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A B S T R A C T

White rot fungi using P. sajor-caju and T. versicolor was examined to pretreat raw champost (lignin-rich) and
oyster champost (cellulose-rich) for enhancement of fermentative volatile fatty acid (VFA) production. Results
showed that the efficiency of pretreatment and VFA production was influenced by the fungal strains and sub-
strates. P. sajor-caju pretreatment showed preferential lignin degradation on raw champost and obtained the
maximum VFA yield (203 ± 9 mg COD/g VSadded), which increased by 60% and 74% compared to that of
control and unpretreated champost, respectively. For cellulose-rich oyster champost, however, fungal pre-
treatment decreased VFA yield compared to unpretreated champost. Further mechanisms analysis demonstrated
the two strains grow and secreted ligninolytic enzymes, which substantially influenced the characteristics of two
champosts such as cellulose/lignin ratio and morphology in different extents. P. sajor-caju was highly efficient to
lignin-rich champost on selectively degrading lignin and further enhancing digestibility such as VFA production.
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1. Introduction

Spent mushroom residues, also known as champost, is a lig-
nocellulosic byproduct of commercial mushroom industry (Pelkmans
et al., 2016). Due to limited sustainable disposal strategies, the pro-
duction of champost goes far beyond the current treatment capacity,
leading to substantial champost being discarded as wastes (Kapu et al.,
2012). The conversion of lignocellulosic biomass into biofuel by anae-
robic fermentation or digestion has been widely considered as a suitable
and promising treatment method for waste treatment and bioenergy
recovery (Wan and Li, 2012; Yang et al. (2015a,b). However, lig-
nocellulosic biomass is not fully biodegradable during the anaerobic
digestion processes because of its complex structure (Mustafa et al.,
2016). Cellulose and hemicellulose are easily fermented, whereas lignin
is relatively resistant to microbiological degradation under anaerobic
conditions (Hamelinck et al., 2005; Wang et al., 2017). When the lin-
kages between lignin and carbohydrates are broken or removed, highly
lignified carbohydrates become more accessible and readily degradable
by bacteria during anaerobic digestion (Grabber, 2005; Rouches et al.,
2016). Recently, the carboxylate platform concept based on volatile
fatty acids (VFAs) has been proposed and attracted more and more
attention, because VFAs may serve as organic resources to produce
higher value-added products, rather than methane (Agler et al., 2011).
Hence it is attractive to enhance the conversion of lignocellulosic bio-
mass to VFAs via pretreatment (Wang et al., 2019).

White rot fungi as a biological pretreatment method has attracted
more and more attention due to a low consumption of chemicals and
energy, compared with conventional methods (Harms et al., 2011). As
lignocellulolytic microorganisms, white rot fungi are able to decompose
lignin by their enzymes. Many species of white rot fungi, which are
highly-selective lignin degraders, have been employed and examined in
their ability to improve the biodegradability of lignocellulosic residues
for methane or ethanol production (Singh et al., 2014; Wan & Li, 2010;
Zhao et al., 2014). Nevertheless, to date, there is no report on whether
fungal pretreatment could enhance VFA production from anaerobic
fermentation of champost. Furthermore, improvement in delignifica-
tion and digestibility of biomass by fungi also largely depends on the
characteristics of fungal strains and substrates. For example, Tuyen
et al. (2012) reported that fungal strains of white rot fungi were highly
selective for lignin degradation and improved biogas production from
wheat straw. Hence, it is necessary to identify specific combinations of
fungal strains and champost to substantially improve the biodegrad-
ability of champost and further to elucidate the mechanisms involved in
the fungal pretreatment of champost.

Above all, the objectives of this study are to evaluate feedstock
applicability and fungal function during fungal pretreatment of cham-
post (oyster and raw champost) for improving volatile fatty acid pro-
duction by anaerobic fermentation. The VFA yield and composition
were monitored to assess the performance of fungal pretreatment on
lignocellulosic champost. Then the applicability of champost based on
their basic characteristics and selective function of fungi were dis-
cussed. Finally, the detailed mechanisms involved in the effect of fungal
pretreatment on fermentative VFA production were deciphered through
understanding fungal growth, characteristics of champost structural
properties (chemical composition and microstructure) and ligninolytic
enzyme activities.

