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Analysis of the Chemical Constituents of Agaricus brasiliensis
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This study examined the chemical composition of A. blasiliensis and the chemical structural properties of an immuno-stim-
ulating polysaccharide. The amino acids, free sugars, and organic acids by HPLC and fatty acids by GC were analyzed.
The immuno-stimulating substance from A. blasiliensis was extracted with hot water and purified by ethanol precipitation.
It underwent ion exchange chromatography on DEAE-cellulose and gel filtration on Toyopearl HW 65F. Through GP-HPLC,
the substance was found to be homogeneous. Its chemical structure was determined by "C-NMR. Fatty acids, organic acids,
and sugar alcohol composition consisted exclusively of linoleic acid, fumaric acid and mannitol, respectively. The amino acids
were mainly glutamic acid, glycine, and arginine. By "C-NMR analysis, the immuno-stimulating substance was identified
as /(1 —>3) (1> 6)-glucan, composed of a backbone with (1 — 3)-linked D-glucopyranosyl residues branching a (1 — 6)-
linked D-glucopyranosyl residue. The Sglucan from A. blasiliensis showed pronounced immuno-stimulating activity on the
antibody-production ability of B-lymphocytes by the hemolytic suspension assay. In these results, A. blasiliensis was estimated
to have potent pharmacological properties and potential nutritional values.
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Mushrooms have received much interest with the realiza- and presently cultivated in other countries such as Korea,
tion that they are a good source of delicious food with Japan, and China. Its fruiting body is used as a health
high nutritional attributes and that some have medicinal food and home remedy in these areas. Its fresh basidio-

values as well (Mizuno, 1993; Kawagishi, 1994). carp consists of 85~87% water. When dehydrated, it is
Chemical evaluation of some edible mushrooms has rich in protein (40~45%) and carbohydrates (3~4%). It
been the object of many investigations in subjects as var- also contains dietary fibers (6~8%), lipids (3~4%), and

ied as metabolism, nutrition, and medicine (Diez and vitamins, especially B1, B2, and niacin (Mizuno, 1995,
Alvarez, 2001; Sanmee et al., 2003). The fatty acids, 2002).

organic acids, and amino acids of mushrooms were signif- From soluble residues in water from the fruiting body
icantly evaluated and analyzed for their nutritive and of A. blasiliensis, glucan-protein complexes were isolated
medicinal effects (Longvah and Deosthale 1998; Stephen (Gonzaga et al., 2004, Kawagishi ef al., 1989, 1990). This
et al., 2004). Recently, the carbohydrates in mushrooms protein-polysaccharide complex was characterized by growth
have been evaluated to be dietary fibers with medicinal inhibition of sarcoma-180 implanted in mice, developing
effects (Mizuno and Kwai, 1992; Mizuno 1993). The car- immuno-modulatory properties (Itoh et al., 1994), possi-
bohydrates in mushroom are chiefly composed of low bly due to immunological mechanisms involving the

molecular saccharides such as trehalose and mannitol. action of various immunocompetent cells (Kaneno ef al.,
Polysaccharides derived from mushrooms have emerged 2004; Nakajima et al., 2002; Fujimiya et al., 1999).

as an important class of bioactive substances. Their antitu- This study examined composition related to the nutri-

mor, immunological, anticomplementary, anticoagulant, tional and pharmacological properties of A. blasiliensis

hypoglycemic, and antiviral activities have been investi- cultivated to the Korean conventional method using fer-

gated (Furukawa, 1995; Mizuno, 1993). Mushroom polys- mented straws (Park er al., 1996). It aimed to analyze the
accharides have been investigated with regard to their carbohydrates, amino acids, and organic acids present in
chemical structures and biological activities. Among the A. blasiliensis. It also investigated the chemical properties
various polysaccharides, b-glucans has been shown to and immuno-stimulating activity of its polysaccharide.
express the most interesting biological effects (Franz,
1989). Materials and Methods

One edible mushroom with this kind of polysaccharide
is Agaricus blasiliensis (A. blazei; see Wasser et al., 2002 Materials. The fruiting body of Agaricus blasiliensis
for taxonomic discussion), distributed originally in Brazil ASI 1174 was cultivated by the Korean conventional

method (Park er al., 1996), dried, and milled. The strains
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Science and Technology (NIAST) of the Rural Develop-
ment Administration (RDA) of Korea.

