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ABSTRACT India is the second-largest tea producer and consumer in the world after China. In 2017,
the Indian tea market size accounted for 130 billion Indian rupees. An estimated global tea market size
was at USD 13.31 billion in 2019, and the expected compound annual growth rate is 5.5% up to the year
2025. India can grab the worth tea market size globally by making market strategies with AI and ML-based
demonstrations for the unique identity of tea flavor. Conventional instruments available are not handy,
time-consuming and require a skilled person to operate. The tea attributes should be digitally recognizable
before purchase from the consumer’s perspective, significantly enlarging the tea market circle. In the paper,
a comprehensive review about an artificial perception of tea has been discussed. Three major attributes of the
tea sample, its taste, smell, and color, are under consideration. With the help of various sensors, the attributes
of liquefied tea samples had got converted into their digital signature. By analyzing the correlation of them
with the pattern recognition, their classification had been done. The electronic feature fusion of tea liquor
attributes may cause handling issues with the formation of redundant data. So this paper explains the method
and guidelines of applying specific filters which remove the redundant data. The constructive sample data can
establish the decision matrix for correlation. With the established decision matrix, précised test prediction
can be achieved for the tea sample based on correlation and regression. The limitations and glitches of the
conventional instruments for an artificial perception have been discussed in-depth for possible improvement.
The paper ends with a bibliometric analysis of the topic ‘‘artificial taste perception of tea,’’ which had derived
from the standard repository of Web of Science. The bibliometric analysis is very useful to showcase the
current research trends in the artificial taste perception of tea.

INDEX TERMS Artificial intelligence (AI), machine learning (ML), pattern recognition, e-tongue, e-nose,
principal component analysis (PCA), artificial neural network (ANN), peak signal to noise ratio (PSNR),
bibliometric analysis.

I. INTRODUCTION
Due to long and fast working hours, people use ready-made
food and drink products of various brands. Assurance of qual-
ity, safety, and taste uniformity of such food and drink prod-
ucts are essential as such products, can directly affect human
health and safety when they get contaminated. The prob-
lems like contamination with beverages had found frequently,
which were triggered by economical benefits. An urge for
human health awareness and its safety leads to early warning
for such contamination cases, and it is possible with artifi-
cial intelligence. The property of the tongue to analyze and
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segregate various taste patterns can be artificially formed
using sensors and programming. The programmed hardware
discriminates various tastes and the taste patterns of a single
sample with different concentrations. Artificial intelligence is
very much helpful; to get early intimation about food-drink
products; before its sale and consumption, with various types
of monitoring such as - whether the beverage is alcoholic
or non-alcoholic, pure or impure, aging flavor analysis of
beverages, and also measures the effect of process control
variables for establishing devotion to government standards.

Worldwide, water, milk and tea are the widely consumed
traditional drinks with various health benefits. Initially, water
exists in nature in pure form, but now with the increment in
demand due to the day by day increase in population and
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FIGURE 1. Outline of the paper.

added pollution, the water supply becomes narrow and gets
contaminated. The government and municipal corporations
have formedwater storage, filtering and processing units. The
government needs and forms water resource quality monitor-
ing and assures its safety for people with national revenue.

Due to abundant nutrients, milk is supreme food for human
beings. In the milk industry- supply chain, to get more profit;
some common malpractices and frauds are extensively and
gradually spreading; such as additions of water, sugar, milk
from other species, harmful chemicals, and detergents-soaps
to increase its quantity, weight and fat percentage. Also,
preservatives have been used to increase the shelf life of
food and beverage products. Detection of such malpractices
and overdose of preservatives with artificial perception is
very much required; as in metro cities, infants are dependent
on packet milk. State and central government food agencies
have regularly keep watch on food and drink industries. After
safety tests, these agencies provide certification to the food
and drink products; without proper government certification,
these products must not be sold into the market.

Tea is the worldwide most popular hot beverage. Today
cultivation of tea has spread everywhere in the world. It is
a strong economical asset of an agricultural commodity like
China, India. As India is the second-largest producer, exporter
and consumer of tea, tea is the national agro-economical asset
of India and its national drink. To knob huge tea production,
automation and artificial intelligence are obligatory at various
tea processing stages.

With the digitization and pattern recognition of main
attributes of water, milk and tea or any other beverage,
the artificial monitoring and grading can be unified and per-
sonalize as per the health history and requirement of human
being, which turns into a reduction of their malpractices, eco-
nomically triggered adulterations and dependency on manual
test methods.

The outline of the paper is shown in figure 1.
User experience evaluation (UX) is the study to know

customer’s interest in any particular tea brand and get the
motivation behind that interest. This kind of study is specif-
ically carried out by monitoring and observing the targeted
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market for the tea sale. This kind of analysis is preferable to
plan market strategies [125]. For any startup and business,
some primary data is required as follows:

1) Who are the customers?
To know your customers is the most important and
urgent need before the start of any business. This kind
of survey set the target market and collects the customer
data like their age range, interest in particular tea brand,
motivations behind interest, like health consciousness,
belly fat reduction, diabetic patient, routine diet, gen-
der, product cost, availability, tea attributes like flavor,
color, fragrance.

2) Which kind of customers are there?
Online customers and offline customers are available
for tea.
Online customers are dependent on online reviews,
offers, service time and experience of online purchase.
Sometimes they are not aware of the options and buy
the products already known to them. They do not think
about trial of the new product as the purchase is online.
The other types of customers are offline, they enjoy the
trial of variety, but if they are specific in motivation,
they fix the tea brand with a little trial.

In India, 80% of the tea produced is consumed within the
country, as per the annual report of the Tea board of India.
The customer age range is specifically from 18 to 60 years.
Tea is more familiar and popular in India than Coffee.

The Executive summary of the study on domestic con-
sumption of tea in India explains the domestic consumption
evaluation had done in two phases-The pilots and Pan-India
Survey.

1. For Pilot testing-Questionnaires had prepared by the
Tea board of India concerning industry bodies, tea asso-
ciates, and major stakeholders in the tea industry. This
method is used to collect the response from consumers,
Institutions and trade channel partners.
2. For Pan-India survey- This testing attentive to the
sample household across urban and rural India and
socio-cultural regions and classes. The survey was car-
ried out with dedicated questions to capture the key
trends, patterns, and purchase behavior.
3. Direct Interviews were planned with focus group
discussion to gain qualitative insights from users and
associates.
4. Findings from the survey- The Tea consumption In
India is skewed towards North and West India. North
states ∼32% whereas in West ∼31% tea consumption
had accounted. According to the report, relatively low
consumption had occurred at North East ∼19% while
at south region it was ∼18%.
5. Consumption pattern-64% Population in India is a
tea-drinking population. Over 80% population drinks
tea before breakfast with milk and sugar. Popula-
tion ∼80% preferred packet tea as it brands quality.
More than 70% population purchases tea from stores.

II. REVIEW OF ARTIFICIAL PERCEPTION- E-TONGUE,
E-NOSE, E-VISION AND FEATURE FUSION
OF ATTRIBUTES
A few decades back, the two problems were very general in
food-drink industries, first was low objectivity of taste, and
the second was its low reproducibility in processed food [17],
[18], [22]–[27]. Initial taste sensors were designed for these
objectives. The human tongue cannot identify the chemical
substance present in the food; rather, it identifies the set of
similar tastes. The human brain understands and restores that
response as a discrete experience gained against the received
taste senses. Likewise, the artificial sense is about a group
of similar taste responses created due to chemical substances
lies in the same group. For example, sweet taste identifies by
the presence of sugar, which can be glucose, sucrose, fructose
or a combination of those, and umami comes from amino acid
glutamate [16]–[21], [28] etc.

Kiyoshi Toko, Professor at Kyushu University in Fukuoka,
Japan, has made e-tongue from polymer membrane consist-
ing of specific lipids and reacts to specific elements that cre-
ate food tastes. The different lipid membranes had mounted
on the plastic hose and connected to electrodes; plastic hose
drowned into liquid under test, which generated the count-
able potential difference and was observed due to reaction
between liquid molecules and membrane. This response is
further used to create pattern characteristics for the specific
taste under analysis.

