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Author and Publisher’s Disclaimer

While the fungi described in this book can be found throughout North America, the reader will note a regional tone, as my personal experience with fungi does not extend past western Canada. The reader will also note that information on inedible and poisonous mushrooms is included. These species contain medicinal compounds and are included for educational purposes only. This book is meant to encourage more research into medicinal mushrooms; it is not a how- to for picking and eating wild mushrooms. (Those interested in doing so can refer to the bibliography.) Remember, identification is critical, and it is best for amateurs to walk and learn with an experienced picker. Between fifty and three hundred people die every year around the world from misidentified specimens, especially from the Amanita genus. Please do not allow yourself to be added to the list.

This book is for educational purposes only and is not meant to replace the advice of a qualified health professional or diagnosis from a physician or medical mycologist or herbalist. The fact that a mushroom contains an interesting compound does not mean it is safe to ingest. Recipes are noted for historical record only. The author takes no responsibility nor encourages anyone to ingest, in any form, any mushroom based solely on information in this volume. The author and publisher are not responsible for any adverse effects or consequences resulting from the use of the information in this book.


I am the doctor. I am the man of medicines. I am. I am he who cures.… I am the remedy and the medicine man. I am the mushroom. I am the fresh mushroom. I am the large mushroom. I am the fragrant mushroom.

I am the mushroom of spirit.

—MAZATEC SHAMAN
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Foreword

Medicinal mushrooms have an established history of use in traditional and ancient therapies. Contemporary research has validated and documented much of the ancient knowledge. In the past three decades, the interdisciplinary field of science that studies medicinal mushrooms has demonstrated the potent and unique properties of compounds extracted from a range of mushroom species. Modern clinical practice in Japan, China, Korea, Russia, and several other countries rely on mushroom-derived preparations.

Ancient oriental traditions have stressed the importance of several mushroom species, especially the lingzhi or reishi mushroom (Ganoderma lucidum) and shiitake mushroom (Lentinus edodes). Mushrooms have also played an important role in the treatment of ailments affecting rural populations of eastern European countries. The most important species in these countries were Inonotus obliquus (Pers.:Fr.) or chaga, Fomitopsis officinalis (Vill.:Fr.) Bond. et Singer (Wood Conk or Agaricon), Piptoporus betulinus (Bull.:Fr.) P.Karst. (Birch Polypore), and Fomes fomentarius (Fr.:Fr) or tinder bracket. These species were used in the treatment of gastrointestinal disorders, various forms of cancers, bronchial asthma, night sweats, etc. There is also a long history of traditional use of mushrooms as curatives in Mesoamerica (especially for species of the genus Psilocybe), in Africa (Yoruba populations in Nigeria and Benin), Algeria, and Egypt. A very special role was found in fly agaric (Amanita muscaria; L.:Fr.;Pers.) in Siberia and Tibetan shamanism, Buddhism, and Celtic myths.

Meanwhile, mushrooms comprise an extremely abundant and diverse world of fungi. The number of mushroom species on Earth is currently estimated at a hundred and fifty thousand, yet perhaps only 10 percent (approximately fifteen thousand named species) are known to science. Mushrooms are being evaluated for their nutritional value and acceptability as well as for their pharmacological properties. They make up a vast and yet largely untapped source of powerful new pharmaceutical products. In particular, and most importantly for modern medicine, mushrooms present an unlimited source of polysaccharides and polysaccharide–protein complexes with anticancer and immunostimulating properties. Many, if not all, higher basidiomycetes mushrooms contain biologically active polysaccharides in their fruit bodies, cultured mycelia, and cultured broth. The data on mushroom polysaccharides today include 670 species and intraspecific taxa from 182 genera of higher hetero- and homobasidiomycetes.

Polysaccharides with antitumor and immunostimulating properties are particularly important for modern medicine. Several of the mushroom polysaccharide compounds have proceeded through Phase I, II, and III 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 medicinal mushrooms and fungi including antitumor, immunomodulating, antioxidant, radical scavenging, cardiovascular, anti-hypercholesterolemia, antiviral, antibacterial, anti-parasitic, antifungal, detoxification, hepatoprotective, and antidiabetic effects.

The Fungal Pharmacy begins with a short historical perspective on how mushrooms have been used through time and in cultures from ancient Greece and Rome to the Far East and beyond. Many of the species discussed are found throughout the boreal forests of North America, Europe, and Asia. Robert Rogers has researched the unique properties of various fungi used in ancient times in these parts of the world and incorporated their contributions into the text.

Rogers explores the diverse uses of mushrooms, ranging from those that inspire musical compositions to those that have application in biological fuel cells. Medical research of fungi exhibiting in vivo and in vitro activity on bacteria, viruses, and pathogenic fungi is extensive and includes a number of both edible and poisonous species with the potential for present and future research. Mycoremediation, which could help reduce toxic materials presently related to disposal facilities, helps decontaminate and minimize road and farm runoff, creates buffer zones, reduces agricultural waste, reduces pollution in watersheds, reduces the risk of forest fire, and cleans up contaminated pathogenic bacteria such as Escherichia coli. The author pays special attention to the use of fungi to clean up the contamination produced by the Athabasca Oil Sands in northern Alberta, one of the largest petroleum deposits in the world.

The book delves into mythology as well as medicine. The chapter on Amanita muscaria, for example, is filled with Celtic, Egyptian, and First Nation mythology to inspire the imagination and is guaranteed to surprise the reader with medicinal uses for various neuromuscular and psychosomatic conditions.

Many unusual species including Boschniakia rossica, Collybia maculata, Cortinarius spp., Echinodontium tinctorium, Haploporus odorus, Hydnum repandum, Leccinum spp., Mycena spp., Phallus impudicus, Pholiota spp., Plectania nigrella, Polyporus tuberaster, Rozites caperata, Tricholoma magnivelare, and a wide variety of Russula species, are mentioned.

The author’s main interest is in polypore mushrooms. This is evidenced throughout the book by the inclusion of extensive chapters on Fomes fomentarius (Amadou or German Tinder), Fomitopsis officinalis (quinine conk or agaricon), F. pinicola (red belted conk), Ganoderma applanatum (artist’s conk), G. tsugae (varnished conk), Inonotus obliquus (chaga), Lenzites betulina (white gilled polypore), and Piptoporus betulinus (razor strop or birch conk). The author lives on the edge of the boreal forest and mentions that millions of tons of these medicinal conks are available for harvest from public lands. He explains that the northern part of Canada has a number of economically marginalized communities that could benefit from cooperative collection and extraction of these medicinal mushrooms. Robert Rogers’ appreciation of the medicine of the people of the First Nations shows through his numerous descriptions of traditional uses of fungi.

The Fungal Pharmacy is timely and welcomed and will be of interest to mycologists, taxonomists, biotechnologists, mushroom producers, researchers, medical doctors and specialists in alternative medicine, environmentalists, ecologists, wild-crafters, scientists, and anyone else interested in medicinal mushrooms. From folklore to modern scientific analysis, this book presents inspiration and hope for increasing the health and wellbeing of humans and other inhabitants of our planet.


—SOLOMON P. WASSER, PHD, DR. SCI. (BIOLOGY); PROFESSOR OF BOTANY AND MYCOLOGY AT THE UNIVERSITY OF HAIFA—MT. CARMEL, ISRAEL; EDITOR-IN-CHIEF, INTERNATIONAL JOURNAL OF MEDICINAL MUSHROOMS
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Author’s Preface

This book, like many projects, has been a long process. It was originally self-published as a thirty-two-page manuscript in April of 1999. It is not meant to be an academic contribution but rather a starting point for this ongoing exploration.

My background is in bioregional herbalism, and for whatever reason, I did not look seriously at mushrooms and lichens for the first fifty years of my life. I picked and enjoyed morels and ink caps from the shores of Lesser Slave Lake, Alberta, back in the early 1970s. In my eighteen years of herbal practice in Edmonton, I suggested reishi, shiitake and turkey tail to clients looking to optimize their immune function while undergoing chemotherapy and radiation for various cancers. And I was delighted when oyster, portobello, enoki, and shiitake mushrooms became available year round as a fresh product in my local grocery. But it wasn’t until I joined the Edmonton Mycological Society (now the Alberta Mycological Society) and had my senses opened to the delights of mushroom forays that my interest in fungi became keen. I am an amateur mycologist, with no formal training.

This small contribution is an attempt to bring broader awareness to the importance of fungi and the role they play in the health of our planet. Medicinal mushroom uses for human, plant, and animal health are remarkable. Their role in cleaning up our increasingly toxic planet and optimizing Gaia’s immune system are yet to be fully realized. I have included the use of fungi in the form of essential oils, homeopathy, and even vibrational essences, as well as their more traditional usage in decoction, powder, or tincture form.

Nomenclature

I have attempted to organize the myconomials as best I can, recognizing that new DNA techniques are helping to reclassify and group mushrooms in their proper place. Whenever possible I have given the most common Latin name first, followed by synonyms that may or may not be useful. I know that in my own research, using only the most up-to-date referenced binomial name would have denied me a wealth of knowledge. Alexander and Ann Shulgin put it well in their book on tryptamines, Tikhal: The Continuation:


I have learned a lot from them (fungi) about the balance of nature, by observing how they propagate and reproduce, but I have learned a lot more from them about the egocentric nature of man, simply by observing how the many experts in the field (called mycologists) seem to disagree, usually with vigor, as to how fungi should be classified. There are cliques, there are schools, there are societies, there are total philosophies that are convinced that they are completely right, and that all the others are completely wrong.

“This species must be moved to that genus, in yonder family, as noted in my most recent publication in Applied Mycologia Today.”

“But, Dr. Rasputin, you already have tenure at the University, so let me use this genus for the title of an article in my new journal, Amanita Northwestica, and I will make you an Associate Editor. But will you drop your insistence for the renaming of the Pholiota group?”

“Yes, but you must allow me at least one race with my name attached to it, or allow me to identify this group as a new subspecies.”

“But Dr. Sanfroid would object to that.”

“Probably he would, but I hold Dr. Good-heart to be the defining authority.”

“Oh, really? Come to think of it, I’m not sure I have an editorial opening available at the moment.”

In short, classification of these organisms has been a nightmare for many years and will, without doubt, remain a nightmare for many years to come. There is no right way. There is not even a currently accepted way.



Couldn’t have put it better myself!


Introduction

How long have mushrooms been on Earth? This is a difficult question. Fossils of microscopic aquatic fungi over 545 million years old have been found in northern Russia. In 1910, at Rhynie in Aberdeenshire, Scotland, a fungal fossil, perhaps associated with cyanobacterium lichen, was uncovered in red sandstone four hundred million years old. These Prototaxites reached heights of nearly thirty feet, and were driven to extinction by either animal grazing or competition from vascular plants.

Mushroom fruiting bodies, similar to modern forms, have been found preserved in amber ninety million years old. Four fossil agarics have been found in amber in the Dominican Republic that are estimated to be fifteen to twenty million years old. A recent discovery from Burma shows an ancient mushroom in amber attacking a parasite that is attacking the fungi.

