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Abstract

Tricholoma Matsutake is an important edible mushroom that has been artificially cultivated and used as a food and medicinal
ingredient in traditional Chinese medicine. In the past decades, many researchers have reported that Tricholoma Matsutake
Polysaccharides (TMP) possess various bioactivities, including anti-tumor, immunomodulatory, anti-oxidation and anti-aging.
The structural characteristics of TMP were studied by GC-MS, LC-MS, NMR, and FT-IR, and the structure-activity relationship
of TMP biomolecular was analyzed. This paper reviews the progress of TMP extraction, purification, structure characterization

and application.
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Practical Application: The practical application is to provide a comprehensive source of information for researchers and
consumers, so they can better understand Matsutake polysaccharides and their biological activities to carry out more clinical
studies to meet the criteria for new drug development, and more convincing scientific data should be provided. Matsutake
polysaccharides can be better recognized and applied all over the world.

1 Introduction

Matsutake belongs to the order Agaricales and the family
Tricholoma Mataoeae,which has many common names, such
as agaric. It is a rare edible fungus and is mainly distributed
in Japan, the Korean Peninsula, Northeast China, Yunnan,
Taiwan, and other regions. Matsutake is a valuable wild edible
and medicinal fungus with thick flesh and delicious taste and
it is rich in protein, polysaccharides, amino acids, and dietary
fiber. It is considered as one of nature’s popular food and most
precious herbal medicine ingredient and known as the “king
of fungi”. Recent studies reported that Tricholoma Matsutake
polysaccharides (TMP) are viewed as ideal ingredients for
healthy food and pharmaceutics since it has many bioactivities
such as improving immune function, anti-cancer, anti-aging,
and anti-radiation. While there are many research studies on
mushrooms, there are few reviews on TMP. This article reviews
the extraction, isolation, purification, structural characterization,
biological activities, and applications of TMP (Figure 1).

2 Extraction and purification

In the existing research, most of studies have focused on
the extraction of polysaccharides from the fruiting bodies
and mycelium (Wang et al., 2019). Extraction is a crucial and
indispensable step for obtaining polysaccharides and can affect
polysaccharide yield, quality, chemical structure, and even
biological activities (Gong et al., 2020). Temperature, reagent
type, and extraction time all affect extraction efficiency and

biological activity (Wang et al., 2021a). Up to now, several
conventional extraction techniques have been used to extract
TMP like hot water extraction, ultrasonic extraction, microwave
extraction, alkaline extraction, microwave-assisted extraction,
ultrasonic-assisted extraction, and compound enzymatic
hydrolysis extraction (Leong et al., 2021; Barbosa et al., 2020).

2.1 Hot Water Extraction (HWE)

The usually extracted by stirring the crushed fruiting bodies
in hot water for several hours. This extraction method is simple
to carry out, but takes a long time, has a large amount of solvents,
and a high temperatures (Barbosa & Carvalho, 2020). Response
surface optimization was used to improve extraction rate and
yield of polysaccharide (Wang et al., 2021b; Yuan et al., 2020).

2.2 Ultrasonic Extraction (UAE)

The UAE uses cavitation to release great amount of energy,
generating shock waves, microjets, and high shear force
(Zheng et al., 2021). Hydrodynamic can promote cell wall
disruption, immiscible phase mass transfer, improve penetration
and capillary effects as well as decrease particle size, thus increase
yield and efficiency (Zhao et al., 2013). Compared with the
conventional hot water extraction method, UAE can raise the
extraction yield and purity, save operation time and streamline
the operation process. The study showed that ultrasonic power
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Figure 1. Overall schematic representation of polysaccharides from
Tricholoma Matsutake.

and frequency, liquid-solid ratio, extraction temperature, and
time had significant effects on the extraction of polysaccharide
(Zhao et al.,, 2018). Compared with the traditional hot water
extraction method, the method of applying ultrasonication-
assisted hot water extraction method has the advantages of
high polysaccharide extraction rate, minor-cycle, and low cost,
and has important practical significance for the industrialized
large-scale production of polysaccharides (Cui et al., 2018).

