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Although often grouped with vegetables, mushrooms
are fungi and provide nutrients usually not associated
with produce. Additional research is needed to identify
and quantify all the nutrients and phytonutrients in
various mushroom varieties to further establish their
health-promoting benefits. Nutr Today. 2006;41(5):219-226

their flavor, texture, and mystique. Although often

grouped with vegetables, mushrooms are fungi—in
a class of their own, nutritionally speaking. Mushrooms
provide nutrients important to a healthful diet usually
not associated with produce—riboflavin, niacin, and
selenium. Although mushrooms contain less than half
a gram of total fat per 84 g of serving, the 3 different
types of fatty acids are present, including the essential
fatty acid linoleic acid. Based on their nutrient profile,
mushrooms can help consumers meet their 5-A-Day goal
(http://www.5aday.gov/) for fruits and vegetables and
dietary guidance recommendations to monitor total
energy, fat, cholesterol, and sodium while enjoying a
nutritious and versatile food.

This mini-review summarizes past and current
literature reviews and research conducted on cultivated
mushrooms by the industry, government agencies, and
academic institutions. Wild mushrooms, some of which
are highly toxic, are not discussed.

I : or centuries, people have enjoyed mushrooms for

]
Mushrooms provide riboflavin,

niacin, and selenium—nutrients
usually not associated with produce.
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Mushroom Production
and Consumption

China is the world’s largest producer of mushrooms,
with 32% of the world output coming from China. The
United States follows China with 16% of the world’s
output. The US commercial mushroom industry began
in the early 1900s in Kennett Square, Pa. The top
mushroom-producing states include Pennsylvania (53%
of the 1999-2001 US output), California (15%), and
Florida (5%), although 30 other states also report
production. The white button mushroom (Agaricus
bisporus) dominates the US commercial industry,
accounting for 87% of all domestic sales in 2001."
However, over the past 20 years, cultivated mushrooms
have increased in availability, variety, and popularity
with consumers. These include criminis (Italian or brown
mushrooms), portabellas (portobellos), shiitakes, morels,
oyster mushrooms, beech mushrooms, enokis, and
maitakes. Trend commentator Faith Popcorn® noted that
the portabella mushroom went from “produce section
obscurity to near ubiquity in culinary record time.”
Table 1 depicts and describes some of the popular
mushrooms in America.

Table 2 summarizes mushroom consumption in the
United States based on the US Department of Agriculture
(USDA) Economic Research Service analysis of the
USDA’s 1994-1996 and 1998 Continuing Survey of Food
Intakes by Individuals. Per capita use of mushrooms has
been on the rise in the United States over the past several
decades. The Economic Research Service forecasted that
per capita use of all mushrooms on a fresh-weight basis
for 2003 was 3.92 b, compared with approximately
0.69 1b in 1965. A little more than half of fresh-market
mushrooms were purchased at retail and eaten at home.
About three fourths of processed mushrooms (canned,
frozen, and dehydrated) were bought for home meal
preparation. The expanding food service sector and
major food trends, such as salad bars, pizza, stir-fry, and
a general increase in the diversity and ethnicity of foods,
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Common name

White

Crimini (Brown)

Portabella
(Portobello)

Shiitake

Maitake

Scientific Name

Can have closed veils
(caps that fit closely to
the stem) with white
caps and delicate flavor
or open veils with
darker caps and richer
taste. Represents
approximately 90% of

Similar in
appearance to
whites but with a
light tan to rich
brown cap and a
firmer texture.
Deeper, earthier
flavor than white

Agaricus bisporus Agaricus bisporus Agaricus bisporus Lentinus edodes

Larger relative of
the white and
crimini; the
diameter of the

caps measure up
to 6 in. Longer
growing cycle
than whites and

Tan to dark
brown with broad,
umbrella-shaped
caps, wide-open
veils, and tan gills.
Rich and woodsy
with a meaty
texture.

Grifola frondosa

Rippling, fan shaped,
with no caps. Also
called “hen of the
woods."
Distinguished by
cluster of dark fronds.
Distinctive aroma
with a rich, woodsy

mushrooms consumed mushrooms. criminis. Deep, taste.
in the United States. meat-like texture
and flavor.

