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ABSTRACT

Background: The electronic nose, tongue, and eye are futuristic technologies that have been used
for many years; they have been gaining market in different types of industries and can increasingly be
found in the food area; their function is to determine sensory characteristics (smell, aroma, and flavor)
and objective visuals, without the subjectivity that can be represented by sensory analysis by people (the
study that can complement the analysis of machines, without being exclusive). Objectives: Find the main
generalities of these mechanisms, their sensors, software, mechanism of action, and applications within the
food industry. Methods: A search was carried out in the main databases of indexed articles, with terms
that allowed collecting the necessary information, and 89 articles were used that met different inclusion
criteria. Results: The main outcomes were to understand the operation of each of these technologies,
what their main components are, and how they can be linked in the beer, wine, oil, fruit, vegetable,
dairy, etc. industry to determine their quality, safety, and fraud. Conclusions: The use of electronic
nose, tongue, and eye is found in more food industries every day. Its technology continues to evolve; the
future of sensory analysis will undoubtedly apply these mechanisms due to the reliability, speed, and
reproducibility of the results.
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RESUMEN

Antecedentes: La nariz, lengua y ojo electrénico son tecnologias futuristas que se vienen empleando
hace muchos anos, han ido ganando mercado en diferentes tipos de industria y cada vez mis se lo puede
encontrar en el drea de alimentos, su funcién es el de determinar caracteristicas sensoriales (olor, aroma
y sabor) y visuales objetivas, sin la subjetividad que puede representar el analisis sensorial por parte de
personas (andlisis que puede complementar al anilisis de las miquinas, sin ser excluyente). Objetivo:
El objetivo de esta investigacion fue encontrar las principales generalidades de estos mecanismos, sus
sensores, software, mecanismo de accién y aplicaciones dentro de la industria de los alimentos. Métodos
Se realiz6é una busqueda en las principales bases de datos de articulos indexados, con términos que
permitieran recabar la informacién necesaria, y se utilizaron 89 articulos que cumplieron distintos
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criterios de inclusién. Resultados: Los principales resultados fueron entender el funcionamiento de
cada una de estas tecnologias, cudles son sus principales componentes y como pueden estar ligados
en la industria de la cerveza, vino, aceites, frutas, hortalizas, licteos, etc., para determinar su calidad,
inocuidad y fraude. Conclusion: El uso de nariz, lengua y ojo electrénico cada dia se encuentra en
mis industrias de alimentos y su tecnologia sigue evolucionando, el futuro del anélisis sensorial serd sin
duda la aplicacién de estos mecanismos por la fiabilidad, rapidez y reproducibilidad de los resultados.

Palabras clave: Sentidos electrénicos, compuestos volitiles, tecnologia, anélisis sensorial, control

de calidad.

INTRODUCTION

In recent decades the food industry has
experienced remarkable growth in terms of the
quantity of food produced and sold, and the quality
of the product. The productivity of the agri-
food sector experiences continuous and growing
challenges by the demand of consumers that
make the use of innovative technologies a priority
to maintain and improve its competitiveness
(1-3). Electronics play a vital role in the food
industry’s automation. Automated food production
systems come in different functions and sizes,
depending very much on the type of food and the
manufacturers’ specific requirements (4).

Electronic sensors are products of advanced
chemical and physical sciences combined with
the intuitive integration of microprocessors,
computing, and statistics. They include resistive,
optical, electrochemical, or piezoelectric platforms,
where a variety of sensing materials have been
immobilized. The electronic nose, tongue, and eye
have been used to characterize components that
contribute to sensory or compositional profiles,
from ripening to harvest, from raw material
storage to packaging and consumption, allowing
complex sensory information to be processed
(stimuli for the human sensory system). This
multisensory approach reflects more closely the
complexity of human perception of different
stimuli. Due to various factors it can become
subjective; therefore, this technology allows us to
have objective data (5, 6).

This research was developed to guide on the
main aspects of the nose, tongue and electronic
eye. Many studies and bibliographic reviews of
these technologies can be found separately, but

not one that integrates all three. With this review
we can understand the importance that represents
for the food industry the possible use of the three
technologies together for food control, as in studies
where the quality of tea and olive oil has been
evaluated (7, 8).

MATERIALS AND METHODS

A bibliographic review was carried out using
the following databases: Web of Science, ProQuest,
Scielo, Springer, Redalyc, and ScienceDirect. The
terms used in the search were: electronic nose,
electronic tongue, electronic eye, computer vision
system, volatile aromatic compounds, electronic
sensors, biological sensors.

The selection of the cited bibliography took into
account the following inclusion criteria:

1. Relevance: Articles had to be clear for review
according to their title, generally related to
electronic sensors.

2. Language: Articles had to be written in English
or Spanish.

3. Journal and year of publication: Articles
published during the last 10 years (to have
updated information) in indexed journals were
selected for further review.

In total, 229 scientific articles were identified.
Repeated papers were excluded, of which 64 were
omitted because their titles were not relevant for
the review. Of the 165 manuscripts under review,
40 were dropped due to languages other than
English or Spanish. 125 articles followed the study,
and 36 were excluded because they did not match
the journal and year requirements. A total of 89
articles remained that satisfied the inclusion criteria
(Figure 1).
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Figure 1. Flow chart of the bibliographic search and delimitation of information.

RESULTS AND DISCUSSION

Electronic Nose

The electronic nose (E-nose) is a tool that
contains mainly three parts, a sample delivery
system, an array of gas or chemical sensors, and
a pattern recognition system. This technology is
normally used to detect simple or complex volatile
organic compounds and has become one of the
most useful devices in the food industry (9). Since
the first report of an electronic nose based on
chemical sensors and pattern recognition in 1982,
the instruments have experienced significant
development by advancing technology. The most
interesting and promising sectors for applying
electronic noses that can be found in the scientific
literature concern the food industry, medical
diagnostics, and environmental monitoring (10-12).

The electronic nose concept is parallel to the
human nasal system that works in coordination
with the brain. Each time the orthonasal (external
olfactory sense) smells a compound, it reaches
the olfactory epithelium located in the upper
nasal cavity (13). In similar lines to a human
nose, the electronic nose works through a series
of sensors. After detecting the aroma, the set of
sensors generates a pattern based on the type of
smell. Besides, the patterns obtained are trained to
interpret and distinguish between various odors

and recognize new patterns depending on the food
industry needs (14).

There is a great difference compared to the
human olfactory system, it is worth mentioning
that an electronic nose can present certain types
of limitations due to sensors and analytical
methods. The set of gas or chemical sensors have
limitations such as sensor poisoning, calibration
and sensitivity, these limitations have improved in
recent decades (15).

When a volatile compound or odor (chemical
input) is exposed to the electronic nose, a physical
change occurs in the sensors, detected by the
transducers, and converted into an electrical
signal creating a specific olfactory signature or
fingerprint (16). The increase and decrease of the
signal depending on some parameters: nature of the
odor (type and concentration of the compounds),
reaction and diffusion between odor and sensors,
type of sensor, and environmental conditions (17).

Components

Electronic nose systems consist of hardware
and software parts. The E-nose’s main hardware
parts are the odor handling and delivery systems,
the sensor assembly, and the interface circuit. The
E-nose software parts are the pre-processing and
pattern recognition (PR) algorithms (18). They
have a classifier that discriminates the odor classes
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to reduce the dimensionality of the data; in some
studies, the genetic algorithm (GA) has been used
to find the best combination of characteristics. For
the attributes projection, the principal component
analysis (PCA) and the Fisher linear discriminant
analysis (LDA) are usually used in the data
preparation unit (19). The odors classification unit
needs a supervised pattern of sorting algorithms
such as the nonparametric k-nearest neighbors (k-
NN) method, the Support Vector Machines (SVM)
supervised learning algorithm, or artificial neural

networks (ANN) (20).
Odor management and delivery system

These systems were designed, taking inspiration
from the anatomy of the biological nose. The odor
emission rate is a factor that points to the source
of odor emission and shows the amount of odor
emitted per unit of time (21). Generating airflow
between samples is one of the most popular types
of odor handling, and delivery systems called
the sample flow system. As air flows, the odor
of the sample increases, leading to more accurate
measurements. There are other methods, such as”
the static system” and “the direct exposure”, which
could be chosen considering the application and
nature of the samples (22).

