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1. Introduction: 
The simple staining procedure enables a quick evaluation of bacterial presence and 
morphology in samples. Methylene blue facilitates the analysis of the morphology and 
architecture of fusiform and spirochete bacteria present in oral illnesses. It is frequently 
employed for the detection of metachromatic granules in Cornyebacterium diptheriae. 
The granules will exhibit a far more intense blue hue in contrast to the adjacent blue 
bacteria. Several fundamental dyes, such as methylene blue, crystal violet, malachite 
green, and safranin, are viable choices. Basic dyes possess the capacity to adhere to 
negatively charged constituents present in the cell membrane and cytoplasm (Madigan, 
et al., 2020).  
 
1.1. Procedure:  
1. Initially, ensure that the glass slide is meticulously cleansed and dried.  
2. Create a bacterial sample smear on the glass slide.  
3. Gently position the prepared fixed smear slides onto the stain rack located above 

the sink.  
4. Concentrate on finishing one slide before proceeding to the next. 
5. Utilize one of the fundamental dyes to coat the smear. 
6. Leave the stain undisturbed for duration of 1 to 5 minutes.  
7. Incline the slide over the sink and cleanse the blemish by directing a flow of  

water from the wash bottle.  
8. Carefully tap the edge of the slide against a paper towel to eliminate any surplus 

water.  Either let it air dry or use blotting paper to soak up the wetness.  
9. Position the item within a blotting paper book and apply gentle pressure. 
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2. Negative staining of microorganisms: 
2.1. Introduction: 
Using the negative stain technique, an acidic dye called nigrosin is employed. When the 
dye's chromophore donates a proton (acting as an acid), it acquires a negative charge. 
Due to the negative charge of the cell wall, only the surrounding background will be 
stained, while the cells remain unstained. Negative staining using nigrosin is a technique 
employed in microbiology to visualize microbial cells, particularly those that are delicate 
or difficult to stain with traditional methods. Unlike most staining techniques, negative 
staining does not involve staining the cells themselves. Instead, nigrosin, a dark, acidic 
dye, is added to the background surrounding the cells. This creates a contrast between 
the unstained cells and the dark background, making the cells appear as clear areas 
against a dark field when viewed under a microscope. Negative staining is particularly 
useful for observing the morphology, size, and arrangement of bacterial cells, as well as 
for highlighting structures such as capsules, which remain unstained and therefore 
appear as halos around the cells. It is a simple and quick method that does not require 
heat fixation or harsh chemical treatments, making it suitable for delicate specimens. 
 
2.2. Procedure: 
1. Place a drop of nigrosin onto a clean, sterilized slide. 
2. Using an inoculating loop, transfer a small amount of the cultured material onto the 

nigrosin drop without spreading it. 
3. Take another slide and carefully touch it to the drop containing the organism. 
4. Tilt the second slide at an angle and gently bring it closer to the drop until contact 

causes the drop to spread along the edge of the slide. 
5. Slowly move the second slide towards the opposite end of the first slide, dragging 

the drop to create a wide, even smear. 
6. Allow the smear to air dry naturally without the use of heat. 
 
2.3. Precautions: 
1. Maintain aseptic technique throughout the staining procedure to prevent 

contamination of samples and ensure accurate results. 
2. Handle nigrosin staining solutions carefully to avoid spills. Clean up any spills 

immediately to prevent staining of surfaces and equipment. 
3. Prepare the nigrosin staining solution according to recommended concentrations. 

Too concentrated solutions may lead to overly dark staining, making it difficult to 
distinguish cell structures. 

4. Follow the recommended staining time and temperature conditions. Overstaining 
or understaining can affect the visibility of bacterial cells under the microscope. 
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5. When washing excess stain from the slide after staining, do so gently to avoid 
dislodging bacterial cells or causing damage to the sample. 

6. Handle slides with care when examining them under the microscope to prevent 
smudging or damage to the stained cells. 

7. Dispose of used staining solutions and contaminated materials properly according 
to institutional guidelines for chemical waste disposal. 

 
3. Endospore staining of microorganisms: 
3.1. Introduction: 
Endospores are structurally and chemically more complex than the vegetative cells they 
originate from. They serve as a protective structure that aids in the survival of the 
organisms, although they do not play a role in reproduction. Endospores are formed 
through the synthesis of dipicolinic acid, which gives them a remarkable level of 
resistance. After the layers of endospores have been penetrated, the application of 
specific dyes during staining can effectively interact with the petidoglycan, resulting in 
the desired staining effect. The Schaeffer-Fulton method is widely employed for 
endospore staining in biological studies. Using the safranin counterstain, color is added 
to the vegetative cells on the slide. The endospores have preserved the malachite green, 
resulting in a green color, while the vegetative cells exhibit a brownish-red or pinkish 
hue. 
 
