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Abstract Food safety is a global challenge that demands
effective methods for detecting and controlling pathogenic
microorganisms in food. Traditional methods, while reliable,
require extended time and significant resources. Rapid meth-
ods have emerged in response to these limitations, incor-
porating physicochemical, immunological, and molecular
techniques and biosensors and miniaturized systems. This
narrative review examines the key advances in rapid meth-
ods for microbiological control of food, highlighting their
applications, advantages, and limitations. It concludes that
implementing these techniques can optimize analytical pro-
cesses, strengthening global food safety.

Keywords food safety, rapid methods, food microbiology,
food security.

Resumen La inocuidad alimentaria es un desafio global
que demanda métodos eficaces para la deteccion y control de
microorganismos patoégenos en alimentos. Los métodos tra-
dicionales, aunque fiables, requieren tiempos prolongados y
recursos significativos. En respuesta a estas limitaciones, han
surgido métodos rapidos que incorporan técnicas fisico-qui-
micas, inmunologicas y moleculares, ademas de biosensores
y sistemas miniaturizados. Esta revision narrativa analiza los
principales avances en métodos rapidos para el control mi-
crobiolégico de los alimentos, destacando sus aplicaciones,
ventajas y limitaciones. Se concluye que la implementacion
de estas técnicas puede optimizar los procesos analiticos,
fortaleciendo la seguridad alimentaria global.

Palabras clave inocuidad alimentaria, métodos rapidos, mi-
crobiologia de alimentos, seguridad alimentaria.
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Introduction

Foodborne diseases (FBD) constitute a global problem in
the contemporary world; the vast majority are of biological
origin (EFSA & ECDC, 2023). Tests to assess food safety
worldwide are increasing for various reasons, including the
growing public concern each time a food product is with-
drawn due to food safety (Alonso & Poveda, 2008). Heal-
th regulations are also increasing in many countries and
regions. Two examples are the Food Safety Modernization
Act (FSMA) in the U.S. and China’s food safety action plan
(Mateos & Rodriguez, 2015).

There are numerous causative agents of FBD, including
Salmonella spp., Listeria monocytogenes, and Escherichia
coli (including enterotoxigenic strains producing Shiga to-
xin), among others (Puig et al., 2013). In recent years, the
main causative agents of outbreaks in Cuba have been Sal-
monella spp. and coagulase-positive Staphylococcus. Salmo-
nella is the most recurrent agent, causing a foodborne infec-
tion capable of hospitalization and even death (Puig et al.,
2013b).

Currently, the analytical methods used are validated tradi-
tional methods, most of which are identical adoptions of ISO
standards (Leyva et al., 2013). These require considerable
time, human capital, equipment, culture media, and reagents
for their development, making it necessary to have reliable
rapid methods to obtain results in a shorter time with the re-
quired quality and reliability to meet customer needs.

Given the need for methods that expedite analysis results,
several studies have been conducted at the Food Microbio-
logy Laboratory of INHEM to determine the feasibility of
using rapid kits from different brands, such as the Neogen
Kit for Listeria spp. and Salmonella spp. (Jiménez, 2016),
Rapid Test for Listeria from Oxoid (Martino et al., 2011),
and the evaluation of a TECRA Salmonella Via Elisa Kit 3
M (Pereda, 2013).

In this context, microbiological analysis methods must
guarantee the accuracy and reliability of the results and re-
duce the time and resources required for their execution.
This review aims to analyze the methods used in food mi-
crobiological control, examining advances in both rapid and
traditional techniques and their impact on food safety. The
review seeks to provide a comprehensive perspective that
contributes to the selection and implementation of more effi-
cient analytical tools adapted to the current needs of the food
industry.

Historical background
The first person to appreciate and understand the presence

and role of microorganisms in food was Pasteur. In 1837, he
demonstrated that the acidification of milk was due to the
growth of microorganisms. Before this date, other significant
discoveries contributed to the development of microbiologi-
cal studies. In 1659, Kircher demonstrated the presence of
bacteria in milk, and in 1680, Lecuwenhoek observed yeast
cells for the first time. These precedents led to the first study
of mesophilic bacteria in 1888, and in 1895, the first records
of bacterial counts in milk were made by Von Geuns. Sub-
sequently, various studies were conducted for the microbio-
logical analysis of food to determine the presence, type, and
quantity of microorganisms in products (Jay et al., 2009).

