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Abstract: Tea can help to regulate the mood of human. Based on the influence of tea on people’s
mood and attention, this study explored the tea concentration when the mood and attention of
drinkers are in the best state, and established the best concentration model of tea. Using sampling
experiment method to collect objective data, which are then combined with questionnaire survey
method to collect subjective data, using the results to establish a neural network algorithm model to
test the accuracy of the neural network algorithm model. Experiments show that the correlation
coefficient of the output value of the BP neural network model constructed in this study is basically
consistent with the actual prediction result. After obtaining data such as age, gender, frequency of tea
drinking, and tea drinking concentration of tea drinkers, the constructed back propagation (BP)
neural network model can accurately predict the mental state score of tea drinkers. The research will
provide certain data support and theoretical basis for the follow-up development of the tea industry.
Follow-up work needs to be performed in order to further adjust the scope and accuracy of the
control model. Then, a more complete and accurate advanced BP neural network model can be
established for different types of tea and other parameters.
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1. Introduction

Tea is one of the three largest plant-based beverages in the world. People have been drinking tea
made from tea leaves for hundreds of years. Tea is popular worldwide for its various health benefits.
Tea water is rich in tea polyphenols, catechins, caffeine and other substances that contribute to health.
Although tea has been defined as a healthy beverage since the history of drinking tea, the analysis
and research on the composition of tea beverages and tea products have only been conducted for less
than 50 years. The nutritional effects of nutrients in tea beverages and tea products and the
pharmacological effects of related ingredients in tea are the main reasons why tea is beneficial to
human health. A large number of studies have confirmed that tea is beneficial to human health and
has certain medical effects on modern diseases such as cardiovascular and cerebrovascular diseases,
cerebrovascular diseases and cancer. Dietz et al. believe that tea can affect mood [1]. Spittler et al.
According to research, a meta-analysis of clinical trials and observational epidemiological studies
proves that tea can effectively relieve ischemic stroke [2]. Scott et al. found that drinking tea has a
positive effect on mood [3]. Khan et al. believe that tea and tea products have been shown to inhibit
tumorigenesis in a variety of carcinogenic animal models [4]. Mihelj et al. believe that tea
polyphenols in tea have high antioxidant, anti-cancer and anti-allergic activities, so they are
beneficial to health [5]. Djoko research found that standardized green tea water extracts can prevent
and inhibit cancer development by enhancing the expression of IFN-y and other immune monitoring
components [6]. Rizon et al. believe that electroencephalography (EEG) is one of the most reliable
physiological signals to detect the emotional state of the brain [7]. Kobayashi et al. conducted
experiments on the influence of theanine on brain waves and found that theanine can be used as a
new functional food ingredient in soothing foods and beverages [8]. It can be seen that tea has so
many pharmacological effects and extensive effects that it cannot be replaced by other beverages. A
three-layer neural network algorithm is used to model and optimize the extraction of tea polyphenols
in green tea. They combined neural network and genetic algorithm to study the best extraction
conditions for the highest yield of tea polyphenols in green tea [9]. Ning et al. established a
near-infrared spectroscopy method combined with artificial neural network (ANN) to quickly predict
the degree of fermentation of Pu' tea during processing [10]. Das et al. have verified the withering
process of tea through research, using artificial neural network to predict machine learning to predict
water loss (ML) [11]. Zhou et al. used fuzzy neural networks to study taste signal recognition [12].

Research on tea shows that the caffeine and other substances in tea can affect the mood and
attention of tea drinkers and have a positive effect. At the same time, artificial neural network
algorithms have also been applied to tea classification, element extraction, storage and fermentation
and other fields, and breakthroughs have been made [13]. However, there is no research to verify the
degree of influence of tea on tea drinkers, such as tea concentration, age and sex of drinkers, and tea
drinking frequency. These factors will have an emotional impact on tea drinkers and make them
reach their best state [14,15]. Based on the influence of tea on people’s mood and attention, this
article collects objective data through sampling experiments, and collects subjective data through
questionnaire surveys. Finally, the relationship between tea concentration and mood and attention is
discussed. When the mood and concentration of tea drinkers are at their best, please explore the
concentration of tea. Through a combination of subjective evaluation and objective measurement, the
optimal tea concentration was tested and analyzed, and a tea concentration prediction algorithm
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model based on BP (back propagation) neural network was established. This research will provide
certain data support and theoretical basis for the follow-up tea beverage research.

