila strains showing false-positive results with RC system. With the EPA method one E. 

coli strain and with the DIN method two E. coli strains could not be detected. The Readycult® 

system was found to be as sensitive as Standard Methods and simultaneously enumerated E. 

coli and coliforms in the same analysis. The efficiency and rapidity of the detectable reactions 

make RC system a very useful tool in routine water microbiology. 
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Introduction 

Because of the potential consequences of waterborne diseases, microbial contamination is still 

considered to be the most critical risk factor in drinking water quality. The WHO Guidelines for 

Drinking-water Quality (WHO, 1993) states that it is impractical to monitor drinking water for 

every possible microbial pathogen. Monitoring the microbiological quality of drinking water relies 

largely on examination for indicator bacteria, such as coliforms, E. coli and enterococci using 

membrane filtration technique (MF), the multiple-tube fermentation test (MPN), and the 

presence-absence test (P/A). MPN and P/A tests require a minimum of 2 days, followed by 

another 2 days for the confirmation. There is a need for rapid methods, particularly in 

emergencies, to quickly determine the indicator bacteria and pathogens in water. As both, 

coliforms and E. coli are still important indicators of water pollution, there arises the necessity to 

create media which are able to detect both bacteria. This would then guarantee a better 

performance of microbiological quality control. Several attempts have been made to 

simultaneously detect coliforms and E. coli and novel methods have been introduced, based on 

the detection of ß-D-galactosidase (ß-GAL) and ß-D-glucuronidase (GUD) using fluorogenic 

and/or chromogenic substrates (Manafi, 1996).  

  

Readycult® Coliforms (RC, Merck) is a new selective and differential medium for detecting the 

presence/absence of total coliforms (TC) and E. coli in drinking and/or surface water. This 

medium, containing 5-bromo-4-chloro-3-indolyl-ß-D-galactopyranoside (X-GAL) and 4-

methylumbelliferyl-ß-D-glucuronide (MUG), is presented as a pre-dispensed, sterile granulated 

medium, which can be directly added to the water sample. MUG is hydrolized by GUD yielding 

4-MU, which shows blue fluorescence under UV light (366 nm) indicating the presence of E.coli. 

The activity of the enzyme ß-D-galactosidase produces a blue-green coloration in the water 

samples, thereby indicating the presence of coliforms and E.coli.  

 

Material and Methods 

A total of 300 drinking and surface water samples were collected from different sources in 

Austria. All samples were transported in an icebox and bacteriological analysis was initiated 

immediately.  

Two internationally used standards procedures (the DIN procedure and the E.P.A. precedure) 

and the Readycult® system were used to recover coliforms and E. coli in each water sample 

(FIG. 1).  

Readycult® method is a one-step, ready-to-use, granulated medium to which a water sample is 

added (FIG. 2, see pictures). The contents of one snap-pack is added to a 100 ml water 

sample, mixed, and incubated at 37°C for 24h. Blue-green coloration in an initially colourless 
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solution is specific for total coliforms; fluorescence at 366 nm in the same vessel demonstrates 

the presence of E. coli. To confirm presence of E. coli indole production can be demonstrated 

using KOVACS´ indole reagent. All positive bottles were subcultured by streaking on Eosin 

methylene blue lactose sucrose agar (EMB) from Merck. The organisms were isolated and 

identified using API 20E test strips. 

 

Results  

The comparison of tested methods for detecting E. coli and coliforms in water samples and 

number of confirmed positive and false-positive samples are presented in TABLE I.  Out of 300 

samples, a total of 91 (63 E. coli) presumptive vessels were positive by the EPA test, 95 (60 E. 

coli) by the DIN test and 103 (63 E. coli) by the RC system. On the other hand, a total of 90 (62 

E. coli) confirmed vessels were positive by the EPA test, 94 (60 E. coli) by the DIN test and 100 

(63 E. coli) by the RC system. False-positive results for coliforms/E.coli were 1/1 by the EPA 

test, 1/2 by the DIN test and 3/0 by the RC system. The false-positive results were Aeromonas 

hydrophila strains. With the EPA method one E. coli strain and with the DIN method two E. coli 

strains could not be detected.  

 

Discussion 

Augoustinos et al. (1993) isolated 95,7% GUD positive E. coli from a MUG medium and found 

additional Shigella and Salmonella strains capable of producing the GUD enzyme. Alonso et al. 

(1996) found some strains of Klebsiella oxytoca, Serratia fonticola and Yersinia intermedia 

capable of GUD production. It should be mentioned, that some strains of flavobacteria, 

staphylococci, streptococci and clostridia are also known to produce GUD. Growth of many of 

these micro-organisms, however, can be inhibited by selective agents in the media or by the 

incubation conditions (Gauthier et al., 1991, Manafi, 1995).  

