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ABSTRACT:
In both developed and emerging nations, food safety has become a topic of immense
importance as a matter of safeguarding public health. There have been multiple cases of
acute ailments due to the consumption of food contaminated with pathogens. The infections
and illnesses caused by food borne pathogens have emerged as a significant cause leading to
several health hazards to humans. From the cultivation stage to the ingestion of food, there
are various stages during which the pathogens can infect the food crops or food products by
developing multiple colonies of the pathogen which would prove fatal for human
consumption. The vital microorganisms or pathogens involved in food degradation are
bacteria, mycotoxins, viruses, and other parasites which could lead to dreadful infections
and worse conditions for human health. Therefore, it has become necessary to detect
pathogens promptly to assure the safety of food products. To control food safety, it has
become essential to use detection methods that are accurate, sensitive, and rapid. Various
analytical techniques such as chromatographic methods, spectroscopic methods, and
various detector-sensitive methods have been elaborated as well and their contribution in the
identification of pathogens has been mentioned in brief. Analytical methods play a critical
role in the detection of food borne pathogens, offering a combination of sensitivity, specificity,
and practicality for routine testing in food laboratories. Continued innovation and
improvements in these methods are essential for ensuring food safety and safeguarding
public health. The review emphasizes the capability of analytical techniques for detecting a
wide range of microorganisms and rapidly analyzing their contamination in foodstuffs.
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1. INTRODUCTION
Foodborne diseases are defined as any illness of toxic or
infectious nature caused by the consumption of food or
water contaminated with pathogenic bacteria, viruses, or
harmful parasites [1]. Any pathogenic bacteria in food have
the potential to cause excessive harm and serious health
issues in both animals and human subjects. Food borne
illnesses are frequently caused by pathogens such as
bacteria, viruses, fungi, yeast, and parasites as shown in
Figure No. 1 [2].

Fig 1: Pathogens causing Food borne Diseases

The presence of few Colony-Forming Units (CFUs) of
bacteria such as Escherichia coli, Staphylococcus aureus,

Salmonella enterica, Listeria monocytogenes, and species of
Clostridium, Bacillus, Vibrio, Shigella, and Pseudomonas
can result in illness [3].
The quality of food is not only affected by bacterial
pathogens but also by several fungal pathogens called
mycotoxins. The word "mycotoxins," means "fungi poison,"
is derived from the Greek words "mikes" and "toxin." Since
the discovery of aflatoxins in the1960s, all mycotoxins have
been linked to serious illnesses, including actions that are
mutagenic, carcinogenic teratogenic, and immunotoxic [4].
Mycotoxins have become a major concern worldwide due to
their significant effects on the health of humans and animals
and hampering productivity rates [5-7].
Due to the presence of prevalent microorganisms in food,
water, and the environment, it has become the need of the
hour to ensure the safety and quality of food and other edible
products. The World Health Organization (WHO) estimates
that these pathogens are responsible for 23 million food
borne illnesses and 5,000 deaths in Europe every year [8].
The other agents that comprise 20% of the total causes of
food borne infections are chemicals such as pesticides,
fungicides, insecticides, and rodenticides which become part
of the food at the time of cultivation and harvesting only [9].
A huge portion of the Indian population is also affected by
food borne illnesses by ingesting infected foods. In India,
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there are reportedly 120,000 food-related deaths annually
and an estimated 100 million cases of food borne illness
[10]. Food borne diseases caused by microbial
contamination are a major problem for public health
worldwide. The proliferation of food-borne pathogens has
raised the possibility of food contamination. In humans,
these microbes induce gastroenteritis, which results in food
poisoning, nausea, and diarrhea.
The identification of harmful microorganisms quickly,
accurately, and in real-time has been the focus of extensive
research in recent years. The detection of food borne
pathogens in food products can be done using a variety of
common analytical standard techniques including UV
Visible spectroscopy, High-Performance Liquid
Chromatography (HPLC) (generally for mycotoxins), Mass
Spectroscopic(MS) Methods, Surface Enhanced Raman
Spectroscopy (SERS), Lateral Flow Chromatographic Assay
Methods, Near Infrared (NIR) Spectroscopy, Fourier
Transform Infrared(FT-IR) Spectroscopy and many more.

2. ANALYTICAL TECHNIQUES INVOLVED IN
QUALITY ASSESSMENT OF FOOD PRODUCTS

Ultra-Violet (UV)-Visible spectrophotometry
The identification of food contaminants can be accomplished
using the widely used absorption spectroscopy technique
known as ultraviolet-visible spectroscopy, or UV-visible
spectroscopy. It works on the principle of Lambert-Beer law
which states that “ When light is incident on a homogenous
medium, a part of it is reflected, a part of it is absorbed and
the remaining is transmitted.”It is used to identify organic
food pollutants [15]. Low amounts of cyanide (CN-) which
is a poisonous ion can be fatal to humans [16]. Due to its
occurrence in fruit pits, bitter almonds, and plants, it is a
toxin of concern for food security [17]. Cyanide ions can
greatly hinder metabolic functions and interfere with the
enzyme activities. To overcome this issue, UV-visible
spectroscopy was used.

