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MEMBRANE FILTER DETECTION OF COLIFORMS AND ENTEROCOCCI
Principle and Purpose
One intent of this laboratory exercise is to provide students with a “real world”-like experience
through the application of some fundamental techniques. Some of these techniques are being
introduced for the first time, whereas others should have been mastered previously. Through this
exercise students will determine fecal bacterial counts from an environmental source of their
choice. Two different types of fecal bacteria will be sought: coliforms and enterococci. A brief
description of each is provided below.
Another purpose of this exercise is the isolation of a strain of Escherichia coli and Enterococcus
from an environmental source. The isolation of a strain of each of these bacteria shall form the
basis of subsequent laboratory exercises. Hence, it is important that this exercise be conducted
with serious intent and attention to detail.
Coliforms. Coliforms are defined as Gram-negative, rod-shaped, non-spore forming bacteria that
possess the ability to ferment lactose with concurrent production of acid and gas when incubated
at 35–37°C. These bacteria can be found on plants, in soil, and in aquatic environments.
However, their existence is most notable in the intestinal tract of warm-blooded animals where
they live in very large numbers. These intestinal microbes are termed fecal coliforms. Though
most species of coliform bacteria do not normally afflict immunocompetent individuals, their
presence in food or water may be indicative of fecal contamination by other pathogenic microbes
such as disease-causing viruses (e.g., hepatitis), bacteria (e.g., hemolytic strains of Escherichia
coli), protozoans (e.g., Giardia), and multicellular parasites (e.g., Taenia).
Typical genera that comprise coliforms include Citrobacter, Hafnia, Enterobacter, Klebsiella,
and Escherichia. Of particular interest among this group of bacteria is E. coli, a species that is
generally harmless to human health. In fact, E. coli is important to human health (e.g., this
species provides vitamin K which is essential for blood clotting). However, some strains of E.
coli do cause serious illness. Environmental isolates of E. coli are considered to originate
exclusively from fecal material. Hence, finding E. coli from an environmental source indicates
fecal contamination and the possible spread of microbial pathogens. Therefore, the detection of
fecal coliforms, namely E. coli, in foodstuffs and water supplies is critical to the prevention of
infectious diseases in humans and animals.
Enterococci. The genus Enterococcus includes more than 30 species of Gram-positive, spherical
to ovoid cells arranged in pairs or chains. This genus is non-spore-forming, facultative anaerobic
and obligatory fermentative. Enterococci typically have an optimum growth temperature of
35°C and can thrive up to 45°C. This genus can grow in broth containing 6.5% NaCl, is able
hydrolyze esculin, and is catalase negative. Enterococci are usually homofermentative,
generating lactic acid from glucose fermentation without the production of gas. Some species
are motile and/or pigmented. Most enterococcal species are able to hydrolyze pyrrolidonyl-bnaphthylamide.
Enterococci are found in high concentrations in human feces. Fecal enterococci from healthy
humans are generally non-pathogenic. However, hospital-acquired infections have been
associated with the emergence of multidrug-resistant Enterococcus strains. Of particular
importance are vancomycin-resistant enterococci as well as strains of E. faecalis and E. faecium
that possess various genetic factors that contribute to their ability to cause infection. Over the
past few decades, the presence of enterococci in recreational and drinking water has been
recognized as an indicator of fecal contamination. Like E. coli, the detection of Enterococcus in
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water supplies or other environments (e.g., the hands of health-care workers) is critical to the
prevention of infectious diseases in humans and animals.
Learning Objectives
The exercise described in this document will not only provide students the opportunity to
develop new skill sets, but also students shall be expected to achieve multiple learning
objectives. Upon completion of this exercise, a student should be able to:
• Understand the concept of fecal coliforms;
• Using selective growth conditions to isolate fecal bacteria;
• Determine the microbial levels of fecal bacteria in water;
• Critically analyze the relationship between the fecal bacterial counts and the quality of the
water sample examined; and
• Accurately interpret the results of this exercise.
Important Techniques/Skill Sets
Students are strongly encouraged to review the following videos which demonstrate the
proper use of the electronic pipet aide and serological pipets.
Serological pipets. The following videos introduce students to the serological pipet and the
various pipettor aides: https://youtu.be/WGLivRvsh5w and https://youtu.be/4VTTE_oWs58.
These instruments shall be very important in performing serial dilutions.
Electronic pipet aide. In this exercise the electronic pipet aide, ThermoFisher S1 Pipet Filler,
will be used as the pipet aide. The operating manual is available at the following URL:
https://assets.thermofisher.com/TFS-Assets/LCD/manuals/S1-Pipet-Filler-1508880-UserManual.pdf. The laboratory instructor shall review how to properly use this pipettor.
It is critical to properly control the electronic pipet aide so that accurate volumes are
transferred. If a student is unfamiliar with the use of a pipettor and serological pipets, it
would be prudent to practice delivering a volume of water from one beaker to another. BE
SURE NOT TO DRAW FLUID INTO THE ELECTRONIC PIPET! If this occurs, immediately
notify the laboratory instructor.