Physicist Seunghun Hong of Seoul National University
in South Korea had created carbon nano-tubes transistors
coated with the protein found in human taste receptors for
the detection of bitterness. This taste device is extremely
wise to electrical changes causes due to bitterness and reacts
exactly like the human tongue. Kenneth Suslick, a chemist
and materials scientist at the University of Illinois at Urbana-
Champaign, had developed the taste sensing system on the
color-changing property of chemicals. Some of the chemicals
had changed the color due to reaction with specific pigments
of liquids; on that basis, they identified the taste. Chemist
Eric Anslyn of the University of Texas at Austin and his
colleague at the University of California, Davis, Anslyn had
developed a taste sensing system to detect the toxic drug in
the wine. The toxic drug may get created in wine due to the
addition of different juice or due to aging of some elements
in wine, or due to high concentration of some elements. The
test system is based on nuclear magnetic resonance (NMR)
spectroscopy [13].

In one more experiment, the taste sensor used was a sensor
array of six different metallic electrodes; it was sensing spe-
cific elements from the sample and limited to electrical detec-
tion of the sample. These taste sensors were not optimum and
global as their prediction was variable and dependent on the
presence of specific elements [1]. The expanded requirement
of taste perception; to overall response sensitivity, which does
remain to the specific element of the sample, and another need
was; data received from the sensory mechanism should cor-
rectly analyze with indeed statistical implication. With that
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vision, the electronic tongue was designed based on Alpha
Mos taste sensors, using principal component analysis (PCA)
and artificial neural network (ANN). E-tongue was now capa-
ble enough to discriminate basic five tastes of the liquid
sample, and accordingly, it can classify the beverage with
the commercial taste sensor TS-5000Z. The objective decided
and achieved with E-tongue was consistent taste response.
A threshold of an artificial taste perceived by an e-tongue and
the human tongue should have matched; a correctly defined
unit of information from the sensor to an electrical signal
and sensor must sense continuous interaction between taste
substances. The portable E-tongue using a microprocessor
and signal conditioning unit with five electrodes had been
described with many practical applications [1].

The electronic tongue is the analytical instrument consist-
ing of an array of chemical sensors which are low selective,
highly stable and high cross-sensitive to another element of
the sample with specific pattern recognition or multivariate
calibration for data processing. The physical, chemical and
biological properties of test samples had converted into elec-
trical data, and suitable data processing was applied to grade
the sample’s taste. A wide variety of sensors for E-tongue had
been discussed like electrochemical-voltammetric, impedi-
metric, amperometric through gravimetric to optical sensors
such as absorbance, luminescence, reflectance etc. Sensors
were applied with different environments for a liquid sample
and gaseous sample of the same drink; with a fusion of the
data, the grading would be done. As data redundancy prob-
lem occurs with PCA, which may create misclassification;
so, the PCA method was not applied everywhere. Instead,
one-to-one sensor plot results in matrix form had drawn;
when the three out of four sensors were having the same
response, it confirmed the grade based on that analysis. There
are few commercial solutions available for taste perception,
such as the TS-5000Z taste sensing system, Intelligent Sen-
sor Technology Inc., Jap, Astree II (Alpha MOS, Toulouse,
France,Multiarray Chemical Sensor(McScience Inc., Suwon,
Korea), and Sensor System (St. Petersburg, Russia). Sev-
eral sample applications were discussed with their major
attributes and attempted artificial taste perception systems.
With the limited availability of non-invasive chemical sensors
and biosensors, the creativity and innovation in E-tongue are
also limited. Still, the analytics or information can be possible
to derive several ways that can create variation in probabilities
of solution [8], [14].

Water is the natural resource, universal solvent and crucial
need for a human being. It always gets contaminated with
impurities, of which some are due to natural causes and some
of due to human-made pollution. Artificial impurities are haz-
ardous for human lives as they cause various health issues and
sometimes become so critical and put human lives into chaos.
The system had established to detect impurities in water
based on E-tongue 36-37] and E-nose [38], [39] with additive
wavelet transform and homomorphism image processing.
This electronic sensor system could extract the required
information from a water sample. An image enhancement

technique is very useful to advance the visual quality of an
image. Detection of water impurity said above had used the
infrared image processing. Infrared image processing was
consists of large black areas and small details. An additive
wavelet transform is used as a decomposition algorithm to
separate these small image information details into several
frequency sub-bands. In addition, homomorphic enhance-
ment algorithms had used for transforming these small
details to illumination, and reflectance components and then
reflectance components are amplified, showing the details
correctly. With this at the end, infrared image reconstruction
was performed using MATLAB tool, Peak Signal to Noise
Ratio (PSNR) was determined. For Pure water, PSNR is
very high (62.59dB), and in the water, with increasing %
impurities, PSNR became lower down [6], [122].

In developing and underdeveloped countries, malpractices
like milk adulterations are going on because of financial
greediness and insufficient supply for the rising population.
On a primary basis, the impurities in milk were detected by
chemical, tests but milk’s chemical properties had changed.
Only one kind of milk impurity could detect with a single
chemical test; it means separate tests were required for other
impurities with separate milk samples. A combination of
chemical tests for two or more impurities is not possible.
These common techniques were not always convenient and
accessible. The fraud rant practices are exponentially rising
in diverse ways. To solve this issue, the scientific communi-
ties and regulatory authorities must bring a transparent and
automated adulteration monitoring system [7].

The sense of smell is the inspiration of electronic-nose
(E-nose). Automatic detection, identification, and classifi-
cation of smell are complicated tasks as smells are created
naturally by air and the surrounding environment. With the
combination of substances; sometimes new odor may get
created which is stronger than initial odors of discrete sub-
stances in the mixture, sometimes due to counter-reaction of
the substances new odor may get created which is having
different concentration, Sometimes masking of one pleasant
odor had done by an unpleasant odor. Capturing various odors
by an array of the sensor, digitalizing the extracted data infor-
mation, and applying pattern recognition or machine learn-
ing (ML) algorithm the quality analysis of odor is possible.
Description of E-nose seems analogical to the human nose,
a neural system of body and decision-making ability of the
human brain. The hardware must be implemented for odor
sensation, its digitization, and software for its identification
and classification. In the E-nose, the hardware part consists
of a sensor array, signal conditioning unit, and software part
containing the necessary processor with associated process-
ing – storage unit and programming software for the odor
classification.

A. SYSTEM REQUIREMENTS FOR ARTIFICIAL
TASTE/ODOR/COLOR PERCEPTION
The three major attributes of beverages are their flavors,
smells, and colors [41]–[43]. The flavors, smells and colors of
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FIGURE 2. System requirements for artificial taste/odor/color perception.

beverages are created due to biochemical compounds present
in their liquor, and they vary according to the proportion
of compounds. For flavor detection, biochemical electrode
sensors are useful, whereas gas sensors are required for odor
detection. For color detection, color sensors based on the
RGB principle, digital cameras with image processing tech-
niques have reported satisfactory.

For a complete analysis of any beverage, it is necessary to
correlate all the above-said attributes with a statistical model.
The design of such a statistical model is the most challenging
task as the sensor’s sensitivity, repeatability, and stability are
the most critical features to control properly. Some common
problems that have been reported in beverage industries are
liquor impurities; shelf an artificial perception is required to
maintain the quality process, as shown in figure 2.