2.3 Microwave Extraction (MAE)

Microwave is a kind of non-contact heat source, which
produces heat energy through ionic conduction between solvent
and dissolved ions, so as to break cell walls and accelerate the
release of polysaccharide molecules (Delazar et al., 2012). MAE is
advantageous with improved efficiency, reduced extraction
duration, rapid and volumetric heating of the absorbing medium,
less solvent consumption, better selectivity of target molecules,
and potential for automation for polysaccharides extraction from
mushrooms (Marzuki et al., 2021). A study has optimized MAE
of TMP conditions for operating extraction of polysaccharides
which optimal conditions obtained 66 w;, 1 : 25, and 45 min
(Yao et al,, 2008). A large number of studies have shown that
MAE and UAE have the advantages of high extraction rate, low
solvent consumption, flexible operation equipment and short

extraction time compared with traditional extraction methods.
However, the main disadvantages of microwave-assisted extraction
were that the microwave power was too high and the heating
was not inhomogeneous, which reduced the extraction rate of
polysaccharide (Zeng et al., 2012). Therefore, instrument power,
extraction temperature, and time are significant parameters to
be considered polysaccharides extraction (Zhu et al., 2016a).
A study by Yin and colleagues suggested that hot water-assisted
with ultrasonic technology to extract Matsutake polysaccharides
which were optimal conditions obtained 95 °C, 1 : 12, and 3.5h.

2.4 Enzyme-Assisted Extraction (EAE)

Enzymes can effectively catalyze hydrolysis and degradation
of fungal cell wall matrix, resulting in better release and more
efficient extraction of bioactive compounds within cells
(Mari¢ etal., 2018). EAE has the advantages of simple operation,
high specificity, environmental-friendliness, high efficiency,
low energy consumption, and usually does not destory the
molecular structure of polysaccharides (Veeraperumal et al.,
2021). Nevertheless, the relatively strict temperature and PH
of extraction are some of the affected factors of EAE. Cellulase,
papain, trypsin, and pectinase-assisted extraction contributed
to breaking down the physiochemical linkages between protein
and other molecules and assist in the release of TMP leading to
enhanced extraction yield (Yin et al., 2014).

2.5 Alkaline or Acid Extraction (AE)

During the extraction process, alkaline or acid extraction
was used to facilitate the release of mushroom polysaccharides
during extraction. Acid and alkaline treatments destroy cell walls
and degrade the crude fiber structure, as well as hydrolyzable
linkages between cell wall protein and glucan (such as linkages
with O-linked side chain), allowing the release of intracellular
polysaccharides, extracting soluble fraction of acid or base,
and also converting insoluble components into water-soluble
one (Zhu et al., 2016b). Acid-extracted polysaccharides have a
low fraction compared with alkaline extraction which might be
due to the disruption of hydrogen bonding (Jing et al., 2018).
Study reported that the extraction rate of polysaccharides
by mild alkaline hydrolysis from matsutake was significantly
higher compared with hot water extraction. MAE and alkaline
extraction had a prominently higher yield, suggesting that
approximately 80% of the water-soluble polysaccharides were
extracted (Wang et al., 2019).

Among steps of studying fungus polysaccharides, extraction
is the most significant stage as it determines the monosaccharide
composition, molecular weight, structure, spatial configuration,
and bioactivity. Since most functional polysaccharides in
mushrooms are water-soluble, they can be assisted with water
extraction using physical techniques such as heating, ultrasound,
microwave, and others. Comparing different extraction techniques,
MAE and UAE generally required the shortest time. For the case
of operating temperature, HWE usually operated at elevated
temperature has the highest operating temperature. On the other
hand, HWE has the highest energy consumption due to its long
extraction time and high operating temperature, while UAE has
the lowest energy consumption (Tablel). In some extraction
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Table 1. Advantages and disadvantages of TMP extraction methods.

Extraction method Advantage

Disadvantage

Long extraction time
Large volumes of solvents Elevated temperature
Destroy structure

Inhomogeneous heating

HWE Easy to carry out
UAE Higher purity
Lower energy consumption
Shorter operating time
MAE Shorter operating time
Higher extraction efficiency
EAE Easy to carry out

Simple equipment

Strict temperature and PH

Usually don’t damage the TMP molecular structure

Alkaline or acid extraction

Easy to carry out

Affect structure and biological activity

HWE + UAE High extraction efficiency
Short cycle
Lower cost

Alkaline + MAE High extraction efficiency

Shorter operating time

of polysaccharides, EAE achieved a significantly higher yield
compared with HWE and UAE for polysaccharides. In recent
years, the osmotic pressure method, high-voltage pulsed electric
field method, supercritical CO, extraction method, and two-phase
extraction method have also been applied to the extraction of
edible fungus polysaccharides (Ren et al., 2019).