Materials Required
The following materials are necessary to successfully conduct this exercise:
Media and Reagents
• mEI (membrane Enterococcus Indoxyl-β-D-Glucoside) agar plates (Cat. No. G124;
Hardy Diagnostics, Santa Maria, CA;
https://catalog.hardydiagnostics.com/cp_prod/Content/hugo/mEIAgar.html)
• mFC (membrane Fecal Coliform) agar plates (Cat. No. G126; Hardy Diagnostics Santa
Maria, CA; https://catalog.hardydiagnostics.com/cp_prod/Content/hugo/mFCAgarwith1_RosolicAcid.html)
• Eosin Methylene Blue (EMB) agar plates
• Tryptic Soy Agar (TSA) slants
• Tryptic Soy Broth (TSB) tubes
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•
•
•
•
•
•
•

•

Brain Heart Infusion (BHI) agar plates
Brain Heart Infusion (BHI) agar slants
Brain Heart Infusion (BHI) broth tubes
Brain Heart Infusion + 6.5% NaCl broth tubes (BHI/NaCl)
EC Broth (Cat. No. K13; Hardy Diagnostics, Santa Maria, CA;
https://catalog.hardydiagnostics.com/cp_prod/Content/hugo/ECBroth.htm)
Butterfield’s buffer, sterile (0.25 M KH2PO4, pH 7.2)
IMViC Diagnostic Reagents:
§ Methyl Red-Voges Proskauer (MR-VP) broth [5 ml] (Cat. No. K37; Hardy
Diagnostics, Santa Maria, CA)
§ Methyl Red Test Reagent [0.2% methyl red in 57% ethanol] (Cat. No. Z117; Hardy
Diagnostics, Santa Maria, CA)
§ Voges-Proskauer Reagent A [Barritt’s Reagent A; 5% alpha-naphthol in absolute
ethanol] (Cat. No. Z91; Hardy Diagnostics, Santa Maria, CA)
§ Voges-Proskauer Reagent A [Barritt’s Reagent B; 40% potassium hydroxide] (Cat.
No. Z92; Hardy Diagnostics, Santa Maria, CA)
§ Simmons Citrate agar (Cat. No. L80; Hardy Diagnostics, Santa Maria, CA)
§ SIM medium (Cat. No. Q30; Hardy Diagnostics, Santa Maria, CA)
§ Kovacs’ Reagent (Cat. No. Z67; Hardy Diagnostics, Santa Maria, CA)
ESC/PYR WEE-TAB reagent (Cat. No. K1137; Key Scientific, Stamford, TX)

Materials and Equipment
• Test tubes, 13 x 100 mm
• Water collection bottle(s)/vessel(s) (approximately 100 ml volume)
• Disposable gloves (various sizes)
• Electronic pipet aide
• Sterile serological pipettes: 1 ml and 10 ml
•
•
•
•
•
•

Nylon membranes, sterile (0.45 µm pore size; 47 mm diameter)
Vacuum pump/source and hose
Pre-packaged alcohol wipes
37°C incubator
41°C incubator
44.5°C incubator

•

Filter sterilization units (Cat. No. 300-4000; NalgeneÒ brand), sterilized

Important Note Regarding Use of the Filter Sterilization Units: After use of each filter
sterilization unit (Fig. 1), place all filter unit components in a specifically designated bin as
per the directions of the laboratory instructor.
DO NOT DISCARD ANY FILTER UNIT OR ANY OF ITS COMPONENTS IN THE
BIOHARD DISPOSAL RECEPTACLE OR IN THE COMMON TRASH.
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Procedure
Students shall review and use the BIOL 3702L Standard Practices regarding the labeling,
incubation, and disposal of materials.