Sensors

As mentioned, the electronic nose is a set of
receptors that can bind groups of particular volatile
compounds. The resulting matrix response is
processed using pattern recognition techniques
to generate an output signal. Although individual
sensors are generally not highly selective, their
combined signals allow the characterization of
samples as a whole (23). The sensors in an electronic
nose perform functions very similar to the olfactory
nerves in the human olfactory system. Therefore,
the sensor array can be considered the heart and
the most important electronic nose component.
The instrument is completed by interfacing with
the computer’s central processing unit (CPU), the
recognition library and the recognition software
that serves as the brain to process the input data
from the sensor array for further data analysis (24).

Depending on the detection materials, gas sensors
can be classified into several types: conductive
polymers (CP), metal oxide semiconductors
(MOS), quartz crystal microbalance (QCM),
and surface acoustic wave sensors (SAW) (25).
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The target gases react with the sensors, causing
reversible electrical properties, such as conductivity.

Measurement of conductivity is typically
obtained by measuring the sensor’s output voltage
and characterizes the output voltage pattern using
parameters such as peak voltage, response time, and
recovery time (26).

Interface circuit

The interface circuitry converts the sensors’
response to electrical signals with the voltage
and current based on the sensors’ specific
technology. They are designed following the circuit
implementation technology of each electronic
nose. The interface circuits that make up an
electronic nose can be divided into two main ones:
integrated and non-integrated circuits. In the
first category, both the circuits and large-scale
integration sensors (VLSI) are located on a chip
(27). Non-integrated circuits use discrete electronic
components such as programmable logic devices
(PLDs), microcontrollers and field-programmable
gate arrays (FPGAs), and operational amplifiers
(Op-Amps). The odor detection chip consists of
three parts: sensor-on-chip interface circuitry, an
adaptive neuromorphic olfactory model on a chip,
and a chemosensor-on-chip array (28).

Software

The E-nose software units are data pre-
processing and pattern recognition units. The
electrical signal produced by interface circuits
is generally not suitable to be delivered to the
computer to recognize the pattern; these signals
must be processed extensively. The pre-processing
unit extracts the relevant information from the
sensor responses and prepares the data for pattern
analysis. The pattern recognition unit is used to
predict the kinds of odor samples (29).

Signal preprocessing

Usually, the signals emitted by the analog signal
condition unit are wide and associated with noise;
this can cause various inconveniences. In fact, when
the sensor array is exposed to the odor samples,
the sensor output signal changes. This response is
fast and is associated with noise (30). After noise
reduction, the sensor outputs are digitized and
delivered to the pattern recognition unit. In this
sense, an analog to digital converter circuit is used

(ADC) (31).
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Applications of the electronic nose at an industrial level

As an extension of the human smell, the
electronic nose has played a significant role in the
food and environmental fields; for example, it is
used to predict aquaculture products’ freshness
in China. In the research of Zhiyi, Chenchao, &
Jiajia (32), a method was proposed for the freshness
prediction of yellow croaker with an electronic nose;
the principal component analysis showed that it is
a reliable and threadbare method to determine the
freshness of fish with a model error of 10%.

Fruits produce and release a wide variety of
volatile organic compounds (VOCs) that make up
their characteristic aromas with esters, terpenoids,
lactones, amino acid derivatives, fatty acids, and
phenolic compounds. Those are the dominant
classes of volatile organic compounds represented in
fruit aromas (33). Within several studies, it has been
shown that electronic noses are excellent digital
electronic devices for identifying, characterizing,
and classifying the fruit aromas of different fruits
and varieties. These instruments can quickly
and systematically evaluate complex mixtures of
volatile gases without identifying all the chemical
components present in the ramification of fruit
aromas (34).

The electronic nose function in beer technology
encompasses many parameters such as detecting
defects, classification of hops, barley, yeast, and
sort of beer varieties. The sensors are calibrated
to measure volatile compounds such as carbon
dioxide, ethanol, methane, diacetyl, hydrogen,
hydrogen sulfide, carbon monoxide, ammonia,
and benzene, which can affect beer quality and
differ between fermentation batches (35). In Brazil,
Jordan et al. (36) proposed and demonstrated
that you could have an electronic nose system
to measure effectively and quickly the level of
volumetric alcohol in beer; they analyzed 15
samples with different alcohol content. The sensors
were able to recognize the amount of ethanol with a
5.47% error; so, this can be applied, and it is viable
to identify that parameter in the market, given the
rise of microbreweries in the world.

Like every human being that emits its
characteristic odor, stored meat emits gases that,
when analyzed, can provide information about
the condition during storage. Various factors,
such as age, breed, diet, health, sex, and storage
conditions, influence the type of volatile organic

compounds emitted (37). The aforementioned
adds to the complexity of developing an electronic
nose system that is reliable and consistent for meat
product applications. With the help of appropriate
chemometric techniques, the detection system’s
odor patterns can be processed to obtain a result,
which provides information on the food product’s
state. To develop an effective electronic nose system
to identify the presence of changes in parameters,
decomposition, or pathogenic microorganisms in
the meat, the nature of the volatile organoleptic
compounds (VOCs) emitted by the meat product
must be precise. This will help design the electronic
nose system based on the target volatile compounds
and develop a reliable validation system (even
predicting if organic waste may exist). There is
enough information on the volatile gases emitted
by changes in the entire range of meat products we
can find in the industry (38).

It has been established that heat treatment of
milk, especially cow’s milk, significantly changes
its especially organoleptic chemical properties and
promotes the denaturation of whey protein. Heating
also affects the salt balance of milk, decreasing
the soluble calcium, and if accompanied by a pH
reduction, the nature of the colloidal calcium
phosphate will change (39). Most investigations
of electronic nose in dairy have focused on the
analysis of adulteration of milk, which is a common
practice in many populations. It is essential to create
fast and reliable methods to detect these anomalies
(40). There is a developed system to detect possible
quality alterations in raw milk, focusing mainly
on sodium hypochlorite, hydrogen peroxide, and
formalin; chemicals used to prevent the rapid
deterioration of milk. The equipment showed
precision values between 87 to 95 % identifying
samples with those compounds, indicating that
the electronic nose is an excellent method to detect
fraud in milk in a fast way.

As anew aroma analytical technique, electronic
nose detection has been widely applied in the cereal
area. If the grain deteriorates during storage, the gas
compounds produced by fungi’s metabolism will
change depending on the species and concentration
(41). The fungi alteration induces nutritional losses,
unusual flavors, organoleptic deterioration, and in
most cases, the presence of mycotoxins. Research
has correlated fungal activity with the production
of typical VOCs. The electronic nose technique
has been proposed as a new method to detect
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VOC:s as markers of possible grain deterioration,
and the detection and differentiation of fungi
mycotoxigenic strains in contaminated grains
and semi-quantitative/quantitative evaluation of
mycotoxin contamination (42).

Due to the complexity of the coffee aroma,
various electronic nose applications have been
carried out in recent years. The evaluation of the
roasting degree of coffee is mainly based on the
tinal empirical observation of the color, requiring
well-trained operators with a high degree of skills
(43). In the Radi, Rivai, & Purnomo (44) research, a
portable electronic nose composed of a series of 10
temperature-moderated metal oxide sensors (MOS)
was tested as a possibility for the automation of the
roasting process (time, temperature, and color).
The method was established and can be replicated
for the final characterization of the coffee bean’s
quality that can be used as an analogous control
to the parameters commonly used in the industry.

Various applications of the electronic nose
technique have been studied in bakery products.
Different types of electronic nose systems have
been used for bakery products and related raw
materials, along with techniques for data processing
and analysis. The aim is to test and discriminate
volatile aromatic compounds from different flours
and ingredients used in formulations, processing
operations (fermentation and baking), and storage
conditions (45). A greater number of electronic nose
applications focus on VOCs’ rapid discrimination
for the early detection of spoilage and fungal growth
in cereals. Rusinek, Gancarz, & Nawrocka (46)
developed an electronic nose that allows identifying
the deterioration of bread as the days of storage pass.
This system can predict the bread aging based on
changes in the emission of volatile substances under
aerobic conditions and the growth of fungi that can
alter characteristics; this system is a fast and non-
destructive detection tool.

