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Abstract 

The present article reviews the history of mushroom uses in culinary, food and medicinal values; current status and 

future aspect of mushroom research. Mushrooms contain biologically active polysaccharides, lipid and proteins in 

fruit bodies, each of them has a distinct role in health as either nutritional value or medicinal elements. 

Immunostimulating polysaccharides found in mushrooms, are most important for modern medicine. Several of the 

mushroom biomolecules have undergone phase I, II, and III clinical trials and are used extensively and successfully 

throughout the world for the treatment of various cancers and other diseases. Medicinal functions played by the 

mushrooms include antitumor, antibacterial, antioxidant, antiparasitic, antidiabetic, detoxification, cardiovascular, 

antihypercholesterolemia, antiviral, antifungal, hepatoprotective, immunomodulating and free radical scavenging. 

The present review draws attention to nutritional and medicinal importance of mushroom as well as the problems 

and opportunity in the future development of mushroom research. 
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Introduction 

Mushrooms have been considered as ingredient of gourmet cuisine across 

the globe; especially for their unique flavor and have been valued by 

humankind as a culinary wonder. More than 2,000 species of mushrooms 

exist in nature, but around 25 are widely accepted as food and few are 

commercially cultivated. Mushrooms are considered as a delicacy with 

high nutritional and functional value, and they are also accepted as 

nutraceutical foods; they are of considerable interest because of their 

organoleptic merit, medicinal properties, and economic significance [1]. 

However, there is not an easy distinction between edible and medical 

mushrooms because many of the common edible species have therapeutic 

properties and several used for medical purposes are also edible [2]. 

The most cultivated mushroom worldwide is Agaricus bisporus, followed 

by Lentinus edodes, Pleurotus spp., and Flammulina velutipes. 

Mushrooms production continuously increases, China being the biggest 

producer around the world [3]. However, wild mushrooms are becoming 

more important for their nutritional, sensory, and especially 

pharmacological characteristics [4]. 

Mushrooms could be an alternative source of new antimicrobial 

compounds, mainly secondary metabolites, such as terpenes, steroids, 

anthraquinones, benzoic acid derivatives, and quinolones, but also of 

some primary metabolites like oxalic acid, peptides, and proteins. 

Lentinus edodes is the most studied species and seems to have an 

antimicrobial action against both gram-positive and gram-negative 

bacteria [5]. 

They have a great nutritional value since they are quite rich in protein, 

with an important content of essential amino acids and fiber, poor fat but 

with excellent important fatty acids content (Table 1). Moreover, edible 

mushrooms provide a nutritionally significant content of vitamins (B1, 

B2, B12, C, D, and E) [6]. Thus, they could be an excellent source of 

many different nutraceuticals and might be used directly in human diet 

and to promote health for the synergistic effects of all the bioactive 

compounds present [7]. 

A large variety of mushrooms have been utilized traditionally in many 

different cultures for the maintenance of health, as well as in the 

prevention and treatment of diseases through their immunomodulatory 

and antineoplastic properties. In the last decade, the interest for 

pharmaceutical potential of mushrooms has been increased rapidly, and it 

has been suggested that many mushrooms are like mini-pharmaceutical 

factories producing compounds with miraculous biological properties [8]. 

In addition, the expanded knowledge of the molecular basis of 

tumorigenesis and metastasis has given the opportunity for discovering 

new drugs against abnormal molecular and biochemical signals leading 

to cancer [9]. In the Western world, the mushroom industry suffers from 

overproduction. Expectations are stronger than reality, and as a result, 

production is too high and prices are too low. Because bulk production 

has taken the lead, which not only happens in the West, overproduction 

occurs regularly. Low pricing influences the quality concept of consumers 

and hence their appreciation of mushrooms. This cannot continue without 

doing great harm to the socioeconomic structure of the industry. 
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Therefore, measures have to be taken to introduce mushrooms as a true 

health food in the Western world. This may form a first step in the 

acceptance of mushroom extracts and mushroom-derived compounds as 

medicine in the prevention and cure of disease. The present review 

discusses the acceptance of mushrooms as health food and medicine and 

suggests pathways for necessary action. Lingzhi (Ganoderma lucidum) is 

a woody mushroom highly regarded in traditional medicine and is widely 

consumed in the belief that it promotes health and longevity, lowers the 

risk of cancer and heart disease and boosts the immune system [10]. 