This laboratory exercise can be performed by each individual student. However, the limitation
of materials and other resources that would be required by all the students in the teaching
laboratory restricts this experiment to being performed by groups of students per laboratory
session. The laboratory instructor will direct how these groups will be formed. Ideally, two
groups will use the same environmental water sample, but one (Group A) will determine fecal
coliforms present, namely E. coli, whereas the other (Group B) will determine the level of
Enterococcus species present in the sample.
Laboratory Safety Considerations
It is important to wholly recognize that this particular exercise shall include the handling of
potential pathogens and other materials that may be hazardous. While chances of injury are
very low, it is nonetheless essential that appropriate precautions be taken when warranted
(e.g., wearing gloves, proper disposal of materials, caution with open flames, disinfection of
work areas, etc.). Students are urged to ask questions should any portion of the following
procedure not be clear, especially with regard to the handling and disposal of materials.

When a group meets for the first time, it is imperative that collaborative decisions be made such
that each person in the group not only actively participates in this exercise, but also shall be
responsible for one or more of the activities described below. Such assignments, however, do
not relieve anyone in the group from fully knowing the details of this exercise and how the
procedure is conducted.
The week prior to the laboratory session, Group A will be provided appropriate sterile containers
for collecting an environmental water sample (which will be shared with Group B). The source
of the water sample may be decided by the laboratory instructor or it may be left to the group’s
decision. Usually local collection sites might include a stream, pond/lake, a well, sewer drain,
water runoff on or near a farm/agricultural location, a toilet, etc. However, water from a faucet
or drinking fountain is not be an ideal source given that it is usually treated to remove most
microbes, including coliforms and enterococci.
Half of the environmental water sample shall be used by Group A and the other half by Group B.
Group A shall determine fecal coliform (E. coli) counts by using membrane Fecal Coliform (mFC) agar, whereas Group B shall use membrane-Enterococcus Indoxyl-β-D-Glucoside (mEI)
agar to detect enterococci.
Pre-Laboratory Session Preparation: [Performed by Group A only] Immediately prior to the
laboratory session (preferably within a few hours before the session meets), approximately 100
ml of water must be collected by Group A using the collection container provided.
Note: Depending upon the water source, the student or students collecting the sample may
wish to use protective gloves. In addition, the outside of the container(s) should be wiped with
the alcohol/disinfectant wipes provided. It is recommended that the persons involved wash their
hands following the collection of the specimen(s).
Also, not collect sediment if possible. Be sure to handle the specimen in an appropriate manner
given that it may harbor potential pathogens. In addition, if a sample cannot be collected within
a few hours of the laboratory session, place the container in a refrigerator prior to bringing it to
the laboratory.
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Day 1:
1) Half of the environmental sample(s) collected by Group A shall be shared with Group B. If
the water sample has sediment, allow the collection bottle to rest for a period of time to help
remove this material prior to performing the appropriate dilutions.
Follow the appropriate instructions below for a particular group.
a. Group A: Remove two mFC agar plates from storage and allow them to come to room
temperature. Label one plate as “10 ml” and the other as “1 ml”. In addition, label the
plates with other appropriate information (i.e., media type, group name, etc.).
b. Group B: Remove two mEI agar plates from storage and allow them to come to room
temperature. Label one plate as “10 ml” and the other as “1 ml”. In addition, label the
plates with other appropriate information (i.e., media type, group name, etc.).
2) Both Groups A and B should separately perform the following:
a. Using a pipettor and a serological pipet, transfer 1 ml of the original sample to a tube of
Tryptic Soy Broth (TSB). Be sure to appropriately label this tube.
b. Incubate the TSB tube at 37°C for 18-24 hours.
3) [Both Groups A and B, separately] Obtain two Filter Sterilization Units (Fig. 1) and remove
them from their foil wrapping. These units have been pre-assembled, but do not contain a
filter membrane.
4) Carefully unscrew the white locking ring attached to the upper chamber of each filter unit.
Gently remove the upper chamber and place it aside.
5) Sterilize a pair of forceps by using an alcohol wipe to rub both the inside and outside of the
tip of the instrument. Allow the forceps to briefly dry.