The electronic nose has been shown to be
appropriate to complement the human sensory
panel for rice odor evaluation applications due to its
complexity in allowing people to distinguish sensory
patterns of different varieties, contamination,
and storage conditions. The electronic nose will
overcome some of the limitations of sensory panel
testing by being fast, reliable, and consistent in
grading grain quality. This includes evaluating
rice samples’ discrimination and classification
of and identifying contamination of rice mold
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and disease of rice plants. Each industry must be
analyzed separately to determine the percentages
of acceptance or rejection (47).

Analog odor measurement and automated
simulation of the sense of smell is complex. For this
reason, the development of organoleptic analysis
of spices has been considered complex due to their
similarity in various chemical compounds that
give them odor (48). The ability of the electronic
nose to differentiate between different types of
spices was demonstrated in a study conducted by
Hiibert et al. (49) where 12 conductive polymers
(CPs) were used with an enhanced time-delay
neural network (TDNN) to distinguish between
4 types of spices (basil, cardamom, pepper, and
turmeric), 4 tests were performed to determine the
final experimental. Finally 16 analyzes were carried
out for each spice; the results showed that the
mathematical methods applied gave in 4 minutes
a correct recognition of spices from 60 to 100%.

Electronic Tongue

The human sense of taste involves identifying
basic flavors, including sweetness, acidity, bitterness,
salinity, and umami. The human sensory panel
(trained or untrained) has been used to perform
taste evaluations on many food products, yet
running and training people is relatively time-
consuming and expensive. In some cases, sensory
panels can introduce bias if the panelists are not
well trained; thus, many researchers have used the
electronic tongue as a rapid and impartial detection
alternative to the human tongue (50).

The electronic tongue is a multi-channel taste
sensor (more than five basic flavors) with global
selectivity. It is composed of several types of lipid/
polymer membranes to transform information
about taste substances into electrical signals
uploaded into a computer (51). Electronic tongue
signals are analyzed in a pattern recognition unit
to discriminate between similar samples. It is an
analytical tool composed of three parts: (1) non-
specific and not very selective chemical sensors
that have partial specificity (cross-sensitivity) to
different components in a liquid sample; (2) an
appropriate method of pattern recognition; (3)
multivariate calibration for data processing (52).
By decoding the chemical energy of the interaction
between the detection unit and the analytes into
a primary signal output, the array of detection
elements determines the entire analytical system’s
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performance. Electronic tongue instruments
depend on available analytical technologies that
operate in the liquid phase. The most common
are based on electrochemical techniques such as
voltammetry, potentiometry, and conductometry,
which require electrodes in the liquid phase to
establish a measurement circuit (53).

Taste sensors

Chemical sensors commonly employed for an
electronic tongue include electrochemical sensors,
biosensors, and optical mass sensors. Like the gas
sensors in the electronic nose, the chemical sensors
used in electronic tongues react with analytes,
creating reversible electrical properties changes.
Measurable electrical signals are used to do pattern
recognition and classification (54).

The sensor responds to the chemical composition
of the taste. This can be understood by the fact that
taste interactions, such as the suppression effect,
which appears in mixtures of sweet and bitter
substances, can be reproduced well; for example,
the suppression of the bitterness of the quinine and
adrug substance by sucrose can be quantified (55).
Amino acids can be classified into various groups
based on their flavor profile based on the sensor
outputs. Food flavors such as beer, coffee, mineral
water, milk, sake, rice, soybean paste, and vegetables
can be quantitatively analyzed using the taste sensor,
which provides an objective scale to investigate the
human sensory expression. The taste of a wine is
also discriminated using the sensory fusion of taste
and odor performed by combining the taste sensor
and an odor sensor array using conductive polymer
elements (55).

Potentiometric chemical sensors

Potentiometric chemical sensors are the most
used for the electronic tongue. These measures
determine the difference in voltage between the
working electrodes and the reference electrode. The
reference electrode is immersed in an electrolyte
solution, and the reference sensor voltage is constant.
Regarding the voltage of the working electrode, it
depends on the concentration of the analyte in the
solution phase (56). The most commonly used
membranes for potentiometric chemical sensors
are the glass membrane, the solid-state crystalline
membrane, the liquid membrane, and the polymer
membrane (for example, polyvinyl chloride) (57).
The glass membrane electrodes are designed

based on silicate glass, which is generally used to
determine acidic or alkaline pH. The solid-state
crystalline membrane is composed of inorganic
salts, such as silver chloride. A liquid membrane is
formed by dissolving an ion exchanger or ionophore
in a viscous organic membrane. Liquid membrane
electrodes are widely used to determine calcium,
while a polymer membrane is typically composed
of PVC, plasticizers, and an ion exchanger. Polymer
membrane electrodes have been used to determine
ions such as potassium, calcium, chlorine, etc. (58).

Voltammetric chemical sensors

Unlike potentiometric techniques, the electrode
potential in voltammetric instruments is used to
drive an electron transfer reaction. The resulting
current generated by the reduction and oxidation
of analytes is measured. The most straightforward
measurement setup uses three electrodes: reference,
working, and auxiliary. The working one generally
uses a metal electrode or a modified electrode
composed of copper, nickel, palladium, silver, tin,
titanium, zirconium, gold, platinum, and rhodium
(59). The basic principle is that, when employing
the electrochemical voltammetry, a multisensor
matrix is placed in the solution to be measured.
Then, the step potential is added to the working
electrode, and the polarization current of different
solutions is estimated to analyze the characteristics
of the samples qualitatively and quantitatively (60).

The step potential added to the electronic
voltammetry tongue (VE tongue) mainly includes
a large conventional pulse and a multi-frequency
pulse. Typically, pulse voltammetry is used for the
voltametric electronic tongue. The most widely used
are large amplitude pulse voltammetry (LAPV) and
small amplitude pulse voltammetry (SAPV)(61). In
several studies, voltametric electronic tongues have
been used to detect the adulteration percentages of
argan oil with sunflower oil, the quality control
and storage time of unsealed pasteurized milk,
discriminate honey samples based on their floral
types, and perform quantitative analysis of the
quality parameters in spring water (62).

Bioelectric sensors

The application of the biological senses’ elements
asactive parts of the biosensors allows the acquisition
of information about bioactive analytes with high
sensitivity, selectivity, and specificity. Bioelectric
sensors use biomaterials as detection materials
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(63). Biological materials, including enzymes,
whole cells, tissues, receptors, or antibodies, were
used extensively to build voltametric sensors,
impedimetric, potentiometric, and conductometric
sensors applied to the electronic tongue (64). The
operation principle of a sensor generally involves
a series of biochemical reactions, such as the
enzyme-substrate reaction, leading to the transport
of electrons, ions, or molecules. Sweeteners
and acids are essential ingredients for food, and
voltametric bioelectric sensors are commonly used
to characterize sweeteners such as glucose, lactate,
sucrose, or acids such as lactic, acetic, and sialic
acid. Impedimetric biosensors have been used to
determine herbicide and pesticide residues in food
and to detect food toxins. They are also widely used
to detect microbial growth through direct binding
of target bacteria or immobilizing metabolites of a
target microorganism (65).

Software

As already mentioned, a typical electronic tongue
system consists of an array of chemical sensors, a
reaction vessel, measuring devices, transducers,
data acquisition devices, data processing algorithms,
and pattern recognition. An electronic tongue
system’s functions can be changed using different
sensors, other data processing strategies, and pattern
recognition algorithms (66).

Electronic tongue signals are generally processed
by the same classifiers, including the random forest
algorithm, principal component analysis, partial
least squares regression, artificial neural networks,
and the support vector machine algorithm.
To perform pattern recognition some of these
algorithms are also used in the electronic nose data
processing system for data discrimination (67).

