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A new method was developed for the isolation and enumeration of Bifidobacterium spp. from natural aquatic
environments. The method was based on the utilization of a new medium, Bifidobacterium iodoacetate medium
25, and resuscitation techniques were used to isolate injured bifidobacteria. The new medium was tested with
a nonselective reference medium on sewage and sewage-polluted surface waters. Relatively little colonial
growth of any other bacterial genera occurred; when such colonies did grow, Bifidobacterium could be easily
differentiated by its colonial morphology or, after Gram staining, by its typical bifidobacterial morphology.

For nearly 100 years, indicator bacteria have been used
successfully to monitor the bacteriological quality of water.
Escherichia coli is the most extensively used bacterium
because it has proved to be an acceptable indicator under
most environmental conditions. Nevertheless, the ability of
E. coli to regrow in water is now well established and has
caused investigators to look for new indicators (4, 8). One of
the proposed candidates is Bifidobacterium spp., whose
potential significance as an indicator of fecal pollution in
water has been suggested by several authors since it was first
proposed by Mossel (D. A. A. Mossel, Abstr. 7th Int. Congr.
Microbiol., p. 440, 1958) over 30 years ago.

All species of Bifidobacterium are exclusively of fecal
origin, and some of them occur in human feces in propor-
tions exceeding those of E. coli (6, 7, 12, 13). Moreover, as
Bifidobacterium spp. are obligate anaerobes with complex
growth requirements, it is unlikely that this genus of organ-
isms could find suitable conditions to grow in water.

Despite these advantages of Bifidobacterium spp. to act as
potential indicators of fecal pollution in water, there is a lack
of available information concerning the extraenteric behav-
ior of Bifidobacterium spp. This is mainly due to the absence
of a selective medium for the isolation of Bifidobacterium
spp.

Recently, two selective and differential media have been
described for the isolation of Bifidobacterium spp.: YN-6
(11) and YN-17 (9). However, as has been reported previ-
ously (9), YN-6 medium is inhibitory to some species of
Bifidobacterium and lacks the desired selectivity to assess a
real estimation of the number of viable cells of
Bifidobacterium spp. (5). On the other hand, YN-17 medium,
which is more selective than YN-6, is inhibitory to a part of
the viable bifidobacterial population (10). Furthermore, nei-
ther medium allows for the ready identification of
Bifidobacterium colonies. All of the isolated colonies must
be studied further in order to differentiate Bifidobacterium
spp. from other microorganisms (5, 9, 10).
Here we describe a new method for the quantification of

the presence of Bifidobacterium spp. in aquatic environ-
ments. This method is based on the utilization of a new
selective and differential medium, Bifidobacterium iodoace-
tate medium 25 (BIM-25), which we describe here. The
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method also incorporates resuscitation techniques to allow
for the isolation of injured bifidobacteria.

MATERIALS AND METHODS
Natural samples. Raw sewage was collected from a city

sewage system. The average most probable numbers of fecal
coliforms and fecal streptococci per ml were 3.1 x 105 and
8.2 x 104, respectively. Bes6s and Llobregat are two highly
polluted, small rivers that flow through densely populated
areas north and south of Barcelona, Spain. The mean most
probable numbers of fecal coliforms and fecal streptococci
per ml were 3.08 x i05 and 4.22 x l04, respectively, for the
Bes6s River and 8.62 x 104 and 1.32 x 104, respectively, for
the Llobregat River. Polluted seawater was collected from a
beach which receives untreated sewage from Barcelona; the
mean most probable numbers of fecal coliforms and fecal
streptococci per ml were 7.3 x 101 and 1.5 x 101, respec-
tively. Numbers are mean values that were obtained
monthly over a period of 2 years (1985 to 1986).

In all cases, samples were collected in sterile containers
and processed within 4 h of collection.

Bifidobacterium enumeration. Bifidobacterium spp. were
recovered from water samples by using a new selective and
differential medium, BIM-25. Its composition is as follows,
in grams per liter: reinforced clostridial agar (RCA; 11564;
BBL Microbiology Systems, Cockeysville, Md.), 51; nali-
dixic acid, 0.02; polymyxin B sulfate, 0.0085; kanamycin
sulfate, 0.05; iodoacetic acid (sodium salt; 1-6375; Sigma
Chemical Co., St. Louis, Mo.), 0.025; and 2,3,5-triphenyl-
tetrazolium chloride (TTC; 8380; Merck & Co., Inc., Rah-
way, N.J.), 0.025. The RCA basal medium lacked thermo-
sensitive components and was autoclaved and allowed to
cool to 55 to 60°C. Filter-sterilized antibiotics, iodoacetate,
and TTC were then added.