Free sugar analysis. The free sugars were extracted
with 10 m/ of 85% ethanol in 1.0-g samples on the basis
of dry weight for 24 h. The free sugars were analyzed by
HPLC at the following conditions: column, high-perfor-
mance carbohydrate column (4.6 x 250 mm, Waters Co.);
column temperature, 35°C; detection, refractive index
(Waters Model 410); mobile phase, 75% acetonitrile; flow
rate, 1.2 m//min. The free sugars were measured by the
comparison of standards using the Millennium Program
(Waters Co.).

Organic acid analysis. To obtain free organic acids, the
study extracted samples (1.0 g) with 80% EtOH (10 m/)
and purified by Amberlite IRC-50 column. The obtained
free organic acids were analyzed by HPLC at the follow-
ing conditions: column, Supelcogel C-610H (7.8 x 300
mm, Supelco Co.); detection, UV 210 nm (Waters Model
486); mobile phase, 0.1% phosphoric acid; flow rate,
0.5 ml/min. Each free organic acid was quantified by the
calibration curve of authentic organic acids (Supelco Co.).

Amino acid analysis. The amino acid composition of
the samples was determined by hydrolyzing them with
6N HCI for 24 h at 105°C and then deriving the amino
acids in a Waters Pico-Tag work station (Pico-Tag Sys-
tem, Waters Co.). The derivative amino acids were ana-
lyzed by liquid chromatograph composed of Waters 515
pumps, Waters 486 UV detector, and Reodyne injector
(Waters Co.), equipped with Waters Pico-Tag column (3.9 x
150 mm, Waters Co.). Amino acids were identified by
comparing retention times and areas with those of an
authentic standard mixture.

Fatty acid analysis. The fatty acid composition of the
total lipids, extracted from dried samples according to
Hamilton et al. (1992), was determined as fatty acid
methyl esters (FAMEs) by gas chromatography using
Hewlett-Packard, Model 5890 Series II gas chromato-
graph (Agilent Co.) equipped with a fused silica capillary
column (SP-2560, with a 0.25 mm diameter, 100 m length,
and 0.20 gm film thickness; Supelco Ltd.). The sample
was injected into the GC using a Hewlett-Packard 7673
autoinjector (Agilent Co.). Temperature of the oven was
programmed at 140°C for 5 min, followed by ramping to
240°C at 4°C/min and kept there for 15 min. Helium at a
flow rate of 20 cm/s was used as the carrier gas. The
injection port and the flame ionization detector oven tem-
peratures were set at 260°C. FAMEs were identified by
comparing retention times with those of an authentic stan-
dard mixture (Supelco 37 Component FAME Mix, Supelco
Co.).

Isolation and identification of the polysaccharide.
The polysaccharide from A. blasiliensis was extracted
with hot water, purified by ethanol precipitation, and sub-
jected to ion exchange chromatography on DEAE-cellu-
lose and gel filtration on Toyopearl HW 65F. The purity
of substance was identified to be homogeneous by analy-
sis of GP-HPLC (Cho et al., 1999). The chemical struc-
ture was determined by “C-NMR. Homogeneity was
investigated by gel permeation (GP)-HPLC. The HPLC
conditions were as follows: column, Tosoh GMPW col-
umn (7.8 X 300 mm); column temperature, 25°C; detec-
tion, refractive index (RI-8010, Tosoh, Japan) and UV
detector (280 nm); mobile phase, 0.1 M NaCl; and flow
rate, 1 m//min. NMR spectra were recorded on Varian
UNITY 300 (400MHz, USA). Fifty milligrams of polysac-
charides were dissolved in 1 m/ of D,O and lyophilized.
This process was repeated twice for further deuterium
exchange. Finally, the polysaccharide was dissolved in
0.7 ml of D,0O (Aldrich, USA). All spectra were recorded
at 25°C. "C-NMR spectra of the polysaccharides were
recorded using sodium 3-(trimethylsily)-propane-1-sulpho-
nate-d4 (TSP, 0.0 ppm) as the internal standard.