Potentiometric sensor applications in food

Potentiometric electronic tongues have been
used in different areas of agro-industrial processes,
mostly to classify olive oils obtained from cultivars
of individual olives, differentiation of honey
produced in different places, discrimination of
different varieties of beers and commercial wines,
and quantifying the sugar content in solutions
(68). The main advantage of using potentiometric
sensors 1s selecting many different membranes,
both specific and less specific, for their electrodes.
Likewise, these sensors can measure an extensive
range of chemical compounds in different solutions.
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One of the main disadvantages of potentiometric
sensors is that they are sensitive to temperature. The
membrane can absorb the solution’s components,
which can affect the nature of the charge transfer.
The sensors’ temperature should be controlled, and
the electrodes should be washed with solvents to
minimize the effect (69).

Limitations and future trends

A sensor employed by an electronic tongue
exhibits a specific response towards the target
analyte. However, most of the chemical sensors
used by this system can find matrix defects
for real food samples. Therefore, a sample pre-
treatment step is usually added so that the sensors
are designed to work towards specific analytes in
certain types of samples. This pre-treatment step
is time-consuming when testing multiple analytes
simultancously (70)comprising an electronic nose
(E-nose. Another disadvantage of the electronic
tongue is the relatively short lifespan of sensor
materials, especially biomaterials. It requires users
to examine the electronic tongue’s performance
frequently; also, a large amount of the sample size
is often required (71).

One of the trends in electronic tongues is
biosensors’ use with high selectivity and specificity;
more biomaterials are used, including single-chain
nucleic acids (aptamers), antibodies, cells, phages, and
enzymes, as recognition elements for said sensors
(72). The development of universal standardized
electronic tongue functions will help the food
processors determine their products’ quality. Alike
to the electronic nose, the development of a shared
online library that stores pattern classifiers trained
by data obtained from standardized electronic
tongue will allow use in most industries (73).

Electronic Eye

An electronic eye is a computer vision technology
that converts optical images into digital images. It
uses an image sensor instead of the human eye
to collect images of objects and uses computer
simulation criteria to identify the images to avoid
subjective deviation of human vision (74). The
computer vision process generally includes five
steps: image acquisition, image processing, feature
extraction, pattern recognition, and decision
making. All steps are sequential and could be
expressed as a simple flow chart. Decision-making
rules are a part of the control system that includes a
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pre-established set of rules, formalizing the control
and optimization strategy. Computer vision is part
of the intelligent control system; it could also include
supervised or unsupervised learning elements for
pattern recognition, modeling, and knowledge base
development. In this case, the set of rules could be
adjusted, depending on the established interaction
procedure and the optimization criteria (75).

Hardware

Computer vision hardware generally consists of a
housing, a light source, a digital camera in color with
an optical lens (the camera with a charge-coupled
device is the most used in electronic eye designs),
and a computer (76). In the case of multispectral or
hyperspectral vision, a set of narrow-band optical
filters (usually 10 nm) is also required. The design
of the case, such as the geometry, the walls interior
color, and the background, is fundamental to obtain
high-quality images. One of the options for offline
imaging is flatbed scanners, which provide uniform
illumination with good contrast and resolution (77).

Software

Recent versions of Windows have a set of drivers
compatible with most imaging devices, allowing
simple image or video capture. This set of drivers
is specific to the Charge-Coupled Device (CCD)
camera, interface, and software (78). However, the
standard Windows software functionality is not
sufficient to adjust the settings of the CCD camera
or time-controlled image acquisition. Therefore,
most CCD camera manufacturers usually supply
specialized software designed for a particular
camera and interface, often leading to compatibility
issues. This is probably an explanation why most
researchers still use two different software packages:
one for image capture (which could be part of the
camera software) and another for offline image
processing and analysis. Measurement evaluation is
performed using software that creates color spectra
and applies multivariate principal component
analysis (PCA) statistics for statistical analysis (79).

Electronic eye in the food industry

The electronic eye has a complete application
and has proven to be a fast, accurate, and non-
destructive detection technology for evaluating
product quality in shape, size, color monitoring,
and texture analysis. The electronic eye has gained
popularity in the food industry because it integrates

mechanics, optical instrumentation, electromagnetic
detection, colorimetry, spectrophotometry, digital
video technology, and image processing (80). It is
a fast, accurate, and non-invasive technique that
also helps test changes in visual quality overtime
at each production step (81). The visual aspect of
products, especially food, is critical to consumers’
quality experience. Appearance and color are crucial
sensory factors that determine products’ success
and, therefore, must be reliably and consistently
monitored (82).

The electronic eye’s advantages are objectivity
and reliable visual evaluation, such as reproducible
color and shape measurements under controlled
conditions, product traceability through data
storage, and no affectation in product consistency
or texture. The process is fast and straightforward
(non-destructive analysis, no sample preparation,
no sample size limitation, and multiple samples in
one analysis), allowing in-depth analysis (evaluation
of color and shape in a single run). And finally, it is
powerful and flexible (can correlate with sensory
panel assessment data) (83).

Among the applications of the electronic eye are
the classification and qualification in agricultural
processes and the food industry with the monitoring
of product aging, fermentation, detection of foreign
substances, and verification of color changes in food
processing steps such as cooking, frying, baking,
freezing, etc. (84). For example, the electronic eye
helps the brewing industry through automation
solutions that allow integration throughout the
equipment process to optimize product lifetime
(85). Computer vision is a technology used in
the industry to acquire product images and then
process them with a combination of optical and
electromagnetic detection technologies. This
system allows the detection of imperfections,
such as in the structure of meat products, at the
beginning of its deterioration, which is invisible to
the human eye (86).

The investigation of Sreeraj et al. (87) presents
studies that describe the use of an electronic eye
to predict the ripening parameters of certain
citrus fruits such as grapes used for red, white,
and rosé wines manufacture. While evaluating
this fruit, a flat surface scanner is usually used,
and the color levels are analyzed with the help of
the RGB color scale. Using the color data set, a
calibration model is employed to relate the images’
color to the grapes’ phenolic composition using
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an analytical reference method. Therefore the
ripening trend can be followed (88). Yang et al.
(89) performed the characterization of physical
properties and electronic sensory analysis of citrus
oil-based nanoemulsions. The electronic eye
analysis consisted of using a digital imaging system
to measure the color difference of the emulsion
samples and demonstrated the reliability to discern
color parameters in different samples. This can be
replicated to any industry where oils or beverages
with high density are handled.

CONCLUSIONS

The food industry growth is remarkable. Today
the use of electronic senses is of vital importance
to safeguard the quality of products. The systems
are increasingly fast, reproducible, and small. Being
an industry that never stops its processes, speed,
reproducibility, consistency, and robustness are
needed for commercial applications. Data analysis
systems are being developed and applied to these
artificial detection systems to integrate responses
with sensory and chemical data and combine data
from different technologies (such as electronic noses
and electronic tongues) to replicate the human
detection system better.

There is a wide variety of food products such
as vegetables, fruits, meat, seafood, etc. These food
products can be divided into very good, good, or
bad categories in individual units. To handle all of
these things automatically requires a high level of
automation because food products can vary in size,
shape, fragrance, color, etc. Considering the food
industry’s diversity, it is almost impossible to come
up with a generic automation solution. Electronics
play a critical role in automation in the food
industry. Automated food production systems come
in different functions and sizes, depending very
much on the type of food and the manufacturers’
specific requirements.

CONFLICT OF INTERESTS

The authors report no conflict of interest.

AUTHORS’ CONTRIBUTIONS

ROA designed, collected information and wrote
the manuscript. JRV and JUV collected information
and wrote the manuscript. All authors read and
approved the final manuscript.

10.

11.

12.

13.

14.

16.

