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ABSTRACT: In clinical microbiology, monitoring the environment and protecting food safety, having the ability
to identify bacteria is critical for learning about infectious diseases, the growth of microbes and pathogens found
in food. Tests that rely on bacteria’s metabolic processes are used for telling apart and recognizing different kinds
of bacteria. I will explain traditional and modern biochemical tests, what they involve, their strengths and their
weaknesses. It looks at how microbiology is applied to clinical diagnostics, environmental monitoring and the
food and drinks industry, handling problems related to using phenotypic methods and explaining recent
developments that improve both. The review points out that reliability, reproducibility and similarity between test
results from different laboratories depend on strict quality control and set protocols. Thanks to this, ribosomal

proteins are still important in diagnosing with molecular methods and add to our understanding of bacteria and
their social interactions

Keywords: Clinical microbiology, Infectious diseases, Metabolic processes, Biochemical tests, Clinical
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INTRODUCTION:

Labs in clinical microbiology find bacterial pathogens

Being able to recognize bacterial diseases fast using standard culture techniques and chemical

allows medical care for patients and helps protect analysis. Today’s biotechnology involves running
the public. It is frequently incorrect to treat fermentation using carbohydrates, making enzymes
infection with antibiotics before knowing the cause, and looking at the byproducts of biological processes.
since it causes incorrect treatment, can increase Biochemical tests are still very important because they
resistance and can result in bad outcomes for are affordable, easy to use and provide useful
patients !, Knowing what kind of bacteria there is knowledge from the molecule’s present 1.

allows for proper antibiotic use, controlling
infections and following the spread of outbreaks I,
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Now that antimicrobial resistance in Gram- b. The consultant inoculates the test media with

negative bacteria is starting to happen very rapidly,
doctors need better methods to detect it in the
laboratory ™. Using advanced systems has made

testing faster, analysis of data in real-time possible ¢
and made it simpler to monitor from a distance and
distribute the results more quickly I, Using these
new techniques, it is now much simpler to find out
how microbes resist antibiotics and clinical d

researchers can study the causes of antimicrobial
resistance [¢1. Because of modern bioinformatics,
the identification of resistance genes and the study
of how they work happens quickly with detailed
genomic studies.

1. PRINCIPLES OF BIOCHEMICAL TESTS

Biochemical tests identify bacteria's unique
enzymatic and metabolic capabilities, detecting
changes like color change, gas production, or pH
alteration, allowing differentiation between them.

a. Carbohydrate Fermentation: A lot of bacteria
can take carbohydrates such as glucose, lactose
or sucrose and release acids, gases or alcohols as
a result.

b. Enzyme Activity: These tests can detect
enzymes like Catalase, Oxidase, Urease and
Coagulase which are made by several bacteria.

c. Metabolic Byproducts: Many bacteria release
chemicals called Indole, Hydrogen Sulfide and
Acetoin that can be noticed with chemical tests
and indicators.

2. METHODOLOGIES OF BIOCHEMICAL
TESTS

Standard procedures and reagents are used for
Biochemical Tests which helps all laboratory
results to be consistent across the globe.

a. The nutrients and conditions for bacteria’s activity
are made possible by adding biochemical media
which is used for the tests.

bacteria using thoughtful techniques to keep the
samples clean and uncontaminated.

Media in which bacteria were added are placed at
the right temperature and kept for a particular time
interval to allow growth and chemical reactions to
happen.

. After incubating, the media should be checked for

any differences like color change, gas bubbles or
the build-up of precipitate, to know the outcome.

Testing for Antibiotic Resistance in bacteria
involves growing them in various concentrations
which is done either manually or by an automated
process !, Every method has its own benefits and
drawbacks and accurate testing of organisms is
included.

Seeing the growth of organisms in culture is a
traditional technique and this approach is applied to
tests on Drug Susceptibility, Bioassays and work
concerning Antibiotics Against Host Defense ®,
Disk-diffusion, Well Diffusion and Broth or Agar
Dilution are some of the commonly known and
widely used Bioassays.

4. OVERVIEW OF BIOCHEMICAL TESTS

Multiple tests based on Biochemical Reactions are
accessible for finding which bacteria are present in
the specimen; each test targets a certain enzyme or
pathway.

