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CARBOHYDRATE FERMENTATION TEST
Principle and Purpose
Microorganisms need to generate energy in order to grow, divide, and survive. In any given
environment, different sugars (i.e., carbohydrates) may be available. Microbes must possess the
molecular machinery to exploit the use of a particular carbohydrate in the production of energy.
However, this is not always the case. Moreover, the absence or presence of a suitable
biochemical pathway for the metabolism of a specific carbohydrate may serve in the
identification of groups or species of microorganisms.
Bacteria are metabolically diverse. Respiration in these organisms, e.g., the metabolism of
sugars to generate energy, can take place aerobically or anaerobically. Aerobic respiration
utilizes oxygen as the final electron acceptor during the re-dox reactions taking place within the
electron transport chain. Anaerobic respiration, though, is often confused as metabolism that
takes place in the absence of oxygen. This is not completely true. Strictly defined, anaerobic
respiration uses an inorganic compound (e.g., nitrate) as the final electron acceptor within the
electron transport chain. In some organisms, this can occur in the presence of oxygen, whereas
others require the complete absence of this gas.
There is another type of energy producing pathway – fermentation, which is a pathway that uses
organic compounds as an electron acceptor and/or donor. Compared with aerobic and anaerobic
respiration, fermentation does not generate great sums of energy, but it is a process that allows
organisms to grow, divide, and survive in a variety of
environments. This type of metabolism generates
numerous end products that include various acids, alcohol,
gases, and other organic substances. These fermentation
end products are often used in making foodstuffs,
beverages, and a variety of products used in agriculture,
industry, and health care. Importantly for the clinical
laboratory, fermentation patterns can be used to help
identify different bacteria.
In this exercise, students will examine the fermentation
patterns of selected bacterial species. Specifically,
students will examine how these bacteria ferment glucose
(also termed dextrose), lactose, and sucrose using two
different methods, both of which are based upon pH
changes and gas production.
In the phenol red peptone broth test, media containing a
Figure 1. Carbohydrate
given carbohydrate, a pH indicator, and an ‘upside down
fermentation results. The
test tube’, i.e., the Durham tube, will be inoculated and
observed over time. If fermentation occurs, acid should be fermentation of a sugar results in
a broth color change due to the
produced and cause a color change from red/pink to
presence of acid (A) and
yellow (Fig. 1). This occurs because the pH indicator
possible gas production (A/G).
(phenol red) becomes yellow in an acidic environment.
The normally completely filled Durham tube may have the (https://microbeonline.com/carb
ohydrate-fermentation-test-usesfluid displaced indicating the production of gas. Hence, a
principle-procedure-results/)
phenol red broth that is yellow and has a bubble in the
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Durham tube following incubation indicates that the carbohydrate in the medium has been
fermented and one of the end products is gas. Not all fermentation reactions are accompanied by
gas production.
A video demonstrating the use of carbohydrate fermentation broth and the interpretation of
results is available at the following URL: https://www.micro.iastate.edu/video/microbiology007-carbohydrate-fermentation-test. The methodology shown in this video is similar, but not
necessarily identical to that described in the exercise presented herein.
The second method to be conducted by students is the use of a commercially-prepared reagent
that operates on the same principle. Specifically, the Carbohydrate Fermentation Wee-Tab (Key
Scientific) will be employed. Each small plastic test tube contains a tablet consisting of, among
other substances, a given carbohydrate and phenol red. After rehydration of the tablet, the
suspension is inoculated, then incubated up to 24 hours, although positive results can be
observed in 1-6 hours. Gas production is noted by the presence of bubbles near the bottom of the
tube. This second method is a rapid method that should directly correlate with the more
traditional phenol red peptone broth test.
Learning Objectives
Upon completion of this exercise, a student should be able to:
• Understand the underlying biochemical basis of carbohydrate fermentation;
• Describe how gas and acid may be products of carbohydrate fermentation;
• Properly conduct the carbohydrate fermentation test; and
• Accurately interpret the results of this test.
Materials Required
The following materials are necessary to successfully conduct this exercise:
Organisms – these cultures should be prepared as 24-48 hour-old TSA slants
• Enterobacter aerogenes (ATCC 13048) [abbreviated as Ent. aerogenes]
• Escherichia coli (ATCC 25922) [abbreviated as E. coli]
• Pseudomonas aeruginosa (ATCC 27853) [abbreviated as P. aeruginosa]
• Salmonella enterica serovar Cholerasuis (ATCC 10708) [abbreviated as S. Cholerasuis]
Note: Salmonella enterica includes a number of ‘serovars’, i.e., serologically distinct groups.
When used in this and other exercises, cultures of the specific serovars will be labeled
according to their serovar, e.g., S. Cholerasuis, as opposed to the taxonomically specific
name, e.g., Salmonella enterica serovar Choleraesuis.

