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Basic Composition and Amino Acid Contents of Mushrooms
Cultivated in Finland
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The basic composition (moisture, total carbohydrates, dietary fiber, crude fat, ash, nitrogen, and protein)
and amino acid contents were determined in the cultivated mushrooms Agaricus bisporus/white,
Agaricus bisporus/ibrown, Lentinula edodes, and Pleurotus ostreatus. In addition, nitrogen-to-protein
conversion factors were calculated for each species by dividing the sums of amino acid residues
with total (Kjeldahl) nitrogen contents. The dry matter contents of mushrooms varied from 7.7% to
8.4%. The dry matter of mushrooms contained large amounts of carbohydrates, from 4.5 (A. bisporus/
white) to 5.8 g/100 g fresh weight (L. edodes). L. edodes proved to be an especially good source of
dietary fiber (3.3 g/100 g fresh weight); the other mushrooms contained 1.5—2.4 g/100 g fresh weight.
Crude fat, ash, and protein (based on amino acid analysis) contents of the mushrooms varied 0.31—
0.35, 0.49-0.78, and 1.8—2.09 g/100 g fresh weight, respectively. Mushrooms proved to be good
sources of almost all essential amino acids when compared with common vegetables. The mean
nitrogen-to-protein conversion factor analyzed in the present study was 4.7 + 0.21. When using this
factor, a very good estimation of protein contents could be obtained for the main species of mushrooms
cultivated in Finland.
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protein; amino acids

INTRODUCTION contain little fat and digestible carbohydrate, making them
suitable for low-calorie diets4j. However, the results of
analyses vary widely for all constituents. This variation can be
caused by differences in strain, substrate, and the developmental
stage of the mushroom. Furthermore, cultivation, watering,
fruiting, and storage conditions affect the contents of biologically
active compounds?2( 5, 6. Because of developments in

Mushroom production has increased massively during recent
years. In 1997 the annual world production of cultivated
mushrooms was 6.34 million metric tons, compared with only
4.92 million metric tons in 19941). In 1993 the countries
producing the largest amounts of cultivated mushrooms were

C_hlng, the Ugltecf SFatehs, Ja%arlg France, Holland, the Ur"tecjcultivation techniques, which in turn affect the nutrient contents
Kingdom, and Italy, in that order2y. in mushrooms, new data are needed. In addition, systematic

In Finland the commercial cultivation of mushrooms was nytrient analyses of Finnish mushrooms have not previously
begun in late 1940 withgaricus bisporusAt present, mainly  peen performed.

four mushroom cultivars are cultivated in Finland: two varieties
of the button mushroomAgaricus bisporusvhite andAgaricus
bisporugbrown), shiitake I(entinula edodés and the oyster
mushroom Pleurotus ostreatys Mushroom production was

The aim of the present study was to determine the basic
composition of mushrooms commonly cultivated in Finland as
well as the contents of amino acids. Another aim was to verify
- ] X the protein determination methods used (Kjeldahl versus amino
1622500 kg in 1999, which was 260 000 kg more than in the 44 hase analyses). The present study is a continuation of one
previous yearJ). previously published, dealing with vitamins, mineral elements,

From the available data it is known that mushrooms are and phenolic compoundg)
nutritious foods. Compared with vegetables they are high in
protein and have a good balance of vitamins and minerals. They\,ATERIALS AND METHODS

Sampling. Samples oP. ostreatus, A. bisporusfown,A. bisporus/
*To whom correspondence should be addressed. Phone: 358 3

41883235. Fax: 358 3 41883244. E-mail: pirjo.mattila@mtt.fi. white, andL. edodeswere donated by major mushroom producers in
TMTT Agrifood Research Finland. Finland. Developmental stages of the mushrooms paralleled those of
* University of Helsinki. normal commercial products. Similarly, only pilei with very short stalks
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Table 1. Basic Composition of Cultivated Mushrooms (on Fresh Weight Basis)

total

protein carbohydrates dietary fiber energy crude fat ash dry matter
mushroom g/100 g 9/100 g2 9/100 g kcal/100 g2 g/100 g 9/100 g %

Agaricus bisporus/white 2.09 45 15 27 0.33 0.78 7.7

Agaricus bisporus/brown 2.07 4.6 1.6 27 0.31 0.78 7.8

Pleurotus ostreatus 1.97 5.0 2.4 28 0.35 0.64 8.0

Lentinula edodes 18 5.8 33 30 031 0.49 8.4

2 Calculated values.
were taken as samples. Each species (1.5 kg) was cut intd tutras, varied from 6.5% to 12.5%. Hence, the latter will contain 1.97
mixed, packed into 300-mL plastic containers (each with-B0 g), times as much nutrients as the othéy. (

freeze-drled,_and stored atl8°C. F_>r|or to every analysis the contents As shown inTable 1 there was very low variation in the dry
of 1-2 containers were homogenized. Analyses were performed from

