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We investigated the optimum conditions for conversion of water-insoluble components of basi-
diocarps of Ganoderma lucidum to water-soluble components by hydrolyzing with chitinase.
We also tried it with Ganoderma lucidum residue remaining after extracting hot water-soluble
components of Ganoderma lucidum. After hydrolyzing under optimum conditions (20 ppm
chitinase, 2% Ganoderma lucidum or 6% Ganoderma lucidum residue, at pH 3 and at 35°C),
the contents of total water-soluble components (polysaccharide or protein) were measured,
and it was found that the contents of water-soluble components increased to 1.5~2.7 fold. Mi-
chaelis constant, K, and maximum rate, V,,, calculated by Lineweaver-Burk plot for hy-
drolysis of Ganoderma lucidum were 1.75% and 0.02%/min respectively and those for hy-
drolysis of Ganoderma lucidum residue were 53.15% and 0.53%/min respectively. The pro-
tein-bound polysaccharide was isolated after hydrolysis and molecular weights were measur-
ed by Sepharose CL-4B gel filtration and compared with the molecular weights of po-
lysaccharide before hydrolysis.
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INTRODUCTION

The basidiocarps of Ganoderma Ilucidum, called
Young Ji, which belongs to the family of Po-
lyporaceae are used as a dietary supplement or a trad-
itional folk medicine for the treatment of chronic hu-
man diseases (Lee et al, 1990, Nogami et al., 1985).

Polysaccharides with antitumor activity have been
isolated from various natural sources, including high-
er plants (Nakahara et a/, 1964), fungi (Chihara et al,,
1970), yeasts (Bradner et al, 1958) and bacteria (Kato
et al, 1981). Since Ringler et al. reported the an-
titumor activities of Basidiomycetes (Ringler et a/,
1957), studies on the antitumor polysaccharides of
Basidiomycetes have been extensively carried out
(Kang et al., 1980, Hyun et al., 1990). The antitumor
polysaccharides can be extracted with various sol-
vents but extracted components can differ depending
on the choice of solvent. One common point of the
active polysaccharides is their relatively high molec-
ular weight. It is believed that these components ex-
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ert their antitumor activity through the enhancement
of a host-mediated immunity rather than direct cy-
totoxicity to tumor cells. It is widely accepted that ac-
tivated macrophages, cytotoxic T cells, natural killer
cells and antibody dependent cytotoxic cells usually
play important roles in tumor immunity (Shin et al.,
1985).

Miyazaki et al reported that a water-soluble, an-
titumor polysaccharide, GL-1, M.W.4000, was iso-
lated from Ganoderma lucidum. It was suggested that
the essential structure of the antitumor activity of GL-1
was a branched glucan core involving (1—-3)-B-, (1—
4)-B- and (1—6)-B-linkages (Miyazaki et a/, 1981). Mi-
yazaki et al. also reported that the structure of an al-
kali-extracted compound of Ganoderma lucidum was
the highly branched and involved 1,3,4-tri substituted
D-mannopyranosyl and (1—4)-linked D-xylopyranosyl
residues (Miyazaki et al, 1982).

Mizuno et al reported that a hot-water extract of
Ganoderma lucidum inhibited the growth of sarcoma
180 and that the antitumor polysaccharide fraction
was composed of a backbone of (1—3)-B-linked-D-
glucosyl residue with a single branch of the (1—6)-B-
linked-D-glucosyl group in every 4 to 6 residues of
backbone chain. Mizuno et al, also reported that
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water-insoluble antitumor polysaccharide from
Ganoderma Jucidum was isolated and involed molec-
ular weights of 2000 kD and 30~70 kD (Mizuno et
al., 1985).

Kim et al. reported that protein-bound po-
lysaccharide exerting antitumor activities was isolated
from the fruit body or the cultured mycelia of Ganod-
erma lucidum (Kim et al., 1980).

Much attention has also been paid to the low-
molecular weight of biologically active constituents
of Ganoderma lucidum and many bitter lanostane
type triterpenoids and ganoderenic acids, ganoderic a-
cids and lucidenic acids have been isolated and iden-
tified (Komoda et a/,, 1985; Kuboda et al., 1982).