The number of species in the kingdom Fungi is estimated at 1.4 million species. (It is estimated that the Pacific Northwest region alone contains fifteen to twenty thousand species.) Only eighty thousand have been named, and of the fourteen thousand well-known species only about 50 percent are considered to be edible to any degree. About two thousand are safe edibles, with more than seven hundred species possessing significant pharmacological properties.

Historical Perspectives

“Mushroom” is believed to derive from the French word mousseron, as they grow amongst moss (mousse). Some authors assume that mousseron actually refers to a fly-killing fungus or moucheron (mouche means “fly”). More likely it is from the Old English maes, “a field,” and rhum, meaning “a knob.” Although some scholars believe it stems from the Gaelic maesrhin, this has not been documented.

One derivation of the word “fungus” is from the Latin funus, meaning “a corpse,” and ago meaning “I make,” indicating that the Romans were well aware of the potential danger (and had a good sense of humor). Dioscorides summed it up nicely: “Either they are edible or they are poisonous.” Other authors believe it derives from the Greek spoggos, meaning “sponge.”

Mushrooms have been prized all over the world. The oldest recorded history of mushroom use is a Tassali image from an Algerian cave dating back to 5000 BCE. The mushroom is surrounded with electrified auras outlining a dancing shaman. Ancient Indian, Greek, and Roman myths also suggested that mushrooms sprang from lightning, and in Mexico, the fungi are actually sacred because they are thought to result from the sexual union of a bolt of lightning and Earth.

The ancient Romans feasted on mushrooms; Martial wrote in the first century AD, “It is easy to refuse gold and silver or even attractive ladies, but to refuse mushrooms is difficult.” The Romans set aside special silver vessels called boletaria to hold and cook mushrooms, and amber knives were reserved for their preparation. Martial also wrote that “gold and silver and dresses may be trusted to a messenger, but not a boletus, because it will be eaten on the way.”

Nicandros, a Greek physician of the second century BC, taught mushroom cultivation. Both the Greeks and Romans cultivated Agrocybe aegerita, which grows on poplar, “the people’s tree.”

The Greeks, according to Suetonius, called fungi the “food of the gods,” while the Greek philosopher Porphyry called them “sons of the gods,” as they were born without seed. In Corinth, humans were believed to have been born from mushrooms.

Avicenna, the famous tenth-century Arabian physician, warned that toadstools green, black, and the color of peacocks were poisonous.

The Chinese have a rich history of fungal interest, dating back some seven thousand years to the Yang Shao culture. The Mycoflora, by Chen Jen-yu, written in 1245 AD, was devoted entirely to the development, appearance, harvest, and preparation of eleven species of fungi.

The oldest written record of mushrooms as medicine is an Indian medical treatise from 3000 BC.

In German mythology, on one winter’s night, the god Wotan rides through the forest on horseback, pursued by devils. As the horse races faster and faster, blood-specked foam falls from the mouth, producing next spring’s beautiful red mushrooms with white specks.

English herbalists called poisonous mushrooms tode stoles; tode from the German word meaning “death.” This developed into the common name “toadstools” because of the association of the common toad with witchcraft.

Albertus Magnus, in the thirteenth century, said that mushrooms are not really plants but excrescents of earth and plants. “That is why they are generally brittle and owe their poisonous nature to the rotting dampness on which they grow.” And thus, for centuries, mushrooms were considered to be the result of decomposition, not the cause. Caesalpinius, the director of the Botanical Gardens in Pisa, Italy, wrote in 1583 that fungi were fruit.

Gerard, the famous English herbalist, did not like mushrooms, leading to the English mycophobia now present in much of North America. This fear did not extend to all Europeans, mind you, as various fungi appear on eighteen coats of arms. Ten are from France, three from Germany, and one each from England, Belgium, Switzerland, Italy, and Poland.

The Russians have a rich and versatile tradition of mushroom feasting, and call their gathering expeditions “the third hunt.” An old Russian proverb says, “If you think you are a mushroom, jump into the basket.”

A Marketable Product

In Finland, the estimated wild mushroom crop on a good year is five billion kilograms. This follows a government policy, in effect since World War II, to encourage wild harvesting. Slogans about the millions of marks rotting in Finnish forests have helped encourage the industry, as have more than three thousand trained “natural product advisors” who provide advice to commercial mushroom pickers and lead expeditions for those who collect as a hobby. More than fifty thousand pickers were trained between 1969 and 1983, so that by 1979 an estimated 72 percent of Finnish adults were picking mushrooms.

Wild mushrooms were an important foodstuff in wartime. A Russian proverb—“when mushrooms abound, there’ll be war around,”—suggests survival rations.

In Lausanne, Switzerland, no fewer than seventy-eight kinds of officially sanctioned fungi are sold in the markets. Certain mushrooms, like the chanterelle, are sold by volume to avoid water soaking to increase their weight; and boletes are cut in half to expose the amount of insect larvae.

In Stockholm, more than three hundred species are permitted in the markets, but in Munich, the largest market for wild fungi, only about thirty species are for sale, largely composed of cepes (Boletus edulis).

In 1927, the French set up a National Inspectorate to ensure the safety of wild fungi. These experts can be found throughout rural France, in town halls or pharmacies, advising edibility and market prices.

In the former Czechoslovakia, government regulations governing the sale were published in 1950, with sixty-four species on the approved list, plus nine Russulas that may be used for making mushroom extracts.

Wild mushroom picking is also profitable. A 1993 survey of 10,400 pickers in the Western United States indicate they harvested around four million pounds of wild mushrooms. Morels, chanterelles, and boletes accounted for two-thirds of the take. The matsutake, or pine mushroom (Tricholoma magnivelare), harvest was 836,000 pounds, with the whole gross value conservatively estimated at $41 million.

British Columbia leads the export of mushroom harvests in Canada, with most of the product exported to Japan, Europe, and the United States. Seven companies control 90 percent of this export market at the present time.

Cultivation

Today, a wide variety of mushrooms are being cultivated, other than those already available in the grocery store, such as button, enoki, shiitake, and oyster.

Coprinus comatus, Armillaria mellea, Craterullus cornucopioides, and Kuehneromyces mutabilis are additional proven cultivars.

It is estimated that approximately 50 percent of the annual five million metric tons of cultivated edible mushrooms contain functional, medicinal, or nutraceutical properties. The total value of worldwide mushroom production from 1989 to 1991 was about U.S. $7.5 billion. By 2001, the world value of mushroom production (10.32 million metric tons of food plus medicinal mushrooms) was estimated at U.S. $21 billion, the same value as coffee production.

By 1994, medicinal mushrooms were U.S. $2 billion in sales worldwide, and by 1997 had risen to U.S. $3.2 billion or 60 percent in just three years; and $4.5 billion by 1999.

In 2000, the estimated sales of reishi mushrooms alone were U.S. $2.1 billion.

In descending tonnage, the most popular food mushrooms after button are shiitake, oyster (Pleurotus), mu-er (Auricularia), enoki (Flammulina), yin-er (Tremella), hedgehog (Hericium), and maitake (Grifola). They all have various degrees of immune-modulating, lipid-lowering, antitumor, and other therapeutic health properties.

The successful cultivation of Pleurotus pulmonarius on water hyacinth and Lentinula edodes on coffee wastes will help increase oyster mushroom production.

Sunflower seed hulls can be utilized as a substrate for mushroom production. In 1999, world production of this waste product was 14,073 thousand metric tons, a considerable resource.

Dr. S. T. Chang, director of the Research Center for Food Protein at the Chinese University of Hong Kong, says that “when one considers that they can be produced on waste materials—converting products of little or no market value into food for an over-populated world—then there is no doubt that mushrooms represent one of the world’s greatest untapped resources of nutritious and palatable food for the future.” Not to mention health and wellness!

Medicinal Qualities

There are more than 270 identified fungal species with known therapeutic properties. These include antioxidants, hypotensives, hypocholesterolemics, liver protectants, anti-fibrotics, as well as anti-inflammatory, antidiabetic, antiviral, and antimicrobial properties.

Other medicinal properties derived from fungi include immunosuppressants used in organ transplants and as adjuncts to cancer chemotherapy and radiation.

Mushrooms contain bioactive metabolites capable of helping revitalize and modulate our immune systems. These biological response modifiers help activate macrophages and T-cells and produce cytokines, including interleukins as well as tumor necrosis factors (TNF). Medicinal mushrooms may hold the key to much disease and chronic illness on our planet. The Fungal Pharmacy may one day become a reality.

Common to every medicinal mushroom is beta-D-glucan, a polysaccharide. Polysaccharides are long sugar chains with oxygen-bearing molecules; in the process of breakdown, this oxygen is released and made available at a cellular level. Polysaccharides are poorly digested and may be acted upon by intestinal bacteria to release oligosaccharides. The main immunological activity is believed to be due to the interaction of the oligosaccharides with gut-associated lymphoid tissue. Immune cells associated with GALT, activated by beta-glucans in the gut, may migrate to other tissue and thereby exert immune-modulating activity. Beta-glucans stimulate interferon, interleukins, TNF, NK, B- and T-lymphocytes, tumor-infiltrating lymphocytes, lymphokine-activated killer cells, macrophages, granulocytes in bone marrow, and production of platelets in bone marrow. Beta-glucans also attach themselves to the receptor sites on the immune cells and activate them, allowing them to recognize cancer cells as “foreign” and create a higher level of response.

We know that dectin-1, on macrophages, is a receptor that mediates beta-glucan activation of phagocytosis and production of cytokines, an action coordinated by the toll-like receptor-2.

Activated complement receptors on natural killer cells, neutrophils, and lymphocytes are associated with tumor cytotoxicity. Scavenger and lactosyl-ceramide bind beta-glucans and mediate a sequence of pathways leading to immune activation.

TNF is a pro-inflammatory cytokine that activates nuclear factor-kB (NFkappaB) and c-Jun N-terminal kinase (JNK). NFkappaB is anti-apoptotic, and JNK contributes to cell death. In cancer, TNF is a double-edged sword. It can be an endogenous tumor-promoter, because TNF stimulates the growth, proliferation, invasion and metastasis, and tumor angiogenesis of cancer cells. On the other hand, TNF is also a cancer-killer, and mushrooms appear to sensitize cancer cells to TNF-induced apoptosis by inhibiting NFkappaB, etc.

In an interview, Paul Stamets explained, “Mushrooms don’t like to rot, so they produce natural antibiotics. The mycelium produces these sweats of enzymes, and in these sweats are very potent antibiotics that are antiviral, antibacterial, antiprotozoal, and antifungal.” Suzanne McNeary of the marketing firm Tradeworks (quote in Madley 2001) explains further, “The mushroom acquires food outside its cells. During the … mycelical stage … digestive enzymes are excreted to digest the food outside the cells. Since the mushroom needs to absorb the digested food, it must first deactivate any natural pathogens. The mushroom is also uniquely proficient at expelling undesirable chemicals and contaminants absorbed during the ingestion. Hence, in order for the mushroom to survive and thrive it must possess a remarkably aggressive, proactive, and protective immune system.”

One study has shown that post-menopausal women eating mushrooms received more breast cancer protection than women who were still ovulating (S. A. Hong et al. 2008). Sonolight Pharmaceuticals, a company with roots in the University of Alberta, has also conducted research into the use of compounds derived from a bamboo mushroom for use in breast cancer therapy.