Selected Nutrients Crimini Portabella Shiitake: Cooked Maitake: Not
per Serving'* White: Raw (Brown): Raw  (Portobello): Raw  Without Salt Available®
Calories 18 18 22 47 NA
Protein, g 2.6 2.1 2.1 1.3 NA
Fat, g 0.3 0.1 0.2 0.2 NA
Carbohydrate 2.7 35 4.3 12.1 NA
Fiber, mg 1.0 0.5 1.3 1.8 NA
Riboflavin, mg 0.3 (21) 0.4 (24) 0.4 (24) 0.1 (6) NA

(% DV)
Niacin, mg (% DV) 3.2 (16) 3.2 (16) 3.8 (19) 1.3 (7) NA
Selenium, pg (% DV) 7.5 (11) 21.8 (31) 9.2 (13) 21.1 (30) NA
Pantothenic acid, mg 1.3 (13) 1.3 (13) 1.3 (13) 3.1 (31) NA

(% DV)
Sodium, mg 3 5 B 3 NA
Potassium, mg 264 (8) 376 (11) 407 (12) 99 (3) NA

(% DV)
Copper, mg (% DV) 0.3 (15) 0.4 (20) 0.3 (15) 0.8 (40) NA
Vitamin D, IU (% DV) 63.8 (16) NA NA NA NA

DV indicates daily value.

*Adapted from Mushroom News. June 2004:53(6):29. Reprinted with permission.
fUS Department of Agriculture, Agricultural Research Service. 2004. USDA National Nutrient Database for Standard Reference, Release 16-1. Based on Food
and Drug Administration (FDA) reference serving size of 84 g for raw mushrooms and 85 g cooked shiitake. Nutrient values rounded to the nearest tenth.
USDA values are not for labeling purposes. Nutrition Facts labels of individual brands may vary.
#'Good source’ means that a reference serving contains 10% to 19% of the daily value (% DV) for the nutrient. ‘"High, rich in, or excellent source’” means
that the food contains 20% or more of the daily value.
$There are no values in USDA National Nutrient Database for Standard Reference, Release 16-1 on maitake.
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» Nearly 10% of Americans consume mushrooms in
some form on any given day.

* Per capita mushroom use in the Unites States is slightly
less than 4 Ib per year.

 Asian American per capita mushroom use is
approximately 9 Ib per year—more than twice the
national average.

» Mushroom consumption is greatest in the West and
Midwest, weakest in the South.

* Per capita mushroom use is highest among men and
women aged 20-39, and lowest for children age 12 and
younger.

* Mushroom consumption rises with income.

Source: Lucier G, Allshouse F, Lin BH. Factors Affecting U.S. Mushroom
Consumption. United States Department of Agriculture Economic
Research Service Outlook. Available at: www.ers.usda.gov/publications/
VGS/mar03/vgs29501/. Accessed September 6, 2006.

have contributed to market growth for mushrooms."
According to the Continuing Survey of Food Intakes by
Individuals, nearly 11% of fresh mushroom consumption
came through quick-service restaurants and likely
consisted of pizza, salads/salad bars, and ethnic takeout
food. Twenty-six percent of fresh mushrooms were
reported to be eaten in meals purchased at standard
restaurants with table service, reflecting the wide variety
of menu items that contain mushrooms.'

An analysis of the Third National and Nutrition
Examination Survey (NHANES III) examined mushroom
consumption patterns of the population and the
relationship between mushroom consumption and
various health factors (Block Dietary Data Systems.
Mushrooms: More Than Just Another Fungus. February
2003. Unpublished report to the Mushroom Council,
Dublin, Calif). Nearly 10% of adults in the United States
reported eating an average of approximately 20 g of
mushroom-containing foods on the days that they ate
mushrooms (a Nutrition Facts serving of mushrooms is
84 g). More women than men consumed mushrooms, but
men ate greater quantities when they did eat mushrooms.
The most preferred mushroom preparation method
was in a cooked side dish, followed by mushrooms in
a salad, and then pizza.

Cultivating Mushrooms

All mushrooms grow from microscopic spores, not
seeds. Plants that grow from spores are called fungi.
Mushrooms belong to 2 subdivisions of fungi,
Basidiomycetes and Ascomycetes, with most belonging
to the Basidiomycetes subdivision. A mushroom is

often defined as the fruiting body (spore-producing
body) of a macrofungus—a fungus large enough to be
seen by the eye. The fruiting body is formed by the
mycelium (lacy white filaments) and consists of a
stem or stalk (stipe) crowned by a cap (pileus).

Spores, from mature mushrooms and collected in the
nearly sterile environment of a laboratory, are used to
inoculate grains to produce a product called spawn—the
mushroom grower’s equivalent of seed. The medium,
called compost, is scientifically formulated from various
materials such as straw, corncobs, cottonseed and
cocoa seed hulls, gypsum, and nitrogen supplements.
Mushrooms have no chlorophyll and must get all their
nutrients from organic matter in the growing medium.
The compost is pasteurized and placed in large trays or
beds. The spawn is worked into the compost and the
mushrooms grow in specially constructed houses, where
the grower can regulate the crucial aspects of heat and
humidity. The entire process from the time the grower
starts preparing the compost until the mushrooms are
harvested and shipped to market takes approximately
4 months.’