Chitin composed of (1-—4)-B-N-acetyl-D-glu-
cosamine can be hydrolyzed by chitinase (Austin et
al, 1981; Knorr et al, 1982). Endochitinase from
higher plants hydrolyzes chitin to give soluble N-a-
cetyl-chitooligosaccharides, while exochitinase from
microbial sources cleaves the non-reducing terminus
of chitin and yields mainly N,N'-diacetylchitobiose.
(Ohtakara et a/,, 1978; Manuel et al, 1985).

It was reported that Ganoderma lucidum contained
chitin (Mizuno et al., 1985). It is assumed that the chi-
tin contained in Ganoderma lucidum may interfere
with the extraction of water-soluble components
which might have biological activities. There are
some possiblities that bioactive polysaccharide can
be extracted more from Ganoderma Ilucidum hy-
drolyzed with chitinase. In this study, we investigated
the optimum conditions for hydrolyzing water-in-
soluble components contained in Ganoderma [u-
cidum in order to obtain water-soluble po-
lysaccharides by hydrolyzing with chitinase. We also
used the Ganoderma lucidum residue remaining after
extracting hot water-soluble materials in Ganoderma
lucidum.

MATERIALS AND METHODS

Materials and reagents

The dried fruit bodies of Ganoderma lucidum har-
vested in Kang Hwa-Do and Ganoderma lucidum
residue were kindly provided by the IL-Yang Pharma.
Co.. Chitinase (13.57 units/mg) from the streptomyces
species, was purchased from Boehringer Mannheim.
Sepharose CL-4B, molecular weight marker (dextran :
MW 2x10°~3.91x10%, bovine serum albumin and
chitin from shrimp shells were obtained from the Sig-
ma Chem. Co.. All other reagents were analytical
grade and commercially available.

Extraction of chitin

The Hackman method (Hackmann et a/, 1954) was
slightly modified. The sample was boiled in 0.1 M so-
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dium hydroxide solution for 2 hours. After filtration,
this procedure was repeated three times and the resi-
due was washed with distilled water (deproteinization).
The residue was boiled in 1.0M hydrochloric acid
solution for 8 hours and after filtration, this procedure
was repeated three times and the residue was washed
with distilled water (demineralization). The residue
was washed with methanol, acetone(decolorization)
and distilled water and dried at 105°C. Chitin was
identified by FT-IR (Bruker IF548) using the KBr disc
method.

Hydrolysis of water-insoluble components with chi-
tinase

In order to determine the optimum pH, the tem-
perature and concentration of chitinase and the con-
centration of the substrate used to hydrolyze the
water-insoluble components contained in Ganoderma
lucidum and in Ganoderma lucidum residue, the hy-
drolyzing procedure was performed as follows. The
sample (1.0~6.0%) was hyrolyzed with chitinase (10~
60 ppm) in buffer solutions (pH 3.0~11.0) at 30~50°C
for 2 hours in a shaking incubater (200 rpm). To ad-
just the pH 0.05 M of incubating solutions, citrate-
phosphate (pH 3.0~6.0), 0.01 M sodium-phosphate
(pH 7.0), 0.05 M boric acid-borax (pH 8.0 and 9.0)
and 0.05 M glycine-sodium hydroxide (pH 10.0 and
11.0) buffer were used respectively. 2 ml Of hy-
drolyzed samples were collected at intervals. Each
sample was boiled at 100°C for 10 minutes and 2 ml
of 0.4 M trichloroacetic acid (TCA) was added to stop
chitinase action.

Measurement of the contents of polysaccharides, pro-
tein and N-acetylglucosamine

Samples were boiled at 121°C for 2 hours and cen-
trifuged to extract water-soluble components. The
content of polysaccharides in the supernatant was
measured by an anthrone test (Hyun er al/, 1990).
The content of protein in the supernatant was measur-
ed by the Lowry-Folin method (Hyun et al, 1990).
The content of N-acetylglucosamine of supernatant
was also measured by Davidson method (Davidson,
1966).