In order to improve the recovery of injured bifidobacteria,
we incorporated the resuscitative technique of solid medium
repair (2) into the enumeration procedure. By this proce-
dure, enumerations were made as follows. River and sewage
samples were diluted in phosphate-buffered saline, and por-
tions (0.1 ml) were surface plated onto 5 ml of RCA (BBL)
and incubated at 37°C for 5 h under anaerobic conditions
(GasPak; BBL). Thereafter, 20 ml of BIM-25 was carefully
overlaid onto the plates, which were incubated for 5 days
under the conditions described above. Appropriate volumes
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of seawater samples were filtered through 0.45-p.m-pore-size
membrane filters (Millipore Corp., Bedford, Mass.). Filters
were first incubated on RCA for 5 h and then transferred to
BIM-25. In all cases, enumerations of Bifidobacterium spp.

were made in parallel on RCA. This rich, nonselective
medium served as a reference, as reported previously (11).
Other selective media used in this study were YN-6 (11)

and YN-17 (9). The plates containing these media were

incubated for only 2 days, as indicated previously (9, 11).
Samples were inoculated in triplicate on all media used in
this study.

Bifidobacterium identification. From each sample, plates
containing 20 to 100 colonies were studied. The colonies
were identified as members of the genus Bifidobacterium by
the following criteria: (i) they were gram positive (or vari-
able) pleomorphic rods; (ii) they were unable to grow under
aerobicconditions;and(iii)theyshowedfructose-6-phosphate-
phosphoketolase (F6PPK) activity, as determined by the
method described by Scardovi (13).

Preparation of injured cultures of Bifidobacterium spp.

Experiments with 10 Bifidobacterium strains were done in
order to determine the effectiveness of the resuscitative
techniques described above. Injured cultures were obtained
as follows. Stationary-phase bifidobacterial cultures grown

in TPY broth (13) for 20 h were harvested by centrifugation
at 3,000 x g, washed twice in sterile one-quarter-strength
Ringer solution (Difco Laboratories, Detroit, Mich.), and
suspended at concentrations of approximately 106 cells per

ml in 500-ml-capacity flasks containing 250 ml of filter-
sterilized (pore size, 0.22 p.m) Bes6s River water or seawa-

ter. The flasks were kept at 14°C in the dark for 3 days.
Injured cells were those that did not grow on BIM-25 but that
did grow on RCA.

Bifidobacterium strains. The Bifidobacterium strains used
in these experiments were mainly river and sewage isolates
(10). We classified them as Bifidobacterium breve C2 and
ALLA21; Bifidobacterium adolescentis 40; and Bifido-
bacterium longum 1, 3BS, and 4BS by the carbohydrate
fermentation test described by Mara and Oragui (9). We
were not able to distinguish between some strains of
Bifidobacterium infantis and Bifidobacterium longum by this
method, and we denoted these strains as the Bifidobacterium
"infantis-longum" group described by Scardovi (13). Three
strains were classified under this nomenclature as 38, lBS,
and 7BS. Other bifidobacteria used were Bifidobacterium
bifidum ATCC 15696, Bifidobacterium adolescentis ATCC
15703, and Bifidobacterium breve ATCC 15700.

Statistical analysis. Natural logarithmic transformations of
the observed counts were obtained. Differences in the mean
recoveries on the various media were compared by using the
Student t test (1).

RESULTS

Evaluation of the media YN-6 and YN-17. During the initial
studies, enumerations of Bifidobacterium spp. from river
water samples were carried out with the selective media
YN-6 and YN-17. In these analyses, RCA was used as the
reference medium (Table 1). YN-6 and YN-17 showed a low
degree of selectivity and recovered a significantly lower
number of bifidobacteria than did the reference medium.
These results are in agreement with the findings we reported
previously (10) and indicate that YN-6 and YN-17 are toxic
to a part of the bifidobacteria in river water.
Development of the new selective medium BIM-25. The

need for a new medium for the isolation of Bifidobacterium

TABLE 1. Comparison of selective recoveries of Bifidobacterium
spp. by several isolation mediaa

No. of No. of total
Medium Bifidobacterium organisms/ Selectivityb Accuracy'

recovered/ml ml

RCA 1.5 x 104 1.8 x 105 8.11 100
YN-6 3.7 x 10od 6.4 x 103 0.57 0.24
YN-17 6.6 X 102d 2.2 x 103 30.00 4.40

a Geometric mean values from a total of eight Bes6s River water samples.
b Expressed as [(mean number of Bifidobacterium colonies)/(mean number

of total colonies)] x 100.
c Expressed as [(mean number of Bifidobacterium colonies on the test

medium)/(mean number of Bifidobacterium colonies on RCA)] x 100.
d Significantly lower bacterial counts compared with RCA (P < 0.05).