Mushrooms can be used medicinally in the form of homeopathy and essences. The former is based upon the use of mother tinctures (one part fungi to one part alcohol or water) and subsequent triturations or dilutions of these in water. This type of healing, based on the work of Samuel Hahnemann, is based on the idea of “similar cures similar” and that symptoms provoked by large material doses are remedied by small, dilute ingestion. Fungal essences are loosely based on the work of Dr. Edward Bach, an English physician who first produced flower essences nearly a century ago. Fungal essences are considered “vibrational medicine,” and work on various mental, emotional, and spiritual aspects of a person’s health.

The use of mushrooms in animal health medicine, both for pets and livestock, is a growing market. A recent project in British Columbia found shiitake extracts improved the effects of vaccination in farmed salmon (Nikl et al. 1991, 7). Another study found that mushroom extracts helped protect carp from bacterial infections (Yano et al. 1991). A recent phase-one study by Duane Barker and John Holliday (2010) looked at optimal amounts of Fin-Immune™, a proprietary mixture of medicinal mushrooms, on rainbow trout.

Other Uses for Mushrooms

Fungi may be a source of biological fuel cells of the future. Yeasts, growing in sugar, are capable of raising or lowering an electronic charge. By connecting six biological cells in a series and using carbon electrodes, M. C. Potter, in 1911, developed the first man-made “living battery,” which gave a current of 1.25 milliamperes. He went on to show the enzymes invertase and diastase are capable of making electricity. A biochemical fuel cell, developed by Dr. Frederick Sisler, has been operating in his laboratory for several months. A Navy project known as “BEEP” (Biological Energy Production) is researching fuel cells based on yeast, algae, bacteria, and enzymes. Microbial electric cells for operating lights, radio receivers, and transmitters have been designed.

An unusual use of fungi is as a dye for wool. To use dry fungi as a dye, simmer with an equal amount of wool by weight for up to one hour in water no hotter than 194 degrees Fahrenheit. In many cases, these dyes are capable of fixing effectively without the use of mordants. Mushrooms for Dyes, Paper Pigments and Myco-stix™, by Miriam C. Rice, is a thorough examination of this application.

Fungi for Mycoremediation

Mycoremediation is a process that uses fungi to help reduce toxic materials presently relegated to disposal facilities, decontaminate and minimize road and farm runoff, create buffer zones, reduce agricultural waste, reduce pollution in watersheds, reduce forest fire potential, and clean up contaminated bacterium such as Escherichia coli and other pathogenic microbes. The methods are safe and economical, reduce unpleasant odors, and result in clean soil and water. Macrofungi help degrade contaminants into nitrogen, carbon, and oxygen, giving a viable alternative for remediation of agricultural chemicals, petroleum by-products, pesticides, and other industrial and pharmaceutical wastes.

Dr. Janusz Zwiazek at the University of Alberta is looking at fungi-protected trees and seedlings and their resistance to salt damage. The findings of that work could help mycoremediate the oil sands tailings in the Fort McMurray area of northern Alberta. For more information on mycoremediation, I recommend the excellent book Mycoremediation: Fungal Bioremediation by Harbhajan Singh, which contains nearly two thousand references related to this growing field.

Fungal Toxicity

Several myths exist regarding differentiation of edible and toxic fungi. As recently as the 1950s, it was believed that a silver spoon used to stir cooking mushrooms would discolor in the presence of toxins. Others believed that a sprinkling of salt would turn poisonous specimens black. Earlier “wisdom” suggested that a mushroom collected while the sun shone on them was bad, or that mushrooms, once seen by human eyes, will stop growing.

An old English rhyme reflects the fungiphobia and misinformation of fungal toxicity:


When the moon is at the full
Mushrooms you may freely pull.
But when the moon is on the wane
Wait ere you think to pluck again.



On the other hand, wild mushrooms are an edible delight, and in their prime they are remarkably tasty and satisfying. Be alert, sensible, and enjoy.

Mushrooms in Popular Culture


I am a mushroom, on whom the dew of heaven drops now and then.

—JOHN FORD



Modern literature, films, and musical compositions make use of fungi to create unearthly or mystical settings. Flying amanitas both grow and shrink in the Disney animated film Fantasia. In a Mickey Mouse short film, the hero’s home is uprooted by sprouting toadstools. In Peter Pan, the nefarious Captain Hook “sat down on one of the enormous forest mushrooms, [for] in Never-Never Land, mushrooms grow to gigantic size.” The Smurfs live in mushroom cottages, and mushrooms are one of the favorite foods of Hobbits.

Video games also make great use of mushrooms. “Super Mario” fans will recognize the mushroom that can make them big or small, inspired, according to originator Shigeru Miyamoto, by Alice in Wonderland.

The Purple Pileus, by H. G. Wells, is about a mushroom that changes the course of a man’s life. Journey to the Center of the Earth by Jules Verne included giant subterranean mushrooms. Ray Bradbury and John Wyndham have written science fiction stories featuring frightening fungi. Other great books featuring mushrooms include I Is for Innocent, by Sue Grafton; Acceptable Risk, by Robin Cook; The Flounder, by Nobel Prize-winning author Günter Grass, and Mr. Bass’s Planetoid, by Eleanor Cameron.

At the young age of twenty-two, Igor Stravinsky composed a six-minute song for voice and piano called “The Mushrooms Going To War.” First performed in 1904, this song tells the story of a pine mushroom (Borovik) who calls up various mushroom troops to arms. But each group claims entitlement to exemption, with the golden chanterelle (Opionki) objecting that they are too frail, with slender legs, and the wrinkled morels (Smorchki) too old.

A Czech composer, Vaclav Halek, has written some 1,650 musical compositions inspired by distinct varieties of mushroom. The sixty-seven-year-old picks fungi and hears music. “I know that each mushroom has its own special melody,” he says. A book and CD called The Musical Atlas of Mushrooms, containing forty of his compositions, is available from www.fontana.ws.

In the rock musical The Pick of Destiny, Jack Black’s song “Papagenu (He’s My Sassafrass)” is inspired by mushrooms.

Interesting Notes


• It is mentioned that to dream of mushrooms denotes fleeting happiness, but to dream that you are gathering them suggests fickleness in a lover or consort.

• First Nations, such as the Thompson of British Columbia, bathed new babies in mushroom infusions to make them strong and independent, since fungi were considered so powerful.

• Curiously, fungi are more closely related to animals than to plants, meaning they are closer to the people who eat them than they are to the dead wood on which they live.

• Mushrooms come in all sizes, from microscopic to giant; one wild mushroom found in France some years back measured fifty feet in circumference and weighed 108 pounds.

• Mushrooms are powerful, some able to lift heavy rocks and even break through cement sidewalks. Fruiting bodies have cells that stretch and act like tiny hydraulic rams creating slow, steady pressure. They have moved through three-inch-thick asphalt, lifted wine casks off a cellar floor, and broken through concrete floors in factories. In England, a stone slab weighing thirty-seven kilograms (about eighty-one pounds) was lifted two inches off the ground by two small meadow mushrooms, which were found balancing the stone in the center.

• Two Italian mycologists heard a loud noise like an exploding firecracker coming from a portico that faced their courtyard. The concrete floor split and rose in the air, revealing several compact agaric mushrooms in the floor opening. Impressive indeed!




[image: ]

Acremonium

This ergot fungus establishes itself on various Stipa grass species. It appears to contain a first cousin of LSD, in this case lysergic acid amide, which (unlike its infamous relative) is considered a mild sedative. Studies from the Agricultural Research Service (Kaiser et al. 1996) and Indiana University (Clay 1999) describe this fungus in greater detail.

Dose: one microgram of fungus for an average-sized (150-pound) adult.

Agaricus

Agaricus campestris

Psalliota campestris

(FIELD MUSHROOM)

(MEADOW MUSHROOM)

(GHOST EARS)

A. arvensis

P. arvensis
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A. brunnescens

A. bisporus

A. hortensis

(WILD BUTTON MUSHROOM)

(CULTIVATED MUSHROOM)

(PORTOBELLO)
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A. rodmanii

(SPRING AGARICUS)

(SIDEWALK MUSHROOM)
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A. placomyces
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(FLAT TOP)
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A. crocodilinus

A. macrosporus

(CROCODILE AGARICUS)

A. brasiliensis Wasser et al.

A. blazei ssp. Heinemann

(ROYAL SUN AGARICUS)

(ALMOND PORTOBELLO)




The meadow mushrooms are in kind the best,

It is ill trusting any of the rest.

—HORACE




To the respectable mushroom hunter, Agaricus bisporus is only a poor imitation of a real mushroom, as natural to mycophagists as refined sugar is to health food purists.

—SARA ANN FRIEDMAN




“Mushrooms!” exclaimed Kamba the Tortoise, joyfully. “Do I see mushrooms? REAL mushrooms?” Yes, they were real mushrooms, little, white, satiny buttony mushrooms, with lovely pink underneaths; little white mushrooms that had pushed all night at the dark brown earth above them, and had struggled through its hard crust just in time to see the sun rise, just in time to make a fine breakfast for a hungry Tortoise.

—MALAWI FOLK TALE



Agaricus may derive from agrarius meaning “growing in the fields,” or from the Greek agarikon. Agaric is used to describe all mushrooms with gills, and is from the name of a pre-Scythian people, the Agari, who were skilled in the use of medicinal plants, including mushrooms. They used a fungus called Agaricum, which was probably a Fomes polypore.

The field mushroom was called Amanitai by Galen, Fungi pratenses by Horace, and Fungi albi by Ovid.

Criminy is a seventeenth century minced oath on Christ, and related to crimine and crime.

Bitorquis means “having two rings,” for the double annulus that distinguishes this mushroom from its close relatives.

Brasiliensis means “from Brazil.” Blazei is named after Mr. R. Blaze because it is one of some six hundred and fifty species discovered by the American mycologist William A. Murrill on Blaze’s lawn in Gainesville, Florida, in 1945. It was identified as A. blazei by the Belgian botanist Heinemann in 1967. The origins of this mushroom can be traced to Piedade, southeast of São Paulo. The mushroom has been consumed for centuries and has gone by several common names, including the sun mushroom, the mushroom of God, and the mushroom of life. Richard Kerrigan suggested that it be named Agaricus subrufescens (sub meaning “under” and rufescens meaning “becoming red”), as new data suggests the medicinal mushroom from Brazil and Japan is biologically and phylogenetically the same species as Agaricus subrufescens from North America (Kerrigan 2005). The North American Agaricus subrufescens was first described by the New York botanist C.H. Peck in 1893, and if it is in fact the same species as the Brazilian mushroom, the older name should have priority. Work by Colauto et al. (2002) showed little genetic variability, but Da Eira et al. (2002) concluded that A. blazei Murrill differs from A. blazei ssp. Heinemann in various ways, suggesting that there are, in fact, two distinct species.

The name “button mushroom” is derived from the size and shape of this mushroom, the term being an English slang term for small male genitalia.

Campestris means “campus” or “field.” Horsens means “in the garden” or “cultivated.” Placomyces is Greek for “flat cake.”

