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Abstract

Edible mushrooms represent a promising future food source owing to their rich nutritional profile,
encompassing proteins, dietary fibers, vitamins, minerals and bioactive compounds such as alkaloids,
polysaccharides and terpenoids. These bioactive components can be extracted for nutraceutical applications
and have demonstrated their potential in the treatment of various ailments including cancer, diabetes and
viral infections. Furthermore, mushroom exhibits antioxidant, immune modulatory and cholesterol
lowering properties, rendering them valuable as super food for both nutritional purposes and diverse
biomedical applications.
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Introduction

Mushrooms have long been regarded as a key component of culinary delights worldwide, valued
for their exceptional taste and regarded as a culinary marvel by humankind. They belong to the
kingdom of Fungi, and are characterized by their fleshy texture and cap, as well as gills located
beneath the cap.Mushrooms are a versatile and valuable addition to human nutrition containing a
diverse range of bioactive compounds that contributes to their health promoting properties
(Valverde et al., 2015) D% Till now more than 14,000 species of mushrooms have been
identified with approximately 10 percent being classified as macro-fungi and the number of
mushrooms identified represents only 10 percent of the total assumed to exist (Abugri et al.,
2016) M. Mushrooms can be edible, wild, and some can be toxic. They consist of more than 90
percent water and less than 1 percent fat and contain appreciable amounts of Vitamin B, copper
and selenium, while being low in sodium. Mushroom possesses high protein content (up to
44.93%), vitamins, fibers, minerals, trace elements and low calories with no cholesterol
(Mhanda et al., 2015) . Edible mushrooms are macro-fungi that are visible to the naked eye
and have already been widely utilized in food and medicine due to their delicious taste and
diverse physiological activities (Qing et al., 2021) Bl. They are regarded as an important source
of food because of their high polysaccharide, dietary fiber, proteo-glucan, and vitamin content
including riboflavin and thiamine (Slusarczyk et al., 2021) [,

Mushrooms are considered a delicacy with high nutritional and functional value, and are also
accepted as nutraceutical foods.They are of considerable interest due to their organoleptic merit,
medicinal properties and economic significance.The use of edible mushrooms as a source of
bioactive compounds that promote human health that is well documented in the scientific
literature. For instance, studies have shown that edible mushrooms contain antioxidants (Taskin
et al., 2021) Bl terpenoids, lectins (El-Maradny et al., 2021) [, phenolics/polyphenolics,
polysaccharides, and ergosterols (Nowak et al., 2022) /1. The consumption of edible mushrooms
has also been linked to a strengthened immune response which is critical for overall health and
resilience. Additionally, some studies suggested that mushroom consumption may have a
positive impact on cardiovascular health (Assemie and Abaya, 2022) 1. While it may be
challenging to distinguish between edible and medicinal mushrooms, many common edible
species possess therapeutic properties, and some mushrooms used for medicinal purposes are
also edible. Furthermore, mushrooms are unique among food sources in that they are a natural
and abundant source of Vitamin D, which is usually obtained from animals or poultry through

~ 681~


https://www.agronomyjournals.com/
https://doi.org/10.33545/2618060X.2024.v7.i9i.1643

International Journal of Research in Agronomy

irradiation or direct addition (Verma, 2023) Bl The primary
reason for this is the significant content of plant sterol known as
Ergosterol. This sterol serves as a precursor for the synthesis of

https://www.agronomyjournals.com

Vitamin D, which, when stimulated by sunlight or artificial light
sources, converts to Vitamin D.

Table 1: Pre-requisites for mushroom production

Environmental Conditions Spawn Run Primordia Formation Fruit body Development
Temperature 21-27 °C 10-21 °C 10-24 °C
Relative Humidity 85-95% 95-100% 80-90%
Light 50-100 lux 1000-1500 lux 1000-1500 lux
CO:2 level 5000-20,000 ppm; 1 FAE/h 500-2000 ppm; 4-8 FAE/h <1000-2000 ppm; 4-8 FAE/h
Duration 2-8 weeks 3-12 days 5-8 days

(Source: Arevalo, 2019) [

The nutritional value of Agaricus bisporus (White Button
Mushrooms) is presented in detail. A well-balanced diet is an
essential component of preventive healthcare, particularly in the
context of combating oxidative stress. Historically, mushrooms
have been used in oriental medicine to prevent and treat various
diseases. Currently, mushroom extracts are marketed as dietary
supplements due to their immune-boosting and antitumor
properties.In this study, we aimed to examine the nutritional
value, chemical composition, and potential commercial
applications of the most widely cultivated edible mushrooms
worldwide.