2. Methodology
2.1. Test subjects

We recruited 112 tea drinkers. To ensure the validity of the experiment, 1 patient with cognitive
impairment and 3 subjects who could not complete the experiment were excluded. In the end, a total
of 108 effective experiments were carried out, including 66 men and 42 women. The age of tea
drinkers is 16 to 70 years old, with an average age of 36.67 years. 108 experimental subjects
completed all the contents of this experiment in accordance with the experimental rules, so these 108
experiments are valid and have research significance. 108 tea drinkers were distinguished based on
age, gender and frequency of tea drinking. These data are shown in Table 1.

Table 1. The age, frequency and gender distribution of drinkers.

. Age: <20 Years  Age: 21-40 Age: 41-60 Age: 60 + Years
Drinking Frequency
Old Years Old Years Old Old
) 2 (Male 2, 11 (Male 5, 16 (Male 10, 5 (Male 4,
>3 Times a Week
Female 1) Female 6) Female 6) Female 1)
) 5 (Male 4, 19 (Male 12, 15 (Male 9, 4 (Male 3,
3 >x>1 Time per Week
Female 1) Female 7) Female 6) Female 1)
. 5 (Male 3, 12 (Male 6, 10 (Male 7, 4 (Male 2,
< 1 Time per Week
Female 2) Female 6) Female 3) Female 2)

2.2. Subjective evaluation

A total of 108 subjects completed the experiment, and the questionnaire filled out is complete and valid.
We use the online and offline methods to complete the questionnaire [16,17]. Combined with experimental
comparison, the questionnaire survey collected 108 valid questionnaires, 94 online questionnaires and 14
offline questionnaires. Finally, manually input the offline questionnaire into the online questionnaire system.
The data variables of tea concentration are the time of making tea [18] and the content of tea. The tea content
is 3, 5, 10, 15 g. There are five types of tea brewing time: *“5 seconds”, 10 seconds”, ‘20 seconds”, “30
seconds” and “60 seconds”. According to different combinations of tea content and tea brewing time, there are
20 combinations, 20 kinds of tea water combinations are shown in Table 2.

Table 2. Combination table of tea concentration parameters.

Brewing Time  Brewing Time  Brewing Time  Brewing Time  Brewing Time

5 Seconds 10 Seconds 20 Seconds 30 Seconds 60 Seconds
Tea Content 3 g 3 g5" 3 glo” 3 g20” 3 g30” 3 g60”
Tea Content 5 g 5g5” 5¢gl0” 5 g20" 5 g30” 5 g60"”
Tea Content 10 g 10 g5 10 g10” 10 g20” 10 g30” 10 g60”
Tea Content 15 g 15 g5” 15 gl10” 15 g20” 15 g30” 15 g60”
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2.3. Objective comment

We use the eego™mylab fully mobile EEG recording and analysis system as the device for this
comparison test to record the EEG data of tea drinkers. eego™mylab is an innovative brain science
product of ANT Neuro. It is a fatigue monitoring system for underground coal mine workers. It
includes a wearable part, a personnel operating equipment part, a personnel terminal part and a signal
terminal processing part. Waveguard™ EEG caps can be effectively used to study emotions, learning,
attention, perception and other cognitive processes. Ladin Wakidvin (Ladin Wakidvin) Alexander
Potor Potolak (Alexander Potor Potolak); Valeria (Valeria), Potolac (Potolac); Bikson, Marom used
in article 11: inside Replay of the primary sleep rhythm may cause drowsiness. Alpha brain waves
are the most intuitive and objective reflection of emotions. Combined with subjective questionnaires,
the psychological and emotional changes of tea drinkers can be accurately measured. We collect the
brainwave data of the drinker when filling in the questionnaire and record it with the eego™mylab
all-mobile EEG recording and analysis system. Next, we change the emotional attention of tea
drinkers when drinking tea, and use the software to classify the collected EEG data as the target of
the experimental data source. Emotional changes can be expressed in the form of alpha brain waves.
The shape of alpha brain waves is shown in Figure 1.