2.6 Purification

The general procedures for the separation and purification
matsutake polysaccharides were as follows: pretreatment
of the total fruiting bodies or mycelium of matsutake with
ethanol under reflux to remove oil. The remaining residue was
extracted by drying. The solution was collected after filtration
and concentration (Ren et al., 2019). Crude polysaccharides
were obtained by alcohol-precipitation, dissolved in water
and insoluble residues were removed by centrifugation.
Different column chromatography including anion exchange
chromatography such as DEAE-Sepharose, DEAE-Cellulose,
and DEAE-Sephadex, as well as gel permeation chromatography
(Sephadex G, Sephacryl S, Sepharose CL) were used to obtain
purified polysaccharides (Du et al., 2013). Ding and colleagues
used the Sevag method to deproteinize, put crude polysaccharides
ona DEAE cellulose column, eluted with stepwise NaCl gradient,
and then concentrated, lyophilized, and purified the eluate
with a Sephadexg-100 column. The TMP obtained was named
TMP-A, and the yield was 0.22% (Ding et al., 2010). TM-P5,
a new water-soluble polysaccharide fraction, was used water
decoction-alcohol precipitation extraction method and purified
the crude polysaccharide into 9 components (TM-P1-9) by a
sephacryls-300 column. The purified is further applied to the
sephacryls-300 column for obtaining TM-P5 (You et al., 2013).

3 Assay for polysaccharides

Polysaccharides were a kind of long and complex chains
carbohydrates and involved in biological processes, such as
embryonic development and cellular immunity to infection by
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viruses or bacteria (Li et al., 2016). Mushrooms contain many
types of polysaccharides, which include heteropolysaccharides
rich in galactose, fucose, mannose, and xylose. Since TMP was
reported by Takusaburo Ebina in 2003 (Ebina, 2003). More
than ten polysaccharides were obtained from the fermentative
mycelia and fruiting bodies of Tricholoma matsutake.

Their structural characteristics were investigated by Fourier
transform infrared spectroscopy (FT-IR), nuclear magnetic
resonance (NMR), gas chromatography-mass spectrography
(GC-MS), methylation analysis, periodate oxidation-Smith
degradation, partial acid-hydrolysis, and enzymatic degradation.
High-performance liquid chromatography (HPLC) could be used
to determine of molecular weight of purified polysaccharides.
Ultraviolet Spectroscopy (UV), Infrared Spectroscopy (IR), Gas
chromatography (GC), Mass Spectrometry (MS), and Nuclear
Magnetic Resonance (NMR) can be determined the structure
of the polysaccharide (Jia et al., 2004). Periodic acid oxidation,
Smith degradation, reductive cleavage, and acetylation methods
were commonly be used to determine the types of glycosyl bonds
(Wuetal., 2015). The placement and sequence of monosaccharide
residues and the position and chirality of glycosidic residues result
in the potential high structural variability of polysaccharides and
affect polysaccharide bioactivities (Ren etal., 2019). Asa result, it
is of great significance to determine the polysaccharide structure.
TMP are usually partially acid hydrolyzed into oligosaccharide
fragments, and then the main components are determined by
methylation or GC analysis composition of chain and branch.
Here in, we have listed the reported TMP over the past decade
and have provided comprehensive information on their molecular
weight, monosaccharide composition, and associated references,
as shown in Table 2.

TMP-5II was isolated from the fresh fruiting bodies of
Tricholoma matsutake. Monosaccharide compositions were
D-glucose, D-galactose, D-mannose, and D-fucose. IR and NMR
spectra showed that TMP-5II had (1-4)-beta-pyran glucose as
the main chain, and a branched-chain in the O-6 location with
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Table 2. The polysaccharides isolated from Tricholoma Matsutake.