Sustainable production of mushroom

Over one hundred countries worldwide engage in the
commercial cultivation of edible mushrooms employing diverse
techniques and scales resulting in an annual increase in global
production of approximately 7 percent. Currently, the global
consumption of mushrooms stands at around 12.74 million
tonnes, and it is anticipated that this figure will reach 20.84
million tonnes by 2026 (Shirur et al., 2021) B8, Mushrooms are

typically classified into three categories based on their growth
method: a) Saprotrophic mushrooms: which grow on decaying
matter; b) Mycorrhizal mushrooms: which form a symbiotic
relationship with crops or trees; ¢) Parasitic mushrooms: which
infect and depend on their host plant before ultimately killing it
(EI-Ramady et al., 2022) B The majority of cultivated
mushrooms follow a basic life cycle consisting of five stages:
sporulation, spore germination and cell fusion, colonization,
formation of primordia, and fruiting or maturity, which is
followed by the release of spores and the repetition of the cycle
(Table. 1). The cultivation process can be divided into seven
stages, as depicted in Figure 1. It is crucial to cultivate
mushrooms in a sustainable manner since they are considered
edible foods and possess high protein content. Furthermore, the
cultivation of mushrooms should be carried out in a way that
protects against competing microorganisms and maintains
hygiene, which can be controlled by environmental conditions as
outlined in Table 1 (Arevalo, 2019) B8, The environmental
conditions controlling the most commonly cultivated species as
ideal values, but certain strains may exceed them.

1.Preparation Of Media
Growing medium or

Substrate may be Chips

Manure Based compost,
and steilised media.

2-Inoculation and Filing
of the containers
Depending on the
cultivation outdoor and
indoor,the substrate
should be inoculate mix it
into the mediaFilling
Containers.

The Seven Basic Stages of
Mushroom cultivation

7-The Rest period
Mycelia are in Need of well
deserve Period of Rest
before the next flush after
harvesting

6- Maturation and
Harvesting
The Mushroom are to
pick,Premordia Enlarge and
Matured,harvest when
growth slow or Stop.

5-Initiation and Pinning
Primordia(Colonized

3-The Spawn Run
This period is Called
the Spawn Run or
colonisation period
or bulk Media

4-Complete Colonization
A complete Spawn
Run ,and a Few Days/
Weeks before Mushroom
Appear.

Mycelium Appeared )
Enlarged and Ruptured from
the bark on the logs,
according to Temperature ,
light and Watering.

Fig 1: Basic steps of mushroom cultivation
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Mushroom cultivation scenario in India

India's mushroom industry is growing, but the rest of the globe
is responding to its mushroom output and consumption with
lukewarmness. White button mushrooms are the main focus of
the mushroom business in India; these are extremely complex
and capital-intensive mushrooms. According to recent
production data (official data from ICAR-DMR, Solan), button
mushrooms account for the largest percentage of all mushrooms
in India, accounting for 73 percent, with oyster mushrooms
coming in second with a contribution of around 16 percent. In
India, there are two primary categories of mushroom producers:
those that cultivate white button mushrooms year-round in
regulated environments and seasonal growers who plant button
mushrooms in the North-Western region of the country during
the winter. An estimated 94676 metric tonnes of white button
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mushrooms are produced in India annually from both high-tech
and seasonal growing units. Approximately, 8500 metric tonnes
of button mushrooms or 9 percent of the total button mushroom
production were generated from the seasonal growing facilities
in Punjab and Haryana (Figure. 2). Farmers in the Punjab and
Haryana regions have revolutionised seasonal farming with little
inputs by skilfully using seasonal fluctuations. In this area,
growing white button mushrooms is a source of money and a
means of subsistence. The benefits of being close to the market,
having inexpensive raw materials available, and having access to
high-quality spawn all contribute to this region's mushroom
output.

