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Abstract 
Coliforms are enteric bacteria that may be encountered in faecally 
contaminated drinking water. It is an indicator of water pollution and often 
indicates the presence of other pathogens. However the its selection using 
taurocholate as a bile salt in media preparations merely suppresses other 
organisms and at times may also give results that are falsely positive because 
of synergism. A secondary bile salt was tested i.e. Ursodeoxycholate in place 
of taurocholate which allowed the easy selection of a number of other 
pathogenic groups namely Staphylococci, Pseudomonads etc. These were 
associated with the water samples tested but could not be detected in presence 
of taurocholate. Their presence in low numbers compared to E.coli further 
does not guarantee their selection in presence of taurocholate although their 
biochemical activities cannot be totally disregarded. Thus the water analysis 
results that are obtained in presence of taurocholate cannot be attributed to the 
coliforms only. 
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INTRODUCTION 
Escherichia coli , an enteric bacteria, is present in the intestine of man in  abundance. Bacterial 
pollution indicators chosen for fresh waters are predominantly composed of the total coliform 
bacteria; a group of small, facultative, Gram-negative bacilli (Enterobacteriaceae), which produce 
acid and gas from lactose within 48h of incubation at 35°C and develop a colony with a metallic 
sheen within 24h at 35°C on an Endo agar medium.(1,2). Bile salts are like detergents that are used 
for the digestion of fats. It has been reported by Bernstein et al (3) that an organism that is 
continuously exposed to bile salts may develop resistance or other adaptive strategies for coping with 
stresses caused by bile salt. In humans, Deoxycholate (NaDOC), Chenodeoxycholate (NaCDC), 
Ursodeoxycholate (NaUDC), and Glycocholate (NaGlC) are major bile salts present in the 
intestine.(3). The dilution method is a means for estimating, without any direct count, the density of 
organisms in a liquid. It is used principally for obtaining bacterial densities in water and milk.(4) 
Intestinal bacteria produce Ursodeoxycholic acid , also known as Ursodiol from bile. Since it is not 
produced by the body it is called as a secondary bile acid. The commonly used bile salt in media 
preparation for water analysis is Sodium taurocholate. This study was done with  Ursodeoxycholate 
so as to determine the efficiency of bile salt other than taurocholate in selection of desired organisms. 

MATERIAL AND METHODS 
Water samples were collected from different locations distant from each other in and around the city. 
One of the samples was from a residential overhead tank while the other two samples were from a 
cafeteria and a nearby village respectively. The sample collection was in accordance with APHA 



Journal of Global Biosciences                                                                  Vol. 2(5), 2013 pp. 145-152 
ISSN 2320-1355 

http://mutagens.co.in                                                                                                                  146 
 

standards.(5). Heterotrophic microorganisms, considered indicators of total aerobic microorganisms 
(24 h), were enumerated on SPC agar (Hi Media Lab) . Water analysis was also carried out as per 
APHA standards. In order to assess water quality, samples were analyzed for total coliforms (TC) 
using a multiple-tube fermentation technique (9 tube ) based on the ability of the coliforms to ferment 
lactose with the production of acid and gas within 48 hours in a lactose bile salts medium. 
MacConkeys broth, single and double strength was prepared with taurocholate or ursodeoxycholate as 
per standard preparation methods. The concentration of ursodeoxycholate was similar to taurocholate 
used in MacConkey’s broth (6) The number of coliforms / 100 ml of water was then calculated from 
the distribution of positive and negative tubes in the test by referring to the MacCrady’s table  (7).  A 
similar test was also performed at 1:100 dilution of the water sample. Three microorganisms of 
significance as reported by researchers  in public health were also isolated from the presumptive 
positive tubes. E. coli, signified as an indicator of faecal pollution was isolated on MacConkeys agar 
from the presumptive positive tubes with taurocholate or ursodeoxycholate. Pink colonies were 
selected that were gram stained and motility and IMV IC tests were carried out to further confirm the 
presence of E.coli biochemically. The presumptive positive enrichment obtained in presence of either 
of the two bile salts was also plated out on Mannitol salt agar and King’s B medium (6). Plates were 
incubated for 48 to 72 h at 37 0C. Yellow colonies, with Mannnitol fermentation , typical of S. aureus 
were gram stained.  Pseudomonas spp was isolated on King’s B medium. Plates with typical green 
colonies were gram stained after 48 to 72 h incubation at 37 0C. All the confirmed cultures were 
maintained on Nutrient agar slants. Cultures that showed desired morphology, staining characteristics 
and motility were further confirmed biochemically (8). using standard procedures.(Data not 
presented). 