Traditional methods for detecting pathogenic
microorganisms

Basic methods to determine the number of microorganis-
ms in food include standard plate count, in which viable mi-
croorganisms (Colony Forming Units, CFU) are quantified;
the most probable number (MPN) method, which is a statis-
tical determination of the number of viable cells in a sample;
and direct microscopy counts, which include both viable and
non-viable cells (Jay et al., 2009).

In the standard plate count technique, food samples are
crushed and homogenized, serially diluted with an appro-
priate diluent, placed on a plate with an enriched agar me-
dium, and incubated at a precise temperature for a specified
time. Afterward, visible colonies are counted using a co-
lony counter. In the MPN method, dilutions of the food to
be analyzed are prepared similarly to the plate count. Three
or five series of aliquots and dilutions are seeded into 9 or
15 tubes, respectively. The number of microorganisms in
the food is determined using established MPN tables. The
direct microscopy count involves preparing a smear of the
food samples or cultures to be analyzed on a microscope sli-
de, staining with appropriate substances, and observing and
counting the cells using an oil immersion objective (Jay et
al., 2009).

These microbiological analysis techniques in food are pri-
marily aimed at detecting microorganisms that indicate the
possible presence of pathogens or spoilage organisms. Con-
ventional methods for microorganism detection, such as the
MPN technique, membrane filtration, deep plating, or pour
plating, require that the microorganism under analysis form
a colony in an appropriate culture medium, which involves
preparation, sterilization of materials, sufficient labor, relati-
vely long incubation periods, the use of enrichment or reco-
very cultures, and necessary equipment such as incubators,
refrigerators, autoclaves, and burners. It is also important to
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note that foodborne microorganisms are constantly changing
due to their inherent ability to evolve and their surprising
ability to adapt to different forms of stress (Alonso & Pove-
da, 2008).

Rapid methods for pathogen detection in food

Some requirements that rapid and automated microbio-
logical analysis methods for food must meet include accu-
racy in obtaining results according to established require-
ments (sensitivity, minimum detection limits, specificity of
the analysis system, versatility, potential application, and
comparison with reference methods), speed (in terms of the
minimum time required to obtain results and the number of
samples processed per assay, whether in hours or days), mi-
nimum cost (per analysis, reagents, labor), acceptability and
reliability of the method by the scientific community and re-
gulatory agencies of analytical systems, simplicity in sample
preparation, operation of the analytical equipment, and data
processing, as well as occupying minimal required space.
They should be implemented as mechanisms for improving
facilities’ hygienic conditions and protecting food in patho-
gen detection (Mateos & Rodriguez, 2015).

Rapid methods are based on physicochemical techniques
(dehydrated general or selective culture medium films, sys-
tems for determining the most probable number, chromoge-
nic and fluorogenic media), immunological techniques (pre-
cipitation, agglutination, immunofluorescence, cytometry,
immunoassay, enzyme-linked immunosorbent assay, immu-
nochromatography, nephelometry, immunomicroscopy), and
molecular techniques (hybridization, endpoint PCR, real-ti-
me PCR, ribotyping, microarrays, biochips) (Leotta, 2009).

Immunological tests

Immunological techniques are analytical procedures based
on objectively visualizing the interaction between an antigen
and its corresponding antibody. Due to their sensitivity, spe-
cificity, speed, and low cost, they are instrumental in the mi-
crobiological analysis of food. Three fundamental stages are
identified in developing an immunological assay: 1) antigen
preparation, 2) obtaining and evaluating the antibody, and
3) developing an appropriate immunoassay. The determining
factor of these methods is the selection of an appropriate an-
tibody. Positive results obtained through these methods are
always considered presumptive positives, so they always re-
quire confirmation. The detection limit is between 10*-10°
cfu/mL. Once the antigen is selected, obtaining antibodies
requires the use of experimental animals (Martinez, 2011).

