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Formaldehyde as a Contrast Enhancer in Gram's Staining Analysis
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Abstract: The spectral characteristics of gentian violet and that of its test solutions with formaldehyde,

EDTA and dilute Hydrochloric acid were determined using a uv spectrophotometer. Also the gram's stain

procedure using Lugol's iodine as mordant, ethanol as a decolourizer and strong carbol fuchsin as counter

stain was carried out with the gentian violet - formaldehyde solution and the other test solutions as stains.

The macroscopic and the microscopic parameters analysed were physical appearance of the slides and the

staining of cultured cocci. Results of the spectral analysis show a shift in the wavelength of absorption

from 550 nm for gentian violet to 590nm for gentian violet-formaldehyde, gentian violet-EDTA and

gentian violet- hydrochloric acid solutions. It was  observed that solutions of formaldehyde and EDTA

solutions with gentian violet were well stained even in the absence of the conventional Lugol's iodine

mordant and the strong Carbol fuchsin counter stain. A blue light stain was observed in the Gentian

violet-dilute Hydrochloric acid test solution.
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INTRODUCTION

Staining is an auxiliary technique used in

microscopy to enhance contrast in microscopic image.

It involves adding a class specific (DNA, protein,

lipids, carbohydrates etc.) dye to a substrate to qualify

or quantify the presence of specific compounds.

Staining not only makes bacteria to be more easily

seen but allows their morphology e.g. size and shape

to be visualized more easily. In some cases, specific

stain can be used to visualize certain structures like

flagella, capsules endospore etc. of bacteria cell. The

actual staining process may involve immersing the

sample in a solution of a dye, followed by rinsing and

observation. Many dyes however require the use of

mordant, a chemical compound which reacts with the

stain to form an insoluble coloured precipitate which

remains if even if the excess dye solution is washed

away .  [1]

There are several staining methods that are used

routinely with bacteria. These may be classified as

simple (non-specific) and differential (specific) staining

methods. Simple stain involves the reaction of all

microbes in an identical fashion. They are useful solely

for increasing contrast so that morphology, size and

arrangement of organisms can be indentified, while the

differential stains give varying results depending on the

organism under examination . There are many samples[2]

of specific staining techniques for different test

organisms, but in this study the focus is on the bacteria

staining method called gram's stains.  

Gram's staining is used to examine the gram status

in order to classify bacteria broadly based on the

composition of their cell wall. Gram staining uses

crystal violet to stain cell wall, iodine as a mordant

and fuchsin or safranin as a counter stain to mark all

bacteria. Gram status is important in medicine since the

presence or absence of a cell wall will change the

bacteria's susceptibility to some antibiotics .[3]

In Gram's stains   method, the crystal violet stain

is the primary stain, which stains everything in the

smear blue while the Gram's iodine acts as a mordant

that causes the crystal violet to penetrate and adhere to

the gram-positive organisms.The acetone-alcohol

mixture acts as the decolourizer that washes the stain

away from everything in the smear except the gram-

positive organisms. The safranin is the counter-stain

that stains everything in the smear that has been

decolorized: pus cells, mucus, gram-negative organisms.

The gram-negative organisms will stain a much deeper

pink than the pus cells, and mucus will stain even

lighter pink than the pus cells. The reading and

reporting of smears is done by dropping of oil on a

prepared slide and using oil immersion objective of a

microscope to read the smear . [4]
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Bacteria staining can also be classified as positive

and negative staining:  Gram- positive staining method

uses crystal violet to stain cell wall, iodine as a

mordant and fuchsin or safranin as a counter stain to

mark all bacteria. Gram positive bacteria stain dark

blue or violet. Their cell wall is typically rich with

peptidoglycan and lack the secondary membrane and

lipopolysaccharide layer found in Gram negative

bacteria .[5]

