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(54) Process for simultaneous extraction and purification of fine chemicals from spent mushroom 
compost, mushroom stems and partially degraded mushroom fruiting bodies

(57) The aim of this process consists of simultaneous
extraction and purification of fine chemicals (i.e enzymes,
protein - bound polysaccharides, lectins, alkaloids, anti-
biotics and terpenes) from spent mushroom compost,
mushroom stems or partially degraded mushroom fruit-

ing bodies. Several mushroom strains can be used for
this purpose such as Agaricus bisporus, Pleurotus os-
treatus, Lentinula edodes, Cordyceps sinensis, Grifola
frondosa, Ganoderma lucidium, Poria cocus, Polyporus
umbelatus, Hericium erinaceus, Auricularia auricular
and Coriolus versicolor.
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Description

FIELD OF THE INVENTION

�[0001] This invention relates to a process of simulta-
neous extraction and purification of enzymes, protein-
bound polysaccharides, lectins, terpenes, alkaloids and
antibiotics from spent mushroom compost, mushroom
stems and partially degraded mushroom fruiting bodies.

BACKGROUND OF THE INVENTION

�[0002] During the last decades, there has been a
strong concern regarding the environmental pollution
due to large quantities of agro-�industrial by- �products that
are disposed in the environment. However, these agro-
industrial by-�products such as lignocellulosic wastes,
corn cobs, sugar cane bagasse and coffee pulp can be
used as low-�cost carbohydrate sources for growth of fun-
gi for production of suitable fine chemicals for food, tex-
tile, detergent and pharmaceutical industries. Fungal sol-
id-�state fermentation technology has been used for cen-
turies for bioconversion of agro- �industrial wastes by us-
ing basidiomycete strains, namely in mushroom produc-
tion.�
The mushroom growing industry generates about 200
million ton/ �year of spent mushroom compost which also
contains mushroom stems and partially degraded mush-
room fruiting bodies. Since this huge waste material is
not suitable to be re- �utilized in mushroom production, it
is either used as garden fertilizer or deposited in landfill
which results in environmental pollution and public health
problems according to several reports from World Health
Organization (WHO). Therefore, the present invention
involves a novel process for simultaneous extraction and
purification of fine chemicals such as enzymes, free
polyssacharides, protein-�bound polysaccharides,
lectins, terpenes, antibiotics and alkaloids from spent
mushroom compost, mushroom stems and partially de-
graded mushroom fruiting bodies. This process will also
contribute to health and environmental policies because
it makes use of an agricultural waste material as raw
material for novel processes.

SUMMARY OF THE INVENTION

�[0003] The aim of this process consists of simultane-
ous extraction and purification of fine chemicals (i.e en-
zymes, protein - bound polysaccharides, lectins, antibi-
otics, alkaloids and terpenes) from spent mushroom
compost, mushroom stems and partially degraded mush-
room fruiting bodies. Several mushroom strains can be
used for this purpose such as Agaricus bisporus, Pleu-
rotus ostreatus, Lentinula edodes, Cordyceps sinensis,
Grifola frondosa, Ganoderma lucidium, Poria cocus,
Polyporus umbelatus, Hericium erinaceus, Auricularia
auricular and Coriolus versicolor. These raw materials
can be used for simultaneous extraction and purification

of laccase, tyrosinase, pectinases, superoxide dis-
mutase, xylanase, protease, cellulases, intracellular and
extracellular protein- �bound polysaccharides, lectins, an-
tibiotics and terpenes. As far as enzymes, lectins and
protein-�bound polysaccharides are concerned, they can
be separated and purified by gel filtration chromatogra-
phy and immobilized metal affinity chromatography. On
the other hand, several secondary metabolites including
terpenes can be extracted either from the extracellular
fluid or intracellular biomass by using suitable organic
solvents such as methanol, acetone and ethyl acetate.
Such secondary metabolites can be separated and pu-
rified by GC-�MS and HPLC

DESCRIPTION OF THE DRAWING

�[0004]

Fig. 1 is a scheme illustrating the simultaneous ex-
traction and purification of fine chemicals from spent
mushroom compost, mushroom stems and partially
degraded mushroom fruiting bodies.

DETAILED DESCRIPTION OF THE INVENTION

�[0005] The process for simultaneous extraction and
purification of fine chemicals from wastes of mushroom
production is presented in Figure 1.

