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Abstract As one of the most abundant renewable resources, rice straw is an attractive
lignocellulosic material for animal feeding or for the production of biochemical. An appropri-
ate pre-treatment technique is essential for converting rice straw to rich fodder or biofuel.
Based on previous work, Coprinopsis cinerea can grow on rice straw medium and therefore it
is useful for the treatment of rice straw. However, little is known regarding its degradation
systems and nutrition values. In this study, we firstly found that C. cinerea could grow rapidly
on rice straw without any additives by the production of a series of enzymes (laccase, cellulase,
and xylanase) and that the microstructure and contents of rice straw changed significantly after
being treated by C. cinerea. We propose that a possible underlying mechanism exists in the
degradation. Moreover, C. cinerea has a high nutrition value (23.5% crude protein and 22.2%
total amino acids). Hence, fermented rice straw with mycelium could be a good animal
feedstuff resource instead of expensive forage. The direct usage of C. cinerea treatment is
expected to be a practical, cost-effective, and environmental-friendly approach for enhancing
the nutritive value and digestibility of rice straw.
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Introduction

Rice straw is one of the most abundant lignocellulosic waste materials worldwide,
which is featured by multiple varieties, huge amounts, and extensive distributions [1].
As one of the largest agricultural countries, 700 million tons of rice straw are
generated annually in China, which occupies about 20–30% of straw in the world.
However, the disposition of rice straw is limited by the slow rate of degradation, low
bulk density, and high content of mineral [1]. Nowadays, field burning is still the
major method to dispose rice straw, which causes air pollution and affects conse-
quently the human health [2]. Alternatively, the possibility of recycling rice straw into
value added products comes into view, which could not only solve the environmental
issues caused by the incineration of rice straw but also add on economical value of
rice straw [3, 4].

Rice straw predominantly contains 32–43% cellulose, 19–25% hemicellulose, 5–
12% lignin, 14–16% ash, and 10–12% extractives [5]. These high contents of
celluloses and hemicelluloses can be hydrolyzed into their component sugars, which
can be further converted into biofuels or chemicals by microbial fermentation, like
bioethanol [6, 7]. However, the costs of proper pre-treatment method and production
of lignocellulose-degrading enzymes have impeded the large-scale production of
bio-products from rice straw. Direct utilization of raw rice straw for livestock fodder
as a part of the roughage components is therefore a good alternative for saving
further costs. However, the nutritional value of raw rice straw to livestock is limited
by low intake, slow digestion rate, and low content of available energy and proteins
[8]. Hence, pre-treatment of straw is still one of the strategies for better digestibility
to livestock. Accordingly, varieties of physical, chemical, and biological treatments
have been developed to improve the quality of rice straw [9, 10]. During these
methods, physical treatment is still not economically efficient, especially for
small-scale farms, as they require expensive machinery facilities or industrial pro-
cessing. These will make these treatments unprofitable for farmers due to the low
economic benefits [9]. Instead, chemical treatments appear to be more practical, as
no expensive machinery is required. In contrast, chemicals can be harmful, and
safety precautions are needed for their usage. Compared to physical and chemical
treatments, biological methods for rice straw treatment show great potential because
of their cost effectiveness, low energy requirement, and mild environmental condi-
tions. Unfortunately, most microbes cannot grow directly on rice straw without any
supplementation [11]. Even if a few microorganisms can do it, long duration of
fermentation may be inevitable [1].