However, objective scientific validation of the putative health benefits of 

Lingzhi in human subjects is lacking, and issues of possible toxicity must 

be addressed. The present double-blinded, placebo-controlled, cross-over 

intervention study investigated the effects of 4 weeks Lingzhi 

supplementation on a range of biomarkers for antioxidant status, coronary 

heart disease (CHD) risk, DNA damage, immune status, and 

inflammation, as well as markers of liver and renal toxicity. It was 

performed as a follow-up to a study that showed that antioxidant power 

in plasma increased after Lingzhi ingestion, and that 10 d supplementation 

was associated with a trend towards an improved CHD biomarker profile. 

In the present study, fasting blood and urine from healthy, consenting 

adults (n 18; aged 22–52 years) was collected before and after 4 weeks 

supplementation with a commercially available encapsulated Lingzhi 

preparation (1·44 g Lingzhi/d; equivalent to 13·2 g fresh mushroom/d) or 

placebo. No significant change in any of the variables was found, 

although a slight trend toward lower lipids was again seen, and 

antioxidant capacity in urine increased. The results showed no evidence 

of liver, renal or DNA toxicity with Lingzhi intake, and this is reassuring. 

The present study of the effects in healthy, well-nourished subjects 

provides useful, new scientific data that will support controlled 

intervention trials using at-risk subjects in order to assess the therapeutic 

effect of Lingzhi in the promotion of healthy ageing [11, 12]. In this 

review it was aimed to determine the benefit of mushroom as food and 

medicinal purpose.  

Nutritional Value 

The nutritional value of edible mushrooms is due to their high protein, 

fiber, vitamin and mineral contents, and low-fat levels [13]. They are very 

useful for vegetarian diets because they provide all the essential amino 

acids for adult requirements; also, mushrooms have higher protein content 

than most vegetables. Besides, edible mushrooms contain many different 

bioactive compounds with various human health benefits [14]. 

It is important to remark that the growth characteristics, stage and 

postharvest condition may influence the chemical composition and the 

nutritional value of edible mushrooms. Also, great variations occur both 

among and within species [15]. Mushrooms contain a high moisture 

percentage that ranges between 80 and 95 g/100 g, approximately. As 

above mentioned, edible mushrooms are a good source of protein, 200–

250 g/kg of dry matter; leucine, valine, glutamine, glutamic and aspartic 

acids are the most abundant. Mushrooms are low-calorie foods since they 

provide low amounts of fat, 20–30 g/kg of dry matter, being linoleic 

(C18:2), oleic (C18:1) and palmitic (C16:0) the main fatty acids. Edible 

mushrooms contain high amounts of ash, 80–120 g/kg of dry matter 

(mainly potassium, phosphorus, magnesium, calcium, copper, iron, and 

zinc). Carbohydrates are found in high proportions in edible mushrooms, 

including chitin, glycogen, trehalose, and mannitol; besides, they contain 

fiber, β-glucans, hemicelluloses, and pectic substances. Additionally, 

glucose, mannitol, and trehalose are abundant sugars in cultivated edible 

mushrooms, but fructose and sucrose are found in low amounts. 

Mushrooms are also a good source of vitamins with high levels of 

riboflavin (vitamin B2), niacin, folates, and traces of vitamin C, B1, B12, 

D and E. Mushrooms are the only nonanimal food source that contains 

vitamin D and hence they are the only natural vitamin D ingredients for 

vegetarians. Wild mushrooms are generally excellent sources of vitamin 

D2 unlike cultivated ones; usually cultivated mushrooms are grown in 

darkness and UV-B light is needed to produce vitamin D2 [16, 17]. 