B. SENSOR REVIEW
Sensor systems detect specific taste, aroma and color only
after relies on the chemical. Initially, the digital dataset of
various attributes has to be created for their libraries. The
sensor used in E-tongue, E-nose and E-vision should possess
the general properties such as–

1) high selectivity and sensitivity with less response time
to a specific attribute

2) high stability for the result measurement
3) high resistance to other aromas to distinguish other

aromas
4) insensitive to temperature and humidity
5) small in size, cheaper, reusable.
Metal oxide sensors (MOS), conducting polymer sensors

(CP), quartz crystal microbalance (QCM) sensor, acoustic
wave sensors (AW), electrochemical (EC) sensors, catalytic

FIGURE 3. Sensors features and challenges.

bed sensor (CB), optical sensors, photoionization detec-
tor (PID) these many sensors are useful to identify the odors
in various applications; of which MOS is commonly used
sensor, suitable for variety of gases, operated with maxi-
mum value of temperature and requires maximum power
consumption and present with two types n-mos and p-mos.
The reaction between oxygenmolecules of air and the surface
of the n-mos sensor results in free electrons are trapped cre-
ates potential barriers between grains that inhibit the carrier
mobility that generates large resistance areas. P-mos sensors
create holes by the oxidation process.MOS detection sensor
range is 5 to 500ppm, and it is mainly used for indoor-outdoor
beverage monitoring. Conducting polymer sensors are used
mainly in medical and pharmaceutical applications. Resis-
tance of the polymer sensor changes with the detection of
specific odor when the reaction happens with the chemical.
QCM sensor determines small surface variations by measur-
ing frequency changes.

Acoustic sensors work like QCM. In electrochemical sen-
sors quantity of gas is measured by the flow of current due
to reaction. Optical sensors detect odor based on fluorescent
colors emitted by various gases. Due to the ionization of gases
using ultraviolet light, formed ions create an electric current
detected by the PID sensor [11]. Figure 3 is about features
and challenges of sensors.

C. MACHINE LEARNING
Machine learning is a device’s capability to learn indepen-
dently from experience to make accurate predictions for
upcoming events of similar types. It is suitable for classifica-
tion problems like character or attributes recognition, feature
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FIGURE 4. The common perception of machine learning.

detection, text categorization, bioinformatics, and business
analysis. It is a software program to search outcome expected
from the hypothesis.

Figure 4 is about the conceptual understanding of machine
learning. In 1st step, training data was available to machine
learning programs as input with classification functions.
In the 2nd step, the unknown data for testing is given to
the classifier. Now classifier classifies the unknown test data
based on its experience gained by the training data model.
Machine learning (ML) is the application of artificial intel-
ligence that enables the system to learn and improve from
experience without being explicitly programmed. There are
four groups of ML algorithm as described in figure 5,

1) Supervised Learning
2) Semi-supervised Learning
3) Unsupervised Learning
4) Reinforcement Learning.
The dataset in supervised learning is consists of known

inputs and known outputs provided to theML algorithm, with
that robust mapping model is obtained.

This model is useful to classify new upcoming data. Grad-
ing using regression model and prediction can be easily done
with the help of supervised learning, as described in figure 6.

The semi-supervised model contains both known and
unknown data; with the help of known data, the unknown
can be classified; this is basically to handle large unknown
data. Model is useful for the reduction of the computa-
tional issues that rescue time. Unsupervised learning has only
inputs, based on a given dataset, the pattern is recognized.
Unsupervised learning can handle clustering, association, and
dimensionality reduction problems. Reinforcement learning
is the flexible approach that learns from previous knowledge
and routinely implies the performance of upcoming data [11].
Machine learning is a technique that allows the computer to
learn through various designing algorithms.

The branch streamed from performance, and computa-
tional analysis of machine learning algorithm is known as
a computational learning theory. For the training of neural
networks and decision trees, supervised learning algorithms
are very useful. Network classification error estimation and
expert opinion to decide the most informative data features

are the two basic requirements in supervised learning. If these
requirements are not available or not applicable for such
cases, all relevant features have been measured to check
impact. Then the most impactful features get isolated in the
form of result. This method of feature isolation is called
‘‘brute force,’’ but with this method, the risk factor is very
high and is generated due to missing feature values, gaps and
noises [123].

Overfitting function occurs in machine learning algorithms
because of special cases. Overfitting functions create huge
complexity, data memorizing and are less impactful for most
general cases. The penalty sometimes is very high with data
overfitting. It is better to avoid such special cases, which may
lead to over-fitting of data function, and it is only possible
with intuition and expertly data handling.

The supervised and semi-supervised learning approaches
were suitable in the proposed algorithm design and, hence,
discussed in-depth.

Unsupervised learning is much complicated. The catego-
rization and rules have not been discussed and provided to
the process agents directly by offering rewards and giving
additional benefit to make a decision framework suitable to
a problem is acquired and implemented. Possible challenges
involved in model selection discussed in figure 7.

Table 1 is about the list of acronyms and their meanings
that are used throughout this paper.

D. PATTERN RECOGNITION
Pattern recognition is required to identify the specific pat-
tern generated by the dataset acquired. Principle compo-
nent analysis (PCA) is a widely used unsupervised learning
tool required to reduce dataset dimensionality linearly. The
high dimension data is converted into low-dimension data,
spanned by principal components of the largest variance in
the original variables using PCA. Linear discriminant analy-
sis (LDA) is a widely used supervised learning tool for linear
dimensionality reduction. Support vector machine (SVM) is a
supervised learning tool used for linear and nonlinear binary
classification. It determines the best fitting function used
for classification. Artificial neural network (ANN) is used
with the machine learning framework. Cross-sensitivity is the
interference of an unwanted smell or taste to desired smell or
taste, which has to be detected as sometimes the unwanted
features mislead the classification [11].

E. PERFORMANCE EVALUATION OF PARAMETERS IN
MACHINE LEARNING
The confusion matrix is essential to put for evaluation
parameters to find a system performance evaluation matrix.
Figure 8 indicates the general confusion matrix in machine
learning. The parameters like accuracy, sensitivity, precision
and specificity have to be calculated for the prediction result
based on True positive (TP), False positive (FP), False nega-
tive (FN) and True negative (TN) values.

Accuracy is the ratio of the number of correct test predic-
tions to the total number of test input samples as shown in (1).
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FIGURE 5. Machine learning approaches.

The idle accuracy value is 100%, which indicates no error in
the predicted outcome.

Accuracy =
(TP+ TN)

(TP+ TN+ FP+ FN)
(1)

Precision is the ratio of correct positive predictions to the
total number of positive test input samples (2).It lies between
1.0 (for full precision) to 0.0 (for no precision).

Precision =
TP

(TP+ FP)
(2)

Sensitivity is the correctly determined actual positives test
predictions as given in (3). Themodel that results inmore than
90% sensitivity and specificity is the better practical model
with good diagnostic ability

Sensitivity =
TP

(TP+ FN)
(3)

Specificity is the correctly classified actual negatives test
predictions as given in (4).

Sensitivity =
TN

(TN+ FP)
(4)

F1 score is the practical, useful measure in uneven
class distribution, which balances precision and recall. The
F1 score is the weighted average of both precision and recall.
The F1 score should be one for idle performance.

F1-score =
2∗(Precision)∗(sensitivity)
(Precision+ Sensitivity)

(5)

These statistical evaluation parameters are derived from the
confusion matrix and are essential to assess the systemmodel
performance for the proposed objective. This analysis is very
useful to re-correct and redirects the system for the said task
for better performance.