spp. that was superior to YN-6 and YN-17 led us to develop
BIM-25. In initial experiments, in which several river water
samples were analyzed, we showed that incorporation of
RCA medium with the antibiotics used in YN-17 medium
produced a new medium (RCA-17) that was much less toxic
to Bifidobacterium spp. than YN-17 and that had the same
degree of selectivity as YN-17 (data not shown). To develop
this new medium, RCA-17 was used as the basal medium and
some selective and differential compounds were tested.
Iodoacetate (25 mg/liter) and TTC (25 mg/liter) were defini-
tively incorporated, and the resulting medium was named
BIM-25. Moreover, incubation of the plates was extended
from 2 to 5 days, thus increasing the differences in size
between Bifidobacterium colonies and colonies of other
bacteria capable of growing on BIM-25. The results obtained
for the isolation of Bifidobacterium spp. from Besos River
water samples are shown in Table 2. BIM-25 was more
selective than RCA-17 but was also somewhat toxic to some
of the bifidobacteria. In experiments carried out with pure
cultures of 12 Bifidobacterium strains (data not shown),
BIM-25 inhibited only two strains of B. adolescentis (see
above). These two strains grew well if the concentration of
iodoacetate was reduced by half, but this resulted in a
decrease of selectivity.

Role of metabolic stress in the enumeration of Bifido-
bacterium spp. It is now well established that indicator
bacteria can become injured on exposure to the aquatic
environment, resulting in discrepancies in CFU between
nonselective and selective media (2, 3). For this reason, we
decided to investigate whether Bifidobacterium spp. would
lose their ability to produce colonies on BIM-25 when they
were stressed. An inoculum of B. breve ALLA21 was placed
in filter-sterilized Bes6s River water and phosphate-buffered
saline. Periodically, viable counts were made in parallel on
the following media: RCA, BIM-25, and BIM-50 (BIM-50 is

TABLE 2. Comparison of selective recoveries of Bifidobacterium
spp. by several mediaa

No. of No. of total
Medium Bifidobacterium organisms/ Selectivityb Accuracy'

recovered/ml ml

RCA 7.0 x 103 8.7 x 104 8.03 100
RCA-17 4.6 x l03d 1.3 x 104 35.38 65.71
BIM-25 4.2 x 103d 5.3 x 103 79.13 59.65

a Geometric mean values from a total of seven samples.
b Expressed as [(mean number of Bifidobacterium colonies)/(mean number

of total colonies)] x 100.
' Expressed as [(mean number of Bifidobacterium colonies on the test

medium)/(mean number of Bifidobacterium colonies on RCA)] x 100.
d Significantly lower bacterial counts compared with RCA (P < 0.05).
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FIG. 1. Survival of B. breve ALLA21 in phosphate-buffered

saline, as determined with three different enumeration media.

the same as BIM-25, but it contains 50 mg of iodoacetate per

liter). These results are reported as survival curves in Fig. 1
and 2. The cells of this strain became progressively incapa-
ble of growing on BIM-25 and BIM-50, even though they
were able to grow on RCA. It was apparent that the BIM-25
medium could not serve as a selective medium for the
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FIG. 2. Survival of B. breve ALLA21 in filter-sterilized river
water, as determined with three different enumeration media.

TABLE 3. Effectiveness of the injury repair technique for the
enumeration of artificially stressed Bifidobacterium spp.

Bifidobacterium recoveries
(% of reference medium) from':

Bifidobacterium strain Fresh water Seawater

BIM-25 BIM-25b BIM-25 BIM-25b

B. breve
ATCC 15700 6.2 96.2 33.3 97.3
ALLA21 46.4 96.1 18.3 99.2
C2 14.5 100 23.4 96.8

B. bifidum ATCC 15696 0.5 100 0.4 98.6

B. longum
3BS 5.5 85.0 7.3 100
4BS 7.1 92.8 10.8 96.3
1 7.1 100 28.4 98.8

B. "infantis-longum" group
lBS 10.0 100 18.3 100
7BS 0.3 86.7 13.2 89.6
38 2.6 100 1.8 100

a Expressed as [(colonies on the test medium)/(colonies on RCA medium)]
x 100.

b Incubation on BIM-25 was preceded by a 5-h incubation period on RCA.

isolation of the bifidobacteria, unless injury could be re-
paired. This could be accomplished, perhaps, by incorporat-
ing a resuscitative step into the enumeration technique. With
this aim, we tried the overlayering and membrane filter
transfer techniques, as described above. A 5-h period of
incubation on RCA was determined to be sufficient for
resuscitation by a series of experiments carried out with
injured cultures of B. breve ALLA21 and was finally tested
with injured cultures of 10 Bifidobacterium strains. The
results are shown in Table 3. All the viable bifidobacteria (as
determined by counts on RCA) were recovered on BIM-25
medium only if definitive incubation on the selective medium
was preceded by a 5-h resuscitative incubation on RCA. This
step produced injury repair in all the strains tested.
Enumeration of Bifidobacterium spp. in natural waters with