Mushroom Producing State Share in India

Uttarakhand
8%

Uttar
Pradesh
5%

North East
1%

Others
5%

Andhra Pradesh
3%

Bihar
2%

Delhi
2%

Tamil
Nadu

8%

Gujarat

Qdisha
12%

Maharashtra
9%

Himachal Pradesh
7%

12%

Fig 2: Mushroom Producing State Share in India

Relative contribution of different mushroom species

Five types of mushrooms are farmed commercially in India:
milky (Calocybe indica), shiitake (Lentinula edodes), oyster
(Pleurotus spp.), white button mushroom (Agaricus bisporus),
and paddy straw (Volvariella volvacea). Agaricus bisporus,
Pleurotus spp., and Volvariella volvacea continue to dominate
the commercial markets despite the standardisation of growing
techniques for many foreign species. Approximately, 96 percent
of all mushrooms produced in India come from these three
species.The nation's native tropical fungus is the milky
mushroom (Calocybe indica) (Kumar et al., 2017) 9. But only
in the southern Indian states is commercial growing allowed,
and it only makes about 3 percent of the world's total mushroom

production. In the states of Odisha and Chhattisgarh, paddy
straw mushroom farming has grown in popularity, accounting
for 7 percent of all mushroom output. Although the ICAR-DMR
in Solan standardised the short-term indoor shiitake growth
technique (Sharma et al., 2017) 1%, this valuable fungus has not
yet been used on a commercial basis in India. A small number of
producers in Himachal Pradesh and Uttarakhand were able to
effectively cultivate the shiitake mushroom with the use of
Solan's ICAR-DMR technology. On the other hand, dried
mushrooms imported from Taiwan and China are currently
dominating the marketplace. Growing oyster mushrooms is
becoming a popular side business in the Northeastern states of
Uttarakhand and Chhattisgarh.
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Table 2: Mushroom production (metric tonnes) in different states of India

https://www.agronomyjournals.com

States Button mushroom Qyster mushroom Milky mushroom Other mushrooms Total
Andhra Pradesh 3000 500 15 0 3515
Arunachal Pradesh 20 5 0 1 26
Assam 20 100 5 0 125
Bihar 950 1500 150 0 2600
Chhattisgarh 20 200 35 89 344
Delhi 3000 50 20 0 3070
Goa 4200 20 0 0 4220
Gujarat 10000 1200 0 0 11200
Haryana 15000 50 50 0 15100
Himachal Pradesh 9000 110 30 10 9150
Jammu and Kashmir 565 15 50 0 630
Jharkhand 200 20 0 0 220
Karnataka 700 320 160 0 1180
Kerala 0 500 300 0 800
Maharashtra 10000 2000 50 0 12050
Madhya Pradesh 10 5 0 0 15
Manipur 0 10 0 50 60
Meghalaya 25 2 0 0 27
Mizoram 0 50 0 0 50
Nagaland 0 75 0 0 325
Odisha 126 6310 0 0 15986
Punjab 16000 2000 0 0 18000
Rajasthan 100 1000 0 0 1300
Sikkim 1 2 0 0 3
Tamil nadu 6500 2000 1500 1500 10000
Tripura 0 100 0 0 100
Uttarakhand 8189 1228 819 819 10236
Uttar Pradesh 7000 100 0 0 7100
West Bengal 50 1500 0 0 2050
Andaman and Nicobar 0 300 0 0 300
Total 94676 21272 3184 3184 129782

(Source: ICAR-DMR, Solan, 2016)

Global scenario of mushroom production

Edible mushrooms are cultivated commercially in more than 100
countries on different scales and by different systems. The
production of mushrooms across the world is increasing at an
annual growth rate of 6-7 percent.In some developed countries
of Europe and America, mushroom farming has assumed the
form of a high-tech industry with mechanisation and automation
in all operations. At present, China and the United States are the
largest consumers of this protein-rich delicacy.

Currently, 12.74 million tonnes of mushrooms are consumed
worldwide, and that number is rising at a compound annual
growth rate of 6.4%.