The success of immunological techniques in the microbio-

logical analysis of food has been enhanced by the develo-
pment of monoclonal antibody technology, which provides
clones of hybrid cells that continuously and inexhaustibly
produce antibodies with known biological activity and cons-
tant specificity (Mateos & Rodriguez, 2015).

In recent years, most commercial kits for the specific iden-
tification of microorganisms and/or their toxins or metaboli-
tes have progressively replaced polyclonal antibodies with
monoclonal ones. Furthermore, numerous studies have de-
monstrated that the reproducibility of commercial kits using
monoclonal antibodies is superior (Mateos & Rodriguez,
2015).

Enzyme-Linked Immunosorbent
(ELISA)

ELISA (Enzyme-Linked Immunosorbent Assay) is one of

Assay

the most commonly used antibody-based formats for patho-
gen analysis in food. It involves using an antibody bound to
a solid matrix that captures the antigens present in the enri-
ched culture. A second antibody conjugated with an enzyme
is used for detection. In the presence of a substrate, the enzy-
me catalyzes a colorimetric reaction. The walls of the wells
in microtitration plates are the most commonly used solid
support in this type of assay (Martinez, 2011).

Flow cytometry

Flow cytometry is a rapid and sensitive optical technique
that allows for the detection of individual cells in complex
matrices and the measurement of various physiological cha-
racteristics of these cells. In this method, cells are passed
one by one through a cytometer, where a laser light beam is
directed onto them. When this occurs, the light is scattered
and absorbed by the microorganisms. The degree and natu-
re of the light scattering caused by the intrinsic properties
of the cells can be recorded and analyzed with a system of
lenses and photoelectric cells. In this way, the number, size,
and shape of the microorganisms are estimated. Specific mi-
crobial groups can also be detected (Marie et al., 1999). For
this purpose, flow cytometry can be combined with specific
antibodies labeled with fluorescence or with specific oligo-
nucleotide probes (Barbosa et al., 2008).

Molecular biology

In molecular methods, selecting a specific DNA sequence
and appropriate amplification conditions are essential. These
are the determining factors for the specificity of molecular
methods. Among the methods based on molecular biology,
we can mention PCR, a molecular technique based on the
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polymerase chain reaction (PCR), which has revolutioni-
zed the molecular diagnosis of infectious diseases. Unlike
traditional methods, which require 6 or 7 days to provide a
definitive result, PCR achieves the same in just 1 to 3 days,
depending on various modifications to the work protocol.
This technique detects specific DNA sequences and is not
altered by phenotypic variations that can be evidenced by
biochemical patterns (Pérez et al., 2008).

Currently, PCR techniques, which develop in multiple
steps—from the amplification of genetic material to the
analysis of the final products—are evolving toward faster
and more automated single-tube procedures. These advan-
ces in PCR techniques are based on fluorescent compounds
and offer numerous advantages in routine food analysis. For
example, the time required to obtain results is reduced, as it
does not require the subsequent electrophoretic analysis of
PCR products (Foley & Grant, 2007).

The advantages of these assays, along with their ease of
use and susceptibility to automation, make them very attrac-
tive for application in food to overcome the long enrichment
culture stage. Research and development in this field may
grow and lead to rapid, specific, and sensitive detection as-
says that can be performed directly on food samples shortly
(Foley & Grant, 2007).

Biosensor

A biosensor is a compact analytical device that integrates
a signal transduction system with a biological recognition
element (enzyme, organelle, tissue, cell, biological receptor,
antibody, or nucleic acid) or biomimetic (molecularly im-
printed polymers). This system allows the signal (electrical,
optical, piezoelectric, thermal, or nanomechanical) produced
by the interaction between the recognition element and the
substance or organism being detected (analyte) to be proces-
sed using software with appropriate algorithms. Biosensors
are characterized by their high specificity, sensitivity, relia-
bility, and multiplexing capability.

These devices can detect biotoxins (bacterial toxins, my-
cotoxins, and marine toxins), spoilage microorganisms, and
pathogens (bacteria, molds, yeasts, viruses, and parasites)
present in food. While the primary applications of biosensors
are in genomic research and medicine, specific devices (ba-
sed on nucleic acid hybridization and antigen-antibody inte-
ractions) are already available for detecting Salmonella spp.,
L. monocytogenes, E. coli, S. aureus, Clostridium botulinum,
and other microorganisms (Mateos & Rodriguez, 2015).