2. Materials and methods

2.1. Fungal strains and substrate preparation

The fungal strains Trametes Versicolor (T. versicolor; strain MES
11914) and Pleurotus Sajor Caju (P. sajor-caju; strain MES 03464) em-
ployed in this study were selected due to their known specialty in de-
gradation of lignin, and obtained from the fungal stock collection of
Wageningen University and Research (Wageningen, the Netherlands).

The fungi were pre-cultured on 3% malt extract agar medium at 25 °C
for 10 d. After adding five pieces of colonized agar (1.5 × 2.0 cm) into
sterilized sorghum grains, the inoculated sorghum was incubated at
25 °C until full colonization, and subsequently stored in a fridge at 4 °C
until further use.

Oyster champost and raw champost were harvested from a mush-
room research plant at Wageningen University, and used as substrate to
be pretreated by the fungi. The oyster champost was collected from
cultivation of oyster mushroom (Pleurotus ostreatus). The substrate for
oyster mushroom growth was wheat straw mixed with calcium carbo-
nate and other supplements. After one or two flushes of oyster mush-
room harvest, the substrate was discard as oyster champost. The raw
champost was from cultivation of Agaricus bisporus. The substrate was a
mixture of wheat straw with horse manure, chicken manure, gypsum
and water. After two flushes of mushroom production, the substrate
was discard as raw champost. These substrates were chopped into
pieces with a size of between 2 and 3 cm before pretreatment.

2.2. Fungal pretreatment

The fungal pretreatment of champost was carried out in 1.2 L au-
toclavable polypropylene containers (Combiness, Nazareth, Belgium).
100 g (based on dry matter) champost was weighed into containers
with filter cover and autoclaved for 1 h at 121 °C. When the tempera-
ture of autoclaved containers decreased to ambient temperature, pre-
pared spawn was inoculated to champosts at a weight ratio of spawn to
substrate of 0.1, and mixed in a laminar flow hood (EF/B2, Telstar,
Spain) under sterile conditions. Afterwards, the champosts were in-
cubated at 25 °C with relative humidity of 70% in a climate controlled
chamber (HPP110, Memmer Company, Germany) for 6 weeks. Samples
for analysis were collected every week under sterile conditions in a
laminar hood. All batch tests of fungal pretreatment were carried out in
triplicate.

2.3. Anaerobic fermentation of pretreated mushroom champosts

The batch test for VFA production was carried out using anaerobic
bottles with a working volume of 400 ml. Anaerobic fermentation was
carried out with a total solid (TS) content of 15% and an inoculum-to-
substrate ratio of 2 (TS basis) at 30 °C without pH control. The in-
oculum used in this study was taken from an anaerobic digester of a
municipal sewage treatment plant (Harnaschpolder, Den Hoorn, the
Netherlands). The TS and volatile solid (VS) of inoculum were 2.73%
and 1.92%, respectively. Before anaerobic fermentation 19 mmol/L 2-
bromoethanosulfophate (2-BES) was added to the bottles with sub-
strates and inoculum together to inhibit methanogens, and the bottles
were flushed with nitrogen gas for 2 min to obtain anaerobic condi-
tions. Samples were extracted from the bottles every two days for
analyses. After sampling, each bottle was flushed with nitrogen gas for
2 min to guarantee the anaerobic conditions. The champost without
autoclaving and fungal pretreatment was named as unpretreated group,
and the champost with autoclaving and without fungal pretreatment
was named as control group. All the tests were operated in triplicate.
The autoclaved champost was used as a control group.

2.4. Analytical methods

The determination of TS and VS was carried out following the
standard methods (APHA, 2005). The content of cellulose, hemi-
cellulose and lignin was determined using a fibretherm fibre analyzer
(Gerhardt, Bonn, Germany) (Vansoest et al., 1991). The ratio of carbon
to nitrogen was calculated based on the content of total carbon and
total nitrogen, which was analyzed with an elemental analyzer (vario
MACRO cube, Elementar, German). To determine SCOD and VFA, the
samples collected during anaerobic fermentation were first centrifuged
at 12,000×g for 15 min using a centrifuge (Thermal Scientific, USA),

W. Fang, et al. Bioresource Technology 297 (2020) 122447

2



and then filtered by syringe membrane filters (0.45 µm, Whatman,
Germany). The VFA was measured with a gas chromatograph (GC,
Agilent Technology 7890A, USA) with a flame ionization detector and a
capillary column (25 m× 320 µm× 0.5 µm, Agilent 19091F-112). The
ergosterol content was determined according to Fang et al. (2018).