III. REVIEW OF STATISTICAL ANALYSIS OF PRIOR
RESULTS FOR TEA SAMPLE
The fusion of E-nose and E-tongue is established for tea
quality estimation using the fuzzy neural network (FNN).
The human tea tester grades the tea sample based on its
attributes-taste, briskness, and astringency. Those grades are
considered a standard reference, and the digitization of these
graded samples has been used to form a known dataset to train

VOLUME 9, 2021 82767



A. B. Patil et al.: Artificial Perception of Beverages: In-Depth Review of Tea Sample

TABLE 1. Summary of important acronyms.

the model. Fuzzy classifiers use fuzzy logic in the course of
their training. The three classifiers are established to classify
black tea

1) E-nose
2) E-tongue
3) Fusion of E-tongue and E-nose, and had applied on

four grades of Indian tea. The 48 samples with four differ-
ent grades had tested five times each for three individual

classifiers, generated 240 sample measurements. E-nose had
established with fiveMOS sensors from Figaro, and E-tongue
had used with voltammetric electrodes [2].Medical health
benefits of green tea are well known, so classification
based on bitterness [29]–[35] and astringency had to be
carried out with E-tongue, E-nose and classifier algorithms
same described as previous, only with the difference is in
classification algorithms. The three models are applied for
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FIGURE 6. Supervised machine learning algorithm.

green tea classification – Multiple linear regression (MLR)
[118]–[121], Partial least square regression (PLSR) and
Back-propagation neural network (BPNN). BPNN is most
effective and better, both in the training and testing phase [3].

It has high correlation coefficient (R); R = 0.98 for bitter-
ness and R = 0.96 for astringency [3].
Tea quality prediction by Sparse modeling with E-tongue

is established with sparse decomposition method. E-tongue
hardware is moreover the same as we had discussed in pre-
vious cases. Still, the Sparse model is developed for signal
matrix and resulting feature vector coefficients of the sparse
model are treated as characteristic attributes of tea sample and
used in both training and testing phase [4].

E-tongue and ANN do identification of fake green tea. The
response is compared for two techniques of ANN

1) Back-propagation neural network with the
Levenberg-Marquardt training algorithm (LMBP)

2) Radial Basis Function neural network (RBF) with
mean squared normalized error (MSE) [122].

Both algorithms have a full identification rate in the train-
ing set, but in the testing data set, the RBF is more effi-
cient than LMBP [9]. Machine vision system for tea quality
index (TQI) is established for the fermentation process to
check the size and color of tea grains. Manually the uniform
testing is impossible and non-uniform. The digital camera is
used to capture both RGB pictures and gray pictures. With
the application of image processing techniques and size and
color estimation algorithms, the TQI is determined. TQI and
tea quality is having an inverse relation with the specified
algorithms [10]. The fermentation process of black tea had
automated with the e-nose and LabVIEW simulation soft-
ware [12].

IV. INDIAN TEA INDUSTRY
Tea is broadly classified into three types’ black tea, oolong
tea and green tea. In India, the cultivation of black tea is
very high, green tea cultivation is in the second position,
and oolong tea is rarely cultivated. Black tea has antioxidant
properties due to polyphenol, which reduces chronic disease
and improves health immunity. Some flavonoids in black
tea improve heart health, decrease the peril of high blood
pressure, reduce high cholesterol, reduce blood sugar, reduce
chances of stroke and cancer, reduce stress, and maintain
overall health. An Oolong tea is good for digestion, drinks
after a heavy meal, and prepared without milk and sugar.
Green tea is good for increasing metabolism and improves
brain function; it also offers all the health benefits of black
tea and oolong tea.

With processing, tea is classified into CTC, orthodox, leg-
cut, green and instant tea. The CTC and orthodox tea are of
high-demand grades. In India, the Indian tea board decides
the grades of manufactured tea and marketing strategies.
As tea is an economical crop cultivated worldwide and in
India, artificial intelligence may boost marketing strategy and
export of tea.

A. CURRENT TEA MARKET TRENDS
Nowadays, people are more aware of the health benefits of
herbal and green tea, which may increase the demand for tea
types, but the cost of tea types- depends on additional health
ingredients and tea taste.

B. RESEARCH GAPS OCCURRED IN INDIAN TEA SECTOR
The following issues have occurred in the Indian tea sec-
tor; some are related to hardware, and some are related to
software.

1) The taste sensing response should be consistent enough
to make firm decisions and develop pattern recognition for
the given tea sample. The existing taste sensing hardware is

VOLUME 9, 2021 82769



A. B. Patil et al.: Artificial Perception of Beverages: In-Depth Review of Tea Sample

FIGURE 7. Possible challenges involved in model selection.

not consistent enough and having poor stability in response
generation.

2) All the three attributes of tea species – its color, flavor
and odor are not tested simultaneously with the help of tech-
nology. Only fusion of odor and flavor is donewith the help of
an artificial neural network and biochemical sensors byAlpha
MOS, Headquartered in Toulouse, France.

3) In India, E-nose was developed for black tea classifica-
tion by CDAC in collaboration with the Jadhavpur University
of Kolkata. It is under test and observation, still not open for
market and public utilization.

4) The average classification rate and accuracy of tea grad-
ing should increase with the help of various machine learning
algorithms.

5) The human taste threshold should match with the artifi-
cial taste perception threshold for the correct classification of
taste.

6) The Human tea tasters are also required for confirmation
of tea attributes in India. So the dependency is always there on
Human tea tasters. Automation and technology can tolerate
the decision dependency on human tea testers.

7) The technology for determining the age of tea leaf is
not yet developed; it approximates estimation according to
the human tea tasters. The development of the AI tool to
determine the age of tea leaf, also useful to find the storage

FIGURE 8. Confusion matrix in machine learning.

time for particular tea species. The stock can then be open for
the market before the expiry date.

C. SCOPE OF THE ARTIFICIAL TASTE PERCEPTION
IN TEA INDUSTRY
Tea is the most popular beverage worldwide, and it is the
economical backbones of tea-producing countries like India,
China, Sri Lanka, Kenya etc. Indian tea is famous glob-
ally, especially Darjeeling tea, famous for its unique flavor
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and taste. As India is the second-largest Tea producer, with
automation and technology, bulk production can be easily
categorized in various grades for its brick color, odor and
taste. With the help of a market survey and its analysis, it is
easy to find people’s interest in particular species of tea. For
the separation of that particular tea species and showcase the
attributes of that tea species, an experimental demonstration
is required, which further leads to marketing strategies of tea
branding.

V. USEFUL SENSORS, TEA COMPOUNDS, TASTE
FORMATION AND SENSING HARDWARE REVIEW
For artificial taste perception of tea samples, two types of
sensors are very useful; of which the first is the pH sensor
and the other is astringency sensor. Both sensors define the
acidity level of the tea liquid sample.

A. pH SENSOR
pH is the potential of hydrogen or the power of hydrogen in
any liquid sample. Liquid containing more H + ions remains
acidic, and if it contains moreOH- ions remains alkaline. The
power of hydrogen (pH) value varies from 1 to 14. Liquid
with pH value 7 is neutral, liquid containing pH below 7 is
acidic, and when pH is above 7, fluid is alkaline. With the
help of pH electrode and reference electrode, the potential
difference is measured for a given liquid sample.

V = VpH − Vref (6)

Equation (6) is to find a potential difference where VpH is
the voltage of the pH electrode concerning ground and Vref
is reference electrode voltage for ground.

Now with the help of the Nernst equation, pH is calculated

V = −kTpH (7)

where k is Boltzmann’s constant and T is temperature.
By using ‘‘(6)’’ and ‘‘(7),’’ the pH of the given tea liquid

sample is given with the help of a software algorithm.

B. ASTRINGENCY SENSOR
For astringency and bitterness measurement, potentiometric
and voltammetric sensors are very useful [13]–[16]. The sig-
nal is measured as the potential difference between the work-
ing electrode and the reference electrode, and accordingly,
the value of bitterness is defined [15].

Evaluation of tea sample is difficult because several com-
pounds contribute to the taste formation of tea. Due to this,
the taste prediction of the tea sample is not followed with
instruments in lots of tea producer countries. Normally, in the
tea industry, the person having experience in tea testing is
recruited for taste assessment [45]. The tea tasters generally
evaluate tea in a range of 1 to 10 individually for its odor, color
and flavor. But as the flavor evaluation is human-dependent,
it generates individual inconsistent given by them, which
can be altered by various parameters like fatigue, work or
mental pressure and states, de-sensitivity due to long working
experience [45].

TABLE 2. Biochemical compound contributes to tea taste formation.

