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Abstract

Understand the process of biodegradation of lignocellulosic material as its chemical composition is key
properties for enhancing the cultivation of edible mushrooms, which seek in lignin and other carbon source
carbohydrates. The purpose of this study was to monitor polysaccharide and lignin degradation caused by
Pleurotus ostreatoroseus on different agroindustrial substrates using near infrared spectroscopy (NIR). Sawdust
substrates of Marupd and Cajuiwood, banana pseudostem fibers, enriched with bran of cereals were formulated
(WB and MWB). Of the 12 formulations elaborated, eight were submitted to biodegradation of P. ostreatoroseus
over a period of 49 days (Residual substrate), and four formulations maintained in natura (Inifial substrates), where
each treatment was formed by 10 replicates totaling n = 120. Spectra were obtained from the substrates before
and after cultivation in FT-NIR system in the region between 10,000 and 4,000 cm™' and the index degradation of
lignocellulosic compounds was determined (LDI and PDI). Through Fourier fransform near infrared spectroscopy
was it is possible to observe the degradation of polysaccharides and lignin in the substrates grown with the
fungus P. ostreatoroseus. In the residual substrate Marupd+WB-POSP was the highest lignin degradation index
(LDI = 9.26%). While whereas for the PDI (Polysaccharide degradation index), the highest degradation (7.12%)
was observed in the residual substrate Cajui+MWB-POAM. Through analysis of the absorption bands, it was
possible to observe the degradation of structures/bonds characteristics of lignocellulosic residues. The NIR
model for degradation of lignocellulosic compounds was more effective in predicting “lignin degradatfion” in

the spectral range 6,350-7,308 cm'.
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Introduction

The fungus Pleurotus has been studied in many
parts of the world for its value gastronomy, ability
fo colonize and degrade a wide variety of waste
lignocellulosics. Relatively short cycle compared fo other
mushroom genera as well as harness rustic environments
for production. The consumption of edible mushrooms
has been growing significantly due fo recognition of its
high nutritional value and increased supply, making the
product most popular and affordable (Sales-Campos et
a., 2017; Garuba et al., 2017).

The use of agricultural waste has become a
sustainable practice, as recyclability as well as waste
disposal, thusalternative forenvironmentalbalance. Wood
waste substrates, agricultural and agroindustrial crops are
used to grow edible fungi. The main constituents of agro-
industrial substrates are polysaccharides (cellulose and
hemicellulose), lignin and extractives. Its quantification

is primordial for tfechnological characterization of end
products, since several authors have aftributed the
growth velocity mycelial and the quality of the mushroom
(Menezes et al., 2010; Zhang & Su, 2014).

Near infrared spectroscopy (NIR) has been widely
used in several areas, since it is a fast technique, does
not require preparation, reagents and does not generate
waste. NIR spectra have absorption bands attributed to
overtones and combination bands generated mainly
by the vibration of groups C-H, O-H and C=0 specific
grouping chemical structures. This non-destructive tool
can be used to estimate sample concenfrations or
monitor structural changes during chemical, physical and
chemical processes biological. In addition to multivariate
calibration, it is possible to discriminate between the
samples and with this one can explain certain relationships
of the process of biodegradation (Nascimento et al.,
2012; Wei et al., 2017).
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Biomonitoring studies of the degradative process
of wood and substrates industry has been using infrared
spectroscopy as a tool for elucidation of these processes.
Most biodegradation studies are based on mass loss
suffered by the specimens, and wet analysis (Monteiro et
al., 2014; GUmUstas & Bayram, 2018). Xiaoyu et al. (2007)
evaluating the biological activity of basidiomycetes,
confirmed lignin degradation through NIR spectroscopy.
Krongtaew et al. (2010b)
substrates using Fourier transform spectroscopy (FT-NIR)
and obtained standard analytical models that served as
references to attribute physical and chemical changes
to the substrates. While Segura et al. (2008) investigated
the influence of Ganoderma and Lentinus strains on lignin
degradation by FT-IR.

Understand the chemical composition and its
relationship in the substrate before and after cultivation
in  mushroom production is

evaluated agricultural

a determining factor.
Therefore, studies of chemical characterization of the raw
mafterials, in the case of this study, waste agribusiness. The
objective of this study was to monitor the degradation
of polysaccharides and lignin caused by Pleurotus
ostreatoroseus on different substrates industry using
spectroscopy NIR.

Material and Methods

Substrates formulated from mixtures of wood
sawdust (Marupd and Cajui) and banana cv Caipira
variety, enriched with cereal bran (Wheat bran; Mixture of
wheat bran, corn and rice) in the proportions of 40:40:20
were used in the study (Figure 1). From these substrates
were cultivated Pleurotus ostreatoroseus from Manaus-
AM (POAM) and Sdo Paulo — SP (POSP) strain within 49
days.

After culfivation, the substrates were autoclaved
and oven-dried at 100 °C, grinding (Willey mill) and sieving
(40, 60 and 80 mesh) in a sieve shaker (Ro-Tap/Testing
sieve shaker), and at the end the fractions were stored in
glass vial for further analysis. Table 1 shows the substrates
and residuals used in the study.