o Brainwaves 8Hz-2Hz

sample 1: \/\AM/WW
sample 2: WUWM/\\/W

e N\M/J\/W\/\MW\W

Figure 1. Alpha brain wave shape.
2.4. Experiment process

First, according to the combination of experimental parameters, 20 different concentrations of
tea are brewed in sequence, the tea leaves are separated from the tea leaves, and the 20 different
concentrations of tea are kept at a constant temperature. Use at 60 <C. Taking 3 grams for 5 seconds
as an example, the content of tea is 3 grams of tea per 150 milliliters of water, and so on. The tea
drinker drinks a cup of 10 ml of tea at a time. During the experiment, subjects were prohibited from
ingesting beverages and food containing caffeine and alcohol. The tea drinker rinsed his mouth with
water three minutes before drinking, and stopped eating before the rinsing experiment. To ensure that
the quality of the tea remains the same, it is updated at least every three hours. The experimental
steps are as follows: Step 1: The staff introduces the whole experiment process to the tea drinkers
and distributes the questionnaire; Step 2: Put the tea drinker on the Waveguard™ EEG cover, and the
staff opens the eego™ mylab system to detect when the tea drinker drinks different combinations of
EEG Fluctuations; Step 3: According to the questionnaire, tea drinkers try different combinations of
tea and beverages. The staff will monitor and record the EEG data of the tea drinkers; Step 4: The
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staff collect and organize the data according to the questionnaire data collected in the experiment,
and use the eego™mylab software to organize the data; Step 5: Detect the emotional influence of each
tea combination The content of the substance; Step 6: Establish and verify the tea concentration
model that has the greatest impact on drinking fountains based on BP neural network. The
questionnaire was adjusted based on the combination of the five-level scoring scale of the NASA
TLX scale and the Richter scale [19,20] to make it suitable for the research situation. Conduct
subjective experiments in the form of questionnaires. In this experiment, Tieguanyin tea was used as
the experimental tea, and 20 tea reagents of different concentrations were brewed according to the
experimental rules, as shown in Figure 2.
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Figure 2. 20 Combinations of tea water.
2.5. BP neural network

BP neural network model is widely used in system modeling because of its powerful
nonlinear adaptive processing ability. In this study, a new mathematical model was established
based on the BP neural network, which is suitable for the influence of tea concentration on tea
drinkers of different ages, genders and tea drinking frequencies. BP neural network is a
commonly used multilayer feedforward neural network. Its main function is to forward the signal,
propagate the error back, and adjust the threshold and network weight according to the prediction
error, so that the prediction output is always close to the expected value. The structural
framework includes input layer, hidden layer and output layer. Figure 3 shows the single hidden
layer BP neural network structure selected in this paper.

Figure 3. Single hidden layer BP neural network structure.
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In Figure 3, the BP neural network structure is a three-layer BP neural network with 4 inputs
and 1 output. In the figure, X is the network input value, y is the network output value, wh j, k are the
connection weight values of the j-th neuron in the input layer and the k-th neuron in the hidden layer,
wo Kk, i are the values in the hidden layer Value is the connection weight value between the elements
in the output layer of the k-th neuron and the i-th neuron.

The number of hidden layer nodes is as follows:

h=+m+n+a (1)

Among them, h is the number of hidden layer nodes, m is the number of input layer nodes, n is
the number of output layer nodes, and a is an adjustment constant between 1 and 10.
Assuming that all the results of the output layer are dj, the error function is as follows:

n-1

E(W'b):%Z(dj_yj)z

@

3. Results
3.1. Comparison of experimental results

According to the tea-water combination data, Cronbach’s a coefficient is 0.891 [21,22].
Therefore, the derivation of the combined frame system constructed in this study is reasonable and
has research value. The questionnaire in this study was improved based on the Richter scale 5 scale,
using tea content and brewing time as scoring variables. Finally, different concentrations were
obtained to obtain the tea score rate, as shown in Table 3.

Table 3. Water score rate of different concentrations of tea.

Average Score Rate of 20 Reagent Combinations

Reagent Scoring Reagent Scoring Reagent Scoring Reagent Scoring
Name Rate Name Rate Name Rate Name Rate
3g5” 40.1% 5g5” 45.6% 10 g5” 73.3% 15 g5” 85.5%
3g10” 51.2% 5gl0” 67.5% 10 g10” 86.5% 15 g10” 76.9%
3 g20"” 55.5% 5 g20” 75.2% 10 g20” 77.9% 15 g20” 68.6%
3 g30” 63.1% 5g30” 83.3% 10 g30” 53.9% 15 g30” 45.1%
3 g60” 70.9% 5 g60” 43.3% 10 g60” 36.6% 15 g60” 32.2%

In this study, subjective assessment and objective measurement were combined to study the
subjective assessment and objective measurement of different combinations of emotional attention of
tea drinkers under the above test conditions. The evaluation level can be divided into 5 levels. The
subjective scoring standards designed according to requirements are shown in Table 4.
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Table 4. Grading standards.

Level Description of the Physiological State of the Drinker Grade Score
Emotional attention is good, alpha brain waves are highly active 1 81-100
Better emotional attention, more active alpha brain waves 2 61-80
Emotional attention status is average, alpha brain waves are more active 3 41-60
Poor emaotional attention, alpha brain waves are less active 4 21-40
Poor emotional attention and low alpha brain wave activity 5 1-20

Table 5. Alpha brain wave probability of tea water drinkers with different combinations.

