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To my son, Ken,


who has taught me so much about service, humility, and love on an often joyful and sometimes difficult path to self-discovery and healing.
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A Note of Caution from the Publisher


The information in this book is provided only as a resource. Any reader who forages for wild mushrooms and chooses to ingest them does so at his or her own risk; without a 100 percent positive identification, no wild mushroom should ever be consumed. Readers should not rely solely the information in this book for the purpose of identifying mushrooms; consulting other respected field guides (listed in Resources) is necessary, and consulting with an expert mushroom forager, who can identify the mushrooms in person, is recommended.


The author’s opinions about the uses and risks of taking psilocybin in Chapter 4 do not constitute either legal or medical advice.


Any reader who nevertheless elects to use psilocybin for any of the possible benefits advanced by the author should first consult a qualified medical professional, or an experienced or qualified guide, who can make recom­mendations based upon the reader’s medical and psychological history and current medical and psychological condition.


The reader should carefully consider the following before foraging, preparing, or ingesting psilocybin:


Psilocybin is a Schedule 1 drug (classified by the United States Drug Enforcement Administration). The manufacture, possession, and distribution of psilocybin is illegal under federal, state, and almost all local laws.


The publisher does not encourage or advocate acting in any way that violates local, state, or federal laws and regulations.







Preface







[image: The author holding some freshly harvested mushrooms]






The inspiration for this book came from my ancestors, my passion for botany, nature, and science, as well as my lifelong interest in such questions as, What causes disease? Why does it come to some people who seem perfectly healthy, despite their best efforts to take care of themselves in a good way? Is good health just the absence of disease, or something greater?


These lifelong interests finally crossed with my passion for fungi in the late 1970s, when I attended one of the first mushroom conferences in the United States. It was on Orcas Island, the inspiration of Paul Stamets, the renowned mycophile. There I met Paul, as well as Dr. Alexander Smith, a wood sprite if I ever saw one, and a prominent mycolo­gist and author of mushroom field guides; Dr. Gastón Guzmán, the leading researcher on the genus Psilocybe; and many more luminaries in this tribe of unique fungi enthusiasts. Mushroom identification walks and talks from Dr. Smith, Dr. Guzmán, and local mushroom experts set me off like a rocket on a trajectory of fascination for fungi that has lasted a lifetime. It was just a beginning, but from the conference I took away some entry-level identification skills that enabled me to recognize chanterelles and a few other worthy edibles. Over the years since then, my passion and identification skills have expanded; I now find and eat more than 50 wild species of mushrooms. When no wild mushrooms are around, I’m reduced to growing oyster mushrooms at home or purchasing various cultivated fungi, as well as rehydrating the porcini and candycaps I dried the previous season.
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My ancestors on my mother’s side passed along their interest in community herbalism — my great-grandmother was an herbalist, and my grandmother was the community herbalist in her neighborhood of Pasadena, California, in the 1920s. On my dad’s side, my grandfather was an organic grower of avocados and citrus. He had a compost heap in his orchard that I still remember, and a special canning kitchen where he processed crops from his orchard and farm to store for winter. My dad taught botany and biology at a university until he retired, then spent his retirement years consulting on environmental issues.


All the epigenetic signals my ancestors passed on to me led me into the woods, where every turn was a mystery with an unknown destination. Along the way were the most fantastic creations of nature — brightly colored fungi of every hue, tall fragrant trees, rugged landscapes high in the mountains, green meadows tall with every wildflower, with a babbling stream running through it. What brought it all together and brought these treasures into my life fully was the community of herbalists and lovers of nature and fungi whom I met and loved, as we explored the edges of the well-trod pathways of mainstream culture.
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I have been fascinated by fungi for decades. This is a mushroom walk I led at the Breitenbush Herbal Conference in the early 1990s.






It is estimated that there are 2.2 to 3.8 million species of fungi on Earth, of which only about 4 percent have been documented and described.




My Early Research


In 1985, my interest in herbalism and natural health led me to begin researching how people have used fungi for healing and health in different cultures around the world. I also started combing the scientific literature for studies that might show the ways in which fungi affect our nutrition, metabolism, and immunity. This latter idea really struck me. Mushrooms and fungi could activate many aspects of our immune response, whose fundamental purpose is to protect us from pathogenic types of viruses and bacteria. According to traditional Chinese medicine, disease-promoting factors are created in our bodies through our constitution, diet, and metabolism, as well as external influences from the environment like hot, cold, dry, and damp. To the ancients, fungi like reishi could help remove these pathogens and restore healthy balance throughout our body’s systems, enabling us to maintain homeostasis.
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Orange peel fungus


Aleuria aurantia
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Woolly chanterelle


Turbinellus floccosus







I was fascinated and powerfully attracted to learning more about how and why these interactions between fungi and humans happen. These interactions are ancient — fungi have been around for about 1 billion years, according to a recent discovery based on fossils collected in northern Canada by an international team of researchers.1 The previous estimate was about 460 million years. This research shows that fungi appeared on land prior to the evolution of flowering plants, prior to the rise of insects, and long before the evolution of mammals. Other research shows that our distant ancestors were interacting with fungi. It’s no wonder, then, that we have developed sensors throughout our body to detect the presence of fungi.
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These stunning illustrations are from an early German field guide I found while doing research in Europe.







In 1986, I wrote the first edition of Medicinal Mushrooms: The History, Chemistry, Pharmacology and Folk Uses for Modern Times. In 1995, I spent months researching and pulling together more than a thousand references to write the second edition of the book, greatly expanded, which is still in print today.