Figure 1. Filter Sterilization Unit. This exericse will employ a NalgeneÒ filter holder and
receiver unit (Cat. No. 300-4000) [left image]. A diagrmatic view of its component parts and
assembly are shown in the right image [from NalgeneÒ Instruction Manual].
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6) Using sterile forceps, carefully grasp the edge of a sterile, nylon 0.45 µm membrane filter
(47 mm diameter) and set it on the support plate of the lower chamber of each unit. Be sure
that the membrane is centered and covers the support plate O-ring (see Fig. 1).
7) Re-set the upper chamber over the support plate/filter/lower chamber. Turn the locking ring
to firmly secure the upper chamber. If done properly, the upper chamber should not rotate
easily if gently pressure is applied to twist it.
8) Place the filter units near the vacuum pump. Carefully open lid to the upper chamber of
each unit and aseptically pour approximately 50 ml of sterile Butterfield’s buffer into the
upper chamber.
DO NOT SECURE THE VACUUM HOSE AT THIS TIME NOR ACTIVATE THE
VACUUM PUMP.
Observe if any significant amount of buffer leaks into the bottom chamber or if any leaks
out of the side of the filter unit.
Note: If the upper chamber has been properly secured and the membrane properly centered,
the unit should not leak and little, if any, buffer should pass into the lower chamber. If leakage
occurs, discard the buffer, remove the upper chamber of the unit, replace the membrane,
reattached the upper chamber, and again add sterile buffer.

9)
10)

11)
12)
13)
14)

Choose one of the assembled units and, using a pipettor and a serological pipet, aseptically
transfer 10 ml of the original water sample to the buffer in the upper chamber of one unit.
Connect the vacuum hose from the vacuum pump to the side-arm on the lower chamber of
the unit. Turn on the vacuum pump as directed by the laboratory instructor. Liquid should
begin to flow from the upper to lower chamber. Continue to apply vacuum to the unit for
about one minute after all the sample has passed through the filter.
Turn off the vacuum pump and allow the unit to sit for 1-2 minutes. Slowly disconnect the
hose from the unit.
For the remaining filter unit, use a pipettor and a serological pipet to aseptically transfer 1
ml of the original water sample to the buffer in the upper chamber.
Repeat steps 10 and 11.
Transport both filter units to the work area. Be sure that the Petri dishes of the appropriate
media are present and labeled.

Note: Group A will be using mFC agar plates, whereas Group B will employ mEI agar plates.

15) Process one filter at a time as follows using Fig. 2 as a guide to placing the membrane on the
appropriate medium:
a. Carefully unscrew the white locking ring of the filter unit. Gently remove the upper
chamber and place it aside.
b. Sterilize a pair of forceps by using an alcohol wipe to rub both the inside and outside of
the tip of the instrument. Allow the forceps to briefly dry.
c. Using sterile forceps, carefully grasp the edge of the filter through which the sample was
passed. Gently lift it up from the support platform of the lower chamber. Do not set the
filter on any surface prior to placing it on the medium surface!
d. Open the lid of the appropriately labeled agar plate medium to be used (i.e., the filter
through which 10 ml of sample was passed is to be placed upon the surface of the agar
plate labeled “10 ml”). Being sure that the surface of the filter through which the sample
passed is upwards, carefully lay down the edge of the filter away from where the forceps
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16)
17)

18)

19)
20)

are holding it onto the agar surface up against the
side of the Petri dish. As the filter is being laid, use
a rolling motion to assure that proper contact with
the surface is made and that the entrapment of air
bubbles is minimized. Once the filter is laid on the
agar surface, replace the Petri dish lid.
Repeat step 14 for the second filter membrane prepared
being sure to place the correct filter on the appropriately
labeled plate of agar medium.
Incubate both types of agar plates inverted (lid down)
for 22-26 hours at the appropriate temperatures. The
mFC agar plates should be placed in a designated
44.5°C incubator and the mEI agar plates should be
placed in a designated 41°C incubator.
Working with the bottom chamber of one filter unit,
remove the support plate. Use a pipettor and a
serological pipet to aseptically transfer 1 transfer of
filtrate from to a tube of TSB. Be sure to appropriately
label this tube. Incubate the TSB tube at 37°C for 18-24
hours.
Repeat step 17 for the filtrate in the bottom chamber of
the second filter unit.
Important!!!! Place all filter unit components in a
specifically designated bin.
DO NOT DISCARD ANY FILTER UNIT OR ANY
OF ITS COMPONENTS IN THE BIOHARD
DISPOSAL RECEPTACLE OR IN THE COMMON
TRASH.