Coprinopsis cinerea is a model organism commonly used for the studies on developmen-
tal processes with homobasidiomycetes. In comparison to other homobasidiomycetous
fungi, C. cinerea shows a relatively short life cycle, which can form fruiting bodies
completely in the laboratory within 2 weeks [12]. Recently, C. cinerea was found to
grow rapidly in rice straw medium (88% dry rice straw, 5% bran, 3% corn meal, 2%
compound fertilizer, 1% lime, 1% sugar, and an appropriate amount of water), which
may be useful in the treatment of rice straw [13]. However, little is known regarding its
degradation systems and nutrition values [12, 14]. Therefore, the present study was
undertaken to investigate the degradation of rice straw, the nutritious value of
C. cinerea, and the effect of fermented rice straw as fodder for guinea pigs.
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Materials and Methods

Strains and Culture

Coprinopsis cinereaATCC 56838 was obtained from the College of Life Science, Nanjing
Normal University, China. For petri dish cultivation, an agar block with mycelium was
inoculated on the center of a dish with 9 cm diameter containing YMG medium agar (4 g
yeast extract, 10 g malt extract, 4 g glucose, 12 g agar, and 1 l distilled water). The
dishes were incubated at 30 °C [13]. For the cultivation in large scale, an agar block with
mycelium from the YMG medium agar was inoculated on sterilized rice straw medium in
a polypropylene bag (17 cm × 25 cm) and incubated at 30 °C until mycelium grew
throughout the whole straw medium in the bags.

Rice Straw Preparation, Inoculation, and Culture Conditions

Rice straw used in the experiments was obtained from Anhui Province, China. The straw
was cut into smaller pieces (about 6–8 cm) and soaked in water for 1 day. One hundred
and fifty grams of squeezed rice straw was put in the 1000 ml Erlenmeyer flasks and
sterilized for 15 min at 121 °C. Then four pieces of 5 mm agar block with mycelium
were inoculated on sterilized rice straw medium and incubated at 30 °C. Five grams of
fermented straw from the flasks was harvested every 3 days until 2 weeks after
inoculation.

Enzymatic Assays

The fermented straw (5 g) was immediately incubated with deionized water (1 ml water
per 1 g straw) after harvesting in a shaker at 200 rpm at 30 °C for 4 h. Solids were
separated by centrifugation at 12,000 rpm at 4 °C for 5 min. The supernatant was
analyzed for activities of manganese peroxidase, lignin peroxidase, laccase, cellulase,
and hemicellulase. Protein concentrations in the enzyme preparations were determined by
measuring the absorbance at 280 nm [15].

Laccase activity was determined by monitoring the A420 change, which is related to
the rate of oxidation of 1 mM 2,2′-azino-bis-[3-ethyltiazoline-6-sulfonate] (ABTS) in
25 mM Na-acetate buffer (pH 3.8) [16]. The assays were performed in 1 ml cuvette at
20 ± 1 °C with adequately diluted enzyme solution. Enzyme activi ty
(U) = (1000 × 0.18 × 0.05 × dilution × 60)/t. The time was measured while the
absorption was turning from 0.15 to 0.2. t = [10 s; 20 s]. One unit of laccase activity
was defined as the amount of enzyme which leads to the oxidation of 1 μmol of
ABTS per minute.

Celluloytic enzymes were measured with dinitrosalicylic acid (DNS) for determina-
tion of reducing sugar [17, 18]. The reaction mixture contains 0.2 ml CMC-Na or Avicel
solution (1%) and 0.2 ml enzyme solution and incubated for 30 min at 50 °C. After
incubation, 0.4 ml DNS was added and the samples were incubated for 10 min at 100 °C
and centrifuged at 12,000 rpm for 10 min. The absorbance at 550 nm was measured, and
the data were quantified using a standard D-glucose curve. One enzyme unit was defined
as the amount of protein required to release 1 μmol of reduced sugar per min.
β-Glucosidase activity was determined by the p-NPG according to Zhang et al. [19].
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The xylanase assay is the same as the cellulase assay with the only difference of using a
xylan solution (1%) with xylose as a standard [20].

Analytical Method

The microstructure of different treatment rice straw was observed with an analytical
scanning electron microscope (SEM, Hitachi M3000, Japan). The samples were
covered with gold/palladium, and images were obtained by SEM at 15 kV.