R. Ordofiez-Araque ef al.

REFERENCES

Dumitru LM, Irimia-Vladu M, Sariciftci NS. Biocompatible
Integration of Electronics Into Food Sensors. In: Comprehensive
Analytical Chemistry. Elsevier B.V.; 2016. 74:247-271p. DOI:
https://doi.org/10.1016/bs.coac.2016.04.009

Meéndez Pérez R, Cheein FA, Rosell-Polo JR. Flexible system of
multiple RGB-D sensors for measuring and classifying fruits in
agri-food Industry. Comput Electron Agric. Jun. 2017;139:231-
42. DOI https:/doi.org/10.1016/j.compag.2017.05.014
Ordonez-Araque R, Narviez-Aldiz C. Changes in the psysical-
chemical composition, total polyphenols and antioxidant activity
of fresh celery (Apium graveolens L.) dehydrated by hot air and
by lyophilization. AgriScientia. Dec. 2019 24;36(2):57-65. DOI:
https://doi.org/10.31047/1668.298x.v36.n2.24036

Handa P, Singh B. Importance of Electronics in Food Industry.
IOSR]J Electron Commun Eng. 2018;13(2):15-22. DOL: https://
dot.org/10.9790/2834-1302021522

Rodriguez Méndez ML. Electronic Noses and Tongues in Food
Science. Electronic Noses and Tongues in Food Science. Elsevier
Inc.; 2016. DOI: https://doi.org/10.1016/C2013-0-14449-2
Baldwin EA, Bai J, Plotto A, Dea S. Electronic noses and
tongues: Applications for the food and pharmaceutical industries.
Sensors. May. 2011;11(5):4744-66. DOI: https://doi.org/10.3390/
s110504744

XuM, Wang], Zhu L. The qualitative and quantitative assessment
of tea quality based on E-nose, E-tongue and E-eye combined
with chemometrics. Food Chem. Aug. 2019 15; 289:482-9. DOI:
https://doi.org/10.1016/j.foodchem.2019.03.080

Buratti S, Malegori C, Benedetti S, Oliveri P, Giovanelli G.
E-nose, e-tongue and e-eye for edible olive oil characterization
and shelf life assessment: A powerful data fusion approach.
Talanta. May. 2018 15;182:131-41. DOT: https://doi.org/10.1016/.
talanta.2018.01.096

Shi H, Zhang M, Adhikari B. Advances of electronic nose and
its application in fresh foods: A review. Vol. 58, Critical Reviews
in Food Science and Nutrition. 2018. 2700-2710 p. DOI: https:/
dot.org/10.1080/10408398.2017.1327419

Cipriano D, Capelli L. Evolution of electronic noses from
research objects to engineered environmental odour monitoring
systems: A review of standardization approaches. Biosensors.
2019; 9(2):2-19. DOI: https://doi.org/10.3390/bios9020075
Durin-Acevedo C, Gualdron-Guerrero O, Hernindez-Ordofiez
M. Nariz electrénica para determinar el indice de madurez del
tomate de drbol (Cyphomandra Betacea Sendt). Ing Investig y
Tecnol. 2014 Jul 1; 15(3):351-62. DOI: https:/doi.org/10.1016/
$1405-7743(14)70346-4

Valera J, Togores B, Cosio B. Utilidad de la nariz electrénica
para el diagnéstico de enfermedades de la via respiratoria. Arch
Bronconeumol. Jun. 2012 1; 48(6):187-8. DOI: https://doi.
org/10.1016/j.arbres.2011.08.004

Chatterjee A, Abraham J. Microbial Contamination, Prevention,
and Early Detection in Food Industry. Microbial Contamination
and Food Degradation. Elsevier Inc.; 2018. 23-62 p. DO: https://
doi.org/10.1016/B978-0-12-811515-2/00002-0

Deshmukh S, Bandyopadhyay R, Bhattacharyya N.
Application of electronic nose for industrial odors and gaseous
emissions measurement and monitoring - An overview.
Talanta. 2015;144(7):329-40. DOI: https://doi.org/10.1016/j.
talanta.2015.06.050

. ZhongY. Electronic nose for food sensory evaluation. Evaluation

Technologies for Food Quality. Elsevier Inc.; 2019. 7-22p. DOI:
https://doi.org/10.1016/B978-0-12-814217-2.00002-0

Apetrei C, Bounegru A. Electronic Noses and Traceability of
Foods. In: Reference Module in Food Science. Elsevier; 2020.
p. 1-18. DOI: https://doi.org/10.1016/b978-0-08-100596-
5.22852-7


https://doi.org/10.1016/bs.coac.2016.04.009 
https://doi.org/10.1016/j.compag.2017.05.014 
https://doi.org/10.31047/1668.298x.v36.n2.24036
https://doi.org/10.9790/2834-1302021522
https://doi.org/10.9790/2834-1302021522
https://doi.org/10.1016/C2013-0-14449-2
https://doi.org/10.3390/s110504744
https://doi.org/10.3390/s110504744
https://doi.org/10.1016/j.foodchem.2019.03.080
https://doi.org/10.1016/j.talanta.2018.01.096
https://doi.org/10.1016/j.talanta.2018.01.096
https://doi.org/10.1080/10408398.2017.1327419
https://doi.org/10.1080/10408398.2017.1327419
https://doi.org/10.3390/bios9020075
https://doi.org/10.1016/s1405-7743(14)70346-4
https://doi.org/10.1016/s1405-7743(14)70346-4
https://doi.org/10.1016/j.arbres.2011.08.004
https://doi.org/10.1016/j.arbres.2011.08.004
https://doi.org/10.1016/B978-0-12-811515-2/00002-0
https://doi.org/10.1016/B978-0-12-811515-2/00002-0
https://doi.org/10.1016/j.talanta.2015.06.050
https://doi.org/10.1016/j.talanta.2015.06.050
https://doi.org/10.1016/B978-0-12-814217-2.00002-0
https://doi.org/10.1016/b978-0-08-100596-5.22852-7
https://doi.org/10.1016/b978-0-08-100596-5.22852-7

ELECTRONIC NOSE, TONGUE AND EYE: THEIR USEFULNESS FOR THE FOOD INDUSTRY

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Farraia M, Cavaleiro J, Paciéncia I. The electronic nose
technology in clinical diagnosis. Porto Biomed J. 2019;4(4):2-10.
DOI: https://doi.org/10.1097/j.pbj.0000000000000042
Paredes Doig A, Sun Kou MDR, Picasso G. Implementacién y
evaluacién de una nariz electrénica para la deteccién de alcoholes
lineales. Rev Colomb Quimica. 2016;45(2):12. DOI: https:/doi.
org/10.15446/rev.colomb.quim.v45n2.60393

Szulczynski B, Rybarczyk P, Gebicki J. Monitoring of
n-butanol vapors biofiltration process using an electronic nose
combined with calibration models. Monatshefte fur Chemie.
2018;149(9):1693-9. DOI: https:/doi.org/10.1007/s00706-018-
2243-6

Wang Z, SunX, Miao J. Conformal prediction based on K-nearest
neighbors for discrimination of ginsengs by a home-made
electronic nose. Sensors (Switzerland). 2017;17(8):1869. DOI:
https://doi.org/10.3390/517081869

Estakhroyeh H, Rashedi E, Mehran M. Design and Construction
of Electronic Nose for Multi-purpose Applications by Sensor
Array Arrangement Using IBGSA. ] Intell Robot Syst Theory
Appl. 2018;92(2):205-21. DOL: https://doi.org/10.1007/s10846-
017-0759-3

Mirshahi M, Partovi V, Adjengue L. Automatic odor prediction
for electronic nose. ] Appl Stat. 2018;45(15):2788-99. DOI:
https://doi.org/10.1080/02664763.2018.1441382

Cuypers W, Lieberzeit PA. Combining two selection principles:
Sensor arrays based on both biomimetic recognition and
chemometrics. Front Chem. 2018;6(6):1-10. DOI: https:/doi.
org/10.3389/fchem.2018.00268

Wilson AD, Baietto M. Applications and advances in electronic-
nose technologies. Sensors. 2016;9(7):5099-148. DOI: https://
doi.org/10.3390/s90705099

Tan J, Xu J. Applications of electronic nose (e-nose) and
electronic tongue (e-tongue) in food quality-related properties
determination: A review. Artif Intell Agric. 2020;4(1):104-15.
DOI: https://doi.org/10.1016/j.a112.2020.06.003

Van de Goor R, van Hooren M, Dingemans A. Training
and Validating a Portable Electronic Nose for Lung Cancer
Screening. ] Thorac Oncol. 2018;13(5):676-81. DOI: https:/doi.
org/10.1016/j.jtho.2018.01.024