Example 1

�[0006] 100g (wet weight) of spent mushroom compost/
mushroom stems/�degraded mushroom fruiting bodies
was homogeneized with 3 volumes of 50 mM phosphate
buffer pH 7.0 by using a Waring blendor for 15 min. at
4°C. The suspension was centrifuged at 5000 xg for 10
min. and the clear supernatant (Supernatant I) was con-
centrated by ultrafiltration with P10 membrane. The re-
tentate was applied to a column packed with epoxy- ac-
tivated Sepharose 6B- IDA- Cu �(II) which was previously
equilibrated with 20 mM phosphate buffer pH 7.0 con-
taining 1 M NaCl. The column was washed with the same
buffer system and adsorbed proteins were eluted with a
linear gradient of imidazole (0- 75 mM) in the same buffer
system. The column fractions were analysed for protein,
enzyme activity, anti-�bacterial and anti-�viral activities.
The filtrate (I) was extracted with equal volume of ethyl
acetate by partitioning in a separating funnel (solvent-
solvent extraction) and the organic extract/ �organic phase
(I) was evaporated to dryness in vacuo. The dried extract
was reconstituted in minimal amount of 50% aqueous
methanol and were purified by GC-�MS and HPLC. The
purified fractions were tested for anti-�bacterial and anti-
viral activities. The aqueous extract/�aqueous phase (I)
was applied to an HPLC column for separation of sec-
ondary metabolites. The analytical column used was a
Nucleosil 100-7 C- �18 (250 x 4.6 mm i.d.) with a guard
column of the same material (CC 8/4 Nucleosil 100-5
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C18). Methanol and water (1: �1) were used as mobile
phase at a flow rate of 1 ml/min at 25°C.
�[0007] The sediment (I) from Figure 1 was resuspend-
ed with one volume of water, heated at 100°C for 2 hours
and the suspension was centrifuged at 5000xg for 5 min.
The supernatant (II) was precipitated with four volumes
of ethanol and the sediment (III) was redissolved in min-
imum volume of water. The free and protein-�bound
polysaccharides were separated and purified by gel-�per-
meation chromatography on a column packed with
Sephacryl HR-�100 which was previously equilibrated
with 20 mM phosphate buffer pH 7.0. Free and protein-
bound polysacharides were eluted from the column with
the same buffer system at a flow rate of 30 ml/h and
column fractions were analysed by FTIR, UV-�VIS and
NMR as well as for anti-�tumour, anti- �viral, anti-�fungal and
anti- �bacterial activities. The sediment (II) was used either
as garden fertilizer or in animal feed.

Example 2

�[0008] 100g (wet weight) of spent mushroom compost/
mushroom stems/�degraded mushroom fruiting bodies
was homogeneized with 4 volumes of 20 mM phosphate
buffer pH 6.0 by using a Waring blendor for 10 min. at
4°C. The suspension was centrifuged at 5000 xg for 10
min. and the clear supernatant (Supernatant I) was con-
centrated by ultrafiltration with P10 membrane. The re-
tentate was applied to a column packed with epoxy- ac-
tivated Sepharose CL 6B- IDA- Cu �(II) which was previ-
ously equilibrated with 20 mM phosphate buffer pH 6.0
containing 1M NaCl. The column was washed with the
same buffer system and adsorbed proteins were eluted
with a linear gradient of imidazole (0-50 mM) in the same
buffer system. The column fractions were analysed for
protein, enzyme activity, anti-�bacterial and anti-�viral ac-
tivities. The filtrate (I) was extracted with equal volume
of ethyl acetate by partitioning in a separating funnel (sol-
vent- �solvent extraction) and the organic extract (I) was
evaporated to dryness in vacuo. The dried extract was
reconstituted in minimal amount of 20% aqueous meth-
anol and were purified by GC-�MS and HPLC. The purified
fractions were tested for anti-�bacterial and anti-�viral ac-
tivities. The aqueous extract (I) was applied to an HPLC
column for separation of secondary metabolites.The an-
alytical column used was a Nucleosil 100-7 C-�18 (250 x
4.6 mm i.d.) with a guard column of the same material
(CC 8/4 Nucleosil 100-5 C18). Methanol and water (0.5:
1) was used as mobile phase at a flow rate of 1 ml/min
at 25°C.
�[0009] The sediment (I) from Figure 1 was resuspend-
ed with one volume of water, heated at 95°C for 3 hours
and the suspension was centrifuged at 5000xg for 5 min.
The supernatant (II) was precipitated with four volumes
of ethanol and the sediment (III) was redissolved in min-
imum volume of water. The free and protein-�bound
polysaccharides were separated and purified by gel-�per-
meation chromatography on Sephacryl HR-�300 which

was previously equilibrated with 20 mM phosphate buffer
pH 6.0. Free and protein-�bound polysacharides were
eluted from the column with the same buffer system at a
flow rate of 35 ml/h and column fractions were analysed
by FTIR, UV- �VIS and NMR as well as for anti-�tumour,
anti- �viral, anti- �fungal and anti-�bacterial activities. The
sediment (II) was used either as garden fertilizer or in
animal feed.

