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Information  History 
 
In 1928, Gordon and McLeod (5) introduced the use of a dimethyl-p-
phenylenediamine dihydrochloride solution to test for the presence of 
oxidase systems.  In particular, they used the test to 
distinguish Neisseria gonorrhoeae(oxidase positive) 
from Staphylococcus spp. and Streptococcus spp. (oxidase 
negative).  The sensitivity of the oxidase test was increased when Kovács 
found that a tetra-methyl-p-phenylenediamine dihydrochloride solution 
gave a quicker reaction (8).  Gaby and Hadley developed a modified 
oxidase test using p-aminodimethylaniline oxalate with α-naphthol to 
detect oxidase in test tube cultures (3).  
 
Purpose 
 
The oxidase test is a biochemical reaction that assays for the presence of 
cytochrome oxidase, an enzyme sometimes called indophenol oxidase (2, 
10, 12).   In the presence of an organism that contains the cytochrome 
oxidase enzyme, the reduced colorless reagent becomes an oxidized 
colored product (2, 4, 9).  
 
Theory 
 
The final stage of bacterial respiration involves a series of membrane-
embedded components collectively known as the electron transport 
chain.  The final step in the chain may involve the use of the enzyme 
cytochrome oxidase, which catalyzes the oxidation of cytochrome c while 
reducing oxygen to form water (10).  The oxidase test often uses a 
reagent, tetra-methyl-p-phenylenediamine dihydrochloride, as an 
artificial electron donor for cytochrome c (1, 2, 15). When the reagent is 
oxidized by cytochrome c, it changes from colorless to a dark blue or 
purple compound, indophenol blue (5, 9).  Figure 1 contains a diagram of 
this reaction. 
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     FIG. 1.  (a) Tetra-methyl-p-phenylenediamine dihydrochloride 
(TMPD), the oxidase reagent, is electron rich (reduced) and has no color. 
 
(b)  In bacteria that contain the enzyme cytochrome oxidase, one 
electron from each of four cytochrome c molecules will be temporarily 
transferred to the enzyme. 
 
(c)  This creates four electron-poor cytochrome c molecules and an 
electron-rich cytochrome oxidase enzyme. 
 
(d)  As the final step in respiration, the cytochrome oxidase enzyme 
transfers four electrons to molecular oxygen and along with four protons, 
forms two molecules of water, returning the cytochrome oxidase enzyme 
to its original state. 
 
(e)  Instead of acquiring an electron from another component in the 
electron transport chain, an electron-rich TMPD molecule passes an 
electron to the electron-poor cytochrome c.  Cytochrome c returns to its 
original state and the resulting electron-poor (oxidized) TMPD radical has 
a dark blue color. 
 
In addition to a positive oxidase and negative oxidase reaction, some 
organisms are classified as variable oxidase or delayed oxidase 
positive.  Variability in the oxidase reaction has been attributed to 
differences in cytochrome ccomposition, variability in cytochrome 
oxidases, and overall transport chain composition variability (6, 7, 9, 12). 
 
Recipes 
 
A.         Kovács oxidase reagent (8) 
            1% tetra-methyl-p-phenylenediamine dihydrochloride, in water 
            Store refrigerated in a dark bottle no longer than 1 week. 
 
B.         Gordon and McLeod reagent (5) 
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            1% dimethyl-p-phenylenediamine dihydrochloride, in water 
            Store refrigerated in a dark bottle no longer than 1 week. 
 
C.         Gaby and Hadley oxidase test (3) 
            1%  α-naphthol in 95% ethanol 
            1% p-aminodimethylaniline oxalate 
            Store refrigerated in dark bottles no longer than 1 week. 
 
Oxidase reagents are also available commercially in droppers, 
impregnated disks, and test strips. 
 
PROTOCOLS 
 
There are many method variations to the oxidase test. These include, but 
are not limited to, the filter paper test, filter paper spot test, direct plate 
method, and test tube method.   All times and concentrations are based 
upon the original authors’ recommendations. 
 
Filter Paper Test Method (8) (Fig. 2)  
 
1.   Soak a small piece of filter paper in 1% Kovács oxidase reagent and 
let dry. 
2.   Use a loop and pick a well-isolated colony from a fresh (18- to 24-
hour culture) bacterial plate and rub onto treated filter paper (please see 
Comments and Tips section for notes on recommended media and loops). 
3.   Observe for color changes. 
4.   Microorganisms are oxidase positive when the color changes to dark 
purple within 5 to 10 seconds. Microorganisms are delayed oxidase 
positive when the color changes to purple within 60 to 90 seconds. 
Microorganisms are oxidase negative if the color does not change or it 
takes longer than 2 minutes. 
 

 
 
     FIG. 2. On the left is oxidase-positive Pseudomonas aeruginosa and 
on the right is oxidase-negative Escherichiacoli.  Both organisms were 
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rubbed on a filter that had been dipped in Kovács oxidase reagent and 
allowed to dry. 
 
Filter Paper Spot Method (4) (Fig. 3) 
 
1.   Use a loop and pick a well-isolated colony from a fresh (18- to 24-
hour culture) bacterial plate and rub onto a small piece of filter paper 
(please see Comments and Tips section for notes on recommended 
media and loops). 
2.   Place 1 or 2 drops of 1% Kovács oxidase reagent on the organism 
smear. 
3.   Observe for color changes. 
4.   Microorganisms are oxidase positive when the color changes to dark 
purple within 5 to 10 seconds. Microorganisms are delayed oxidase 
positive when the color changes to purple within 60 to 90 seconds. 
Microorganisms are oxidase negative if the color does not change or it 
takes longer than 2 minutes. 
 