In several weeks, the compost becomes filled with the
root structure of the mushroom, the network of lacy
white filaments called mycelium. A casing layer of wet
peat moss is spread over the compost. Eventually, tiny
white protrusions form on the mycelium and push up
through the peat moss—termed “pinning” by the growers.
The pins continue to grow into the mushroom caps,
which are actually the fruit of the plant. It takes 17 to
25 days to produce mature mushrooms after the peat
moss is applied. Harvested mushrooms are set in carts,
refrigerated, and then packaged and shipped quickly
to supermarkets, food processors, and restaurants for
consumers to enjoy in a wide range of recipes, prepared
foods, and signature dishes of world-class chefs.

Nutrient Composition

The USDA National Nutrient Database for Standard
Reference, Release 19 (www.ars.usda.gov/ba/
bhnre/ndl) lists nutrient composition data for white,
brown, portabella, shiitake, oyster, maitake and enoki
mushrooms, various mushroom preparations, and dishes.
Table 3 is a sample Nutrition Facts label for white
button mushrooms. Label values can vary from grower/
distributor and by mushroom type. Table 4 references
phytonutrient content and antioxidant activity of
mushrooms.

Nutrient composition and biologically active
compounds can vary widely because of differences in
mushroom type/variety, the substrate or growing
medium, the developmental stage, and the age of the
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mushroom. The nutrient content of fresh mushrooms
is also related to moisture content, which depends on
cultivation conditions. The white button mushroom

Table 3. Sample Nuiriion Facts Label
Nutrition Facts

Serving Size 5 medium mushrooms (84g)

Amount Per Serving

Calories 20 Calories from Fat 0

% Daily Value*

Total Fat O g 0%
Sodium 15 mg 0%
Potassium 300 mg 9%

Total Carbohydrate 3 g 1%

Dietary Fiber 1 g 4%

Protein 3 g

R
Vitamin C 2% @ Iron 2%

Riboflavin 10% @ Selenium 10%
Copper 10%  ® Pant. acid 10%

Not a significant source of saturated fat, transfat
cholesterol, sugars, vitamin A, and calcium.

*Percent Daily Values are based on a 2,000
calorie diet.

Source: Prepared by Johnson Nutrition Solutions LLC, Nutrition Labeling
Toolkit for Mushrooms. Based on Food and Drug Administration data

on the 20 most frequently consumed vegetables and industry data
provided by the Mushroom Council, 11501 Dublin Blvd, Suite 200, Dublin,
CA 94568.

» Research reports low levels of phenolic compounds in
the mushrooms analyzed.®

» Raw mushrooms are not a source of flavonoids
according to the USDA Database for the Flavonoid
Content of Selected Foods 2003.

 The antioxidant content of mushrooms determined by the
2,2-diphenyl--picrylhydrazyl (DPPG) reaction has been
reported to be 700 Trolox equivalents/100 g (TE)”

(A bisporus) tends to be high in moisture, is harvested
at an immature stage, and thus has a different nutrient
profile than do fully mature mushrooms. However,

the components of nutritional importance in white
mushrooms compare favorably with those of the shiitake
and oyster mushrooms, particularly when they are
harvested at their fully mature stage, as with portabellas
(open cap, brown strain).”

Mushrooms are approximately 92% water by weight,
with protein, fat, carbohydrate, fiber, and ash making
up the remaining 8% of the dry weight.” Carbohydrates
represent approximately half of the weight of the
dry matter. Carbohydrates in mushrooms include
polysaccharides, some beta-glucan, monosaccharides and
disaccharides, sugar alcohols, and chitin, the major cell
wall component. Chitin is different from the cellulose
found in most plant cell walls and contributes to the total
dietary fiber concentration in mushrooms. The dietary
fiber in raw Agaricus varieties ranges from 0.5 to 1.3 g
per serving (Table 1). Mushrooms contain a variety of
amino acids, including the essential amino acids. White
mushrooms contain less than half a gram of total fat.
All 3 major types of fatty acids are present, including
the essential fatty acid linoleic acid.

Vitamin and Mineral Content

Mushrooms unexposed to sunlight or ultraviolet (UV)
light do not provide vitamin D2, although they produce
ergosterol, a precursor of vitamin D2. Currently, the
mushroom industry is studying growing and harvesting
techniques that could optimize the D2 content in
cultivated mushrooms.

