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ABSTRACT 

A process for the conversion of monocot lignocellulosic 
grass Waste from mushroom groWth into byproducts is 
described. In particular, the present invention releases glu 
cans from the Waste Which can be easily hydrolyzed, after a 
less severe thermochemical process (i.e. APEX), and into 
sugars for producing ethanol or other by-products by fer 
mentation. 
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PROCESS FOR CONVERSION OF MUSHROOM 
LIGNOCELLULOSIC WASTE TO USEFUL 

BYPRODUCTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t to US. Provisional 
Application Ser. No. 60/787,595, ?led Mar. 30, 2006, Which 
is incorporated herein by reference in its entirety. 

STATEMENT REGARDING GOVERNMENT 
RIGHTS 

[0002] Not Applicable. 

BACKGROUND OF THE INVENTION 

[0003] (1) Field of the Invention 

[0004] The present invention relates to a process for the 
conversion of mushroom Waste grasses into free sugars in 
high yield. In particular, the present invention relates to a 
process Wherein the Waste grass is rice straW used for the 
growth of mushrooms such as Pleurolus oslrealus. 

[0005] (2) Description of the Related Art 

[0006] There is a groWing need to ?nd replacements for 
petroleum, a depleting non-reneWable resource, as the pri 
mary feedstock for the chemicals and fuels industry. Ethanol 
has many desirable features as a petroleum substitute and 
could help make a smoother transition from a petroleum 
based to a bio-based chemical industry. Ethanol is produced 
in large quantities from natural resources like corn grain and 
sugarcane juice. HoWever, there is need to ?nd an inexpen 
sive and Widely available lignocellulosic source of biomass 
(i.e. corn stover, rice straW, Wheat straW etc.) to avoid 
feedstock con?ict With the prevalent food industry. Ligno 
cellulosic compositional recalcitrance is one of the primary 
impediments in the successful implementation of an ethanol 
based biore?nery. Pretreatment of biomass to reduce this 
intrinsic recalcitrance becomes critical to help improve 
bioconversion. 

[0007] Rice straW is an important lignocellulosic biomass 
With nearly 900 million dry tons produced annually World 
Wide. Rice straW therefore has great potential for making 
reneWable fuels. HoWever, rice straW is a more recalcitrant 
lignocellulosic material that requires some form of severe 
thermochemical pretreatment to avail high hydrolysis and 
fermentation yields (Gollapalli et al., 2002). For example, 
about tWo thirds of ammonia ?ber expansion (AFEX) pre 
treated rice straW glucan Was hydrolyzed to glucose, While 
We see almost 95% glucan conversion for AFEX treated 
corn stover under similar hydrolysis conditions. 

[0008] Fungal groWth on lignocellulosics has been knoWn 
for several centuries for producing edible mushroom (Israil 
ides et. al, 2003). Currently, there are over 3 million metric 
tones of edible mushrooms produced in 2002 (With over 200 
species); in the World using a Wide variety of biomass 
(Poppe 2000, USDA report). The World market for the 
mushroom industry in 2005 was valued at over $45 billion 
(Shu-Ting Chang, 2006). Rice straW is one of the biomass 
Which is extensively used for groWing Oyster mushrooms, 
next to composted Wood chips (Zang et. al., 2002, Obodai et. 
al., 2003). A large amount of Mushroom Spent StraW (MSS) 
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is currently generated during the process and are used for 
various purposes like burning (Williams, et. al., 2001), land 
?ll, compost (Singh et. al., 2002), animal feed (Karunanan 
daa et. al., 1995, Sanchez et. al., 2002) and for making 
bio-plastics (Houghton et. al., 2004). 

[0009] Biological pretreatment of lignocellulosics is an 
area that has been looked at very closely in recent years due 
to several advantages that it offers to improve the quality of 
feedstock (Martinez et. al., 2005) for doWnstream enzymatic 
hydrolysis and fermentation. Some of the most important 
advantages of biological pretreatment being the loWer 
energy requirements for the process, higher yields and no 
inhibitors produced to cellulosic hydrolysis and fermenta 
tion (Keller et al., 2003). The most promising microbes for 
biological pretreatment are White-rot fungi Which can 
enhance enzymatic hydrolysis of biomass (Taniguchi et. al., 
2005; Cohen et. al., 2002). Further, they found improve 
ments in nutritive value of biomass and are used as animal 

feeds (Karunanandaa et. al., 1995). 