the freeze-dried samples in duplicate or triplicate. These samples Weremaﬁter conte_nts of the_mushrog)ms analyzed in this st_udy (from
the same as those used in our previous study concerning other nutrient! - 70 forA. bisporuéwhite to 8.4% forl.. edodey These figures

contents in mushroomg), are in accordance with earlier-published data: according to
Analytical Methods. Moisture.To obtain moisture contents, samples ~ Kurzman @), Crisan and Sand9), Bano and Rajaratham2),

of the mushrooms were weighed before and after freeze-drying. The and Manzi et al. 13) fresh mushrooms contained-%5% dry

residual moisture was determined by drying at 2@5overnight (17 matter. Variation in water contents could be caused by different

h). factors; e.g., Laborde and Delped@) ¢oncluded that dry matter
bNityoge_r:j.The I,”i"c,’ge” C_O”te”}tf_ Cl’f thisamlpo";% We“le determinedq as content is strain-related iA. bisporusand varies during the

a boric acia app ication using a Kje tec Auto analyzer according A . P . .

Eg)the Association of Official Analytical Chemists (AOAC) method Z?e%?lgg t?lirlai.smo%i?I(t:il:)yn\INZiega;w\;y g:lj ?ttﬁgprgo?:dthi rrfl((j)?sf:tll:]i
Crude Fat.The fat content of the samples was determined with the CONtent can be affected by environmental factors such as

Twisselman method, using diethyl ether as a solvét ( temperature and relative humidity during growth and storage,
Total Carbohydrates The content of total carbohydrates was as Well as by the relative amount of metabolic water that may

calculated with the following formula: total carbohydrates (%/fresh be produced (or utilized) during storag®).(

weight (FW)) = 100 — moisture (%)— protein content (%/FW)- Energy.Mushrooms are low-energy foods, and their energy

crude fat (%/FW)— ash (%/FW)= total carbohydrates (g/100 g FW).  \,51ues varied from 27 to 30 kcal/100 Gable 1). The energy
Ash.The ash content was analyzed by weighing the samples before, oo of 5 food can be estimated based on its content of crude

and after burning at 500C overnight (17 h). . .
Energy. The energy content was calculated with the following protein (N x 6.25), fat, and carbohydrate using Atwater factors

factors: protein 4.0 kcallg; fat 8.37 kcallg; and carbohydrates 3.48 Of 4.0, 9.1, and 4.2 kcal/lg per component, respectively. In

kcallg ©). mushrooms, however, these components are not 100% digest-
Dietary Fiber. The total dietary fiber from the mushrooms was ible, and conversion factors of 2.62, 8.37, and 3.48 kcal/g are

determined according to Lee et al0j. usually used to correct for the reduced digestibility of protein
Amino Acids The total protein amino acids were analyzed according (70%), fat (90%), and carbohydrate (85%8).(Because the

to the method established by the European Commissith fmino protein results in the present study were net protein values

acids were determined by reaction with ninhydrin using a Biochrom jnstead of crude protein, 4.0 kcal/g of protein is used here.

20 amino acid analyzer (Pharmacia Biotech, Cambridge, England) .
equipped with a 90« 4.6 mm PEEK sodium pre-wash column and Total CarbohydratesThe dry matter of mushrooms contains

250 x 4.6 mm Bio PEEK sodium high performance column (Pharmacia arge amounts of carbohydrate, which, according to the present

Biotech, Cambridge, England) after acid hydrolysis (6 M HCI, 110 and previously published data, constitutes the major part of

°C, 24 h). The sulfur-containing amino acids cyst(e)ine and methionine mushroom nutrients. The carbohydrates in mushrooms include

were oxidized with performic acid (0C, 16 h) to cysteic acid and  polysaccharides such as glucans, mono- and disaccharides, sugar

methionine sulfone prior to acid hydrolysis and calculated as cystine alcohols, glycogen, and chitid), According to data compiled

and methionine, respectively. The hydrolysis acid contained 1 mg of by Walker (14) and Beelman and Edward$5), A. bisporus

phgnorlll leolf acid tg przot?ctr:gl%ile ami(r;o acids, gs,pidg”yl tyrosinef contained 46-60% carbohydrates in dry matter or 2-45.75

and phenylalanine, both of which were determined in hydrolysates o :

unoxidized samples. Other amino acids were determined as mean valuesq/l00 g fresh musmo_oms' respectively. The c.:arbOhyqrate
contents ofL. edodesvaried 67.5-78% on a dry weight basis

of the oxidized and unoxidized samples. Tryptophan is all but destroyed . 0
in acid hydrolysis, and was not determined in this study. (9, 12 and that ofP. ostreatusvaried 46.6-81.8% (12, 16,

The net protein contents d?. ostreatus, A. bisporusfown, A. 17). Generally, our results were in accordance with earlier-
bisporuswhite, and L edodeswvere evaluated by summing the amino  published data; the lowest carbohydrate contents were found
acid residues of each species. In addition, nitrogen-to-protein (NP) in A. bisporus(4.5 g/100 g FW or 58% of dry matter), and

conversion factors were calculated for each species by dividing the highest carbohydrate content was found irrdodeg5.8 g/100
sums of amino acid residues with the total (Kjeldahl) nitrogen contents. g F\W or 69% of dry matterTable 1).