There have been attempts to cultivate fungi such as Auricularia,
Flammulinaand Lentinula in China a century ago. Button
mushrooms along with shiitake, oyster mushrooms,
flammulinaetc., grew in the 20th century. By the end of the 20th
century, fewer than 40 percent of the world's total button
mushroom crop was produced. The production of mushrooms
has changed significantly in the twenty-first century. Button

mushrooms continued to account for the largest portion of the
world's mushroom production in 2010. The twenty-first century
and especially the previous 10 years have seen quick increase in
the production of mushrooms outside button mushrooms.
Overall, the amount of mushrooms produced worldwide is
growing exponentially. Oyster, wood ear, shiitake and
flammulina production have grown at an almost unimaginable
rate, especially in East Asian nations like China, Japan, South
Korea, Taiwan, and so on (Figure 3 and Figure 4). As a result,
these mushrooms now account for a much larger portion of the
world's total mushroom production than button mushrooms,
which are no longer the most popular type. The FAOSTAT
database is strong of crops including mushrooms and truffles.
However, this data is incomplete in many respects and does not
give the complete picture (Singh et al., 2017). For instance,
according to FAOSTAT data from 2019, 11.9 million tonnes of
mushrooms were produced worldwide (Royse et al., 2017) [
World mushroom production has been approximated species-
wise using data from several sources.
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Africa
0%

Europe
12%

Oceania-
0% 5%

America

Asia
83%

Fig 3: Continent wise total world mushroom production in 2019 (FAOSTAT, 2021)

Japan, 4.80%

China, 90.70%

India, 1.80%

Others, 2.50%

Fig 4: Mushroom production in Asia (FAOSTAT, 2019)

Significance and Importance of Mushroom

Biological, nutritional significance and active components of
edible fungi

Medicinal mushrooms have been prized for their flavor, velvety
texture and healing properties for thousands of years.
Mushrooms are mostly made up of 10% dry matter and 90
percent water. It also possesses a physicochemical makeup that
is critical to feeding. Because of their low fat content and high
protein, fiber, and mineral content, mushrooms are nutrient-
dense food. The human body needs all nine of the essential
amino acids, all of which are found in mushroom protein.
Mushrooms are being studied as a potential muscle protein
replacement because of how simple they are to
digest.Mushrooms are considered a healthy food because of their
high nutritional value and the positive effects of the bioactive
substances they contain on health. Food bioactive ingredients
that promote health and reduce the likelihood of disease are
becoming more and more popular. Mushrooms are an example
of a food that serves both dietary and medicinal purposes. The
vitamins thiamine, riboflavin, cyanocobalamin, ascorbic acid,
and tocopherol as well as some other nutrients, are also abundant
in mushrooms. They are also a great source of iron, phosphorus,
and vitamins like niacin, which are rare to find in those other
foods. When food analysis first began, the concept of "food

supplements" was presented as something to consider in addition
to nutrients. Mushrooms are nutrient-dense foods that also
contain medicinal qualities that may help prevent diseases
including diabetes, hypertension, high cholesterol, and cancer.
Mushrooms have unique functional properties due to the
presence of dietary fiber, including chitin and beta-glucans. A
variety of mushrooms have antiviral, antithrombotic, immune-
modulatory, and cancer-fighting properties. Some mushrooms
may even be able to reduce blood glucose levels.

Types of mushrooms, their constituent parts and their
biological importance

The Laetiporussulphureus species of mushrooms contains
polyunsaturated fatty acids, which are known to possess
antibacterial and antifungal effects. In Ganoderma lucidum,
ganoderic acid and beta-glucan have cytotoxic and antioxidant
qualities (Kolniak-Osteket al., 2022) 04, The Agaricus
bisporous species of mushroom contains lectins, ribotoxins,
catechin, polysaccharides, galactomannan, beta-glucan, and fatty
acids. These compounds also have antibacterial, antiviral,
antifungal, antioxidant, and anti-diabetic characteristics, and
they also increase insulin secretion activity.Other species that
contain lovastatin as an active component and can lower
cholesterol are Pleurotusostreatus, Pleurotus spp., and
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Pleurotus sajor-caju. Lentinan and eritadenine, two species of
Lentinusedodes that lower cholesterol, are among them (Soroko
et al., 2022) (¥, Grifolafrondosa species have lectins and
polysaccharides that work to reduce blood sugar and promote
the synthesis of insulin. While the Auricular species has acidic
polysaccharides with analgesic effects, Cordyceps sinensis has
an active component called cordyceptin, which has
hypoglycemic and anti-depressant properties. Additionally,
polysaccharide-K (Kresin), which has anti-cancer properties, is
present in Trametes versicolor (Jedrzejewski et al., 2023) 1141,
The Pleurotus giganteus mushroom contains fatty acids,
polysaccharides, and amino acids that have antioxidant and
neuroprotective properties.