The content of cellulose, hemicellulose, and lignin fractions in rice straw were
determined by the method of Vansoest et al. [21]. Cellulose was defined as the total
amount of glucose, while hemicellulose was the sum of arabinose and xylose. Lignin
was determined as the sum of acid-soluble residue and insoluble residue.

To quantify the content and types of soluble sugars in fermentation broth, both
liquids from the flask and the supernatant of the soaked fermented straw were
analyzed by a high-performance liquid chromatography (Chromeleon server monitor,
P680 pump, Dionex, USA). A refractive index detector, RI101 (Shodex, USA), and an
ion exchange chromatographic column (Aminex HPX-87H, 7.8 mm × 300 mm,
Bio-Rad, USA) were used at a wavelength of 215 nm, and the mobile phase was
5 mM H2SO4 with the flow rate of 0.6 ml min−1 at 55 °C. Glucose was also
measured by using a SBA-40C bio-sensor analyzer (Institute of Biology, Shandong,
China).

To understand the nutrition value of C. cinerea, the mycelium from YMG plates
were collected, ground into powder, and dried. The general composition analysis,
including crude protein, crude fat, crude fiber, ash, and total carbohydrate, was
determined by AOAC methods [22]. The crude protein content was quantified by
the Kjeldahl method. Briefly, 1.5 g of the dried mycelia was digested in a Kjeldahl
digestion flask by boiling with 25 ml of concentrated sulfuric acid and 10 g of
Kjeldahl catalyst tablet until the mixture was clear. After cooling the flasks, 400 ml
of cold water and 100 ml of 40% sodium hydroxide were added. The contents were
distilled until 200 ml of solution was collected and mixed with 50 ml of boric acid
with indicator. The solution was titrated with 0.097 mol l−1 HCl which had been
standardized with sodium carbonate. The crude fat content was determined by Soxhlet
extraction procedure. Dried mycelia (1 g) were extracted with petroleum ether using
Soxhlet apparatus, after which petroleum ether was evaporated to dryness. The weight
of crude fat was obtained from the difference between the initial and the final weight.
The crude fiber content was determined by removing fat from it as described above
and then by boiling consecutively with 1.25% H2SO4 and 1.25% NaOH solution. The
ash content was analyzed by combusting of the residue, which was obtained at
550 °C after 24 h.

The total amino acids of proteins were analyzed according to the method
established by the GB/T18246-2000 standard. For the amino acid composition of
mycelium, an automatic amino acid analyzer (Hitachi, L-8900) equipped with a
60 × 4.6 mm sulfoacid cationic resin separation column (Hitachi dedicated ion
exchange resin) and a 40 × 4.6 mm reaction column (emery inert material) after acid
hydrolysis (6 M HCl, 110 °C, 24 h) were used. The process is completed by Jiangsu
Academy of Agricultural Sciences. Tryptophan is all but destroyed in acid hydrolysis
and was not determined in this study.
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Guinea Pigs Experimental Procedures

Normal healthy female guinea pigs weighing 200 to 250 g were used in the experiments,
which were purchased from an animals’ farm in Nanjing. The animals were kept in cages
in a standard animal laboratory room. They had free access to water and food at room
temperature. At the moment of experiment, guinea pigs were all of the same age and had
approximately the same body weight in order to minimize biological variations [23]. The
animals were divided into three groups: control, straw-fed, and straw with mycelium-fed.
After a 2-week habituation period, the guinea pigs were randomly assigned to the groups.
Six guinea pigs were used in each group. Prior to the experiment, daily food require-
ments were assessed by measuring the daily food consumption of the guinea pigs. The
average daily food intake of a guinea pig included two meals per day between 9:00 and
18:00 with approximately 160 g. The guinea pigs of the control group were fed 60 g
high-energy fodder in the morning and 100 g alfalfa at night, while the guinea pigs of the
straw group were fed with 60 g of high-energy fodder in the morning and 100 g rice
straw at night, which was replaced by 100 g rice straw with mycelium in the last group.
In all groups, the daily rations were always fully consumed. Free moving space was
observed for the guinea pigs. Changes of body weight were recorded every 4 days per
month.