The microstructure of champosts before and after pretreatment was
characterized with a scanning electron microscope (SEM), (Quanta 200,
America). Ligninolytic enzymatic activity and ergosterol content were
measured according to Fang et al. (2018). The functional groups in
champosts were analyzed using a Nicolet Impact 400 fourier transform
infrared spectroscopy (FTIR) spectrometer equipped with a DTGS de-
tector (Perkin–Elmer, the Netherlands).

3. Results and discussion

3.1. Performance of anaerobic fermentation of raw and oyster champost
with fungal pretreatment

3.1.1. VFA production
Fig. 1 shows the VFA yields during anaerobic fermentation of two

champosts. Although the pretreatment of cellulose-rich oyster cham-
post by P. sajor-caju and T. versicolor increased VFA production within
the first 8–10 days of fermentation, they resulted in a decrease of VFA
yield throughout the anaerobic fermentation period (Fig. 1a). Max-
imum VFA yield of 437 ± 21 mg COD/g VSadded was achieved in the
control, which was 17% and 29% higher than that of pretreated oyster
champost by P. sajor-caju and T. versicolor, respectively. However, the
VFA yield of 415 ± 13 mg COD/g VSadded from the unpretreated

oyster champost was even higher than that from other lignocellulosic
biomass with physical and chemical pretreatment (Rughoonundun
et al., 2012; Zhou et al., 2013). Fang et al. (2016) reported that the VFA
yield from a spent mushroom compost was higher than that of other
lignocellulosic biomass, which was probably due to substrate decom-
position by bacteria and lignocellulolytic enzymes released by mycelia
during mushroom cultivation. Hence, oyster champost is a potential
feedstock for bioenergy or biochemical production such as VFA.

In contrast to the impact on pretreatment of cellulose-rich oyster
champost, P. sajor-caju showed obviously positive effect on the pre-
treatment of lignin-rich raw champost for VFA production (Fig. 1b).
The fungal pretreatment using P. sajor-caju significantly enhanced the
VFA yield from raw champost, and the maximum VFA yield reached to
203 ± 9 mg COD/g VSadded, which was 60% and 74% higher than that
of the control and unpretreated raw champost, respectively. On the
other hand, fungal pretreatment by T. versicolor decreased the VFA yield
by 39% and 35%, compared with that of the control and unpretreated,
respectively. The detailed mechanisms of difference in VFA production
between different substrates and different fungi were discussed in the
Section 3.2 and Section 3.3.

3.1.2. VFA composition
It is of great interest and importance to analyze the produced VFA

compositions, because the VFA composition in fermentation products
may influence their further applications (Chen et al., 2004). Fig. 2a
shows the percentage of individual acetate, propionate, butyrate, va-
lerate and hexanoate in all tests at their highest concentrations. The
fungal pretreatment insignificantly changed VFA composition in

Fig. 1. Effect of fungal pretreatment on VFA yield over time during anaerobic
fermentation (a) oyster champost, (b) raw champost.

Fig. 2. Effect of fungal pretreatment on individual VFA composition of (a)
oyster champost, (b) raw champost.
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fermentation broth from oyster champost. Acetate was the predominant
species in the VFAs fermented from oyster champost, ranging from 40%
to 48%. The percentage of propionate ranged between 32% and 36%
regardless of the fungal pretreatment, the control or untreated groups.
Both of butyrate and valerate accounted for 10%-15% in all the tests.
The fraction of hexanoate was less than 3.0%, which was the lowest
VFA species from the oyster champost.

Fig. 2b shows that acetate and propionate were also dominant
products, accounting for above 70% in all VFAs produced from raw
champost. The results were consistent with a previous study that re-
ported acetate and propionate are dominant in produced VFA from
anaerobic fermentation without pH control (Fang et al., 2017). How-
ever, in this study a higher fraction of acetate (46%–54%) and a lower
fraction of propionate (22%-28%) were achieved from raw champost,
compared to that from oyster champost. The difference probably re-
sulted from different compositions of these two champosts (Morgan-
Sagastume et al., 2011). However, the fungal pretreatment did not
substantially change the VFA composition. Similarly, Yu et al. (2014)
found that the most abundant VFA species were acetate and propionate,
no matter whether the lawn grass was pretreated by different pre-
treatment methods or not. It is worth noting that recovery of the pro-
duced VFA from fermentation broth is a major challenge due to the
complex components and the low concentration of VFA in fermentation
broth. Hence, it is necessary to investigate efficient recovery methods to
enable bio-based high-value products in the future.

