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Abstract

In recent years, the demand for health care and food products has been on the rise. Mushrooms
are gaining traction in an important product not only of the food industry, but also of the
medical sector. Ancient and important fungus Tricholoma caligatum has long been used by
humans as a medicinal substance. It presents various medicinal properties such as anti-cancer,
immune boosting and antioxidant effects. In addition, it is considered a wholesome and healthy
food product all over the world. A large number of secondary metabolites are distinguished
from the Tricholoma species. It contains a number of terpenoids, alkaloids and steroids
containing these secondary metabolites. This fungus is mainly known in Europe as Tricholoma
matsutake. There are many different versions of this fungus. The distribution of the secondary
metabolites of each version is different, as these vary with ecology and climate change. The
changes can sometimes also be seen in the difference in smell and taste. In short, the
Tricholoma caligatum group is in need of significant modern study and revision.

Keywords: Tricholoma caligatum, secondary metabolite, cultivated fluid, macroorganism,
extract.

Introduction

Tricholoma caligatum is a mycorrhizal fungus with medicinal properties that can grow in a
unique and incredibly natural way, which is rare in the world.Tricholoma is a fungus that
contains thick-fleshed, white-spored gilled fungi that are found throughout the world, mainly
in forests. These fungi are ectomicorrhizal fungi that live in symbiotic relationships with
various types of coniferous or broadleaf trees. These fungi are predominantly eucharistic
organisms, and there are over 40 species of the Tricholomataceae family. The most common
species are East Asian Tricholoma matsutake, also known as matsutake, matsutake, or songi,
and there is a collection of North American species Tricholoma magnivelare, also known as
"ponderosa fungus™, "American matsutake" or "pine fungus". Representatives of Tricholoma
caligatum naturally grow differ from representatives of the brown spotted scrub that grow
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locally by the whiteness of the paw. At first, they acquire a mild smell and taste, and then, as
the litter matures, it becomes unpleasant smell. These plants are mainly a valuable food product
in China and are widely used in the treatment of tumor diseases all over the world. The width
of this mushroom pod is 4-11 cm. The color of their paw is white at a young age, and when it
grows darker becomes even more yellowish or brown.

Review of literature on the topic

The fungi of Tricholoma caligatum are consumed all over the world as the most important
healthy food of the 21st century. The fact that tricholoma species form a variety of secondary
metabolites has been extensively studied by the scientific community. In 2018, Clericuzio and
several other scientists summarized more than one structure, biosynthesis, and biological
activity

They isolated 100 different secondary metabolites, isolated from the fruiting bodies of more
than 24 species of Tricholoma species. Many scientists have identified a total of 101
compounds over a period of 5 years from 2018 to 2023, of which 46 are mostly newly
discovered compounds. These compounds, i.e. secondary metabolites, are terpenoids, steroids
and alkaloids that exhibit high chemical and biological activity. Tricholoma fungi is also
popularized as the main raw material for the pharmaceutical and food industry. Tricholoma
caligatum is characterized especially by the abundance of secondary metabolites, including
polysaccharides, phenolics, and alkaloids with a high biological activity. [1,2]. These
secondary metabolites are distinguished by not only confer unique biological activity on
Tricholoma species, but also give them wide application possibilities. For example, the
polysaccharides in Tricholoma caligatum have been found to have a bleach effect. On [3],
tricholoma peptides show immunomodulatory activity [4] and tricholoma sterols show good
anti-acetylcholinesterase (AchE) activity [5]. While the secondary metabolites of tricholoma
have attracted interest from many, scientific research is still at a stage that requires further
investigation. Studies show that Tricholoma species, including Tricholoma caligatum, contain
many secondary metabolites, on which much scientific research is underway by researchers.
The fact that Tricholoma species produce an unpleasant odor of its own accord was first
discovered by German scientists in 1968, and they discovered that the main component
responsible for the release of the bitter odor in Tricholoma is separated from fruit bodies,
isolated using Thin Layer chromatography.[2] In 2018, Italian scientist Clericuzio and his
colleagues discovered that Tricholoma They combined 112 secondary metabolites isolated
from the fruit. [1]. Secondary metabolites of tricholoma,