Liao YH, Shih C, Abbod M. Development of an E-nose system
using machine learning methods to predict ventilator-associated
pneumonia. Microsyst Technol. 2020;1(1):1-20. DOI: https://doi.
org/10.1007/s00542-020-04782-0

Bin Abu Bakar M, Bin Abdullah A, Bin Ahmad Sa’ad F.
Development of application specific electronic nose for
monitoring the atmospheric hazards in confined space. Adv
Sci Technol Eng Syst. 2019;4(1):200-16. DOI: https://doi.
0rg/10.25046/2j040120

Mirzace E, Taheri A, Ayari F, Lozano J. Identification of Fresh-
Chilled and Frozen-Thawed Chicken Meat and Estimation
of their Shelf Life Using an E-Nose Machine Coupled Fuzzy
KNN. Food Anal Methods. 2019;13(3):678-89. DOI: https://doi.
org/10.1007/s12161-019-01682-6

Lépez P, Triviio R, Calderén D. Electronic nose prototype
for explosive detection. Chil Conf Electr Electron Eng Inf
Commun Technol. 2017;5(3):1-4. DOI: https://doi.org/10.1109/
CHILECON.2017.8229657

Gorska-Horczyczak E, Guzek D, Moleda Z. Applications
of electronic noses in meat analysis. Food Sci Technol.
2016;36(3):389-95. DOI: https://doi.org/10.1590/1678-
457X.03615

Zhiyi H, Chenchao H, Jiajia Z. Electronic nose system fabrication
and application in large yellow croaker (Pseudosciaena crocea)
fressness prediction. ] Food Meas Charact. 2016;11(1):33-40.
DOT: https://doi.org/10.1007/s11694-016-9368-2

Baietto M, Wilson AD. Electronic-nose applications for fruit
identification, ripeness and quality grading. Vol. 15, Sensors.
2015; 15(1): 899-931p. DOI: https://doi.org/10.3390/s150100899

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

11

Brezmes ], Llobet E. Electronic Noses for Monitoring the Quality
of Fruit. Electronic Noses and Tongues in Food Science. Elsevier
Inc.; 2016. 49-58p.

Gonzalez Viejo C, Fuentes S, Godbole A, Widdicombe B,
Unnithan RR. Development of a low-cost e-nose to assess
aroma profiles: An artificial intelligence application to assess
beer quality. Sensors Actuators, B Chem. 2019;308(45):1-121.
DOI: https://doi.org/10.1016/j.snb.2020.127688

Jordan H, Mendes J, Farinelli M, Stevan S. A prototype to detect
the alcohol content of beers based on an electronic nose. Sensors.
2019;19(11):1-14. DOI: https://doi.org/10.3390/s19112646
Balasubramanian S, Amamcharla J, Shin J. Possible Application
of Electronic Nose Systems for Meat Safety: An Overview.
Electronic Noses and Tongues in Food Science. Elsevier Inc.;
2016.59-71p. DOL: https:/doi.org/10.1016/B978-0-12-800243-
8.00007-X

Wijaya DR, Sarno R, Daiva AF. Electronic nose for classifying beef
and pork using Naive Bayes. Int Semin Sensor, Instrumentation,
Meas Metrol. 2017;10(4):104-8. DOI: https://doi.org/10.1109/
ISSIMM.2017.8124272

Valente N, Rudnitskaya A, Oliveira JA. Cheeses made from raw
and pasteurized cow’s milk analysed by an electronic nose and an
electronic tongue. Sensors (Switzerland). 2018;18(8):1-15. DOI:
https://doi.org/10.3390/s18082415

Tohidi M, Ghasemi-Varnamkhasti M, Ghafarinia V, Bonyadian
M, Mohtasebi S. Development of a metal oxide semiconductor-
based artificial nose as a fast, reliable and non-expensive
analytical technique for aroma profiling of milk adulteration.
Int DairyJ. 2018 Feb 1;77:38-46. DOI: https://doi.org/10.1016/].
idairyj.2017.09.003

Gancarz M, Wawrzyniak J, Gawrysiak-Witulska M. Electronic
nose with polymer-composite sensors for monitoring fungal
deterioration of stored rapeseed. Int Agrophysics. 2017;31(3):317-
5. DOLI: https://doi.org/10.1515/intag-2016-0064

Udomkun P, Innawong B, Niruntasuk K. The feasibility of using
an electronic nose to identify adulteration of Pathumthani 1 in
Khaw Dok Mali 105 rice during storage. ] Food Meas Charact.
2018;12(4):2515-23. DOT: https://doi.org/10.1007/511694-018-
9868-3

Bona E, Da Silva R. Coffee and the Electronic Nose. Electronic
Noses and Tongues in Food Science. Elsevier Inc.; 2016. 31-38p.
DOI: https:/doi.org/10.1016/B978-0-12-800243-8.00004-4
Radi M, Rivai M, Purnomo M. Study on electronic-nose-based
quality monitoring system for coffee under roasting. J Circuits,
Syst Comput. 2016;25(10):1-19. DOI: https://doi.org/10.1142/
S0218126616501164

Romani S, Rodriguez-Estrada M. Bakery Products and
Electronic Nose. Electronic Noses and Tongues in Food Science.
Elsevier Inc.; 2016. 39-47 p. DOI: https://doi.org/10.1016/B978-
0-12-800243-8.00005-6

Rusinek R, Gancarz M, Nawrocka A. Application of an electronic
nose with novel method for generation of smellprints for
testing the suitability for consumption of wheat bread during
4-day storage. LWT. 2020 Jan 1;117:108665. DOI: https:/doi.
org/10.1016/5.1wt.2019.108665

Wei Z, Xiao X, Wang J. Identification of the rice wines
with different marked ages by electronic nose coupled with
smartphone and cloud storage platform. Sensors (Switzerland).
2017;17(11):1-13. DOI: https://doi.org/10.3390/s17112500
Kukade M, Karve T, Gharpure D. Identification and
classification of spices by machine learning. Int Conf Intell Syst
Green Technol. 2019;3(2):1-4. DOI: https:/doi.org/10.1109/
ICISGT44072.2019.00015

Hiibert T, Tiebe C, Banach U. Electronic Noses for the
Quality Control of Spices. Electronic Noses and Tongues in
Food Science. Elsevier Inc.; 2016. 115-124p. DOI: https:/doi.
org/10.1016/B978-0-12-800243-8.00012-3


https://doi.org/10.1097/j.pbj.0000000000000042
https://doi.org/10.15446/rev.colomb.quim.v45n2.60393
https://doi.org/10.15446/rev.colomb.quim.v45n2.60393
https://doi.org/10.1007/s00706-018-2243-6
https://doi.org/10.1007/s00706-018-2243-6
https://doi.org/10.3390/s17081869
https://doi.org/10.1007/s10846-017-0759-3
https://doi.org/10.1007/s10846-017-0759-3
https://doi.org/10.1080/02664763.2018.1441382
https://doi.org/10.3389/fchem.2018.00268
https://doi.org/10.3389/fchem.2018.00268
https://doi.org/10.3390/s90705099
https://doi.org/10.3390/s90705099
https://doi.org/10.1016/j.aiia.2020.06.003
https://doi.org/10.1016/j.jtho.2018.01.024
https://doi.org/10.1016/j.jtho.2018.01.024
https://doi.org/10.1007/s00542-020-04782-0
https://doi.org/10.1007/s00542-020-04782-0
https://doi.org/10.25046/aj040120
https://doi.org/10.25046/aj040120
https://doi.org/10.1007/s12161-019-01682-6
https://doi.org/10.1007/s12161-019-01682-6
https://doi.org/10.1109/CHILECON.2017.8229657
https://doi.org/10.1109/CHILECON.2017.8229657
https://doi.org/10.1590/1678-457X.03615
https://doi.org/10.1590/1678-457X.03615
https://doi.org/10.1007/s11694-016-9368-2
https://doi.org/10.3390/s150100899
https://doi.org/10.1016/j.snb.2020.127688
https://doi.org/10.3390/s19112646
https://doi.org/10.1016/B978-0-12-800243-8.00007-X
https://doi.org/10.1016/B978-0-12-800243-8.00007-X
https://doi.org/10.1109/ISSIMM.2017.8124272
https://doi.org/10.1109/ISSIMM.2017.8124272
https://doi.org/10.3390/s18082415
https://doi.org/10.1016/j.idairyj.2017.09.003
https://doi.org/10.1016/j.idairyj.2017.09.003
https://doi.org/10.1515/intag-2016-0064
https://doi.org/10.1007/s11694-018-9868-3
https://doi.org/10.1007/s11694-018-9868-3
https://doi.org/10.1016/B978-0-12-800243-8.00004-4
https://doi.org/10.1142/S0218126616501164
https://doi.org/10.1142/S0218126616501164
https://doi.org/10.1016/B978-0-12-800243-8.00005-6
https://doi.org/10.1016/B978-0-12-800243-8.00005-6
https://doi.org/10.1016/j.lwt.2019.108665
https://doi.org/10.1016/j.lwt.2019.108665
https://doi.org/10.3390/s17112500
https://doi.org/10.1109/ICISGT44072.2019.00015
https://doi.org/10.1109/ICISGT44072.2019.00015
https://doi.org/10.1016/B978-0-12-800243-8.00012-3
https://doi.org/10.1016/B978-0-12-800243-8.00012-3

