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DIFFERENTIAL AND SELECTIVE MEDIA:  PHENYLETHYL ALCOHOL AGAR (PEA), EOSIN 
METHYLENE BLUE (EMB), AND UREA 
 

Phenylethyl Alcohol Agar (PEA) 

Phenylethyl Alcohol Agar is an undefined, selective media that allows growth of Gram Positive bacteria. It 

inhibits the DNA synthesis of Gram Negative bacteria. 

                                 Gram Positive                                                              Gram Negative     

          

  

Eosin Methylene Blue Agar (EMB) 

EMB agar contains: Peptone, lactose, sucrose, and the dyes eosin Y and Methylene blue. The sugars 

are fermentable by fecal COLIFORMS (gram negative facultative anaerobic rods). Gram positive 

growth is inhibited by the dyes. Vigorous lactose or sucrose fermenters will produce vibrant metallic 

green colonies. Slower lactose fermenters will produce a pink color, and non-fermenters take on the 

color of the media. These plates are streaked with S. aureus a Gram positive bacteria. 

 

  

  

 Strong Fermentor                                                                          Moderate Fermentor 

 
 
 
 
 
 
 
 
 
 

UREASE TEST: 
Urea can be broken down by urease to from 2NH3 + CO2 

Eosin-Methylene Blue inhibits Gram Positive Growth 
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The agar tube used in this experiment contains urea and the pH indicator Phenol Red. If urease is 
produced by the bacteria the agar will turn a vibrant pink color. 
 

 

 

KOH String Test for Determining Gram Reaction 

KOH saponifies gram negative bacteria and they become viscous and slimy and string behind 

the loop when you pull it away from the slide. Gram positive bacteria don’t get slimy and, 

therefore, do not string. 

 

Materials: 

bacterial culture on agar slat or Petri dish 

3% KOH in dropper bottle 

glass slide 

inoculating loop 

1. Place a drop of 3% KOH on a clean dry glass slide. 
2. Flame sterilize the inoculating loop, then transfer a generous amount of fresh organism from an 

agar slant or Petri dish using aseptic technique. Stir this into the KOH solution and continue to 

stir/whisk for approximately 30 seconds. If the microbe is gram negative, with repeated stirring, 

the KOH will become increasingly viscous. If the loop is slowly raised, a thread-like string of 

this gummy material will follow the loop. 

3. If the organism is gram positive, the KOH does not change its consistency. 
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4. Flame sterilize the inoculating loop when you are finished and dispose of the slide in the 

sharps container. 

5. Record your results. 

Precautions: 

Use cultures that are 24-48 hours old. 

It is still necessary to look at a stained smear to evaluate cellular shape and arrangement!  

 

 

 

 

 

 

 

 

 

https://microbiologyinfo.com/potassium-hydroxide-test/ 

 

 

 

 

 

 

 

 

 

 

 

 

KOH Positive KOH Negative 

https://microbiologyinfo.com/potassium-hydroxide-test/
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Differentiation Media – Fermentation 

 

Phenol red broths 

 

Phenol red (PR) fermentation base broth uses Phenol Red as pH indicator (Figure 1).  This pH 
indicator allows us to see the production of acid (remember, many metabolic products produced from 
fermentation are acidic).    
 

 
Figure 1. The color range associated with the pH indicator phenol red. 

 
Some fermentation pathways result in the production of gas.  Inverted durham tubes are placed in 
the larger broth tube.  These ‘mini test-tubes’ capture gas and allows us to detect gas production 
(Figure 2). 
 

 
 

Figure 2. Phenol red broth tubes containing inverted durham tubes. 
 
Various carbohydrates are incorporated into the base broth to serve as the substrate.  These broths 
allow researchers to determine if specific carbohydrates are fermented by specific bacteria.  We use 
phenol red glucose broth, phenol red lactose broth and phenol red sucrose broth (Figure 3).  The only 
difference between the 3 is the ‘test’ carbohydrate. 
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Figure 3. Uninoculated phenol red broths with different carbohydrate sources. 
 

The broths are inoculated and then incubated for 18-24 hours.  After incubation the tubes are 
observed for pH change and gas production (Figure 4).   
 
Carbohydrate → fermentation → acid or acid/gas → yellow color = POSITIVE for fermentation  
Carbohydrate → no fermentation →no color change = NEGATIVE for fermentation 
Carbohydrate →peptone utilized →magenta = ALKALINE 

 

 

 

Figure 4. Possible phenol red tube results. 