BIM-25 medium and the injury repair technique. On the basis
of their typical cellular appearance and because of the high
degree of selectivity shown by growth on BIM-25 medium,
we reasoned that it would be possible to identify
Bifidobacterium spp. by studying only the cellular morphol-
ogy of the isolates, without determining the presence of
F6PPK in each colony. We studied the correspondence
between cellular morphology and F6PPK activity in colonies
formed by rods obtained from analyses of sewage and river
water samples. These samples yielded a total of 425 colo-
nies, 219 of which were gram-positive cocci and 206 of which
were gram-positive rods. Of the latter colonies, 183 resem-
bled Bifidobacterium spp. by their cellular morphology (with
branching and bifurcations) and possessed detectable
F6PPK activity. They were thus identified as members of the
genus Bifidobacterium. The other 23 colonies were formed
by rods without branching or bifurcations, and none of them
possessed any detectable enzyme (F6PPK) activity. These
results confirmed that cellular morphology is a confirmatory
criterion for the identification ofBifidobacterium spp. There-
fore, we used this criterion to identify this microorganism in
a series of analyses carried out with isolates from sewage,
river, and marine water samples. The results are shown in
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TABLE 4. Recovery of Bifidobacterium spp. from water with BIM-25 agar medium after incorporation of the injury repair techniquea

No. of Bifidobacterium spp. No. of total
Sample recovered/ml from: organisms Selectivityb Accuracycrecovered/mi

RCA BIM-25 from BIM-25

Sewage 1.32 x 105 1.28 x 105 1.32 x 105 96.9 97.7
Bes6s River 1.19 X 104 1.16 x 104 2.40 x 104 48.3 97.5
Llobregat River 3.90 x 102 3.60 x 102 1.20 x 102 30.0 92.3
Seawater 0.58 0.48d 2.92 16.5 82.7

a Geometric mean values from a total of 12 samples.
b Expressed as [(mean number of Bifidobacterium colonies)/(mean number of total colonies)] x 100.
c Expressed as [(mean number of Bifidobacterium colonies on the test medium)/(mean number of Bifidobacterium colonies on RCA)] x 100.
d Significantly lower bacterial counts compared with RCA (P < 0.05).

Table 4. The degree of selectivity of the medium was
variable, depending on the sample source. On the contrary,
accuracy was much more consistent and high. Count differ-
ences on RCA were only significant for marine water sam-
ples. Finally, all red colonies with a diameter of less than 2
mm were formed by gram-positive cocci that grew well
under aerobic conditions. Colonies that were white with a
diameter that clearly exceeded 2 mm were always
Bifidobacterium spp. Pink colonies were formed by cocci,
bifidobacteria, and other rods. No gram-negative bacteria
were isolated on BIM-25.

DISCUSSION

We reported here the development of a new medium for
the isolation of Bifidobacterium spp. from natural waters.
This medium, BIM-25, had two important advantages over
the previously described YN-17 and YN-6 media (9, 11): (i)
its considerable superiority in the selective isolation of
Bifidobacterium spp. and (ii) its minimal degree of toxicity,
which allowed the recovery of Bifidobacterium spp. similar
to that found in nonselective medium such as RCA. From
the experiments carried out with several Bifidobacterium
spp., we conclude that, when stressed by adverse environ-
mental conditions, the organisms may become unable to
grow on J3IM-25 medium. This problem was overcome by
incorporating resuscitative incubation on RCA into the enu-
meration procedure.
We also showed that iodoacetate and TTC decisively

helped to select and differentiate, respectively, Bifido-
bacterium colonies on BIM-25 medium. lodoacetate, which
inhibits glyceraldehyde-3-phosphate dehydrogenase, drasti-
cally reduced the growth of nonbifidobacterial contaminant
colonies. At experimental concentrations, all Bifido-
bacterium spp. tested except B. adolescentis grew well on
BIM-25 plates. The two B. adolescentis strains tested grew
only if the quantity of iodoacetate was reduced by half. On
the other hand, TTC differentiated significantly between
Bifidobacterium spp. and other bacterial colonies on BIM-
25. When Gram morphology and F6PPK activity were
analyzed, a high correlation was established between large
white colonies and the genus Bifidobacterium.
BIM-25 medium can be used successfully as a selective

medium for the isolation of Bifidobacterium spp. from natu-
ral waters. Therefore, this medium could contribute to the
future investigation of the extraenteric behavior of this

genus, which has long been proposed as an indicator of fecal
contamination of water.
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