12

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

VITAE

Di Rosa AR, Leone F, Cheli F, Chiofalo V. Fusion of electronic
nose, clectronic tongue and computer vision for animal
source food authentication and quality assessment—A review.
J Food Eng. 2017;210:62-75. DOI: https://doi.org/10.1016/j.
jfoodeng.2017.04.024

Wang W, Liu Y. Electronic tongue for food sensory evaluation.
Evaluation Technologies for Food Quality. Elsevier Inc.; 2019.
23-36p. DOI: https://doi.org/10.1016/B978-0-12-814217-
2.00003-2

Vagin MY, Eriksson M, Winquist F. Drinking Water Analysis
Using Electronic Tongues. Electronic Noses and Tongues in
Food Science. Elsevier Inc.; 2016. 255-264p. DOI: https:/doi.
org/10.1016/B978-0-12-800243-8.00025-1

Cet6 X, Gonzilez-Calabuig A, Capdevila J, Puig-Pujol A, Del
Valle M. Instrumental measurement of wine sensory descriptors
using a voltammetric electronic tongue. Sensors Actuators,
B Chem. 2015;207(3):1053-9. DOI: https://doi.org/10.1016/j.
snb.2014.09.081

Podrazka M, Biczynska E, Kundys M. Electronic tongue-A
tool for all tastes? Biosensors. 2017;8(1):1-24. DOI: https:/doi.
org/10.3390/bios8010003

Moon D, Cha YK, Kim S ong. FET-based nanobiosensors for
the detection of smell and taste. Sci China Life Sci. 2020;4(5):1-9.
DOT: https://doi.org/10.1007/s11427-019-1571-8

Kirsanov D, Correa DS, Gaal G. Electronic tongues for inedible
media. Sensors (Switzerland). 2019;19(23):1-20. DOI: https://doi.
org/10.3390/519235113

Belikova V, Panchuk V, Legin E. Topological Data Analysis
of Potentiometric Multisensor Measurements in Treated
Wastewater. J Anal Test. 2018;2(4):291-8. DOI: https://doi.
org/10.1007/s41664-018-0066-4

Borges TH, Peres AM, Dias LG. Application of a potentiometric
electronic tongue for assessing phenolic and volatile profiles
of Arbequina extra virgin olive oils. Lwt. 2018;93:150-7. DOI:
https://doi.org/10.1016/j.1wt.2018.03.025

Pérez-Rafols C, Serrano N, Arifio C. Voltammetric electronic
tongues in food analysis. Sensors (Switzerland). 2019;19(19):1-16.
DOT: https://doi.org/10.3390/519194261

Maistrenko V, Sidel’'nikov A, Zil’berg R. Enantioselective
Voltammetric Sensors: New Solutions. J Anal Chem. 2018;73(1):1-
9. DOL: https://doi.org/10.1134/S1061934818010057

Pein M, Kirsanov D, Ciosek P. Independent comparison study
of six different electronic tongues applied for pharmaceutical
analysis. ] Pharm Biomed Anal. 2015;114(2):321-9. DOI: https://
doi.org/10.1016/j.bpa.2015.05.026

Litvinenko S V, Biclobrov D, Lysenko V. Might silicon surface
be used for electronic tongue application? ACS Appl Mater
Interfaces. 2015;6(21):18440-4. DOI: https:/doi.org/10.1021/
am5058162

Herrera-Chacon A, Gonzilez-Calabuig A, Campos I.
Bioelectronic tongue using MIP sensors for the resolution
of volatile phenolic compounds. Sensors Actuators, B Chem.
2018;258:665-71. DOI: https://doi.org/10.1016/j.snb.2017.11.136
Li X, Liu Q, Chen Z. Electronic-Tongue Colorimetric-Sensor
Array for Discrimination and Quantitation of Metal Ions Based on
Gold-Nanoparticle Aggregation. Anal Chem. 2019;91(9):6315-
20. DOT: https://doi.org/10.1021/acs.analchem.9b01139

Miao X, Cui Q, Wu H. New sensor technologies in quality
evaluation of Chinese materia medica: 2010-2015. Acta
Pharm Sin B. 2017;7(2):137-45. DOI: https:/doi.org/10.1016/j.
apsb.2016.10.001

Lu L, Hu X, Zhu Z. Biomimetic sensors and biosensors
for qualitative and quantitative analyses of five basic tastes.
TrAC - Trends Anal Chem. 2017;87:58-70. DOI: https://doi.
org/10.1016/j.trac.2016.12.007

Tazi I, Choiriyah A, Siswanta D, Triyana K. Detection of taste
change of bovine and goat milk in room ambient using electronic

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

R. Ordofiez-Araque ef al.

tongue. Indones J Chem. 2017;17(3):422-30. DOI: https:/doi.
org/10.22146/1jc.25288

Nery E, Kubota L. Integrated, paper-based potentiometric
electronic tongue for the analysis of beer and wine. Anal
Chim Acta. 2016;918:60-8. DOI: https://doi.org/10.1016/].
aca.2016.03.004

Patel H, Patel P, Patel H. Innovative application electronic nose
and electronic tongue techniques for food quality estimation.
Int J Recent Technol Eng. 2019;8(2):318-23. DOI: https://doi.
org/10.35940/ijrte.B1506.078219

Tian X, Wang J, Ma Z. Combination of an E-Nose and an
E-Tongue for Adulteration Detection of Minced Mutton
Mixed with Pork. ] Food Qual. 2019;2019:10. DOI: https://doi.
org/10.1155/2019/4342509

Men H, Shi Y, Fu S. Discrimination of Beer Based on
E-tongue and E-nose Combined with SVM : Comparison of
Different Variable Selection Methods by PCA , GA-PLS and
VIP. Sensors. 2017;17(7):1-23. DOI: https:/doi.org/10.20944/
preprints201705.0054.v1

Zou G, XiaoY, Wang M. Detection of bitterness and astringency
of green tea with different taste by electronic nose and tongue.
PLoS One. 2018;13(12):1-10. DOI: https://doi.org/10.1371/
journal.pone.0206517

Mahato M, Adhikari B. Monitoring of drinking water quality:
A preliminary approach by an electronic tongue based on
functionalized polymer membrane electrodes. Anal Methods.
2017;9(42):60191. DOI: https://doi.org/10.1039/c7ay01756a

Xu C. Electronic eye for food sensory evaluation. Evaluation
Technologies for Food Quality. Elsevier Inc.; 2019. 37-59p. DOI:
https://doi.org/10.1016/B978-0-12-814217-2.00004-4
Bhargava A, Bansal A. Fruits and vegetables quality evaluation
using computer vision: A review. ] King Saud Univ -
Comput Inf Sci. 2018;6(4):1-15. DOI: https:/doi.org/10.1016/j.
jksuci1.2018.06.002

Baghaie A, Yu Z, D’Souza R. Involuntary eye motion correction
in retinal optical coherence tomography: Hardware or software
solution? Med Image Anal. 2017;37:129-45. DOI: https:/doi.
org/10.1016/j.media.2017.02.002