CARBOHYDRATE UTILIZATION TESTS

Using pH indicators, color changes and detecting
gas production are some ways to find out about
Carbohydrate Utilization 1. Acid made in test tube
can be spotted by the change in phenol red and gas
that builds up is trapped by Durham Tube during
fermentation. Many diagnostic test kits such as
API-20 and Enterotube, offer Citrate Utilization
Medium as one of their options [, The MR-VP
Broth that contains 0.5% glucose, is used for the
Voges-Proskauer test to check the results from
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organisms that make acidic fermentation products

(1]

b. METABOLIC BY-PRODUCT TESTS

Indole, a metabolic byproduct from Bacterial
Tryptophanase degradation, can be detected by

adding Kovac's

Reagent to Tryptophan-rich

cultures, resulting in a red-colored complex.
Hydrogen Sulfide (H.S) production, a crucial

bacterial metabolic

indicator, 1is

frequently

measured using growth media enriched with iron
salts and heavy metal salts.

5. ENZYME ACTIVITY TESTS

Enzyme activity tests are critical for identifying
bacteria based on their enzymatic capabilities,
providing valuable insights into their metabolic
pathways and virulence factors. Tests for bacterial
enzymes are shown in the table below:

Table 1: Summary of Key Biochemical Tests in

Bacterial Identification

Test Principle Methodology Applications

Catalase Catalase Mix a colony with Differentiates
decomposes H20:; rapid O Catalase-Positive
H20: into H2O  bubble formation = (e.g.,
and Oz positive [ Staphylococcus)

vs. Negative (e.g.,
Streptococcus) >
13,14]

Oxidase Cytochrome C ~ Rub colony on Identifies
Oxidase filter/swab Oxidase-Positive
oxidizes a impregnated with Gram-Negatives
chromogenic TMPD; blue/purple  such as
reducer (e.g., within seconds = Pseudomonas and
TMPD), positive 1% 16] Neisseria
yielding a
colored
product

Coagulase Coagulase Slide test forbound  Key test for
activates Coagulase/clumping  Staphylococcus
Prothrombin factor; tube test for aureus '
— Fibrin clot Free Coagulase
formation
Urease Urease Inoculate into urea Detects
hydrolyzes medium with urease-producers
urea — NHs +  Phenol Red; pink like Proteus,
COg, raising color (alkaline shift)  Klebsiella,
pH = positive ['8] Helicobacter
pylori

Indole Tryptophanase
breaks down
tryptophan —
indole,
pyruvate, NHs
Detects stable
mixed-acid
fermentation

Methyl Red
(MR)

of glucose —
acidic
end-products
Detects
Acetoin
(neutral
fermentation

Voges-Proskauer
(VP)

product) 1

Citrate
Permease
allows use of
citrate as sole
C-source,
producing
alkaline
byproducts
TSI agar
Fermentation
of glucose,
lactose and
sucrose results
in HoS
production;
changes the
pH and causes
black
precipitate to
form.

Citrate
Utilization

TSI Agar

HaS Production ~ Enzymatic
reduction of
sulfur
compounds —
H>S gas reacts
with iron salts
— black

precipitate
24]

[23,

Grow in
tryptophan-rich
broth; add Kovac’s
Reagent; red ring =
indole production
After growth in
glucose broth, add
Methyl Red; red =
pH <4.4 (acidic),
yellow = pH> 6.2

After incubation in
glucose broth, add
a-naphthol + KOH;
red color = Acetoin
present

Inoculate Simmons
Citrate agar
(bromothymol
blue); blue = citrate
utilization !

Stab and streak on
TSI slant; yellow
butt/slant = acid
from sugar
fermentation, black
= H>S production

Inoculate on SIM,
KIA, or Sulfide
Indole Motility
media containing
sodium thiosulfate
& ferrous sulfate;
blackening = H.S

25, 26]

Differentiates E.
coli
(indole-positive)
from other
Enterobacteriaceae
Distinguishes
mixed-acid
fermenters in
Enterobacteriaceae

Identifies
Butanediol
fermenters (e.g.,
Enterobacter,
Serratia) in
Enterobacteriaceae
[20]
Differentiates
Citrate-Positive
(e.g., Klebsiella,
Citrobacter) vs.
Citrate-Negative
(e.g., E. coli)

Preliminary ID of
enteric
Gram-Negatives
by sugar
fermentation
pattern and H.S
production

Differentiates
H:S-producers
(e.g., Salmonella,
Proteus) among
enterics

6. SPECIALIZED BIOCHEMICAL TESTS

Specialized assays are used to enhance bacterial

identification and characterization, focusing on

unique enzymatic activities, metabolic pathways,

or structural components specific to specific

bacterial groups.
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a. CAMP Test (Christie—Atkins—Munch-
Peterson): The CAMP test, named after
Christie, Atkins, and Munch-Petersen, is
primarily used to identify Streptococcus
agalactiae based on its ability to produce the
CAMP factor, a diffusible, heat-stable protein
that acts synergistically with the beta-lysin of
Staphylococcus aureus to cause an amplified
zone of hemolysis on blood agar, a
characteristic =~ reaction  facilitating  the
presumptive identification of Streptococcus
agalactiae.