Multivariate calibration methods are explained in the
paper [46]; some chemical methods of testing are also avail-
able for tea quality evaluation like gas chromatography (GC),
high-performance liquid chromatography (HPLC) [47], and
capillary electrophoresis [48]. All these methods are depen-
dent on the skilled person, can be done in the laboratory,
time-consuming, manual and expensive again. It isn’t easy
to correlate the subjective score given by tea tasters with
the result obtained by chemical testing. The chemical tests
describe the compound contribution in the tea sample, which
are more objective types [49].

The compounds enlisted in table 1 are responsible for
major taste contribution [50]. The objective of tea quality
testing is not to detect the percentage of chemical compounds
present in tea liquor but to get the overall response of tea taste
similar to the human tongue [51].

The black tea classification using voltammetric sensors
was done with the help of an array of five working electrodes
with one reference electrode and counter. This tea testing is
formed on the principle of pulse voltammetry analysis.

For the categorization of wine [52], fat content ofmilk [53],
beverages [54]–[56], water [57] and tomatoes [58], the mea-
surement techniques like voltammetry, potentiometric and
conductometry sensing principles have been successfully uti-
lized. An amperometric electronic tongue has been formed to
quantify the astringency of the tea sample [59]. Self-polishing
e-tongue for tea [60] and potentiometric electronic tongue
for Korean green tea [61] have been developed successfully.
Voltammetric e-tongue is very simple, robust, multipurpose
and highly sensitive for taste perception [62].

In voltammetric e-tongue, the test result has been continu-
ously monitored throughout the test duration since input was
applied to the test system. It is not in chemical processing
where results are obtained at the end of laboratory tests
and not instant action. The e-tongue described in paper [57]
where low-cost data acquisition card has used instead of the
expensive potentiometer for the voltage pattern detectionwith
the help of current generation. The samples were of black
tea, collected from Kanan Devan Hill plantation of south
India [63]. The measurements of this e tongue had been
correlated with the scale given by tea testers to form the
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FIGURE 9. Voltametric e-tongue block diagram.

FIGURE 10. Graphic user interface (GUI) for E-tongue.

computational model for the prediction of unknown tea sam-
ples. Figure 9 shows a block schematic of the voltammetric
e-tongue.

E tongue is formed with five working electrodes of dif-
ferent metals like gold, platinum, iridium, rhodium, palla-
dium and platinum counter electrode with Ag/Agcl reference
electrode for tea quality testing. Signal generation and data
acquisition are under computer control with switch circuit,
level shifter and amplifier. LabVIEW software is used as
a computational unit for voltage pattern recognition with
cheaper data acquisition card USB6008 of national instru-
ments. For the correlation of result attributes obtained by elec-
trodes with the human tea tester scale, customized software is
developed. This software controls signal generation, signals,
user interface, and computing modules [63].

Voltammetric e-tonguewith Fractional OrderModel is also
available and shown in figure 11. The sensing hardware is
the same as mentioned in figure 9. Only the model’s objec-
tive given in figure 11 is a more accurate prediction with a
fractional-order model (FOM).

The front panel using a graphic user interface for e tongue
is given in figure10, which is designed using LabVIEW
software. The user can select working electrodes out of five
electrodes and check the input signal graph, output signal
graph with the e-tongue score. A middle section for input file
path, output file path and offset are the settings for the data

acquisition card. Neural network and statistical methods are
used for correlation and classification analysis. The tea liquor
without milk has been assessed for its taste and correlated
with the manual score given by tea testers [63].

The virtual instrument board is made up of fuzzy logic, and
the neural networks provide the intelligent system that clas-
sifies the tea attributes for quality evaluation. The classifier
is the algorithm which generates class label to verified object
according to its description.

The tea liquor for the test sample is made ready by
boiling 150ml of distilled water and pouring 750mg black
tea sample for 5minutes. Tea leaves are filtered by filter
paper; the filtered liquid is permitted to cool at room tem-
perature for 20minutes, then it can be used as a sample
for measurements. After each measurement, the electrodes
have washed with distilled water. The user can select small
amplitude pulse voltammetry (SAPV), large-amplitude pulse
voltammetry (LAPV) and staircase waveforms. As huge
data is generated with the measurements mentioned above
and has to handle, the neural network is not feasible,
so discrete wavelet transform (DWT) is selected to classify
tea samples [63].

For continuous signal analysis, the wavelet transform is
useful because it provides time and frequency information.
Mallat’s pyramidal algorithm is used to form DWT. In DWT,
the signal is decomposed with the help of digitalized filters;
the high pass filter outcome is stored as a coefficient, and the
low pass filter outcome is used to form a compressed vector.
Unique repetitive compression is required for the reduction of
the data set. The classification accuracy is best with six-level
of compression. According to the mean square error between
original data and reconstructed data, the mother wavelet has
to be selected. The various DWT algorithms are available of
which HAAR wavelet is more suitable for the data compres-
sion technique as it has the least mean square error [63].

The neural network classifiers like BP-MLP, RBF and
PNN are compared to evaluate which PNN is proved a more
accurate classifier with a high classification rate and low
misclassified patterns. Five tea grades have been tested, but
the samples are from a single tea garden, so the e-tongue is
evaluated for limited scope. The advantage of this design is
the low-cost solution, portable as well [63].

To improve the voltammetric sensor fractional-order
model (FOM) is developed and described in paper [64].
It describes the correct behavior of the electrochemical
process by analyzing the current generated in the voltam-
metric sensor for the black tea liquor taste analysis.
Here, the research methodology adopted selects the best
fractional-order transfer functions (FOTF), which estimate
the model’s optimistic parameters and decompose the FOTF
into its equivalent circuits. The study’s objective is to find
the effect of tea sample concentration on the model parame-
ters and potential discrimination by electrodes. The common
issues generally occurred with e-tongue are discussed. The
standards are not universal and fixed, so the unavailability of
such sensor array, wide calibration of the sensor measurement
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FIGURE 11. Voltammetric e-tongue with fractional order model.

system is required, test sample preparation uncertainty, and
sometimes portability of system [65].

As numerous chemical compounds are present in the test,
liquor and electrodes are also of variety, and parameter mod-
eling becomes challenging. The selection of FOM structure
from available models for the optimum multi-electrode tea
taste system requires in-depth investigation [67]–[75].

Randles equivalent circuit is used to model electrochem-
ical system [67], [76], [77]. Randles equivalent circuit is
enhanced further for a technique of system recognition using
e-tongue signals [78]. In other experiment [79] for impedance
analysis of taste sensors, the auto-regressive moving aver-
age (ARMA) model has utilized. The voltammetric e-tongue
development is so far based on ideal circuit consideration.
Still, the behavior of electrochemical processes had not been
configured ideally, and many times, the response stray from
ideal considerations. It causes due to practical limitations of
circuit elements such as double-layer capacitor with nonideal
charge transfer impedance. Due to such practical issues to
model, the e-tongue fractional entities like Warburg elements
and constant phase elements (CPE) are to be used compul-
sory [67]. In-circuit FOM modeling is very much required to
balance such competencies early.

The fractional elements such as CPE andWarburg elements
are also known as fractance. They are generally used to model
the electrochemical processes using electrode-electrolyte
interactions. The conventional passive elements like resistors,
capacitors and inductors are also used to form the fractional
circuits. So the main force of study is to find optimum design
model for the electrode sensors of the e-tongue using frac-
tional elements to balance in-competencies of conventional
passive elements [64].