[image: Captioned image]

At the Mendocino Mushroom Foray, we found dozens of species.
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Mycena species
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Inspecting a Suillus species






Since then, the scientific research and publication on the myriad ways fungi interact with our immune system and other body systems, as well as their disease-preventing and healing properties, have grown tremendously. Currently, the published scientific literature on turkey tail fungus alone is likely to rival all the combined literature that existed in 1985 on all species of fungi used for medicine by all world cultures. In 1985, about 70 studies were published based on the keywords “medicinal mushrooms” in the scientific literature. By 2019, that had grown to about 4,400.


Over more than 35 years of researching, writing, and speaking about the rich history of human-fungi interactions, I have learned from many passionate and curious students. The experiences they’ve shared with me and the questions they’ve asked have been enlightening and inspiring, and have helped direct my research. I’ve learned what people are curious about; the questions they ask are often focused on how to incorporate mushrooms into their daily lives. People want to know if medicinal mushrooms can help them resolve their health issues and stay healthy under stress or during the cold and flu season, and if they can help other members of their family.





The Healing Potential of Fungi


The purpose of this book is to address many of the common questions I receive from the people who attend the talks and workshops I have offered over the years, and to share the passion I have for fungi, health, and the natural world. I have included my hands-on experience, clinical experience with patients, and a distillation of my extensive research about medicinal fungi. I want to share the amazing story of how fungi interact with our body to activate global immune responses, help calm our nervous system, benefit our cardiovascular system, and protect us from toxins and stresses in our environment, all the while supplying important nutrients. The healing potential of fungi is promising indeed.
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lobster mushroom


Hypomyces lactifluorum 
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deer mushroom


Pluteus cervinus






Exploring the world of fungi and connecting with them in the environments where they live — in fields and pastures, forests, and compost heaps — contributes to good health. In this way, we experience the calm and reflection of “forest therapy,” the joy of going on mushroom-­collecting forays for personal solitude, and the healing practice of mindfulness. We bond with family members and connect with friends as we explore, encouraging young children to feel connected to the natural world and building friendships. The excitement of the hunt for edible and medicinal fungi adds to the healing properties of the mushrooms themselves. Being in the forest, finding mushrooms, and experiencing the sensual qualities of fungal smells — often earthy, fresh, or even fruity — and the inviting textures of moist duff and silky mushrooms trigger ancient instincts. Every color of the rainbow is represented in the mushroom world, enhancing their appeal and making it easy to spot them.
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When we turn our attention to nature, we receive her blessings, her nurturing, and her vast wisdom, which is so restorative and healing to mind, spirit, and body.
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Clockwise from top left: Stropharia ambigua, Lepiota species, Boletus edulis, Ganoderma applanatum







The scope of this book could be encyclopedic if we had the space to tell all the stories from world cultures, the uses of fungi in current herbal practice and as a medicine and food of the people in many countries of the world, as well as attempting to summarize the vast amount of scientific research that has been published. Instead, I focus on the information, hands-on instruction, recipes, and formulas that are imminently practical, and on the published studies that are most helpful in understanding the usefulness of a particular species.


The published studies I’ve included are typically randomized, double-blind, placebo-­controlled studies, or actual clinical reports to help us understand the benefits to humans, how to purchase high-quality products that are the most active, how to harvest medicinal species, how to prepare them, how to take them for oral use, and for how long. We will highlight the best species for many health conditions, and what, if any, are the potential side effects. Most importantly, we will discuss what to expect when using fungi for prevention and support to help heal various diseases — such as for cancer support, cardiovascular support, metabolic syndrome, and obesity; for preventing and treating various viral and bacterial infections, such as urinary tract infections and respiratory tract infections; for restoring and healing nerve problems; for cognition; for increasing energy; for easing mood disorders like depression and anxiety; and more. I will also share my years of clinical and personal experience collecting, extracting, making products, testing in the lab, and use with my patients in the clinic.


I hope this book answers many of your questions, so you can fully incorporate and enjoy the health and medicinal benefits of fungi in your daily life.
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Shaggy mane (Coprinus comatus) is an edible species that’s relatively easy to identify by its shaggy cap, among other traits.
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Ganoderma oregonense is a beautiful species of reishi found in the Western United States.
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Mushrooms for Health and Healing
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Mushrooms are a familiar food. Even the least adventuresome eater has probably enjoyed button ­mushrooms sliced up on a pizza, or shiitake in an Asian stir-fry. These mushrooms add pleasing textures, mouthfeel, and flavor to many meals. Despite their familiarity, though, many people aren’t aware of the nutritional benefits of mushrooms. As a nutritional powerhouse, they have so much more than flavor and texture to offer. As you eat them and learn about their nutritional and medicinal benefits, you may start thinking of them as essential superfoods.
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A Healing and Healthful Food


Hippocrates is thought to have said, “Let your food be your medicine and your medicine be your food.” This statement is more relevant than ever, now that modern science has found so many active and healing compounds in common foods like curcumin in turmeric and curry, allicin in garlic, quercetin in apples and onions, and the cancer-preventive compounds in brassica vegetables like broccoli and kale called Se-methylselenocysteine and glucosinolates.


Thinking of mushrooms as both food and medicine, as have many cultures throughout time, can encourage you to incorporate them in your daily diet. Taking pills or tinctures is another way of getting mushroom medicine, but because this is often separate from our regular lives and habits, developing a regimen of regular mushroom consumption with pills and tinctures can be hit or miss. Eating mushrooms frequently and using mushroom powders you’ve made yourself will enable you to get a higher dose and much greater benefit for the amount of money you spend, considering the production costs that go into making commercially available pills and extracts. (See Choosing Mushroom Products off the Shelf for further discussion of the variable quality of commercial mushroom products.)


Some species of edible mushrooms have a nearly complete complement of all necessary nutrients — vitamins, minerals, fiber, protein, carbohydrates, and fatty acids. To absorb these nutrients, mushrooms should be well cooked to break down the tough fibers.