Infrared (IR) Spectroscopy
Since the early detection of food borne pathogens is crucial
for protecting human health, early food safety monitoring is
a significant concern now a day. Traditional microbiological
methods are accurate and precise but they still take time to
get results. Therefore, the use of infrared spectroscopy
combined with a chemometrics approach yields early results.
The identification and measurement of organic molecules
using infrared spectroscopy is commonly done in analytical
chemistry and has proven to be effective in the food industry
[18]. This technique works by identifying the functional
group in the structure of the molecule. The IR region is
divided into three types based on the wavenumber, that is,
Near IR, Mid IR, and Far IR.

Different bacterial strains of harmful bacteria display
distinctive Mid-Infrared (MIR) spectra, primarily due to
differences in the components of their membranes [19]. In
the case of contaminated food, the infrared spectral range
differs if the bacterial strain is specific. It works on the
general principle of a fiber evanescent wave spectroscopy
(FEWS) method. The IRFEWS coupled technique for
spectrum analysis is precisely used for the detection of
bacterial strains in food.
Despite having the same biochemical components in all
pathogenic organisms such as proteins, polysaccharides,
phospholipids, and nucleic acids, pathogens differ in the ir
number and distribution which results in a unique FT-IR
spectrum for each pathogen. Each spectrum has a
wavelength range of 800-3800cm-1 but the most helpful FT-
IR features for identifying bacteria come at wavenumbers of
1000–3000 cm-1. This technique helped in the early
identification of pathogens in food matrices which serves as
a major advantage in the health field [20].

Mass Spectrometry
This technique is used to detect the molecules by identifying
their mass-to-charge ratio and giving the respective spectra
for each molecule. Mass spectrometry for pathogen detection
is based on the Matrix-assisted laser desorption ionization,
time-of-flight (MALDI-TOF) technique. This technique is
useful in the identification, analysis, and characterization of
several target bacteria [21]. MALDI-TOF MS has lately
become an effective method for the identification of clinical
isolates because of its quick turnaround times, minimal
sample volume requirements, and affordable reagent costs.
All types of pathogens found in food can be detected by this
technique in short turnaround times [22].
A wide variety of biomolecules including nucleic acids,
peptides, proteins, carbohydrates, and other molecules can
be detected by this method.
Thus, MALDI-TOF allows early and direct identification of
pathogens as compared to conventional techniques. It
involves the detection of L. monocytogenes from broth
culture using whole-cell microbial proteomics and MALDI-
TOF techniques. Although the method used is known as
whole-cell mass spectrometry, it involves rupturing of the
intact microbe after being exposed to the matrix which
typically contains acetonitrile and trifluoroacetic acid (TFA).
The whole-cell method is most likely to identify ribosomal
proteins, cell structure proteins, cold shock proteins, storage
proteins, and nucleic acid binding proteins [23]. MALDI-
TOF uses food enrichment broth directly for the
identification of L. monocytogenes without growing the
bacterium on solid media.
The standard strain of L. monocytogenes was
foundresponsibleforcontaminatingvariousfoodssuchasfat-
freeprocessed milk, camembert cheese, and cantaloupe.
Experimentation regarding other pathogenic strains such as
S. aureus and E. coli was also performed to analyze the
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quality of food being contaminated by these strains. For all
experiments, the bacteria were grown on brain heart infusion
(BHI) agar undergoing incubation for 24 hours at 37 °C.
Non-selective BHI broth was used as enrichment for foods
contaminated with Listeria [23].

Raman Spectroscopy
To analyze the quality of food, several approaches can be
used such as microbiological methods, sensory analysis,
biochemical methods, and physicochemical methods. Raman
spectroscopy can identify different kinds of chemicals and
organic molecules as well as their physical structures by the
formation of bonds [24].
When a strong monochromatic light source, particularly a
laser beam, illuminates a sample, photons are scattered, and
it is discovered that the majority of the scattered light has the
same wavelength as the laser light as a result of this
application. Asaresul to facollision between the sample and
incident photons, there is a change in the wavelength of
photons which is known as Raman Scattering. There are two
possibilities after Raman Scattering, either the photons gain
energy and get displaced to a longer wavelength or if the
photons lose energy, they will move towards a shorter
wavelength. The technique detects the microorganisms in
foods, chemicals in food, food additives, food adulterants,
and contaminants. The detection of viruses and bacteria can
be done using a variety of analytical techniques.
Dehydrated Enterococcus faecal is subjected to FT-Raman
spectra. In the 2700–3000cm-1range which belonged to CH3,
CH2, and CH) functional groups, specific C–H stretching
bands were seen and the C–H bond formation band was
evidentat1450 cm-1[25]. Bacillus sphaericus (B. sphaericus),
Rhodotorula mucilaginosa (R. mucilaginosa), Pseudomonas
uorescens (P. uorescens), Micrococcus luteus (M. luteus)
and Bacillu ssubtilis(B.subtilis) colony samples were
examined in various food samples using FT-Raman. . At a
wavelength of 785 nm incident light, it was discovered that
thespectra of M. luteus, B. subtilis, and P. uorescens had
entirely distinct spectra from one another [26].
Studies on the analysis of food borne viruses using Raman
spectroscopy are quite rare. The commonly reported
foodborne virus is Hepatitis A. Raman Spectroscopy utilizes
the acyl groups of the active enzyme for identification. There
have been numerous researches for the detection of food
borne viruses by this technique but none of them have turned
out to be fruitful yet.
To find minute levels of pesticide residues, different fruits
and vegetables were analyzed using micro-Raman and FT-
Raman spectroscopy [27]. Raman spectra of a few
herbicidesnamely atrazine, prometryn, and simetryn were
detected in the solid phase as well as in polar and non-polar
solvents. The experimental and theoretical data were
compared, and the results were analyzed.
Another study highlights the presence of Deoxynivalenol in
members of the genus Fusarium such as wheat and barley28.