[0010] Many of the present-day biomass pretreatments 
(ethanol organosolv pretreatment, dilute acid pretreatment, 
AFEX, lime pretreatment, ammonia recycle percolation) 
fractionate the various biomass components (lignin, hemi 
cellulose & cellulose) into separate process streams (Mosier 
et. al., 2005). The removal of lignin and/or hemicellulose 
can substantially reduce the recalcitrance of biomass to 
enzymatic hydrolysis (Wyman et al., 2005). HoWever, the 
thermochemical pretreatment fractionation method is rather 
energy intensive and generates Waste streams making it a 
signi?cant bottleneck to an economical bioconversion pro 
cess. Ammonia ?ber explosion (AFEX) pretreatment (Dale, 
1986) is a novel alkaline pretreatment process that effectu 
ates a physico-chemical alteration in the lignocellulosic ultra 
and macro structure. Studies have shoWn that the AFEX 
pretreatment helps to increase enzymatic digestibility sev 
eral folds over the untreated lignocellulosic (Teymouri et. 
al., 2005). AFEX pretreatment results in the decrystalliza 
tion of cellulose (Gollapalli et al., 2002), partial depolymer 
ization of hemicellulose, deacetylation of acetyl groups 
(O’Connor, 1972), cleavage of lignin carbohydrate complex 
(LCC) linkages, lignin C4OiC bond cleavage, increase in 
accessible surface area due to structural disruption (Turner 
et al., 1990) and increased Wettability of the treated biomass 
(Ferrer et. al., 1999). The AFEX process demonstrates 
attractive economics compared to several leading pretreat 
ment technologies based on a recent economic model (Egg 
eman et al., 2005) for bio-ethanol from corn stover. 

[0011] AFEX pretreatment has proved to be quite ineffec 
tive for hardWood, softWood and more recalcitrant lignocel 
lulosics like bagasse and rice straW. One possible reason for 
this is the tougher lignin seal provided in these harder 
lignocellulosics that prevent effective diffusion and reaction 
of ammonia into the ultra structure. In order to make AFEX 
more effective for such highly recalcitrant species one could 
carry out some sort of structural modi?cation of the biomass 
to aid the subsequent ammonia treatment process. 

[0012] Biological pretreatment of lignocellulosics is an 
area that has been looked at very closely in recent years due 
to several advantages that it offers (Keller et al., 2003). 
Some of the most important advantages of biological pre 
treatment being the loWer energy requirements for the pro 
cess, higher yields and no inhibitors produced to cellulosic 
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hydrolysis and fermentation. The most promising microbes 
for biological pretreatment are White-rot fungi that enhance 
enzymatic hydrolysis of biomass and improve its nutritive 
value (Cohen et. al., 2002). 

OBJECTS 

[0013] It is an object of the present invention to produce 
an economical biore?nery process coupled With the biologi 
cal pretreatment of lignocellulosic grasses to make them 
more amenable to AFEX treatment. Further, it is an object 
of the present invention to provide a process Which is 
economical and provides value addition for by-products of 
the existing mushroom industry. 

[0014] These and other objects Will become increasingly 
apparent by reference to the folloWing description and the 
draWings. 

SUMMARY OF THE INVENTION 

[0015] The present invention relates to a process for 
conversion of monocot lignocellulosic grasses used in the 
groWth of mushrooms into byproducts Which comprises: 

[0016] (a) groWing and harvesting edible mushrooms in a 
grass so that lignins are degraded, Wherein a liquid and a 
solid as byproducts are produced from the groWth of the 
mushrooms; 
[0017] (b) separating the liquid Which is Water soluble 
from the solids, Wherein the liquid comprises enzymes and 
degraded lignin produced during the groWth of the mush 
rooms on the grass; 

[0018] (c) treating the solid separated from the liquid With 
an AFEX process using pressurized hot liquid ammonia 
Which is rapidly depressurized to release the ammonia 
treated solid as the byproduct; 

[0019] (d) optionally treating the ammonia treated solid as 
the byproduct With the glucans from step (c) With a cellulase 
and [3-glucosidase enzyme mixture to produce sugars; and 

[0020] (e) optionally fermenting the sugars to step (d) to 
produce ethanol and other chemicals. 