Probability of a Brain Wave for Tea Drinkers with Different Combinations

Reagent Name 3g5” 3 gl0” 3 g20” 3 g30” 3 g60”
o Brainwaves 45% 59% 61% 63% 74%
Reagent Name 5g5” 5 gl0” 5 g20” 5 g30” 5 g60"”
o Brainwaves 53% 65% 80% 87% 39%
Reagent Name 10 g5” 10 g10” 10 g20” 10 g30” 10 g60”
o Brainwaves 76% 91% 80% 60% 35%
Reagent Name 15 g5” 15 g10” 15 g20” 15 g30” 15 g60”
o Brainwaves 88% 82% 70% 45% 30%

According to Table 5, the score rate of the tea combination can be obtained. Taking 10 grams of
tea for 10 seconds as an example, the average score of 108 tea drinkers after tasting is 7.783, so the
calculated score rate is 86.5%, and so on. According to Table 5, the alpha brainwave probabilities of
tea drinkers with different combinations are obtained. The score rate and brainwave probability are
shown in Figure 4.

0.8 === Scoring Rate

Average score rate of 20 reagent
combinations
=

10g10" 15g5" 530" 15g10" 520" 10g20" 10g5" 3g60" 15920" 510" 3g30" 3g20" 10g30" 3g10" 5g5" 3g5" 1530" 5960" 10g60" 15g60"

Tea Water Combination Name

Figure 4. Comparison of subjective evaluation and brainwave detection.

According to Figure 4, it can be concluded that the probability of drinking Alpha brain waves
with different tea combinations is basically the same as the scoring rate obtained by the questionnaire,
which indicates that the subjective data is the same as the objective data. Therefore, this research is
reasonable, effective and highly accurate. During the experiment, analyze and compare the scoring
rates of 3 g10 seconds, 5 g10 seconds, 10 g10 seconds and 15 g10 seconds of tea drinkers of
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different ages, genders and tea drinking frequency. As shown in Figure 5, the results show that there
is a large gap between the average scores of elderly tea drinkers and young drinkers, male and female
drinkers, and drinkers with different tea frequencies (P > 0.05)). It is statistically significant.
Meaning, so it can be the object of discussion in this study.

Figure 5. Comparison of average scores of age, gender, and different drinking frequencies.
4. Discussion

When the tea content is 10 grams for 10 seconds, 15 grams for 5 seconds, and 5 grams for 30
seconds, tea drinkers score the highest in these three cases, and tea drinkers have the best mood and
attention state when drinking. At this time, the tea concentration has the best effect on the emotional
attention of tea drinkers. When the tea concentration is 10 g for 60 seconds; When the tea
concentration is 15 g for 60 seconds, the tea concentration has the worst effect on the mood and
attention of tea drinkers. Too high tea concentration will not have a higher positive effect on tea
drinkers, because too high concentration will make the tea bitter and difficult to drink, and affect the
mood of tea drinkers. Too low a concentration will result in insufficient caffeine and theanine in the
tea, and will not effectively affect the drinker.

We calculated the alpha wave changes of 12 tea drinkers who drank tea once a week and 33 tea
drinkers who drank tea more than 3 times a week to explore the effects of different tea drinking
frequencies on the mood and attention of tea drinkers. Test the influence of tea drinkers with
different tea drinking frequencies. In this study, 10 grams for 10 seconds, 3 grams for 5 seconds and
15 grams for 60 seconds were used as reference objects. The result is shown in Figure 6. People with
low tea drinking frequency (10 grams) for 10 seconds have significantly lower mood changes than
those with high tea drinking frequency and average tea drinking frequency. In the case of 5 g/5
seconds, the emotional experience of people who often drink tea is significantly lower than that of
people who do not drink tea often. People with low tea frequency have much lower emotional
response at 15 g/60 seconds than those with high tea frequency. The result may be that people who
drink less tea have less experience in drinking tea, have no deep understanding of changes in tea
concentration, and are not clear about the taste of tea. When 15 grams lasts for 60 seconds, the
concentration of the tea will be higher and the taste will be very bitter. People who drink less tea
react more strongly. People who drink tea frequently drink tea for a long time, so they have a clear
self-perception of the concentration and taste of tea. Therefore, when the tea concentration is the
highest, the emotional experience is the best, and when the tea concentration is too low, the
emotional experience is the worst. Due to the high frequency of drinking tea for a long time, a certain
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degree of taste fatigue may occur. Therefore, when the tea concentration is 15 g for 60 seconds, the
emotional response is weak.