Pharmacological properties of edible mushrooms
Conventional medicine has recognized edible fungi for their
immense health advantages since ancient times. Mushrooms

https://www.agronomyjournals.com

provide a variety of health benefits for humans, depending on
their biological makeup. The extraction of bioactive components
from mushrooms to produce functional meals is attracting
increasing interest (Soroko et al., 2022) 31, For a very long
time, traditional medicines have used mushrooms in a variety of
ways. Globally, there is an increasing trend toward the use of
phytochemicals or bioactive compounds from various
mushroom species as antioxidants, anti-cancer, and anti-
inflammatory agents to treat a variety of human illnesses,
including diabetes mellitus, cancer, bacterial and fungal
infections, coronary heart disease, and diabetes mellitus.
However, a large body of research on the use of mushrooms in
human experimental therapy has been conducted, and those
studies have shown that, generally speaking, mushrooms and
their preparations are well tolerated with few discernible side
effects (Asatiani et al., 2021) 18],
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Fig 5: Medicinal properties of mushrooms.

Potential effectiveness of edible mushrooms as a cancer
preventative treatment

Cancer is among the deadliest diseases in the world. According
to recent studies, polysaccharides—which are naturally
occurring plant active components-found in mushrooms have
been shown to have strong anti-cancer properties on a variety of
cancer model organisms (Panda et al., 2022) 71 (Figure. 5).
Additionally, basidiomycota, a different polysaccharide, has
medicinal properties linked to its glucan. Polysaccharides, which
are members of the beta-glucan chemical family, are believed to
have anti-tumorigenic properties and to improve cellular
immunity (Chaturvedi et al., 2018) [*¥l, Bioactive compounds
found in Agaricus bisporus possess both immune-modulatory
and anticancer effects. The efficacy of Agaricus bisporus
mushrooms in treating human ailments is recommended by the
Canadian Cancer Society. According to the study, Agaricus
bisporus polysaccharide has significant immune-stimulatory and
anticancer bioactivity both in vivo and in vitro. The three
primary polysaccharides in Agaricus bisporus, according to a
literature analysis, are galactomannan, beta-glucan and alpha-
glucan, with the latter accounting for 55.8 percent of the total.

~ 686

Agaricusbisporus can improve the mucosa's health and
immunity. The secretion of immunoglobulin-A is significantly
increased while consuming Agaricus bisporus by diet.

Agaricus bisporus fruiting body extracts promote the synthesis
of interferon-gamma (IFN-y) and have an immune-stimulant
effect on activated peripheral blood mononuclear cells
(PBMCs). Agaricus bisporus solutions have been demonstrated
to induce apoptosis, which suppresses cell proliferation, in HL-
60 leukemia cells as well as other human leukemia lines.
Because it inhibits the growth and spread of cancer cells,
arginine, which is found in Agaricus bisporus fruit bodies, is
used as a dietary supplement for cancer patients. Furthermore, it
was found that Agaricus bisporusinhibits aromatase, which
lowers the risk of breast cancer (BC). Agaricus bisporus
produces phytochemicals that inhibit the growth of BC cells,
reduce the size of breast tumors, and decrease aromatase
activity, according to in vivo studies. It has been reported that
Agaricus bisporus contains unsaturated lipids such as linoleic
acid and linolenic acid (LINA), including conjugates of linoleic
acid (CLA) that have been demonstrated to inhibit the activity of
aromatase. Additionally, a scientifically sound strategy for
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influencing estrogen receptor-positive tumors was found, which
involves inhibiting aromatase activity and thereby lowering the
amount of extracts from mushrooms that use estrogen. The
average frequency of mushroom consumption and frequent use
has been shown to be negatively correlated with the incidence of
BC, but this correlation is most in postmenopausal women.
Eating mushrooms was reported to lower premenopausal
women's incidence of BC.