The presence of Deoxynivalenol lowers the grain quality and
has harmful impacts on human health [29]. Raman
spectroscopy is used along with Infrared spectroscopy for
the detection of Deoxynivalenol. Investigations were made
using FT-Raman spectroscopy to characterize and categorize
ground wheat and barley that had been contaminated with
various proportions of Deoxynivalenol. The detections were
made in the spectral regions of 1800–800 cm-1. The final
quantities of Deoxynivalenol were measured and the wheat
was separated into high and low-based quantities of
Deoxynivalenol [30].
Another investigation emphasized the qualitative as well as
quantitative identification of Aspergillus-produced aflatoxin
in maize. Raman bands varied on the amount of aflatoxin
present in the samples. Raman spectroscopy accompanied by
FT-IR and FT-NIR was used for the detection of varying
concentrations of aflatoxins. After analysis and
identification, the aflatoxins were categorized based on their
concentrations and it was found that Raman spectroscopy
yielded better results as compared to FT-NIR.
Various chemical agents present in food can also be detected
by Raman spectroscopy. Coumarin is a substance that is
naturally present as a constituent in various plants such as
tonka beans and sweet clover and was used as a flavoring
agent until its hepatotoxic activity was reported. By
monitoring the interaction of p-cresol with 4-bromoethyl
acetoacetate, the IR and Raman spectra of 6-methyl-4-
bromomethyl coumarin were obtained [31].

Surface Enhanced Raman Spectroscopy (SERS)
Infrared and Raman spectroscopy techniques were among
the first vibrational spectroscopy techniques to be developed
and were rapidly used as methods of analysis broadly. Later
in1974, during the analysis of the pyridine molecule, it was
observed after proper experimentation and computation that
many orders of magnitude were present which was quite
different from the normal Raman spectroscopy and led to the
identification of SERS [32]. Since then, SERS technology
has been used in food detection which was primarily driven
by the demand for quick and accurate methods to identify
food contaminants. SERS has emerged as a diagnostic tool
for the identification of foodborne pathogens such as
Salmonella, Staphylococcus aureus, and E.coli. [33]. Due to
the ability of SERS to identify the molecular and cellular
mechanisms of the bacterial cell and give a clear vibrational
spectrum of the same, the use of SERS gas increased
extensively. SERS's strong Raman signal and ability to
identify single molecules make it particularly useful for
detecting microorganisms.
A study of the origin of the band at approximately 730 cm-1
was performed in the SERS spectra for bacteria which were
attributed to adenine-related chemicals, using a stable
isotope method in conjunction with SERS. In another study,
the differences in the Raman spectra of bacteria at 785 nm
related to adenine, hypoxanthine, xanthine, guanine, uric
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acid, and AMP were examined [34]. The first study using
SERS for the detection of bacteria involved the use of silver
colloid substrate for the identification of E.coli. The primary
bands obtained were peptides and polysaccharides present in
the cell wall and membrane. SERS primarily refers to SERS
substrates because they are required for SERS measurements
and their SERS activity. To increase the Raman signal of the
surface or nearby molecular level, SERS primarily refers to
the usage of rough metal surfaces or metallic nanoparticles
through special preparation. In a particular excitation region,
the sample interacts with the special preparation of well-
performing SERS substrates [35].

The ability of SERS to detect Bacillus in food is because of
its high efficiency in identifying dipicolinic acid (DPA)
which serves as a biomarker for Bacillus in vivo. Peaks were
obtained for different species of pathogen but the detection
of Gram-negative and Gram-positive was found difficult to
identify. To differentiate the foodborne pathogens, different
batches of gold colloid were combined with seven different
bacteria. According to the findings, the gold colloid is useful
for accurately and quickly detecting food borne pathogens
using the SERS. The use of the gold colloid in the SERS is
advantageous for the quick and accurate detection of food
borne pathogens. An active substrate that could be subjected
to surface-enhanced Raman Scattering was formed by
combining Ag nanoparticles and Ag nanospheres. The
nanoparticles enabled the detection of three microbial
strains, that is, E. coli, Staphylococcus aureus, and
Salmonella typhimurium [36].
Although Raman emissions can be used to detect bacteria by
identifying the differences in the various cell types by
chemometric and statistical analysis, the use of biochemical
tools is still highly advised.

Colorimetric Methods
One of the simple stand most useful detection methods is
colorimetric pathogen detection. The presence or absence of
microorganisms can typically be determined by using
colorimetric detection instruments or a straight forward ultra
violet spectrophotometer. According to numerous
researches, greater sensitivity of microbial strains can be
attained through quick detection using nanoparticles and
colorimetric tests. Commonly used nanoparticles are Cerium
oxide (Ceo2), Gold (Au), Platinum (Pt), Ferric oxide
(Fe3O4), and many more according to their strength and
affinity.
Gold nanoparticles were used, and the catalytic ability of
gold nanoparticles was utilized to report the presence of E.
coli [36]. To work as an enzyme-nanoparticle biosensor for
bacteria detection, Beta-galactosidase was additionally
linked to cationic Au nanoparticles and functionalized with
amine head groups. Enzymatic activity can be recovered
when the negatively charged surface of E.coli attaches to
the cationic nanoparticle, allowing Beta-galactosidase to be

released. By suspending the E. coli in a phosphate buffer
solution, its concentration can be determined [37].
According to a study, the Au nanoparticle's colorimetric
sensing system allowed the naked-eye detection of Bacillus
subtilis when suspended in a 3-(N- morpholino)-
propanesulfonic acid (MOPS) buffer. Additionally, it was
concluded that the colorimetric sensor is appropriate for the
quick and accurate microbiological detection assay of
complicated materials.
Several organizations with a strong focus on food safety
have established sampling techniques for establishing food
homogenates to find harmful bacteria in environmental and
food samples.