Extraction and separation of polysaccharide with
water and sodium hydroxide solution

The procedure for extraction and separation of the
fraction soluble in water and sodium hydroxide solu-
tion is shown in Scheme 1. The basidiocarps of
Ganoderma [lucidum were disintegrated and extracted
with distilled water at 105°C for 30 min. After fil-
tration, this process was repeated twice. The residue
was kept for extraction with sodium hydroxide solu-
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Ganoderma lucidum (100 g)

Extracted with water 3 times
at 121°C for 30 min

Filtered
[ |
Residue Filtrate
Extracted with Concentrated in a vacuum
0.1 M NaOH Added 3 volumes of EtOH
Filtered Stored overnight at 4°C
I ! Centrifugated
Filtrate Residue r ]
Neutralized Precipitate Filtrate
Concentrated in a vacuum Dissolved in
Added 3 volumes of cold EtOH distilled water
Stored overnight at 4°C Dialyzed at 4°C for 7 days
Centrifuged Centrifuged
! ]
Precipitate Supernatant Precipitate Supernatant
Dissolvgd in 0.1 N NaOH Freezedried
Neutralized

Dialyzed at 4°C for 7 days

Fraction soluble in
NaOH solution

-

Water-soluble
Fraction

Centrifuged
[ |
Precipitate Supernatant

Gel filtration on Sepharose CL-4B

Dissolved in 0.1 M sod. phosphate buffer (pH 6.8)

Eluted with 0.01 M sod. phosphate buffer (pH 6.8)

Concentrated
Dialyzed at 4°C for 3 days
Freeze-dried

MW of polysaccharides determined

Scheme 1. Procedure of isolation and extraction of protein-bound polysaccharide from Ganoderma lucidum.

tion and the filtrates were concentrated in a vacuum,
and three volumes of 95% ethanol were added to the
concentrate. The mixture was allowed to stand at 4°C
overnight to complete precipitation. The precipitate
was dissolved in distilled water and dialyzed at 4°C
for seven days. The filtrate was concentrated and lyo-
philized to obtain water-soluble polysaccharides.

The residues after treatment with water were ex-
tracted with 0.1 M sodium hydroxide solution at
105°C for 30 min. After filtration, this process was re-
peated twice. The filtrates were concentrated in a va-
cuum and three volumes of 95% ethanol were added
to the concentrate and the mixture was allowed to
stand at 4°C overnight. After the supernatent was de-
canted, the precipitate was dissolved in 0.1 M so-
dium hydroxide solution and dialyzed at 4°C for
seven days. The precipitate was removed by filtration.
The filtrate was concentrated and lyophilized to ob-
tain polysaccharides.

Molecular weight determination of the protein-
bound polysaccharides

The molecular weight was determined by gel-fil-
tration chromatography on a Sepharose CL-4B
(Pharmacia-LKB) equilibrated with 100 mM sodium
phosphate buffer (pH 6.8). The standards for the cali-
bration of the column (2.5X85 cm) were blue dex-
tran (Sigma Chem. Co., USA, MW=2x10%, T-480
(Sigma Chem. Co., USA, MW=4.8x10°, T-60
(Nakarai Chem. Ltd., Japan, MW=6x 10%. The blue
dextran (10 mg) was dissolved in the eluent and ap-
plied to the column. It was eluted with 0.01 M so-
dium phosphate buffer (pH 6.8) at the flow rate of 1
ml/min (5 ml/ffraction). The absorbance of each frac-
tion was measured at 625 nm (anthrone test). Then us-
ing elution volumes and logarithm values of molec-
ular weights of standard dextrans, the molecular
weights of the polysaccharides were determined.
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RESULTS AND DISCUSSION

Contents of chitin, polysaccharides and protein

The content of chitin obtained from Ganoderma lu-
cidum and from Ganoderma lucidum residue was 18.
90% (w/w) and 14.49% (w/w) respectively. The IR
spectra of the chitin obtained from the sample was
found to be a typical spectra similar to the spectra of
standard chitin which has two bands at 1620 and
1550 cm” for characteristic stretching bands of the
amide of chitin (Sannan et al., 1978).

The total content of polysaccharide was calculated
by adding the content of chitin obtained above and
the content of polysaccharide contained in the filtrate
(sodium hydroxide and hydrochloric acid fraction) re-
maining after obtaining chitin from the contents of the
water-soluble polysaccharide measured (Table 1). The
total conterit of protein was calculated by adding the
content- of protein contained in the filtrate remaining
after obtaining chitin from the contents of protein
measured. The total contents of the polysaccharide
and protein contained in Ganoderma lucidum were
58.44% and 19.01% respectively. The results are sim-
ilar to those of Lee et al. (Lee et al, 1986). The con-
tents of the polysaccharides and protein contained in
Ganoderma lucidum residue were 2.34% and 5.58%,
which were lower than the contents in Ganoderma lu-
cidum. 1t is likely that the lower contents of Ganod-
erma lucidum residue are the result of pre-extraction
of Ganoderma lucidum with water. But it is expected
that the Ganoderma lucidum residue may possibly
contain water-insoluble protein-bound polysaccharides
which could exert biological activities.