Potassium, phosphorus, and magnesium account for
most mushroom mineral content. Mushrooms also contain
some calcium, iron, copper, zinc, and selenium. However,
only copper, selenium, and potassium are present in
nutritionally significant amounts. Table 1 identifies
popular mushrooms that are a good source (10% daily
value [DV]) or an excellent source (20% DV) of riboflavin,
niacin, pantothenic acid, potassium, copper, and
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selenium. Some mushrooms may be an underrecognized
source of potassium and can help consumers increase their
intake of this important nutrient. Brown (crimini)
mushrooms provide approximately 380 mg of potassium,
and portabella mushrooms, approximately 400 mg per

3 oz of serving (Table 1). The Institute of Medicine’s®
report “Dietary Reference Intakes for Water, Potassium,
Sodium, Chloride, and Sulfate” identified mushrooms
among the high-potassium foods, with 550 mg per 1 cup
cooked serving.

Mushrooms are among foods high
in potassium.

Selenium

Mushrooms provide more selenium than do other fruits
and vegetables in the produce category. Only garlic
provides more selenium per gram than mushrooms do,
but garlic is generally used as an herb.® Brown (crimini)
mushrooms provide approximately 22 pg of selenium,
and white and portabella mushrooms provide
approximately 8 to 9 pg per 3-oz serving (Table 1). In
2000, the Food and Nutrition Board set the selenium
recommended dietary allowance (RDA) at 55 pg/d for
both men and women. A serving (84 g) of mushrooms
has the potential to contribute considerably to the

55 pg RDA or 70 pg DV for selenium.

Mushrooms provide more selenium
than other produce does.

Some studies suggest the possibility that intakes of
selenium above the RDA may have an anticancer effect
in humans. In 1996, over 1,000 men and women with a
recent history of nonmelanoma skin cancer were given
high-selenium yeast supplements (200 pg/d) to reduce the
occurrence of second skin cancers. Although the selenium
supplementation had no effect on preventing new skin
cancers, researchers noticed that those who received the
supplement had a statistically significant decrease in risk
of total cancer, lung, and colorectal cancers and a decrease
in prostate cancer incidence by more than 60%."

A review of current literature on selenium and prostate
cancer, including a discussion of ongoing clinical trials
and end points as well as preclinical mechanistic studies
into the biochemical and molecular basis for the
anticarcinogenic activity of selenium, has been published.'!

Given these and other important findings on selenium and
prostate cancer risk, the National Cancer Institute has
launched a randomized, double-blind, placebo-controlled
prevention trial involving 32,000 men at 400 sites to
compare the effect of selenium and vitamin E (Selenium
and Vitamin E Cancer Prevention Trial [SELECT])
administered alone versus in combination on the clinical
incidence of prostate cancer.'* The results of the SELECT
trial are several years away. Recruitment began in 2001,
and each man’s participation in the trial will last from

7 to 12 years.

Mushrooms, Nutrient Intake, and
Associated Health Factors

According to an analysis of the NHANES III dataset
containing 24-hour food intake information and health
data for a large representative sample of the entire US
population, mushroom eaters have a better nutrient
profile than do those who do not eat mushrooms. The
analysis (conducted for the mushroom industry by Block
Dietary Data Systems, Berkeley, Calif) also discovered
that mushroom eaters have greater intake levels of most
vitamins and minerals and, in some cases, consume less
alcohol, fat, and sodium. More mushroom eaters than
non—-mushroom eaters met the most recent RDA and
daily recommended intake for calcium, copper, iron,
magnesium, phosphorus, zinc, folate, niacin, riboflavin,
thiamin, vitamin A, vitamin Bg, vitamin By,, vitamin C,
vitamin E, energy, carbohydrate, fiber, and protein.
Mushroom eaters also ate more daily servings of
vegetables (5.4 servings) than did those who did
not eat mushrooms (3.4 servings)—this may help
explain why mushroom eaters met the RDA/daily
recommended intake for nutrients that are not plentiful
in mushrooms. Mushroom eaters were more likely to
describe their health status as “Very Good” or “Excellent”
and less likely to describe their health as “Fair” or
“Poor” compared with their non—-mushroom-eating
counterparts. Analyses of population-based
characteristics can help identify relationships, but not
causation, between eating patterns and health factors.
However, such analyses often stimulate additional
research, including clinical trials, to help establish a
more direct relationship between food intake and
health outcomes. Replication of these observational
findings in additional populations would also add to
the rationale for further study and the need for clinical
trials involving mushrooms.