Nutraceuticals 

In addition to the nutritional components found in edible mushrooms, 

some have been found to comprise important amounts of bioactive 

compounds. The content and type of biologically active substances may 

vary considerably in edible mushrooms; their concentrations of these 

substances are affected by differences in strain, substrate, cultivation, 

developmental stage, age, storage conditions, processing, and cooking 

practices [18]. 

The bioactive substances found in mushrooms can be divided into 

secondary metabolites (acids, terpenoids, polyphenols, sesquiterpenes, 

alkaloids, lactones, sterols, metal chelating agents, nucleotide analogs, 

and vitamins), glycoproteins and polysaccharides, mainly β-glucans. New 

proteins with biological activities have also been found, which can be 

used in biotechnological processes and for the development of new drugs, 

including lignocellulose-degrading enzymes, lectins, proteases and 

protease inhibitors, ribosome-inactivating proteins, and hydrophobins 

[19]. 

In China, many species of edible wild-grown mushrooms, that is 

Tricholoma matsutake, Lactarius hatsudake, Boletus aereus, are 

appreciated as food and also in traditional Chinese medicine. The rich 

amount of proteins, carbohydrates, essential minerals, and low energy 

levels contributes to considering many wild-grown mushrooms as good 

food for the consumer, which can virtually be compared with meat, eggs, 

and milk [20]. 

Numerous bioactive polysaccharides or polysaccharide-protein 

complexes from medicinal mushrooms appear to enhance innate and cell-

mediated immune responses and exhibit antitumor activities in animals 

and humans. A wide range of these mushroom polymers have been 

reported previously to have immunotherapeutic properties by facilitating 

growth inhibition and destruction of tumor cells. Several of the mushroom 

polysaccharide compounds have proceeded through clinical trials and are 

used extensively and successfully in Asia to treat various cancers and 

other diseases. A total of 126 medicinal functions are thought to be 

produced by selected mushrooms [21]. 

Carbohydrates 

Polysaccharides are the best known and most potent mushroom derived 

substances with antitumor and immunomodulating properties. Data on 

mushroom polysaccharides have been collected from hundreds of 

different species of higher basidiomycetes; some specific carbohydrates 

with these properties have been quantified in different mushrooms: 

rhamnose, xylose, fucose, arabinose, fructose, glucose, mannose, 

mannitol, sucrose, maltose, and trehalose [22]. 

Proteins 

Bioactive proteins are an important part of functional components in 

mushrooms and also have great value for their pharmaceutical potential. 

Mushrooms produce a large number of proteins and peptides with 

interesting biological activities such as lectins, fungal immunomodulatory 

proteins, ribosome inactivating proteins, antimicrobial proteins, 

ribonucleases, and laccases [23]. 

Lectins are nonimmune proteins or glycoproteins binding specifically to 

cell surface carbohydrates and in the past few years many mushroom 

lectins have been discovered [24]. They have many pharmaceutical 

activities and possess immunomodulatory properties, antitumoral, 

antiviral, antibacterial, and antifungal activity. Some of them exhibit 

highly potent antiproliferative activity toward some tumor cell lines 
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(human leukemic T cells, hepatoma Hep G2 cells, and breast cancer 

MCF7 cells) [25]. 

Fungal immunomodulatory proteins are a new family of bioactive 

proteins isolated from mushrooms, which have shown a potential 

application as adjuvants for tumor immunotherapy mainly due to their 

activity in suppressing tumor invasion and metastasis [26]. 

Lipids 

Polyunsaturated fatty acids are mostly contained in edible mushrooms; 

thus, they may contribute to the reduction of serum cholesterol. It is 

noteworthy that transisomers of unsaturated fatty acids have not been 

detected in mushrooms. The major sterol produced by edible mushrooms 

is ergosterol, which shows antioxidant properties. It has been observed 

that a diet rich in sterols is important in the prevention of cardiovascular 

diseases [27, 28, 29]. 