High in Minerals, B Vitamins, and Protein


When it comes to nutrition, mushrooms have so much to offer! They are a rich source of vitamins, and they have an incredibly high mineral content (some types have 7  to 12 percent total minerals); they are a particularly good source of trace minerals such as zinc, copper, and iron, as well as the macrominerals phosphorus and potassium. Mushrooms also have a significant amount of all the B-complex vitamins (including B12) — almost as much as meat. Since B12 is a crucial vitamin for our body to create new, healthy blood cells, and meat is the highest and most bioavailable source, vegetarians can become deficient in this important nutrient. Cooking mushrooms helps break down cell walls and render the minerals more bioavailable. Heat can destroy some of the vitamins, but stir-frying mushrooms like oyster mushrooms and shiitakes with a ­little water will ­preserve a good portion of the B vitamins.


Fungi are also an excellent source of high-­quality protein; some oyster mushrooms, for example, contain up to 30 percent protein. This makes mushrooms a valuable addition to the diet, especially in parts of the world where protein is scarce; fungi can efficiently convert plant waste into a sustainable form of protein that humans can digest and assimilate efficiently. The protein in mushrooms contains all nine essential amino acids.
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Major Nutrients for Ten Important Mushrooms






Oyster


Pleurotus spp.








	Protein^ %

	Fats %

	Sugars %






	24.7–34.7

	1.8–5

	19.6






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	66.4

	128–190

	9–15






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	2,722–5,100

	89–150

	2.6






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	618–1,339

	3–12

	0.042–0.3






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	0.083–1.27

	3.88–14.1

	13–163






	Vitamin D2* (µg/100 g)

	 

	 






	0.07–3.9

	 

	 









Shiitake


Lentinula edodes








	Protein^ %

	Fats %

	Sugars %






	9.6–29.4

	2.1

	25.8






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	67.9

	116.5–132

	20.1






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	2,647.5

	11–42.3

	0.9–5.2






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	294–493

	4.3–7.6

	0.009–0.3






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	0.057–1.27

	2.6–14.1

	25–163






	Vitamin D2* (µg/100 g)

	 

	 






	0.03–3.9

	 

	 











Lion’s mane


Hericeum erinaceus








	Protein^ %

	Fats %

	Sugars %






	24–41.1

	1–4.2

	17.4






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	64.8

	94.8

	7.7–22.5






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	2,880

	16.6–17.4

	0.4–1.1






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	762–1,028

	1.5–12.1

	0.69






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	1.89

	no data

	no data






	Vitamin D2* (µg/100 g)

	 

	 






	no data

	 

	 













Maitake


Grifola frondosa








	Protein^ %

	Fats %

	Sugars %






	21.1–26.4

	3.1–24.7

	2.2–10.7






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	68.8

	65.1–145.3

	18–21.4






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	2,630–3,194

	248

	3.9






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	1,028–2,691

	24.6

	0.15






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	0.24

	6.6

	21






	Vitamin D2* (µg/100 g)

	 

	 






	0.08–63.2~

	 

	 











Button mushroom


Agaricus bisporus








	Protein^ %

	Fats %

	Sugars %






	26–38.6

	2

	13.9






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	62.2

	91–124

	5–50






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	3,500

	46–99

	0.52–6.7






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	969–1,730

	2–12

	0.012–0.19






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	0.18–0.62

	3.6

	17






	Vitamin D2* (µg/100 g)

	 

	 






	0.07–0.23

	 

	 











Cloud ear


Auricularia polytricha








	Protein^ %

	Fats %

	Sugars %






	0.9–18.3

	0.5–1.7

	17.6






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	91.8

	26–136

	29.3






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	588–3,948

	19.6–59

	0.3–2.6






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	94–1,842

	1–13.2

	0.08–0.2






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	0.2–0.9

	0.07–1.6

	19–38






	Vitamin D2* (µg/100 g)

	 

	 






	0.01

	 

	 











Enoki


Flammulina velutipes








	Protein^ %

	Fats %

	Sugars %






	20–26.7

	8.9–9.2

	13.9






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	64.2

	77.2–143

	13.8






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	2,898–3,727

	3.5–11

	0.9






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	940–1,844

	7.7–9.5

	0.23






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	0.2

	7

	48






	Vitamin D2* (µg/100 g)

	 

	 






	0.04–0.4

	 

	 











Chanterelle


Cantharellus spp.








	Protein^ %

	Fats %

	Sugars %






	16.2–26.3

	1.9–6.8

	4–9






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	64.9

	85–120

	10–18






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	5,400–5,900

	19–57

	5.5






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	500–657

	9–11

	0.58






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	0.215

	4.09

	2






	Vitamin D2* (µg/100 g)

	 

	 






	2.18–8.41

	 

	 













Porcini


Boletus edulis








	Protein^ %

	Fats %

	Sugars %






	27.2–33.1

	3.6–4.5

	8.3






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	69.9

	75–120

	5–50






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	2,367–3,900

	46–99

	0.4






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	1,024–1,730

	12

	1.25






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	9.36

	no data

	no data






	Vitamin D2* (µg/100 g)

	 

	 






	35.0

	 

	 













Turkey tail


Trametes versicolor








	Protein^ %

	Fats %

	Sugars %






	4.2–35

	no data

	no data






	Dietary Fiber** %

	Magnesium mg/100 g

	Iron mg/100 g






	65

	14–87.4

	3.8–47.6






	Potassium mg/100 g

	Calcium mg/100 g

	Copper mg/100 g






	1,989

	77.1–275

	1.2–32.6






	Phosphorus mg/100 g

	Zinc mg/100 g

	Thiamin*** mg/100 g






	1,007–1,123

	12.3

	no data






	Riboflavin**** mg/100 g

	Niacin mg/100 g

	Folate (µg/100 g)*****






	no data

	no data

	no data






	Vitamin D2* (µg/100 g)

	 

	 






	no data

	 

	 











*Vitamin D2 is formed in mushrooms after only 5 minutes’ exposure to sunlight and is highly stable; it is just as bioavailable as the vitamin D3 found in supplements.