Methods

�[0010]

1. Preparation of chromatographic matrices
Epoxy-�activated agarose gel containing 1,4-�butane-
dioldiglycidyl ether as spacer arm was prepared as
described in the literature. Under the conditions se-
lected, the agarose matrix contained 30 Pmole of
epoxide groups/ml of sedimented gel. Subsequently,
epoxy- �activated agarose was reacted with imino-
diacetic acid (IDA) as the chelating agent and the
stationary phase thus obtained was thoroughly
washed with water and kept at 4°C in 0.01% (w/v)
sodium azide solution.
2. Enzyme assays
Total polygalacturonase or pectinase activity was
assayed by incubating either the culture supernatant
or column fractions, for 1 hour at 50°C, with 0.5 %
(wt/vol.) polygalacturonic acid in 50 mM citrate buffer
pH 4.8. The enzyme activity was determined from a
calibration curve by using galacturonic acid as a
standard. Reducing sugars in the reaction mixture
were determined by the dinitrosalicylic acid
method .One enzyme unit is defined as the amount
of enzyme required for formation of 1 Pmole of re-
ducing sugars per minute at 50°C. Laccase (EC
1.10.3.2) was assayed by using o-�dianisidine as a
substrate. Assays were performed in 0.2M sodium
acetate buffer at pH 4.5 containing 17mM o- �dianisi-
dine and the oxidized product was read at 450nm as
described in the literature; One unit of laccase activ-
ity was defined as the amount of enzyme required
to oxidize 1 Pmole substrate per min. Total xylanase
(EC 3.2.1.8) activity was assayed by incubating the
extract, for 1 hour at 50°C, with 0.5 % (w/v.) birch-
wood xylan in 0.05 M citrate buffer pH 4.8. The in-
crease in reducing sugars in the reaction mixture was
determined by the dinitrosalicylic acid method by us-
ing xylose as standard. All other enzyme assays
were carried out as described in the literature.
3. Free and protein-�bound polysaccharides
Free and protein- �bound polysaccharides were as-
sayed by phenol-�sulphuric acid for total sugar con-
tent. Subsequently, these samples were analysed
by using HPLC with a UV and RI detectors and a
GPC column (Shodex) with a mobile phase contain-
ing deionised water at a flow rate of 1.0 ml/min at
25°C.
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4. Protein assay
Total protein was determined by Bradford method
by using BSA as a protein standard.
5. Biological activity of secondary metabolites and
polysaccharides
Antibacterial Activity. The organic and aqueous ex-
tracts were studied for antibacterial activity against
four bacteria: Bacillus cereus, Bacillus megaterium,
Sarcina lutea and Staphylococcus aureus. The agar
disc diffusion protocol was used for antibacterial as-
say. Sterile filter paper disc of 6 mm in diameter were
loaded with 250 Pg/�disc and 150 Pg/ �disc of the sam-
ple extract and were dried under laminar air flow cab-
inet. Standard antibiotic, streptomycin was used as
a positive control. The loaded discs were placed in
petri dish (90 mm in diameter) containing sterile nu-
trient agar medium inoculated with test microorgan-
isms. �
Assay of anti-�proliferative activity on tumor cell lines.
The anti- �proliferative activity of the purified second-
ary metabolite was determined as follows. The cell
lines L1210, M1, and HepG2 were purchased from
ATCC which were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 100 mg/L streptomy-
cin, and 100 IU/ml penicillin at 37 °C in a humidified
atmosphere of 5% CO2. Cells in exponential growth
phase were seeded into each well of a 96-�well culture
plate and incubated for 3 h before addition of the
secondary metabolite. Incubation was carried out for
another 48 h. Radioactive precursor was then added
to each well and incubated for 6 h. The cultures were
then harvested by a cell harvester. The incorporated
radioactivity was determined by liquid scintillation
counting. �
Assay of secondary metabolite for antifungal activity.
The assay for antifungal activity was performed by
using sterile Petri dishes containing 10 ml potato
dextrose agar. Sterile paper discs, 0.625 cm in di-
ameter, were placed at a distance of 1 cm from the
rim of the mycelial colony. An aliquot of the second-
ary metabolite was added to a disc. Incubation of the
petri dish was carried out at 23 °C for 72 h until myc-
elial growth had enveloped peripheral disks contain-
ing the control and had formed crescents of inhibition
around discs with antifungal samples. Three fungal
species, Fusarium oxysporum, Botrytis cinerea and
Mycosphaerella arachidicola, were examined in the
assay. The antifungal protein red kidney bean lectin
was used as a positive control.�
Assay of inhibitory activity toward HIV reverse tran-
scriptase. The assay for HIV reverse transcriptase
inhibition activity was conducted in a nonradioactive
ELISA kit from Boehringer-�Mannheim. The inhibition
assay was performed as described in the protocol
included with the kit. The inhibitory activity of the sec-
ondary metabolite was calculated as percent inhibi-
tion as compared to a control without the secondary