Analytical Techniques for the Detection of Mycotoxins

Thin Layer Chromatography
It is an easy, inexpensive, and quick analytical procedure
that produces results based on qualitative or semi-
quantitative estimation. TLC is a potent tool for the
simultaneous examination of several mycotoxin-
contaminated samples. This technique provides a wide
variety for the stationary phase, mobile phase, and detecting
reagents. TLC was used extensively in the early research on
mycotoxins, and it has turned out to be more fruitful for the
detection of colored or fluorescent compounds as mentioned
in Table 2 [38, 39].

Table 1: Classification of Food borne Diseases
Pathogen Diseases

caused
Main Symptoms References

1. Bacillus
cereus

Food Poisoning Watery diarrhea and
abdominal
cramps, nausea and
vomiting

11, 12

2.Campylo
bacterjejuni

Campylo
bacteriosis

Diarrhea, cramps, fever and
vomiting, diarrhea may be
bloody.

11, 12

3.Clostridiumbot
ulinum

Botulism Blurred vision, drooping
eyelids, lethargy,
constipation, difficulty
swallowing, dry mouth, and
muscle weakness.

11, 12

4.Escherichia
coli

Hemorrhagic
colitis

Decreased urine production,
dark or tea-colored urine,
and losing pink color in
cheeks and inside the lower
eyelids.

11, 12

5. Norovirus Viral
gastroenteritis

Nausea, vomiting, diarrhea,
Myalgias and abdominal
pain

11, 13

6. HepatitisA Hepatitis Nausea, joint pain, dark-
coloredurine, pale stools,
anorexia and abdominal
discomfort

11, 13

7.Salmonella Salmonellosis Diarrhea, fever, stomach
cramps,
vomiting

11, 12

8. Aspergillus
flavus

Aspergillosis Fever, cough, shortness of
breath

14
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Table 2: Mycotoxins detected in food by TLC
Mycotoxin Food Matrix Detector Spraying

Reagent
Patulin Apple juice TLC plate Ammonia fumes
Citrinin Corn and

Barley
Fluorescent TLC
plate

Ammonium
Chloride

Gas Chromatography
It is a conventional and analytical method that is used for
detecting and separating gaseous and volatile compounds.
Components are separated based on their affinity with the
stationary phase or mobile phase. This technique can be used
for both Qualitative and Quantitative analysis. In this
technique, the mobile phase is a chemically inert gas that
carries the molecules of the analyte through a column. The
gases usually used as mobile phases are helium, nitrogen,
etc. Gas Chromatography coupled with a Flame Ionization
Detector (FID), Electron Capture Detector (ECD), and Mass
Spectroscopy is mainly used for the detection of
trichothecenes mycotoxins. To increase mycotoxins'
volatility and reduce their polarity, most researchers prefer
to derivatize them [40].

The mycotoxins determined using Gas Chromatography with
the assistance of various detectors are mentioned in Table
3[41].

Table 3: Mycotoxins detected in food by GC

High-Performance Liquid Chromatography (HPLC)
HPLC is one of the most popular methods for determining
the presence of mycotoxins in food when HPLC is coupled
with a diode array detector (DAD), ultraviolet (UV), or
fluorescence detector (FD). Most of the mycotoxins can be
analyzed in approximately less than 20minutes after being
injected into the column [42].
The major mycotoxins detected and identified by HPLC as
established by standard committees are aflatoxin B1,
aflatoxin M1, ochratoxin A, and fumonisins B1 and B2.
There has been extensive use of HPLC for the determination
of Deoxynivalenol, zearalenone, and aflatoxins in cereal
products, maize, and hazel nut respectively [43].
To derivatize non-fluorescent mycotoxins into fluorescent
derivatives using the High-Performance Liquid
Chromatography-Fluorescent Detector (HPLC-FD) method,
the use of specific label in reagents is done, and the results
obtained by this technique are highly sensitive, selective, and
reproducible. Another approach created for the investigation
of distinct mycotoxins is High Performance Liquid
Chromatography- Ultra Violet (HPLC-UV) which uses a
diode array UV detector for identification of mycotoxins
with variable structures. Mycotoxins detected by HPLC are
mentioned in Table 4[44].

