
Carbohydrate Fermentation Test, also known as the Sugar Fermentation Test, serves as a 

crucial biochemical assay for evaluating the capacity of bacteria to ferment specific 

carbohydrates. Its primary function lies in differentiating bacteria based on their distinct 

carbohydrate fermentation patterns, contributing to the identification process. 

Bacterial groups exhibit varying nutritional requirements and biochemical characteristics due 

to diverse enzyme systems within each group. This diversity extends to the utilization of 

substrates, particularly carbohydrates, where some bacteria excel in utilizing certain sugars, 

while others lack the capability entirely. Furthermore, the metabolic pathways employed by 

bacteria for the same sugar, as well as the resulting end products, may differ among various 

bacterial groups. Variations include fermentative or oxidative modes of metabolism, production 

of acids or alcohols, and the potential release of gas. 

Carbohydrates, commonly referred to as sugars, comprise polyhydroxy aldehydes or ketones 

with empirical formulas of Cx(H2O)y, composed of carbon, hydrogen, and oxygen atoms. In 

microbiology and carbohydrate fermentation tests, commonly employed substrates include 

glucose, lactose, sucrose, maltose, mannitol, galactose, starch, rhamnose, aesculin, salicin, 

adonitol, dulcitol, sorbitol, cellobiose, xylose, mannose, trehalose, inositol, raffinose, 

melibiose, and cellulose. 

During the fermentation process, carbohydrate molecules undergo anaerobic catabolism, 

resulting in the production of organic acids. This acid production leads to a decrease in the 

medium's pH, causing a change in the color of the pH indicator. However, not all bacteria 

possess the capability to ferment the aforementioned carbohydrates. Some bacterial species 

exhibit proficiency in fermenting specific carbohydrates, while others do not. This distinctive 

ability of bacteria to ferment particular carbohydrates serves as a basis for classifying them into 

different groups and proves instrumental in the overall bacterial identification process. The 

specific examination employed for determining a microorganism's carbohydrate fermenting 

pattern and ability is aptly named the carbohydrate fermentation test. 

Objectives of Carbohydrate Fermentation Test: 

1. Evaluate the bacteria's ability to ferment a specific carbohydrate. 

2. Differentiate bacteria based on their carbohydrate fermentation patterns for 

identification purposes. 

Principle of Carbohydrate Fermentation Test: Various bacteria exhibit diverse abilities to 

ferment specific carbohydrates. Some can ferment a particular type of carbohydrate, while 

others cannot. During carbohydrate fermentation, organic acids are produced as end products, 

leading to a decrease in the pH of the medium. This pH change induces a color shift in the pH 

indicator present in the medium, the nature of which depends on the type of indicator employed. 

In instances where bacteria release gases during carbohydrate fermentation, these gases 

become trapped as air bubbles in the inverted Durham tube or fermentation tube submerged 

within the fermentation broth. The color change indicates the occurrence of fermentation, while 

the presence of an air bubble in the Durham tube confirms the release of gas, signifying that 

the test bacteria successfully utilized the specific carbohydrate in the test medium. 



Requirements for Carbohydrate Fermentation Test: 

a. Culture Media: 

• Carbohydrate Broth serves as the medium for this test, with its composition adjusted 

based on the test organism, its source, or available lab components. 

• Composition of Carbohydrate Broth Base per 990 mL: 

• Proteose Peptone: 10.00 grams 

• HM Peptone B (Beef extract): 1.00 grams 

• Sodium Chloride: 5.00 grams 

• Phenol Red: 0.018 grams (Alternatively, Bromocresol purple 0.100 grams can 

be used) 

• Preparation of Carbohydrate Broth: 

• Measure media components, dissolve in 990 mL distilled water. 

• Add 10 grams of specific carbohydrates for the test, dissolve by shaking. 

• Boil if necessary for complete dissolution. 

• Dispense 5 to 7 mL of the broth into test tubes. 

• Submerge a Durham tube in each tube without air bubbles. 