Field or meadow mushrooms can still be found, but they have become far less common due to the widespread use of chemical fertilizers and pesticides. According to noted French mycologist George Becker, field mushrooms are becoming “nothing more than a memory in the heads of aging mycologists.”
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[image: ] Clockwise from above: Agaricus campestris, showing different stages of gill color; Agaricus bitorquis; cultivated crimini. (photo credits 1.1b)

There is some controversy regarding the origins of the familiar supermarket mushroom. According to Dr. Malloch, A. brunnescens (formerly A. bisporus) is the precursor to the common button mushroom. Others believe it was a pure white field mushroom discovered by a farmer in 1926. Today, the cultivated button mushroom can be found in every supermarket in North America. More than 860 million pounds were sold on the American market in 1998. Few are grown organically, and in fact, the industry relies heavily on pesticides, suggesting a new market opportunity. Dipping button mushrooms in a 5 percent hydrogen peroxide solution and storing them at forty degrees Fahrenheit prevents the cap from browning for ten days, and inhibits the growth of bacteria.

Crimini and portobello mushrooms are variations of the button mushroom with a richer, meatier flavor. The portobello is a large brown mushroom previously thought to be unsalable and taken home by mushroom pickers. Today, through good marketing and a growing appetite for variety among consumers, the portobello is available at most supermarkets year round. A relatively new variety called the portobellini is a cremini mushroom that is picked just after the veil has broken. These mushrooms are high in crude protein (43.5 percent) and acid-hydrolyzed fat.

Wild Agaricus species tend to be softer, more pliable, and less chalky than their domesticated counterparts. They have a nutty flavor when cooked. The prince mushroom, which leaves a yellow stain, is a very common almond-scented edible found along the Pacific coast.

Agaricus fungi were called “ghost ears” by the Mohawk, who, along with other First Nations people, used them as food and as a flavoring agent. The neighboring Onondaga called them ananau’tra, meaning “hat or cap.” In parts of India and Afghanistan, they are known by the name kallulac-div, meaning “fairy’s cap.”

Agaricus brasiliensis has recently attracted a lot of attention from the myco-medical community. It looks like a large portobello, bruises yellow, and smells and tastes like almonds. It contains significant quantities of protein (from 33 to 48 percent of dry weight), and up to 14 percent beta-glucans, including beta-1–6 and alpha 1–3 glucans, riboglucans, glucomannans, with nearly 27 percent polysaccharides. It is now cultivated under controlled conditions similar to A. brunnescens.

This mushroom is very popular in Japan, where it goes by the commercial name himematsutake or the common name kawarihaaratake.

This mushroom has become the center of a $700 million industry since 1995. The Iwade Strain 101A is most popular; it is named after Dr. Iwade, who spent ten years of trial and error before its cultivation was perfected in 1975. Commercial button mushroom producers will surely be exploring the great opportunity this mushroom presents, as growing techniques are well established for other Agaricus species. It is presently cultivated in Japan, Korea, the United States, Denmark, Holland, and Brazil. It grows well on leached cow manure, of which there is no shortage, and can be grown outdoors in northern climates in the summertime or year-round in controlled conditions indoors. Work by Rinker et al. (2002) at the University of Guelph found optimal mycelial growth at pH 5 and 6 at thirty degrees Celsius. A casing of pH 5 and pinning temperature of twenty-four degrees Celsius produced the highest yield.

The flat top mushroom is widespread but not common. It is recognized by its black scales and beige base. It is not a recommended edible, as it causes gastrointestinal upset for some.

Crocodile Agaricus is a choice edible when young, with a faint odor of almonds.

Yellow-staining Agaricus (A. xanthodermus) and felt-ringed Agaricus (A. hondensis) are not recommended as edibles and have phenolic and metallic odors, respectively. The yellow-staining varieties tend to concentrate heavy metals, another reason to avoid them.

The horse mushroom stains lemon yellow when bruised and smells of anise.

The compound lenthionine is believed to be a contributing factor in the flavor of the wild button mushroom.

Spring Agaricus (A. bitorquis) is cultivated commercially in warm climates, as it requires a higher temperature by six to eight degrees Celsius over that of its cousin for optimal growth. It is highly resistant to viruses, tolerates higher levels of carbon dioxide, and has a superior shelf life.

It should be noted that manganese added to compost boosted yields of A. bisporus by 9.6 to 11.8 percent. (Weil et al. 2006)

Traditional Uses

The use of Agaricus mushrooms for medicine was first described in the Byzantine treatise by Orivasios, back in the fourth century AD.

The meadow mushroom is used in Unani medicine as a treatment for sinusitis and to abort coughs and colds. It was used in both Ayurvedic and Unani medicine during the sixteenth century as an aphrodisiac. It was boiled in milk for consumption and debility. In Norfolk, England, it was stewed in milk and used as a treatment for throat cancer.

In China, field mushrooms are believed to be a cure for hypertension.

Culpepper wrote that garden mushrooms (A. campestris) were used medicinally. “Roasted and applied in a poultice, or boiled with white lily roots and linseed in milk, they ripen boils and abscesses better than any preparation that can be made.”

Horse mushrooms are resistant to both gram-positive and gram-negative bacteria and have been shown to inhibit, or even arrest the growth of certain types of cancer, including sarcoma 180 and Ehrlich carcinoma (Ohtsuka et al. 1973).

In traditional Chinese medicine, the dried mushroom is used as part of the Tendon Easing Powder, which is used for curing lumbago (lower back pain), pain in the legs, numbed limbs and discomfort in the tendons and veins.

Horse mushrooms have one of the highest concentrations (8.7 percent of dry weight) of phosphatidyl serine (a chemical that boosts brain function) of any mushroom, making it of likely interest to formulators.

The button mushroom was traditionally used in China (where it is known as chicken foot or gill fungus mushroom) and Korea to help breastfeeding mothers increase milk production.

In traditional Chinese medicine, the button mushroom is used to regulate body energy, and remove phlegm from the body. Good for the stomach and intestines, it is cooked in soups to ease indigestion and increase appetite. It is often simmered with reishi mushroom (Ganoderma lucidum) for treating chronic hepatitis, given daily for two weeks and then three days off. It is also used as a treatment for measles, coughs, and hiccups.

Medicinal Use

The field mushroom (A. campestris) contains traces of many valuable vitamins such as A, B1, C, K, and bioflavonoids, and taken regularly helps prevents debility, loss of appetite, indigestion, and insufficient breast milk secretion. It also helps alleviate the rupturing of capillaries, gum and abdominal bleeding, and pellagra, a vitamin deficiency diseases associated with a lack of niacin (vitamin B3).

Iodine is present in trace amounts (130 to 230 micrograms per kilogram), which is somewhat rare for a land-based food.

The mushroom contains campestrin, effective against both gram-positive and gram-negative bacteria and has been used traditionally to treat tuberculosis and sinusitis.

It contains Coenzyme Q10 (ubiquinone), which is associated with energy production on a cellular level. The fruiting body and cultured mycelia contain hetero-auxin that act as a growth inhibitor on higher plants and stimulating in low ones.

The fruiting bodies contain ergosterol, fungisterol, and proteolytic enzymes, which may have anti-coagulative properties.

Retine, or alpha-ketoaldehyde, inhibits the growth of certain types of cancer, including sarcoma 180 and Ehrlich carcinoma.

The species contains lectins that bind with erythrocytes and leukocytes; as well as basidiolipids that are novel immune adjuvants (Jennemann et al. 1999).

Field mushrooms have been shown to possess significant antiviral potential, particularly against poliomyelitis, perhaps due to the presence of (S)-agaridoxin and indigo (Cochran 1978).

Modern research by Gray and Flatt (1998) found that given to diabetic lab mice in drinking water, A. campestris countered hyperglycemia. The insulin releasing activity is greatest in the polar fractions, and leads to as many questions as answers.

Work in Poland found the wild field Agaric to concentrate silver at an average of thirty-five milligrams per kilogram of dry weight. Researchers found organic silver accumulation in Lepista nuda, Boletus edulis, Leccinum scrabum, Cantharellus cibarius, and Coprinus comatus, but at a lower level (Falandysz et al. 1994).

Vitamin D2 derived from mushrooms has been found to increase femur bone mineral density in animal studies (Jasinghe et al. 2006).

Both button and portobello mushrooms inhibit the enzyme aromatase, which is associated with breast cancer, and 5-alpha reductase activity, which is associated with prostate cancer. The conversion of testosterone, an androgen, to dihydrotestosterone increases benign prostatic hypertrophy and promotes the growth of prostate cancers. Over production of DHT is related to hair loss, and fatty acids are believed to be involved.

The button mushroom has been found to contain a polysaccharide, PA3DE, that inhibits the Helicobacter pylori bacterium, which is responsible for many stomach ulcers, gastritis, and gastric carcinomas (Kim, D.-H. et al. 1996).

The button mushroom (A. bisporus) is resistant to both gram-positive and gram-negative bacteria. Work by Rana et al. (2008) found culture filtrate of A. bisporus and A. bitorquis active against Bacillus subtilis.

Button mushrooms contain aromatase inhibitors and possess anticancer activity, especially against hormone-sensitive cells of the breast and prostate (Grube et al. 2001; Chen, S. et al. 2006).

Shnyreva et al. (2010) found button mushroom treatment of K562 leukemia cell lines promoted transcription of IL-10.

A phase-one clinical trial is underway at City of Hope in Duarte, California. Several funding agencies, including the NIH, American Institute Cancer Research, California Breast Cancer Research Program, and the button mushroom industry are involved. The initial trial involves twenty-four post-menopausal breast cancer survivors taking five to thirteen grams of freeze-dried button mushroom extract daily for twelve weeks.

A study conducted on 2,018 pre- and post-menopausal women, half with diagnosed breast cancer and the other half deemed “healthy,” looked at the effects of a daily dose of ten grams of fresh button mushrooms or four grams of dried. Results showed a 64 percent reduction in the risk of breast cancer in the group that consumed the fresh mushrooms and a slightly lower risk reduction for those who consumed the dried version. The decrease in breast cancer risk went up to 90 percent when the women also drank green tea (Zhang, Min et al. 2008).

Button mushrooms have been shown to inhibit proliferation and growth and to induce apoptosis of tumor cells in athymic mice (Adams et al. 2008).

Mushroom lectins have been shown to possess potent anti-proliferative effects on human epithelial cancer cells, without apparent cytotoxicity (Yu, Lugang et al. 1999). This suggests an important therapeutic potential for preventing the development of neoplasms in people receiving chemotherapy treatment for cancer. Still other research has uncovered a lectin in button mushrooms with potent anti-proliferative properties, blocking the uptake of protein by the cell, but no apparent cytotoxicity (Yu, Lugang et al. 1999). Earlier work by the same researcher found this lectin showed reversible inhibition of proliferation of epithelial cell lines (Yu, Lugang et al. 1993).

Work by Jordinson et al. (1999) found A. bisporus agglutinin cytotoxic or inhibit tumor cells in LS174T, SW1222 and HT human colon cancer cells.

The lectin inhibits Caco-2 human colorectal cells, Tennon’s fibroblasts, retinal pigment endothelial and RPE mediated collagen matrix contraction in vitro (Wenkel et al. 1999). ABL lectins do not exhibit cytotoxicity, compared to wheat germ and other lectins.