No Name Monosaccharide composition M.W. (Da) Reference
1 TMP5IL D-Glu, D-Gal, D-Man, and D-Fuc. 1.58 x 10* Cheng et al., 2016
2 TMP-B a-D-Glu and a-D-Gal in a ratio of 7:2. 1.64 x 10* Hou et al., 2017
3 TMP-A D-Glu, D- Gal, and D- Xyl in a ratio of 79.37:9.81:10.82. 8.89 x 10* Ding et al., 2010
4 TMP30 L-Fuc, D-Gal, D-Glc, D-Xyl, and D-Man in a ratio of Unknown Chen et al., 2017
9.3:26.8:40.1:2.6:16.4.
5 TMP60 L-Fuc, D-Gal, D-Glc, D-Xyl, and D-Man in a ratio of Unknown Chen etal., 2017
6.6:17.6:42.3:12.1:21.1.
L-Fuc, D-Gal, D-Glc¢, D-Xyl, and D-Man in a ratio of
8.1:21.2:43.0: 4.2:23.6.
6 TMPS80 Unknown Chen et al., 2017
7 TM-P1 Glu, Gal, and mannose in a ratio of 5.9:1.1:1.0. 3.61 x 10° You et al., 2013
8 TM-P2 Glu, Gal, Man, Fuc in a ratio of 7.7:4.0:1.9:1.0. 3.72x 10° You et al., 2013
9 TM-P3 Glu, Gal, Man, Fuc in a ratio of 5.1:4.9:2.2:1.0. 3.65 x 10° You et al., 2013
Glu and Glucuronic acid.
10 TM-APS-1 Glu and Glucuronic acid. 2.8x10° Tong et al., 2013
11 TM-APS-2 5.4 x10* Tong et al., 2013

fucose (1-2) mannose (1-3)-alpha-pyran galactose (Cheng et al.,
2016). TMP-B isolated from fruiting bodies of Tricholoma
matsutake were composed of a-D-glucose and a-D-galactose
which ratios were 7 : 2 and had a backbone of 1, 4-linked a-D-
glucose which branches were mainly composed of two 6-linked
a-D-galactose residues, and the a-D-galactose were 1, 6-linked
(Hou et al,, 2017). IR, GC-MS, and NMR spectra showed that
TMP-A had a backbone of 1,4-B-d-glucopyranose residue
which branches at O-6. The branches were mainly composed
of a (1>3)-a-d galactopyranose residue, and terminated with
a-d-xylopyranose residue (Ding et al., 2010). Three novel TMP
fractions (TMP30, TMP60, and TMP80) were isolated and purified
from TMP by stepwise alcohol precipitation. Their preliminary
structural features were determined by high-performance
anion-exchange chromatography with HPAEC-PAD and FT-IR
analyses. The results suggest that pyranoses existed in the
B-configuration in TMP30, TMP60, and TMP80 (Chen et al.,
2017). Three polysaccharides (TM-P1, TM-P2, TM-P3) were
isolated from the fresh fruiting bodies of Tricholoma matsutake.
IR and NMR spectra showed that TM-P1 were mainly composed
of glucan and galactan and backbone chains were composed of
2,3,6-linked glucose. TM-P2 was mainly composed of a Glcp
backbone with mostly 1,6-links and 1,4-links. TM-P3 was
composed mainly of glucan and galactan, which was similar to
that of the TM-P2 (Cheng et al., 2016). However, TMP-A was
determined that 1,4-linked glucose represented the largest amount
of residues of the TMP structure and the branched residues
were 1,4,6-linked glucose. These discrepancies may due to the
differences in polysaccharide species and extraction methods.
TM-APS-1and TM-APS-2 were polysaccharide fractions isolated
from the fruit bodies of Tricholoma matsutake and composed
of glucose and glucuronic acid (Tong et al., 2013).

4 Bioactivities

As different structural characteristics and widely biological
activities, TMP act as a “biological response modifier” and have
been considered a promising bioactive compound that exhibits a
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Figure 2. The biological activity and industrial application prospects
of TMP.

range of biological activities: antioxidant, anticancer, antitumor,
anti-inflammatory, anti-coagulation, anti-radiation, anti-fatigue,
and immune-modulating activities (Figure 2).