Ciceres E, Carrasco M, Rios S. Evaluation of an eye-pointer
interaction device for human-computer interaction. Heliyon.
2018;4(3):1-28. DOI: https://doi.org/10.1016/j.heliyon.2018.
e00574

Senturk E, Aktop S, Sanlibaba P. Biosensors: A Novel Approach
to Detect Food-borne Pathogens. Appl Microbiol Open Access.
2018;4(3):4-11. DOI: https://doi.org/10.4172/2471-9315.1000151
Nikkhoo N, Cumby N, Gulak P, Maxwell K. Rapid bacterial
detection via an all-electronic CMOS biosensor. PLoS
One. 2016;11(9):1-11. DOI: https://doi.org/10.1371/journal.
pone.0162438

Orlandi G, Calvini R, Foca G. Data fusion of electronic eye
and electronic tongue signals to monitor grape ripening.
Talanta. 2019;30(10):181-9. DOI: https://doi.org/10.1016/j.
talanta.2018.11.046

Ismael D, Ploeger A. Development of a sensory method to detect
food-elicited emotions using emotion-color association and eye-
tracking. Foods. 2019;8(6):217. DOI: https://doi.org/10.3390/
foods8060217

Motoki K, Saito T, Nouchi R. Tastiness but not healthfulness
captures automatic visual attention: Preliminary evidence from
an eye-tracking study. Food Qual Prefer. 2018;64(17):148-53.
DOT: https://doi.org/10.1016/j.foodqual.2017.09.014

Yasui Y, Tanaka J, Kakudo M, Tanaka M. Relationship
between preference and gaze in modified food using eye
tracker. J Prosthodont Res. 2019;63(2):210-5. DOI: https://doi.
org/10.1016/j,jpor.2018.11.011

Luvisi A. Electronic identification technology for agriculture,
plant, and food. A review. Agron Sustain Dev. 2016;36(1):1-14.
DOT: https://doi.org/10.1007/s13593-016-0352-3


https://doi.org/10.1016/j.jfoodeng.2017.04.024
https://doi.org/10.1016/j.jfoodeng.2017.04.024
https://doi.org/10.1016/B978-0-12-814217-2.00003-2
https://doi.org/10.1016/B978-0-12-814217-2.00003-2
https://doi.org/10.1016/B978-0-12-800243-8.00025-1
https://doi.org/10.1016/B978-0-12-800243-8.00025-1
https://doi.org/10.1016/j.snb.2014.09.081
https://doi.org/10.1016/j.snb.2014.09.081
https://doi.org/10.3390/bios8010003
https://doi.org/10.3390/bios8010003
https://doi.org/10.1007/s11427-019-1571-8
https://doi.org/10.3390/s19235113
https://doi.org/10.3390/s19235113
https://doi.org/10.1007/s41664-018-0066-4
https://doi.org/10.1007/s41664-018-0066-4
https://doi.org/10.1016/j.lwt.2018.03.025
https://doi.org/10.3390/s19194261
https://doi.org/10.1134/S1061934818010057
https://doi.org/10.1016/j.bpa.2015.05.026
https://doi.org/10.1016/j.bpa.2015.05.026
https://doi.org/10.1021/am5058162
https://doi.org/10.1021/am5058162
https://doi.org/10.1016/j.snb.2017.11.136  
https://doi.org/10.1021/acs.analchem.9b01139
https://doi.org/10.1016/j.apsb.2016.10.001
https://doi.org/10.1016/j.apsb.2016.10.001
https://doi.org/10.1016/j.trac.2016.12.007
https://doi.org/10.1016/j.trac.2016.12.007
https://doi.org/10.22146/ijc.25288
https://doi.org/10.22146/ijc.25288
https://doi.org/10.1016/j.aca.2016.03.004
https://doi.org/10.1016/j.aca.2016.03.004
https://doi.org/10.35940/ijrte.B1506.078219
https://doi.org/10.35940/ijrte.B1506.078219
https://doi.org/10.1155/2019/4342509
https://doi.org/10.1155/2019/4342509
https://doi.org/10.20944/preprints201705.0054.v1
https://doi.org/10.20944/preprints201705.0054.v1
https://doi.org/10.1371/journal.pone.0206517
https://doi.org/10.1371/journal.pone.0206517
https://doi.org/10.1039/c7ay01756a
https://doi.org/10.1016/B978-0-12-814217-2.00004-4
https://doi.org/10.1016/j.jksuci.2018.06.002
https://doi.org/10.1016/j.jksuci.2018.06.002
https://doi.org/10.1016/j.media.2017.02.002
https://doi.org/10.1016/j.media.2017.02.002
https://doi.org/10.1016/j.heliyon.2018.e00574
https://doi.org/10.1016/j.heliyon.2018.e00574
https://doi.org/10.4172/2471-9315.1000151
https://doi.org/10.1371/journal.pone.0162438
https://doi.org/10.1371/journal.pone.0162438
https://doi.org/10.1016/j.talanta.2018.11.046
https://doi.org/10.1016/j.talanta.2018.11.046
https://doi.org/10.3390/foods8060217
https://doi.org/10.3390/foods8060217
https://doi.org/10.1016/j.foodqual.2017.09.014
https://doi.org/10.1016/j.jpor.2018.11.011
https://doi.org/10.1016/j.jpor.2018.11.011
https://doi.org/10.1007/s13593-016-0352-3

ELECTRONIC NOSE, TONGUE AND EYE: THEIR USEFULNESS FOR THE FOOD INDUSTRY 13

85.

86.

87.

Foroni F, Pergola G, Rumiati RI. Food color is in the eye of
the beholder: The role of human trichromatic vision in food
evaluation. Sci Rep. 2016;6(October):6-11. DOI: https://doi.
org/10.1038/srep37034

Baire M, Melis A, Lodi M. A wireless sensors network for
monitoring the Carasau bread manufacturing process. Electron.
2019;8(12):1-19. DOI: https:/doi.org/10.3390/clectronics8121541
Sreeraj M, Joy J, Kuriakose A. CLadron*: Al assisted device
for identifying artificially ripened climacteric fruits. Procedia

88.

Comput Sci. 2020;171(2019):635-43. DOI: https://doi.
org/10.1016/j.procs.2020.04.069

Orlandi G, Calvini R, Pigani L. Electronic eye for the prediction
of parameters related to grape ripening. Talanta. 2018;186(5):381-
8. DOI: https://doi.org/10.1016/j.talanta.2018.04.076

89. Yang Y, Zhao C, Tian G. Characterization of physical

properties and electronic sensory analyses of citrus oil-based
nanoemulsions. Food Res Int. 2018;109(9):149-58. DOI: https://
doi.org/10.1016/j.foodres.2018.04.025


https://doi.org/10.1038/srep37034
https://doi.org/10.1038/srep37034
https://doi.org/10.3390/electronics8121541
https://doi.org/10.1016/j.procs.2020.04.069
https://doi.org/10.1016/j.procs.2020.04.069
https://doi.org/10.1016/j.talanta.2018.04.076
https://doi.org/10.1016/j.foodres.2018.04.025
https://doi.org/10.1016/j.foodres.2018.04.025

	_GoBack
	EDITORIAL 
	NANOENCAPSULATION OF BIOACTIVE INGREDIENTS: TRENDS IN PHARMACEUTICAL INDUSTRY AND FUNCTIONAL FOODS
	DIANA MARGARITA MÁRQUEZ FERNÁNDEZ

	EFFECT OF THE CONSUMPTION OF A FOOD BASED ON FRUITS AND NATURAL ADDITIVES IN PATIENTS WITH CARDIOVASCULAR RISK
	EDITORIAL 
	NANOENCAPSULACIÓN DE INGREDIENTES BIOACTIVOS: TENDENCIAS EN LA INDUSTRIA FARMACÉUTICA Y EN ALIMENTOS FUNCIONALES
	DIANA MARGARITA MÁRQUEZ FERNÁNDEZ

	EFECTO DEL CONSUMO DE UN ALIMENTO CON BASE DE FRUTAS Y ADITIVOS NATURALES EN PACIENTES CON RIESGO CARDIOVASCULAR
	_GoBack