Results and Discussion

Optimization of Growth Condition for C. cinerea in Rice Straw

In our previous work, C. cinerea has shown rapid growth in sterilized rice straw medium
with supplementation of nutrients. A series of research achievements, which focused on
the fruiting body development, and autolysis have been reported [13, 19, 24, 25].
However, plenty of supplements, such as bran and sugar, were still needed when
C. cinerea grew in rice straw, which would increase the operational costs in large-scale
cultivation. Moreover, mechanisms on the degradation systems conducted by cellulolytic
or ligninolytic enzymes are not elaborated, and proper methods regarding the handling of
these residues are still needed. In this study, further optimization of the growth condi-
tions for C. cinerea in rice straw was carried out. Interestingly, different from other
known mushrooms species, it was found that C. cinerea can still grow rapidly on rice
straw only even without any additives. And there is no apparent difference in mycelial
growth and fruiting body development in sterilized rice straw with or without additives.
It took only 7 days for the mycelium to grow throughout the whole straw medium in the
bags, which was apparently faster than other reported white-rot or brown-rot fungi.
Recently, many mushrooms have been reported regarding growth in different lignocel-
lulosic wastes (Table 1). For instance, Pleurotus ostreatus can grow in banana agricul-
tural waste, and the incubation time lasted for at least 15 days [27]. Phanerochaete
chrysosporium can be cultivated in optimized liquid media containing 2 g of dry rice
straw, and the whole fermentation period was 30 days [33]. Furthermore, C. cinerea can
still grow well on unsterilized rice straw, although it showed a slower mycelial growth
rate. It is known that the recalcitrant structure of lignin in lignocellulose would inhibit
cell growth, and autoclave treatment when sterilizing rice straw could partially destroy
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these structure, which may make it easier for the mycelial to penetrate deeper into the
straw cells and accelerate the hydrolysis of cellulose or hemicellulose. C. cinerea is a
typical edible mushroom, and the young fruiting body has nutritional and pharmaceutical
values. These results showed that C. cinerea may be a good candidate for the treatment
of rice straw.

Detection of Cellulolytic, Hemicellulolytic, and Ligninolytic Enzyme Activities

For the mycelium of C. cinerea on rice straw, a series of hydrolytic enzymes are needed.
So, to investigate the degrading enzymes’ profiles further, fermentation samples in
different stages were collected and analyzed for different enzymatic assays. It is known
that no manganese peroxidase (MnP) and lignin peroxidase (LiP) genes were found in
the whole genome of C. cinerea [34]. So the activities of MnP and LiP were not
detected, while laccase activity occurred on day 3 and reached a peak value of
2.21 U ml−1 on day 6, followed by a rapid reduction until day 12 (Fig. 1), showing that
laccase can be the only ligninolytic enzyme for lignin degradation which occurred in the
specific period. Laccase, a lignin-modifying extracellular oxidoreductase, can be used as
a morphogenetic indicator, and the decrease of its enzymatic activity indicates that
maximal mycelium growth was achieved [27]. Increase of laccase activity during the
vegetative phase up to the appearance of fruiting bodies has been reported in Agaricus
bisporus [35] and Coprinus congregates [36]. In the present study, maximum laccase
activities were observed on day 6, further confirming that C. cinerea can grow rapidly in
rice straw. However, considering that both polymerization and depolymerization activi-
ties exist for laccase, can the cells consume aromatic compounds generated from the
lignin oxidation to promote the reaction toward depolymerization? Whether lignin was
degraded with laccase alone? These questions will be addressed in the following results.