3.2. Procedure: 
1. Prepare the glass slide by cleaning it.  
2. Prepare a smear of the organisms that need to be tested for endospores.  
3. Heat fixing the smears is necessary.  
4. Set the slide onto the wire gauze that is placed on a ring stand. 
5. Apply malachite green to the smear and use a Bunsen burner to gently heat the slide 

until steam is visible. 
6. Ensure the slide remains heated for approximately three minutes by removing and 

reheating it as necessary. 
7. When the smear starts to dry, add a couple of drops of malachite green to keep it 

moist. 
8. Remove the slide and rinse it thoroughly with tap water.  

9. Use a 0.5% safranin solution to drain the slide and counterstain for 45 
seconds. 

10. Clean the slide by washing, blotting, and drying it.  
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3.3. Precautions: 
1. Wear appropriate personal protective equipment (PPE) such as gloves, lab coat, 

and safety goggles. 
2. Maintain sterile conditions throughout the staining procedure to prevent sample 

contamination. 
3. Prepare bacterial smears on clean, grease-free microscope slides, avoiding contact 

with the application area. 
4. Use gentle heat fixation to adhere bacterial cells to slides without overheating. 
5. Prepare staining solutions (malachite green and counterstain) according to 

specified concentrations and pH. 
6. Follow precise timing and temperature conditions during staining to avoid 

overstaining or understaining. 
7. Handle decolorization step carefully to prevent excessive removal of primary 

stain (malachite green). 
8. Apply counterstain (e.g., safranin) carefully and for the correct duration to 

differentiate cell types effectively. 
9. Handle stained slides with care during microscopy to prevent smudging or 

displacement of cells. 
10. Dispose of used staining solutions and contaminated materials in accordance with 

safety guidelines. 
11. Include positive and negative controls in staining batches to validate procedure 

and ensure consistency. 
 
4. Gram’s staining of bacteria: 
4.1. Introduction: 
In 1884, Dr. Hans Christian Gram introduced a revolutionary staining technique that 
transformed the field of microbiology. The Gram stain method divides microbes into 
two distinct categories: Gram-positive and Gram-negative (Tripathi et al.,2018; Tripathi 

et al., 2021). During a rinse stage, Gram-negative cells lose the primary dye 
complex, which is made up of iodine and crystal violet, but Gram-positive 
organisms keep it. A crucial aspect of the Gram stain procedure involves rinsing with 
either ethanol or acetone. This step leads to dehydration and shrinkage in the cell wall 
of Gram-positive bacteria, which are primarily composed of peptidoglycan. As a result, 
the rinse cannot effectively penetrate these cells. In contrast, Gram-negative bacteria, 
with their lipid-rich cell wall, allow the rinse to penetrate, leading to the removal of the 
crystal violet-iodine complex and resulting in the loss of color (Yadav et al., 2016; Reddy 
et al 2019a, b; Tiwari et al., 2023). Safranin is used as a counterstain in the Gram stain 
method, imparting a pink color. In practical applications, this dye highlights Gram-
negative bacteria, giving them a pink appearance after staining. Although the 
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counterstain also colors Gram-positive cells, their intense purple color from crystal 
violet remains dominant, masking any pink tint. 
 
4.2. Procedure: 

1. Begin by applying a small drop of water onto the slide, as demonstrated by the 
instructor. 

2. Sterilize a loop using a flame. 
3. Hold the slant securely and gently open the top by using your little finger to 

remove the cap. 
4. With the sterile loop, delicately collect bacterial growth from the slant. 
5. Carefully spread the bacteria onto the water droplet on the slide. 
6. Allow the smears to air dry naturally, or expedite the process by applying heat. 
7. Stain the smears with Crystal Violet for 1 minute, and then rinse with water, 

following standard biological protocols. 
8. Apply Gram's Iodine to the smears for 1 minute, adhering to standard procedures. 
9. Thoroughly rinse with acetone and follow up with a water rinse. 
10. Counterstain with Safranin for at least 10 seconds. 
11. Rinse the slide with water and allow it to air dry. 

 

 
Figure 1: Gram staining procedure 

 
4.3. Precautions: 
1. Wear gloves and lab coat to protect against staining agents. 
2. Maintain sterile conditions to prevent contamination. 
3. Ensure bacterial smears are evenly spread on clean slides. 
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4. Heat fix smears gently to adhere cells to slides. 
5. Prepare staining solutions accurately (Crystal Violet, Iodine, Alcohol, Safranin). 
6. Follow precise timing for each staining step. 
7. Control decolorization carefully to avoid over-decolorizing. 
8. Apply counterstain (Safranin) carefully to differentiate Gram-negative bacteria. 
9. Handle stained slides carefully during microscopy. 
10. Use positive and negative controls to validate staining procedure. 
11. Dispose of used materials according to safety protocols. 
12. Document all steps and observations accurately. 
 