Efficacy of edible mushrooms as a medication

Inflammation is a complex biological response to infections and
severe trauma that aids in the restoration of tissue structure and
function, whereas many inflammatory diseases are influenced by
chronic inflammation. The alternative anti-inflammatory
pharmaceuticals derived from plants have attracted a lot of
attention since they appear to be safe, natural drugs with few, if
any, negative effects. It was discovered that unprocessed
Flammulinavelutipes mushrooms have anti-inflammatory
properties that stopped murine macrophage RAW?264.7 from
producing TNF-a and nitric oxide (NO), which are stimulated by
lipo-polysaccharides and IFN-y. Additionally, shiitake that
underwent food processing steps like boiling and heating were
found to have very little effective anti-inflammatory capabilities,
indicating that the anti-inflammatory bioactive molecules of the
treated mushroom had been eliminated. A different study found
that extracts of Flammulina velutipes water and ethanol (EtOH)
significantly reduced the generation of NO in macrophages,
along with iINOS and COX-2 (cyclooxygenase-2).

Efficacy of therapeutic mushrooms in treating heart disease
Because they are low in fat, high in unsaturated fats, and
cholesterol-free, edible mushrooms are a fantastic substitute for
people with heart disease and those considering therapy for
cardiovascular illnesses. The high potassium and low sodium
content of the mushroom improves human blood circulation and
salt balance. Thus, mushrooms are beneficial for those who have
high blood pressure. It has been discovered that regular usage of
mushrooms such Pleurotus species and lentinula significantly
lowers cholesterol levels. Hyperlipidemia, or excessive
triglyceride or cholesterol levels, is one of the most serious
conditions that can affect a person and a major risk factor for
atherosclerosis and heart disease. Phytosterols have the ability to
reduce blood cholesterol levels, which in turn can lower LDL
(low-density lipoprotein) cholesterol and total cholesterol (Ho et
al., 2020) %1, Agaricus bisporus, often known as fungisterol,
contains the sterols ergosta-7,22-dienol, ergosta-5,7-dienol, and
ergosta-7-enol. Agaricus bisporus mushroom was found to
provide anti-glycemic and anti hyper cholesterolemic properties
in multiple trials on rats given a hypercholesterolemic diet
consisting of 14 percent fat and 0.5 percent cholesterol (Usman
et al., 2021) Y. Rats on a hyper-cholesterolemic diet benefit
from daily consumption of Agaricus bisporus fruiting bodies,
which aid to regulate antiglycemic and anticholesterolemic
responses. It also improves lipid balance and liver function
(Usman et al., 2021; Atila et al., 2017) 2.2,

Potency of medicinal mushrooms as a superior hepato-
protective agent

Because of the unique growing properties of mushrooms in
ecology, a wide range of secondary metabolites, many of which
have biological purposes, were created. These included phenolic
compounds, carbohydrates, terpenes, and steroids). Mushrooms
have a lot of potential to produce bioactive compounds that are
good for human health because of a number of these
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mechanisms that combine. This covers their use as food as well
as their importance in research facilities as sources of bio-
molecules with particular medical benefits (Krittanawong et al.,
2021) 23, The hepatoprotective effects of water-based extracts
of Tremella fuciformis, Grifolafrondosa, Auricularia auricular,
Lentinula edodes, Volvariella volvacea, and Tricholoma
lobayense were tested in a rat model of chemical hepatitis
produced by paracetamol. To investigate the impact of nutritive
and medicinal mushroom bioactive components on hepatic
function, animals were either given entire shiitake or non-
purified preparations, or hepatocyte preparations were cultured
with whole or semi-purified extracts. Fungal mycelia and
basidiomata extracts based on water, alcohol, and hydrocarbon
have all been examined.