Dietary Fiber. The dietary fiber in mushrooms is primarily
composed of chitin. Chitin is a polymercomprisitgacetyl-

Moisture. When the nutritional value of mushrooms is glucosamine units and is a constituent of cell walls of most
evaluated, perhaps the most important factor is their dry matter/fungi (2). Chitin is a relatively unusual dietary material, and
moisture content, which directly affects the nutrient contents studies of its dietary effects have been limitet). (It may,
of mushrooms. For example, the moisture contem.dfisporus however, have important physiological properties with respect
varied in one study from 87.2% to 93.5%, a difference of 6.3%. to human health18). Furthermore, some dietary fiber sub-
This may seem of little significance; however, the dry matter stances, e.g., beta-glucans, have shown powerful antitumor,

RESULTS AND DISCUSSION
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Table 2. Calculated Protein (P), Net Protein (NP), and Nitrogen (N) Table 3. Amino Acid Contents of Mushrooms (mg/100 g Fresh
Contents of Mushrooms (g/100 g Fresh Weight), Calculated Weight)
Nitrogen-to-Protein Factors (NP Factor), and Percentage Difference ] ]
between Calculated and Net Protein Contents (difference %; P — NP) A.bisporus/  A. bisporus/
amino acid P. ostreatus brown white L. edodes
P NP difference % cystine 28 23 23 2
mushroom (Nx4.7) NP factor N (P —NP) methionine 35 30 33 29
P. ostreatus 1.87 197 497 040 5.1 aspartic acid 293 270 275 190
A. bisporus, brown 2.13 2.07 4.55 0.45 2.9 thre_:onlne 106 102 111 98
A. bisporus, white 2.09 209 470 045 0 serine 110 110 108 103
L. edodes 1.88 1.80 450 0.40 4.4 glutamic acid 364 478 431 355
proline 93 103 104 90
glycine 97 97 106 91
. . . . A~ alanine 124 158 159 104
antlmutagenlc,_and anticancer activity through their stimulatory ..o 112 120 11 124
effects on the immune systertiq, 20. isoleucine 82 85 91 79
According to previously published data the variation in dietary  leucine 139 142 153 133
fiber results are large, and much of this variation is caused by Ih's,“d'“e 135 13‘7" 138 56
the analytical methodology used. Both the AOAC enzymatic ;’;‘i’:ﬁne 178 108 112 g?
gravimetric and Uppsala methods are frequently used to (ygsine 219 292 283 265
determine dietary fiber contents in foods. However, when the phenylalanine 111 97 107 91

AOAC method is applied for mushrooms, the correction for
residual protein based on the nitrogen content in the fiber residue _ _ _
is interfered with by the presence of nonprotein nitrogen Table 4. Contents of Essential Amino Acids except Tryptophan
originating from chitin (8, 2J). If a chitin correction is not ~ (MJ/100 g fresh weight) in Some Vegetables (30) and in Mushrooms
applied the dietary fiber results would be approximately 10% Studied

lower than that obtained when applying the chitin correction  ;ino acid potato carrot caulifiower mushrooms
(as calculated from the data of Cheurdg, 21).

According to the present study performed with the AOAC :zﬂlceiﬁgme 118 gg 123 1;3_%3
method (without chitin correction). ostreatus(2.4 g/100 g lysine 120 35 120 122-143
FW; 30% of dry matter) and especially edodeq3.3 g/100 g methionine 29 9 31 29-35
FW; 39.3% of dry matter) proved to be moderately good sources ~ ¢ystne 17 1 15 23-28
of dietary fiber, whereag\. bisporuswhite andA. bisporus gﬁggﬂglamne ig fg gg 29119__121912
brown contained lower levels, 1.5 (19% of dry matter) and 1.6  tpreonine 71 26 84 98-111
0/100 g FW (21% of dry matter), respectivelyable 1). Cheung valine 120 43 140 112-124