5. Acid Fast Staining: 
5.1. Introduction: 
Mycobacteria possess cell walls abundant in lipids, notably mycolic acids, which pose 
challenges in staining procedures. The staining difficulty stems from this lipid-rich 
composition. Higher dye concentrations and heating are often necessary to visualize 
these cells effectively. Moreover, removing stains from their cell walls becomes notably 
arduous when using decolorizers. Even with the addition of hydrochloric acid to the 
decolorizer, certain cells manage to retain the primary stain, carbolfuchsin. 
Subsequently, after the decolorizing step, cells releasing carbolfuchsin become visible 
upon completion of counterstaining. Acid-fast bacteria exhibit a red hue under bright-
field microscopy, while non-resistant cells and debris appear blue. Acid-fast staining is 
a crucial laboratory technique used to identify bacteria that possess waxy, lipid-rich cell 
walls, particularly mycobacteria such as Mycobacterium tuberculosis, the causative 
agent of tuberculosis, and some species of Nocardia. These organisms are notoriously 
difficult to stain using traditional methods due to the high lipid content in their cell walls, 
primarily composed of mycolic acids (Benson,2001). 
 
5.2. Procedure: 
1. Mix E. coli and M. smegmatis to create a smear.  
2. Let the smear air dry, then heat fix it.  
3. With the exhaust on in a chemical hood, set the slide on a hot plate and cover the 
smear with a paper towel.  
4. Spread the paper covering the smear generously with Ziehl's carbolfuchsin.  
5. Heat the slide for three to five minutes, making sure it is moist but not very wet and 
not boiling.  
6. Alternately, use a hot water bath using a staining rack or loop placed 1 to 2 inches 
over the water's surface and cover the slide by a paper towel soaked in carbolfuchsin.  
7. Take the slide out, let it cool, then give it a 30-second rinse.  
8. Carefully add acid-alcohol dropwise until, after 10 to 30 seconds, a faint pink tint 
appears.  
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9. Give it a five second rinse.  
10. Spend roughly two minutes applying an alkaline methylene blue counterstain.  
11. Give the rinse thirty seconds.  
12. Using absorbent paper, perfectly dry the slide.  
13. The stained smear does not need a cover slip. Use oil immersion to carefully 
examine the slide, and record your results.  
14. Acid-fast organisms stain red versus the background and other organisms nonacid 
fast appears as blue or brown in color. 
15. Check the ready slide for Mycobacterium tuberculosis.  
 

 
Figure 2: Acid fast staining of Mycobacterium tuberculosis 

 
5.3. Precautions: 
1. Ensure all equipment and slides are sterile to prevent contamination of samples. 
2. Prepare bacterial smears carefully on clean, grease-free slides to ensure even 

distribution of cells. 
3. Heat fix bacterial smears gently to adhere cells to slides without damaging their 

structure. 
4. Prepare staining solutions (Carbol fuchsin, Acid-alcohol, Methylene blue) 

according to recommended concentrations. 
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5. Follow precise timing for each staining step to achieve optimal results. 
6. Control the decolorization step carefully to avoid over-decolorizing acid-fast 

organisms. 
7. Apply counterstain (Methylene blue) gently to differentiate acid-fast bacteria 

from non-acid-fast ones. 
8. Handle stained slides with care during microscopy to prevent smudging or 

displacement of cells. 
9. Use positive and negative controls to validate staining procedure and ensure 

consistency of results. 
10. Dispose of used staining solutions and contaminated materials properly according 

to laboratory safety protocols. 
 
6. Capsule Staining by Anthony’s stain: 
6.1. Introduction: 
Anthony’s stain, a vital tool in microbiology, facilitates capsule staining, crucial for 
identifying bacterial species. Developed by Robert Anthony in 1931, this method 
highlights the protective polysaccharide layer surrounding certain bacteria. The 
technique involves applying crystal violet, a primary stain, which adheres to the bacterial 
cell wall, and then counterstaining with a contrasting color, such as safranin, to 
emphasize the capsule's presence. Through microscopy, capsules appear as clear halos 
around stained cells, aiding in species classification and pathogenicity determination. 
Anthony’s stain revolutionized microbiological research, enabling precise identification 

of encapsulated bacteria, vital for understanding their role in disease pathology. 
 