Miniaturized systems and diagnostic Kits

Miniaturized systems arise from the concept of microtiter
plates (96 wells, 8x12 format), which allow the reduction of
reagent and medium volumes required for assays. Additiona-
lly, it is possible to study, in a manageable format, the effect
of a compound on many isolates or the effect of a series of
compounds on a specific isolate.

This line of research has enabled the development of some
of the selective culture media available in the market today.
Among the miniaturized microbial identification systems cu-
rrently available, based on the metabolism of specific subs-
trates by microorganisms and their detection through various
indicator systems, the following stand out: disposable cards
for the simple identification of suspicious colonies through
rapid biochemical tests like OBIS (Oxoid Biochemical Iden-
tification System, Cambridge, UK); galleries that allow iden-
tification of over 800 species of bacteria and yeasts, such as
the API system (BioMérieux Hazelwood, Mo, USA); plas-
tic tubes with compartments containing agar with various
substrates and a needle inside for quick and easy inoculation
from a single colony, like the BBL Enterotube and Oxi/Ferm
Tube (BD Becton, Dickinson and Company, NY, USA); and
plastic supports with easily inoculated wells containing chro-
mogenic and/or fluorogenic substrates in dehydrated form,
which are rehydrated upon contact with the sample (BBL
Crystal, BD Becton, Dickinson and Company, USA; RapID
systems and MicrolD, Remel KS, USA; Biochemical ID
systems, Microgen Bioproducts, Surrey, UK) (Leotta, 2009).

One of the most well-known miniaturized and automated
systems is the VITEK system (BioMérieux Hazelwood, Mo,
USA), which, based on color changes in substrates or gas
production from cultures inoculated into wells of a plastic
card containing dehydrated biochemical substrates, can iden-
tify E. coli in 2-4 hours. A similar speed in obtaining results
can be achieved with the Biolog system (AES Chemunex,
Rennes, France), which detects the ability of microorganis-
ms to oxidize 95 carbon sources. The possible metabolic pat-
terns allow, in addition to identification, the establishment of
phylogenetic relationships among different isolates. Using a
single redox chromogen, tetrazolium violet, which irreversi-
bly reduces to formazan (purple color) due to bacterial meta-
bolic activity, facilitates the visual reading of results.

In any case, most of the systems mentioned in this section
offer the possibility of automated result reading and inter-
pretation. For the automation of the MPN method, plastic
cards have been developed that contain three groups of 16
wells, with a logarithmic volume difference for each well
group, and culture media with fluorescent indicators (Tem-
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po, BioMérieux, Hazelwood, Mo, USA). This system signi-
ficantly reduces the need for reagents, space, and time com-
pared to the conventional MPN method (Leotta, 2009).

Food System is a 24-well panel containing culture media
with dried biochemical substrates for the presumptive search
and identification of microorganisms from meat, dairy, and
other food products. The panel allows the search and iden-
tification of Salmonella spp., Citrobacter spp., S. aureus, E.
coli, Bacillus cereus, Listeria spp., and fungi, among others;
it is validated according to ISO 16140 (2003) for the detec-
tion of Salmonella spp. and Listeria spp.

The situation of miniaturized systems and
diagnostic kits worldwide

According to a study published by BCC Research LLC,
the market volume for testing devices or methods for global
food safety reached $10.5 billion in 2014 and is expected to
reach approximately $13.6 billion by 2019, representing a
5.3% annual growth over five years until 2019 (Mateos &
Rodriguez, 2015).

Conclusions

Foodborne diseases pose a risk to public health and require
the development of efficient methods for their control. Rapid
and automated methods enable the detection of microorga-
nisms with greater accuracy, shorter processing times, and
reduced costs compared to traditional methods. Advanced
technologies such as PCR, biosensors, and flow cytometry
have transformed food microbiology by providing more re-
liable and faster results. The validation and standardization
of these technologies support their global implementation,
contributing to improved food safety.
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