Phenolic Compounds 

Phenolic compounds are secondary metabolites possessing an aromatic 

ring with one or more hydroxyl groups, and their structures can be a 

simple phenolic molecule or a complex polymer. They exhibit a wide 

range of physiological properties, such as antiallergenic, antiatherogenic, 

anti-inflammatory, antimicrobial, antithrombotic, cardioprotective, and 

vasodilator effects. The main characteristic of this group of compounds 

has been related to its antioxidant activity because they act as reducing 

agents, free radical scavengers, singlet oxygen quenchers, or metal ion 

chelators [30]. 

Phenolic compounds provide protection against several degenerative 

disorders, including brain dysfunction, cancer, and cardiovascular 

diseases. This property is related to their capacity to act as antioxidants; 

they can scavenge free radicals and reactive oxygen species. The process 

of oxidation is essential for living organisms; it is necessary for the 

production of energy. However, the generation of free radicals has been 

implicated in several human diseases. The phenolic compounds in 

mushrooms show excellent antioxidant capacity [31].  

Main Edible Mushrooms Worldwide 

Agaricus 

A. bisporus, from the Agaricus genera, is the most cultivated mushroom 

worldwide (Figure 1). This group of edible mushrooms is nowadays 

widely used and studied for its medicinal and therapeutic properties lectin 

from A. bisporus and a protein from A. polytricha have been found to be 

potent immune stimulants; thus, these macromolecules may be considered 

for pharmaceutical utilization and these fungi may be classified as healthy 

food. A. bisporus extract has been shown to prevent cell proliferation in 

breast cancer [32]. 

A. blazei is an edible mushroom native to Brazil and it has been cultivated 

especially in Japan. It is a very popular basidiomycete known as “sun 

mushroom,” and at these days it is consumed globally as food or in tea 

due to its medicinal properties. Its fruit bodies exhibit antimutagenic, 

anticarcinogenic, and immunostimulative activities; its extracts have also 

shown immunomodulatory, anticarcinogenic, and antimutagenic 

properties [33]. Additionally, it has been reported that this mushroom 

blocks the liver lipid peroxidation. 

Al-Dbass et al. concluded that A. blazei is a natural source of antioxidant 

compounds and has hepatoprotective activities against liver damage. On 

the other hand, Hakime-Silva et al. [34] reported that the aqueous extract 

of this fungus is a possible source of free radical scavengers and stated 

that this fungus can be used as a pharmacological agent against oxidative 

stress and as a nutritional source. Also, it is known that this fungus is rich 

in β-glucans, steroids, tocopherols, and phenolic compounds [35]. 

Moreover, liquid extracts of this fungus inhibit cell proliferation in 

prostate cancer cells and oral supplementation suppressing significantly 

tumor growth without inducing adverse effects. A. blazei has been used 

as an adjuvant in cancer chemotherapy and various types of antileukemic 

bioactive components have been extracted from it [36]. 

In 2013, Carneiro et al. reported powder formulations from A. blazei and 

L. edodes with proteins, carbohydrates, and unsaturated fatty acids. These 

formulations may be used in low-calorie diets and have shown high 

antioxidant activity with high content of tocopherols and phenolic 

compounds. In view of the previous studies, this fungus has been used as 

a healthy food for the prevention of a range of illnesses including cancer, 

diabetes, arteriosclerosis, and chronic hepatitis [37]. 

A. subrufescens is called the “almond mushroom” for its almond taste, 

and it is cultivated in the US and has been incorrectly referred as A. blazei. 

It produces various bioactive compounds that have potential to treat many 

diseases and has been used as a medicinal food for the prevention of 

cancer, diabetes, hyperlipidemia, arteriosclerosis, and chronic hepatitis. 

Some of its beneficial properties are the reduction of tumor growth, 

antimicrobial and antiviral activities, immunostimulatory and antiallergy 

effects. The bioactive compounds isolated from this mushroom are 

mainly based on polysaccharides such as riboglucans, β-glucans, and 

glucomannans. The antitumor activity has been found in lipid fractions, 

that is, ergosterol [38].  

 

Figure 1: Agaricus 
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Lentinus 

L. edodes or “shiitake mushroom” has been used for many years to 

investigate functional properties and to isolate compounds for 

pharmaceutical use; this is because of its positive effects on human health. 