3.2. Applicability of mushroom champost

Table 1 shows the characteristics of two types of mushroom
champost. Both oyster and raw champost presented high VS, viz. 86.8%
and 84.0% of TS, respectively, indicating a high content of organic
matters in the mashroom residues. Compared with raw champost, oy-
ster champost has a higher cellulose and hemicellulose content of
48.3% and a lower lignin content of only 9.4% (based on dry matter).
Besides, the carbon/nitrogen ratio (C/N) of oyster champost was 32.6,
which is in the suitable range for anaerobic digestion (Fang et al.,
2020). Abundant cellulose and hemicellulose in the oyster champost
were the important carbon and energy sources for growth and meta-
bolism of anaerobic microorganisms, which lead to the high biode-
gradability and VFA production from oyster champost in control and
unpretreated group (Fig. 1a). Meanwhile, the lower lignin content and
higher cellulose and hemicellulose content of oyster champost could
provide more contact area and opportunity for anaerobic microorgan-
isms and related enzymes. In contrast, raw champost presented a higher
lignin content of 24.6% and a lower cellulose and hemicellulose content
of only 11.6% (Table 1). Therefore, it is not unexpected that a lower
VFA yield was achieved from raw champost than oyster champost due
to their different compositions.

Most importantly, the basic characteristics of champost will influ-
ence the applicability of fungal pretreatment on raw and oyster

champost. Generally, the ligninolytic fungi mainly rely on digestable
polysaccharides in lignocellulosic biomass as their nutrient and energy
sources through exposure of fungal cellulases and hemicellulases. And
then lingnin is degraded during secondary metabolism under limited
nutrients (Ramasamy et al., 1985). Meanwhile, it has been documented
that fungal pretreatment seems to be particularly efficient on the de-
gradation of lignin in lignin-rich biomass (Rouches et al., 2016). As
reported by Van Kuijk et al. (2015), during the early colonization phase
of white rot fungi, lignin was selectively degraded, followed by a
fruiting stage in which polysaccharides were degraded. Hence, it is
reasonable to infer that the cellulose and hemicellulose in oyster
champost could be firstly and easily utilized by fungi during pretreat-
ment, which might reduce the amount of cellulose and hemicellulose
for VFA production by anaerobic bacteria While the P. sajor-caju might
mainly degrade the lignin in lignin-rich raw champost during pre-
treatment, which reduced the lignin and change the lignocellulosic
structure to improve the VFA production from raw champost. Ad-
ditionally, the different C/N ratios of both champosts could also affect
fungal growth (Zhang et al., 2002) and production of lignocellulolytic
enzymes (Curvetto et al., 2002; Zhang et al., 2002).

3.3. Fungal function for pretreatment of mushroom residues

3.3.1. Fungal growth
An effective fungal pretreatment requires a good colonization by

mycelium. And content of ergosterol has been widely used to quantify
fungal cells in soil or organic residues (Bååth, 2001). As shown in Fig. 3,
the P. sajor-caju and T. versicolor rapidly and constantly grew on oyster
and raw champost, but the ergosterol content on oyster champost was
higher than that on raw champost after 3 weeks of inoculation. The
highest ergosterol content of 175 mg/kg TS was observed from T. ver-
sicolor on oyster champost by the end of the pretreatment. The visual
observation also confirmed the growth of P. sajor-caju and T. versicolor
on oyster champost and raw champost. The differences in ergosterol
content between raw and oyster champost could be attributed to the
different composition. Especially abundant cellulose and hemicellulose
from oyster champost as carbon and energy source more obviously
enhanced the growth of fungi, which might also cause the excess con-
sumption of cellulose and hemicelluloses and further decrease of VFA
production (Fig. 1a).

3.3.2. Influence of fungal species on change of chemical composition of
champost

Degradation of organic matters was inevitably as a result of fungal
growth. As shown in Table 2, the autoclaving process resulted in higher
cellulose, hemicellulose and lignin content in champosts than those in

Table 1
Characteristics of oyster champost and raw champost.