Media and Reagents
• Phenol red/peptone broths (with Durham tubes) containing lactose, dextrose, or sucrose
• Wee-Tab Fermentation tubes (lactose, Cat. No. K1360; dextrose, Cat. No. K1150;
sucrose, Cat. No. K1610; Key Scientific; Stamford, TX;
https://www.keyscientific.com/files/productfiles/FERMWT=0217.pdf)
• Sterile water
• Sterile plastic bulb pipet
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Procedures
Students shall review and use the BIOL 3702L Standard Practices regarding the labeling,
incubation, and disposal of materials.

Phenol Red Peptone Broth Test
1)

Obtain five (5) tubes of a phenol red peptone broth containing a particular carbohydrate. Do
not shake the tubes. This may create an air bubble in the Durham tube.

Note: Be sure to label each tube as to exactly which carbohydrate it contains. These broths all
appear similar and can be easily confused if not immediately labeled as to their contents.

2)

3)

4)
5)

Label one of the tubes as ‘Control’, a second as ‘E. coli’, another as ‘S. Cholerasuis’, a
fourth as ‘P. aeruginosa’, and the remaining tube as ‘Ent. aerogenes’. Be sure to add other
identifying information as appropriate.
Inoculate the media as indicated below:
a) Using a microbiological loop, aseptically transfer some cells from a TSA slant culture
of E. coli to the appropriately labeled phenol red peptone broth tube.
b) Using a microbiological loop, aseptically transfer some cells from a TSA slant culture
of S. Cholerasuis to the appropriately labeled phenol red peptone broth tube.
c) Using a microbiological loop, aseptically transfer some cells from a TSA slant culture
of P. aeruginosa to the appropriately labeled phenol red peptone broth tube.
d) Using a microbiological loop, aseptically transfer some cells from a TSA slant culture
of Ent. aerogenes to the appropriately labeled phenol red peptone broth tube.
e) Do not inoculate the ‘control’ tube.
Incubate all the tubes at 37°C.
Examine the tubes at the times indicated below. Observe the tubes at the times indicated
below (steps 5a, 5b, and 5c).

Interpretation of Results: A positive fermentation result is indicated by a color change from red
to yellow. Tubes should be held for 48 hours before declaring a negative test result (i.e., no
color change). Positive gas production is indicated by the displacement of liquid in the Durham
tube, i.e., an air bubble has formed.

a)

b)

c)

If possible, return to the laboratory and examine the tubes after 4 hours of incubation.
Record your observations on the report sheet attached to this exercise.
Return all tubes to the 37°C incubator.
Return to the laboratory to examine the tubes after they have incubated for a total of 1824 hours.
Record your observations on the report sheet attached to this exercise.
Any tube exhibiting a positive fermentation result does not need to be examined
further. However, if no fermentation has occurred observed, return the respective
tube(s) to the 37°C incubator.
Return to the laboratory to examine the tube(s) after they have incubated for a total of
42-48 hours.
Record your observations on the report sheet attached to this exercise.
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Carbohydrate Fermentation Wee-Tab Test
1)