Lectin can help repair wounds such as proliferative vitreoretinopathy (the formation of scar tissue in the eye), or modulate wound healing in the subconjunctival space after glaucoma surgery (Kent et al. 2003; Batterbury et al. 2002). It can also prevent keloids, hypertrophic scars, adhesions, and the like.

Button mushrooms may boost both innate and active immune system health. The former system naturally protects against intruders such as viruses, bacteria, and fungi, while the active system springs into activity when the innate system fails.

Button mushrooms given in vitro have been found to enhance maturation of bone marrow dendritic cells and enhance antigen-presenting function. This suggests innate and T-cell-mediated immunity against both microbial and tumor invasion is enhanced by the mushroom.

ABL lectin is immune modulating, inducing up-regulation of IL-1beta and TNF-alpha in splenocytes for up to twenty-four hours (Ooi et al. 2002).

Decoctions of dried button mushrooms have traditionally been used to treat diabetes. In a study by Swanston-Flatt et al. at the University of Surrey, they were found to lower blood sugar and counter the initial reduction in plasma insulin and the reduction in pancreatic insulin concentration, and improve the hypoglycemic effect of exogenous insulin. Gray and Flatt (1998) confirmed the blood sugar reduction.

The active compounds are heat stable, and may be due in part to guanidine, related to the biquanide class of antidiabetic drugs.

The button mushroom’s outer skin contains significant amounts of vitamin B12 like that derived from beef, eggs, salmon, and liver (Koyyalamudi et al. 2009).

The purple color observed on some cultivated and washed mushrooms is due to the oxidization of L-dopa by tyrosinase to indol-5,6-quinone, then to melanochrome, and finally to melanin. A number of animal studies have looked at tyrosinase to treat vitiligo, and melanin is responsible for skin pigmentation.

Tyrosinase is a copper-containing enzyme with a number of useful applications, including as a treatment for malignant melanoma in the form of melanocyte-directed enzyme pro-drug therapy (MDEPT) and may lead to new treatments.

Tyrosinase is obtained from the mushroom by both hot- and cold-water extraction (Shi, Y.-L. et al. 2002a).

Button mushrooms contain phenolic and quinoid derivatives with antibacterial activity. Studies indicate that ethanol extracts from button mushrooms contain anti-mutagenic substances that are heat stable (Grüter et al. 1990).

Lectins from them were found to proliferate smooth muscle cell growth (Sanford et al. 1990).

Rats fed a diet made up of 5 and 10 percent dried mushrooms showed an accumulation of lipids in the liver and a simultaneous decrease in the circulatory lipids, except for healthy phospholipids, in blood plasma. This could be due, in part, to the content of novel glyco-inositol-phosphingo lipids found in both button and field mushrooms.

According to one report, a polysaccharide from button mushrooms can be used to treat leukocytopenia, inhibit bacterial growth, and reduce blood sugar levels. They can be taken after cancer operations to prevent metastasis.

Experiments by Wardle and Schisler in 1969 showed that the growth of mushroom mycelium in vitro was stimulated by the addition of lipids.

The fungal metabolite 10-oxo-trans-8-decenoic acid may be beneficial in mycelia fermentation of edible and medicinal mushrooms (Mau et al. 2004).

Vitamin D2, or ergocalciferol, is increased in button mushrooms by nearly six times after just two hours of exposure to UV-C rays (Mau et al. 1998).

Based on work by Penn State Research Foundation, pulsed UV light has been found to increase vitamin D2 content of commercial mushrooms by 800 percent after one second of exposure. One second!

Total Nutraceutical Solutions is one company pursuing the commercial viability.

An unusual use of A. bisporus was developed by Sezginturk et al. (2005). Fungal tissue homogenate was set on a Clark-type oxygen electrode and used as a biosensor that is both cheap and easy to produce.

Conventional wisdom had held for years that hydrazines were destroyed in cooking, while some authors believe that aromatase, antioxidants, and anticancer polysaccharides neutralize their effects. The mushroom’s superoxide dimutase and aromatase inhibitors also may help neutralize some of agaritine’s potential danger. It is worth noting, though, that mice fed uncooked button mushrooms developed cancer tumors from the phenylhydrazine derivative agaritine. Mice studies do not always transfer to humans, and recent studies have failed to confirm these observations. One Swiss study suggested that four grams of raw button mushrooms daily led to a lifetime risk of cancer of two cases per hundred thousand lives; another study of agaritine found no known toxicology to healthy humans and, in fact, agaritine derived from A. blazei was found to inhibit the growth of various leukemia cell lines (Roupas 2010). Another study found that agaratine neither affected normal cells nor activated the umu gene of Salmonella, which reacts to carcinogens (Endo et al. 2010). The data is too limited to be certain one way or the other. Until more conclusive studies are conducted, it is probably a good idea to cook all button mushrooms before eating them, but beware, also, that cooking only reduces the carcinogenic hydrazines by 25 percent.

Tyrosinase, found in button mushrooms, on the other hand, helps lower blood pressure and is used in treating hypertension. It is, however, destroyed by heat.

Both button and portobello mushrooms contain twelve times more of the antioxidant ergothioneine than wheat germ, and four times that of chicken liver, the previous top rated sources of the compound. Shiitake, oyster, and maitake mushrooms contain nearly forty times as much of this compound as wheat germ. Joy Dubost, a doctoral candidate at Penn State, suggests, “ergothioneine, a unique metabolite produced by fungi, has been shown to have strong antioxidant properties and to provide cellular protection within the human body.”

When nine common mushrooms were tested for protection against oxidative DNA damage, researchers found that cold-water extracts of A. bisporus (button mushrooms) afforded the highest protection, followed by hot-water extraction from Ganoderma lucidum (Shi, Y.-L. et al. 2002b). Another study found that ethanol extracts exhibit antioxidant activity at various stages of growth (Tsai et al. 2008).

Ergosterol and ergosterol peroxide suppress LPS induced inflammation via NFkappaB and other pathways. The latter compound also suppresses STAT 1 mediated inflammation by altering redux state in HT29 cells (Kobori et al. 2007).

Nearly all edible and medicinal mushrooms contain ergosterol peroxide. This compound is both anti-inflammatory and anticancer in nature (Kobori et al. 2007).

Dr. Peter Romaine and his company, Agarigen Inc., have been recently awarded $2.2 million under the Accelerated Manufacture of Pharmaceuticals program for the rapid development of vaccines and other therapeutic protein in altered button mushrooms.

“Our immediate research goals are to maximize the level of expression of various bio-pharmaceuticals and to devise efficient and economical methods for their extractions and purification from mushroom tissue,” says Romaine. He and his team at Penn State hold the patent to genetically modify Agaricus bisporus. Antibiotics, antivirals, and insulin are also possible applications of this technology.

Work at the University of Warwick is proceeding to sequence the full genome of this mushroom in the near future.

There is a definite need for the development of agaritine-free strains, even if agaritine is weakly mutagenic against Salmonella typhimurium, responsible for acute gastroenteritis.

In 1998, the button mushroom accounted for 98 percent of the market with 861 million pounds sold. In 1970, the button mushroom accounted for more than 70 percent of the total global mushroom production, but by the new century, it accounts for only 30 percent, even though production has more than doubled in those years.

Of more concern is the heavy use of malathione and other fungicides used in commercial mushroom cultivation. Organic production has become the new standard.

Work by Sokovic et al. (2006) suggests carvacrol essential oil compounds may be useful in button mushroom cultivation. In France, another fungi, a green mold called Trichoderma, is used as a spray-concentrate alternative to the systemic fungicide Benomyl to control Verticillium fungicola, a serious pathogen of A. brunnescens.

Champex, a patented field mushroom derivative, is a functional foodstuff designed to deodorize the body in the digestive system. It is 400 percent more effective for this purpose than parsley seed extract.

Work by Tamaki et al. (2007) found a button mushroom powder significantly reduced the odor produced by garlic.

As a nutritional supplement, it helps eliminate breath and body odor, improves intestinal function and regularity, helps blood cleansing, and detoxifies the kidney and liver by suppressing the serum levels of creatinine.

It has been clinically proven to repress production of indole and tryptamine in vivo.

In pets, it helps reduce fecal/ammonia odor and suppresses odors internally, resulting in cleaner litter.

Dr. Tatsuo Shiigai, of Toride Kyodo General Hospital, found that serum creatinine levels, a measure of the progress of kidney failure, was significantly suppressed by using champignon extract. Six of nine patients with glomerulonephritis that did not respond to low-protein diets were helped by the extract. It is possible that the mushroom extract works, in part, by reducing the production of nephrotoxic substances in the intestines. It is extremely safe, with an LD50 (lethal dose) value of less than 50,185 milligrams per kilogram.

A product containing champex and nettle seed is worthy of human clinical trials due to the significant degree of chronic kidney disease in our society.

A randomized, double-blind study of thirty-eight overweight patients found biscuits containing one and a half grams of dried powder taken for four weeks helped reduce weight. (Donatini and Le Blaye 2007).

Because of its biocompatibility with human tissue, chitosan is effective in all types of dressings, including artificial skin, surgical sutures, dental implants, and rebuilding bones and gums. Corneal contact lenses are currently being developed. Chitosan also helps deliver time-release drugs and supplements.

Work by Hamlyn and Schmidt (1994) examines the potential therapeutic application of fungal filaments in wound management.

Chitosan is produced from shells of crustaceans and shellfish, but because this product is sourced from animals, it is prone to pollution. Furthermore, 3 percent of the population suffers from seafood allergies. Kitozyme is one European company that has launched industrial scale chitosan production for food, agriculture, and medical application. See www.kitozyme.com.

Work by Tao Wu et al. (2004) found the crude chitin isolated from stalks stored at twenty-five degrees Celsius (seventy-seven degrees Fahrenheit) for five days was 27 percent of dry weight and consisted of 46 percent glucosamine and 20.9 percent neutral polysaccharides. The degree of acetylation was from 75 to 87 percent, very similar to commercially available crustacean chitin. Yields of crude fungal chitin of 0.65 to 1.15 percent on a fresh weight basis suggests potential for utilization of these mushroom by-products.

Chitosonium acetate coatings may have application as food coatings, exhibiting protection and biocide activity (Lagaron et al. 2007).

Work by Beelman et al. (2003) favorably compared nutritional and medicinal benefits of portobello mushrooms to shiitake and oyster mushrooms.

Portobello contains significant amounts of mannose, glucose, and sugar alcohols. It also contains significantly high levels of phytase, suggesting that both basidiomata and spent substrate may be useful in mycofiltration of elevated phosphorus levels associated with poultry and swine production. Portobellos also contain significant amounts of chitin, a poly-saccharide polymer that has valuable applications in chemistry, biotechnology, agriculture, dentistry, food processing, environmental protection, and textile production.

Studies indicate that the flat top mushroom has antiviral potential and contains the steroid ergosterol.

It inhibits sarcoma 180 and Ehrlich carcinoma by 60 percent (Ohtsuka et al. 1973).

