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Abstract

Electronic tongue (e-tongue) and Electronic nose (e-nose) are analytical Keywords: E-nose, e-tongue,
systems that have been utilised individually in the food and pharmaceutical ~analytical systems, non-destructive
industries as quality evaluation tools. The E-nose and E-tongue are created to and mimics

mimic the human olfactory and taste systems, both of which have sensors

that interact non-selectively with flavour molecules to generate some form of *Correspondence

electronic signals. The sensations of smell and taste produce as a result of Author: Kamakshi Sharma
several particular and non-specific molecular recognition can be used as an Email:

analytical tool in many industries to assess the quality of food, beverages and kamakshisharma.hp@gmail.com
chemical products. Regular chemical analysis would be expensive and take a

long time, therefore it is not a practical solution. A potential alternative

solution is rapid, affordable, in-situ and online testing using an electronic

nose and electronic tongue.

Introduction

Nowadays, all food products need to be monitored, in order to ensure an acceptable level of quality and safety. The
requirement for precise and quick quality assessment is expanding in response to the rising demand for high-quality
food items. Consumers prefers safe, nutritious and high-quality food products, and are willing to pay more than the
normal price, as long as they receive guarantees about the food they purchased [1]. It is quite difficult for
conventional detection techniques to characterize most food because of the complexity of their compositions and
constructions. Traditionally, the detection methods for food quality mainly consist of 3 aspects: traditional chemical
analysis, high-end instrumental analysis, and sensory evaluation by human panel. However, there are certain
limitations to both high-end instrumental analysis and classical chemical analysis, including the need for labor- and
time-intensive sample preparation, instrument uniformity, and unreliable sample detection. Therefore, it is highly
important to create alternative techniques for the accurate and economical evaluation of food products in real time.
Much research has been done recently to replace the human senses with "artificial sensors," or devices that transmit
signals related to the sensory qualities. This is because improvements in sensor technology, electronics, biochemistry,
and artificial intelligence have made it feasible to create instruments like the E-nose and E-tongue that can measure
and characterize quality elements like flavour, colour, and chemical components of various items.These techniques
combine artificial taste, smell, and colour sensors, and they could produce more accurate results more quickly than
using just one sensor. The main benefits include high sensitivity, ease of construction, affordability, quick analysis

[2].
E Nose

The e-nose is an analytical tool that typically consists of a number of sensors that react to the gases and vapours
produced by the sample. Each component of the sensor array, which comprises of non-specific sensors treated with a
variety of chemical substances, measures a particular quality of the chemical being detected. The term "electronic
nose" referred to methods that were used to identify and measure volatile substances in a product's headspace, such as
gas chromatography-mass spectrometry (GC-MS), gas chromatography-flame ionization detector (GC-FID), and
solid-phase micro extraction-mass spectrometry (SPME-MS), in conjunction with multivariate statistical analysis [3].

E-nose sensors
In the EN technology, a wide variety of sensor types are used. Gas sensors can be categorized in to a humber of
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different categories depending on the materials used for sensing, including metal-oxide semiconductors (MOS),
conducting polymers (CP), Optical Sensors quartz crystal microbalance (QCM) sensors [4].

Metal oxide sensors (MOS)

MOS is the most widely utilized sensor type in E-Nose instruments due to its compatibility for wide range of gases.
Metal-oxides or semi-conducting materials, such as tin dioxide, zinc oxide, iron oxide, titanium dioxide, nickel oxide,
and cobalt oxide, are the most popular MOS sensing materials. Alumina is one type of ceramic substrate onto which
the sensing compounds are coated. The device typically also features a heating element [5]. The practical application
for MOS-based ENs include quality assurance, process monitoring, ageing, geographic origin, adulteration,
contamination, and food and beverage deterioration. MOS are divided into two main groups according to their
responses react with different gases, n-type sensors and p-type sensors. The working principle of n-type sensors is
based on the reactions between the oxygen molecules in the air and the surface of these sensors and the p-type sensors
respond to oxidizing gases, remove electrons and produce holes. According to the specifications supplied by certain
prominent MOS sensor companies, such as Figaro and Nemoto, the detection threshold of commercial MOS sensors
varied between 1 ppm and 1000 ppm. Due to their excellent sensitivity and selectivity, these sensors are extensively
used in numerous EN applications. The MOS sensor array's main drawback is that it must operate at temperatures
between 150 and 400 °C. As a result, they require a lot of energy, and it takes them a while to heat up before they are
ready for readings [6].