Figure 2. Transferring a
membrane from the filter
unit to the surface of an
agar plate.

Day 2:
1) Remove both sets of agar media from the incubators and
make observations regarding the number and appearance
of colonies as indicated below.
Record any observations on the report sheet attached to
this exercise.
[Group A only] Interpretation of Results: For filters
incubated on mFC agar plates, colonies that appear blue in
color are presumptively identified as Escherichia coli.
Taking into consideration the volume of sample filtered these
colonies should be counted and reported as fecal coliform
count per volume of sample filtered. Other bacteria and nonfecal coliforms, if able to grow on mFC, will appear as gray,
cream, or white colonies. These should not be included in
the fecal coliform count.

Copyright Chester R. Cooper, Jr. 2018

Membrane Filter Detection of Coliforms and Enterococci, Page 8 of 13

[Group B only] Interpretation of Results: For filters incubated on mEI agar plates, colonies
that appear blue in color and surrounded by a blue halo are presumptively identified as
Enterococcus. Taking into consideration the volume of sample filtered, these colonies should
be counted and reported as the number of enterococci per volume of sample filtered. Nonenteroocci do not normally grow on mEI agar.

2)

Remove the TSB tubes from the incubator and make observations the turbidity of the liquid
cultures as indicated below.

Interpretation of Results: Examine the TSB tubes inoculated with the original sample and
filtrate. Compare the turbidity of all the tubes with that inoculated with the original sample.
Assume the turbidity of the original sample is scored as a “++++”. Score the other TSB tubes as
“+++”, “++”, “+”, or “0”. It is conceivable, though not likely, that a TSB tube may be cloudier than
that inoculated with the original sample. Score this as “+++++”.

Record any observations on the report sheet attached to this exercise.
Note: Any resulting cloudiness of the filtrate-inoculated tubes indicates that the filter unit may
not have been properly assembled prior to use (i.e., the membrane was not aligned correctly,
the gaskets were not properly sealed, etc.). The resulting leakage will have an unknown impact
on the coliform/enterococci counts. However, unless the leakage was excessive, this is unlikely
to affect the isolation of E. coli or Enterococcus from the filtered samples.

3)

Presumptive E. coli and Enterococcus strains shall be isolated from the filtered water
samples as described below.
a. [Group A only] Presumptive E. coli strains shall be isolated from mFC agar plates by
picking a single blue colony and streaking it on Eosin Methylene Blue (EMB) agar plate.
Incubate the EMB plate overnight at 37°C.
b. [Group B only] Presumptive Enterococcus strains shall be isolated from mEI agar plates
by picking a single blue colony with a halo and streaking it on a Brain Heart Infusion
(BHI) agar plate. Incubate the BHI plate overnight at 37°C.

Day 3:
Stock cultures of the presumptive E. coli and Enterococcus strains shall be prepared as described
below. Note the term ‘presumptive’. The identities of these isolates shall be confirmed by the
methods described for Day 4 of this exercise.
a. [Group A only] Remove the EMB agar plate from the incubator. From the plate, transfer an
isolated colony that appears to be E. coli (i.e., a colony with a green metallic sheen) to a TSA
slant. Be sure to appropriately label the tube. Incubate the tube overnight at 37°C. This
culture will serve as the stock culture for the next experiment – PCR Characterization of E.
coli and Enterococcus – following confirmation of its identity.
b. [Group B only] Remove the BHI agar plate from the incubator. From the plate, transfer an
isolated colony to a BHI agar slant. Be sure to appropriately label the tube. Incubate the
tube overnight at 37°C. This culture will serve as the stock culture for the next experiment –
PCR Characterization of E. coli and Enterococcus – following confirmation of its identity. .
Note: The stock cultures of presumptive E. coli and Enterococcus strains can be kept at 37°C
for a week before needing transferred to fresh media.
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Day 4:
Confirm the identities of the isolates selected above using the methods described below.
Note: Students should take into consideration the time that shall be needed to perform the
diagnostic tests below before beginning any tests. It is important, though not essential that
these identifications be made prior to the next laboratory exercise in which these isolates shall
play an integral role.