Reaction time-activity profile of chitinase

The degree of hydrolysis was defined by the contents
(% wiw) of water-soluble polysaccharide in the total
polysaccharide of the sample. The degree of hydrolysis
of Ganoderma lucidum was increased for 1~2 hrs, but
afterwards decreased (Fig. 1). It is assumed that the by-
product of the reaction or /and other factors inhibited
the hydrolyzing reaction as it was prolonged.

Table 1. Polysaccharide and protein contents of Ganod-
erma Jucidum and Ganoderma lucidum residue extracted
with H,0, 0.1 M NaOH and 0.1 M HCl. (g/g%)

Ganoderma lucidum Ganoderma lucidum
residue

Polysaccharide protein polysaccharide protein

H,O 9.99 6.47 5.58 2.34
NaOH 11.63 11.54 4.84 11.30
HCI 17.92 1.00 36.54 9.86
Chitin __ 18.90 14.49

Total 58.44 19.01 61.45 23.50
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pH-Activity profile of chitinase

The pH-activity profile of chitinase is shown in Fig.
2. The curve was constructed from measurements of
initial velocities when the reaction was carried out in
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Fig. 1. Polysaccharide contents of Ganoderma lucidum as a
function of time. Ganoderma lucidum was hydrolyzed with
chitinase (20 ppm) at 35°C and polysaccharide content was
measured.
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Fig. 2. pH-Activity profile of chitinase (20 ppm). The curve
was plotted as relative values (V/V,,; as a ratio of initial
velocities(V) and maximum velocities of hydrolysis) as a
function of reaction pH. The velocities were calculated

from the data shown in Fig. 2.
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buffers of different pH. The curve was plotted in re-
lative values (V/V...; as a ratio of initial velocities (V)
and maximum velocities of hydrolysis) as a function
of the reaction pH. The velocity of hydrolysis was
highest at pH 3 and decreased gradually as the pH in-
creased to 9.

Temperature-activity profile of chitinase

Fig. 3 shows the temperature-activity profile of chi-
tinase plotted relative values (V/V,,) as a function of
reaction temperature. The reaction temperature sig-
nificantly influenced the hydrolysis, and optimum
temperature was 35°C. The hydrolyzing reactions sig-
nificantly decreased below and over the optimum
temperature. The decrease of hydrolysis is presum-
ably due to the thermal instability of chitinase.

Enzyme concentration-activity profile of chitinase

Fig. 4 shows the rate of hydrolysis of water-in-
soluble contents in Ganoderma lucidum with chi-
tinase at varied concentrations of pH 3 and at 35°C.
There is a linear relationship between the rate of hy-
drolysis and enzyme concentration and 20 ppm of
chitinase (13.57 units/mg) was chosen to hydrolyze
water-insoluble contents contained in basidocarps of
Ganoderma lucidum and Ganoderma Ilucidum resi-
due.

Substrate concentration-activity profile of chitinase

Relative Value(V/Vra:)
O
(o}

30 33 35 8B 40 45 45 50
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Fig. 3. Temperature-activity profile of chitinase (20 ppm).
The curve was plotted as relative values (V/V.,.) as a func-
tion of reaction temperature. Ganoderma lucidum was hy-
drolyzed with chitinase at pH 3 and polysaccharide content
was measured.
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One of the fundamental key factors affecting the
rate of a reaction by an enzyme is the amount of sub-
strate present. The degree of hydrolysis at different
substrate concentrations was measured as a function
of the hydrolyzing time. As shown in Fig. 5 and Fig.
6, the degrees of hydrolysis increased gradually for 1
hour (basidocarps of Ganoderma lucidum) or 2 hours

Reaction rate( x 10° %/min)

0 1 L I I L L
o} 10 20 30 40 50 60 70

Enzyme concentration (ppm)
Fig. 4. Enzyme concentration-activity profile of chitinase.

Ganoderma lucidum was hydrolyzed with chitinase at pH 3
at 35°C and polysaccharide content was measured.