**This includes insoluble and soluble branched beta-glucans, branched alpha-glucans, and chitin; these are “prebiotics” that are not digested and absorbed from the upper digestive tract but make it down mostly intact to the colon to feed beneficial bacteria. Mycelium typically has about 15% less fiber than the fruiting body.


***Vitamin B1


****Vitamin B2


*****µg = micrograms


~ The samples at the high end of this range had been irradiated with a high level of UV light in an effort to see how much vitamin D they could produce. Exposure to regular sunlight would not be expected to produce this amount of vitamin D.


^ Protein percentages in 25 mushroom species varied from 16% to 52% by dry weight.


Note: Values for protein, fats, sugars, fiber, magnesium, iron, potassium, calcium, copper, phosphorus, and zinc are calculated based on dry weight. The values for dried mushrooms are usually 7 to 12 times higher for the same species, compared with fresh mushrooms. Many vitamins degrade with heat and moisture loss, so values for thiamin, riboflavin, niacin, folate, and vitamin D2 are calculated based on fresh weight.


Note about data collection: This table represents a compilation of the most credible data from peer-reviewed journals. Where a range of measurements is listed, this indicates that several studies reported somewhat different statistics. Fungi in the wild or cultivated fungi vary in concentrations of nutrients depending on the substrate on which they are grown, the strain of the species, and the individual specimen being tested.


Sources: Alonso et al., 2003; Bernas et al., 2006; Daba et al., 2008; Demirbas, 2001; Furlani and Godoy, 2008; Hassan, 2007; Hung and Nhi, 2012; Keegan et al., 2013; Khan et al., 2008; Kumari et al., 2011; Liang et al., 2019; Manzi et al., 1999; Niedzielski et al., 2017; Ouzouni et al., 2009; Petrovska, 2001; Phillips et al., 2011; Ulziijargal and Mau, 2011; USDA FoodData Central Database, 2019; Wani et al., 2010; Watanabe et al., 1994.




[image: A row of pictures of mushrooms including oyster, shiitake, lion's mane, maitake, button mushroom, cloud ear, enoki, chanterelle, porcini, and turkey tail]










The Highest Fiber Food


Not only are mushrooms high in fiber, they have the highest dietary fiber content of any food, on a dry-weight basis. (Most fresh mushrooms contain up to 95 percent water.) Dietary fiber comprises several types of sugar polymers — in mushrooms, this includes beta-glucans and chitin (see Fungal Beta-Glucans and Their Benefits for more about these). These polymers aren’t digestible in the upper digestive tract, so they travel almost intact to the lower bowel, where bacteria degrade them as prebiotics. These support an environment where beneficial ­bacteria are encouraged and potentially harmful bacteria are suppressed. In this way, when consumed regularly, mushrooms can help us maintain an optimal microbial balance for health.
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Mushrooms Support Good Gut Microbes


Scientists are discovering just how important the presence of certain beneficial microbial species is for overall health, mood, immunity, and even longevity.1 Research has shown that eating a high-fiber diet is the single most important way to prevent a range of cardiovascular-­related diseases and concerns — including blood cholesterol imbalance, heart attack, stroke, and atherosclerosis (the damage to our vessels that progresses as we age, including “hardening of the arteries” due to plaque buildup) — in addition to reducing the risk of colon cancer, preventing diabetes, and simply keeping bowel movements regular.


In fact, the research shows that many of our modern health problems stem from the fact that we don’t get enough fiber in our diets. People in most industrialized countries consume around 15 grams of fiber per day, whereas people in nonindustrialized countries who eat a traditional diet — one that contains almost no processed food, only moderate amounts of animal products, and lots of roots, leaves, nuts, seeds, whole fruit, grains, and beans — consume closer to 50 or 60 grams of fiber daily. Several studies have shown that people who eat that much fiber lower their risk of cardiovascular disease and cancer by one-half to three-quarters, compared to those who get only 15 grams of fiber per day. (For more details about and to get a better understanding of the benefits of mushroom fiber for health, I recommend reading the article by Peter Cheung from the Chinese University of Hong Kong listed on here.)


Mushrooms like shiitake contain up to 35 percent total dietary fiber, and some polypores like reishi or fu ling contain up to 85 percent.






A Daily Diet That’s High in Fiber


To achieve a goal of consuming 40 to 50 grams of fiber a day, you obviously need to eat lots of vegetables, whole grains, beans, and other high-fiber foods. Mushrooms can really boost the total amount of fiber you take in. Here are some foods — including mushrooms! — that can get you up over 50 grams of fiber.




	1 cup raw oats, soaked (museli, oatmeal) / 8 g


	1 medium banana / 3 g


	1 cup cooked broccoli / 3.6 g


	3 medium shiitake mushrooms in soup or stir-fry / 7 g


	1 cup cooked beans (lentils, split peas, red kidney beans, or others) / 16 g


	
1⁄2 cup cooked whole grains (buckwheat, brown rice, or others) / about 3 g


	2–3 cups salad (with mixed vegetables: medium tomato, medium carrot, 1⁄4 onion, lettuce) / 3 g


	1 cup dark veggies (carrots, beets, ­collard greens) / 4 g


	1 ounce nuts, seeds (small ­handful) / about 3 g


	1 medium yam, baked / 4 g


	1 medium apple or 1⁄2 cup berries / 4 g













Soluble and Insoluble Fiber


When you simmer turkey tails and blend them up to dry for powder, you will see a lot of gel ­separate out in the water. This gel contains soluble fibers — both the valuable immune-­stimulating beta-glucans and the non-starch alpha-glucans. These soluble fibers reduce inflammation in your digestive track as they pass through, reducing the risk of bowel cancer and promoting cholesterol balance.