Gram–negative staining is a simple staining method

for bacteria which is successful even when the positive

staining method fails. Gram-negative bacteria are those

bacteria that do not retain crystal violet dye in gram

positive staining protocol. A gram negative organism

will appear red or pink when counter stained due to

the presence of higher lipid content. After alcohol

treatment the porosity of the cell wall increases and

hence the crystal violet-iodine complex can pass

through, thus the primary stain is not retained. Also in

contrast to most gram positive bacteria, gram negative

bacteria have only a few layer of peptidoglycan and a

s e c o n d a r y  m e m b r a n e  m a d e  p r i m a r i l y  o f

lipopolysaccharide. Many species of gram-negative

bacteria are known to be pathogenic, that is they can

cause diseases in the host organism. This pathogenic

capability is found to be associated with certain

components of gram–negative walls, in particular

lipopolysaccharide also known as (LSP) or endotoxin

layer in humans . [5]

This study is therefore intended to explore the

possibility of enhancing the performance of the crystal

violet dye in grams staining protocol   using

formaldehyde.

 

MATERIALS AND METHODS

All the reagents used in this study were of

analytical grade and the Gram's stain analysis was

carried out at Federal Medical Centre Makurdi Clinical

Laboratory.

Spectral Analysis of Gentian Violet, Formaldehyde,

EDTA and Dilute HCl Test Solutions: A standard

solution of gentian violet (1.0x10 ) was mixed with all-3

the mordants used in the study in the ratio1:1. The

mixtures were heated in a water bath at 86 C for 1houro

and allowed to cool at 25 C. The spectralo

characteristics of each resultant test solution was

determined using a spectrophotometer in the range 400-

610nm. The absorbance and the wavelengths of

maximum absorption for each test solution were

recorded.

Procedure for Preparation of Bacteria Culture

Slides: Three slides each of gram–positive and gram-

negative culture pairs were prepared from each of the

four test solutions and labelled K, M, N, O  and  P, Q,

R, S  respectively. The slides were then heated to fix

the organisms.

Gram's Stain Analysis: Pasture was used to fix the

test solution cultures on the slides and this was left for

one minute and then rinsed with water. Lugol's iodine

was added and was rinsed after one minute. Absolute

ethanol was added   and was rinsed with water within

30 seconds. This was later counter stained with carbol

fuchsin for a short interval of time (10-30 seconds)

after which it was allowed to dry. Finally, an oil

immersion film was added and examined under an

electron microscope and the results recorded.

RESULTS AND DISCUSSION

Results of the study indicate a shift in the

m axwavelength of maximum absorption (ë ) from 550 nm

for gentian violet solution to 590nm for all the gentian

violet–test mordant solutions. This shift in absorption

band was observed to be very visible, hence the

tendency for higher absorption as shown in Table1.

The colour of the gentian violet solution with the

various test mordant was observed to be deep blue

except that of gentian violet and HCl solution which

gave a light blue colouration. 

The result also shows the gram positive organisms

to be violet or purple in colour while the gram

negative organisms appeared pinkish. It was also 

observed that cocci of the gentian-violet-formaldehyde

solution were well stained compared with the gentian

violet alone. This was also observed in cocci staining

with the other test mordant solutions, except in the

case of HCl – gentian violet solution which observe to

be light blue as shown in Table2 and 3

Conclusion: The results of this study show that the

solution of formaldehyde mixed with the traditional

mordant used in gram's can be successfully applied in

both gram-positive and gram– negative staining in

enhancing the needed contrast.
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Table 1: Spectral analysis:

Reagents M aximum wavelength of absorption (nm) Absorbance

Gentian violet 550 2.50

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian violet +EDTA 590 2.50

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian+ Formaldehyde 590 2.55

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian violet +HCl 590 1.11

Table 2: Result of microscopic analysis

Reagent                                       Slide representation                Slide appearance

------------------------------------------------------ -------------------------------------------------------------

Gram 's –positive Gram 's–negative Gram 's–positive  Gram 's-negative

Gentian violet K P purple pink

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian violet +EDTA O S purple pink

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian+ Formaldehyde M Q purple pink

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian violet +HCl N R light blue ligh blue

Table 3: Result of microscopic analysis: Staining of the cocci

Reagents Slide representation Slide appearance

Gentian violet K P stained

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian violet +EDTA O S stained

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian+ Formaldehyde M Q well stained

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gentian violet +HCl N R lightly stained
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