[0021] Preferably, Wherein the mushroom is Pleurotus 
ostreatus. Most preferably, Wherein the grass is rice straW. 
Further, Wherein the mushrooms are groWn to a ?rst harvest 
of the edible mushrooms in step (a). Still further, Wherein 
liquid is removed by ?ltration in step (b). Further, Wherein 
the ammonia in step (c) is at a pressure of about 100 to 450 
psi and a temperature of about 30 to 1800 C. Still further, 
Wherein in step (b), the enzymes are isolated from the liquid. 
Furthermore, Wherein in step (b), the enzyme liquid is 
isolated by membrane ?ltration. Still further, Wherein in step 
(c), the released ammonia is recycled. Further, Wherein the 
solids of step (a) are Washed With Water in step (b) for 
separating the liquid from the solid. Still further, Wherein 
step (d) is performed. Finally, Wherein steps (d) and (e) are 
performed. 
[0022] The substance and advantages of the present inven 
tion Will become increasingly apparent by reference to the 
folloWing draWings and the description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIGS. 1A and 1B are graphs shoWing harvest 
period and the substrate composition on different days 
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during mushroom groWth. Here, FIG. 1A shoWs hoW mush 
room (dWb-dry Weight basis) are harvested at three stages at 
different intervals in a commercial mushroom farm by 
maintaining sterile rice straW (1 kg on dWb) With mushroom 
spaWns in a polythene bag at 70° F. and 85% moisture 
conditions. FIG. 1B shoWs changes in percentage composi 
tion of components of rice straW after pretreatment With 
Pleurolus oslrealus at different days. Components: HL, 
hemicellulose; C, cellulose; ASL, acid soluble lignin; KL, 
Klason lignin; O, others (mainly ash); WL, Weight loss after 
pretreatment. FIG. 1B reproduced With permission from 
Taiguchi et al., J. Biosci. Bioeng. 100, 637-643 (2005). 

[0024] FIG. 2 is a chart shoWing overall mass balance 
during the Washing step for rice straW (RS) and Mushroom 
Spent StraW (MSS). Liquid stream Was further separated 
into tWo streams namely retentate and ?ltrate using mem 
brane ?ltration (MF) With >10 kDa. 

[0025] FIGS. 3A and 3B are enzymatic hydrolysis of Rice 
StraW (RS) and Mushroom Spent StraW (MSS). FIG. 3A 
shoWs glucan conversion and FIG. 3B shoWs xylan conver 
sion varying AFEX conditions. 

[0026] FIGS. 4A, 4B, 4C and 4D are photographs shoWing 
untreated and AFEX treated Rice StraW (RS) and Mushroom 
Spent StraW (MSS). FIGS. 4A and 4B shoW untreated Rice 
StraW (RS) and AFEX treated RS (AFEX-RS), respectively. 
FIGS. 4C and 4D shoW untreated MSS and AFEX treated 
MSS (AFEX-MSS), respectively. The MSS and AFEX-MSS 
are darker, softer and more fragile compared to the untreated 
RS and AFEX-RS, respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Rice straW (RS) is an important lignocellulosic 
biomass With nearly 900 million dry tons produced annually 
Worldwide. Rice straW has great potential as lignocellulosic 
feedstock for making reneWable fuels and chemicals in a 
biore?nery. HoWever, due to its natural recalcitrance, rice 
straW needs thermochemical treatment prior to further bio 
logical processing. Ammonia Fiber Expansion (AFEX) is a 
leading biomass pretreatment process utilizing concentrated/ 
lique?ed ammonia to pretreat lignocellulosic biomass at 
moderate temperatures (70-120o C.). Previous research has 
shoWn improved cellulose and hemicellulose conversions 
upon AFEX treatment of rice straW at 2:1 ammonia to 
biomass (W/W) loading, 40% moisture (dWb) and 900 C. 
HoWever, there is still room for much improvement. 

[0028] Fungal pretreatment of lignocellulosics is an 
important biological pretreatment method that has not 
received much attention in the past. This is probably due to 
the long residence time of this process and also reduces 
overall yield. HoWever, the overall sugar loss may be 
minimized through use of White-rot fungi (i.e. Pleulorus 
oslrealus) over a much shorter incubation time, if combined 
With a subsequent loW severity thermochemical pretreat 
ment step. It Was found that Mushroom Spent StraW (MSS) 
With AFEX alloWed reduction in pretreatment severity, 
While giving higher glucan conversions (up to 25%) than 
before. In this invention, the effect of fungal conditioning of 
rice straW on AFEX pretreatment and enzymatic hydrolysis 
is described. The recovery of other byproducts from the 
fungal pretreatment process such as fungal enzymes, mush 
rooms, oligosaccharides, organic acids, and the like are also 
disclosed. 
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Materials and Methods 