4.1 Anti-tumor

The World Health Organization has reported that 8.2 million
people die of cancer each year, accounting for 13% of all
death worldwide. In recent years, studies on the mechanism
of polysaccharides have shown that fungus polysaccharides
inhibit tumor growth and reduce side effects during treatment
of tumors, and can enable patients to rebuild their immune
system improving their cancer resistance. For instance, Tuckahoe
polysaccharide exerts anti-tumor activity by killing the host’s
tumor cell (Li et al.,, 2019). Early in 1983, researchers have reported
that polysaccharides isolated from the cultivated fruiting body of
matsutake showed high antitumor activity. Another recent study
demonstrated that TMP has high anti-tumor activity in mice
transplanted with S180 sarcoma cells. These fungus polysaccharides
couldn’t only prolong the longevity but significantly reduce the
mortality of the hosts. Polysaccharides mainly play an immune
function through macrophages, and macrophages can respond
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to infections, tumors, and inflammation. Macrophages directly
kill pathogens through phagocytosis and present antigens to elicit
an immune response. Macrophages produce a large number
of biologically active molecules, including nitric oxide (NO),
reactive oxygen species (ROS), and cytokines including tumor
necrosis factor TNF-a, IL-1a, and IL-1, for the defense of IL-
6, IL-10 (Christopher et al., 2021; Yin et al., 2019). TMP can
promote mice’s lymphocytes and macrophages (Hou et al., 2017;
Houeetal,, 2013). Ding performed a proliferation assay, phagocytosis
assay, and cell cycle analysis of RAW264.7 macrophages to
identify differentially signaling expressed passway and found
the molecular mechanisms associated with differences in the
anti-tumor activity of TMP in macrophages and significantly
anti-tumor activity is expressed through MAPK and NF-«xB
signaling pathways, ultimately (Ding et al., 2016; Li et al., 2021).

The anti-tumor activity of TMP is closely related to its
concentration, and its inhibitory effect on tumor cells shows
time and concentration-dependent (Hou et al., 2013). The low
concentration of TMP has little effect on HepG-2 and HS766T
cells, but the inhibitory effect on Tca8113, Hela, and MCF-7 cells
is obvious and the inhibitory effect shows a certain dose-effect
relationship and time-dependent (Liu et al., 2013). The study
established in vitro models of TMP-2 component antioxidant
and anti-tumor activity, and the present results suggested that
when TMP-2 was 4.0 mg/ml, it was effective against HepG2 and
A549 cells (You et al.,, 2013) (Figure 3).

4.2 Immunomodulation

Immune activity can modulate the body’s immune functions
by regulating immune organs, immune cells, immune molecules,
and their immune activity without significant side effects.
Polysaccharides mainly play an immune function through
macrophages, and macrophages can respond to inflammation
and infections. Macrophages directly kill pathogens through
phagocytosis and present antigens to elicit an immune response
(Byeon et al., 2009). Aging results in a significant decline in
immune function (immunosenescence), such as reduced
proliferation of circulating T-cells, increased production of pro-
inflammatory IL-6, IL-1B, TNF-a, and diminished NK cell activities
(Renetal.,, 2021). Byeon studied the immunomodulatory effect
of TMP by using a functional activation model of macrophages,
monocytes, and splenic lymphocytes and he found that TMP
can augment the level of NO and TNF-a (Byeon et al., 2009).
TMP can inhibit modulate cyclophosphamide-induced mouse
leukopenia and regulate NK cells and lymphocytes. Therefore,
it is concluded that TMP can effectively improve the immune
function of immune-suppressed mice by regulating ILs and
inflammatory factors related to the NF-«B signaling pathway
(Lietal., 2017) (Figure 4). The immunomodulatory activity of
TMP can be observed by studying the activity of interferon, the
content of enzymes related to immune regulation, and increasing
the content of immune cells. Different solvents extraction of
TMP on indicators such as thymus index, spleen index, and
macrophage phagocytic rate were scientifically measured and
found TMP of water extract (WE) and n-butanol extract (BAE)
can significantly improve the immune indicators of mice and
TMP can promote macrophage proliferation, promote cytokine
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Figure 4. Inmunomodulatory mechanism of TMP in macrophage.

release and gene expression by affecting G0/G1, S and G2/M
phases (Yin et al,, 2012).