—*— High drinking frequency
= © - Lowdrinking frequency

—=&— Average Rating

Figure 6. Comparison of the effects of three tea water combinations with different
drinking frequencies.

According to the above experimental test results, 105 tea drinkers of different gender, age,
drinking frequency and drinking score were selected, and the optimal tea drinking concentration
level model was established. Use the data of the remaining 3 drinkers as test samples to study the
accuracy of the network model. The model takes age, gender, frequency of drinking tea, and scoring
rate of different concentrations of tea as input, and takes emotional attention score as output. The
correlation coefficient between the training output of the model and the target reaches 99.83%, as
shown in Figure 7.

100 _

60 |

Qutput Value
o
T

40 | Training: R=0.99833

30 L O Data

Fit

20 40 60 80 100

Target Value

Figure 7. Comparison of output value and target value.

Table 6 shows the results of neural network prediction, which lists gender, age, frequency of tea
drinking, tea concentration, scoring rate, tea drinkers’ predicted value and error. Table 6 shows that in
the 3 sets of test data, the maximum error is 1.73% and the minimum error is 0.11%. Combined with
Figure 7, the correlation coefficient after training the BP neural network is close to the accuracy of
the actual prediction result. After obtaining the age, gender, frequency and concentration of tea
drinkers, the BP neural network model can accurately predict the level of tea drinkers.

Mathematical Biosciences and Engineering Volume 18, Issue 4, 3423-3434.



3432

Table 6. Comparison table of test cases.

No 1: Male, 19 Years Old, No. 2: Female, 26 Years Old, No. 3: Male, 42 Years Old, 3

Twice a Week Once a Week Times a Week
Tea Predictive Predictive Predictive
. Score Error  Score Error  Score Error

concentration Value Value Value

3g5” 25 25.2 0.79% 26 25.7 1.16% 25 25.3 0.25%
3glo” 58 58.6 1.02% 59 59.4 1.01% 59 59.2 0.34%
3 220" 62 62.1 0.16% 61 60.7 0.49% 61 60.8 0.33%
3g30” 64 64.3 0.47% 62 62..6 0.96% 63 63.3 0.47%
3 g60” 74 74.3 04% 75 75.4 0.53% 73 73.1 0.14%
5g5” 55 54.2 1.47% 52 52.4 0.76% 52 51.9 0.19%
5¢l10” 65 64.5 0.78% 64 63.8 0.31% 66 66.1 0.15%
520" 81 80.4 0.75% 81 81.3 0.37% 83 83.1 0.12%
530" 87 87.4 0.46% 88 87.1 1.03% 86 86.4 0.46%
5 g60” 39 38.9 0.26% 38 38.3 0.78% 39 38.6 1.04%
10 g5” 76 75.6 0.53% 77 76.7 0.39% 74 73.9 0.14%
10 g10” 92 91.7 0.33% 92 92.1 0.11% 92 91.9 0.12%
10 g20” 81 80.8 0.25% 81 80.7 0.37% 82 81.6 0.49%
10 g30” 61 61.2 0.33% 60 60.5 0.83% 63 63.1 0.16%
10 g60” 36 355 1.41% 34 34.6 1.73% 36 35.6 1.12%
15 g5” 88 88.8 09% 89 88.4 0.68% 89 89.2 0.22%
15 ¢gl10” 81 81.2 0.25% 81 81.6 0.74% 82 81.8 0.24%
15 g20” 71 70.4 0.85% 71 70.7 042% 73 73.1 0.14%
15 g30” 45 46.5 1.08% 46 45.7 0.66% 46 46.1 0.22%
15 g60” 30 30.1 0.33% 31 30.6 1.31% 31 31.2 0.64%

5. Conclusions

According to this research, the conclusion is that the use of BP neural network algorithm can
accurately calculate the emotional attention changes of tea drinkers of different ages, genders and tea
drinking frequency when drinking different concentrations of tea combinations, and give an accurate
result score. Therefore, when you are depressed, you can use the neural network model to calculate
the optimal tea concentration for your drinking water to regulate your mood. The caffeine and
theanine in tea can cause the strongest arousal. Drink proper concentration of tea during work and
study. Water can improve concentration and alertness. In this study, only Tieguanyin was used as the
research sample of the reagent sample. Since the brands and varieties of tea are not uniform, it is not
clear whether the results are equally applicable to other types of tea, and further discussion is needed.
This research will provide certain data support and theoretical basis for follow-up research. Future
work needs to increase the number of training samples, increase the research data and individual
difference data analysis of subjects of different ages, and improve the scope and accuracy of the
control model to establish a more complete and accurate neural network model.
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