
DTCi Citrate Test 

Learning Objectives 

The student will 

 Use aseptic techniques in the safe inoculation of various forms of media. 

 Follow oral and written instructions and manage time in the lab efficiently. 

 Apply correct terminology regarding microbiological techniques, instruments, microbial 
growth, biochemical testing, media types and forms when making observations. 

 Correctly perform various inoculation techniques and describe each technique’s purpose. 

 Make accurate observations and appropriate interpretations of biochemical test results and 
use them in the identification of potentially disease causing microbes. 

Background/Theory 

Citrate (aka citric acid) is a 4-carbon compound and the first intermediate formed in the Krebs 
cycle.  For some organisms, citrate is also a food source. Some bacteria can convert citrate in the 
medium to oxaloacetate with the extracellular enzyme citrate lyase and then transport it into the cell 
via citrate permease, a transport protein in the plasma membrane.  After it is brought into the cell, it is 
then converted to pyruvate as the entry point into the energy production pathways.  

Simmons citrate agar is a defined medium containing citrate as its only carbon source.  If cells 
are to metabolize and grow, they must be able to bring the citrate into the cell.  Growth on this medium 
is a positive result.  However, because citrate is a meager source of carbon, growth is minimal.  The 
medium also contains ammonium dihydrogen phosphate as the nitrogen source.  Metabolizing 
organisms are forced to utilize the ammonium dihydrogen phosphate which results in basic byproducts, 
thereby raising the pH.   As the pH rises, the pH indicator, bromothymol blue (also part of the medium) 
will change from green to blue. The blue color is the indicator of metabolism.  Cells without citrate 
permease will not grow on the medium, leave the ammonium dihydrogen phosphate unchanged with 
no resulting pH change.  The medium will remain green.  

In this test, a heavy inoculum can be mistaken for growth after incubation and a possible 
erroneous positive reading.  To avoid this mistake, a very light inoculum is delivered with an inoculating 
needle instead of a loop.   You will not stab the surface.  You will pass the tip of the needle across the 
surface of the slant. 

Experiment/Exercise 

Materials per student pair 
2-3 Simmons citrate slants  
Inoculating needle 

Cultures 
Fresh overnight plate cultures  
E. coli 
Enterobacter aerogenes (Risk Group 2/BSL-2) 

Procedure Lab 1 
1. You are working with a BSL-2 organism.  Take care. 
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2. Label two of the slants with each of the organisms.  Don’t forget to include the other 
components of the label. 

3. For the third slant, label it “sham inoculation.”  This tube may be done for the entire class by the 
TA. 

4. First, complete the sham inoculation tube if the TA is not completing this part.  After sterilizing 
your needle, aseptically open the sham slant tube.  Beginning at the bottom of the slant, touch 
the tip of the needle to the slant surface and make a fishtail inoculation as you withdraw the 
needle.  Do NOT break the surface of the agar, but make sure you are touching the surface.  
Even though this process should be sterile, be sure to incinerate the needle before the next 
transfer. 

5. Aseptically obtain a light inoculum from the plate culture of E. coli.  Simply touch the needle tip 
to the growth.  You should see a depression in the plate growth, but not see growth on the 
needle.  Transfer it to the corresponding slant making a fishtail inoculation as in the sham tube.   

6. Aseptically inoculate the second organism in the corresponding tube in the same way.   
7. Place the tubes for incubation for 24-48 hours at 37oC. 

Procedure Lab 2 
1. Observe the three slants and note any visible growth and the color.  Then indicate whether the 

result is positive or negative.  Growth, even without a color change is considered a positive 
result.  Then interpret the result:  the organism “can utilize citrate from the medium” or it 
“cannot utilize citrate from the medium”. 

2. Dispose of your tubes in the tube disposal tub of the disposal cart.  If there are shared sham 
inoculated tubes, return these to the front of the room. 
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Lab Report:  Citrate Test 

Name ______________________________ 
Lab Section __________ 

Data and Observations 
Organism Observations Result 

+/- 
Interpretation 

    

    

    

Post Lab Questions 
1. What was purpose of the sham inoculation? 

 
 

2. Were either of your test organisms unable to utilize citrate? 
 
 
 

3. Both E. coli and Enterobacter aerogenes are able to produce citrate in the first step of the Krebs 
cycle and metabolize it.  Explain why one of them is positive and the other is negative in this 
test. 

 
 
 
 
4. Explain why this medium must be defined for this test. 

 
 
 
 

5. If an undefined carbon source (for example peptone) is added to Simmons Citrate agar, what 
result would you see?  What would this do to the specificity or the sensitivity of this test? 
 


