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Abstract. Based on the technological process of obtaining tea products, 
the factors determining its quality are considered. The analysis of these 
factors and their classification. The optimization of labor costs and time to 
perform quality control of raw materials using the methods of probability 
theory. Based on a simple discrete Markov chain, proposed a system of 
selective quality control of tea products by variable samples.  

1 Introduction 
One of the most consumed drinks in the world, tea, has become very popular. It is an 
excellent tonic that facilitates heart and vascular activity, lowers blood pressure, and 
increases vitality [1, 2]. 

Tea is the oldest drink known since before our era. It is produced in more than 30 
countries on more than a million and a half hectares. The main producers of tea are Asian 
countries (India, China, Sri Lanka, etc.) [3-5]. 
In this article, we want to substantiate a system of quality control of tea products, ensuring 
the reduction of cost and time for its implementation. 

2 Methods 

The technological process of obtaining tea products is quite complicated and has a large 
labor intensity. Product quality depends on many factors of different nature (figure 1). All 
the variety of factors can be combined into several groups [6-12]. 

The first group can include factors associated with the care of tea plantations. These are, 
first of all, application of fertilizers for plant nutrition, pruning of tea bushes, control of 
pests and diseases, if necessary, irrigation [13, 14]. 

The second group of factors refers to the process of tea flush harvesting. The quality of 
the product, in this case, depends largely on the type of collection. Thus, higher quality tea 
can be obtained by manual collection than by machine collection. It should be noted that 
manual collection has much more labor-intensive work. It should also be noted that the 
quality of collection will depend on the timing and duration of their performance and the 
weather conditions in which these works are carried out [15, 16]. 
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Fig. 1. Diagram of factors determining the quality of tea products 

The third group is determined by a set of factors determining the transportation of 
harvested products on plantations to the places of their primary processing. The process of 
transportation is determined by the conditions of its implementation and timing. In this 
case, the conditions are determined by both the selected technology of transport works and 
natural-production conditions [17, 18]. 

The fourth group of factors forms the chemical composition of tea products. This may 
include many different indicators, which may change during the technological process of 
tea production. Dry substances determining the quality of tea raw materials can be 
conditionally divided into two parts: soluble in hot water and insoluble. The first part 
includes substances positively affecting the quality: phenolic compounds (tannin, catechins, 
flavone and anthocyanin glycosides, phenol carboxylic acids, etc.), essential oils and 
aldehydes, caffeine, theobromine and theophylline, amino acids, vitamins, enzymes, water-
soluble carbohydrates, hydropectin, micro- and macroelements, etc. The second part 
includes ballast substances (substances that negatively affect quality): high-molecular-
weight polymers (cellulose, hemicellulose, lignin, protopectin, pectin acid), chlorophylls, 
insoluble proteins, etc. Most of them are involved in the creation of the cell membrane. The 
content of these substances in the mature bud and the first leaf is minimal and gradually 
increases in the second, third, fourth, etc. The high percentage of the mentioned substances 
in the tea leaf worsens the biochemical and technological properties of the raw material and 
makes it difficult to process. With the coarsening of tea raw materials, the content of 
substances of the first group gradually decreases, and the content of substances of the 
second group increases. In coarse tea leaves, the high content of dry matter is caused 
mainly by an increase in the number of ballast substances. The water-soluble fraction of the 
dry matter in tea technology is called extractive substances or extract. The insoluble 
fraction is ballast substances. Extractive substances determine the quality of raw tea. The 
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content of extractive substances varies depending on the collection period, age of the leaf, 
its quality, etc. Delicate material contains more extractive substances than coarsened. In 
raw material production, their amount is 35-45% in terms of dry matter [19, 20]. 

The fifth group of factors is associated with the process of primary processing of tea 
leaves. Its content is determined by the performance of such operations as withering, 
twisting, fermentation, sorting, and, if necessary, removal of pigmentation of tea leaves. 

Many factors determining the quality of tea products require detailed quality control 
during its production at different stages of the technological process. Such control requires 
a lot of labor and time, which can complicate and slow down the process of tea production. 

When organizing the quality control of tea leaf preparation, there is a question of 
optimization of labor costs for these operations during the organizing the quality control of 
tea leaf preparation. Given the large volume of controlled material, the labor intensity of 
quality control is quite large. It requires a significant amount of time and labor, which 
prevents the rapid organization of work [21]. 