1) SYSTEM HARDWARE AND FUNCTIONING
The system block diagram is given in figure 11, which
consists of working electrodes (WE) along with a stan-
dard Ag/AgCl reference electrode (RE) and a stainless steel
(SS316) counter electrode (CE). A set of five WE’s of met-
als like gold, iridium, palladium, platinum and rhodium is
used for electrochemical synthesis. Multi-channel labora-
tory potentiostat is used to apply voltage pulses to all the
WE’s sequentially concerning the RE [78]. A sampler with
a sampling rate of 1000 samples per second is used to sam-
ple response current. For the user interface, the system is
designed in LabVIEW.Metal wires with 1 mm diameter have
been chosen as electrodes, and they are electrochemically
stable, react less with the natural environment, and have
lowmaintenance. Sensor electrodes were wrapped separately
in Teflonsleeves. These WE’s were arranged in a circular
manner around RE in the same 1.2cm radius to keep the
solution resistance the same for each WE; this also assurers
the minute effect of geometry on response current obtained
by sensor electrodes. So, mainly the response is dependent
on the test solution and electrode material. Metal electrodes
were uncovered 2mm inside the test liquor. This electrode
assembly is 7cm long and of 6.58cm radius.

For the experiment, five black tea samples (S1 to S5) were
tested. The test solution had prepared by mixing 100ml boil-
ing ultrapure water into a flask containing 1.2g of black tea,
and after 10 minutes rest period, it was filtered. A sample of
20ml was used for the test analysis. After each test, electrodes
were rinsed properly in ultrapure water and with zero-grade
emery paper. The CTC tea samples tested are S1 and S5 of
grade dryermouth (DM), while S2 is broken pekoe (BP), S3 is
pekoe fanning (PF), and S4 is dust (D). With the application
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FIGURE 12. Correlation using PCA.

of large amplitude pulse voltammetry (LAPV) signal as input
to WE, the quality of tea samples was estimated [66].

Tea aroma has seven sensory properties like fresh floral,
sweet floral, citrus, sweet fruity, fresh green, resinous and
roasted. All these seven properties were measured by the gas
chromatography method [46].

The major contribution of paper [64] is the introduction of
the fractional element in the voltammetric e-tongue [39]–[44]
with the variance analysis for each metal electrode type.

Table 3 is about Electrode ratings per tea sample for frac-
tional impedance, and the root means square error.

Voltammetric e-tongue is used to obtain the optimum fer-
mentation time of curl black tea [80]. The principal compo-
nent analysis (PCA) correlates the e-tongue response with the
biochemical changes during tea’s fermentation process. The
detailed flowchart is given below in figure 10 for the opti-
mum fermentation point. Calculate the difference between
the derivative profile of the current point and the preceding
point. The algorithm is given in figure 12.

After the optimum fermentation instant, the charge activity
at the working electrode is found with the maximum drop
rate. The current response of e-tongue retains useful informa-
tion about fermentation. Different tea samples produce differ-
ent fermentation profiles according to the leaf composition
and attributes. The feature values of E-tongue gain required
information to permit the detection of OFT for all samples
at a correlation of 0.97 with the reference estimations of the
same. The standard deviation of error was below 2 min, while
the maximum deviation from actual values was ±5 min.

The algorithm is easily incorporated for real-time opera-
tion as it does not require future values to detect OFT. It was
notified that only 1st principal component score was used
in the methodology of detection. All other attributes tied
by applying sophisticated data processing methods such as
neural networks may be used to detain the temporal patterns
of difference among the attributes. It allows precise and vig-
orous exposure of optimum fermentation duration for many
samples [80].In another paper [3], the taste detection analysis
had done for the bitterness and astringency of green tea.

The three types of green tea samples have analyzed by
using e-nose and e-tongue. With the help of correlation anal-
ysis, the sensor array was optimized. The optimized signal
obtained by sensor array was correlated with bitterness and
astringency of green tea by using multiple linear regres-
sions (MLR), partial least squares regression (PLSR), and
back-propagation neural network (BPNN). The compounds
like Caffeine, polyphenols, amino acids, and some other
organic compounds cause bitter and astringent tea taste. The
main alkaloid in tea is Caffeine, and it is 2%-5% of the
dry weight of tea which causes mainly the bitter taste of
tea, whereas catechins are the major source of astringency.
In paper [3], the development of both e-nose and e-tongue
for green tea taste had explained in detail with correlation
analysis [3].

2) ELECTRONIC NOSE
The hardware used for e-nose is the same as mentioned
in figure 1; specifically named as the portable electronic
nose (PEN3) from Win Muster Airsense (WMA) Analytics
Inc. Ten MOS sensors have used to form a sensor array that
operates at 350-500 C ◦. The sensor obtains the response in
the format G/G0 where G is the conductivity of volatile gas,
whereas G0 is the conductivity of the gas filtered by standard
activated carbon [3]. The software used to analyze data is
WinMuster software.

3) ELECTRONIC TONGUE
In figure 1 general hardware block schematic required to form
an e-tongue is given the same system is used in paper [3].The
taste sensing equipment SA402B, produced by Intelligent
Sensor Technology Co. Ltd. in Japan, is used as an e-tongue.
The sensor array is composed of taste sensors for bitter-
ness and astringency measurement with Ag/AgCl reference
electrodes. The artificial ester film having a thickness few
hundred micrometers is used for ion exchange. The Ag/AgCl
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TABLE 3. Electrode ratings per tea sample for fractional impedance and root mean square error.

reference electrodes sense change in the membrane potential
after electrochemical reaction in mV. The software used with
e-tongue converts the measured potential into a taste value.

Data and statistical analysis of e-nose and e-tongue were
done based on regression coefficient- and root means square
error of the models, and it was performed using MAT-
LAB 2012a software [3]. As the original data matrix was
derived from 15 successive tests for each sample of green
tea, the matrix size is very large for the machine learning
algorithm. Therefore to reduce the size of the original data
matrix, a feature extraction technique had used. The sensor
electrode requires a stabilization time of around 30sec; the
data extracted after it was considered characteristic value [3].
It was observed that the polyphenols and caffeine both are
positively correlated with the taste and aroma of the green tea
sample. The caffeine content was found less in high-grade tea
samples near it was 1st and 2nd-grade samples. The volatility
of flavor compounds was dependent on polyphenols [81].

Paper [82] had shown that the chemical effect between caf-
feine and flavor compounds could form a complex molecular
structure. Some studies [83] found that the flavor and aroma
of the tea sample had changed significantly with the addition
of exogenous amino acids. With this, it was also proved that
the bitterness is proportional to astringent value. Bitterness in
the top grade green tea sample was moderate, whereas, in 2nd

grade, it was highest [3].
In the paper [3], three different models have analyzed

MLR, PLSR and BPNN. The statistical model MLR is used
to study the linear relationship between multiple independent
variables to dependent variables. MLR is comparatively fast,
covers all independent variables and suitable too. In the
MLR model, the response from all seven sensors of e-nose

TABLE 4. Taste analysis with the chemical composition of Xinyang
Maojian tea.

had considered as independent variables, and bitterness and
astringency values generated by e-tongue had considered as
dependent variables. A total of fifteen tests per tea grade
sample took, of which randomly ten test results were used
for calibration, and the remaining five results were used for
the prediction set. So a total of 30 results were used for
model calibration, and 15 results were used to test model
prediction [3].

PLSR is a fixed linear regression model which extracts the
linear relation among all the data entries to reduce the data
set. PLSR is based on MLR, PCA and canonical correlation
analysis and can generate a more effective model [3].

BPNN builds the input-output mapping without any math-
ematical equation. BPNNmodel uses sensor output of e-nose
as input whereas bitterness and astringency response of
e-tongue as target values [84]. In BPNN, 70% of input data
entries are considered calibration sets, 15% data entries as
the validation set, and the remaining 15% data entries are the
prediction set.
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TABLE 5. Prediction result of bitterness.

TABLE 6. Prediction result of astringency.

It was proved by above table 5 and table 6 that the BPNN
model is more accurate for the prediction of bitterness and
astringency test of the green tea samples. For both the bit-
terness and astringency test, the regression coefficient of
the calibration set is greater than 0.95%, and the regression
coefficient of the prediction set is greater than 0.85%.Root
mean square error in both cases for calibration and prediction
is comparatively low [3].

BPNN has other advantages like nonlinear mapping, gen-
eralized adaptive self-learning and fault tolerance is also
good [3].