•

[Group A only] It is possible that some strains of Klebsiella may appear as blue colonies on
mFC agar. Streaking an isolate on EMB agar should clarify if it is E. coli or not, i.e.,
Klebsiella does not typically form metallic green colonies on EMB. However, the isolate
should be subjected to all or a portion of the IMViC assays to be certain that it is E. coli.
Always begin the following tests with a fresh overnight, TSA slant culture incubated at 37°C.
• Review the IMViC procedures previously performed this semester and identify the
putative E. coli isolate using the appropriate test(s).
Record any observations on the report sheet attached to this exercise.
• In addition, the EC Broth Test should be conducted ont he putative E. coli isolate as
follows:
a. Inoculate a tube of EC Broth with a Durham tube the isolate to be tested. Incubate
the tube at 44.5°C for 22-26 hours.
b. Remove the tube from the incubator and observe if growth/gas production has
occurred. Gas production with growth is considered positive for the presence of fecal
coliforms. The absence of gas production is considered a negative test for the
presence of fecal coliforms.
Record any observations on the report sheet attached to this exercise.

Interpretation of Results: Isolates that are indole positive, methyl red positive, VogesProskauer negative, citrate negative, and EC broth growth- and gas-positive are considered to
be Escherichia coli.
Note: Should the isolate not be confirmed as E. coli, please confer with the laboratory instructor
on how to proceed with the next laboratory exercise.

•

[Group B only] To confirm the identity of an isolate as an Enterococcus, always begin with
a fresh culture that has been incubated overnight at 37°C on a BHI agar slant.
a. Inoculate a broth tube of BHI medium with a putative Enterococcus isolate, then incubate
the tube at 45°C for 48 hours. Determine if the growth occurred.
Record any observations on the report sheet attached to this exercise.
b. Inoculate a broth tube of BHI broth containing 6.5% NaCl with a putative Enterococcus
isolate, then incubate the tube at 37°C for 48 hours. Determine if the growth occurred.
Record any observations on the report sheet attached to this exercise.
c. Perform an ESC/PYR assay (hydrolysis of esculin and pyrrolidonyl-ß-naphthylamide)
using the Key Scientific WEE-TAB reagent. Review the procedures for this test that was
previously performed this semester.
Record any observations on the report sheet attached to this exercise.
d. Perform a Gram stain on the putative Enterococcus isolate.
Record any observations on the report sheet attached to this exercise.
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Interpretation of Results: An isolate is verified as Enterococcus if it is a Gram-positive coccus,
hydrolyzes esculin, exhibits a positive PYR test, grows in BHI broth with 6.5% NaCl at 37°C,
and grows in BHI broth at 45°C
Note: Should the isolate not be confirmed as Eneterococcus, please confer with the laboratory
instructor on how to proceed with the next laboratory exercise.
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Student Name:
Turbidity of TSB Tubes
Sample Tested
Original Environ.
Sample
1-ml sample
10-ml sample

Pre-Filtered or
Filtrate?

Turbidity Score

Pre-Filtered
Filtrate
Filtrate

What can you conclude from the above data?

If one of your diluent tubes was scored as “+++++”, how is it possible that the growth in this
tube was greater than that of the source material?
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Student Name:
mFC Agar Counts
Sample
Volume

Colony
Count*

Estimated
CFU/ml

1 ml
10 ml
*Only colonies appearing blue or dark in color
General Observations:

Based upon the data you obtained, what is the estimated Fecal Coliform Count?
How does the Fecal Coliform Count you calculated relate to public health standards? Provide
specific references upon which you base your statements.

What IMViC results did you obtain from testing your coliform isolate? Did you confirm it is
putatively identified as E. coli? Why or why not?
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Student Name:
mEI Agar Counts
Sample
Volume

Colony
Count*

Estimated
CFU/ml

1 ml
10 ml
*Only colonies appearing blue and surrounded by a halo
General Observations:

Based upon the data you obtained, what is the estimated Total Enterococcus Count?
How does the Total Enterococcus Count you calculated relate to public health standards?
Provide specific references upon which you base your statements.

What diagnostic test results did you obtain to confirm if your putatively identified isolate as a
species of Enterococcus? Did they support this identification? Why or why not?
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