Fermentation cultures of crocodile Agaricus have identified agrico-glyceride A, a triglyceride that exhibits a strong activity against neurolysin, a protease involved in the regulation of elynophin and neurotensin metabolism (Stadler et al. 2005).

Yellow-staining Agaricus contains psalliotin, active against gram-positive Salmonella species (Dornberger et al. 1986).

The yellow-staining A. xanthodermus contains the carcinogen, 4,4’-dihydroxy-azobenzene, that is toxic in high doses, and in low doses does not induce tumors (Toth et al. 1989)

Early work by Atkinson (1946) found activity against Staphylococcus aureus and Salmonella typhi (Bacillus typhosus).

Extracts made with dichlormethane inhibit the growth of E. coli, Biomphalaria glabrata, and Aedes aegupti (Keller, C. et al. 2002).

The closely related wine-colored Agaricus (A. subrutilescens) is reported to be antifungal. It inhibits sarcoma 180 and Ehrlich carcinoma cells at 100 percent (Ohtsuka et al. 1973).

The related A. semotus contains polysaccharides with antitumor activity, as well as moderate activity against Staphylococcus aureus (Nano et al. 2002; Suay et al. 2000).

The related A. sylvaticus was supplemented at thirty milligrams per kilogram daily for six months to fifty-six colorectal post-surgery patients. This randomized, double-blind, placebo-controlled trial found significant reduction of fasting blood sugar levels (Fortes et al. 2008).

Royal Agaricus has been found to contain many of the same polyhydroxysteroids as turkey tail (Trametes versicolor; see this page), with beta-glucan levels from 9 to 14 percent. Its polysaccharides promote natural killer cells that are selective to tumor cells, but the mushroom possesses immune-modulating properties, as well. Modulating the immune system is beneficial in autoimmune disorders such as lupus erythematosus, rheumatoid arthritis, and certain forms of thyroid conditions.

Work by Liang Chen and HanJuan Shao (2006) suggests royal Agaricus extracts might provide a strategy to improve the efficacy of DNA vaccines.

Water-soluble proteoglycans found in royal Agaricus may be useful in both cancers and immune deficient diseases through the up-regulation of bone marrow-derived dendritic cell maturation (Kim, G. Y. et al. 2005).

Royal Agaricus has been widely studied for antitumor and anticancer effect, both from the fruiting body as well as mycelium (Mizuno, T. 1999; Kawagishi et al. 1988; Kawakami et al. 2002.)

The Japan Cancer Association approves use of royal Agaricus extracts for sigmoid colon, breast, ovarian, lung, and liver cancers, as well as Ehrlich’s ascites carcinoma and solid cancers. Each year in Japan, about three hundred to five hundred thousand cancer patients consume the recommended three to five grams daily of a hot-water extract.

Work by Ahn et al. (2004) found that after six weeks of this treatment, NK cell activity was increased, and improvement in appetite, alopecia, emotional stability, and general weakness were observed.

A study of guinea pigs at the National Cancer Center, Tokyo University, and Tokyo Pharmacology Institute found sarcoma 180 cancers showed a 99.4 percent prevention rate and 90 percent recovery rate with a daily dose of just ten milligrams of royal Agaricus extract. The same study showed a prevention rate of only 77.8 percent with a daily dose of thirty milligrams of reishi extract.

Fruiting bodies inhibited the proliferation of human thyroid carcinoma cell line TPC-3 (Shimizu et al. 2002).

A recent study showed water extracts activate apoptosis of gastric epithelial AGS cells through induction of caspase-3 and related cell cycle arrest at the G2/M phase. (Jin, C. Y. et al. 2006).

A study at the Catholic University of Korea in Seoul of one hundred patients with cancers of the cervix, ovary, or endometrial tissue compared immune status and quality of life while undergoing chemotherapy with and without mushrooms. The NK cell activity was significantly greater in the group ingesting mushrooms, but no significant difference was found between the groups’ lymphokine activated killer and monocyte activity. Side effects of chemotherapy, such as loss of appetite, alopecia, emotional stability, and weakness were improved with mushroom supplementation.

A study at the University of Sorocaba in Brazil supplemented seventy cancer patients with 0.4 grams of Royal Agaricus extract four times daily. The majority showed a statistically significant increase in NK cell count, whereas the control group showed unchanged or decreased levels. One interesting aspect is that this particular mushroom stimulates natural killer cells but does not affect T-cell activity. One human study showed the mushroom added to the diet increased NK-cells by 3,000 percent in two to four days.

Natural killer (NK) cells circulate and become active in the body in response to cytokines. Upon activation, they seek out tumor cells, attach themselves, inject a substance, and dissolve them. They then move on and can destroy up to twenty-seven cancer cells before they die themselves. Often forgotten is that the number of NK-cells is not a measure of the body’s immune system efficacy. It is their activity, how well they recognize and bind to tumor cells, that is most important. The low molecular weight of some molecules makes them more easily absorbed.

Immune modulators increase the level of function, not the numbers, of NK-cells.

Royal Agaricus may be a useful protectant in patients with a family history of breast or prostate cancer.

The mushroom activates granulocytes that help control acute inflammatory reactions. Patents have been filed for its use externally for maintaining skin health and protecting against environmental toxins, pollution, chemicals, and radiation. Extracts may be of value in reducing age spots, stimulating dermal fibroblasts, or preventing benign keratosis.

A recent study found inhibitions of mast cell-mediated anaphylaxis-like reactions with water extracts (Choi, Y. H. et al. 2006).

Mice tumors were initiated and promoted with exposure to UVB light in one experiment. One group was given a topical application of a water extract one hour prior to exposure and fared better than the mice in a control group.

Royal Agaricus contains compounds that inhibit aromatase, associated with hormone-sensitive cancers. In one study, one hundred cervical, ovarian, and endometrial cancer patients undergoing chemotherapy were treated with carboplatin and etoposide or carboplatin plus taxol every three weeks. One group also consumed the mushroom extract, with significantly higher NK cell activity. The chemotherapy side effects, such as appetite loss, alopecia, emotional stability, and general weakness were all improved with the mushroom extract.

Immobilizing or neutralizing cancer cells is one aspect, but the body also has to destroy the cells by bursting them open. The activation of the complement process helps punch holes, and the attraction and stimulation of macrophages helps mop up the malignant cells.

A recent study in Japan looked at the activating of C3 complement by a polysaccharide derived from the mycelia. Apparently, no matter what polysaccharide is isolated from either the mycelium or fruiting body, they all have the immune system-modulating and antitumor activity in living organisms.

Shimizu et al. (2002) found fine particles of fruiting body and mycelium activate human complement, enhancing natural immunity in bacterial infections.

The mushroom appears to have prophylactic activity against septicemia that may prove invaluable in peritonitis and other serious intestinal infections. Bernardshaw et al. (2006) found significant protection against septicemia in mice first given a fungal extract.

Sorimachi et al. (2001) showed that ethanol extracts from the mycelium, possess antiviral activity against western equine encephalitis and herpes simplex.

The mushroom possesses antiviral, anti-cholesterol, and blood sugar modulation. Yea Woon Kim et al. (2005) found both beta glucan and oligosaccharides show anti-hyperglycemic, anti-triglyceride, anti-cholesterol, and anti-sclerotic activity, suggesting that it may be useful in the treatment of diabetes.

Kweon et al. (2002) investigated the effects of mycelium extracts on ninety women for eight weeks and found an 11.8 percent decrease in weight and an 11 percent decrease in cholesterol levels.

Toshiro et al. (2003) found GABA-enriched A. blazei decreased both systolic and diastolic blood pressure.

Bernardshaw et al. (2005) found antimicrobial activity against Streptococcus pneumoniae, E. coli, and Salmonella species.

Dr. Mai Furukawa et al. (2006) found cold-water extracts given orally to diabetic-induced mice increased T-cells versus B-cells and T-cells versus NK-cells more favorably than hot-water extracts or the control. The difference is significant and worthy of further research.

Recent work by Bellini et al. (2006) suggests some extraction methods are genotoxic and caution is advised.

The fruiting body, grown outdoors, was tested on humans and found to lower body and peripheral fat, lower cholesterol and blood sugar levels, and increase NK cell activity (Liu, Ying et al. 2007).

Patients with chronic hepatitis C decreased their viral load slightly, but not significantly, after one week of treatment with the mushroom extract. The beta-glucans did not enter the blood, but the components proposed to have anticancer effects were found active in the blood (Grinde et al. 2006).

Twenty patients with chronic hepatitis C received an extract twice daily for eight weeks. Decreased GTP activity was found in 80 percent of both sexes with no side effects (Inuzuka et al. 2002). Morimoto et al. (2008) found extracts increased interferon gamma and decreased IL-4 production of cytokines from spleen cells. This suggests a Th1 dominance that contributes to cellular immunity.

Immune response in humans is complex. It is thought that tumor-derived chemokines act as inhibitors of antitumor immune responses, as well as autocrine growth factors for the tumors.

In Brazil, a concentrated extract called Agaricus Drops is taken to treat breast cancer, ovarian cancer, lung cancer, gastrointestinal tumors, gastric ulcers, and viral infections.

The time of harvest and best form of extract for optimal benefit are still unknown. The mature fruiting bodies are probably best due to the significant increase in water-soluble 1–4 beta-glucans during maturation (Mizuno, T. et al. 1990). The mycelium contains various 1,6 and 1,4 glucans, as well as glucomannan that inhibit tumorigenesis (Mizuno, M. et al. 1999).

The mushroom extract down-regulates cytochrome P4501A and can be useful in reducing the production of metabolically activated procarcinogens from xenobiotics. On the other hand, it may prolong the duration and intensity of herb-drug interactions.

Three cases of severe hepatic dysfunction in cancer patients have been reported, indicating that more attention is required (Mukai et al. 2006).

Extracts containing up to 45 percent beta 1-6 glucan are on the market.

Homeopathy


Agaricus blazei seems to have the ability to maintain a balance between psoric deficiency and sycotic excess. On the one hand, it revitalizes what has been weakened by stress, poor eating habits, pollution, etc.; on the other hand, it reduces excessive immune reactions, e.g. those resulting in atopic dermatitis, asthma, pollinosis, or rheumatism. It falls into the “psoric” category by activating metabolism and stimulating defenses, and into the “sycotic” category by leveling excesses in blood pressure, blood sugar, and cholesterol.

—FRANS VERMEULEN




Field mushroom (A. campestris) may be associated with slight delirium, eyes sunken with livid circles, tongue red and patched, nausea and vomiting, abdominal pain, severe colic, irregular respiration, suppuration and gangrene, formation of abscesses and pus. Skin is cold, covered with cold sweat.

—ALLEN



Essential Oil

Seven volatiles were identified in the fruiting body and sixteen in the mycelia of A. resiliencies.

Benzaldehyde was 43 percent by weight, and benzyl alcohol was 29 percent in the fruiting body, with the former compound up to 38 percent in the mycelia. This explains the distinct almond flavor and odor.

Fungi Essences


Agaricus campestris essence is for stubbornness, inflexibility, and nervous behavior. It helps to open both the crown and base chokers. Mushrooms are a valuable future healing system.

—PEGASUS




Horse mushroom essence is for those you are not sure which direction to move into. It will help to remove hard mental patterning, stomach problems, nerves, anxiety, and stress.”