(https://homepages.wmich.edu/~rossbach/bios312/LabProcedures/Phenol%20Red%20Results.html)   
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Methyl Red and Voges-Proskauer (MRVP) Test  

Methyl Red (MR) and Voges-Proskauer (VP) broth contains peptone, buffers, and glucose.  The peptone 

is a source of amino acids for cultured bacteria.  The glucose is a carbon source that can be used in 

fermentation by some microbes. 

 

The MR portion of the test allows researchers to determine if the bacteria can undergo mixed acid 

fermentation.  Mixed acid fermentation occurs when bacteria ferment carbohydrates (e.g. glucose) and 

the end-products of this fermentation are acidic (e.g. lactic, acetic, and formic acid).  Other types of 

fermentation result in the production of unstable acidic products, which are quickly converted to neutral 

products.  Stable acidic products overcome the weak pH buffer in the media. 

 

To determine if the acidic products have remained in the media or have been converted to neutral 

products a pH indicator, methyl red, is added to the tube after a 48 hr incubation.  Methyl red is red 

under acidic conditions and yellow under neutral conditions (Figure 5).       

 

 

 Figure 5. The color range associated with the pH indicator phenol red.  
 

After incubation, methyl red is added to the culture.  Results can be immediately 
observed (Figure 6). 

 

 

 

 

 

 
 

Figure 6. Results of MR portion of the MRVP test after addition of methyl red. 
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test 

B 
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The VP portion of the test allows researchers to determine if the bacteria utilizes 2, 3 butanediol 

pathway to ferment glucose.  In the absence of oxygen, glycolysis can continue as long as NAD+ is 

available.  This allows cells to produce ATP; however NADH is a by-product of glycolysis.  One of the 

main goals of fermentation is to oxidize NADH back to NAD+.  Glucose fermentation occurs when 

glucose is broken down into pyruvate by glycolysis---yielding ATP, water, and NADH.  The 2, 3 butanediol 

pathway regenerates NAD+ for glycolysis by reducing and condensing the pyruvate to acetoin and 2, 3 

butanediol.    

 

VP reagents are added to the sample to detect the 2, 3 butanediol pathway end products: acetoin.  The 

reagents contain potassium hydroxide (KOH) and creatine.  When acetoin is present, it is oxidized in the 

presence of KOH and creatine to form diacetyl.  Diacetyl reacts with the peptone in the broth to 

produce a red color (Figure 7), but if no acetoin was produced, then the media remains a yellow/copper 

color (Figure 8).  

        

 

 

 

 

 
Figure 7. Overview of a positive reaction for the VP portion of the MRVP test.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Results of VP portion of the MRVP test after addition of VP reagents.  
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Differentiation Media – Ability to Respire 

 

Catalase Test 
Various toxic oxygen molecules can be formed during cellular respiration.  One of those 
toxic molecules is hydrogen peroxide (H2O2).  This toxic molecule can be neutralized 
by catalase.  Catalase is an enzyme that converts H2O2 into H2O and O2.  O2 is a gas 
and therefore you are able to see bubbles if catalase is present in the cell. (NOTE: 
Human cells contain catalase, so when you pour peroxide on a wound you see 
bubbling---this is catalase!)  
 

To perform the catalase test, a small amount of bacteria is placed on a microscope 
slide.  Hydrogen peroxide is then added the slide.  If the cells are able to produce 
catalase you will see bubbles immediately (Figure 9). 
 

 
Figure 9. Results of catalase test after the addition of hydrogen peroxide. 
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Here’s an example of hydrogen peroxide that was poured right on the plate: 
 
 

 
 
Oxidase Test 
The electron transport chain allows the transfer of electrons from an electron donor to an electron 

acceptor.  In aerobic respiration, electrons are brought to the electron transport by the electron 

carriers: NADH and FADH2.  The electrons of these carriers are passed through the electron transport 

chain by a series of proteins and enzymes.  Electrons flow through the electron transport chain in the 

following order: 

 

 

 

 

 

 

 

The movement of electrons through the electron transport chain generates a gradient of protons.  This 

gradient supplies the energy necessary to synthesize ATP by the ATP synthase.     