For the full benefit of fiber, you need both soluble and insoluble fiber. Other parts of the cell wall in cooked mushrooms, as well as the concentrated mushroom powders, are mostly insoluble fiber. The insoluble fiber can give your digestion something to work with to help remove waste products and stimulate peristalsis, helping to keep you regular. This is why it is best to consume the cooked mushrooms along with the cooking water, rather than filtering the cooked mushrooms out of the cooking water and just using the liquid as a tea.
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Achieving Your Dietary Goals with Mushrooms


Because mushrooms can be consumed in a variety of preparations, they are easy to add to meals to help you achieve your dietary goals. Here are just some of the ways to get your daily dose of fungi.


Powder. An easy way to get more fiber into your diet and reap the other nutritional and immune-boosting benefits of mushrooms is to powder them. The process of making the powder releases the beta-­glucans from other polymers like chitin, much improving their water solubility and bioavailability (see Concentrated Extract Powder for more about this). You can cook mushrooms, dry them, and make a powder (see the step-by-step instructions) to sprinkle savory mushroom flavor, minerals, protein, and fiber on any food or to add to smoothies or soups. Making a tea from just one rounded teaspoon of dried, powdered mushroom, such as shiitake, adds more than 5 grams of fiber to your daily diet. Other good mushrooms for concentrated tea powder include maitake, lion’s mane, and even a nonbitter species of reishi such as Ganoderma lingzhi.


Stir-fry. Tender species like shiitake, lion’s mane, and oyster mushrooms can be stir-fried. I usually add 1⁄4 cup of water to a tablespoon of oil in the skillet, to avoid overheating the oil and to steam-cook everything without scorching; add a bit more water later, if the mushrooms start drying out. You won’t need additional water if you’re cooking fresh mushrooms that are very wet or that have been harvested during rainy weather. Always cook the mushrooms before adding any vegetables because the mushrooms often need higher heat and longer cooking. I like to add cooked lentils and a variety of herbs — including garlic, curry powder, oregano, thyme, sage, savory, and parsley — to the stir-fried mushrooms and vegetables to make a delicious soup. Stir-fried mushrooms are also perfect for adding to an omelet.


Grill. Grilling is a good option for firm mushrooms like milky caps or members of the genus Russula. Brush the caps with or soak them in a sauce made from tamari, a little olive oil or toasted sesame oil, and ­seasonings like crushed garlic, ginger, and curry powder, then grill until tender.


Pressure-cook. I often use my multi­cooker/pressure cooker for tenderizing polypores like turkey tails and other tough fruiting bodies. This reduces the cooking time, as well. An additional benefit is that pressure cooking increases the bioavailability of certain medicinal compounds (see Extracting under Pressure). Use the high setting on the multi­cooker for up to 60 minutes, depending on how tender the mushrooms are. Tough fruiting bodies like artist’s conk need 60 minutes, but tender ones like lion’s mane can be done in 30. After cooling, blend the well-cooked fruiting bodies with the cooking water. Add 1⁄4 to 1⁄2 cup of this purée to soups for a mushroomy flavor and the benefits of the abundant fiber and immune-activating beta-glucans.


Make duxelles. This is a well-chopped mixture of mushrooms, onions, and herbs like oregano, parsley, or pepper that is sautéed in olive oil or butter until cooked. For extra protein, I add two beaten eggs once the mushrooms are cooked, then turn off the stove, cover the pan, and let the eggs set in the residual heat. You can use the more tender medicinal mushrooms — such as shiitake, maitake, oyster mushrooms, clamshells, or beech mushrooms — in this fashion.





Fungal Beta-Glucans and Their Benefits


In addition to contributing to our overall health, some of the components that make up the fiber in fungi help modulate the immune system. These components, called immunomodulators, are found in the cell walls of all fungi. Specifically, the fiber in the cell walls of all fungi is partly composed of glucans, which are long chains of glucose molecules (and a type of polysaccharide) that are often indigestible to humans. (Starch is also a polysaccharide, but the way the glucose units are attached to one another allows our body to easily break them down and obtain glucose for energy, either utilizing it immediately or storing it as glycogen or fat.) There are two major types of glucans — alpha-glucans and beta-­glucans — so-called because of how their attached glucose units are oriented.
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Any mushroom supplement you purchase should list the percentage of beta-glucans present in the product.






Immunomodulation


Research over the last few decades, and especially in the past 5 to 10 years, has clearly shown the significant effect fungal beta-­glucans have on the immune system — for cancer treatment; to increase our resistance to viral, bacterial, and even fungal infections; and for restoration of damaged bone marrow, where immune stem cells that can replenish and “reboot” our immune system are produced. A tremendous worldwide research effort has demonstrated that fungal beta-glucans work as an immunomodulating agent through the activation of innate immune cells such as macrophages, dendritic cells, granulocytes, and natural killer cells (see How Beta-Glucans and Chitin Activate Our Immune System). Once our immune system is activated by fungal beta-glucans, adaptive responses are triggered through key immune “effector” cells (such as CD4+ or CD8+ T cells and B cells). These patrol the blood and tissues, sense potential pathogens and waste products like dead cells, and respond by producing immunologically active chemicals such as cytokines, resulting in the inhibition of tumor growth and metastasis or destruction of pathogens like viruses and bacteria.2






Bolstering Immunity Affects All Our Systems


One reason reishi has been known throughout history as an important medicine for calming the spirit, soothing our nervous system, and acting as a sleep aid may have to do with its complex effects on our immune system. When our immunity has been weakened by constant stress, poor sleep quality, lack of important nutrients due to poor diet, and chronic infections, this can affect our mood, energy, vitality, and ability to heal. The intimate connection between our immune, hormonal, nervous, and digestive systems is well known.3 The beta-glucans in medicinal mushrooms can have a profound effect on our health; they can help restore the balance and healthy functioning of our systems, fostering better sleep and a more balanced mood.