CMCase, Avicelase, and β-glucosidase activity were increased rapidly by contrast and
reached the maximum on day 6 (0.51, 0.49, and 0.53 U ml−1, respectively), then tended
gradually toward flattening after temporarily being decreased, while xylanase activity
was increased slowly in the first 6 days, then increased significantly and reached a
maximum on day 9 (0.57 U ml−1), subsequently gradually decreasing (Fig. 1). These
results were significantly different from many reported studies. Low levels of CMCase
and filter paper activities (less than 0.05 U mg−1) were observed in Pleurotus spp. during
growth on rice straw [27]. The activities of xylanase and cellulolytic, obtained from
solid-state cultivation of four white-rot fungi (Trametes versicolor, Bjerkandera adusta,
Ganoderma applanatum, and Phlebia rufa) in wheat straw, were only within a low range

Table 1 Fungal species and substrate used in lignocellulosic degradation

Species Substrates Reference

Lentinus tigrinus Wheat straw [26]
Pleurotus ostreatus Banana agricultural waste [27]
Coprinus fimetarius Rice straw [28]
Ganoderma lucidum Oil palm [29]
Pholiota nameko Cedar [30]
Phanerochaete chrysosporium Birch [31]
Pleurotus citrinopileatus Water hyacinth [32]
Coprinopsis cinerea Rice straw This study
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of values (less than 0.2 U ml−1) [37]. It is reported that the growth rate of mycelial has a
relationship with the enzyme activities. In the present study, both cellulolytic and
hemicellulolytic activities showed high values, which may also support that C. cinerea
grow rapidly in rice straw. In conclusion, it is strongly suggested that laccase, cellulase,
and xylanase are essential for C. cinerea growth in rice straw. Interestingly, they may
play vital roles in the different fermentation stages, respectively.

With the development of biotechnology, lignocellulosic biomass has attracted more
and more attention because it can be hydrolyzed into fermentable sugars (carbohydrates),
which can be further fermented into biochemicals or biofuels [4]. In order to determinate
whether C. cinerea fermentation broth can be utilized for microorganism cultivation, the
content and types of soluble sugars in fermentation broth were measured by HPLC. The
results showed that only negligible glucose and xylose can be detected, while the
maximum amount of glucose was just 0.6 g l−1, which was too low to support the
growth of other microorganisms. Some strategies could be explored for further improve-
ment of sugar concentrations. For example, combined metabolic engineering and enzyme
engineering for enhancing the activities of some enzymes in order to get more content of
sugars may be useful.

Changes in Compositions and Structures of the Rice Straw Treated by C. cinerea

For further detection of the degradation effect of rice straw by C. cinerea, the chemical
compositions of untreated and mycelium-treated rice straw were measured. As shown in
Table 2, compared to the control (untreated one), C. cinerea could decrease the contents
of cellulose and hemicelluloses with decreases of 6.41 and 3.79% (P < 0.05), respec-
tively. This decrement was probably because cellulose and hemicellulose were degraded

Fig. 1 Profile of enzyme activities of C. cinerea in solid fermentation of rice straw. All data were obtained at
least by three independent experiments with three replicates
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into their component sugars via excretion of enzymes for mycelium growth. However, no
big difference was observed in the contents of lignin (P > 0.05), which may be due to
lack of enough enzymes for lignin degradation. As mentioned, laccase activity was only
detected in the middle period of fermentation. It was suspected that the laccase was only
used to destroy the structure of rice straw in order to expose cellulose and hemicellulose
for the following enzymatic hydrolysis. It is known that cellulose and hemicellulose in
lignocellulosic materials are densely packed by lignin network consisting of polysaccha-
ride layers that prevent enzymatic hydrolysis [38]. The effect of the fungal treatment was
different from that of chemical treatment, which can ionize the carboxylic and phenolic
groups, causing the dissolution of lignin from a hemicelluloses-lignin matrix [39].
Hence, to expose the cellulose and hemicellulose for the following enzymatic action,
the lignin network must be destroyed by lignin-degrading enzymes, e.g., laccase. Actu-
ally, 17 laccase-encoding genes have been found in the genomes of C. cinerea, which
represents the highest amount in known white-rot and brown-rot fungi [40]. Further
enzymatic assays confirmed that high laccase activities were detected when C. cinerea
was growing on rice straw. Future work is still need to characterize the specific laccase
gene.