 
 
     FIG. 3. On the left is oxidase-positive Pseudomonas aeruginosa and 
on the right is oxidase-negative Escherichia coli.  Both organisms were 
rubbed on a dry filter that was then treated with one drop of Kovács 
oxidase reagent. 
 
Direct Plate Method (7, 10) (Fig. 4) 
 
1.   Grow a fresh culture (18 to 24 hours) of bacteria on nutrient agar 
using the streak plate method so that well-isolated colonies are present 
(please see Comments and Tips section for notes on recommended 
media). 
2.   Place 1 or 2 drops of 1% Kovács oxidase reagent or 1% Gordon and 
McLeod reagent on the organisms. Do not invert or flood plate. 
3.   Observe for color changes. 
4.   When using Kovács oxidase reagent, microorganisms are oxidase 
positive when the color changes to dark purple within 5 to 10 seconds. 
Microorganisms are delayed oxidase positive when the color changes to 
purple within 60 to 90 seconds. Microorganisms are oxidase negative if 



Downloaded from www.asmscience.org by

IP:  71.127.236.37

On: Mon, 12 Aug 2019 20:11:08

 

American Society for Microbiology © 2016  5 

the color does not change or it takes longer than 2 minutes. 
5.   When using Gordon and McLeod reagent, microorganisms are 
oxidase positive when the color changes to red within 10 to 30 minutes 
or to black within 60 minutes. Microorganisms are oxidase negative if the 
color does not change. 
 

  
      
     FIG. 4. This is a mixed culture of oxidase-negative Escherichia 
coli and oxidase-positive Vibrio cholerae showing how the direct oxidase 
test differentiates between the two organisms. Kovács oxidase reagent 
was added directly to the plate. 
 
Test Tube Method (3) (Fig. 5) 
 
1.   Grow a fresh culture (18 to 24 hours) of bacteria in 4.5 ml of nutrient 
broth (or standard media that does not contain a high concentration of 
sugar, please see Comments and Tips section for notes on recommended 
media). 
2.   Add 0.2 ml of 1% α-naphthol, then add 0.3 ml of 1% p-
aminodimethylaniline oxalate (Gaby and Hadley reagents). 
3.   Observe for color changes. 
4.   Microorganisms are oxidase positive when the color changes to blue 
within 15 to 30 seconds. Microorganisms are delayed oxidase positive 
when the color changes to purple within 2 to 3 minutes. Microorganisms 
are oxidase negative if the color does not change. 
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     FIG. 5. The tube on the left is oxidase-positive Neisseria sicca and the 
tube on the right is oxidase-negativeStaphylococcus aureus.  After 24 
hours of growth, Gaby and Hadley reagents were added to each tube (3). 
 
SAFETY  
 
The ASM advocates that students must successfully demonstrate the 
ability to explain and practice safe laboratory techniques. For more 
information, read the laboratory safety section of the ASM Curriculum 
Recommendations: Introductory Course in Microbiology and 
the Guidelines for Biosafety in Teaching Laboratories. 
 
COMMENTS AND TIPS 
 The reagents used in the oxidase test have been shown to 

autooxidize, so it is very important to use fresh reagents, no older 
than 1 week (2, 3, 14, 15).  Steel found that the autooxidation can be 
slowed by the addition of 1% ascorbic acid (14).  

 Nickel, steel, and other wire loops may give false-positive results, so it 
is important to use only platinum or inert transfer loops, such as 

http://www.asm.org/index.php/undergraduate-faculty/curriculum-resources-and-publications/29-education/undergraduate-faculty/213-asms-curriculum-recommendations-introductory-course-in-microbiology1
http://www.asm.org/index.php/undergraduate-faculty/curriculum-resources-and-publications/29-education/undergraduate-faculty/213-asms-curriculum-recommendations-introductory-course-in-microbiology1
http://www.asm.org/index.php/microbelibrary/laboratory-safety-guidelines


Downloaded from www.asmscience.org by

IP:  71.127.236.37

On: Mon, 12 Aug 2019 20:11:08

 

American Society for Microbiology © 2016  7 

sterile wood sticks commonly used in teaching laboratories (4, 
13).  Other acceptable examples include sterile plastic loops, sterile 
toothpicks, and sterile swabs. 

 Both bacteria and yeast grown on media containing high 
concentrations of glucose show inhibited oxidase activity, so it is 
recommended to test colonies grown on media without excess sugar, 
such as nutrient agar (6, 11). Tryptic soy agar is also an excellent 
media.  

 Bacteria grown on media containing dyes may give aberrant results. 
 The test reagents will effectively kill the microorganisms (3, 5), so 

subculturing should be done prior to adding any reagent to an active 
culture. 

 Older cultures are less metabolically active and are thus unreliable for 
this test in a clinical setting.  In the classroom, if by necessity older 
cultures must be used, expect longer reaction times. 

 All reaction times listed are based upon freshly made reagents without 
stabilizing agents.  If you use commercially prepared reagents, these 
often contain stabilizing agents and thus you should follow the 
manufacturer’s instructions. 
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