Effects of fungal pre-treatments on wheat straw, @o-substrate for
anaerobic digestion of manure
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Abstract

This study aimed to estimate the efficiency of faingretreatments applied to wheat straw on
improving CH, production. Strains oPleurotus ostreatysPhanerochaete chrysosporiufirametes
versicolorwere incubated with sterilised straw at 25°C durd@gdays. Cellulose, hemicellulose and
lignin contents of the straw were respectively 4@l2.7 and 6.3%. FoP. chrysosporiumand T.
versicolorassays, 30-35% of the volatile solids (VS) weré Vasereas foP. ostreatusassays, 15 to
20% of the VS were not recovered. The BMP decrehsédeen TO and T20 days and then remained
stable {e., 239 NL CH, /kg VS). The decrease between TO and T10 dayarislated with an increase
of the soluble fraction of the VS. These resultggast that inhibitory compounds or by-products of
hemicellulose degradation may interfere with theexabic digestion process. Fungal pretreatments
before anaerobic digestion seem not relevant todagpthe biodegradability of substrates containing
low level of lignin.

Introduction

Sustainable biogas production from crop residuegdcbe an interesting option to meet the demands
for renewable energy. Indeed, lignocellulosic wasdee considered a major potential substrate for
methane production [1]. Among crops residues, stray represent an interesting substrate because
of the large volumes of production and of the fiacflor the farmers to access to these residiibe
production of wheat straw residues in France ismeséd at 24 million tonnes per year. The
biochemical methane potential (BMP) of this plaaniges between 163 and 195 NL Gkt VS [2, 3]
However, due to its high content of lignocellulogioducts (lignin, cellulose, hemicellulose), the
anaerobic bioconversion efficiency of straw isldiinited [4]. To improve the digestibility of
lignocellulosic substrates, pretreatments suchzasreduction, acids, alkalis, solvents or oxidaarid
stream explosion have been investigated [5]. Biokdgpretreatments can also be carried out using
microorganisms or microbial enzymes [6]. Given thhigh ability to degrade lignocellulosic
substrates, fungi such Bteurotus ostreatyshanerochaete chrysosporiyfirametes versicoldnave
often been used as a model for the biodegradafiignin and chemical pollutants [7, 8]. The aim of
this study was to estimate the effectiveness dfdtibree species of fungi applied to wheat straw on
increasing methane production.

Material and Methods

Material

Wheat straw was cut into pieces of about 2 cm aewdiged byy-ray irradiation at a dose of 3 Gy
(lonisos, France). Three species of fungi (2 strgier species) were obtained from the "Banque de
Ressources Fongiques de Marseille" (BRFNP): ostreatus (strains BRFM 17, BRFM 565),
P. chrysosporiunfstrains BRFM 387, BRFM 413]J.. versicolor(strains BRFM 1320, BRFM 1452).
Experimental setup

Fifty grams of sterile straw were placed in airfpeable bags (SacO2, Microsac, Belgium). Each
analysis was performed in triplicate. Nine samjpliestraw were inoculated with each strain of fungus
previously grown on malt-agar and mixed with 150 aildistilled water. Nine uninoculated samples
of straw were used as control. All samples werendggsly shaken to achieve homogeneity of the
mixture. The bags were incubated for 10, 20 and&88@ at 25°C.



Microbial and chemical analyzes

Fungal growth was followed visually with respectrycelial density and by molecular technique
(18S rDNA gPCR). At each sampling date, subsampkr®e taken from 21 bags (3x6 strains and 3
controls). The content of the bag was homogenipeldl®g of the mixture straw-fungi were collected.
Samples disruption was performed by cryogenic gnmdDNA was extracted from 300 mg of sub-
sample using the FastDN8PIN Kit for Soil (MPBio, USA). Fungal-specific PCR reactionsrave
carried out according to the protocol of Bornemad Hartin [9].

Cellulose, hemicellulose and lignin contents wemardified using the Van Soest method. The BMP
(NL CH4/kg VS) of each straw-fungi mixture was determiaedording to Vedrennet al.[10]. BMP
was performed in triplicate with controls (inoculuamly) until biogas production ceased. The
inoculum used was obtained from an anaerobic pilatt (100 L) acclimated to degrade pig slurry
supplemented with horse feed as co-substrate. Bhimdtulum: straw-fungi mixture ratio was 1:1.

Results

Straw was composed of 91.5% of dry matter, commi€i9.2% of VS and 2.3% of ash. Theay
treatment did not impact the straw composition Wwhded not significantly change after irradiation.
The cellulose, hemicellulose and lignin contentshef straw were 40.1, 42.7 and 6.3%, respectively.
The level of the lignin was lower than expectedoading to the literature. However, it is noteworthy
that the composition of straw differs accordingtie authors. Thus, cellulose and hemicellulose
contents ranged between 34.1 and 43.2% and bet®&&nand 34.1% respectively, whereas lignin
content ranged between 7.6 and 17.7% [11, i BMP measured on untreated straw after 50 days
was about 350 NL Clikg VS, which is higher than the values reportedMuller et al, [3] and
Moletta [2] who observed BMP ranging between 168 485 NL CH/kg VS. The fungal growth
observed visually throughout the incubation pei®deported in table 1. No growth of fungus was
observed in the control bags. Highest mycelia dgngas observed fof. versicolorand to a lesser
extent, forP. ostreatusandP. chrysosporiumThe growth of the fungi led to pH ranging betwdeh
and 5.5 (Table 1).