b. Bile Esculin Test: The presence of Esculinase
in bacteria is revealed in these tests when they
digest Esculin, forming Esculetin and glucose
and the treatment with ferric ions turns the
mixture dark brown or black, proving a positive
reaction 7],

c. Niacin Test: Also known as the Niacinamide
Test, is predominantly employed to differentiate
Mycobacterium
mycobacteria, relying on the detection of free
Niacin (Nicotinic acid) production, a metabolic

tuberculosis from  other

byproduct characteristically produced by M.
tuberculosis, which, upon reaction with
cyanogen bromide and an aromatic amine,
yields a yellow-colored complex indicative of a
positive result 281,

7. AUTOMATION AND ADVANCES IN
BIOCHEMICAL TESTING

Automated biochemical testing platforms have
significantly improved efficiency, reproducibility,
and throughput in clinical diagnostics and
microbiological research. These systems integrate
multiple biochemical tests into a single unit,
allowing simultaneous evaluation of multiple
bacterial characteristics with minimal manual
intervention *), Automation reduces human error
and accelerates turnaround times; enabling clinicians
to make informed patient care decisions. Because of
its high accuracy, time efficiency and cost, matrix-
assisted laser desorption/ionization time-of-flight

mass spectrometry has taken the place of traditional
biochemical tests in bacterial identification ).

7.1. MODERN BIOCHEMICAL
IDENTIFICATION TECHNIQUES:

7.1.1. MALDI-TOF MS (Matrix-Assisted Laser
Desorption/Ionization  Time-of-Flight  Mass
Spectrometry):

MALDI-TOF mass spectrometry greatly improves
the process of identifying bacteria and fungi in the
3. It automates how jobs are done and
recognizes bacterial species faster by analyzing the
proteins present in the microbes B2 Quick
incubation periods on solid media and MALDI-TOF
MS have been found to be useful for identifying

pathogens found in positive blood cultures 31,

clinic [

7.1.2. Molecular Diagnostics:

Bacterial identification is made much more sensitive
and efficient when scientists use molecular diagnosis,
as it beats traditional approaches in terms of accuracy,
detail and time. They help find and describe
pathogens quickly which allows patients to be treated
more effectively B4, Tests that amplify nucleic acids
such as Polymerase Chain Reaction, help in quick
and accurate identification of bacterial pathogens .
Multiplex PCR (Polymerase Chain Reaction) assays
make it possible to find several pathogens or genes
at once from a single specimen which speeds up
testing and supports proper treatment 31,

7.1.3. Fatty Acid Profiling:

Thanks to Gas Chromatography-Fatty Acid Methyl
Ester analysis, it is possible to identify and group
bacterial species by looking at their fatty acids which
gives insights into their genetics and physiology [*°.

International Journal of Medical Laboratory Research (Vol. 10 Issue 2, 2025)

www.ijmlr.com/I[JMLR© All rights are reserved

37


https://www.ijmlr.com/

ISSN No. 2456-4400
Int J Med Lab Res 2025, 10(2), 34-42

lJIVILR

International Journal of

Medical Laboratory Research

7.1.4. NGS (Next-Generation Sequencing):

Metagenomic next-generation sequencing represents
a significant advancement in identifying infectious
diseases by amplifying and sequencing all nucleic
acids in a sample, enabling microbial identification
without needing prior knowledge of potential
pathogens B7). Next-generation sequencing can
sequence small genomes, such as bacterial genomes,
in a few days. Whole-genome sequencing offers
unambiguous data pertaining to complete analysis of
the entire genome and may ultimately become a
highly powerful tool in routine clinical settings 1%,
Several PCR arrays are available to detect the most
frequent pathogens associated with bloodstream
infections and their major Antimicrobial Resistance
Genes . The integration of molecular techniques
into clinical microbiology laboratories has greatly
improved the speed and accuracy of pathogen
identification, leading to improved patient outcomes
and enhanced infection control measures 401,

8. QUALITY
STANDARDIZATION

CONTROL AND

Using Quality Control and following set protocols
ensures that the results of Biochemical Tests used to
find bacteria in clinical and research spaces are
always dependable, accurate and consistent. Controls
help determine that a test has been done properly and
can find mistakes that may have occurred during the
procedure !, 1t is very important to keep laboratory
equipment such as Spectrophotometers, Incubators,
Autoclaves and Automated Systems in good
condition by undertaking regular maintenance and
calibration.