Terpenoids are the largest and most diverse structured class of natural products among the
secondary metabolites [6]. These compounds are based on isoprene units (C5 units) In the last
five years, 73 terpenoid compounds from the Tricholoma species have been identified,
including triterpenes, diterpenes, and less common sesquiterpenes and C17 compounds.
Sesquiterpenes are noteworthy because they occur in large quantities in other fungi and are rare
in the species Tricholoma.

Triterpenes and sterols are mainly considered to be the class of secondary metabolites, which
are common in nature and are derived from the acyclic precursor squalene. [7]. The most
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important sources of triterpenes and steroid compounds are fungi. These compounds have a
variety of medicinal properties, in addition, they are crucial for novel types of medicines. A
total of 64 steroid or triterpene compounds have been found to be present in Tricholosoma
in the past five years.

Lanostanes are a class of tetracyclic triterpenes having a nuclear structure, consisting of 30
carbon atoms. [8]. Lanosterol is one of the most abundantly representative compounds for the
synthesis of sterol compounds such as lanosterol, ergosterol, and stigmasterol, which play a
crucial role in triterpene biosynthesis as an important intermediate. Ergosterol is an important
component of the cell membranes of most fungi and serves as a precursor to vitamin D2 [9],
which plays an important role in maintaining the fungus' vital activity. Stigmasterol has
cholesterol-lowering, antioxidant, and potentially anti-cancer properties [10]. Zhang and a
number of scientists have isolated 8 completely new lanostane-type triterpenes [11].

These compounds have a characteristic lanostan triterpene skeleton and contain a 3-hydroxy-
3-methylglutaryl group in the ring [12]. This structural property is rare among other types of
triterpenes. The structure of these compounds has been elucidated by the authors through
spectroscopic analyses, including nuclear magnetic resonance (YAMR) and mass spectrometry
(MS) and alkaline methanolysis methods.

There are several names (synonyms) of the fungus Tricholoma caligatum, including Agaricus
caligtus, Armillaria caligata, Sphaerocephalus caligatus, Sphaerocephalus caligatum. The cap
of the fungus Tricholoma caligatum is initially semicircular, quickly turning from convex to
flat, reaching 12—15 cm in diameter, and covered with patches ranging from mallow to dark
brown in color.[13] The petiole (stalk) is 4-12 cm long. The flesh of Tricholoma caligatum is
thick and fibrous, with a fragrant pepper-like aroma. The color of the spare is white.
[14][15][16][17][18] Tricholoma caligatum is a hardy southern species common in the forests
of the Mediterranean. This species grows symbiotically with several coniferous shrubs, such
as Pinus pinea, Pinus halepensis, Pinus nigra, Pinus brutia and Pinus pinaster, as well as
evergreen oak, strawberry trees and terebinth shrubs. [19][20][21][22]. It occurs in autumn and
winter in coastal and high forests.

Research Metadology. The fungi of Tricholoma caligatum produce a variety of secondary
metabolites. Secondary metabolites of the fungus Tricholoma caligatum are mainly isolated
from their fruit bodies. Secondary metabolites include terpenoids, steroids, and alkaloids
with a high bioactive activity. Tricholoma mushrooms are distinguished for their wide use in
the pharmaceutical and food industries. Tricholoma caligatum contains a large number of
secondary metabolites, including polysaccharides, phenolics, and alkaloids with high
biological activity [1,2]. These secondary metabolites confer the desired biological activity
on the fungus Tricholoma caligatum, and this property holds true when they are applied on a
large scale. For example, polysaccharides have been found to have bleaching effects, in
addition, these substances have excellent immune system supports, antioxidant properties and
anti-tumor anti-tumor properties. Chitin and chitosan are biologically active compounds that
are used in some cases for medical and industrial purposes. From phenolic compounds-
Flavonoids and phenolic acids- these substances also have antioxidant properties, which help
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plant protection and strengthen the immune system. Polyphenols are substances that have
antioxidant properties and reduce inflammation.
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(q0] Figure 1. A natural breeding of the fungus Tricholoma caligatum in the Kashkadarya region.
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O Figure 2. The fruit and stem of the fungus Tricholoma caligatum are initially white in color
E and change to dark brown as they age.