6.2. Materials required: 

1. Staining plate  
2. Staining rack       
3. Crystal violet  
4. Copper sulfate  

 
6.3. Procedure: 
1. Take a smear from a culture that has been cultivated in milk broth or litmus 

milk, preferably for 12 to 18 hours. 
2.  If unavailable, serum protein can serve as an alternative to create a protein-rich 

background for better visibility. 
3. Allow the smear to air dry naturally. Avoid using heat fixation to prevent damage 

to capsules or distortion of their structure. 
4. Apply a 1% crystal violet solution evenly across the slide surface and let it sit for 2 

minutes. 
5. Gently rinse the slide with a 20% copper sulfate solution. 
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6. Let the slide air dry without blotting. Blotting may remove bacteria that are not 
heat-fixed or disrupt capsule integrity. 

7. Examine the slide under an oil immersion lens. Bacterial cells and the protein 
background will appear purplish, while capsules will contrastingly appear 
transparent. 

 
6.4. Precautions: 

1. Prepare bacterial smears carefully on clean, grease-free microscope slides. 
2. Use gentle heat fixation to adhere bacterial cells to slides without damaging 

capsule structures. 
3. Prepare Anthony's stain solutions (e.g., crystal violet, copper sulfate) according to 

recommended concentrations. 
4. Follow precise timing for each staining step to achieve optimal staining of capsule 

structures. 
5. Handle the decolorization step carefully to avoid over-decolorizing, which could 

obscure capsule visualization. 
6. Counterstain (e.g., safranin) carefully to differentiate capsule-stained bacteria 

from background. 
7. Handle stained slides with care during microscopy to prevent disruption of 

delicate capsule structures. 
8. Use positive and negative controls to validate the staining procedure and ensure 

consistency of results. 
 
7. Maneval's Capsule Staining: 
7.1. Introduction: 
Maneval's Capsule Staining Method, devised by French bacteriologist Georges 
Maneval, is pivotal in microbiology for distinguishing capsule-producing bacteria. 
Utilizing basic stains, Maneval's technique employs copper sulfate as a mordant to 
enhance the visibility of capsules. After staining with crystal violet, the bacterial smear 
is treated with Maneval's solution, containing copper sulfate and acetic acid. This step 
fixes the stain and increases capsule contrast against the cell body. Following rinsing, 
the sample is counterstained with safranin. Under a microscope, capsules appear as clear 
halos around stained cells. Maneval's method is instrumental in microbial identification, 
aiding in diagnosing infections and understanding bacterial virulence (Prescott 2005). 
 
7.2. Materials required: 

1. Staining tray Staining rack Slide holder Disposable gloves 
2. Congo red (1% aqueous solution)  
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Table1: Composition of Maneval solution 
Component Quantity 

Fuchsin 0.05 g 

Ferric chloride 3.0 g 

Acetic acid 5 ml 

Phenol 3.9 ml 

Distilled water 95 ml 

 
7.3. Procedure: 

1. Begin by placing a few drops of Congo red onto a clean slide surface. 
2. Ensure no water droplets are introduced during sample preparation. 
3. Mix a small amount of culture into the Congo red mixture. 
4. Allow the sample to air dry without applying heat fixation to maintain protein 

capsules and prevent cell dehydration and capsule shrinkage. 
5. Position the slide on a staining tray rack and gently flood the smear with Maneval 

solution, leaving it to stand for 5 minutes. 
6. Carefully pour off excess stain from the slide, as the preparation is delicate without 

heat fixation. 
7. For thorough rinsing:  

a. Position the slide at the bottom of the tray.  
b. Gradually add water to the opposite corner until a large puddle form 
c. Tilt the tray to rinse the slide with water.  
d. Remove the slide from the tray and place it on absorbent paper to air dry. 

8. Avoid blotting the slide. 
9. Examine the slide under an oil immersion lens at 1,000X magnification. 

 
7.4. Precautions: 

1. Wear gloves and a lab coat to protect against staining agents and chemicals. 
2. Ensure all equipment and slides are sterile to prevent contamination of samples. 
3. Prepare bacterial smears on clean, grease-free microscope slides carefully. 
4. Prepare Maneval's stain solutions (e.g., Maneval's A, B, and C) according to 

recommended concentrations. 
5. Follow precise timing for each staining step to achieve optimal staining of 

capsule structures. 
6. Control the decolorization step carefully to avoid over-decolorizing, which may 

affect capsule visualization. 
7. Counterstain (e.g., neutral red) carefully to differentiate capsule-stained bacteria 

from background. 
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8. Handle stained slides with care during microscopy to prevent disruption of 
delicate capsule structures. 

9. Use positive and negative controls to validate the staining procedure and ensure 
consistency of results. 

10. Dispose of used staining solutions and contaminated materials properly 
according to laboratory safety protocols. 

11. Document all steps, observations, and interpretations accurately in a laboratory 
notebook or electronic record. 
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