In order to understand the effect of C. cinerea on rice straw microstructure, rice straw
with or without C. cinerea mycelium were observed by SEM (Fig. 2). The SEM images
showed that the untreated rice straw had a highly fibrillar and integrated morphology,
and many pectic substance can be observed in the surface (Fig. 2a), while the
mycelium-treated rice straw had a rugged and partially degraded face and many cracks
and scars can be found, which possibly were due to the attack by mycelium growth of
C. cinerea or the effects of extracellular enzymes secreted by C. cinerea (Fig. 2b). Chen
et al. showed that removal of hemicelluloses increases the porosity of lignocellulosic
materials [41], which may seem to be in accordance with our results. These results
indicated that the microstructure of rice straw was altered significantly after the treatment
with C. cinerea.

Fermented Straw Could Be Directly Used as Fodder for Guinea Pigs

Edible mushrooms contain mainly carbohydrates, proteins, vitamins, and minerals [42].
Studies have shown that the amino acids of the proteins in mushrooms are essential for human
health and even that some mushroom proteins have antibacterial and anticancer properties
[43]. However, the chemical composition and nutritional values of C. cinerea have not been
reported and should be further investigated. The results of the general composition are shown
in Table 3. Similar to other edible mushrooms, C. cinerea was rich in crude proteins but low in
ash and fat [44]. Crude protein content of C. cinerea was found to be 23.5 ± 2.68%, which is
higher than those in alfalfa. The amino acid composition in mushroom is similar to or even

Table 2 Main chemical compositions in the different groups

Groups Cellulose (%) Hemicellulose (%) Lignin (%)

Untreated rice straw 41.83 ± 1.03a 22.02 ± 0.86a 15.88 ± 0.71a
Mycelium-treated rice straw 35.42 ± 0.98b 18.23 ± 0.91b 14.44 ± 0.67a

Values marked with different lowercase letters are significantly different, and the ones with the same letter are not
significantly different (t test, P > 0.05)
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better than that in soy, and even for some species of mushrooms, the composition can be
analogous to that of hen’s egg [45]. The composition of the amino acids in percentage is
summarized in Table 4, which reveals that a total of 17 amino acids were found in the
mycelium of C. cinerea. The total essential and non-essential amino acid concentrations of
C. cinerea are 7.45 and 14.8%, respectively. The ratio of essential amino acids to non-essential
amino acids is 0.51, which is close to the reference value of 0.6 recommended by FAO/WHO.
Glutamic and aspartic acids are monosodium glutamate-like components, which contribute to
the taste or palatable tastes in the most typical mushroom. Both of them were found to be the
most abundant in all amino acids (4.29 and 2.41%). Among essential amino acids, leucine
(1.44%) was found to be the largest constituent, followed by lysine (1.40%); nevertheless,
methionine (0.31%) was found in small amounts (Table 4). Conceivably, these results indicate
that C. cinerea could be a good animal feed additive in terms of varieties of nutrient
components and all the essential amino acids.

Table 3 General composition of rice straw, C. cinerea mycelia, and alfalfa

Composition Rice straw (g/100 g) C. cinerea mycelia (g/100 g) Alfalfa (g/100 g)

Crude protein 6.33 ± 0.93 23.5 ± 2.68 17.7 ± 1.26
Crude fat 2.31 ± 0.25 2.67 ± 0.33 2.35 ± 0.15
Crude fiber 38.5 ± 2.83 3.15 ± 0.87 26.4 ± 2.53
Ash 12.1 ± 1.06 6.59 ± 1.45 7.82 ± 1.37