Heating to Release the Active Compounds


In order to access the active compounds in fungal cell walls, we must heat mushrooms before consuming them.


Beta-glucans. Beta-glucans in the cell walls of mushrooms are tightly bound with a tough amino-glucose polymer called chitin (which is also found in crustacean and insect shells). These bonds need to be broken by high heat to make the beta-­glucans more soluble and bioavailable as they pass through our digestive tract, where they interact with specialized immune tissues and are engulfed by big immune cells called macrophages.4 Only about 20 percent of the beta-glucans are soluble without significant heating. When mushrooms or mushroom powders are heated — steamed, simmered, or boiled — some of the chitin-glucan bonds will break, making them more water soluble and bioavailable in the gut. On the other hand, when the bonds remain connected after regular cooking — for instance, giving shiitake mushrooms a quick stir-fry — they remain intact through the upper digestive tract (where they can still interact with some immune sensors). In this form, the bonds can make it all the way to the lower intestines nearly intact, where abundant species of bacteria can break them down for food (prebiotics). The bacterial metabolic products, especially those of beneficial bacteria species, can benefit us as well; the epithelial cells that line the lower gut can utilize some of the ­sugars that are released as food and energy.


Other active components. Beta-glucans are not the only type of immunologically active polymer found in the cell walls of fungi that needs to be heated to become more bioavailable. The beta-glucans are by far the most studied of the bioactive cell wall molecules, but other active compounds, such as non-starch alpha-glucans, chitin, and proteins, can also interact with our immune system and need to be heated in order to become fully available to us.


Finally, some mushrooms contain indole compounds like serotonin, melatonin, and 5-hydroxytryptamine (a precursor to melatonin), which also need heat treatment to become fully available. Chanterelles, in particular, contain a high amount of them. Mushrooms with these active compounds might be useful for counteracting sleeping problems and mood disorders (though more research on humans is needed).5


In some species, beta-glucans in cell walls form structures like the triple helix, adding strength and flexibility in mushrooms like turkey tail and reishi. Some research has shown that beta-glucans in the triple helix form, in addition to boosting a species’ ability to penetrate tough wood, have enhanced immune-activating properties.


Beta-Glucans Vary by Species


Beta-glucans are found in all fungi, including yeasts. Some species of edible and medici­nal fungi have much more of these active compounds than others do. Not surprisingly, the species of fungi that have been most revered for two to three thousand years also have the highest content of beta-glucans. These include the popular mushrooms reishi and turkey tail.







How Beta-Glucans and Chitin Activate Our Immune System
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1. Beta-glucans pass through M cells in the intestinal cell wall; they are absorbed by macrophages and broken down into activated particles.


	
2. Macrophages are mobile, and can carry activated beta-glucan particles to tumor cells around the body, to individual organs, and to the bone marrow, where immune stem cells are produced.


	
3. Activated beta-glucan particles bind to tumor cells, viruses, and bacteria, marking them for destruction by macrophages, granulocytes, T cells, natural killer (NK) cells, and the antibodies produced by B cells.





As the well-cooked mushrooms we’ve eaten pass through the stomach and small intestine, proteins and starches (as well as some sugars, like mannose) can be broken down, and our body absorbs some of them for energy and other benefits. Others, like the beta-­glucans and chitin in the mushroom cell wall, are not digestible in the upper gastrointestinal (GI) tract because we humans do not have enzymes to break the bonds between these types of glucose molecules.


As the beta-glucans and chitin pass through the upper GI tract, they interact with the active immune cells found abundantly in immune tissue in the small intestines. An estimated 60 to 80 percent of our bodies’ total lymphoid tissue is found scattered throughout the small intestine and in concentrated areas called Peyer’s patches.


Special “M cells” found in the lining of the upper intestine, in regions called gut-­associated lymphoid tissue (GALT), are able to take up potentially harmful bacteria and other pathogens, as well as fragments of fungal cell walls, and deliver them to active immune cells such as the macrophages in the GALT. Macrophages are large and active immune cells that can ingest mushroom cell wall fragments, break them down, and sample the beta-glucans and chitin to determine the nature of the fungus. On their outer membrane, they have ancient recognition receptor sites, found in all animals, which allow them to connect with the beta-­glucans, in some cases, “recognizing” them based on prior exposure. With recognition, our immune response can become more rapid and powerful.6




Once pieces of beta-glucan connect with a phagocyte through these receptor sites, they are taken up into the cell. The macrophage then starts breaking them down and modifying them. These “activated” pieces are shed by the macrophage, after which the altered pieces then have the ability to bind with tumor cells, viruses, and bacteria, to mark them for destruction by other macrophages, granulocytes, T cells, natural killer (NK) cells, and the antibodies produced by B cells. They also activate dendritic cells, which initiate an even more powerful immune response.7


Macrophages are mobile, and through a coordinated effort with other immune cells, the fungal beta-glucans can be actively taken to tumor tissue, internal organs, and even the bone marrow where immune stem cells are produced. (Stem cells are immune cell progenitors, and can turn into red blood cells, or various immune cells like B-lymphocytes and T-lymphocytes, and monocytes, precursors of macrophages.) Beta-glucans from fungi can help protect the bone marrow from the harmful effects of radiation and chemotherapy, as well as increase the production of new immune and red blood cells.8







The type of active beta-glucans varies from one species to the next. More than 270 recognized species of mushrooms have been studied and are known to have specific immunotherapeutic properties; these species all have different types of active beta-­glucans and other compounds.9 The beta-glucans in their cell walls have different configurations and different branching patterns. Based on these differences, the protective effects of each fungal species can be slightly different, or even widely different.
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Turkey tails have especially high levels of beta-glucans.