—SILVERCORD



Mycoremediation

Rabinovich et al. (2007) found supplementing copper and zinc at four hundred parts per million to mycelium increased copper content by 449 times and zinc by 163 times.

High concentrations of cadmium have been found in this species (Yesil et al. 2004).

The related A. abruptibulbus myco-accumulates cadmium, and in fact, the heavy metal stimulates its growth in laboratories (Meisch et al. 1986).

The button mushroom (A. bisporus) contains laccase and manganese peroxide that help lignin degradation (Bonnen et al. 1994; Trejo-Hernandez et al. 2001).

Cosmetics

Royal sun Agaricus, in whole or extracted form, can be applied to the skin to protect against environmental toxins, pollution, chemicals, and radiation, as well as prevent or treat malignant neoplasms, melanomas, Kaposi’s sarcoma, and mycosis fungoides. Shoji Uchiyama filed a U.S. patent in January 2005 for various cosmetic and medical applications.

Button mushroom extracts, whether in the form of tinctures, concretes, absolutes, essential oils, oleoresins, distillates, or other residues, have application for the cosmetic industry. European companies already incorporate various extracts into products.

Chitosan has application for cosmetics because it forms a protective, moisturizing elastic film on the skin’s surface and is capable of binding other ingredients. It has application for skin moisture, treating acne, reducing static electricity in hair, fighting dandruff, and making the hair softer and more supple. Chitosonium salts are used in hair setting products, with several advantages over synthetic polymers.

Mushroom oil derived from this species is used in several Paul Mitchell shampoos and rinses.

Button mushrooms secrete laccase and manganese peroxidase, the latter similar in activity to peroxidases from oyster mushrooms, especially when cultured on wheat and rye bran. Waste ends contain up to a hundred grams of laccase per ton.

Food Industry

When put through a weak acid bath, chitin is transformed into chitosan, a dietary supplement that is used to lower cholesterol and promote weight loss.

Chitosan is commonly used as a preservative and food stabilizer. It is used in Japan to thicken and stabilize sauces and other foods, clarify and remove heavy metals from beverages, and create a protective, antibacterial, fungistatic film for fruits and vegetables.

Work by Werner and Beelman (2002) found selenium-enriched button mushrooms can be produced for the functional food or nutraceutical industry. Work by Mavoungou et al. (1987) showed antitumor activity.

The related A. paludosa, found in swampy areas, shows an inhibition rate against sarcoma 180 and Ehrlich carcinoma of 90 percent and 100 percent respectively (Ohtsuka et al. 1973).

Agrocybe praecox


Pholiota praecox

(SPRING AGROCYBE)

A. aegerita

A. cylindracea

P. cylindracea

(PIOPPINO)

(BLACK POPLAR MUSHROOM)



Spring Agrocybe is found on forest ground or fields or even roadside lawns in summer and fall, is edible, and has a chocolate brown spore print. The soft flesh is pleasant and mealy in odor, but some specimens may be bitter.

The related A. cylindracea (A. aergerita) is not native to this continent. Known as black poplar fungus, or pippin, it is believed that the Greeks and Romans cultivated or encouraged the mushrooms’ growth by placing small pieces of poplar wood on land that had been manured. The Greeks called it Muketes aigeiritai, and both Pliny and Dioscorides called it Fungi populi.

Today it is grown commercially in parts of Europe. China and Japan cultivate the fungi for food and medicine. In Japan it is known as the black poplar mushroom, the swordbelt Agrocybe, and yanagi-matsutake.

In China, it is called zhuzhuang-tiantougu, or south poplar mushroom.

As the name suggests, it grows on hardwood such as poplar, willow, and maple. It grows well in the southeastern United States, and would be a good candidate for field experiments or controlled growing rooms for commercial production.

A. praecox is not as tasty, but definitely edible, and hardy.

Cultivation

Work by Ohga et al. (2004) found an electric impulse of 150 kilovolts discharged directly into the substrate enhanced fruiting in this mushroom and eight others including Grifola frondosa, Flammulina velutipes, Hypsizygus marmoreus, and various Pleurotus species. A mixture of sawdust with 10 percent wheat bran was found to give 74 percent biological efficiency in cultivation (Sharma and Sharma 2009).

It may be rather easy to introduce the European species into our native poplar for a commercial opportunity, or to explore hybridization potential.

Medicinal Use

Chemical Constituents


[image: ] A. cylindracea: benzastatins A-G, betulinans A and B, indole derivatives, agrocybenine, agrocybin, and illudine sesquiterpenes, palmitic acid, ergosterol, mannitol, trehalose.



In Fuji, it is used to penetrate dampness, strengthen the spleen, and stop diarrhea.

Research by Jin Won Hyun et al. (1996) found a neutral protein-bound polysaccharide fraction (cylindan) that showed marked anti-tumor activity, with 70 percent inhibition of sarcoma 180 when a dose of thirty milligrams per kilogram of body weight per day was given to mice.

Yoshida et al. (1996) identified three carboxymethylated alpha D-glucans, which increased immune function by more than 50 percent after administration to lab mice.

Won Gon (1997) showed cylindan increased the life of mice with the ascites form of sarcoma 180 and Lewis lung carcinoma at doses of milligrams per kilogram (about 2.2 pounds) of body weight per day. It was reported to have restored the decreased immune response of the tumor-bearing mice. The same group also discovered two indole compounds with free radical-scavenging potential.

A polysaccharide compound from A. cylindracea was found to inhibit skin tumors in mice by 88.2 percent and the percentage of mice with tumors by 30 percent after exposure to tetrachloroterephthalic acid (TPA).

An antitumor lectin (Yang, N. et al. 2005), a novel antigentoxic peptide or protein (Taira et al. 2005), and a lectin that induces apoptosis and expression of DNAse activity (Zhao, C. et al. 2003) have been found in the mushroom.

An ethyl acetate extract of the culture liquid has shown moderate inhibition of both IkB-alpha degradation and phosphorylation (Petrova et al. 2007).

Nine active extracellular enzymes in six different stages of growth from three different strains of A. aegerita have been identified (Wang, N. et al. 2000).

A lectin with potent mitogenic activity toward mouse splenocytes has also been identified (Wang, H. et al. 2002).

Cold-water extracts of A. aegerita, in vitro, inhibit leukemic U937 cells (Ou et al. 2005).

Ethanol extracts of the mycelium at four to eight milligrams per milliliter exhibit 82.7 percent antioxidant activity (Asatiani et al. 2007).

Researchers have isolated two polysaccharides with hypoglycemic activity (Kiho et al. 1994). This is believed due to AG-HN1 with a high molecular weight composed of glucose, and AG-HN2 with low molecular weight composed of fructose, galactose, glucose, and mannose.

The fungus has been shown to be active against five bacteria including E. coli, Streptococcus aureus, Bacillus cereus, B. subtilis, and Salmonella typhimurium.

Researchers have isolated a lectin with antiviral activity against tobacco mosaic virus and antifungal peptides from the fresh fruiting bodies (Ngai et al. 2005).

Yanjun Zhang et al. (2003) identified antioxidant compounds and discovered that the fruiting body inhibited both COX-1 and COX-2 enzyme activity, as well as cyclooxygenase activity.

A lectin in A. aegerita induces apoptosis in cancer cell through a novel nuclear pathway (Liang et al. 2010).

Recent studies have found ethyl acetate extracts of A. cylindracea exhibit strong inhibition of COX-2 enzyme, reflective of anti-inflammatory activity (Elgorashi et al. 2008).

Water-soluble peptides, or proteins, that protect DNA from mitogens have been identified, suggesting anti-genotoxic activity (Taira et al. 2005).

Kyung-Ae Lee et al. (2005) have shown hepatoprotective activity from this mushroom when cultivated on a waxy brown rice substrate.

Spring Agrocybe contains anti-carcinogenic substances with inhibition rates of 100 percent for both sarcoma 180 and Ehrlich carcinoma cells.

Hui-Ling Mao et al. (2007) found extraction of polysaccharides optimal at pH 7.5 at ninety degrees Celsius for one hour.

Mycoremediation

The mushroom has shown lacasse activity, suggesting mycoremedial potential. This term will come up again, so it is worth explaining in brief. Laccases are a group of copper-containing, radical-producing oxide reductases found in many white rot basidiomycetes and some ascomycetes. They degrade lignins and detoxify plant phenolic compounds. They can also degrade and detoxify artificially produced phenols to water and carbon dioxide.

Oxidation of endocrine disruptors, like nonylphenol and bisphenol A, by laccase has been reported.

Ullrich et al. (2004) have found the mushroom produces a peroxidase that oxidizes aryl alcohols, such as veratryl and benzyl alcohols in aldehydes and then acids at neutral pH.

Albatrellus


Albatrellus ovinus

Polyporus ovinus

Scutiger ovinus

(SHEEP POLYPORE)

A. confluens

P. confluens

S. confluens

(CONFLUENT POLYPORE)

A. fletti

(BLUE CAPPED POLYPORE)

A. caeruleoporus

(GREENING GOAT’S FOOT)

A. cristatus

(CRESTED POLYPORE)



Sheep polypore is an exception among the polypores, as it grows on the ground and is not woody. It tastes somewhat like oysters, and is harvested from the wild in parts of the Pacific Northwest for commercial sales. Ovinus means “related to sheep.” Confluens means “running together.”

It is a good nickel accumulator—Jorhem, in trials from Sweden, showed accumulation of nickel as high as 0.72 milligrams per kilogram (about 2.2 pounds) in industrial areas—and could be used as an environmental monitor.

The Albatrellus genus appears to be a selenium accumulator.

Sheep polypore is a significant source of carboxyl esterase, protease, and amylase enzymes. Protease is used in cheese-making, meat tenderizers, flavor development, and to treat blood clotting and inflammatory conditions. Amylases digest starch, and are used in the cosmetic and brewing industry, for laundry detergents, wood-pulp bleaching, pharmaceuticals, cleaners, leather, and fur, as well as food and feed products (Goud et al. 2009).

Crested polypore is found from New Brunswick to Florida and westward.

Medicinal Use

Chemical Constituents


[image: ] A. ovinus: Novel neogrifolin derivatives, as well as grifolin, scutigeral, ilicicolin B, ovinal, and ovinol.

[image: ] A. confluens: albaconol, (t)-(r)-grifolinone, albatrellin, grifolinone, grifoline, and grifolinone A.

[image: ] A. caeruleoporus: grifolin, neogrifolin, and grifolinones A-B.

[image: ] A. fletti: confluentin, grifolin, and neogrifolin.

[image: ] A. cristatus: grifolic acid.



Sheep polypore contains grifolin, which has been shown to lower cholesterol levels when fed to rats (Sugiyama et al. 1992).

Grifolin up-regulates the expression of the reporter gene for the farnesoid X receptor that controls bile acid and cholesterol metabolism (Suzuki, T. et al. 2006).

Mycelium polysaccharides have been shown to inhibit both sarcoma 180 and Ehrlich carcinoma cell lines by 100 percent (Ohtsuka et al. 1973).

