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ABSTRACT 

Gram staining is a fundamental microbiological technique developed by Hans Christian 

Gram in the 1880s. This chapter provides a detailed exploration of the method, encompassing its 

principles, procedure, interpretation, and significance in microbiology. It highlights the 

differences between Gram-positive and Gram-negative bacteria, offers insights into common 

errors, and discusses the mechanism behind staining outcomes. The chapter concludes by 

showcasing examples of bacteria from each category, underscoring the enduring importance of 

Gram staining in microbiological research and diagnostics. 

Keywords: Gram staining, Gram-positive bacteria, Gram-negative bacteria, Bacterial 

morphology, Mechanism of Gram staining. 

14.1 INTRODUCTION TO GRAM STAINING  

Gram staining is a vital technique in microbiology, used to classify bacterial 

species based on their cell wall structure. This differentiation helps in identifying and 

characterizing bacteria, which is crucial for medical diagnosis, research, and many other 

applications (Tripathi, N., & Sapra, A. 2023). 

i. Gram Reaction: The Gram reaction is based on the differences in the bacterial cell 

wall composition. Bacterial cells are categorized into two main groups: 

ii. Gram-Positive:  Gram-positive bacteria have a thick layer of peptidoglycan in 

their cell walls, which retains the crystal violet stain during the staining process. 

This results in a purple-blue colour when viewed under a microscope. 

iii. Gram-Negative Gram-negative bacteria have a thinner layer of peptidoglycan in 

their cell walls, surrounded by an outer membrane containing 

lipopolysaccharides. They do not retain the crystal violet stain and appear pink or 

red after the staining process (Madigan, M. T. et al, 2018). 
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Figure-14.1: Pictorial presentation of Gram Staining 
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14.2 METHOD OF GRAM STAINING  

i. Gram Staining Reagents: The Gram staining process involves a series of steps 

and specific reagents: 

 Crystal Violet: This purple dye is the primary stain used in Gram staining 

(Pelczar, M. J. et al. 2022). 

 Iodine (Gram's Iodine): Iodine is used as a mordant to enhance the binding 

of the crystal violet to the bacterial cells (Pelczar, M. J. et al. 2022). 

 Ethanol or Acetone-Alcohol This is the decolorization step that differentiates 

Gram-positive and Gram-negative bacteria (Pelczar, M. J., et al. 2022). 

 Safranin Safranin is the counterstain that is used to stain Gram-negative 

bacteria after decolorization (Pelczar, M. J. et al. 2022). 

ii. Gram Staining Procedure: The Gram staining procedure consists of the following 

steps: 

 Preparation of a Bacterial Smear A small amount of bacterial culture is 

spread onto a clean microscope slide and allowed to air dry (Pelczar, M. J., et 

al. 2022). 

 Fixation The slide is gently passed through a flame to fix the bacterial cells to 

the (Pelczar, M. J., et al. 2022). 

 Application of Crystal Violet: Crystal violet is applied to the bacterial smear 

and allowed to sit for 1 minute (Pelczar, M. J., et al. 2022). 

 Gram's Iodine: Iodine is applied to the crystal violet-stained cells and 

allowed to sit for 1 minute (Pelczar, M. J., et al. 2022). 

 Decolorization: Ethanol or acetone-alcohol is used to decolorize the cells. 

This step is crucial in distinguishing between Gram-positive and Gram-

negative bacteria. It should be done until the solvent runs clear (Pelczar, M. 

J., et al. 2022). 

 Application of Safranin: Safranin is applied to the slide and allowed to sit 

for 1 minute. This stains Gram-negative bacteria (Pelczar, M. J., et al. 2022). 