Water Washing of Untreated/APEX Treated Biomass 

[0029] Untreated and APEX treated biomass Were pre 
soaked and Washed in distilled (de-ionized) Water With a 
substrate to Water loading of 1:10 (W/W). The slurry Was 
mixed for 15 minutes. The Wash liquid Was removed from 
the substrate by squeezing the slurry through a ?ltration 
cloth (Calbiochem, CA) and stored in the refrigerator for 
further analysis. The Washed substrates Were enzymatically 
hydrolyzed immediately to prevent microbial groWth. The 
moisture content of the Washed substrate Was determined 
using a moisture analyzer (Model MP-50, A&D). 

Mass Balance for Water Washing 

[0030] A mass balance for determining the solids and 
soluble content of the Wash liquid stream Was carried out 
according to the procedure outlined before. Untreated Rice 
StraW (RS) and Mushroom Spent StraW (MSS) (200 gms dry 
BM each) Were soaked and stirred in distilled (de-ionized) 
Water With a substrate to Water loading of 1:10 for 15 
minutes. The Wash liquid Was removed from the substrate by 
?ltering the slurry through a ?ltration cloth (Calbiochem, 
CA) and centrifuged at 9000 rpm to remove ?ne solid 
particles from the Wash stream, then concentrated using 
membrane ?ltration (10 kDa). The supernatant Was lyo 
philized to recover the Washed soluble from the biomass for 
further characterization. The moisture content of the sample 
Was determined after keeping the sample for 12 h in a lab 
oven at 105° C. 

Composition Analysis: 

[0031] Lignin, sugar and protein content in the biomass 
Were measured by dairy one (New york, Ithaca) using 
standard analytical protocols. The composition analysis 
Were done for Rice StraW (RS) and Mushroom Spent StraW 
(MSS) using NREL protocol (LAP001, 002 and 012) using 
dilute acid folloWed by HPLC analysis as given beloW. 

APEX Pretreatment 

[0032] Mushroom Spent StraW (MSS) and Rice StraW 
(RS) Were pretreated by the APEX pretreatment process. 
The biomass With varying moisture (IO-60%) (kg Water/kg 
dry biomass) Was transferred to a high-pressure Parr reactor 
and liquid ammonia (1 kg of ammonia/kg of dry biomass) 
Was sloWly charged to the vessel. The temperature Was 
raised and maintained at 90° C. for ?ve minutes residence 
time at that temperature before explosively relieving the 
pressure. Overall, it took approximately 30-40 minutes to 
complete one cycle of pretreatment process. The instanta 
neous drop of pressure in the vessel caused the ammonia to 
vaporize, causing an immediately decompression of the 
biomass and considerable ?ber disruption. The pretreated 
material Was alloWed to stand under a hood overnight to 
remove the residual ammonia and stored in a freezer until 
further use. 

Enzymatic Hydrolysis 

[0033] The NREL standard protocol (LAP-009) Was fol 
loWed for enzymatic hydrolysis of the biomass. Cellulase 
(Spezyme CP) enzyme Was a generous gift from Genencor 
International (Rochester, NY). The substrate Was hydro 
lyzed at a glucan loading of 1% (WV) in a 0.05 molar citrate 
buffer solution (pH 4.8) at the desired cellulase enzyme 

Oct. 4, 2007 

loading (protein concentration 123 mg/ml) of 15 PPU/gm 
glucan and [3-glucosidase (Sigma, St. Louis, Mo.) loading of 
64 pNPGU/ gm glucan. Xylanase (protein concentration 42 
mg/ml) supplementation Was carried out at 10% of the total 
milligrams of cellulase protein loaded. The protein concen 
tration of the enzymes Was determined by the BCA protein 
assay (Pierce, Rockford, Ill.). Samples Were hydrolyzed at 
50° C. With gentle agitation (90 rpm) for a period of 168 
hours. The hydrolyzed samples Were boiled to denature the 
enzymes and ?ltered through a 0.2 micron nylon membrane 
?lter at predetermined time periods (72 and 168 hours). The 
samples Were frozen for subsequent HPLC sugar analysis. 