Table 4: Mycotoxins detected byHPLC [44]

Liquid chromatography/mass spectrometry (LC/MS)
The most effective method for concurrently screening,
detecting, and quantifying many mycotoxins is liquid
chromatography combined with mass spectrometry (LC-
MS).This technique is of great use for toxins that show very
little or negligible sensitivity for UV absorption or
fluorescence. The technique works by combining
electrospray (ESI) ionization or atmospheric pressure
chemical ionization (APCI) with mass spectrometers (Table
5)
Table No. 5 Mycotoxins detected by LC-MS

Infrared Spectroscopy (IR)
This technique helps in the structural elucidation of a
molecule and for the identification of functional groups
present in the molecule.
Near Infrared (NIR) spectra of various foods have broad
bands resulting from overlapping absorptions primarily
related combinations of vibrational modes involving 'C-H',
'O-H', and ’N-H’ chemical bonds. The transmittance is
measured in the spectral range of 800-100 nm for samples
such as wheat, whole grains, and cheese. Another spectral
region from wavelength 100-2500 nm is usually used for
measuring the quality of fruits and wheat powder [49]. It is a
potential method for the quick and non-destructive
identification of mycotoxins in grains.
Fourier Transform Infrared Spectroscopy- Following are the
mycotoxins identified by IR and FTIR mentioned in Table 6
[50].
Table 6: Mycotoxins identified by FTIR

Mycotoxin Food Matrix Detection
Deoxynivalenol Cereals, barley GC-MS
Trichothecenes Cereals, wheat FID GC-MS
Zearalenone Poultry food GC

Mycotoxins detected Detection Methods Food material used
Aflatoxin B1 Fluorescent Grapes and must
Ochratoxin Fluorescent Coffee, wheat, figsand
Citrinin Fluorescent UV Soft cheese, corn and cereals
Patulin UV and fluorescent UV

diode array detector
Apple juice

Zearalenone Fluorometric array Cereals

Mycotoxins detected Detection Methods References
Fumonisin ESI(+) with Mass

Spectrometry

[45]

Ochratoxin A Fluorescence detectors,
APCI

[46]

Aflatoxin ESI ionization,
Fluorescence detectors

[47]

Zearalenone Ionization with APCI
and ESI

[48]

Mycotoxin Detection Method Food Matrix

Fumonisin NIR Spectroscopy Corn and Maize

Deoxynivalenol Mid IR spectroscopy
and NIR transmittance

Wheat and Maize

Ochratoxin A FTIR Dried Grapes
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Analytical Methods for Detection of Chemicals in Food
UV spectrophotometry
This technique was frequently employed for the
identification of pesticide residues in environmental
samples. The method was used to detect pesticides such as
dicamba and atrazine. The limit of detection was found to be
0.1µg/ml and 0.2 µg/ml for atrazine and dicamba
respectively. Additionally, spectrophotometric detection
techniques were found to be effective for detecting organo-
pesticides including ‘malathion’, ‘phorate’, and
‘dimethoate’in food samples.The process involved oxidizing
organo-phosphorous insecticides with little excess of N-
bromosuccinimide. Rhodamine B reacted with the left
amount of N-bromosuccinimide and the color change at 550
nm was measured spectrophotometrically after that [51].

Chromatographic Methods
One of the first few methods for pesticide detection to be
used was chromatography. The fundamentals of
chromatography have under gone numerous changes as
technology advances.

Thin Layer Chromatography is used to detect pesticides in
many modified ways. To detect fungicides, the TLC
bioassay uses a TLC plate that has been treated with
Cadosporium cladosporioides spores. The absence of fungal
growth around the sample area indicated that the pesticide
was present.

Gas Chromatography method uses a stationary solid or
liquid phase and a gaseous mobile phase to detect the analyte
from the sample. For both qualitative and quantitative
analyses of pesticides, gas chromatography (GC) is
frequently employed. The various detectors used in GC are
Electron Capture Detector (ECD), Flame Photometric
Detector (FPD), Flame Ionization Detector (FID), Infrared
detector, and Massspectrometer (MS).

High-Performance Liquid Chromatography when
compared to other types of chromatography, this type has a
stronger advantage. This method can be used to detect the
analytes at higher pressure as compared to other techniques.
By using both normal phase and reverse phase columns,
HPLC coupled with a diode array detector (DAD) was used
to investigate β-cyfluthrin [52].Other pesticides such as
Malathion, dalazion, and sumuthion have been detected by
using acetonitrile as themobile phase in reverse-type HPLC.

3. ANALYTICAL METHODS FOR DETECTION
OF WATER BORNE PATHOGENS
Chromatography-This technique is technically complex
and restrained from being used generally due to its large
equipment requirements, more consumption, and
thermostating systems which are possible to maintain with in
a laboratory only. On the contrary, a quick and precise

approach was developed which was Gas Chromatography -
Differential Mobility Spectrometry (GC-DMS) which was
used for the detection of E. coli.
The commonly found bacteria to form colonies in water are
the Pseudomonas species. Liquid Chromatography when
combined with time-of-flight mass spectrometry (LC–TOF-
MS) was used to detect the presence of Pseudomonas putida
on water supply biofilms made from samples from water
supply pipelines [53].

MALDI-TOFMS-MS in combination with methods like
matrix-assisted laser desorption ionization-time off light
(MALDI-TOF) enables the detection of biocomponents via
ions produced during the analysis. Another technique that
makes use of MS is electro spray ionization mass
spectroscopy (ESI-MS).These techniques provide
information about microbial identification and detection in
complicated samples such as surface water and waste water.
They also produce fast and accurate results for analysis.
MALDI-TOF MS was used to identify Legionella species in
drinking water and the results obtained were truly
convincing.Therapidandpreciseidentificationofcoliformsinw
astewater, river water, and groundwater using MALDI-TOF
MS technology was also beneficial. MALDI-TOF analysis
was used for the identification of approximately 100 isolates
of bacteria in different water samples and the obtained
results were as demonstrated in Figure No. 2[54].