 Washing and Drying: Excess stain is washed off with water, and the slide is 

air-dried or gently blot-dried (Pelczar, M. J., et al. 2022). Figure-14.1 dipicts 

the pictorial presentation of gram staining process. 
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14.3 MECHANISM OF GRAM STAINING  

The mechanism of Gram staining involves several steps and is attributed to 

factors like the permeability of bacterial cell walls and the differential affinity of bacterial 

cells for specific staining agents (Tripathi, N., & Sapra, A. 2023). The exact mechanism is 

not fully understood but is generally described as follows: 

 Permeability of Bacterial Cell Wall and Cytoplasmic Membrane: Gram-positive 

cells have a thicker peptidoglycan layer, which retains the crystal violet stain 

more strongly than Gram-negative bacteria. Iodine serves as a mordant, forming a 

dye-iodine complex that fixes the dye within bacterial cells. The Gram-positive 

cell wall or cytoplasmic membrane, being less permeable, traps the dye-iodine 

complex (O'Toole GA,.2016). 

 Decolorization: Gram-negative cell walls have increased permeability to acetone 

or alcohol, allowing the decolorization step to remove the dye-iodine complex. 

This is a critical step in distinguishing between Gram-positive and Gram-negative 

bacteria. 

14.4 INTERPRETATION OF GRAM STAINING RESULTS 

i. Color 

 Purple-Blue: Indicates Gram-positive bacteria. 

 Pink or Red: Indicates Gram-negative bacteria (Prescott, et al., 2023). 

ii. Shape 

 Cocci: Spherical bacteria. 

 Bacilli: Rod-shaped bacteria. 

 Spiral or Curved: Helical or spiral-shaped bacteria (Prescott, et al.2023) 

iii. Arrangement 

 Pairs (Diplo), Chains (Strepto), Clusters (Staphylo). 

 Tetrads, Palisades and other unique arrangements. 

iv. Common Errors  

Over-decolorization can lead to false-negative results, making Gram-positive 

bacteria appear as Gram-negative. Insufficient fixation may result in the loss of bacterial 
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cells from the slide. Over-staining can make it difficult to differentiate between the two 

groups (Tortora, G. J et al. 2016). 

14.5 EXAMPLES OF GRAM-POSITIVE AND GRAM-NEGATIVE BACTERIA  

Here are some examples of bacteria that are classified as Gram-positive and Gram-

negative: 

i. Gram-Positive Bacteria 

 Staphylococcus aureus: A common Gram-positive pathogen responsible for 

various infections, including skin infections and food poisoning. 

 Bacillus subtilis: A Gram-positive bacterium used in various research and 

industrial applications, known for its ability to form endospores. 

 Clostridium botulinum: A Gram-positive bacterium that produces the 

potent neurotoxin responsible for botulism. 

 Enterococcus faecalis: A Gram-positive bacterium found in the human 

gastrointestinal tract, often used as an indicator organism in water quality 

testing. 

ii. Gram-Negative Bacteria 

1. Escherichia coli (E. coli): A well-known Gram-negative bacterium commonly 

used in microbiological research. Some strains are pathogenic. 

2. Salmonella enterica: Gram-negative bacteria known for causing foodborne 

illnesses like salmonellosis. 

3. Pseudomonas aeruginosa: A Gram-negative bacterium often associated with 

nosocomial (hospital-acquired) infections and known for its antibiotic 

resistance. 

4. Neisseria gonorrhoeae: A Gram-negative bacterium responsible for the 

sexually transmitted infection gonorrhea. 

14.6 SIGNIFICANCE OF GRAM STAINING  

 Medical Diagnosis Gram staining is a crucial step in the identification of 

pathogenic bacteria responsible for infections. It helps guide antibiotic therapy by 

determining whether the infecting bacteria are Gram-positive or Gram-negative 

(Cappuccino, J. G., & Sherman, N. 2018). 
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 Research and Taxonomy In microbiological research, Gram staining is often the 

initial step in characterizing bacterial isolates. It provides valuable information for 

taxonomy and classification  

 Quality Control In industrial settings, Gram staining is used to monitor and 

control bacterial contaminants in various products, such as food, pharmaceuticals, 

and cosmetics  

14.7 CONCLUSION  

Gram staining is a fundamental technique in microbiology, allowing for the 

differentiation of bacteria into Gram-positive and Gram-negative groups. Its simplicity 

and reliability have ensured its enduring use in laboratories worldwide. Understanding 

the principles and proper execution of Gram staining is essential for microbiologists and 

healthcare professionals alike. 
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