Parameters Oyster champost Raw champost

TSa (g/kg) 44.92 ± 0.82 22.13 ± 0.97
VSa (g/kg) 25.71 ± 0.42 12.54 ± 0.64
VS/TS (%) 86.8 ± 0.0 84.0 ± 0.0
Total carbon(b) (%) 43.7 ± 0. 5 36.3 ± 0.3
Total nitrogen(b) (%) 1.3 ± 0.3 2.9 ± 0.2
C/N 32.6 ± 0.3 12.4 ± 0.2
Total phosphorus (b) (%) 0.16 ± 0.02 0.62 ± 0.03
Cellulose(b) (%) 30.5 ± 0.3 7.1 ± 0.2
Hemicellulose(b) (%) 17.8 ± 0.5 4.5 ± 0.2
Lignin(b) (%) 9.4 ± 0.4 24.6 ± 0.4

Note: a represents wet weight; b represents dry weight. Data are expressed as
averaged value ± standard deviations of triplicates. Fig. 3. Ergosterol content of fungal strains on oyster and raw champosts.
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the unpretreated champosts. The results could be explained by the re-
moval or dissolution of ash and extractives in function of autoclaving
(Fang et al., 2018).

The strain of P. sajor-caju showed different impacts on oyster
champost and raw champost. For instance, the highest ratio of cellulose
to lignin for raw champost of 0.92 was observed in the sample pre-
treated by P. sajor-caju, which was 3.2 times of that from the unpre-
treated raw champost. It indicated that fungal pretreatment of raw
champost by P. sajor-caju presented a significant delignification, but a
weak degradation of cellulose. FT-IR analysis indicated that the peak
around at 2900 cm−1 representing C–H stretching in methylene and
methyl groups in lignin decreased after 6 weeks of inoculation of P.
sajor-caju (Gao et al., 2016). The preference of P. sajor-caju to lignin
degradation on lignocellulosic biomass has been also observed by other
studies (Bisaria et al., 1997, Fang et al, 2018). When the bonds between
lignin and the carbohydrates were removed, highly lignified raw
champost could be broken down anaerobically (Grabber, 2005). The
ability of selective degradation of lignin by P. sajor-caju could improve
the accessibility of microbes and enzymes to the cellulose. Several
previous studies also confirmed that the lower lignin content was
beneficial to the higher bioenergy production in the form of methane
and/or ethanol (Rouches et al., 2016; Wan & Li, 2012; Zhao et al.,
2014). However, the T. versicolor consumed a considerable amount of
cellulose form raw champost, resulting in a lower cellulose-to-lignin
ratio and poorer biodegradability of raw champost as aforementioned.

In contrast, the content of cellulose and hemicellulose in oyster
champost decreased after pretreatments by P. sajor-caju and T. versi-
color, while the lignin content increased. And the ratio of cellulose to
lignin decreased in 6 weeks from 3.24 in the unpretreated champost to
3.07 and 2.61, respectively. The results were different from that for the
pretreatment of raw champost, which could be attributed to the effect
of different components of both champosts on fungal growth and pro-
duction of lignocellulolytic enzymes. Owaid et al. (2015) observed that
the productivity and biological efficiency of Pleurotus ostreatus is higher
with a mixture of 50% wheat straw and 50% cardboard than wheat
straw alone due to the differences in content of cellulose, hemicellulose
and lignin. The decrease of VFA yield from pretreated oyster champost
might be attributed to the considerable consumption of easy accessible
cellulose and hemicellulose during fungal pretreatment (Tuyen et al,
2012; Van kuijk et al., 2015), even though the increase of surface area
and porosity of oyster champost would improve the initial VFA pro-
duction rate. Tuyen et al. (2012) also demonstrated that wheat straw
lost 44.8% and 45.0% cellulose and hemicellulose with pretreatment by
T. versicolor for 49 d.

On the other hand, the pretreatment by T. versicolor resulted in an
obvious increase of lignin content in oyster and raw champost, reaching
the lowest cellulose/lignin ratio compared to the control, autoclaved
and P. sajor-caju-pretreated group. The T. versicolor has a good capacity
of lignin degradation according to other studies (Van kuijk et al., 2015;
Tuyen et al., 2012), but presented only limit effectiveness on lignin
degradation in this study. This differences may be because of the dif-
ferent culture conditions, substrates and inoculums/substrate ratios.