Immuno-stimulating activity. To determine the antibody
production of B-lymphocytes, the study obtained spleen
cells by gently disrupting the mice spleen and repeatedly
pipetting (Kim ef al., 1987). The number of cells was
adjusted to 5.0 x 10° cells/ml for B cell activation; 0.5 m/
of the adjusted cell suspension was distributed on a 48
well microplate. LPS was used as a positive control at
final concentrations of 10 and 100 pg/ml and polysaccha-
rides were added into the cell suspension quadruplicates at
final concentrations of 10 and 100 pg/mi. All cultures
were incubated with rocking (7~10 complete cycles) in an
atmosphere of 10% CO,, 7% O,, and 83% N, at 4~5 psi
for 3 days (Mishell and Dutton, 1967). The antibody pro-
duction of B cells was determined by hemolytic suspen-
sion assay as described previously (Han ef al., 1996).

Results and Discussion

This study detected the sugars glycerol, mannitol, inosi-
tol, and trehalose in the fruiting bodies of A. blasiliensis
(Table 1). Mannitol (21.8 g/100 g) had the highest concen-
tration on a dry weight basis, thus concurring with previ-
ous studies that showed mushrooms had high levels of
mannitol (Sanmee et al., 2003). Mannitol is the most
abundant polyol in the sorocarps of Basidiomycetes and
Ascomycetes (Lewis and Smith, 1967). Because of their
mannitol contents, mushrooms are useful as diabetic
foods.

The study found high amounts of fumaric and lactic
acids in the A. blasiliensis fruiting body (Table 2). The
other organic acids, in descending order by quantity, were
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Table 1. Carbohydrate composition of the fruiting body of

Table 4. Fatty acid composition of the fruiting body of Agaricus

Agaricus blasiliensis blasiliensis"
Carbohydrate Values (g/100 g dry matter) Fatty acid % of total FA content
Glycerol 1.00+0.04 Myristic (14 :0) Tr
Mannitol 21.80+0.30 Pentadecanoic (15 : 0) 3.4+0.13
Inositol 2.13+0.07 Palmitic (16 :0) 12.4+0.02
Trehalose 2.60+0.11 Heptadecanoic (17 : 0) Tr

Values are means+S.D. of three samples each in triplicate; n=3.

Table 2. Organic acid composition of the fruiting body of
Agaricus blasiliensis

Acid Values (mg/100 g dry matter)
Oxalic 30.4+0.81
Citric 39.3+£1.23
Malic 72.3+£0.95
Lactic 295.0+0.25
Formic 63.0+0.40
Acetic 95.1+0.31
Fumaric 826.0£0.25
Pyroglutamic 69.2£1.11

Values are means £S.D. of three samples each in triplicate; n=3.

Table 3. Amino acid composition of the fruiting body of Agaricus

blasiliensis

Amino acid Values (pmole/g dry matter)
Aspartic acid 2.5+0.25
Glutamic acid 4.6£0.15
Serine 2.9+0.22
Glycine 6.9+0.06
Histidine 3.6£0.11
Arginine 9.3+£0.06
Threonine 3.2+0.05
Alanine 4.0+0.06
Proline 4.2+0.02
Tyrosine 1.1+0.02
Valine 1.9+0.06
Methionine 0.9+0.02
Cysteine N.D.
Leucine 1.2+0.01
Phenylalanine 1.2+0.02
Lysine 1.3+0.02

Values are means+S.D. of three samples each in triplicate; n=3.

acetic, malic, pyroglutamic, formic, citric, and oxalic
acids. Most mushrooms whether wild or cultivated are
especially rich in malic acid (Mizuno and Kawai, 1992).
Organic acids contribute to the taste and flavor of mush-
rooms (Mizuno and Kawai, 1992).