It has been utilized to alleviate the common cold for hundreds of years 

and some scientific evidence has supported this belief. Finimundy et al. 

have provided experimental information about the aqueous extracts of L. 

edodes as potential sources of antioxidant and anticancer compounds. 

These extracts significantly decreased cell proliferation on tumor as well 

[39]. 

 

Figure 2: Lentinus 

Pleurotus 

This genus, also known as oyster mushrooms, has approximately 40 

species (all are commonly edible and available). In addition to their 

nutritional value, they possess medicinal properties and other beneficial 

effects and health-promoting effects. Pleurotus species have been used by 

human cultures all over the world for many years [40]. 

 

Figure 3: Pleurotus 

Ganoderma 

The “mushroom of immortality,” commonly known as Lingzhi or Reishi, 

has been used in traditional Chinese medicine to improve health and 

longevity for thousands of years, as well as in the treatment of 

neurasthenia, hypertension, hepatopathy, and carcinoma. It is one of the 

most popular medicinal mushrooms in China, Japan, and Korea. It has 

been under modern biochemical and pharmacological research during the 

last decades. Modern pharmacological tests have also demonstrated some 

important characteristics of this fungus, such as immunomodulating, 

antiallergic, antiradiation, antitumor, anti-inflammatory, antiparasitic, 

and antioxidant properties. Some benefits for the cardiovascular, 

respiratory, endocrine, and metabolic systems have also been described 

[41]. 

 

Figure 4: Ganoderma 
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Medicinal uses of Mushroom  

The main target of the present review is to draw attention to the current 

perspectives, advances, evidences, challenges, and future development of 

medicinal mushroom science in the 21st century. Medicinal mushrooms 

and fungi are thought to possess approximately 130 medicinal functions, 

including antitumor, immunomodulating, antioxidant, radical 

scavenging, cardiovascular, anti‑hypercholesterolemic, antiviral, 

antibacterial, anti‑parasitic, antifungal, detoxification, hepatoprotective, 

and antidiabetic effects. Many, if not all, higher Basidiomycetes 

mushrooms contain biologically active compounds in fruit bodies, 

cultured mycelium, and cultured broth. Special attention is paid to 

mushroom polysaccharides. The data on mushroom polysaccharides and 

different secondary metabolites are summarized for approximately 700 

species of higher hetero‑ and homobasidiomycetes [42]. Numerous 

bioactive polysaccharides or polysaccharide–protein complexes from the 

medicinal mushrooms described appear to enhance innate and cell‑
mediated immune responses, and exhibit antitumor activities in animals 

and humans. Whilst the mechanism of their antitumor actions is still not 

completely understood, stimulation and modulation of key host immune 

responses by these mushroom compounds appear central. 

Polysaccharides and low‑molecular‑weight secondary metabolites are 

particularly important due to their antitumor and immunostimulating 

properties. Several of the mushroom compounds have been subjected to 

Phase I, II, and III clinical trials, and are used extensively and successfully 

in Asia to treat various cancers and other diseases. Special attention is 

given to many important unsolved problems in the study of medicinal 

mushrooms [43].  

Polyporus umbellatus is a medicinal mushroom belonging to the family 

Polyporaceae which forms characteristic underground sclerotia. These 

sclerotia have been used in Traditional Chinese Medicine for centuries 

and are used to treat edema and promote diuretic processes. Over the past 

few decades, researchers have found this taxon to contain many bioactive 

compounds shown to be responsible for antitumor, anticancer, 

antioxidant, free radical scavenging, immune system enhancement and 

antimicrobial activities. Due to its promising medicinal value, P. 

umbellatus is used as an ingredient in many medicinal products and food 

supplements. Thus demand for P. umbellatus has increased. To supply the 

high global demand, P. umbellatus is cultivated under natural or industrial 

conditions. In this review we discuss optimal conditions for the 

cultivation and culture of P. umbellatus . We also focus on the medicinal 

uses of P. umbellatus , the diversity of bioactive metabolites with various 

pharmacological properties and the medicinal products of great interest 

for health care or as alternative drugs [44]. 