Fig 2: Percentage of bacterial contamination in different water sample

4. CONCLUSION
The need for quick detection techniques has grown
significantly as the world has become more concerned about
the effects of food on human health, its safety, and other
issues. To preserve food safety and prevent harmful food
poisoning, it is crucial to rapidly identify microorganisms in
food. Although traditional pathogen detection methods are
sensitive, they are tedious and time-consuming for the
detection and identification of microbial contamination in
food, placing them behind analytical methods in terms of
detection time. The conventional methods are time-
consuming and tedious in comparison to modern analytical
methods. The benefits of sophisticated methods also include
quick data analysis, low cost, strong intensity, and quick
response time. Pathogens can be found in samples even in
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extremely low concentrations, therefore analytical
procedures must be acceptable for in-situ real-time
monitoring as well. The analytical methods are used in
combination with various detectors and biosensors which
provide rapid and real-time detection of pathogens in food
samples. Moreover, the type of food and nutritional elements
(protein, fat, fiber, and carbohydrates) present in food
determine the development of new tools for detecting
hazardous microorganisms. To detect the pathogens in each
food product, certain sample preparation techniques and
analytical equipment are required. Numerous biosensors can
concurrently detect numerous analytes with the fewest
possible interferences and have excellent applications in
medical diagnostics, food quality control, environmental
monitoring, and other industries. The analytical methods
provide potential advantages such as validation, precision,
accuracy, cost-effectiveness, and are liable method for the
detection of microorganisms.

5. REFERENCES
1. G Noah ND, Bender AE, Reaidi GB, Gilbert RJ. Food

poisoning from raw red kidney beans. British Medical
Journal. 1980 Jul 1;281(6234):236-7.

2. Khare S, Tonk A, Rawat A. Foodborne diseases
outbreak in India: A Review. Int. J.     Food Sci. Nutr.
2018;3(3):9-10.

3. Ma Y, Ding S, Fei Y, Liu G, Jang H, Fang J.
Antimicrobial activity of anthocyanins and catechins
against foodborne pathogens Escherichia coli and
Salmonella. Food Control. 2019 Dec 1;106:106712.

4. Richard JL. Some major mycotoxins and their
mycotoxicoses—An overview. International journal of
food microbiology. 2007 Oct 20;119(1-2):3-10.

5. Otsuki T, Wilson JS, Sewadeh M. Saving two in a
billion:: quantifying the trade effect of European food
safety standards on African exports. Food policy. 2001
Oct 1;26(5):495-514.

6. Vandeven M, Whitaker T, Slate A. Statistical approach
for risk assessment of aflatoxin sampling plan used by
manufacturers for raw shelled peanuts. Journal of
AOAC International. 2002 Jul 1;85(4):925-32.
https://doi.org/10.1093/jaoac/85.4.925

7. Morgavi DP, Riley RT. An historical overview of field
disease outbreaks known or suspected to be caused by
consumption of feeds contaminated with Fusarium
toxins. Animal feed science and technology. 2007 Oct
1;137(3-4):201-12.

8. Kabiraz MP, Majumdar PR, Mahmud MC, Bhowmik S,
Ali A. Conventional and advanced detection techniques
of foodborne pathogens: A comprehensive review.
Heliyon. 2023 Apr 14.

9. Sharma BK. Environmental chemistry. Krishna
Prakashan Media; 2014.

10. Panwar S, Duggirala KS, Yadav P, Debnath N, Yadav
AK, Kumar A. Advanced diagnostic methods for

identification of bacterial foodborne pathogens:
Contemporary and upcoming challenges. Critical
Reviews in Biotechnology. 2022 Aug 18:1-9.

11. Cho IH, Ku S. Current technical approaches for the
early detection of foodborne pathogens: challenges and
opportunities. International journal of molecular
sciences. 2017 Sep 30;18(10):2078.

12. Food Safety.gov, U.S. Department of Health & Human
Services 200 Independence Avenue, S.W. -
Washington, D.C. 20201
https://www.google.com/search?q=Food+Safety.gov%2
C+U.S.+Department+of+Health+%26+Human+Service
s+200+Independence+Avenue%2C+S.W.+-
+Washington%2C+D.C.+20201&rlz=1C1SQJL_enIN9
72IN972&oq=Food+Safety.gov%2C+U.S.+Department
+of+Health+%26+Human+Services+200+Independence
+Avenue%2C+S.W.+-
+Washington%2C+D.C.+20201&gs_lcrp=EgZjaHJvbW
UyBggAEEUYOTIGCAEQRRg80gEIMjIyN2owajeoA
gCwAgA&sourceid=chrome&ie=UTF-8

13. WHO Estimates of the Global Burden of Foodborne
Diseases. 2015. Foodborne viral disease in the European
region/ World Health Organization.
http://www.euro.who.int/__data/assets/pdf_file/0007/29
4604/Factsheet-Foodborne-viral-disease-EU-Norovirus-
HepatitisA-en.pdf

14. Li QX, Chang CL. Basil (Ocimumbasilicum L.) oils.
InEssential oils in food preservation, flavor and safety
2016 Jan 1 (pp. 231-238). Academic Press.

15. Grimsley, G. R.; Pace, C. N. Spectrophotometric
Determination of Protein Concentration. Curr Protoc
Protein Sci 2004, Chapter 3, Unit 3.1.