 

The oxidase test is used to identify bacteria that contain cytochrome oxidase.  The reagent of the test is 

Wurster’s blue (N,N,N',N'-tetramethyl-p-phenylenediamine dihydrochloride), a reducing agent that 
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donates an electron to cytochrome c becoming oxidized.  Wurster’s blue turns purple/blue when it 

donates an electron (becomes oxidized).  If cytochrome oxidase is present in the bacteria, the DrySlide 

reagent will turn purple/ blue within 20 sec (Figure 10).  

 

 

Figure 10. Results of oxidase test. 

Differentiation Media – Biochemical Reactions 

 

Citrate Test 

The citrate test is used to determine if a bacterial cell can use citrate as a sole source of 
carbon and energy.  Citrate is an intermediate of the Krebs cycle and some organisms 
are able to utilize citrate as a food source.  Simmons Citrate Agar contains sodium 
citrate, inorganic ammonium salts and the pH indicator bromothymol blue (Figure 1). If a 
bacterial cell contains the citrate permease it is able to import the citrate molecule and 
use it as a food source.  When a bacterial cell is able to import and utilize citrate as a 
carbon source it will produce metabolic products including NaHCO3 and NH3.  These 
products cause the pH of the media to become basic causing a change in color of the 
media.  

 
Figure 1. The color range associated with the pH indicator bromothymol blue. 

 
After incubation a positive result is indicated when the media has turned from green to blue.  In 

addition, if there is growth on the media a positive result is recorded (Figure 2). 
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Figure 2. Results of a citrate test.  
 

 

Phenylalanine Deaminase Test 
Phenylalanine deaminase test is used to determine if a bacterium is able to produce the 
enzyme deaminase.  This enzyme removes an amino group (-NH3) from the amino acid 
phenylalanine.   As a result, free ammonia and phenylpyruvic acid are produced (Figure 
3).  
  

 
Figure 3. Pathway associated with phenylalanine deaminase function. 

 

After incubation, drops of 10% ferric chloride are added directly to the media.  In the 
presence of phenylpyruvic acid a dark green color will be observed (Figure 4).  
 

(A) negative citrate test 

 

(B) positive citrate test 
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Figure 4. Results of a phenylalanine deaminase. 
 

Motility Test  

The motility test utilizes a semi-solid media and contains tetrazolium chloride (TTC).  Motile bacteria are 

able to spread out from the initial inoculum line and as the bacteria multiply in the media they reduce 

TTC.  Reduced TTC forms a purple color which allows the researcher to easily see the growth pattern in 

the semi-solid media (Figure 5).  Motile bacteria will give a ‘fuzzy’ appearance and non-motile bacteria 

will only grow were the inoculum was placed. 

 

(A) negative phenylalanine 

deaminase test 

 

(B) positive phenylalanine 

deaminase test 

 

A B 
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Figure 5. Results of a motility test. 
 

Indole Production Test  

The indole production test allows researchers to determine if bacteria are able to degrade the amino 

acid tryptophan to produce indole.  It is commonly used to distinguish among members of the family 

Enterobacteriaceae.  The media used in this assay is tryptone broth.  After incubation, Kovac’s reagent is 

added to the culture.  Kovac’s reagent contains dimethyl-aminobenzaldehyde (DMABA), HCl, and amyl 

alcohol.  The DMABA reacts with indole to produce a red color at the surface of the tube (Figure 6). 

(NOTE: Indole production can also be determined using SIM media---see below) 

 

 

Figure 6. Results of indole production test. 
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(B) Non-motile bacteria 
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SIM Media  

SIM medium is considered a combination differential media because it is used to determine three 

different bacterial activities: sulfur reduction, indole production, and motility.  Figure 9 illustrates 

possible results when using SIM media.  NOTE: SIM media does not contain TTC which makes observing 

motility difficult (see tube A and B in Figure 7).    

 

 

Figure 7. Possible results observed with SIM media. 
 

A: Escherichia coli – Negative for H2S, Positive for Indole, Undetermined motility 

B: Staphylococcus aureus - Negative for H2S, Negative for Indole, Undetermined motility 

C: Salmonella arizonae - Positive for H2S, Negative for Indole, Positive for motility 

D: Enterobacter aerogenes - Negative for H2S, Negative for Indole, Positive for motility 

E: Proteus vulgaris - Positive for H2S, Positive for Indole, Positive for motility 

 