(18, 21 obtained similar results fdr. edodesandA. bisporus
using the AOAC method (with chitin correction); the caps of
these mushrooms contained 36.6% and 18.2% dietary fiber inroom species and in some cases in mushrooms of the same
dry matter, respectively. With the Uppsala method the results species. IrA. bisporughe amount of nitrogen varied from 0.43
were somewhat lower: 32.4%L.( edodes and 13.2% t0 0.79 g/100 g, but if?. ostreatusandL. edodeghe variations
(A. bisporu$ of dry matter. were smaller: 0.250.34 g and 0.490.52 g/100 g, respectively
Fat. Crude fat in mushrooms includes representatives of all (4).
classes of lipid compounds, including free fatty acids, mono-, Using analyzed nitrogen amounts in calculating protein
di-, and triglycerides, sterols, sterol esters, and phospholipids contents in foods is very complicated. The protein content of a
(9). Of the sterols, various species are especially high in product is highly affected by the NP conversion factor used. In
ergosterol, which is the precursor of vitamin (@rgocalciferol, the fungi, relatively large amounts of nonprotein nitrogen are
22). present, largely in the chitin of the cell walls as well as in free
There was low variation in crude fat contents in the amino acids and in nucleic acid®)( Only 60—77% of the
mushrooms analyzed. The contents expressed as g/100 g FWiitrogen in mushrooms is found in proteirs @5, 26, hence,
varied from 0.31 to 0.35T@able 1), and on a dry matter basis the universally used NP factor of 6.25 is too high for mushrooms
the variation was from 3.7% to 4.4%. These figures are very and should not be used. In the present study, NP conversion
similar to earlier-reported values: according to Huang et al. factors of 4.55 and 4.70 foA. bisporus(brown and white,
(23) and Beelman and EdwardE5) A. bisporuscontained 3.1% respectively), 4.97 foP. ostreatusand 4.50 folL. edodewvere
fat in dry matter and 0.190.7% of FW, respectively. Previous obtained Table 2). The factor 4.50 fot.. edodess nearly the
results forL. edodeshave varied from 1.3% to 8.0% of dry same as the 4.44 obtained by Fujihara et2) for Japanese
weight ©, 23, 24, andprevious fat results faP. ostreatudiave mushrooms; forP. ostreatusthey obtained a factor of 4.15,
varied from 1.6% to 5.0% on a dry matter bass 16, 17. which is remarkably lower than the 4.97 found in our study.
Ash. Ash contents varied from 0.48 ¢ .(edode} to 0.78 Kurtzman @) recommended a factor of 5.0 fév. bisporus, P.
g/100 g FW Agaricusvarieties;Table 1). The main constituents  ostreatus,and L. edodeswhich is somewhat higher than the
in the ash were K and P, whose combined percentage was abouvalue obtained here.
60% (7). Our results agreed well with earlier-published data  As described above, NP conversion factors are very specific
(4, 9, 179. for each species and the use of a single factor may lead to errors
Nitrogen, Protein, and Amino Acidk the present study the  in protein values. However, the mean NP conversion factor for
amount of nitrogen was 0.45 and 0.45 g/100 g for white and mushrooms analyzed in the present study wast40721. When
brownA. bisporus respectively, 0.40 g/100 g f&*. ostreatus, using this factor, very good estimation of protein contents could
and 0.40 g/100 g fok. edodeqTable 2). Kurtzman @) found be obtained for the main species of mushrooms cultivated in
wide variation in the nitrogen contents within different mush- Finland. When comparing protein values obtained using this
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factor with net protein values (sum of amino acid residues),

which are probably nearest to the true values, differences were

< 5% (Table 2). Previously, somewhat lower universal NP
conversion factors, 4.38 (70% M 6.25;2, 9) and 4.17 27)
were introduced for mushrooms.

Mushrooms proved to be good sources of protein compared
with vegetables Tables 1and 2). The protein contents (net
protein) ofA. bisporusihite andA. bisporusbrown were 2.09
and 2.07 g/100 g, respectively, which were of the same
magnitude as that found by Braaksma and Scha&p .04
0/100 g. ForP. ostreatusa net protein content of 1.97 g/100 g
was obtained. Fujihara et a2g) and Tshinyangu and Hennebert
(29) found widely varying protein values fd?. ostreatus 2.3
0/100 and 1.7 g/100 g, respectively. In the present study a
protein value of 1.8 g/100 g was obtained foredodesywhereas
Fujihara et al. 26) announced somewhat lower contents of 1.6
g/100 g.

The amino acid contents of the mushrooms studikable
3) were quite similar to those of Mgller et aB(@), although
slightly higher. Similarities were also found in the results of
Haytowitz and Matthews3(1), although the isoleucine, leucine,

and lysine contents were somewhat lower and the tyrosine and

cystine results were somewhat higher than those found in the
present study. However, compared with common vegetables
used in the Nordic countries such as potatoes, carrots, or
cauliflower, mushrooms proved to be good sources of almost
all essential amino acids. For instance, the amounts of the sulfur-
containing amino acids threonine, tyrosine, and arginine are
much higher in fungi than in the above-mentioned vegetables
(Table 4; 30).
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