Table 1. Growth of the 6 strains and final pH obsered in the bags

P. ostreatus P. chrysosporium T. versicolor control

BRFM 17 BRFM 565 BRFM 387 BRFM 413 BRFM 1320 BRFM 1452
Mycelial density ~ ++° ++ ++ ++ +++ +4++

pH 5.3 55 5.3 4.5 4.5 4.5 6.3
2the number of “+” is proportional to the myceliutavelopment® no growth.

The relative abundance of fungi determined by giQRported on figure 1.
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Figure 1. Growth kinetics of strains of P. ostreatus (a), P. chrysosporium (b) and T. versicolor (c). Bars
indicate standard deviation.

The 18S rDNA gene copies dt versicolorand P. ostreatusncreased from f0to 10 copies per
gram of sample throughout the incubation periodr@ag the copy gene numberRafchrysosporium
decreased. Indeed, the gPCR method underestintetegrawth of this species compared to visual



estimation. One possible explanation of this ursteration may be a bias introduced by DNA
extraction. The kinetics of VS loss are presentedigure 2. Although irradiation has resulted in a
reduction of 4 log units of the number of bactesiayeak degradation of the VS (8% of loss) wak stil
observed in the control bags at days 10 and 2@ (attshown). In presence Bf chrysosporiunand

T. Versicolor,30 to 35% of the VS were lost within 30 days, exsively whereas irP. ostreatus
assays, VS losses were limited to 15 to 20%.noteworthy that the organic matter content measured
by VS determination is composed of both fungi at@ve and does not only reflect the fungal
consumption. As a result we can assume that tlagv sfiegradation after 30 days of incubation is
higher than 30% and 15% fordArysosporium and P. ostreatusspectively.
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Figure 2. VS loss profiles (expressed in %) of stram presence ofP. ostreatus (a), P. chrysosporium (b)
and T. versicolor (c) Each value is an average of 3 replicateBars indicate standard deviation.If no error
bars are shown, sd is smaller than symbol.

Van Soest method was performed to determine tladidres of VS (cellulose, hemicellulose, lignin
and soluble fractions) after pretreatment. Figureh8ws the impact of the fungal growth on the
chemical composition of fibers after 20 and 30 day@mpared to the initial composition of the
irradiated straw (at TO).
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Figure 3. Fiber composition (lignin £), hemicellulose O), cellulose {)), soluble ©)), in presence ofP.
ostreatus (a), P. chrysosporium (b) and T. versicolor (c). Bars indicates standard deviation.
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Lignin fractions of wheat straw measured by Vanskdeactionation did not significantly change
during incubation with a stable content close to 624he VS. However, holocellulosic fractions
(hemicellulose and cellulose) significantly decezhdue to the fungal growth and led to the fornmatio
of soluble compoundd.. Versicolor,P. chrysosporiunandP. ostreatusdegraded respectively 34, 40
and 14% of the holocellulosic compounds. A highigndcelluloytic activity of P. chrysosporium
compared tdPleurotushas also been observed by Doradal. [13] who have inoculated different
genera of fungi in straw. We observed that the &cigs of fungi degraded preferentially
holocellulosic fractions of the VS whereas Santeyal. [8] reported thaP. ostreatusdegraded the
lignin fraction of the substrates and did not ddgrenost of the cellulose fraction. It is noteworthst
the straw used in our experiment contained low armai lignin (6%) compared to the amount of
hollocellulose (80% of the VS). This repartition thfe organic fractions probably influenced the
metabolism of the fungi. It may explain why the esments carried out by Santoys al. [8] on
substrates with 16-18% of lignin led to a consetudecrease of this fraction after fungal
pretreatment. Indeed, Singh al. [14] who studied straw containing 16% of lignirhserved that
P. chrysosporiumdegraded within three weeks approximately 30%hef lignin. However, these



authors have autoclaved the straw for 1h at 12¥10ré inoculating the fungi, which could involve
changes in the structure of the lignocellulosicsstate.

The biochemical methanogenic potentials obtainedhfpretreated straw after 10 and 30 days are
presented in Table 2.

Table 2. BMP of the samples inoculated or not withhe strains of fungi (inNL CH 4/kg VS)

Days of incubation P. ostreatus P. chrysosporium T. versicolor control
BRFM 17 BRFM 565 BRFM 387 BRFM 413 BRFM 1320 BRFM 1452
10 251 262 279 266 257 273 270
30 249 255 258 227 218 226 269

For the control incubation at TO, BMP was 270 NL &g VS. The BMP of the control did not
change after 10 and 30 days of incubation whetea8MP of the samples inoculated with the fungi
decreased to a final average value of 239 NL/RHVS. Globally, the decline of BMP between TO
and T10 was correlated with the increase of thebdelfraction of the VS. These results suggest that
inhibitory compounds or by-products of the hemidel$e degradation may interfere on the anaerobic
microbial community. Indeed, Larssenal.[15] and Xuet al.[16] have shown that the hydrolysis of
hemicellulose could produce inhibitors of methamigarchaeasuch as uronic acids, 4-O-methyl-D-
glucuronic acid or 5-hydroxymethylfurfural.

Conclusion and perspectives

The 6 strains of fungi selected for their abilitydegrade lignin, preferentially degraded holodediic
fractions of wheat straw. Thus, fungi pretreatmdrdgfore anaerobic digestion seem not relevant to
improve the biodegradability of substrates contajiow level of lignin. The effect of fungi shoutbe
tested on other crops residues with higher ligoimtent, such as corn stover or rape straw.
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