The peak period of synthesis of secondary metabolites of the fungus Tricholoma caligatum
coincides with the period of fruiting. However, when moisture, temperature, and adequate
oxygen are the necessary factors for fruit formation, the synthesis of its secondary metabolites
in the fungus is enhanced and they accumulate in large quantities [23]. These metabolites help
the protective mechanisms of the fungus as well as enhance its biochemical activity.
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Analysis of results. To determine the extraction efficacy for Tricholoma caligatum fungus
by quantitative analysis. The fungus Tricholoma caligatum, which grows naturally in the
Kashkadarya region, mainly after spring rainy weather, was picked and the amount of
secondary metabolites in this fungus was determined and compared with the same fungus
species grown in biohumus in 20 days at a temperature of 20-25 degrees Celsius in the
laboratory of the Tashkent Institute of Microbiology. In this case, it was found that the
secondary metabolites were equal to and abundant in the amount of secondary metabolites
grown over a period of 14 days when quantitatively analyzed. Initially, in order to isolate the
secondary metabolites, the biomass of Tricholoma caligatum was dried and ground in an
environment not exposed to sunlight and sufficient air, and the composition of the biomass was
studied using the following method. The harvested biomass was 85 grams. This biomass was
44 g when dried and crushed. Because methyl alcohol is expensive and toxic, ethyl alcohol was
used for extraction purposes. Dried and grated Tricholoma caligatum fungal biomass was
placed in a 1 liter bottom flat tube, 750 ml of ethyl alcohol was poured on it and the tube mouth
was secured. The extraction process of lily biomass was repeated at least 6-10 times. The
na'muna was collected in a special container and when the extract was dried with vacuum rotor
equipment, an extraction sum of 3,448 g was obtained. When the remaining biomass was
extracted with water and dried with vacuum rotor equipment, an extraction sum of 2 gr was
formed. The total weight of the extraction sum was 5,448g.

Table 1. Results of a quantitative analysis of secondary metabolites of the fungus Tricholoma

caligatum
Piglets' growth | Fungal  biomass | Dried biomass of | Summary of | Aqueous Extraction
time (days) (an) bark (gr) Ethyl alcohol | sum (gr)
extraction (gr)

3 75 33 2,1 1,1
7 75 35 2,3 1,4
14 85 44 3,448 2
20 85 62 2,5 1,2

Table 2. Chemical Analysis of Tricholoma caligatum Extract
Extract Alkaloids Tannins Flavanoids Saponins Glycoside
Ethyl Spirtli
extract + - - + +
Dry extract

+ - - + +

Conclusion and Suggestions
In conclusion, it can be said that according to the results obtained, the extract from the 14-day
harvest of the fungus Tricholoma caligatum showed a high extraction efficiency.A quantitative
analysis of the secondary metabolites also revealed a high content of secondary metabolites in
the litter extract collected at day 14. The highest activity of the synthesis of secondary
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metabolites of the fungus Tricholoma caligatum coincides with the period of fruit body
formation. For the formation of fruit there must be necessary living factors, including humidity,
temperature, oxygen content, when the fungus synthesizes more of its secondary metabolites.
These metabolites help the protective mechanisms of the fungus as well as enhance its
biochemical activity. It was found that the process could be optimized using quantitative
analyses. For example, ways to change suitable conditions (temperature, type of solvent or
method) or save energy and time during the production process to increase extraction
efficiency. These calculations are used to evaluate the effectiveness of the process and the
amount of substance separated.
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