RESULTS AND DISCUSSIONS 
The standard plate count of water samples was found to be in the range of 102 -104 for all the samples 
tested and have been recorded in Table 1. The medium is used to only record a total count which is 
representative of the aerobic heterotrophic bacteria.  
Table 1: Standard plate count of the water samples on SPC agar incubated at 350C for 24h.  

 Sample  CFU/ml  

Cafeteria 10x103 

Residential area 5x102 
Village area 3x104 

 
Table 2: MPN of water samples collected from cafeteria in presence of either taurocholate or 
ursodeoxycholate as bile salt in the media used. 

Bile salt used Strength of 
medium 

Amount 
of water 
sample 
( ml) 

Number of tubes  
showing Acid 
and Gas 
formation in 24h 
at 37oC 

MPN/100 
ml 

95% 
confidence 
limits 
Lower Upper 

Taurocholate Single 
strength 

1 3  
≥2400 

 
----- 

 
----- 

 Single 
strength 

0.1 3 

 Double 
strength 

10 3 

Ursodeoxycholate Single 
strength 

1 3  
≥2400 

 
----- 

 
----- 

 Single 
strength 

0.1 3 

 Double 
strength 

10 3 



Journal of Global Biosciences                                                                  Vol. 2(5), 2013 pp. 145-152 
ISSN 2320-1355 

http://mutagens.co.in                                                                                                                  147 
 

Table 2a: MPN of 1:100 dilution of water samples collected from cafeteria in presence of either 
taurocholate or ursodeoxycholate as bile salt in the media used. 
 
Bile salt used Strength of 

medium 
Amount 
of water 
sample 
( ml) 

Number of tubes  
showing Acid and 
Gas formation in 
24h at 37oC 

MPN
/100 
ml 

95% confidence 
limits 
lower upper 

Taurocholate Single strength 1 2  
210 

 
35 

 
470  Single strength 0.1 2 

 Double strength 10 3 
Ursodeoxychola
te 

Single strength 1 3  
240 

 
36 

 
1300 

 Single strength 0.1 0 

 Double strength 10 3 

 
Table 3: MPN of water samples collected from   a residential area with taurocholate or 
ursodeoxycholate as bile salt. 
 
Bile salt used Strength of 

medium 
Amount of 
water sample 
added in ml 

Number of 
tubes  showing 
Acid and Gas 
formation in 
24h at 37oC 

MPN/ 
100ml 

95% 
confidence 
limits 

Lowe
r 

Lowe
r 

Taurocholate Single strength 1 1  
 
11 

 
 
3 

 
 
36  Single strength 0.1 1 

 Double 
strength 

10 1 

Ursodeoxycholate Single strength 1 2  
11 

 
3 

 
36 

 Single strength 0.1 0 

 Double 
strength 

10 1 
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Table 3a: MPN of 1:100 diluted water samples collected from   a residential area with 
taurocholate or ursodeoxycholate as bile salt. 
 
Bile salt used Strength of 

medium 
Amount 
of water 
sample 
added in 
ml 

Number of 
tubes  
showing 
Acid and 
Gas 
formation in 
24h at 37oC 

MPN/100ml 95% confidence 
limits 

Lower Lower 

Taurocholate Single 
strength 

1 0  
4 

 
<0.5 

 
20 

 Single 
strength 

0.1 0 

 Double 
strength 

10 1 

Ursodeoxycholate Single 
strength 

1 0  
3 

 
<0.5 

 
13 

 Single 
strength 

0.1 1 

 Double 
strength 

10 0 

 
Table 4: MPN of water samples collected from a village area with taurocholate or 
ursodeoxycholate as bile salt in the media used. 
Bile salt used Strength of 

medium 
Amount 
of water 
sample 
added in 
ml 

Number of 
tubes  
showing Acid 
and Gas 
formation in 
24h at 37oC 

MPN/10
0ml 

95% confidence 
limits 
Lower Upper 

Taurocholate Single strength 1 3  
≥2400 

 
---- 

 
----  Single strength 0.1 3 

 Double strength 10 3 
Ursodeoxychola
te 

Single strength 1 3  
≥2400 

 
---- 

 
----- 

 Single strength 0.1 3 
 Double strength 10 3 
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Table 4a:  MPN of 1:100 diluted village water samples with taurocholate or ursodeoxycholate as 
bile salt in the media used. 