Research has shown inhibition and induction by apoptosis of various cancer cell lines, including CNE1 (nasopharyngeal), HeLa (cervical), MCF7 (breast), SW480 (colon), K562 (leukemia), Raji (Burkitts lymphoma), and B95-8 (marmoset B lymphblastoid) (Ye et al. 2005). The same lead researcher found grifolin inhibits the ERK1/2 or the ERK5 pathway, inducing G1 phase of cell cycle arrest (Ye et al. 2007).

Grifolin has been found to inhibit cancer and induce apoptosis of the osteosarcoma cell lines (Choi, J.-S. et al. 2007).

Szallasi et al. (1999) identified scutigeral as a stimulant of dorsal root ganglion neurons via interaction at vanilloid receptors. Although it mimicked capsaicin, it was not pungent on the human tongue. It has an affinity to the brain dopamine D1 receptors and may act as an oral painkiller targeting vanilloid receptors.

This novel compound could lead to the development of orally active, non-pungent vanilloids with potential for nerve and brain influence.

Kawagishi et al. (1996) isolated a novel pyradine derivative from the fungus that promotes melanin synthesis by B16 melanoma cells.

Sheep polypore contains at least three neogrifolin derivatives that possess antioxidant activity more potent than alpha tocopherol or BHA (Nukata et al. 2002).

Anti-inflammatory activity has been shown for grifolin and neogrifolin due to inhibition of nitric oxide production.

Various conditions including rheumatoid arthritis, septic shock, and other inflamed conditions are the result of over production of nitric oxide, suggesting that sheep polypore could be useful in the treatment of these painful pathologies.

Grifolin inhibits Staphylococcus aureus and Bacillus subtilis, as well as Mycobacterium avium and M. phlei. The toxicity is low and the activity is heat stable.

Confluent polypore is commonly found under conifers. The infiltrates have been shown to inhibit the growth of Bacillus cereus, B. subtilis, E. coli, and Salmonella typhimurium (Hirata et al. 1950).

Studies by Takashi Mizuno et al. (1992a) indicate that it contains polysaccharides with antitumor activity and aurovertins B and E, not normally found in basidiomycetes.

The confluent polypore contains albaconol, which breaks strands of pBR322 DNA at relatively high concentrations but has no effect on the macromolecule DNA of K562, suggesting that it specifically targets DNA topo II as one of its mechanisms of antitumor activity against cell lines K562, A549, BGC-823 and Bcap-37 (Qing et al. 2004).

Albaconol, present in the fruiting bodies, is an antagonist at the VR1 receptor with an IC 50 value of five micrometers (Liu, J. 2002).

Albaconol was found to induce contraction and desensitization of guinea pig trachea in vitro (Yang, W.-M. et al. 2003).

Albaconol inhibits lipid peroxidation in a manner comparable to vitamin E and increases the activity of superoxide dismutase (SOD) and butylated hydroxy-anisole (BHA).

Confluetin affects the vanilloid receptors, suggesting pain-relieving ability (Hellwig et al. 2003).

Both ememeterone and 3,6-dibenzyl-2-hydroxy-5-methoxypyradine have been found, the latter pyradine derivative reported to promote melanin synthesis by B16 melanoma cells (Kawagishi et al. 1996).

The related eastern species, A. caeruleoporus, contains grifolin and neogrifolin, as well as grifolinones A and B. All show inhibitory effects against the production of nitric oxide stimulated by lipopolysaccharide (Quang et al. 2005).

Grifolin has shown the ability to inhibit growth of cancer cells by induction of apoptosis, inhibiting tumor cell lines CNE1, HeLa, MCF7, SW480, K562, Raji, and B95-8 (Ye et al. 2005). The related A. pes-caprae also shows antitumor effects.

Greening goat’s foot (A. ellisii) contains a glycosphingolipid with an unusual sphingoid base. Sphingolipids play a role in antigen-antibody reactions and cell-to-cell communication.

Grifolin, extracted from the rare A. dispanus shows antifungal activity against a variety of plant pathogens (Luo, D.-Q. et al. 2005).

The blue-capped polypore (A. fletti) is a beautiful blue to blue-green species found under conifers and mixed woods in western North America. It is edible and, according to David Arora, sold commercially in northern California. It contains confluentin, grifolin, and neogrifolin that exhibit activity against Bacillus cereus and Enterococcus faecalis (Liu, X.-T. et al. 2010).

Crested polypore (A. cristatus), found in Bavaria, is active against the Bacillus species, hemolytic, and cytotoxic (Zechlin et al. 1981).

The American species contains grifolic acid.

Mycoremediation

Sheep polypore is a rich source of esterase, protease, and amylase enzymes. Esterases, such as lipase and carboxyl esterase, are important in food processing, fats and oleochemicals, cosmetics, leather, and dairy and tea processing, as well as sewage treatment, pulp and paper, oil degradation, and biodiesel production.

Aleuria


Aleuria aurantia

Peziza aurantia

(ORANGE PEEL FUNGUS)

(ORANGE PEEL CUP)

A. rhenana

(STALKED ORANGE PEEL)

(FALSE ORANGE PEEL)



Aurantia means “orange.” Peziza is from the Greek meaning “living on the land, close to the ground or on foot.”

Both fungi are bright orange and cup shaped. The stalked variety is more common in western North America, but both are widespread and common.

Orange peel is often found in summer and fall alongside trails or gravel roads, while its stalked cousin is more familiar in mosses of the boreal forest.

Both are edible, although they are small and it is difficult to gather more than a handful at a time. They can be eaten raw and may be added to salads for texture and color. One author suggests snacking on them with a glass of Kirsch. Why not?

The bright orange color is due to carotenoids, mainly aleuriaxanthin.

Medicinal Use

Chemical Constituents


[image: ] One constituent is a fucose-binding lectin, which may be useful in some diagnostic tests for neoplasms. It is being studied for medicinal properties. Other contents include steroids, fatty acids, quaternary amines, and indole derivatives.



Fungi Essence


Orange peel cup (A. aurantia) essence brings us back into balance between matter and spirit. It can assist both those people who are too attached to the physical and also those who ignore their material needs, escaping into spiritual realms too often.

—KORTE PHI



Agriculture

Orange peel was traditionally decocted in Europe and given to cows suffering from colds and other ailments.

Alnicola melinoides


Naucoria melinoides

(BROWN ALDER MUSHROOM)



Melinoides is from the Greek meaning “looking like grain.” It looks like a dirty Lepiota, and is found on sandy soil under alder, hence the genus name.

Medicinal Use

Work by Hervey (1947) found agar plate growth active against Staphylococcus aureus.

Amanita muscaria


A. muscaria

(FLY AGARIC)

A. gemmata

(GEM STUDDED AMANITA)

A. pantherina

(THE PANTHER)

A. citrina

A. mappa

(FALSE DEATH CAP)

A. rubescens

(THE BLUSHER)

A. vaginata

Vaginata plumbea

Amanitopsis vaginata

(GRISETTE)

A. caesarea

(CAESAR’S MUSHROOM)

A. pseudoceciliae

A. inaurata

A. strangulata

(STRANGULATED AMANITA)




In a few minutes the caterpillar took the hookah out of its mouth, and got down off the mushroom (Amanita muscaria), and crawled away into the grass, merely remarking as it went “the top will make you grow taller, and the stalk will make you grow shorter.”

“The top of what? The stalk of what?” thought Alice.

“Of the mushroom,” said the caterpillar, just as if she had asked it aloud and in another moment was out of sight.

—LEWIS CARROLL, ALICE’S ADVENTURES IN WONDERLAND




It is called fungus of flies by reason that, when crushed up in milk, it kills flies.

—ALBERTUS MAGNUS




Teetotalers must be afraid of the tengu-dake.

—BENSEKI



Muscaria is derived from the Latin musci meaning “fly.” Mucarine is another obvious derivation. Amanita derives from either the Greek amanitai meaning “fungus without any details,” or from Amanos, a mountain between Syria and Cicilia.

Agaricum was a name originally given to the larch polypores (Fomes) native to a region of Sarmatia known as Agraria.

Another name is fly agaric. Many cultures crushed it in water and honey, or boiled it in milk and set a dish on windowsills to attract and kill flies. An English herbal published in 1440 reported, “there is also the sort of fungus that is impure, broad and thick and red with white spots on the top, when mixed with milk, it will kill the flies that are around, this is why it is known as the fly fungi, muscinery in Latin.”

The German name, fliegenpilz, or “fly mushroom,” may also derive from the ancient association of flies with madness. Beelzebub, later known as the devil, was originally called Lord of the Flies. In Austria, it is known as hexenpilz, or “witches’ mushroom.” In the Basque region of Spain, it is called amoroto, meaning “toad-like thing.” From the Fribourg dialect of Switzerland comes tsapi de diablhou, or “devil’s hat.”

Other names include the Russian mukhomor, Lithuanian musiomeris, Danish flue-svamp, Italian moscario, and French tue mouche. My Polish in-laws refer to the fly agaric as baramuha, as muha means “fly.” The fungus was placed in a cast iron pan, sprinkled with sugar, and gently heated on the wood stove. When removed from heat and cooled, it attracts house flies very effectively.

In France, this mushroom is known as grapoudin, meaning “toad thing.” The Japanese call it hayetoritake, or “fly destroying mushroom” and aka-haetori, meaning “red fly catcher.” It is sold in Japanese head shops as beniteng. In Hungary, the mushroom is called bolond gomba, or “mad mushroom.”

Fly agaric is common in the birch, pine, and poplar forests of the northern prairies. It cannot be mistaken for any other mushroom with its brilliant orange-red head and white flecks.

This orange red coloring has been used as a red dye. Some authors believe that yellow colored mushrooms are the weakest in psychoactivity, and red the strongest.

DNA sequencing suggests distinct phylgenetic species around the world (Geml et al. 2008).

The mushroom is commonly eaten boiled in France and Italy.

In regions around Hamburg, the mushrooms, with their red skin removed, are made into soup. In some Alpine valleys, fresh fly agaric is sliced and made into an appetizer with vinegar, oil, salt, and pepper, and in Russia, it is added to vodka.

Fly agaric intoxications make up 1 to 2 percent of all cases of mushroom poisoning, and in many areas the species is considered very poisonous. In Finland, the red membrane of the cap is diluted in vodka and used externally to treat painful bruises or taken internally in small amounts for stomach aches or headaches.

Rainwater collected on the inverted caps, a cold-water extract, is called “dwarves’ wine” and has definite psychoactive effect.

The concentrations of alkaloids in the panther mushroom are the most powerful in the genus, and often preferred by students and participants of hallucinogenic mushrooms. The ibotenic and muscimol content is much stronger and requires considerable adjustment of dosage.

“Pantherine syndrome” has been used to describe the symptoms of poisoning by this mushroom. The toxins responsible are isoxazole derivatives that interfere with neurotransmission in the brain.

There is one record of death from the fresh mushroom in the United States. According to legend, more than a century ago, Count Vechi, a member of the Italian diplomatic corps, reportedly ate two dozen fresh panther mushrooms for breakfast and died the next day.

False death cap (A. citrina) contains 7.5 grams of bufotenin per dry gram. Bufotenin is not centrally active in humans when taken orally at doses below fifty milligrams (Spoerke and Rumack 1994).




End of sample
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