9. LIMITATIONS OF BIOCHEMICAL TESTS

Though essentially important in microbiology,
phenotypic
microorganisms can be less precise and less useful
in modern medical and research settings, especially

approaches to identifying

when similar or unfamiliar species are involved.
Some key limitations are shown in Table 2.

Table 2: Shortcomings of Traditional Biochemical Tests

in Modern Microbial Diagnostics

Limitation

Explanation

1. Consume more time [+?)

2. Less sensitivity for few organisms *3)

3. Phenotypic overlap 4%

4. Environmental influence (43!

5. Not suitable for fastidious/anaerobic

organisms 44

6. Labor-intensive and subjective [+*!

7. Limited detection of resistance genes

or virulence factors

[46]

Most biochemical tests take 24—
72 hours to complete, so it delays
the process of diagnosis.

Cannot detect low bacterial loads
or VBNC (Viable But Non-
Culturable) organisms.

Two animals similar in biology
could have similar biochemical
features, so they are mistaken for
one another.

Things such as pH, temperature,

and the components of the media
control enzymes and can change

the quality of the results.

A lot of pathogens cannot grow
in the normal biochemical media
that are used.

Visual interpretation (color
changes, precipitates) can lead to
inter-observer variability.

Cannot tell if the bacteria can
harm people by being immune to
antibiotics or producing
dangerous chemicals.
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Table 3: Barriers to Molecular Diagnostics in Resource-
Limited Environments

Challenge Explanation

1. High initial cost [47]

At times, essential equipment such as
PCR and sequencers is very expensive
and hard to use in places with limited
resources.

2. Need for skilled

personnel 1481

Using molecular assays often needs
skilled workers in the laboratory, which
are often missing in places with low
incomes.

3. Infrastructure
[44]

Since there are problems with
limitations electricity, refrigerators, and water, it is
hard to rely on molecular tests.

4. Reagent and supply

chain dependency [

It is not always possible to find or pay
for essential reagents and consumables
in all cases.

5. Risk of
contamination [4¢]

If procedures are not carried out
carefully, tests often generate false
positives in patients with high
sensitivity.

6. Lack of regulatory
oversight [

In particular areas, there are not national
rules for checking the quality of
molecular tests.

Table 4: Need for Complementary Use of Traditional
Tests Alongside Molecular Diagnostics

Reason Explanation

1. Cost-effective preliminary
identification 3!

If molecular tools cannot be used,
biochemical test results are quite
affordable.

2. Robust and adaptable to low-
resource settings 4

Just a basic setup is needed; this is good
during emergencies or in small clinics.

3. Recommended by WHO as

part of tiered diagnostic strategy
[49]

According to WHO, the use of various
tools and tests should depend on what is
available in each place.

4. Essential for culture-based
antibiotic susceptibility testing
(AST) 142

This technique, AST, still depends on
samples that are grown by biochemical
or culture means.

5. Used in combination with
POC diagnostics !

Sometimes, POC tests include basic
biochemical changes, like changes in
color because of an enzyme reaction.

12. CLINICAL
APPLICATIONS

SIGNIFICANCE AND

Accurate bacterial identification is crucial in clinical
microbiology laboratories for effective diagnosis,
treatment, and management of infectious diseases,
improving patient outcomes and informing clinical
decision-making ", Rapid identification is especially
important in bloodstream infections.

13. FUTURE DIRECTIONS AND CONCLUDING
REMARKS

Bacterial identification is undergoing a transformation
due to innovative technologies and recognition of
limitations in traditional methods. Advanced
molecular techniques like whole-genome sequencing
and metagenomics are revolutionizing identification,
providing resolution and insights into antimicrobial
resistance mechanisms. This
especially impactful considering that antibiotic
prescriptions are too often not based on definitive

transformation is

diagnosis, which can lead to patients receiving
inappropriate treatment. The evolution of clinical
microbiology is driven by technological advancements,
from the initial use of light microscopes to modern
data-intensive methods. New laboratory techniques
necessitate updating sample processing steps. Al
automation, and digital platforms will optimize
operations, improve diagnostic precision, and enhance
patient outcomes, contributing to pandemic
preparedness. The importance of laboratory practices
in a patient-oriented approach is increasingly
recognized, optimizing technology advances for
improved patient care.
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