Media containing X-Gal are already used in water monitoring (Jermini et al. 1994, Manafi 1995, 

1996). It was found that coliform strains produced sharp blue colonies on the agar plate, 

because of the insolubility of indigo dye, which does not alter the viability of the colonies. X-Gal 

was also a faster and more sensitive parameter for total coliforms than gas production from 

lactose (Ossmer 1993). Another medium, Merck´s Fluorocult® LMX Broth (X-Gal/MUG), was 

evaluated as a multiple-tube fermentation test (Betts et al. 1994) and as Presence/Absence 

(P/A) test (Lee et al. 1995, Manafi 1995, Fricker and Fricker 1996). An evaluation of a number 

of P/A tests for coliforms and E. coli, including Fluorocult® LMX Broth (Merck) and Colilert 

(Idexx) has been published under the Department of the Environment series in the UK (Lee et 

al., 1995). They compared four P/A tests with UK Standard methods and found that more 

coliforms were detected than with membrane filtration technique; in addition, it was shown that 
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results in Fluorocult® LMX Broth were the easiest to interpret. The study concludes that there is 

no P/A test that is best at all locations for both, coliforms and E. coli, because of possible 

ecological differences between sources. It is important that particular P/A tests are validated in 

each geographical area before use.  

Fricker and Fricker (1996) made an evaluation of Colilert system and Fluorocult® LMX Broth for 

their ability to recover E. coli and coliforms. Both methods gave similar recoveries for both 

groups of organisms. The Fluorocult® LMX system gave a number of false positive results, 

largely due to the presence of Aermonas spp. Another study by Landre et al (1997) reported 

false positive coliform reaction in the Colilert system caused by Aeromonas. Data obtained, 

clearly demonstrate that A. hydrophila can elicit a positive coliform type reaction at very low 

densities. Cell suspensions as low as 1 cfu / mL were observed to yield a positive reaction. 

Similar results were obtained with other members from the mesophilic group of Aeromonads. 

Use of Colilert for monitoring water quality will lead to an over estimation of coliforms because 

Aeromonas is known to be present in treated drinking water supplies. In another study, testing 

771 gram-negative bacterial strains with Fluorocult® LMX Broth,  98% of E. coli, isolated from 

drinking water, were ß-glucuronidase positive. 98% of E. coli strains showed ß-D-galactosidase 

activity and 99% gave a positive indole reaction (Manafi 1995). Only a few strains of Vibrio 

metschnikovii, V. vulnificus, Aeromonas hydrophila and A.sobria gave a false positive reaction 

with X-Gal.  

In the present study, only a few non-coliform bacteria such as strains of A. hydrophila gave 

false-positive reactions with X-Gal. This is in accordance with Ley et al. (1993), who found that 

X-Gal medium, in addition to providing a rapid test for coliforms, also detected ß-galactosidase-

positive aeromonads and non-sheen-forming members of the Enterobacteriaceae on m-Endo 

Agar. They reported the low sensitivity of m-Endo for detecting Aeromonas, which is considered 

ubiquitous waterborne organisms and should not be present in drinking water (Moyer 1987). 

Solving this problem, Alonso et al. (1996) suggested adding Cefsulodin at 5 to 10µg/ml to the 

medium to inhibit growth of Aeromonas and Flavobacterium species. Geissler et. al. (1998) 

compared the performance of Fluorocult® LMX Broth, Chromocult Coliform-Agar (CC) and 

Chromocult Coliform-Agar plus cefsulodin (10µg/mL) (CC-CFS), with Standard Methods 

multiple tube fermentation (MTF) for the enumeration of coliforms and E coli from marine 

recreational waters. The traditional MTF was less sensitive for E coli enumeration. Background 

interference was reduced on CC-CFS and the total coliform counts  were  more accurately .  

 

Our results showed that Readycult® detected coliforms and E coli in significantly more samples 

within 24 hours than the Standard Methods. Readycult system showed false-positive results 

for Aeromonas spp., which are ubiquitous waterborne bacteria. The detection of coliforms and 
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E. coli with Readycult is reduced to a total of 1 day, compared to 4 days by EPA method and 3 

days by DIN method. The Readycult system is as sensitive as Standard Methods and it 

simultaneously enumerated E. coli and coliforms in the same analysis. The efficiency and 

speed of the detectable reactions make this medium a very useful tool in routine water 

microbiology. 
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FIG. 1: VARIOUS PROTOCOLS USED TO DETECT COLIFORMS AND E. COLI IN WATER  

100 ml Watersample

Identification

API 20E
37°C, 24h

gas+, acid+ (orange)
 DEV-Endo, 37°C, 24h

DIN method
100 ml DEV-Lactose broth

37°C, 24h

fecal coliforms

100 ml EC broth
44°C, 24h

E.coli
fluoresced tube

100ml EC-MUG
44h °C, 24h

gas+, acid +
= coliforms

gas-, acid -
true negeative

gas-, acid-
37°C, 24h

red colonies into 100 ml LTB
37°C, 24h

gas+, growth+
C-ENDO , 37°C, 24h  and 48h

gas+, growth +
+100ml BRILA

EPA method
100 ml LTB

37°C, 24h  and 48 h

Identification

blue coloration
= coliforms

Identification

fluorescence positive tube
(UV 366 nm)

+ indole = E.coli

Readycult method
 37°C, 24h



 8
TABLE I. THE COMPARISON OF TESTED METHODS FOR DETECTING E. COLI AND 

COLIFORMS IN WATER. SAMPLES, NUMBER OF CONFIRMED POSITIVE AND FALSE 

POSITIVE SAMPLESA. 