HPLC Sugar Analysis 

[0034] A high performance liquid chromatography 
(HPLC) system Was used for sugar analysis. The HPLC 
system consisted of Waters (Milford, Mass.) Pump and 
Waters 410 refractive index detector, an Aminex HPX-87P 
carbohydrate analysis column (BioRad, Hercules, CA) 
equipped With a de-ashing guard cartridge (BioRad). 
Degassed HPLC grade Water Was used as the mobile phase 
at 0.6 ml/min at a column temperature of 85° C. The 
injection volume Was 20 pl With a run time of 20 min. Mixed 
sugar standards Were used for quanti?cation of cellobiose 
and other monosaccharides (glucose, xylose, galactose, ara 
binose and mannose) in the samples. 

Results and Discussions 

[0035] With the groWing demand for ethanol, biore?nery 
using lignocellulosic feed stock can be successfully imple 
mented depending on its large scale availability of biomass 
on a regular basis. Since corn starch and cane sugar ethanol 
plants are Well established, lignocellulosic Waste generated 
from these plants can as Well be transported and Will be used 
for making ethanol in the near future. Logistic study of 
procuring, transporting and storing these materials are 
underWay. A constant source of lignocellulosic feed stock is 
Mushroom Spent StraW (MSS) from a mushroom plant 
(Obodi et. al, 2003). In 2005, the World market for mush 
room is $41 billion (Shu-Ting Chang, 2006). Over 4-5 
million tons of edible mushrooms are produced WorldWide 
using different substrates. Harvest period and substrate com 
positions on different days during mushroom groWth are 
given in PIGS. 1A and 1B. Traditionally, oyster mushrooms 
are cultivated using sterile rice straW packed in a polythene 
bag With spaWns distributed at regular intervals folloWed by 
storing the bag in humid environment for a period of 50 
days. About 100 g mushroom (dWb) can be harvested at 
three intervals starting from 1 kg rice straW (dWb). In order 
to conserve both lignin and hemicellulose for getting maxi 
mum sugars, microbial conditioning Was stopped after 35 
days. Purther, Mushroom Spent StraW (MSS) Was extracted 
With Water to remove enzymes/proteins, organic acids, 
soluble lignin and oligosaccharides. The higher molecular 
Weight components (>10 kDa) namely enzymes, soluble 
lignin polymer and oligosaccharides Were removed using 
membrane ?ltration as retentate. While the loW molecular 
Weight components like lignin degradation products, organic 
acids, loWer molecular Weight enzymes/proteins Were 
obtained as ?ltrate. The detailed mass balance for the above 
Washing protocol is given in PIG. 2. 

[0036] There are several advantages in using the Mush 
room Spent StraW (MSS) because it is available in plenty in 
pre-processed form. In other Words, the microbes degrade 



US 2007/0227063 Al 

the lignin using various combinations of enzymes leaving 
behind the hemicellulose and cellulose Which could be 
easily accessed during enzymatic hydrolysis. Potential for 
reducing severity of therrno chemical biomass pretreatment 
Was demonstrated for microbial pretreated biomass (Keller 
et. al., 2003). A substantial amount of composition change 
(PIGS. 1A and 1B) Was noticed during the process (Tanigu 
chi et. al., 2005). A combination of key enzymes like, 
lacases, manganese peroxidase, lignin peroxidase and phe 
nol oxidase Were secreted by White rot fungus (Table 1) and 
synergistically degrade lignin (Martinez et. al., 2005). Since 
lignin is the most recalcitrant molecule during the enzymatic 
hydrolysis, removing them prior to hydrolysis Would be 
expected to provide higher sugar yields. As expected, When 
Mushroom Spent StraW (MSS) Was hydrolyzed, We could 
obtain a sugar conversion of up to 40% using 15 PPU of 
commercial cellulase enzymes, compared to just 20% for 
untreated rice straW. Hence, a second pretreatment is 
required for getting even higher sugar yields. 

[0037] In one of our previous studies, pretreatment of rice 
straW using APEX (2:1 ammonia to biomass, 40% moisture, 
900 C.) could achieve maximum 70-80% glucan conversion 
(Gollapali et al., 2002) using a much higher cellulase 
loading of 75 PPU/ gm glucan. In the neW approach, We used 
Mushroom Spent StraW (MSS) using Pleurotus ostreatus 
strain after Washing in Water, folloWed by APEX pretreat 
ment (at ?xed temperature of 900 C., varying biomass to 
ammonia ratios from 1:1 to 1:2 and varying moistures) to 
achieve close to 80% glucan conversion using just 15 PPU/ g 
glucan loading of cellulase enzyme in under 72 hours (PIGS. 
3A and 3B). Picture shoWing both Rice StraW (RS) and 
Mushroom Spent StraW (MSS), before and after APEX 
treatment is given in PIGS. 4A to 4D. Less severe APEX 
conditions are required to achieve the same conversions for 
Mushroom Spent StraW (MSS). Increasing enzyme loading 
or increasing the reaction time, further improves the glucan/ 
xylan conversions (results not shoWn). By the present inven 
tion, the Waste material could be completely hydrolyzed by 
pretreatment using APEX and further can be fermented to 
ethanol. A preliminary analysis on various metabolites gen 
erated during the solid state fermentation process Was per 
formed by analyzing the Wash stream using HPLC. Com 
pared to untreated rice straW, MSS treated rice straW shoWed 
around 10 different organic acids (results not shoWn). In 
addition, We can extract some enzymes as reported before 