4.3 Anti-oxidation

TMP has anti-oxidant activity, reducing hydroxyl radicals and
superoxide radicals, and enhancing reducing power (You et al.,
2013). Hydrogen peroxide induces oxidative stress and apoptosis
of skin fibroblasts in a concentration-dependent manner, and
decreases human skin fibroblasts, while increasing ROS generation
and cell apoptosis (Agrawal et al., 2021). TMP pretreatment
reduces oxidative stress, cell apoptosis in hydrogen peroxide-
treated skin fibroblasts, and decreases the levels of superoxide
anion free radicals, DPPH free radicals, and hydroxyl free radicals,
and can significantly reduce the damage caused by hydrogen
peroxide to PC12 cells to achieve anti-oxidant and anti-aging
effects (Ding et al., 2010; Tong et al., 2013) (Figure 5).

The solvent is also a factor that affects its antioxidant activity.
The TMP was extracted with petroleum ether, chloroform,
ethanol, and water at their corresponding solvent boiling
temperatures. Ethanol extracted part was extracted with ethyl
acetate and n-butanol in turn and the antioxidant activity of
each extract. The results showed that diverse solvent extracts
of matsutake certain antioxidant activity, of which ethyl acetate
and water extract have strong antioxidant activity (Yin et al,,
2011). The antioxidant capacity of different components of TMP
is also discrepant. Gao Qing and colleagues performed oxygen
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scavenging free radical determination on the extracted TMP,
which showed that had high oxygen-free radical scavenging ability.
It has been the antioxidant activity of TMP was evaluated in a
study using multiple free-radical scavenging methods, wherein
they determined the scavenging abilities of oxygen free radical
of four components TMP-1A, TMP-1B, TMP-2A, and TMP-2B.
They found that TMP-2 has the strongest in vitro antioxidant
activity (You et al., 2013). Ultrasonic-assisted extraction
technology was used to extract crude polysaccharides from
the fruiting bodies of Matsutake. By measuring the scavenging
rate of 2,2-diphenyl-1-picric acid (DPPH) and hydroxyl free
radicals in vitro antioxidant activities, the results showed the
order of the antioxidant activity of each sub-fraction of TMP
is TMP80 > TMP > TMP60 > TMP30. These findings indicate
that TMP80 may be a promising bioactive macromolecule
(Chen et al., 2017).

4.4 Anti-aging

As the worldwide population ages, increasing attention is
being paid to the physical and health needs of the population.
The dream of fighting aging is as old as human civilization, so
interventions to care for aging and delay age-related diseases are
essential (Carmona-Gutierrez et al., 2019). Aging is generally
defined as the cumulative changes in various pathologies that
increase the risk of disease and death (Wang et al., 2017). Aging
is a process in which the functions of various tissues and organs
of the body undergo degenerative changes with age. It is closely
related to diseases such as hypertension, diabetes, atherosclerosis,
and Alzheimer’s disease. Aging is an inevitable law of the life
process. The research on the mechanism of aging to find effective
anti-aging drugs has become a hot-button issue in the field of
aging research. Establishing animal models similar to clinical
aging symptoms is an effective means to study aging mechanisms
and evaluate anti-aging functions. Traditionally, chemical analysis
methods and several in vitro and in vivo detection methods
involving various cell types and animal species have been used to
identify the anti-aging activity of edible fungi, but none of these
methods have proven to be sufficiently sensitive. Anti-aging in
vivo is mainly studied by comparing the activity and content of
enzymes in blood, liver, spleen, heart, and kidney between model
and control mice. Studies have shown that TMP has anti-aging
activity, and the concentration of polysaccharides is positively
correlated with its activity. Polysaccharides containing selenium

and zinc increase the ability to release free radicals, and they
are a potential source of natural antioxidants and anti-aging
substances. TMP can scavenge free radicals, inhibit or block
lipid peroxidation caused by free radicals, increase the activities
of SOD, CAT, and GSH-Px, improve the body’s antioxidant
capacity, spleen index, spleen cell ConA’ proliferation response,
macrophage phagocytic function, antibody production ability,
and achieve anti-aging effects (Zhu et al., 2020).

4.5 Anti-radiation

Ultraviolet rays, mobile phones, computers, some high-
frequency electrical appliances, and hospital radiation equipment
are all sources of radiation that cause adverse effects, so that
radiation protection is getting more and more attention. Ultraviolet
radiation can also lead to excessive production of free radicals
especially. Excessive ROS, including superoxide anion (-O2-),
hydroxyl radical (-OH), and hydrogen peroxide (H,0,), disrupt the
homeostasis of the antioxidant defense systems in the epidermis,
causing oxidative stress, leading to DNA damage, activing and
changing cell or tissue growth, differentiation, senescence, and
connective alterations (Wang et al., 2020). TMP has a significant
protective effect on the hematopoietic function reducing the
radiation sensitivity of hematopoietic stem cells and hematopoietic
stromal cells, shortening cell cycle disorders, and promoting the
recovery of the body’s hematopoietic function (Wang, 2008).