Mushrooms Offer Potential to Lower Energy Intake

Data from NHANES were used in a simulation to
determine the effect of substituting mushrooms for foods
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higher in energy or higher in fat and cholesterol (Block
Dietary Data Systems). Such substitutions on a regular
basis could potentially result in weight loss or a
reduction in the intake of dietary components associated
with risk of certain chronic diseases. Assuming no energy
compensation from other foods, if men substituted a
4-o0z grilled portabella mushroom for a 4-oz grilled

beef patty every time that they ate a grilled beef patty
for 1 year, they would experience an annual energy
savings of 18,400 calories, or a potential weight loss of
5.3 1b over the course of the year. Such a substitution
could also result in a reduction of 2,725 g of fat and
13,336 mg of cholesterol. Although individuals may not
choose to make these substitutions all the time, these
sample substitutions illustrate the potential benefits of
small changes over time.

Medicinal Mushrooms and Extracts

Many cultures have used mushrooms as both food and
medicine, but the use of mushrooms as a functional or
medicinal food is most notable in the East. The use of
mushrooms to maintain health was mentioned as early as
100 4D in China."> Medicinal mushrooms are consumed as
a soup or tea or taken as a tonic or elixir. Shiitake (Latin
name Lentinus edodes) and maitake (Latin name Grifola
frondosa) mushrooms are often discussed in functional/
medicinal terms. According to a 2002 comprehensive
report issued by Cancer Research UK,'* scientific studies
of medicinal mushrooms have expanded exponentially
during the last 2 decades, primarily in Japan, Korea, and
China, although the report notes that some studies cited
may not meet Western clinical standards.

Lentinan, a beta-glucan polysaccharide from L edodes,
has been approved for clinical use in Japan, where
studies (although not placebo controlled and double
blind) have been conducted.'” The most researched
medicinal effect of mushrooms is their antitumor activity
in mice as well as more limited observations in humans.
The mechanisms by which polysaccharides in whole
mushrooms and isolated mushroom compounds might
modulate the immune system and potentially exert
antitumor effects have been reviewed.'® Some evidence
indicates that the antitumor activities of mushroom
polysaccharides may be attributed to the enhancement of
the numbers and/or functions of macrophages, natural
killer cells, and subsets of T cells, that is, the ability
to affect both innate and adaptive immunity.'®

Research on Anticancer Activities of
White Button Mushrooms

It is not yet known whether the health benefits from eating
common white button mushrooms differ from the benefits

associated with the administration of purified extracts
and compounds from medicinal mushrooms. The effects
of white button mushrooms on tumor incidence have been
less well studied than those of medicinal mushrooms.
There was an increase in tumor incidence in mice fed
different levels of white button mushrooms, but no
dose-response relationship existed.'” However,
Nanba’s group'® found that lyophilized A bisporus
(white button mushrooms) inhibited the growth
of syngenic MM-46 carcinomas in 5- to 6-week-old male
C3H mice and IMC carcinomas in CDF1 mice in a
dose-dependent fashion. Also, estrogen production in
situ in the breast of postmenopausal women due to
increased local aromatase activity, which leads to the
production of estrogen, may play an important biological
role in tumor proliferation. ™

Studies at the City of Hope National Medical
Center and Beckman Research Institute in Duarte,
Calif, found that white button mushrooms contain
phytochemicals that can suppress aromatase, an
enzyme involved in the production of estrogen that is
believed to have breast cancer—promoting effects in
postmenopausal women.

The ability of the white button mushroom to inhibit
aromatase activity has been demonstrated in vitro and
in a cell culture system.” In a study'® evaluating extracts
of several vegetables and different mushrooms for their
aromatase-inhibiting ability, white button mushrooms
suppressed aromatase in a dose-dependent manner.
Compared with other mushrooms (crimini [brown],
portabellas, shiitake, oyster, enoki, woodear, chanterelle,
and small and large white stuffing mushrooms), the large
white mushroom was the most potent aromatase activity
inhibitor, but portabellas, criminis, and small whites
also had significant anti-aromatase effects. However,
because purified compounds may act differently from
the whole mushroom in inhibiting aromatase, additional
research is needed.

Recommendations and Future Direction

Data from NHANES III indicate that consumers eat
approximately 20 g of mushrooms when they eat
mushroom-containing foods (Block Dietary Data Systems).
Consumers can increase their intake of mushrooms

to meet the Nutrition Facts serving (84 g) without
significantly increasing energy intake and while

benefiting from the potassium, selenium, and B vitamins
mushrooms provide.

Because nutrient content varies between mushroom
varieties, research and dietary guidance about
mushrooms should be specific to type, such as white
button, crimini, portabella, or cooked shiitake. In
addition, more research on the role of these common
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