Beta-Glucan Content of Mushrooms


Beta-glucans occur in every species of mushroom, providing an immune boost. Wild mushrooms in particular can have a substantial amount of beta-glucans and are worth seeking out. A recent study tested for beta-glucans in 39 edible wild mushrooms. The table below lists some of the most well-known, and certainly the most delicious, wild mushrooms and their beta-glucan content. For comparison, the four most common cultivated edibles — button mushroom, shiitake, oyster mushroom, and lion’s mane — are also included.















	

	

Beta-Glucan Content (Percentage by Dry Weight)









	

Cultivated Species




	

Cap




	

Stalk









	

Button mushroom (Agaricus bisporus)




	

8.6




	

12.3









	

Shiitake (Lentinula edodes)




	

19.8




	

25.3









	

Oyster mushroom (Pleurotus ostreatus)




	

24.2




	

–









	

Lion’s mane (Hericium erinaceus)




	

10.0




	

–









	

Wild Species









	

Chanterelle (Cantharellus cibarius)




	

23.6




	

26.9









	

Honey mushroom (Armillaria mellea)




	

33.5




	

38.8









	

Stalked puffball (Lycoperdon perlatum)




	

15.5




	

19.75









	

Slippery jack (Suillus grevillei)




	

12.9




	

26.8









	

Amethyst deceiver (Laccaria amethystina)*




	

26.3




	

37.4









	

Blewit (Lepista nuda)




	

14.6




	

26.8









	

Common yellow russula (Russula ochroleuca)




	

17.4




	

17.5









	

Turkey tail (Trametes versicolor)




	

60.8




	

–









	

Sulfur tuft (Laetiporus suphureus)




	

47.0




	

–









	

Maitake (Grifola frondosa)




	

26.0




	

–









	

Judah’s ear (Auricularia auricula-judae)




	

23.8




	

–









	

Reishi (Ganoderma species)**




	

54.0




	

–









	

Porcini (Boletus edulis)




	

17.0




	

58.0












*Another related species has been described from the Pacific states, Laccaria amethysteo-occidentalis. This table includes the exact species used by the researchers in Sari et al., 2017. Some of the genera in the table could include other commonly collected species.


**McCleary and Draga, 2016.


Source: Sari et al., 2017.








The Antioxidant Potential of Mushrooms


Cell wall polymers like beta-glucans, some special alpha-glucans,10 chitin, and proteins aren’t the only active compounds associ­ated with health benefits in fungi. Other active compounds in fungi that are less studied for their health benefits are smaller, low-­molecular-weight compounds. The two most-studied compounds in fungi are terpenes and phenolic compounds. These are common in both plants and fungi, and a number of phenolic compounds in edible fungi have been studied for their antioxidant and anti-inflammatory properties. Much more research is needed, but fortunately, most of the terpenes and phenolic compounds seem to have beneficial properties and low toxicity.
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lion’s mane


Hericium erinaceus
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reishi


Ganoderma tsugae









Sunlight Boosts Vitamin D


All mushrooms contain ergosterol, a cell wall component that, when exposed to sunlight, partially converts to vitamin D2. Studies show that eating mushrooms after exposing them to sunlight 30 to 60 minutes can raise your blood serum vitamin D levels. Only the part of the fruiting body that is exposed to light will have increased levels; slicing mushrooms before laying them out in the sun can increase the levels of vitamin D by up to 10 times.13













Inside the Cell Wall
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Mannoproteins. The outer part of the cell wall contains sugars called manno­proteins. These have projections like tiny antennae, which are used for recognition of other species — other fungi and bacteria. They identify living host tree species 

for mycorrhizal partnerships.


Beta-glucans. The next layer comprises the interwoven beta-glucans, the most immunologically active and widely studied of all the mushroom chemical compounds. These are referred to as “beta-1,3/1,6-glucans” because of the way the glucose molecules are attached and how they branch. They are strongly attached to chitin, which is the next layer in.


Chitin.  This is a tough polymer (also found in crab shells) made out of chains of amino-glucose molecules. They are produced in the cell wall by a compound that can be used to identify the presence of fungi in a product or infection in humans — chitinase. This compound is also immunologically active;11 because it’s an enzyme, however, it is likely damaged by high heat, so its contribution to the overall immunological effects of a mushroom product is uncertain.


Cell membrane.  The membrane is a layer under the cell wall that is selectively permeable to proteins and other signaling molecules. It also contains fatty acids that may contribute to the nutritional value of fungi.


Ergosterol.  Ergosterol is a component of the cell membrane. The compound does have some immune-stimulating effects, and is the precursor to vitamin D2. Exposing mushrooms to sunlight converts some of the ergosterol to vitamin D2. (See Sunlight Boosts Vitamin D.)12




Cytosol.  The cellular liquid inside the cell wall that contains the organelles.


Organelles. The organelles include the nucleus, mitochondria, endoplasmic reticulum, Golgi apparatus, ribosomes, and vacuoles. As in plant and animal cells, the nucleus houses most of the cellular DNA.


Low-molecular-weight compounds. Terpenes, phenolic compounds, 

indoles, and other small-molecular-weight compounds are produced and stored in 

small bodies within the cytosol, such as the vacuoles.