16. CDC | Facts About Cyanide
https://emergency.cdc.gov/agent/cyanide/basics/facts.as
p (accessed Sep 23, 2020).
https://www.cdc.gov/chemicalemergencies/factsheets/cy
anide.html#:~:text=Cyanide%20is%20a%20rapidly%20
acting,or%20potassium%20cyanide%20(KCN).

17. Niu Q, Lan L, Li T, Guo Z, Jiang T, Zhao Z, Feng Z, Xi
J. A highly selective turn-on fluorescent and naked-eye
colorimetric sensor for cyanide detection in food
samples and its application in imaging of living cells.
Sensors and Actuators B: Chemical. 2018 Dec
10;276:13-22.

18. G. Downey, R. Briandet, R.H. Wilson, E.K. Kemsley,
Near and mid-infrared spectroscopies in food
authentication: coffee varietal identification, Journal of
Agricultural and Food Chemistry 45 (1997) 4357–4361.

19. Saier Jr MH. Cell membrane, prokaryotic
20. Brandily ML, Monbet V, Bureau B, Boussard-Plédel C,

Loréal O, Adam JL, Sire O. Identification of foodborne
pathogens within food matrices by IR spectroscopy.
Sensors and Actuators B: Chemical. 2011 Dec
15;160(1):202-6.



International Journal of Pharma Research and Health Sciences, 2024; 12(1): 3702-10.

3709
© All rights reserved with authors as per copyright policy

21. Singhal N, Kumar M, Kanaujia PK, Virdi JS. MALDI-
TOF mass spectrometry: an emerging technology for
microbial identification and diagnosis. Frontiers in
microbiology. 2015 Aug 5;6:791.

22. Hijazin M, Hassan AA, Alber J, Lämmler C, Timke M,
Kostrzewa M, Prenger-Berninghoff E, Zschöck M.
Evaluation of matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-
TOF MS) for species identification of bacteria of genera
Arcanobacterium and Trueperella. Veterinary
microbiology. 2012 May 25;157(1-2):243-5.

23. Welker M, Moore ER. Applications of whole-cell
matrix-assisted laser-desorption/ionization time-of-
flight mass spectrometry in systematic microbiology.
Systematic and applied microbiology. 2011 Feb
1;34(1):2-11.

24. Boyaci IH, Temiz HT, Geniş HE, Soykut EA, Yazgan
NN, Güven B, Uysal RS, Bozkurt AG, İlaslan K, Torun
O, Şeker FC. Dispersive and FT-Raman spectroscopic
methods in food analysis. Rsc Advances.
2015;5(70):56606-24.

25. Rösch P, Schmitt M, Kiefer W, Popp J. The
identification of microorganisms by micro-Raman
spectroscopy. Journal of Molecular Structure. 2003 Dec
16;661:363-9.

26. Maquelin K, Kirschner C, Choo-Smith LP, van den
Braak N, Endtz HP, Naumann D, Puppels GJ.
Identification of medically relevant microorganisms by
vibrational spectroscopy. Journal of microbiological
methods. 2002 Nov 1;51(3):255-71.

27. Zhang PX, Zhou X, Cheng AY, Fang Y. Raman spectra
from pesticides on the surface of fruits. InJournal of
Physics: Conference Series 2006 (Vol. 28, No. 1, p. 7).
IOP Publishing.

28. Leonard KJ, Bushnell WR. Fusarium head blight of
wheat and barley. American Phytopathological Society
(APS Press); 2003.

29. Dexter JE, Clear RM, Preston KR. Fusarium head
blight: effect on the milling and baking of some
Canadian wheats. Cereal Chemistry. 1996 Nov
1;73(6):695-701.
https://cerealsgrains.org/publications/cc/backissues/199
6/Documents/73_695.pdf

30. Liu YO, Delwiche SR, Dong YA. Feasibility of FT–
Raman spectroscopy for rapid screening for DON toxin
in ground wheat and barley. Food Additives and
Contaminants. 2009 Oct 1;26(10):1396-401.

31. Sortur V, Yenagi J, Tonannavar J, Jadhav VB, Kulkarni
MV. Vibrational assignments for 7-methyl-4-
bromomethylcoumarin, as aided by RHF and B3LYP/6-
31G* calculations. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy. 2008 Nov
15;71(2):688-94.

32. Jeanmaire DL, Van Duyne RP. Surface Raman
spectroelectrochemistry: Part I. Heterocyclic, aromatic,

and aliphatic amines adsorbed on the anodized silver
electrode. Journal of electroanalytical chemistry and
interfacial electrochemistry. 1977 Nov 10;84(1):1-20.

33. Zhang H, Ma X, Liu Y, Duan N, Wu S, Wang Z, Xu B.
Gold nanoparticles enhanced SERS aptasensor for the
simultaneous detection of Salmonella typhimurium and
Staphylococcus aureus. Biosensors and Bioelectronics.
2015 Dec 15;74:872-7.

34. Premasiri WR, Lee JC, Sauer-Budge A, Théberge R,
Costello CE, Ziegler LD. The biochemical origins of the
surface-enhanced Raman spectra of bacteria: a
metabolomics profiling by SERS. Analytical and
bioanalytical chemistry. 2016 Jul;408:4631-47.