Bile salt used Strength 
of 
medium 

Amount of 
water 
sample 
added in ml 

Number of tubes  
showing Acid and 
Gas formation in 
24h at 37oC 

MPN/ 
100 
ml 

95% confidence 
limits 
Lower Upper 

Taurocholate Single 
strength 

1 2 64 15 380 

 Single 
strength 

0.1 0 

 Double 
strength 

10 3 

Ursodeoxycholate Single 
strength 

1 1 39 7 210 

 Single 
strength 

0.1 0 

 Double 
strength 

10 3 

 
It may be observed from tables 2,2a, 3 , 3a, 4  and 4a that acid and gas producing coliforms are 
present in the water samples tested both in presence of taurocholate as well as ursodeoxycholate. It 
has been reported by a researcher (9) that testing for evidence of water contamination has been 
traditionally accomplished by the detection or enumeration of total and faecal coliforms. There are a 
number of reports to suggest the link between the presence of coliforms and thus the presence of 
disease causing bacteria, making water unsafe for drinking. Presumptive positive tubes of 
MacConkeys broth with taurocholate or ursodeoxycholate were further plated out on selective media 
mentioned above. Coliform bacteria should not be present in detectable numbers in treated water 
supplies and, if present suggests improper treatment, inability to maintain a residual disinfectant 
concentration or even the presence of excess nutrients.It has been reported (10) that due to excessive 
human activities , water bodies of these areas are exposed to contamination. It has also been reported 
(11) that in recent years, E. coli is generally replacing the group of  thermotolerant coliforms as an 
indicator of fecal contamination of drinking water (12).  
 
Table 5: Growth on selective media within 48 h. from presumptive positive tubes containing 
taurocholate as the bile salt. 
 
Sample 
source 

Growth on 
Mannitol salt agar 

Growth on 
MacConkeys  agar 
with traurocholate 

Growth on MacConkeys  
agar with 
ursodeoxycholate 

Growth on  
King’s B 
medium                                                                                                                       

Cafeteria  Typical colonies of 
Staphylococci not 
detected 

Pink colonies. 
Gram-ve short rods 

Pink to pale colonies. 
Gram-ve short rods 

 None 

Residential 
area 

 Typical colonies of 
Staphylococci not 
detected 

Pink colonies. 
Gram-ve short rods 

Pink to pale colonies. 
Gram-ve short rods 

 None 

Village area  Typical colonies of 
Staphylococci not 
detected 

Pink colonies. 
Gram-ve short rods 

Pink to pale colonies. 
Gram-ve short rods 

 None 
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Table 6: Growth of other organisms on selective media within 48 h. from presumptive positive 
tubes containing  ursodeoxycholate as the bile salt. 
Sample 
source 