Terpenes and Phenolic Compounds


Terpenes are a large and ancient group of hydrocarbons — compounds that contain carbon and hydrogen backbones and are found in most living things. Terpene hydrocarbons often form six-membered rings, with a set number of carbons: 10 (monoterpenes), 15 (sesquiterpenes), 20 (diterpenes), and 30 (triterpenes). For example, the essential oils found in plants like lavender, mint, and cannabis — aromatic compounds that confer anti-inflammatory, muscle-­relaxing, nerve-stimulating, and antibacterial effects — are mostly made up of mono­terpenes and sesquiterpenes.




Diterpenes and triterpenes. These are important and well-studied active compounds in lion’s mane, reishi, and other fungi. Diterpenes in lion’s mane are associated with nerve-regenerative effects (see the Lion’s mane profile ofor more on these effects).


There are over 300 triterpenes in reishi-­like mushrooms, many of which have been named and studied, including ganoderic acid, ganoderenic acids, ganoderols, and lucideric acid. Significant research into these compounds shows many potentially beneficial biological activities such as anticancer, antiviral, anti-inflammatory, antioxidant, liver-protective, antiobesity, blood-sugar-­regulating, and antimicrobial effects.14


Phenolic compounds. These compounds, which include flavonoids, phenolic acids, and polyphenols like tannins, are produced in many plants and fungi and are considered protective. Some studies show they have antiaging effects.16 Elagic acid (also found in pomegranate) and caffeic acid, which are both found in the beefsteak fungus (Fistulina hepatica), had a strong antioxidant and free-radical-lowering effect in laboratory studies using both human and animal cell cultures.17






Look for Triterpenes on the Label


This group of compounds is highly talked about when reishi-like fungal products are considered, especially when it comes to the quality of the extract and biological activity. Companies tout the high concentrations of triterpenes in their products, sometimes even more than the beta-glucans. The amount of triterpenes in commercial products varies considerably, depending on species, how the fungi are grown, and whether mycelium or fruiting bodies are used. Depending on the species, some terpenes are higher in the mycelium, and some are higher in the fruiting body. In reishi, for example, it’s more important to know what it was grown on — whether it be cooked rice, sunflower hulls, or wood chips.15







Antioxidant Activity


Interestingly, the antioxidant potential in mushrooms is higher than in the most commonly eaten vegetables and fruits. Studies have shown that many phenolic compounds in mushrooms are very effective free-­radical scavengers. Free radicals are known to induce oxidative damage in physiologically important molecules; reducing free-radical damage can play a key role in mitigating a number of degenerative processes related to aging, cardiovascular disease, cancer, impaired immune function, and inflammatory diseases.


Some of these phenolic compounds are well-known antioxidants — tocopherols, flavonoids, carotenoids, some glycosides, and tannins, among others. They can be found in the fruiting bodies, mycelium, and liquid cultures of fungi. Researchers have observed antioxidant properties in the compounds found in the fungi Hymenochaete xeranticus and Tropicoporus linteus.18 An alcoholic extract of Ramaria flava, a common edible coral mushroom, exhibited a wide range of anticancer, antioxidant, and antibiotic activities.19 One study found a significant amount of total phenolic compounds in a wood-degrading fungus, Cerrena unicolor; an extract of the fungus had anticancer, antibacterial, and antioxidant effects.20
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Coral mushroom


Ramaria flava






Accessing the Benefits of Terpenes


Which types of terpenes you’re hoping to access determines how the mushrooms should be processed. Different types of terpenes are water soluble to varying degrees; typically, the larger and bulkier the compound, the less soluble it is in water. These are more soluble in alcohol or a mixture of alcohol and water. Monoterpenes (10-­carbon terpenes, which are often volatile and have an odor) have some solubility in water and can also be accessed via alcohol. Sesquiterpenes (15-carbon molecules) and diterpenes (20-carbon molecules) have some water solubility, especially in boiling water. Triterpenes (30-carbon molecules called sterols) tend to have low water solubility, but some can be extracted with boiling water, and even more in a pressure cooker set on high for 15 to 30 minutes. Triterpenes in the glycoside form (which means they have sugars attached to them) are an exception; they are highly water soluble.


Hydroalcoholic tincture. For terpenes with low water solubility, a hydro­alcoholic tincture — an 80/20 mixture of ethanol and water — works well. This is suitable for extracting triterpenes from reishi or diterpenes from lion’s mane, for instance. See the step-by-step for the full process.


Double-extraction ­tincture. This combination of tincturing and hot-­water extraction accesses a variety of terpenes, as well as some beta-glucans. See the step by step for the full process.


Dried tea extract. Since hot water alone will extract a significant amount of terpenes, phenolics, and beta-glucans, I make dried tea extract. It’s less expensive to produce because it doesn’t require using alcohol, and is more appropriate for children and those avoiding alcohol. See the step by step for the full process.





Summary of Medicinal Benefits


The high fiber content, substantial minerals, vitamins, fatty acids, and high-quality digestible protein count among the most important medicinal components of medicinal mushrooms, as they help prevent heart disease, diabetes, and cancer — especially when included in your regular diet. In addition to their nutritional value, mushrooms have been studied for other specific medicinal benefits, including their ability to strengthen and regulate immune functions, protect us against pathogenic viruses and bacteria, and suppress cancer cells because of their strong immunomodulating effects. One of the most exciting benefits of medicinal mushrooms is the ability of fungal beta-glucans to trigger innate and adaptive immunity to focus and energize our immune power, in order to prevent and treat infections of all kinds — viral, bacterial, parasitic, and even infections caused by other species of pathogenic fungi.
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Supplement Facts

Serving Size: V2 teaspoon
Servings per Pouch: 45

Amount per

Serving ol
Turkey Tail Mushroom Extract 1,000 mg *
Trametes versicolor
Beta-D-glucans >30 %
Starch < 5%

Extraction: Hot water # organic
*Daily Value not established
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