35. Meheretu GM, Cialla D, Popp J. Surface enhanced
raman spectroscopy on silver nanoparticles. Int. J.
Biochem. Biophys. 2014;2(4):63-7.

36. Cho IH, Ku S. Current technical approaches for the
early detection of foodborne pathogens: challenges and
opportunities. International journal of molecular
sciences. 2017 Sep 30;18(10):2078.

37. Su H, Zhao H, Qiao F, Chen L, Duan R, Ai S.
Colorimetric detection of Escherichia coli O157: H7
using functionalized Au@ Pt nanoparticles as
peroxidase mimetics. Analyst. 2013;138(10):3026-31.

38. Krska R, Welzig E, Boudra H. Analysis of Fusarium
toxins in feed. Animal Feed Science and Technology.
2007 Oct 1;137(3-4):241-64.

39. Lin L, Zhang J, Wang P, Wang Y, Chen J. Thin-layer
chromatography of mycotoxins and comparison with
other chromatographic methods. Journal of
chromatography A. 1998 Jul 31;815(1):3-20.

40. Krska R, Baumgartner S, Josephs R. The state-of-the-art
in the analysis of type-A and-B trichothecene
mycotoxins in cereals. Fresenius' journal of analytical
chemistry. 2001 Oct;371(3):285-99.

41. Tanaka T, Yoneda A, Inoue S, Sugiura Y, Ueno Y.
Simultaneous determination of trichothecene
mycotoxins and zearalenone in cereals by gas
chromatography–mass spectrometry. Journal of
chromatography A. 2000 Jun 16;882(1-2):23-8.

42. Trucksess M.W. (1997) Mycotoxins. Journal of AOAC
International,81:128–137.

43. Brera C, Grossi S, Miraglia M. Interlaboratory study for
ochratoxin A determination in cocoa powder samples.
Journal of liquid chromatography & related
technologies. 2005 Jan 1;28(1):35-61.

44. Frisvad JC, Thrane U. Standardized high-performance
liquid chromatography of 182 mycotoxins and other
fungal metabolites based on alkylphenone retention
indices and UV—VIS spectra (diodearray detection).
Journal of Chromatography A. 1987 Jan 1;404:195-214.

45. Senyuva HZ, Ozcan S, Cimen D, Gilbert J.
Determination of fumonisins B1 and B2 in corn by
liquid chromatography/mass spectrometry with
immunoaffinity column cleanup: single-laboratory



International Journal of Pharma Research and Health Sciences, 2024; 12(1): 3702-10.

3710
© All rights reserved with authors as per copyright policy

method validation. Journal of AOAC International.
2008 May 1;91(3):598-606.

46. Vatinno R, Vuckovic D, Zambonin CG, Pawliszyn J.
Automated high-throughput method using solid-phase
microextraction–liquid chromatography–tandem mass
spectrometry for the determination of ochratoxin A in
human urine. Journal of Chromatography A. 2008 Aug
8;1201(2):215-21.
https://doi.org/10.1016/j.chroma.2008.05.079

47. Cervino C, Asam S, Knopp D, Rychlik M, Niessner R.
Use of isotope-labeled aflatoxins for LC-MS/MS stable
isotope dilution analysis of foods. Journal of agricultural
and food chemistry. 2008 Mar 26;56(6):1873-9.

48. Maragou NC, Rosenberg E, Thomaidis NS, Koupparis
MA. Direct determination of the estrogenic compounds
8-prenylnaringenin, zearalenone, α-and β-zearalenol in
beer by liquid chromatography–mass spectrometry.
Journal of chromatography A. 2008 Aug 15;1202(1):47-
57. https://doi.org/10.1016/j.chroma.2008.06.042

49. Bueno D, Istamboulie G, Muñoz R, Marty JL.
Determination of mycotoxins in food: A review of
bioanalytical to analytical methods. Applied
Spectroscopy Reviews. 2015 Oct 21;50(9):728-74.

50. Griffiths PR. Fourier transform infrared spectrometry.
Science. 1983 Oct 21;222(4621):297-302.
https://doi.org/10.1177/0003702820973026

51. Mathew SB, Pillai AK, Gupta VK. A rapid
spectrophotometric assay of some organophosphorus
pesticide residues in vegetable samples. Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy.
2007 Aug 1;67(5):1430-2.

52. Vodeb L, Petanovska-Ilievska B. HPLC-DAD with
different types of column for determination of beta-
cyfluthrin in pesticide formulations. Acta
Chromatographica. 2006 Jan 1;17:188.

53. Kouremenos KA, Beale DJ, Antti H, Palombo EA.
Liquid chromatography time of flight mass
spectrometry based environmental metabolomics for the
analysis of Pseudomonas putida bacteria in potable
water. Journal of Chromatography B. 2014 Sep
1;966:179-86.

54. Suzuki Y, Niina K, Matsuwaki T, Nukazawa K, Iguchi
A. Bacterial flora analysis of coliforms in sewage, river
water, and ground water using MALDI-TOF mass
spectrometry. Journal of Environmental Science and
Health, Part A. 2018 Jan 28;53(2):160-73.

ACKNOWLEDGEMENT: None

CONFLICT OF INTEREST: The authors declare no
conflict of interest, financial or otherwise.

SOURCE OF FUNDING: None.

AVAILABILITY OF DATA AND MATERIALS: The
raw data used in this study can be obtained from the
corresponding author upon reasonable request.

CONSENT FOR PUBLICATION: Not applicable.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE: NA