The A. blasiliensis fruiting bodies were well balanced
in their essential amino acid compositions (Table 3). The
values were similar to those reported by Longvah and
Deosthale (1988) for edible wild mushrooms, Schizophyl-
lum commune and Lentinus edodes. The most abundant

Stearic (18 :0) 3.1+£0.04
Oleic (18:1) 1.7+0.02
Linoleic (18 :2) 75.9+0.06
Linolenic (18 :3) 1.1+0.04
Behenic (22 :0) 2.4+0.03

Tr, trace (£0.05%).
‘Means of three determination+SD.

amino acid in A. blasiliensis fruiting body was arginine
(9.3 umole/g); followed by glycine, glutamic acid, pro-
line, and alanine, in decreasing order. This study con-
curred with previous observations that mushrooms are
deficient in sulphur-containing amino acids (Senatore et
al., 1988; Senatore, 1990).

The fruiting body of A. blasiliensis is rich in unsatur-
ated fatty acids. In the oil extracted from the fruiting bod-
ies, palmitic and linoleic acids accounted for more than
85% of the total fatty acids on a dry weight basis (Table 4).
Linoleic acid accounted for 76% of the total fatty acids.
The results concurred with previous studies that showed
oils of some Basidiomycetes containing high levels of
palmitic and linoleic acids (Sematore et al., 1988; Dem-
bitsky et al., 1992; Diez and Alvarez, 2001). In this study,
saturated acids accounted for 21.3% of the total fatty
acids. The main saturated acids were pentadecanoic,
palmitic, behenic, and stearic acids, with minute amounts
of myristic and heptadecanoic acids.

Therefore, the results showed that the A. blasiliensis
fruiting body is a source of essential fatty acids such as
linoleic acid (C18:2), with a good ratio of unsaturated/sat-
urated fatty acids and n-6/n-3 fatty acids. It can be
inferred that the A. blasiliensis fruiting body could be
used as health food.

The "C NMR spectrum of the polysaccharide (AG-6,
Cho et al., 1999) isolated from the hot water extract of A4.
blasiliensis fruiting body (Fig. 1) provides useful informa-
tion on its composition and sequence. The structure was
in accordance with the values reported in previous litera-
ture (Schulz and Rapp, 1991; Gutierrez et al., 1996; Dong
et al., 2002). Two closely located signals at 105.8 ppm
(parts per million) and 105.2 ppm in the anomeric region
indicated that all the anomeric carbons adopted the £ con-
figuration. The substituted C-6 signal could be identified
at 71.7 ppm and the non-substituted C-6 signal at 63.5 ppm.
The signals at 83.6 ppm and 78.7 ppm were assigned to
the substituted C-3 and the non-substituted C-3, respec-
tively. The other signals at 78.4 ppm, 77.7 ppm, 75.9 ppm,
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Fig. 1. "C-NMR spectrum at 125 MHz and a supposed structure
of the polysaccharide isolated from the hot water
extract of 4. blasiliensis fruiting body at 25°C in D,O.
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Hot Water Ext. Purified Polysaccharide

Fig. 2. Immuno-stimulating activity on antibody forming ability
of B-lymphocytes of the polysaccharide purified from
hot-water extract of A. blasiliensis fruiting body by the
hemolytic suspension assay.

and 72.3 ppm suggested substituted adjacent glucose resi-
dues, non-substituted adjacent glucose residues with a
branched Aglucopyranosyl, and two other non-branched
[glucopyranosyl residues, respectively. These results
indicated (1 — 3)-(1 — 6)-glucan composed of a back-
bone with (1 — 3)-linked D-glucopyranosyl residues
branching to a (1 — 6)-linked D-glucopyranosyl residue.

To find out its effect on the antibody production of B-
lymphocytes, this study directly added the polysaccharide
to the culture medium at concentrations of 1, 10, and 100
pg/ml and LPS (6.25 ug/ml) was used as the positive con-
trol. The polysaccharide increased the antibody produc-
tion of B-lymphocytes (Fig. 2).

The results of this study confirmed that the fruiting
body of A. blasiliensis is a rich source of many important
nutrients that appear to have positive effects on human
health.
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