VI. HEALTH BENEFITS OF TEA
The scientific name of the tea plant is Camellia sinensis.
Tea is nothing but the processed leaves of Camellia sinen-
sis. According to processes, the tea types had decided, such
as Black tea (fermented), Green tea (non-fermented), and
Oolong tea (partly fermented). The highest demand for black
tea is in United States, India andWestern countries. Black tea
liquor is dark brownwith a sweet fragrance. The taste of black
tea is stronger than Green and Oolong tea. The pure black tea
liquor without additives and sweeteners contains low calories,
fat, protein and sodium [86]. Tea is a very useful drink for
mental and physical health balance.

Black tea reduces cholesterol, the risk for cancer, heart
disease, type 2 diabetes and also useful for weight loss
and mental alertness [85]. Paper studies [87]–[89] explained

FIGURE 13. Compound compositions in fresh tea leaves.

the antimicrobial property of black tea. Another study [90]
exposed the anti-inflammatory, anti-allergic, antiviral, and
anti-carcinogenic features of black tea. In papers [90]–[92],
it implied that black tea has phytonutrient that wants to be
consumed daily for healthy living as part of the diet.

The composition of fresh tea leaves is as shown in
figure 13: 36% polyphenolic compounds, 25% carbohy-
drates, 15% proteins, 6.5% lignin, 5% minerals and trace
elements,4% amino acids, 2% lipids, 1.5% organic acids,
0.5% chlorophyll as well as carotenoids and etherealsub-
stances below 0.1%, vitamins (B, C, E). The contains of
tea like Catechins, and other polyphenols have antioxidant
properties [93].

The two main processes involved in tea manufacturing
are withering and fermentation. Both these processes affect
the flavor and quality of tea. The process starts with the
collection and cleaning of leaves. Withering involves partial
drying of the tea leaves. This process creates some chemical
changes.

In the withering process, air whisks through the leaves to
reduce themoisture contents of the leaves. It is very important
to maintain ambient temperature as over and under heating
causes the variation in a chemical reaction, which leads to
different flavors and qualities of tea. This is followed by
leaf maceration, in which the leaf is cut into small pieces
and fermentation where the polyphenols are oxidized to form
the characteristic compounds of Black tea [85]. After fer-
mentation, the moist leaves are dried to seize the oxidation
process. In the end, various grades of tea have been sorted
according to their sizes like whole leaf, broken, fanning’s and
dust [94]. The solid extract of Black tea contains polypheno-
lic compounds, including catechins;other flavonoids; amino
acids;methylxanthines, carbohydrates, proteins, and miner-
als [93]. Black tea is also considered a dietary source of
antioxidant nutrients and certain phytochemical compounds.
These compounds improve the health benefits of the con-
sumption of Black tea. In India, coronary heart disease (CHD)
is rapidly increasing due to high saturated fats, low exercise,
table work and a fast-food lifestyle.

Paper [95] explores the consumption of Black tea asso-
ciated with the deterrence of atherosclerosis and heart dis-
ease. Paper [96] showed that Green tea enriched with Black
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tea theaflavin proved useful in reducing LDL cholesterol.
Study [97]is based on black tea’s influence on antioxidant
capacity plasma, which reduces hypertension.

Disorder Type II diabetes causes inadequate insulin secre-
tion by pancreatic β-cells. In a paper study [24]y, PCA’s
correlation between black tea consumption and Diabetes
was evaluated by confirmed the negative correlation between
them. This research explained how polyphenols act as pre-
ventive agents for lipid and glucosemetabolism disorders
associated with Type II diabetes.

Obesity is a common health issue nowadays. Obesity
causes due to more intake of calories than burning calories.

Pharmacological actions in cells were influenced by
Theaflavins, which improves the metabolic rate of the body.
Black tea contains catechins that possess anti-obesity and

Hypolipidemic effects [98]. Polyphenols present in Black
tea stimulates lipolysis in the adipose tissue that was some-
what responsible forweight loss. Gallic acid present in Black
tea suppresses food intake [85].

Abnormal food intake and food habits may cause a risk of
developing cancer. The research investigations have explored
that a diet full of flavonoids has lower incidences of cancer.
Black tea is a flavonoid-rich beverage, so it is the main
agent in cancer prevention that has to include in regular diet
consumption.

In periodontal disease, the gums and bones which hold
teeth become seriously get affected. Tea is the natural rem-
edy to cure such diseases [101]. Study [99] shows that the
presence of polyphenols in tea reduces bacterial growth and
mouth infections.

Paper [100] reveals that the regular consumption of black
tea reduces the chances of neurodegenerative diseases.

Chronic diseases like rheumatoid arthritis, asthma, stroke,
Allergic reactions caused due to foreign protein such as to
cause coughing, breathing difficulties, clogged sinuses, skin
eruptions had lower down by boosting of immune response
with consumption of black tea as it is an antioxidant, antiviral,
antibacterial and anti-inflammatory responses.

Molecular compounds like Methylxanthines are present
in Black tea, which reduces cardiac stimulants, diuretics,
and smooth muscle relaxants [85]. The general observation
about Methyl xanthines is that it reduces fluid content and
causes dehydration. Another survey by Maughan and Grif-
fin46 implicated that the tea consumption did not cause
diuretic upshot if the consumption is less than 300mg of
Caffeine at one sitting 9approximately six to seven cups of
tea). The caffeine compound present in black tea directly
affects the central nervous system, causes wakefulness, and
removing the sensation of fatigue. The very common form of
methylxanthenes is Caffeine. Theophylline is another com-
pound found in tea that reduces problems related to the
respiratory system. l-Theanine is the compound found in tea,
including almost 50% of its amino acid content and responsi-
ble for its exclusive ‘‘brothy’’ taste. Tea consumption causes
a change in Alpha waves, occurs in the brain and ultimately

TABLE 7. Tea worldwide production.

TABLE 8. Tea worldwide export.

leads to relaxation. It is important for neuroprotective effects
and improves cognition properties, handles brain functioning.

Study [85] concludes with the elements present in Black
tea causes lots of preventive health benefits and uses for a
regular healthy diet plan.

Table 7 shows the worldwide production of tea. According
to it, China is in 1st position in Tea production, and India is
in 2nd position worldwide [5].
The below-given table 8 explores the export of tea world-

wide. According to it, Kenya is in 1st position in tea export;
China and Sri Lanka are on 2nd and 3rd position respectively.
Worldwide, India is in 4th position in tea export. It means
Kenya is the country where tea consumption within the
country is less, and in India, the tea consumption within the
country is high.

Table 9 indicates the worldwide demand and supply of tea.
It shows the production is slightly or cut to cut larger than
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TABLE 9. World demand and supply of tea.

TABLE 10. World auction prices of tea.

consumption. The demand for tea completely satisfies by tea
production worldwide.

Table 10 specifies the worldwide auction price. Actions
in the countries Sri Lanka and Kenya have been reasonably
competent in price detection. These countries are working
hard to improve their auction system. On the other hand, India
is below Bangladesh in getting worldwide auction prices.
It shows India needs immediate attention to build an appro-
priate auction system on an international level. As tea is a
national asset of India, the marketing strategies have to be
improved further.

The tea board of India had developed the central quality
control laboratory (QCL) at Tea Park, Siliguri, with exclusive
tea testing facilities. This is a well-equipped lab with skilled
and technical manpower support. The international standards
of tea quality have been maintained following the ISO/IEC
17025:2005.

The objective of this laboratory is to assist the Indian Tea
industry in the confirmation of national and international
quality standards in the production of high-quality tea. For
quality control of laboratories National Accreditation Board
for testing and calibration Laboratories (NABL) is the gov-
erning body in India. NABL is associated with International
Laboratory Accreditation Cooperation (ILAC) for interna-
tional market mutual recognition arrangement [107]. QCL
at Siliguri has under the accreditation of NABL for vari-
ous tea tests like biochemical parameters, pesticide residue,
heavy metal and microscopic examination of tea samples.