• Loosely cap or plug, autoclave for 15 minutes at 121°C and 15 lbs pressure. 

b. Carbohydrates: 

• Common carbohydrates used in the test include glucose, lactose, sucrose, maltose, 

mannitol, galactose, starch, rhamnose, aesculin, salicin, adonitol, dulcitol, sorbitol, 

cellobiose, xylose, mannose, trehalose, inositol, raffinose, melibiose, and cellulose. 

c. Reagents: 

• pH indicators are necessary to detect acid production in the medium. 

• Different pH indicators and their characteristics: 

• Andrade’s Indicator: Light pink (neutral pH), dark pink to red (acidic pH), 

yellow (high alkaline pH). 

• Phenol Red: Reddish orange (neutral), yellow (acidic), pink-red (alkaline). 

• Bromocresol Purple: Deep purple (neutral), yellow (acidic), purple (alkaline). 

• Bromothymol Blue: Green (neutral), yellow (acidic), Prussian blue (alkaline). 

• Phenol red is the preferred pH indicator based on its pH range, toxicity, ease of 

observation, and availability. 



Protocol:  

Begin the procedure by using a sterile inoculating loop to collect a well-isolated colony from a 

recently cultured sample of bacteria, aged between 18 to 24 hours. Proceed to inoculate the 

broth with the collected colony. 

Subsequently, incubate the tubes at a temperature of 35±2°C for a duration of 18 to 24 hours. 

During this incubation period, carefully monitor the broth for any alterations in color and the 

presence of trapped air bubbles within Durham's tube. 

In the event of an absence of color change or air bubble formation, extend the incubation period 

for an additional 24 hours and repeat the observation. Certain cases may necessitate an 

extended incubation period of up to 5 days or more. 

Result Interpretation for Carbohydrate Fermentation Test: Positive fermentation manifests as a 

discernible color shift in the media, transitioning from reddish-orange to yellow. Conversely, 

negative fermentation is characterized by the absence of any color change in the medium, 

which retains its reddish-orange hue. In instances where an alternative pH indicator is 

employed, the interpretation should be based on the corresponding color change. 

The production of gas is indicated by the formation of an air bubble within Durham's tube. 

Observations, Results, and Interpretations: 

1. The medium transitioning to a yellow color signifies acid production, indicative of the 

organism fermenting the provided carbohydrate and generating organic acids, thereby 

lowering the medium's pH to acidic conditions. 

2. The medium adopting a yellow color accompanied by the formation of gas in the 

Durham tube indicates both acid and gas production. This implies that the organism 

ferments the given carbohydrate, leading to the production of organic acids and gas. 

Gas production is detected through the presence of small bubbles in the inverted 

Durham tubes. 

3. No change in color (retaining a red hue) signifies the absence of fermentation. In this 

scenario, the organism is unable to utilize the carbohydrate, but it continues to thrive in 

the medium by utilizing alternative energy sources present in the medium. 

 

 

 

 

 

 

 



Nitrate Reduction Test 

 

In anaerobic respiration, bacteria utilize nitrate (NO3–) either as their oxygen source or as a 

terminal electron acceptor. This process involves the reduction of nitrate to nitrite (NO2–), 

followed by subsequent reduction to various end products such as molecular nitrogen gas (N2), 

ammonia (NH3), hydroxylamine, among others. The specific outcome depends on the 

bacterium's metabolic pathway or the presence of specific enzymes. Bacteria exhibiting this 

capability are referred to as nitrate-reducing bacteria, commonly known as denitrifying 

bacteria. Within soil microbiology, these organisms play pivotal roles in nitrogen recycling, 

contributing to ecological balance. 

Nitrate-reducing bacteria express nitrate reductase enzymes that facilitate the reduction of 

nitrate to nitrite. This enzymatic activity is crucial for their metabolic processes. Notably, 

various clinically significant bacteria also exhibit nitrate reduction, making it a valuable 

characteristic for bacterial species identification. 