3.3.3. Morphological observation
SEM can be used to observe morphological changes in oyster and

raw champost before and after fungal pretreatments. The unpretreated
oyster and raw champost presented a compact but slightly rigid struc-
ture, probably because of the decomposition and permeation by my-
celia during mushroom cultivation. Substantial fungal mycelia were
visible in both champosts, which was consistent with the results in
fungal growth analysis (Fig. 3). Moreover, the structure of lig-
nocellulosic fibers was broken down and exposed because of hyphal
penetration at different extents, which also could change the champost
compositions (Table. 2). In addition, the fungal pretreatment using P.
sajor-caju and T. versicolor improved the structure disruption in oyster
and raw champost, leading to loosening the champost structure with a
simultaneous increase in surface area and porosity. Thus, fungal pre-
treatment could be conducive to the enzymatic hydrolysis and acid-
ification of raw and oyster champosts during anaerobic fermentation
process. Mustafa et al. (2016) reported that the specific surface area of
rice straw increased by 42% after fungal pretreatment by Pleurotus os-
treatus for 30 d, indicating that more biomass fragments became ac-
cessible to enzyme active sites, compared with the unpretreated rice
straw.

3.3.4. Ligninolytic enzyme activities in champosts during fungal
pretreatment

White rot fungi degrade lignin with the help of various secreted
ligninolytic enzymes by different mechanisms. As shown in Fig. 4, the
fungi species presented different ligninolytic enzyme activities in oyster
and raw champost based on laccase and manganese peroxidase (MnP)
during fungal pretreatment. For example, the laccase activity in oyster
champost was higher than that in raw champost, no matter which
fungus was employed. After one week pretreatment, the laccase activity
of T. versicolor in oyster champost reached the maximum about 312 U/
gTS, which was higher than that produced by T. versicolor in raw
champost. This result indicated that the oyster champost might be
beneficial for more laccase release by selected T. versicolor during the
pretreatment process.

The dominant function enzyme for raw champost delignification by
P. sajor-caju was MnP, while laccase was still the dominant ligninolytic
enzyme for T. versicolor. The maximal MnP activity of 110 U/g TS was
achieved at the 5th week of pretreatment, while the T. versicolor rapidly
produced laccase and the maximal laccase activity of 312 U/g TS was
achieved in the first week. In fact, the laccase presented lower redox
potential compared to the other ligninolytic enzymes, therefore de-
graded only compounds with low redox potential, resulting in the
oxidation of less recalcitrant aromatic compounds, compared to MnP
(Fang et al., 2018). This is a possible reason why the P. sajor-caju
showed a stronger ability of delignification than the T. versicolor. Be-
sides, some chelator associated with MnP such as alkylitaconic acids
could inhibit hydroxyl radicals produced with lignin degradation to
attack cellulose (Fang et al., 2018, Rahmawati et al., 2005). The results
of higher cellulose and lower lignin content of oyster and raw champost
after fungal pretreatment by P. sajor-caju were shown in Table 2.

Table 2
Compositions of unpretreated and pretreated oyster and raw champost.

Substrate Conditions Cellulose (% dry weight) Hemicellulose (% dry weight) Lignin (% dry weight) Cellulose/lignin ratio

Oyster champost Unpretreated 30.5 17.8 9.4 3.24
Autoclaved 52 19.6 16.8 3.09
Pretreated by P. sajor-caju 40.9 14.6 13.3 3.07
Pretreated by T. versicolor 39.1 16.7 15.0 2.61

Raw champost Unpretreated 7.1 4.5 24.6 0.29
Autoclaved 16.6 7.9 36.8 0.45
Pretreated by P. sajor-caju 22.4 7.6 24.3 0.92
Pretreated by T. versicolor 9.1 5.2 38.7 0.24
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4. Conclusions

The type of fungal strain and characteristics of substrates sub-
stantially affected the performance on physical and chemical char-
acteristics of champost and VFA production in solid-state anaerobic
fermentation. Fungal pretreatment using P. sajor-caju caused significant
degradation of lignin but had limited effect on cellulose in lignin-rich
champost, consequently improving VFA production. However, P. sajor-
caju and T. versicolor resulted in decrease of VFA yield from cellulose-
rich champost, due to higher cellulose degradation during pretreat-
ment. Hence, although fungal pretreatment such as P. sajor-caju can
pretreat lignin-rich lignocellulosic biomass for improving VFA pro-
duction, it is important to ensure preferential lignin degradation during
pretreatment.
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