—+- 2%
> 5%

—*- 3%
- 8%

—_
8- 4%

35

n (] w
© s w
T

Polysaccharide Content % (wiw)

Ny
~
e

25 i1 1 1 1 1 i 1 H
0 20 40 B0 BO 100 120 140 16O 180
Time (min)
Fig. 5. Polysaccharide contents of Ganoderma fucidum as a
function of time. Ganoderma lucidum was hydrolyzed with
chitinase (20 ppm) at pH 3 at 35°C and polysaccharide con-
tent was measured.
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(Ganoderma lucidum residue), but afterwards the de-
gree of hydrolysis decreased. Substrate concentration
influenced mare significantly the hydrolysis of Ganod-
erma lucidum residue than the hydrolysis of Ganod-
erma lucidum and this implies that Ganoderma Iu-
cidum residue may contain more water-insoluble po-
lysaccharide to be hydrolyzed by chitinase than
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Fig. 6. Polysaccharide contents of Ganoderma lucidum resi-
due as a function of time. Ganoderma lucidum residue was
hydrolyzed with chitinase (20 ppm) at pH 3 at 35°C and po-
lysaccharide content was measured.
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Ganoderma lucidum contains.

Fig. 7 shows Lineweaver-Burk plots from the ex-
perimental data. A K, value for the samples of Ganod-
erma lucidum was estimated to be 1.75 %, while the
value was 53.15 % for the samples of Ganoderma fu-
cidum residue. The great difference of the K, value
implies that the process of extraction of the Ganod-
erma lucidum significantly alter the substrate-binding
affinity of the enzyme.

Contents of polysaccharide after hydrolysis

From the above results, it was determined that hy-
drolysis was conducted under the following con-
ditions; 20 ppm of chitinase and 1~2% of Ganod-
erma lucidum or 6~7% of Ganoderma luidum resi-
due at pH 3 at 35°C. The concentrations of total
water-soluble polysaccharide in Ganoderma lucidum
and Ganoderma lucidum residue are 17.0% and 9.
1%, respectively, and the concentrations of total
water-soluble polysaccharides of Ganoderma lucidum
and Ganoderma lucidum residue after hydrolyzing
with chitinase are 31.9%, 24.5% respectively. The
contents of water-soluble components increased 1.9
fold for Ganoderma lucidum and 2.7 fold for Ganod-
erma lucidum residue respectively (Table 2).

Isolation of protein-bound polysaccharide residue

As shown in Table 3, 1.15g of brown powder
(water-soluble protein-bound polysaccharide) was ex-
tracted from the basidocarps (100 g) of Ganoderma Iu-
cidum with water. It was found that a significantly in-
creased amount (6.29 g) of polysaccharide was ex-
tracted from Ganoderma Ilucidum (100 g) after hy-
drolyzing with chitinase and 4.32g was extracted
from Ganoderma lucidum residue (100 g) after hy-
drolyzing with chitinase. It was also found that 0.85 g
of N-acetylglucosamine was extracted from Ganod-
erma lucidum (100 g) and 0.62 g of N-a-
cetylglucosamine was extracted from Ganoderma lu-
cidum residue (100 g) after hydrolyzing with chi-
tinase.

The increased amount is regarded as the result of
the conversion of water-insoluble polysaccharide to

Table 2. Concentrations of water-soluble polysaccharides
contained in Ganoderma lucidum and Ganoderma lucidum
residue before and after hydrolyzing with chitinase at op-
timum conditions; 20 ppm of chitinase and 2% of Ganod-
erma lucidum for 1 hour and 6% of Ganoderma lucidum

residue for 2 hours at pH 3 at 35°C % (wW/w)
Before After Increasing
hydrolysis hydrolysis Rates

Ganoderma lucidum 17.0 31.9 1.9

Ganoderma lucidum residue 9.1 24.5 2.7
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Table 3. Contents (g) of water-soluble protein-bound polysaccharide (A) and N-acetylglucosamine (B) in the basidocarps
(100 g) of Ganoderma lucidum or Ganoderma lucidum residue (100 g) extracted with water or 0.1 M NaOH solution. Sam-
ples were also hydrolyzed with chitinase and extracted in the same method