(Baldrian and Gabriel, 2002; Christian et. al., 2005) Which 
have a Wide range of applications in degrading xenobiotic 
compounds and aromatic compounds in dye industry. At the 
end of the process, about 10-14% of silica Was left behind 
Which could be a valuable inorganic resource for some 
speci?c applications. Soluble lignin Which Was extracted 
along With protein and polypeptides are also considered as 
one of the important byproducts in the Whole process. The 
enzymes and organic acids removable from the process are 
shoWn in Table 1. 

TABLE 1 

ENZYMES ORGANIC ACIDS 

Laccase (LaC) Acetate 
Lignin Peroxidase (LiP) Propionate 
Phenol oxidizing enzymes Porrnate 
Maganese Peroxidase (MgP) Pyruvate 
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TABLE 1-continued 

ENZYMES ORGANIC ACIDS 

Versatile Peroxidase (VsP) Sorbate 
Protease Glutamate 
Cellulase Carbonate 
Xylanase Succinate 

TarLrate 
Phthalate 

[0038] In addition, enzyme combination studies can be 
used in order to improve the xylan conversion. Higher solid 
loading during enzymatic hydrolysis can be used folloWed 
by fermenting the sugars to ethanol using yeast strain. 
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[0073] While the present invention is described herein 
With reference to illustrated embodiments, it should be 
understood that the invention is not limited hereto. Those 
having ordinary skill in the art and access to the teachings 
herein Will recognize additional modi?cations and embodi 
ments Within the scope thereof. Therefore, the present inven 
tion is limited only by the claims attached herein. 

We claim: 
1. The present invention relates to a process for conver 

sion of monocot lignocellulosic grasses used in the groWth 
of mushrooms into byproducts Which comprises: 

(a) groWing and harvesting edible mushrooms in a grass 
so that lignins are degraded, Wherein a liquid and a 
solid as byproducts are produced from the groWth of 
the mushrooms; 

(b) separating the liquid Which is Water soluble from the 
solids, Wherein the liquid comprises enzymes and 
degraded lignin produced during the groWth of the 
mushrooms on the grass; 

(c) treating the solid separated from the liquid With an 
AFEX process using pressurized hot liquid ammonia 
Which is rapidly depressurized to release the ammonia 
treated solid as the byproduct; 

(d) optionally treating the ammonia treated solid as the 
byproduct With the glucans from step (c) With a cellu 
lase and [3-glucosidase enzyme mixture to produce 
sugars; and 

(e) optionally fermenting the sugars to step (d) to produce 
ethanol and other chemicals. 

2. The process of claim 1 Wherein the mushroom is 
Pleurolus ostreatus. 

3. The process of claims 1 or 2 Wherein the grass is rice 
straW. 
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4. The process of claims 1 or 2 wherein the mushrooms 
are grown to a ?rst harvest of the edible mushrooms in step 

(a). 
5. The process of claims 1 or 2 Wherein liquid is removed 

by ?ltration in step (b). 
6. The process of claims 1 or 2 Wherein the ammonia in 

step (c) is at a pressure of about 450 to 100 (psi) and a 
temperature of about 30 to 180° C. 

7. The process of claims 1 or 2 Wherein in step (b), the 
enzymes are isolated from the liquid. 

8. The process of claims 1 or 2 Wherein in step (b), the 
enZyme liquid is isolated by membrane ?ltration. 
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9. The process of claim 1 Wherein in step (c), the released 
ammonia is recycled. 

10. The process of claims 1 or 2 Wherein the solids of step 
(a) are Washed With Water in step (b) for separating the liquid 
from the solid. 

11. The process of claims 1 or 2 Wherein step (d) is 
performed. 

12. The process of claims 1 or 2 Wherein steps (d) and (e) 
are performed. 
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