Often considered vegetables, mushrooms are neither plants nor animals. 

They belong to a unique kingdom of fungi. Unlike plants that make their 

food using sunlight and animals that eat their food, fungi have a unique 

way of obtaining nutrition. They have certain thread-like structures called 

mycelia (singular mycelium) that grow into or around the food source and 

release digestive enzymes to break down food externally that is then 

absorbed by mycelia. Mushrooms are fruiting bodies of the mycelium 

[45]. 

 

Figure 5: Medicinal uses of Mushroom 

Being addressed with terms such as “the elixir of life” and “foods for the 

Gods,” mushrooms are truly packed with several health-boosting 

nutrients. They are the richest natural source of vitamin D for vegetarians. 

They are low in calories and have virtually no cholesterol or fat. They are 

rich in protein, fiber, vitamins (such as riboflavin [vitamin B2], niacin, 

folate and traces of vitamins B1, B12, C, D and E), potassium, phosphorus 

and selenium. The protein content of mushrooms is higher than that of 

most vegetables. Not just in quantity, proteins in mushrooms are also rich 

in quality because they provide most of the essential amino acids required 

in the diet. Mushrooms are full of antioxidants including phenolic 

compounds that protect you from allergies, heart disease, infections, 

inflammatory diseases, high blood pressure and cancer. Because 

mushrooms are rich in fiber and low in calories, they are great for weight 

management [46]. 

Mushrooms are being marketed as supplements or medicinal mushrooms 

with claims that they can promote brain and heart health and prevent 

cancer. There are, however, insufficient clinical trials to support these 

claims. Although good for health, you must not replace mushrooms with 

prescribed medicines. Some of the mushrooms considered best for human 

health include haga mushroom (Inonotus obliquus): It is also called “the 

king of medicinal mushrooms.” It is not a true mushroom but a mass of 

mycelia (called sclerotium). This mushroom is rich in various 

antioxidants. It boosts immunity, brain health and liver health and may 

thus increase life span [46]. 
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Lion’s mane mushroom (Hericium erinaceus): It is also called “the 

mushroom for the mind” because of its role in promoting brain health and 

nerve function. It contains important compounds such as beta-glucans 

known for their tumor-protecting, immune-boosting and brain-protective 

properties. It may play a role in protecting against diseases such as 

Parkinson’s and Alzheimer's. 

Reishi mushroom (Ganoderma lucidum): It is also called “the 

mushroom for immortality.” It boosts immunity, promotes restful sleep, 

fights fatigue and reduces stress. 

Turkey tail mushroom (Trametes versicolor and Coriolus versicolor): 
It is also called “the mushroom of several colors.” It is one of the most 

popular medicinal mushrooms. It boosts immunity and is said to fight 

cancer cells. It also promotes gut health. 

Shiitake mushroom (Lentinula edodes): It is also called “the fragrant 

mushroom.” It is known for its delicious flavor. It reduces inflammation 

in the body and boosts liver function, heart health and immunity. 

Cordyceps mushroom (Cordyceps sinensis): It is also called “the 

caterpillar mushroom.” It is known for its role in increasing energy 

production inside the cells. It may protect from allergies and boost lung 

health. 

Maitake mushroom (Grifola frondosa): It is also called “the dancing 

mushroom.” It is famous for boosting immunity, regulating blood sugar 

and cholesterol levels, regulating blood pressure and aiding weight loss. 

Conclusions 

There is no doubt that sustainability oriented consumption is a megatrend 

that influences the consumer habits of mainly older generations and 

family with children. Mushrooms are still controversial: Even though 

their positive health effects are undeniable, their consumption varies by 

cultures and countries. The majority of consumers consider mushrooms a 

supplementary food source, which coincides with local traditions. It is 

significant that mushrooms having medicinal and functional properties is 

the second most important consideration and this is due to active 

marketing by some producers and chambers of commerce; however, that 

also shows that the increasing share of older population and families with 

higher education possess positive mindsets. Future marketing activities 

must target further populations and spread the recognition of mushrooms 

as an important food source. 
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