Obtain five (5) carbohydrate fermentation Wee-Tab tubes of a particular carbohydrate.
These tubes have been pre-labeled with the carbohydrate contained within the pellet.
2) Label one of the tubes as ‘Control’, a second as ‘E. coli’, another as ‘S. Cholerasuis’, a
fourth as ‘P. aeruginosa’, and the remaining tube as ‘Ent. aerogenes’. Be sure to add other
identifying information as appropriate.
3) Using a sterile plastic bulb pipet, aseptically add 0.25 ml (5 drops) of sterile water to each
tube. Swirl the tube to resuspend the pellet in the tube, but do not create air bubbles. Do
not fret if the entire pellet does not dissolve. Continue with the next step.
4) Inoculate the media as indicated below:
a) Using a microbiological loop, aseptically transfer some cells from a TSA slant culture of
E. coli to the appropriately labeled Wee-Tab tube.
b) Using a microbiological loop, aseptically transfer some cells from a TSA slant culture of
S. Cholerasuis to the appropriately
labeled Wee-Tab tube.
c) Using a microbiological loop, aseptically
transfer some cells from a TSA slant
culture of P. aeruginosa to the
appropriately labeled Wee-Tab tube.
d) Using a microbiological loop, aseptically
transfer some cells from a TSA slant
culture of Ent. aerogenes to the
appropriately labeled Wee-Tab tube.
e) Do not inoculate the ‘control’ tube.
5) Incubate all the tubes at 37°C with the lids
on, but not snugly pushed all the way down
on the tube.
6) The inoculated tubes can be examined after
30-60 minutes of incubation up to 24 hours.
Record your observations on the report sheet
attached to this exercise.
Interpretation of Results: Positive fermentation
results (i.e., a color change from red to yellow)
may be observed after 30-60 minutes of
incubation (this is typically dependent upon the
concentration of cells used to inoculate the tube),
but positive fermentation reactions typically
appear within 6 hours (see Fig. 2).
“Negative reaction” tubes should be held for 1824 hours before declaring a negative test result
(i.e., no color change).
Positive gas production is indicated by the
appearance of one or more bubbles near the
bottom of the tube.

Figure 2. Wee-Tab Fermentation
Tubes. The right pair of tubes show nonrehydrated pellets. The left pair of tubes
depict a negative and positive
fermentation result. In this particular test,
trehalose was used as the sole carbon
source. (This image was adapted from
www.facebook.com/keyscientific/photos)
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Student Name:

COMPLETE THE FOLLOWING TABLES BASED UPON YOUR OBSERVATIONS
(use the following codes to complete each table: A, acid produced; A/G, acid and gas produced;
G, gas produced only; -, no change/fermentation)
Phenol Red Peptone Broth Test
Bacteria Tested
Carbohydrates
Employed

Escherichia coli

Enterobacter
aerogenes

Salmonella
enterica serovar
Choleraesuis

Pseudomonas
aeruginosa

Dextrose
Lactose
Sucrose
Carbohydrate Fermentation Wee-Tab Test
Bacteria Tested
Carbohydrates
Employed

Escherichia coli

Enterobacter
aerogenes

Salmonella
enterica serovar
Choleraesuis

Pseudomonas
aeruginosa

Dextrose
Lactose
Sucrose
Discussion Questions:
1.

Are there differences in the results obtained by the two different methods? If so, how can
these differences be explained? What are the consequences of using one method rather than
the other, regardless if the results are the same or not for each?
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Student Name:
2.

What is beta-galactosidase? Which bacteria possess this enzyme? (This question will
require some background research.)

3.

The ability to ferment lactose is a defining characteristic of the bacteria termed ‘coliforms’.
Which of the above bacteria are coliforms and which are not?
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