Conducting polymers (CP) sensors

CP consist of conducting particles like polypyrrole, polyaniline, and polythiophene scattered across an insulating
polymer matrix. A prior study suggested that, behind MOS sensors, CP gas sensors may be the second most popular
gas sensors. CP sensory array frequently comprise of distinctive polymers with different reversible physicochemical
properties and sensitivity to groups of volatile compounds to provide a broad specificity that overlaps with that of
organic vapors. Under ambient temperature conditions, these organic vapours adhere to and interact with the polymer
surface, changing the resistance. CPs have good sensitives (threshold >10 ppm) to many food-derived volatile
compounds. Since CP gas sensors don't require additional heating to function, they consume a lot less electricity than
metal-oxide gas sensors. By copolymerization or structural derivations, the structure of CP molecular chains can be
altered. Additionally, the robust mechanical qualities of CPs make them more durable and transportable. The main
drawback of CP sensor arrays is that they are susceptible to humidity. Due to their affordability, quick response to
odorants, and resistance to sensor poisoning, conducting polymers are a trusted sensor type utilized in numerous EN
devices for the medical, pharmaceutical, food, and beverage industries [7].

Optical Sensors

Optical sensors are suitable for use in several EN applications due to their quickness, resilience to electromagnetic
interference, and compactness [8].Optical sensors monitor fluorescence, optical layer thickness, colorimetric dye
response, light polarization, and absorbance. Any of these optical changes are utilized to detect scents in the
environment. Due to their extreme sensitivity, optical sensors can distinguish between specific chemicals in mixtures.
However, the electronics and software that link to it are sophisticated and expensive. Due to the relatively limited
lifetime of these sensors, the cost of detection would also rise. Due to their extreme sensitivity, optical sensors can
distinguish between specific chemicals in mixtures. However, the electronics and software that link to it are
sophisticated and expensive. Due to the relatively limited lifetime of these sensors, the cost of detection would also
rise [9].

Quartz crystal microbalance (QCM) sensors

QCM sensors are preferred as an EN component in variety of applications including medicine, environment
monitoring, security and food safety because of their sensitivity, convenience, rapidness, stability and portability.
These sensors have a sensitive coating on their surface. The released gas from the atmosphere is drawn in by a
selective barrier on the crystal surface, increasing the overall mass [10]. The mass shift on the gold surface of the
QCM causes frequency to decrease as a result. As a result, QCM sensors measure frequency changes on the quartz
crystal resonator to determine tiny variations on the sensor surface. QCM based biosensors are frequently used to
analyze scents because to their affordability, ease of manufacturing, and capacity for quick analysis [11].
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Application of E-nose

Applications of E-nose have been expanding in a variety of research areas, with a focus on quality assurance and
process observation for the food industry.

Applications Sensing Element References
Identification of optimum fermentation time for black tea MOS [12]
Detection of aroma from green tea at different storage times MOS [13]
Botanical origin identification and quality determination of honey MOS [14]
Rapid detection of meat spoilage MOS [15]
Identify the freshness of the bell pepper samples during storage MOS [16]
To detect unspoiled and spoiled milk, bacterial contamination in milk Conducting polymer [17]
Identify the early infestation of Bactrocera dorsalis in citrus samples. MOS [18]
For early spoilage detection of potato and onion during post-harvest storage  MOS [19]