3 Results and Discussion 

It is proposed to carry out quality control by variable volume, i.e., to evaluate small 
samples, and when the quality of the tea leaf to strengthen the control by increasing the 
volume of the sample. If the situation changes in the direction of increasing the quality of 
products, it is possible to return to the previous control method by small samples. This 
approach will optimize quality control, reducing the cost of its implementation while 
ensuring a sufficient level of quality of tea products. In this case, we have the so-called 
selective control. 

To solve this problem, we will use the methods of probability theory. Control of not the 
entire batch of products, but only a relatively small batch, the so-called sample, allows us to 
conclude the quality of the product as a whole. The problem is to optimize the ratio 
between material damage from the probability of an increase in the share of low-quality 
products in small samples and the increase in time and labor costs in case of an increase in 
the volume of controlled products. Variable control allows making the process adjustable. 

In a probabilistic sense, the test will be understood as a control operation to check the 
quality of the tea leaf during its preparation. Then, different variants of the outcome in such 
operations' performance can be considered a sequence of dependent tests. 

In this formulation of the problem, we have a sequence of random events, as a result of 
which the considered system goes to different states: A1 - control by a large sample, and A2 
- control by a small sample. If necessary, it is possible to set a different number of control 
levels. Transition to each subsequent state depends only on the previous one. In this 
connection, we can state that we have a random Markov process. In this case, it is a simple 
discrete Markov chain [2]. 

Sampling control will be carried out at certain periods as the next batch of tea products 
is accumulated. The process of determining the quality of tea leaf with variable control can 
be represented in the form of a stepped diagram (figure 2). For example, the control is 
carried out on a large sample at the first stage, then during three stages on a small sample, 
then again on a large sample, etc. 
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Fig. 2. Diagram of states by stages of quality control of tea products 

The transition from one state to another depends on the probability of controlling a batch of 
tea products with large or small sample size and the amount of detected poor quality tea 
leaf in them. With the probability Р11, control will continue in a large sample and Р22 - 
small. Then Р11=1-Р12 and Р22=1-Р21. This process can be described by the transition 
matrix, which has the following form: 
 

 П = [1 − Р12 Р12
Р21 1 − Р21

]    (1) 
 

This matrix is stochastic since the sum of the numbers on the rows equals one, and all 
the elements are not negative. Also, there is no one among its values, indicating that there 
are no absorbing states. Inside the system (control process), you can get into any state. 
Since the set of states provides for the possibility of any transitions within the system from 
which one cannot exit, it allows us to assert that the process is ergodic. 

Using the properties of ergodicity makes it easy to find the limiting (stationary) 
probabilities, which do not depend on the moment of choosing the starting point and the 
state of the quality control process. They are indicators of product control during the 
considered process as a whole. 

The probabilities corresponding to large σ1 or small σ2 samples are found by 
determining the stationary matrix. The latter is determined n by raising the transition matrix 
to the fifth power or from a system of linear equations using the normalization condition: 
 

σ1 =  σ1Р11 + σ2Р12;
σ2 =  σ1Р21 + σ2Р22;

σ1 + σ2 = 1.
    (2) 

 
Solving them concerning σ1 and σ2, we obtain: 
 

σ1 = 1 − Р22  / 1 + Р12 − Р22 ; 
 

      σ2 =  Р12 / 1 + Р12 −  Р22.   (3) 
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σ1 = 1 − Р22  / 1 + Р12 − Р22 ; 
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The expected average number of incorrectly evaluated tea products, when controlled by 
samples n (i =1, 2) of the batch, is equal:    
 

m(n1) = xP12; 
m(n2) = xP22,   (4) 

 
Where x − is the number of incorrectly evaluated tea products. 
Then the total volume of incorrectly monitored products will be 
 

M(x) = xP12 σ1 + x P22 σ2    (5) 
 

The value obtained allows you to estimate the loss of quality of tea products when 
conducting sampling control by variable sampling. 

4 Conclusions 

This method allows you to reduce the cost of organizing the quality control of tea products, 
to estimate the number of improperly controlled products. The total labor intensity of the 
work is determined by the time of control of each sample. 
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