Hydrolysis with Chitinase

Solvents for Extraction

Ganoderma lucidum

Ganoderma lucidum residue

A B A B
No H,O 1.15 - - -
No NaOH 1.43 0.07 3.66 0.14
Yes H,O 6.29 0.85 4.32 0.62
Yes NaOH 1.63 0.23 1.89 0.24
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Fig. 8. Elution diagram of polysaccharide of Ganoderma lu-
cidum extracted with distilled water by Sepharose CL-4B
gel filtration. Sample (5 mg) was dissolved in 0.01 M so-
dium phosphate buffer solution (3 ml) and loaded.
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Fig. 9. Elution diagram of polysaccharide of Ganoderma /u-
cidum extracted with 0.1 M sodium hydroxide solution by
Sepharose CL-4B gel filtration. Sample (5 mg) was dis-
solved in 0.01 M sodium phosphate buffer solution (3 ml)
and loaded.

water-soluble polysaccharide by a hydrolyzing reac-
tion with chitinase. It is expected that this water-solu-
ble material obtained by hydrolysis can exert bio-
logical activities.

The content of polysaccharide from Ganoderma lu-
cidum and Ganoderma lucidum residue extracted
with 0.1 M sodium hydroxide solution was not in-
creased by treating with chitinase.

Fraction volums {mL)
Fig. 10. Elution diagram of polysaccharide of Ganoderma
Jucidum residue extracted with 0.1 M sodium hydroxide
solution by Sepharose CL-4B gel filtration. Sample (3 mg)
was dissolved in 0.01 M sodium phosphate buffer solution
(3 ml) and loaded.
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Fig. 11. Elution diagram of polysaccharide of Ganoderma
fucidum hydrolyzed with chitinase and extracted with dis-
tilled water by Sepharose CL-4B gel filtration. Sample (4
mg) was dissolved in 0.01 M sodium phosphate buffer solu-
tion (3 ml) and loaded.

Molecular weight determination of protein-bound po-
lysaccharide

Molecular weights of protein-bound po-
lysaccharides were determined by Sepharose CL-4B
gel filtration using blue dextran, T-480 and T-60 as
standards. The elution patterns of fraction from the
basidocarps of Ganoderma lucidum and Ganoderma
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Fig. 12. Elution diagram of polysaccharide of Ganoderma lu-
cidum residue hydrolyzed with chitinase and extracted with
distilled water by Sepharose CL-4B gel filtration. Sample (5
mg) was disgolved in 0.01 M sodium phosphate buffer solu-
tion (3 mb) and loaded.
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Fig. 13. Elution diagram of polysaccharide of Ganoderma /u-
cidum hydrolyzed with chitinase and extracted with 0.1 M
sodium hydroxide solution by Sepharose CL-4B gel filtration.
Sample (5 mg) was dissolved in 0.01 M sodium phosphate
buffer solution (3 ml} and loaded.

lucidum residue extracted with water and NaOH solu-
tion are shown in Fig. 8~Fig. 10.

The elution patterns of the fraction from the sample
treated with chitinase and extracted with water are
shown in Fig. 11 and Fig. 12 and the patterns of the
fraction from the sample treated with chitinase and
extracted with NaOH are shown in Fig. 13 and Fig.
14 respectively. The molecular weights of each frac-
tion are shown in Table 4 and the results are similar
to that reported by Mizuno et a/. (ie. 2000 kD and
30~70 kD) (Mizuno et al.,1985). It was observed that
the high molecular weight (2,020 KD) of po-
lysaccharides contained in Ganoderma lucidum resi-
due extracted with sodium hydroxide solution was
disapeared after hydrolyzing with chitinase and it is
presumed that the polymer bond of the po-
lysaccharide was possibly cleaved by chitinase.
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Fig. 14. Elution diagram of polysaccharide of Ganoderma
lucidum residue hydrolyzed with chitinase and extracted
with 0.1 M sodium hydroxide solution by Sepharose CL-4B
gel filtration. Sample (5 mg) was dissolved in 0.01 M so-
dium phosphate buffer solution (3 ml) and loaded.
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Table 4. Molecular weights (KD) of protein-bound po-
lysaccharide extracted from Ganoderma fucidum and
Ganoderma lucidum residue extracted with water or NaOH
solution. Samples were also hydrolyzed with chitinase and
extracted in the same method

Hydrolysis Solvents for  Ganoderma  Ganoderma
with Chitinase Extraction lucidum lucidum residue
No H,0O 1,570, 25 -
No NaOH 1,570, 15, 10 2,020, 60, 36
Yes H,O 1,780, 32 2,590, 36
Yes NaOH 2,020, 349 576, 128

164, 46, 28
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