metabolite. A. bisporus lectin and red kidney bean
lectin were used as positive controls.
6. Analytical techniques- Several physico-�chemical
techniques were used for identification of free and
protein- �bound polysaccharides as well as terpenes,
alkaloids and antibiotics such as FTIR, UV-�VIS, GC-
MS and NMR.

Claims

1. Simultaneous extraction and purification of en-
zymes, lectins, free and protein- bound polysaccha-
rides and secondary metabolites including terpenes,
alkaloids and antibiotics from spent mushroom com-
post, mushroom stems and partially degraded mush-
room fruiting bodies.

2. Such mushroom strains can be Agaricus bisporus,
Pleurotus ostreatus, Lentinula edodes, Cordyceps
sinensis, Grifola frondosa, Ganoderma lucidium,
Poria cocus, Polyporus umbelatus, Hericium eri-
naceus, Auricularia auricular and Coriolus versi-
color.

3. A process for chromatographic separation of pyran-
ose dehydrogenase, xylanase, pectinase, protease
and laccase from spent mushroom compost of Agar-
icus bisporus.

4. A process for chromatographic separation of tyrosi-
nase, superoxide dismutase and protein-�bound
polysaccharides from partially degraded mushroom
fruiting bodies.

5. Isolation and separation of extracellular free and pro-
tein- �bound polysaccharides from spent mushroom
compost by extraction, precipitation and gel-�filtration
chromatography.

6. Isolation of intracellular free and protein-�bound
polysaccharides from stem mushrooms by extrac-
tion, precipitation and gel-�filtration chromatography.

7. Isolation of intracellular free and protein-�bound
polysaccharides from degraded mushroom fruiting
bodies by extraction, precipitation and gel-�filtration
chromatography.

8. A process for separation of terpenes, alkaloids and
antibiotics with biological activities by extraction and
chromatographic techniques from spent mushroom
compost.

9. A process for separation of terpenes, alkaloids and
antibiotics with biological activities by extraction and
chromatographic techniques from stem mushrooms.
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10. A process for separation of terpenes, alkaloids and
antibiotics with biological activities by extraction and
chromatographic techniques from partially degraded
mushroom fruiting bodies.

Amended claims in accordance with Rule 137 �(2)
EPC.

1. Simultaneous extraction and purification of en-
zymes, lectins, free and protein- bound polysaccha-
rides and secondary metabolites including terpenes,
alkaloids and antibiotics from either spent mushroom
compost, mushroom stems or partially degraded
mushroom fruiting bodies.

2. Such mushroom strains can be Agaricus bisporus,
Pleurotus ostreatus, Lentinula edodes, Cordyceps
sinensis, Grifola frondosa, Ganoderma lucidium,
Poria cocus, Polyporus umbelatus, Hericium eri-
naceus, Auricularia auricular and Coriolus versi-
color.

3. A process for chromatographic separation of
pyranose dehydrogenase, xylanase, pectinase, pro-
tease and laccase from spent mushroom compost
of Agaricus bisporus.

4. A process for chromatographic separation of ty-
rosinase, superoxide dismutase and protein-�bound
polysaccharides from partially degraded mushroom
fruiting bodies.

5. Isolation and separation of extracellular free and
protein- �bound polysaccharides from spent mush-
room compost by extraction, precipitation and gel-
filtration chromatography.

6. Isolation of intracellular free and protein- �bound
polysaccharides from stem mushrooms by extrac-
tion, precipitation and gel-�filtration chromatography.

7. Isolation of intracellular free and protein- �bound
polysaccharides from degraded mushroom fruiting
bodies by extraction, precipitation and gel-�filtration
chromatography.

8. A process for separation of terpenes, alkaloids
and antibiotics with biological activities by extraction
and chromatographic techniques from spent mush-
room compost.

9. A process for separation of terpenes, alkaloids
and antibiotics with biological activities by extraction
and chromatographic techniques from stem mush-
rooms.

10. A process for separation of terpenes, alkaloids

and antibiotics with biological activities by extraction
and chromatographic techniques from partially de-
graded mushroom fruiting bodies.
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