The nitrate reduction test is a standard laboratory biochemical assay employed to assess a 

bacterium's capacity to reduce nitrate into nitrite. During this test, bacteria are cultured in media 

containing a nitrate compound, and subsequently, an acid solution containing sulfanilic acid 

and alpha-naphthol is added. The observation of specific reactions aids in the determination of 

the bacterium's nitrate-reducing ability, thereby contributing to the identification of bacterial 

species with clinical importance. 

Objectives: 

1. Assess the nitrate-reducing capacity, indicative of nitrate reductase enzyme production, 

in the target bacteria. 

2. Identify the test bacteria based on their biochemical profile. 

Principle of Nitrate Reduction Test: 

 Organisms with the ability to reduce nitrate produce the nitrate reductase enzyme, facilitating 

the conversion of nitrate to nitrite. The generated nitrite subsequently reacts with acetic acid to 

produce nitrous acid. This nitrous acid undergoes diazotization with sulfanilic acid, leading to 

the formation of a colorless diazonium salt, namely diazotized sulfanilic acid. The colorless 

nitrite-sulfanilic acid, upon interaction with dimethyl-naphthylamine (α-naphthol), results in 

the formation of a water-soluble red-colored azo dye known as p-Sulfobenzene-azo-

naphthylamine. 

Certain organisms possess the capability to further reduce nitrite into alternative nitrogen 

compounds. In such instances, despite nitrate reduction by bacteria, the red color does not 

manifest. Conversely, if there is no nitrate reduction, the red color also fails to develop. To 

distinguish between these scenarios, the addition of zinc dust is employed to detect unreduced 

nitrate. 

The introduced zinc performs the reduction of nitrate into nitrite, culminating in the creation 

of the red-colored azo dye. 



Requirements for Nitrate Broth  

In the process of identifying bacteria, the Nitrate broth test is employed to assess the organism's 

capability to reduce nitrate. The composition of the Nitrate broth is as follows: 

• Peptone: 5 grams 

• Meat extract- 3 gms 

• Potassium nitrate: 1 grams 

• Distilled water: 1000 mL 

Subsequently, 4 mL of the medium is transferred into a 16 × 125 mm test tube, or a quantity 

sufficient to submerge the Durham tube based on the test tube's volume. The tube is then sealed 

with a screw cap or a cotton plug and subjected to autoclaving at 121°C and 15 lbs pressure for 

15 minutes. It is important to note that the composition may vary among manufacturing 

companies, and the provided formulation is sourced from Leber, Amy L., editor-in-chief. 

(2016). Clinical microbiology procedures handbook (Fourth edition). Washington, DC: ASM 

Press. 

For the chemical/reagent component of the test, the following substances are required: 

1. Reagent A (0.8% Sulfanilic Acid): 

• Sulfanilic acid: 0.8 grams 

• Distilled water: 70 mL 

• Glacial acetic acid: 30 mL 

The preparation involves mixing sulfanilic acid with distilled water and heating it until 

complete dissolution. After cooling, glacial acetic acid is slowly added. This solution can be 

stored at 2 – 8°C for up to 3 months. 

2. Reagent B (0.5% -Naphthol): 

• Naphthol (N, N-dimethyl- α-napthylamine): 0.5 grams 

• Distilled water: 70 mL 

• Glacial acetic acid: 30 mL 

The preparation includes mixing glacial acetic acid with distilled water and slowly adding -

Naphthol, ensuring complete mixing by shaking. Similar to Reagent A, this solution can be 

stored at 2 – 8°C for up to 3 months. 

Procedure of Nitrate Reduction Test 

For nitrate reduction tests, three methods, the tube method, the disk method, and the rapid 

method, are commonly used. Among these methods, the tube method is the most frequently 

used testing method.  

Tube Method 



1. Autoclave test tubes with nitrate broth and invert Durham’s tube and let them cool to 

room temperature. 