Electronic tongue

The electronic tongue is an analytical tool that uses a variety of non-selective chemical sensors with partial specificity
to various solution components and a suitable pattern recognition instrument, capable of identifying the quantitative
and qualitative composition of both simple and complex solutions [20]. The sensors of an e-tongue are immersed into
a sample to measure its soluble components and global characteristic response signals of the taste substances. These
sensors have the characteristics of low selectivity, high cross-selectivity, and statistical analysis of the outputs from
multiple sensors. Sending the relevant signals to a signal processing system for pattern recognition analysis. As a
result, numerous researchers used e-tongue, a quick, impartial, and inexpensive substitute for the human tongue [21].

Taste sensors

A wide range of chemical sensors, including electrochemical (potentiometric, voltammetric, amperometric,
impedimetric, and conductimetric), optical, mass, and enzymatic sensors have been used in the construction of the
sensor array for e-tongues (biosensors)[22]. Potentiometric and voltammetric sensors are among the chemical sensors
frequently used for an e-tongue.

Potentiometric Sensors

The most popular e-tongue sensors are potentiometric chemical sensors. The voltage difference between the working
electrodes and the reference electrode is measured by potentiometric sensors. The electrolyte solution in which the
reference electrode is immersed ensures consistent voltage in the reference sensor [23]. The valuable feature of
employing potentiometric sensors is that they can choose from a wide variety of membranes for their electrodes,
including both more and less specific membranes. Potentiometric sensors can therefore measure a huge variety of
chemical substances in liquids [24]. One of the main drawback of potentiometric sensors is that they are sensitive to
temperature. The components of the solution may be absorbed by the membrane, which may change how the charge
is transferred. In order to reduce the effect, the temperature must be managed and the electrodes must be cleaned with
solvents.

Voltammetric sensors

Voltammetry is an extremely effective analytical technique, due to features such as its very high sensitivity,
versatility, simplicity and robustness. The basic idea is that to analyze the characteristics of the samples both
qualitatively and quantitatively, electrochemical voltammetry is used to place the multi-sensor array in the solution to
be measured, add the step-potential to the working electrode, and measure the polarization current of various
solutions. Cycle, conventional large pulses, and multi-frequency pulses are the three main types of step-potential
added to the voltammetry e-tongue (VE-tongue) [25]. The VE-tongue has a low detection limit, high signal-to-noise
ratio, excellent sensitivity, and selectivity for multi-component measurements. This method, however, is only useful
for samples where oxidation-reduction reactions take place [24].
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Applications of E-tongue

Applications Principle of detection References
Categorizing olive oils made from a single cultivar of olive Potentiometric Sensors [26]
Distinguishing the honey produced in each state of the United States Potentiometric Sensors [27]
Recognizing the differences between commercial wines and beers Potentiometric Sensors [28]
Measuring the amount of sugar in solutions Potentiometric Sensors [29]
To determine the amounts of argan oil that have been diluted with Voltammetric sensors [30]
sunflower oil

Evaluation of flavour, recognition of flavour, and chemical compositions in ~ Voltammetric sensors [31]
relation to flavour in beef

Analyzing the quality of milk adulterated with urea Voltammetric sensors [32]
Perform a quantitative examination of the spring water's quality indicators.  Voltammetric sensors [33]
Conclusion

The use of the electronic nose and electronic tongue to assess food qualities. Additional developments in sensor
technology, E-nose and E-tongue systems, and multivariate data analysis techniques will open up a wide range of
intriguing and exciting possibilities for monitoring, automating, and controlling food processing systems. Overall, the
combination of the e-nose and e-tongue are very effective analytical instruments that are affordable, quick, and
accurate. In addition to being suited for both in-line and off-line measurements, e-nose and e-tongue are also highly
helpful for tracking the quality of the final product and monitoring food processing. Future advances in the use of
improved e-nose and e-tongue devices will therefore result in greater capabilities of electronic sensing instruments as
well as faster and more reliable quality inspection of food and agricultural products.
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