Effectiveness of edible mushrooms as a medication for the
treatment of diabetes

Diabetes mellitus is a metabolic disorder characterized by
increased blood glucose levels that affects a large number of
people. It can have fatal consequences, organ failures, and life-
altering impacts if improperly regulated. Because they contain
mostly natural compounds like fibers, complex carbohydrates,
phenolics and alkaloids, mushrooms have been used for
millennia to provide anti-diabetic, anti-oxidant, and anti-
hyperlipidemic effects. This has been demonstrated to make
eating mushrooms a sort of herbal remedy with anti-diabetic
characteristics (Khursheed et al., 2020) 4. Furthermore, the
prebiotic qualities of polysaccharides from mushrooms alter the
makeup of the gut flora, reducing insulin resistance. Examining
the relationship between edible mushrooms and diabetes as well
as identifying prospective species of mushrooms with
antihyperglycemic properties are the goals of this review. The
effects of different mushroom polysaccharides on the gut
microbiome of animal models of diabetes have also been studied
by a number of researchers. Significant levels of dietary fiber,
antioxidants (such as vitamin C, vitamin D, and vitamin B12),
folates, and polyphenols are found in Agaricus bisporus, which
may be beneficial for those with diabetes. It is said that Agaricus
bisporus contains a number of compounds with potential anti-
inflammatory and antioxidant properties. When those at risk for
type-2 diabetes continue to consume certain foods, these benefits
might eventually become apparent. High dosages of Agaricus
bisporus extract administered orally to mice were shown in
animal tests to mitigate the effects of streptozotocin-induced
diabetes. Patients with diabetes consider mushrooms to be a
good dietary choice because of their low calorie, low
carbohydrate, low sugar, and low fat content. Mushrooms
include lean proteins that help the body burn cholesterol. For
individuals trying to cut calories, it is consequently the best diet
(Enkhmaa et al., 2018) [281,

Applicability of edible mushrooms as a potent antibacterial

Antimicrobial resistance is a serious concern to public health on
a global scale, especially in light of the introduction of
organisms that are almost immune to all antibiotics due to their
multidrug resistance. Therefore, it is important to identify
bioactive substances from plants and animals that can be used in
place of traditional antimicrobials. According to a number of
studies, Flammulina velutipes mushrooms may also contain
antimicrobials. Mature Flammulina velutipes mushroom extracts
from both methanol and chloroform showed excellent
antimicrobial properties, especially for staphylococcal infections
and Bacillus subtilis, according to research on the antimicrobial
qualities of extracts from different Flammulina velutipes parts
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(Sutkowska-Ziaja et al., 2023) [?, A methanol extract of a
natural Flammulina velutipes fruiting body from Macedonia was
also found to have antibacterial effects against both Gram-
positive and Gram-negative bacteria, including Bacillus subtilis,
Bacillus pumilus, Staphylococcus aureus, and Pseudomonas
aeruginosa. To investigate the pharmacological efficacy of
Flammulina velutipes against plant pathogens, an adversarial
interaction between the pathogens and the mushroom was
measured in an in vitro dual culture experiment (Kashina et al.,
2016) B9, Discovered in Flammulina velutipes, enokipodins are
a class of sesquiterpenoids of the cuparene type. It is now known
that these compounds play a critical role in the antibacterial
action of the plant. Enokipodins A-D were found to largely
inhibit the growth of Gram-positive bacteria, such as
Staphylococcus aureus and Bacillus subtilis. Although many
studies have demonstrated the antimicrobial potential of
Flammulina velutipes, such as the bioactive substances
responsible for the socially constructed occurrence, a deeper
comprehension of their signalling pathways is required before
one of those substances can be used as nutritional supplements
or drugs in the food and drug sectors.

Considerable antioxidant effects of edible mushrooms
Antioxidant qualities have been discovered in a wide variety of
mushrooms. Every component included in mushroom extracts is
unique to a certain kind of mushroom. For tens of thousands of
years, mushrooms have been an essential part of the human diet,
and recently, the consumption of a wide range of species has
increased. Tocopherols, ascorbic acid, carotenoids, and phenolic
compounds (phenolic acid and flavonoids) are the main
bioactive ingredients of mushrooms. Polysaccharides are also
physiologically active substances. The lower half maximum
effective concentration (EC50) value indicates higher
antioxidant activity. The plants with the highest potential for
antioxidants are Macrocybe gigantea, Phellinus linteus,
Pleorotus squarrosulus, Polyporus grammocephalus, Austreus
hygrometricus, and Fistulina hepatica. This review will cover
ROS, their deleterious effects on biological systems, antioxidant
properties, and the comparative antioxidant activity of
mushrooms, with a focus on a few common edible and
medicinal mushrooms. In biological systems, phenolic
compounds have been shown to function as oxygen scavengers,
peroxide decomposers, free radical inhibitors, and metal
inactivators (Shaffique et al., 2021) 21, Phenolic chemicals are
present in all of the mushrooms. Mushrooms are an excellent
dietary source of antioxidants and are becoming more and more
significant to human health. It may surprise you to learn that
mushrooms have higher antioxidant potential than most fruits
and vegetables. Antioxidants help prevent diseases and aging by
shielding the body from harm caused by free radicals.