4.6 Whitening activity

The role of whitening agents inhibits the activity of tyrosinase
or block the oxidation pathway of tyrosine to produce melanin,
thereby reducing the production of melanin to achieve skin
whitening effect (Du et al., 2014). Cheng Hua and colleagues
studied TMP inhibited tyrosinase activity well with an IC50 value
of 136.4 mg/L (Cheng et al., 2013). The polysaccharide of
Matsutake fungus silk has a prominent inhibitory effect tyrosinase
activity, which is much higher than other polysaccharide
components, and clearance rates of DPPH- and -OH are as high
as 90.06% and 31.43% respectively. It is in vitro for thiobarbital
lipid peroxidation inhibition rate is 87.7%, IC50 for tyrosine
monophenolase and diphenolase are 1.18 pg/mL, 1.46 pg/mL
respectively, which is a reversible mixed inhibition, which is
developed into a whitening product for mycelial polysaccharide
provides basic theory (Wang, 2015). TMP has scavenged DPPH
free radicals, inhibited tyrosine activity and whitening effect,
the development of TMP into whitening cosmetics has good
application prospects.

4.7 Anti-fatigue

Studies have reported that two weeks of treatment with
matsutake can improve the exercise performance of mice in
load-bearing swimming, rotating rod, and forced running tests,
including levels of adenosine triphosphate (ATP), antioxidant
enzymes, and glycogen in muscle, liver, or serum increase, the
level of malondialdehyde and active oxygen decrease (Li et al.,
2015). The research showed that both TMP has anti-fatigue
effects, and the finding in the research can be used as a valuable
resource for further identification and provide experimental
evidence for clinical trials of Matsutake as an effective drug for
anti-fatigue related diseases.

Food Sci. Technol, Campinas, 42, e44922, 2022



Lietal.

4.8 Other

Hypertension is the main risk factor for cardiovascular
disease. Studies have found that TMP at a dose of 400 pumg/
kg has a hypotensive effect on spontaneously hypertensive rats
(SHRs) (Geng et al., 2016). Therefore, Matsutake can be used as a
functional food to help to prevent hypertension-related diseases.

5 Conclusions and prospects

Matsutake, a rare plant fungus, has excellent nutritional value
and also remarkable potential applications for medicinal purposes.
Nutritionally, Matsutake is a good source of carbohydrates,
proteins, amino acids, micronutrients, and dietary fiber. Matsutake
has been demonstrated to possess a wide variety of bioactivities,
particularly anticancer, immunomodulatory, anti-oxidation, and
anti-aging effects (Xu et al., 2015). However, the exact mode of
action of these carbohydrates is still elusive and deserves special
attention in the future study (Barbosa et al., 2020). Extensive
research has also focused on TMP, TMP isolated from Matsutake,
which exhibits both promising anticancer and immunomodulatory
effects. The majority of the studies showed congruent findings
that the TMP elicits its immunomodulatory effects by MAPK and
NF-kB immune passways. Apart from that, TMP is also found to
possess anticancer, anti-oxidation, anti-radiation, and improve
fatigue activities. TMP shows invaluable prospects for future
applications in the form of nutraceuticals/dietary supplements.
TMP has been studied worldwide, but most applications are still in
the basic research stage. Although there have been many reports
on the functional features of TMP, there have been relatively few
studies on its specific mechanism of action. Studies on TMP
properties mainly focused on its extraction and purification
method, molecular weight, monosaccharide composition, side
chain position, and its relationship with physiological functions.
Whereas pharmacological studies of TMP are rare. Therefore, it
is necessary to focus future research on the mechanism of the
TMP and provide theoretical guidance for the development of
TMP in food, cosmetics, medicines, and health care products.
TMP has been used in some fields, it is necessary to explore the
application of TMP in numerous other areas. In conclusion,
TMP has great potential as a nutraceutical and functional food,
as well as potentially representing a valuable source for bioactive
compounds therapeutic use and pharmaceutical application.
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