Methods      presumptive        confirmed      false- positive  

   Coliforms     E. coli Coliforms    E. coli Coliforms  E. coli 

 

EPA     91        63   90        62     1 b  1 

DIN     95        60   94        60  1 b  2 

RC   103        63  100        63  3 c  0 

 
a  strains grown on EMB were identified by Gram stain, oxidase test and API 20E System 
b  Api test was not detectable 
c  false positive results with strains of  A.hydrophila  

 



 9
References: 

Alonso, J.L., Amoros, I. and Alonso M.A. (1996) Differential susceptibility of Aeromonads and 

coliforms to Cefsulodin. Appl. Environ. Microbiol. 62: 1885-1888. 

Augoustinos M.T., Grabow, N.A., Genthe B., and Kfir R. (1993) An improved membrane 

filtration method for enumeration of faecal coliforms and E. coli by a fluorogenic ß-

glucuronidase assay", Wat. Sci. Tech.. 27, pp. 267-270. 

Betts, R., Murray, K. and MacPhee, S. (1994) Evaluation of Fluorocult LMX broth for the 

simultaneous detection of total coliforms and E. coli. Technical Memorandum No. 705, 

Campden Food & Drink Research Association, UK. 

Buehler, H.J., Katzman, P.A. and Doisy, E.A. (1951) Studies on ß-glucuronidase from E. coli. 

Proc. Soc. Exp. Biol. Med. 76, 672-676  

Frampton, E. W., and Restaino, L. (1993) Methods for Escherichia coli identification in food, 

water and clinical samples based on beta-glucuronidase detection. J. Appl. Bacteriol. 74, 223-

233. 

Fricker, E.J. and Fricker C.R. (1996) Use of two presence/absence systems for the detection of 

E. coli and Coliforms from water, Wat. Res. 30, 2226-2228. 

Gauthier, M.J., Torregrossa, V.M., Babelona, M.C., Cornax, R. and  Borrego, J.J. (1991) An 

intercalibration study of the use of 4- methylumbelliferyl-ß-D-glucuronide for the specific 

enumeration of Escherichia coli in seawater and marine sediments. System. Appl. Microbiol. 14, 

183-189. 

Geissler, K. Manafi, M., Amoros I. and Alonso, J. L. (1998) Quantitavie determination of total 

coliforms and E. coli in marine waters using chromogenic and fluorogenic media, Poster80, 9th 

Health-Related Water Microbiology symposium, Vancour, Canada  1998 

Jermini, M., Domeniconi, F., and Jaggli M. (1994) Evaluation of C-EC-agar, a modified mFC-

agar for the simultaneous enumeration of faecal coliforms and E. coli in water. Lett. Appl. 

Microbiol. 19, 332-335. 

Landre, J.R., Anderson D.A., Gavriell A.A. and Lambl A.J. (1998). False positive coliform 

reaction mediated by aeromonas in the colilert defined substrate technology system", pp. 250. 

2nd  UK Symposium on Health-Related Water Microbiology, Warwick, UK 17-19 September 

1997 

Lee, J.V., Lightfoot N.F., and Tillett H.E. (1995). An evaluation of presence/absence tests for 

coliform organisms and E. coli, abstr. p.7. In Abstracts of Intternational Conference on 

Coliforms and E. coli: Problem or Solution?, Leed, UK 

Ley, A.N., Barr, S., Fredenburgh, D., Taylor, M. and Walker, N. (1993) Use of 5-bromo-4-

chloro-3-indolyl-ß-D-galactopyranoside for the isolation of ß-D-galactosidase-positive bacteria 

from municipal water supplies. Can. J. Microbiol. 39, 821-825. 



 10
Manafi, M. (1995) New medium for the simultaneous detection of total coliforms and E. coli in 

water. 95th Annual Meet. Am. Soc. Microbiol. 1995, American Society for Microbiology, 

Washington, DC. Abstr.P-43, P. 389. 

Manafi, M. (1996). Fluorogenic and chromogenic enzyme substrates in culture media and 

identification tests. Int. J. Food Microbiol. 3, 45-58 

Moyer, N.P. (1987) Clinical significance of Aeromonas species isolated from patients with 

diarrhoea. J. Clin. Microbiol. 25, 2044-2048. 

Ossmer, R. (1993) Simultaneous detection of total coliforms and E. coli using FluorocultR LMX 

broth., Food Micro 93, Bingen Germany. Abstr. P6-05, p. 202. 

Rice, E.W., Allen, M.J., Brenner, D.J. and Edberg, S.C. (1991) Assay for ß-glucuronidase in 

species of the genus Escherichia and its application for drinking-water analysis. Appl. Environ. 

Microbiol. 57, 592-593.  

World Health Organisation (1993) Guidelines for Drinking-Water Quality, Geneva. 