TABLE 11. Selection of keywords on tea industry analysis.

Some of the important types of equipment available in
QCL at Siliguri are Liquid Chromatography-Mass spectrom-
etry measures (LC-MS/MS), Gas Chromatography-Mass
Spectrometry measures (GC-MS/MS), Inductively Cou-
pled Plasma Mass Spectrometry measures (ICP-MS/MS),
Laminar flow, Autoclave, Spectrophotometer, Microscope,
High-Performance Liquid Chromatography (HPLC). Quali-
fied scientists with experience in analytical areas, biochem-
istry, microbiology are generally appointed as in-charge for
QCL [107].

VII. BIBLIOMETRIC ANALYSIS OF ARTIFICIAL TASTE
PERCEPTION OF TEA
The bibliometric analysis is the statistical study of recent
research trends in a particular research area [102]–[106].
To avoid repetitive research, it is essential to know the his-
torical and current happenings in the selected research area.
The major contribution of the research is reported through
research articles, research reports and thesis, journal papers,
book chapters, conference proceedings [117]. The above
said publications are available in two types of repositories,
of which one is based on subscription, and the other is
open-access type. For the subscription-based research pub-
lications, the fees have to pay by the researcher or organi-
zation to access data. Still, non-subscription or open access
is freely available online articles with standard databases
like Web of Science, Google Scholar, Scopus, Research gate,
Jgate. Educational organizations, research and development
departments of scientific organizations and industries make
available the related research material with subscription pol-
icy and government grants through the library portal. This
kind of primary data discovery is required to know the scope
and limitations of the research topic. Research gaps and
research scope can be easily identified by the bibliometric
analysis [117].

The Web of science is a standard knowledge hub selected
for bibliometric analysis. In this paper online tool named
clarivate analytics by Web of science has been used for bib-
liometric review [117].

The keywords are the important topics related to the
research area. Those are classified into primary and sec-
ondary types. The primary keyword defines the major con-
tribution, whereas the secondary keyword generates related
subtopics and application areas.

The query used to search in Web of science is ‘‘artificial
intelligence’’ and ‘‘tea’’ as shown in Table 11. Yearly pub-
lishing trends for the selected keywords are given in Table 12.
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TABLE 12. Yearly publishing trends.

FIGURE 14. Artificial intelligence and tea - years per publication count
Data access information.

The search query was generated for the last decade and only
limited to articles in the English language.

This paper explains the graphs and tables for the domain -
artificial intelligence and tea; with the help ofWeb of Science
bibliometric analysis.

Many filters are available in the Web of Science database,
such as open access category, keyword search, Duration, Lan-
guages, Country/Territory, Author search, Document type.

The Clarivate analytics of Web of Science shows inter-
esting facts given in figure 14 for the publications on Arti-
ficial intelligence and tea. Suddenly after 2017, in 2018,
an extreme rise in publications had occurred. In 2019 it
was at its peak, and in 2020 a slight decrement in publica-
tions, but still, it is comparatively higher than publications
before 2017.

It proves that the research area of artificial intelligence and
tea has strong potential for advancement. In the future, this
domain helps the agricultural commodity of the tea sector.

FIGURE 15. Artificial intelligence and tea –research area per publications
Data access information.

FIGURE 16. Artificial intelligence and tea – top ten countries per research
publications Data access information.

TABLE 13. Type of publication documents on artificial intelligence
and tea.

Figure 15 indicates the report generated by the Web of
Science clarivate analytics in the research area artificial
intelligence and tea, which shows all the related fields with
their utilization percentage. Computer science, mathematics,
engineering, and instruments publications are higher com-
pared to other fields.

Figure 16 is the heat map of the top 10 countries most
active in artificial intelligence and tea. India is in 3rd position
in research publications on artificial intelligence and tea.
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FIGURE 17. Artificial intelligence and tea –additive citations per year
Data access information.

TABLE 14. Database survey for artificial intelligence and tea.

FIGURE 18. Artificial intelligence and tea –top 10 Institutions per record
count Data access information.

Tea is the national drink of India, and India is the 2nd

largest tea producer globally; 80% of produced tea is con-
sumed within the country only. So, advancement in the arti-
ficial intelligence technique in the tea sector improves the
marketing strategies of tea abroad and be an asset for the
tea-producing countries.

Figure 16 proves that in comparison with China, India
is lagged in tea research. In terms of percentage research
proportion, India is exactly lagged by 50% of China, and with
the help of engineering and technology, the improvement is
possible.

Table 13 indicates that 81.13% of articles were published
on artificial intelligence and tea, and 3.77% of reviews are

TABLE 15. Analysis of the top ten publications based on citation in
artificial intelligence and tea.

available among all document types. The average citation
per item is 11.41, with an h-index is 14. The h-index sig-
nifies the individual’s (authors) scientific research outcome
regarding scientific productivity and research impact. The
citation report for 44 results shows that there search article
cited without self-citation is 207 for the selected keyword.

The graph of figure 17 is the trend line progressively; each
year sum of citation count is also increasing. It means the
scope of research is increasing day by day. In the year 2020,
the sum of citations is at the peak.

With the web of science, two more databases are available
and surveyed for ‘‘artificial intelligence’’ and ‘‘tea,’’ namely
KJD (Korean Journal Database) and SCIELO (SciELO cita-
tion index) given in Table 14.

The below graph of figure 18 depicts institutions per pub-
lication record count, by which it can see that more publica-
tions are from Chinese institutions. Jadavpur University from
India had published three records.

Database with a maximum number of citations so far is
given in Table 15. An observation informs that the article
‘‘Never-Ending Learning’’ has a maximum citation number
among all publications.

The above graph, figure 19, indicates the top 10 authors in
the domain of artificial intelligence and tea. It is very useful
information for new researchers in the domain; they can find
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FIGURE 19. Artificial intelligence and tea –Top 10Authors per record
count Data access information.

FIGURE 20. Summary of the paper.

publications by author search, collaborate, and get further
research guidance.

VIII. CONCLUSION
For the enhancement of the global tea market, artificial
perception of tea is very much required. As tea is an
agro-economical asset of India, to boost the tea export,
the digital attribute sampling of various tea speciesmay create
its own identity based on flavor. This identity can create

with the help of artificial intelligence and machine learning,
and it can catch the global tea market to broaden the scope
of the sale.

Another aspect is -health assurance. Nowadays, it is the
most urgent concern which needs extra attention. Due to
increased population and pollution, drink products; become
narrow and contaminated day by day. Fast and long working
hours cause the ready-made food and drink habits for, e.g., tea
consumption. The contamination in food and drink products
causes due to human-made preparation methods or natural
pollution. Sometimes, it generates intentional adulteration for
economic benefits or created due to the aging of products.

It is essential to capture the tea taste artificially before con-
sumption, personalize health prescription of diet according to
the health history of human beings, and control the excessive
tea drink habits with a description of tea sample.

India is the 2nd largest tea producer, consumer and exporter
in the world. To detect the grade quality of tea, India is
still dependent on human tea testers. Sometimes due to the
personal inability of the tea testers, the decision may lead
to wrong results. The chemical test types of equipment are
available in Indian laboratories, but they quantify particular
biochemical compounds in tea liquid. The taste of tea and the
presence of biochemical compounds are manually mapped,
and accordingly, the grades have been decided by a person
skilled in the art.

The mapping of test score obtained from human tea testers
and chemical methods fallowed in laboratories are difficult to
correlate. With the help of a machine learning algorithm, it is
possible to obtain a personalized result score for a specific
health diet.

With a sensor array of E-nose, E-tongue and E-vision,
it is possible to establish the monitoring system that assigns
grades of the tea samples, detects impure samples, and sets
uniformity and stops fraud.Machine learning, image process-
ing, fuzzy logic with neural network-these are the current
ongoing technologies that are useful to map attributes in
artificial perception.
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