2. In a tube, inoculate the test (sample) bacteria from an isolated colony of fresh (24 hours 

old) culture using an inoculating loop (or drop 2/3 drops of broth containing an 

overnight culture of the test organism).  

3. Incubate the tube at an appropriate temperature for the required time period.  

* Glucose non-fermenting, Gram-negative bacilli at 25 to 30°C for 24 hours to 5 days.  

* Other bacteria at 35 ±2°C for 24 hours to 5 days. 

* Campylobacter spp. at   35 ±2°C for at least 3 days at anaerobic or microaerobic conditions.  

4. After 24 hours, look for visible growth and gas bubbles inside the Durham tube. If there 

is no gas and no visible growth, incubate the tube for the next 24 hours (or more based 

on test bacteria).  

5. If gas is present in the Durham tube in the culture of glucose non-fermenting bacteria, 

report the test as positive for nitrate reduction and gas production.  

6. If gas is not present in the Durham tube or if the test bacterium is a glucose fermenter, 

transfer 0.5 mL of well-mixed culture into another clean (need not to be sterile) test 

tube.  

• Add 3 drops of reagent A and mix well by shaking gently. 

• Add 3 drops of reagent B and mix well by shaking gently. 

• Observe for the development of red color within 2 minutes.  

• If no red color is developed, then add a small amount of zinc dust and observe for the 

development of the red color within 10 minutes. 

7. If there is no gas formation and no development of red color after the addition of both 

reagents A and B, reincubate the tubes and test accordingly after 48 hours and on the 

5th day.  

Disk Method 

Used only for anaerobic organisms.  

1. On a fresh (24 hours/overnight old) culture of the test organism, place a nitrate disk in 

the area with heavy growth and incubate anaerobically for 24 to 48 hours. 

2. Place the nitrate disk on a clean glass slide or petri plate (need not be sterile). 

• Add 1 drop of reagent A. 

• Add 1 drop of the regent B. 

• Observe for the development of red color within 2 minutes.  



• If no red color is developed, then add a small amount of zinc dust and observe for the 

development of the red color within 5 minutes. 

Rapid Method 

May not be as effective as the tube method, but can be used for quick results if the organism is 

supposed to be a quick reducer of nitrate and multiply rapidly (have a very short generation 

time).  

1. Add 0.5 mL of nitrate broth in a clean test tube, autoclave it for 15 minutes at 15 lbs 

pressure and 121°C, and let it cool to room temperature.  

2. Inoculate the tube with a heavy inoculum of fresh bacterial culture.  

3. Incubate at 35°C for 2 hours.  

4. Add 2 drops of reagent A and 2 drops of reagent B and mix well. 

5. Observe for the development of red color within 2 minutes. 

6. If no red color is developed, add a small amount of zinc dust and observe for the 

development of the red color within 5 minutes. 

Nitrate Reduction Test Results and Analysis: 

1. Observation of Gas Bubbles: 

• Presence of gas bubbles, even a single bubble, in the culture of glucose non-

fermenting bacteria indicates a positive nitrate reduction and gas production. 

2. Red Color Formation with Gas in Durham Tube: 

• The formation of a red color after the addition of reagents, accompanied by the 

presence of gas in the Durham tube, signifies a positive nitrate reduction and 

gas production. 

3. Red Color Formation without Gas in Durham Tube: 

• If a red color forms after the addition of reagents, but no gas is observed in the 

Durham tube, it still indicates a positive nitrate reduction, but with no gas 

production. 

4. No Red Color Formation (Reagents A and B), but Red Color with Zinc Dust: 

• Absence of red color after the addition of reagents A and B, coupled with red 

color formation after the addition of zinc dust, suggests a positive nitrate 

reduction. This indicates that nitrate is reduced to nitrite, and further reduction 

results in the formation of other nitrogen compounds. 

5. No Red Color Formation (Reagents A and B), and Red Color with Zinc Dust Absent: 

• If no red color forms after the addition of reagents A and B, and there is no red 

color formation with zinc dust, it indicates a negative nitrate reduction. 