Fig. 2 SEM images of untreated rice straw (a) and mycelium-treated rice straw (b)
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In recent years, bioconversion of agriculture waste and residues (for instance, rice husk and rice
straw) into animal feed has received a lot of attention, since biomass does not threaten food supplies.
Proper pre-treatment of straw is highly needed for improving the digestibility of straw. Extensive
research has been carried out for several decades on pre-treatment of straw using physical, chemical,
and biological methods [46–48]. But economic benefit and social acceptance of these technologies
is still impeded [49]. Therefore, biological treatments have been investigated for improvement in
nutritional value of rice straw. In this study, C. cinerea can not only degrade the structure of rice
straw via secreting high amounts of cellulase, hemicellulase, and laccase, the fungi also possess high
nutritional value. The fermented rice straw by C. cinerea could be directly used as a feed for
livestock growth. Guinea pigs were chosen to show the effects of fermented straw on their body
weight. The body weight change of guinea pigs is shown in Fig. 3. In the control group, the body
weight was increased to 439 g in 28 days with an average rate of 4.96 g day−1, while the data in the
straw group decreased to 387 g and the average rate was only 3.11 g day−1. In contrast, the straw
with mycelium group have no significant difference in the rate of weight gain (4.75 g day−1). This
result indicated that feeding effect and nutritive value of the fermented rice straw with mycelium are
similar to alfalfa, and substituting it for alfalfa is practical. The nutritive value of rice straw has been
treated with three different edible mushrooms: P. ostreatus, Pleurotus pulmonarius, and Pleurotus
tuber-regium were studied through analysis of their proximate composition and in vitro digest-
ibility. It was observed that treatment of rice straw with different edible mushrooms improved the
potential feeding value of the resultant substrate [3]. As mentioned, fungal treatment of rice straw
improved not only the crude protein contents but also enhanced the digestibility: fungal treated
rice straw has a good potential as feed resources for ruminant animals and could be used in
combination with other feedstuffs. And the usage of expensive feed additives will be decreased,
which will further reduce the production cost. Hence, it was concluded that the usage ofC. cinerea
treatment is expected to be a practical, cost-effective, and environmental-friendly approach for
enhancing the nutritive value and digestibility of rice straw.

Table 4 Content and type of amino acid found in the C. cinerea mycelia

Amino acid Abbreviation Type C. cinerea (g/100 g)

Alanine Ala Non-essential 1.74
Arginine Arg Non-essential 1.43
Aspartic acid Asp Non-essential 2.41
Cysteine Cys Non-essential 0.20
Glutamic acid Glu Non-essential 4.29
Glycine Gly Non-essential 1.19
Histidine His Non-essential 0.56
Isoleucine Ile Essential 0.90
Leucine Leu Essential 1.44
Lysine Lys Essential 1.40
Methionine Met Essential 0.31
Phenylalanine Phe Essential 0.89
Proline Pro Non-essential 0.92
Serine Ser Non-essential 1.29
Threonine Thr Essential 1.22
Valine Val Essential 1.30
Tyrosine Tyr Non-essential 0.71
Total essential amino acids 7.45
Total non-essential amino acids 14.8
Total amino acids 22.2
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Conclusions

Biological pre-treatment was proved to be an effective method to improve rice straw
biodegradability for biochemical production or digestibility for animal feed. The present
study suggested that Coprinopsis cinerea could grow rapidly on rice straw without any
additives by the secretion of a series of enzymes (laccase, cellulase, and xylanase), while the
composition and microstructure of rice straw changed significantly. Therefore, a possible
underlying mechanism in the degradation was proposed. Moreover, C. cinerea has a high
nutrition value (23.47% crude protein and 22.21% total amino acids), and fermented rice
straw with mycelium was the better feedstuff resource instead of expensive forage for animal.
These findings, taken together, indicated that the direct usage of C. cinerea treatment is
expected to be a practical, cost-effective, and environmental-friendly approach for enhancing
the nutritive value and digestibility of rice straw.
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