Mannitol salt agar  MacConkeys  
agar 

MacConkeys  agar with 
ursodeoxycholate 

  King’sB 
medium                                                                                                                                 

Cafeteria  Typical colonies of 
Staphylococci 
detected 

Pink colonies. 
Gram-ve short rods 

Light pink to pale 
colonies. Gram-ve short 
rods 

Green colonies, 
Gram -ve short 
rods  

Residential 
area 

 Typical colonies of 
Staphylococci 
detected 

Pink colonies. 
Gram-ve short rods 

Light pink to pale 
colonies. Gram-ve short 
rods 

Green colonies, 
Gram -ve short 
rods  

Village area  Typical colonies of 
Staphylococci  
detected 

Pink colonies. 
Gram-ve short rods 

Light pink to pale 
colonies. Gram-ve short 
rods 

Green colonies, 
Gram -ve short 
rods  

 
It may be observed from tables 5 and 6 that taurocholate suppresses the growth of other pathogenic 
groups such as the Staphylococci  and Pseudomonads .Staphylococci readily grows on Mannitol salt 
agar from the enrichment. Ursodeoxycholate containing media however shows a presumptive positive 
test with coliforms as well as the syntrophic community of Staphylococci and Pseudomonads. Thus 
acid and gas production in a taurocholate  lactose medium is probably due to the coliforms in presence 
of other suppressed or poorly growing organisms, however their biochemical activities cannot be 
totally disregarded. The results in presence of ursodeoxycholate are due to a combination of activities 
of the Coliforms, Staphylococci, Pseudomonads and other organisms. It was observed in this study 
that Ursodeoxycholate does not suppress the Pseudomonads or the Staphylococci, presumably 
because of it being metabolised as well. It has been reported (13) that Pseudomonas sp 10590 that 
grew rapidly on sodium ursodeoxycholate in a mineral salts medium also caused its 
biotransformation. 
 
Table 6a: Other colonies detected on different media inoculated from presumptive positive  
MacConkeys broth tubes containing ursodeoxycholate as the bile salt. 
Sample 
source 

Media  Pigmentation Gram’s nature 

Residential 
area 

MacConkeys agar with 
ursodeoxycholate 

Dull white Capsulated rods , Gram + 

 Kings medium Pale Capsulated rods , sheathed 
cells , Gram + 

 MacConkeys agar with  
taurocholate 

Pale Thick Gram + rods in chain 

 Cafeteria  MacConkeys agar with  
taurocholate 

Pale Gram + short rods 

 MacConkeys agar with 
ursodeoxycholate 

Pale Capsulated rods , Gram + 

 Mannitol salt agar White Gram + rods. 

 Kings medium Pale Gram + rods. 

Village MacConkeys agar with 
ursodeoxycholate 

Pale Gram  + rods 

 Kings media Pale Gram  + rods in chain 

 
It has been reported (14) that potable or drinking water is defined as having a satisfactory quality in 
terms of its physical, chemical, and bacteriological parameters so that it can be securely used for 
drinking and cooking. Further observations (15) comment on the possibility of presence of a wide 
range of pathogenic bacteria in potable water samples from some rural habitations of Northern 
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Rajasthan, India. A total of ten bacterial species,  E. coli, Pseudomonas aeruginosa , E. aerogenes,  
Klebsiella  sp.,  Proteus vulgaris,  Alcaligenes faecalis, Bacillus cereus, Staphylococcus 
aureus, Streptococcus lactis, and Micrococcus luteus, were isolated and identified from the potable 
water samples from this region  Thus sampling of water for detection of only enteric bacteria must be 
reconsidered as other organisms may also be frequently encountered that may be poorly growing in 
presence of taurocholate but are opportunistic pathogens. 
The ability of the isolates to tolerate taurocholate over a range of concentrations (7.5 to 30 mg/ml) on 
MacConkeys agar was noted by streaking the isolated cultures on to medium containing different 
concentrations of taurocholate. Results were reported in terms of amount of growth on a scale of 1 to 
3. 
Table 7: Growth on MacConkeys agar containing different concentrations of taurocholate. 

Concentration of 
taurocholate (mg/ml) 

E.coli S.aureus Pseudomonas 
spp 

Capsulated 
organism. 

7.5 +++ +++ +++ +++ 

10 ++ ++ +++ +++ 
12.5 ++ ++ +++ +++ 
15 ++ ++ +++ ++ 
17 ++ + +++ ++ 
20 ++ + +++ ++ 
22.5 ++ + +++ ++ 
25 ++ + +++ ++ 
27.5 + + +++ ++ 
30 + + +++ ++ 

 
It may be concluded from results of table 7 that the different isolates (E.coli, Staphylococcus spp and  
Pseudomonas spp) can tolerate up to 25mg/ml of bile salt showing copious to moderate growth, 
except Staphylococcus that grows poorly beyond 17mg/ml of bile salt. Pseudomonas spp grows 
uniformly over the entire range of concentrations tested. Thus the bile salt concentration used in 
MacConkeys’s broth may not suppress the growth of Pseudomonas but are not readily detected on 
account of their low numbers compared to E.coli. Colony characteristics of organisms obtained from 
presumptive positive tubes (Table 6) on MacConkey’s agar are not typical for E.coli only and 
includes a diverse range of organisms including the capsulated, Gram+ short and long and thick rods. 
Thus the bile salt concentration has to be reconsidered in media formulations used for water analysis. 
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