When attempting to extract antioxidant nutrients from
mushrooms, the ability to manipulate fruit bodies or mycelium
to produce active molecules in a very short amount of time is a
significant advantage. Active compounds can be produced in a
relatively short amount of time. Antioxidant components of
mushrooms can be isolated and utilized as functional
supplements, or they can be added to diets to help minimize
oxidative damage in human bodies (Sanchez et al., 2017) [,
The oxidative stress index (OSI) and total oxidant status studies
were conducted on Pholiota adiposa, Pholiota lubrica, and
Pholiota squarrosa mushroom EtOH extracts by Sevindik et al.
Several types of mushrooms were evaluated for their total
antioxidant capacity (TAS), total oxidant capacity (TOS) and
OSI activity.
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Mushrooms and their potential to act as a powerful neuro-
protective agent

Eating mushrooms has the potentialtobe an effective neuro-
protective agent.

The greatest threat to public health and the most crippling
diseases are neurological and neurodegenerative disorders. Brain
and nerve diseases are caused by specific pathological changes
that impact both the peripheral and central nervous systems at
the same time (Ambhore et al., 2024) B4, Furthermore, the
reduced function of neurons brought on by these illnesses
impacts the structure of the nervous system and results in the
degeneration or death of nerve cells all over the body.The final
symptoms of multiple sclerosis, Alzheimer's disease, Parkinson's
disease, Huntington's disease, and amyotrophic lateral sclerosis
are ataxia and dementia. A fungus that is higher in nutrients and
lower in calories and fat is called a therapeutic mushroom. They
are rich in bioactive ingredients and minerals, such as vitamins,
fiber, proteins, and carbs, all of which have been used for
centuries to cure a variety of illnesses. All around the world,
Pleurotus giganteus and Hericium erinaceus are two common
medicinal and dietary supplements made from medicinal
mushrooms. Apart from lectins, other substances that comprise
polysaccharide-glucan or polysaccharide-protein  structures
include lactones, terpenoids, alkaloid compounds, antibiotics,
metal-chelating components, and medicinal mushrooms and
their extracts (Yadav et al., 2020) B3],

The therapeutic advantages of a few medicinal mushrooms that
have been demonstrated to have bioactive chemicals with a
protective effect against brain dysfunction will be the main topic
of this review. Drug research for neurodegenerative illnesses
will benefit from this discovery (Ambhore et al., 2024) [34,
Certain types of mushrooms, both edible and medicinal, may
accelerate the development of neuritis in the brain by enhancing
nerve growth factor (NGF) responses, imitating NGF reactivity,
or protecting neurons from cell death caused by neurotoxins.
These shiitake may provide neuro-protection against
neurodegenerative diseases such as Parkinson’s and Alzheimer’s
due to the basic properties of the neurotrophic chemicals present
in the fungus. Consuming mushrooms on a regular basis may
help prevent or postpone age-related neuro-degeneration.

Conclusion

As people become more aware of the possible side effects of
synthetic medications and health supplements, they are
searching increasingly for naturally occurring chemicals that
have health benefits. Research conducted both in vivo and in
vitro has demonstrated the remarkable therapeutic potential and
exceptional nutritional value of mushrooms, a fungus that is
abundantly available. Similar to vegetables in terms of nutrition,
mushrooms of all sorts offer a good supply of carbohydrates,
protein, unsaturated fatty acids, fiber, and several important
vitamins. Though their gastronomic and nutritional qualities are
widely recognized, little is known about edible mushrooms'
potential as medicines. It has been shown that edible mushrooms
contain antibacterial, anti-neurodegenerative, neuroprotective,
antioxidative, anti-obesity, and anti-diabetic properties in
addition to their ability to fight cancer. Subsequent research
ought to focus on ascertaining the exact mechanism of action of
a number of bioactive substances and biochemical formulations.
This review paper will be very helpful to researchers, medical
professionals, and scientists who work in the pharmaceutical
research and medication development fields, as well as those
who work in the healthcare industry. In addition to being a rich
source of bioactive substances for therapeutic and medicinal
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purposes, mushrooms are a functional and nutritious food with
many uses. The data in this analysis may also serve as a
springboard for additional research, testing and the eventual
commercialization of this peculiar fungus.
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