Table 1. Quantity and composition of lignocellulosic substrates
used in the study

Woods Marupd Cajui
Enrichment WB MWB WB MWB
Initial (in natura) IS 10 10 10 10
Residual Manaus-AM RS 10 10 10 10
P. gstreatoroseus POAM
Residual Sao Paulo-SP RS 10 10 10 10

P. ostreatoroseus POSP
WB = Wheat bran; MWB = Mixture of wheat bran, corn and rice

The experimental design adopted in this step
was distributed in a factorial scheme 2 X 1 X2 X 2 X 10.
Two raw materials (Marupd and Cajui) were used, one
residue banana, two enrichment (WB and MWB), two
fungal lines (Manaus-AM and Sdo Paulo-SP) and 10
substrates, corresponding to eight formulations submitted
to biodegradation (Residual substrate), each with 10
repetitions, and four formulations kept in natura (Initial
substrates), also with 10 replicates totaling n = 120.

Near infrared spectra were obtained from the
inifial substrates and post-cultivation (40 mesh particle size
in climate-controlled environment, T=20+2°C and RH =
65 £ 5%) in an FT-NIR Antaris Il Thermo Scientific system.
The samples were placed to glass cuvettes (3.0 x 5.0 cm)
in a rotary system to obtain the using RESULT™ analysis
software in the region between 10,000 and 4,000 cm™' with
8 cm! resolution 9?6 scans were accumulated for each
sample, and replicas mean spectra were calculated in
the OMNIC® package.

Pessoaetal, 2011

Figure 1. General scheme of the preparation of the studied substrates: A - banana pseudostem; B - Sawdust;
C and D - Preparation of substrate; E - Flask used in the experiment, with fully colonized substrate.
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The region of 6,916-6,913 cm' was used as
a pattern of group vibration phenolic hydroxyl (OH-
stretch) characteristic of lignin. While for polysaccharides
(cellulose and hemicellulose) the selected region was
5,290-5,210 cm™ (OH- stretch) according fo Krongtaew et
al. (2010b).

The degradation of both lignin
polysaccharides calculated based on the
absorbance intensity of substrates before and after
mushroom cultivation (Segura et al., 2008). The Lignin
degradation index equals %LDI =AS-ARS /ANISx 100
(AIS = Absorbance of initial substrate; ARS = Absorbance of
residual substrate), while the Polysaccharide degradation
index equals% PDI = NS - ARS / AIS x 100.

The values of the results obtained for LDI and PDI

and
was

band lignin

band polysaccharides

were submitted to analysis of variance (ANOVA), with the
aid of the PAST 2.17c¢ software (demo version), to verify if
there was statistical difference between the substrates.
For data that differed statistically, that is, when the value
of F was significant (a = 0.05), the Tukey test with 5%
significance level.

Results and Discussion

Through
Spectroscopy (FT-NIR) it was possible to observe the
degradation of

Fourier Transform Near Infrared

lignin in substrates cultivated with
Pleurotus ostreatoroseus, since the characteristic band of
the hydroxyl grouping phenolic (OH bond = 6,916-6,913
cm”) presented variation in the absorbance of initial -IS
and residuals substrates -RS (Figure 2). In analyzing the
results of the intensities of post-cultivation albsorbances
(RS), it was found that the highest lignin degradation
(LDI) was observed in the RS Marupd+WB-POSP (9.26%),

Cajui+MWB-POAM (8.33%) and Cajui+WB-POAM (7.55%).
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While the lowest was observed in Cajui+WB-POSP (0.10%)
and Marupd+MWB-POAM (0.98%) according to Table 2.

Highest LDI in  Marupd+WB-POSP
residual substrate may be associated greater reduction
in absorbance in the aromatic OH characteristic band
which was 0.540A in the IS and reduced to 490A in the
RS by P. ostreatoroseus fungus. The substrates cultivated
with  Manaus - AM lineage (POAM) presented on
average higher lignin biodegradation (~ 16%) in relation
to SGo Paulo - SP (POSP) strain, regardless of substrate
composition.

The characteristic bands of the polysaccharides
that make up cellulose and hemicelluloses adopted in
infrared spectroscopy are located in the range between
5,290-5,210 cm™ with OH- bond vibration of various sugars
according to Krongtaew et al. (2010a). In substrates grown
with P. ostreatoroseus (POAM and POSP) the higher values
of polysaccharide degradation - PDI were observed in
the Cajui+MWB-POAM (7.12%) and Marupd+WB-POSP
(7.09%) RS (Table 2). When compared to the degradation
of polysaccharides in the substrates by the two fungal
strains (Manaus and S&o Paulo) it can be observed that a
difference of 14% largest for the Manaus-AM strain.

NIR spectroscopy proves to be a fast and
accurate tool for determining lignocellulosic compounds,
where absorption bands are spectra from the vibrational
combination of the 1st overtone of C-O, O-H, C-H and
N-H (Ma et al., 2018). The characteristic band of lignin
is affributed to the phenolic hydroxyl group (OH-). The
change in absorption in this spectral range indicates
that biodegradation led to increase in phenolic groups,
supposedly caused by the degradation of ether-O-4
between hydrolysis of methoxy groups (Mitsui et al., 2008).

detected
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Figure 2. NIR specftra of initial (IS) and residual (RS-POAM and RS-POSP) substrates
with 2nd derivative treatment (Norris filter) highlighted band characteristics of OH
- lignin bonds (6,916-6,913 cm™): a - IS and RS Cajui+WB; b - IS and RS Cajui +MWB;
c — IS and RS Marup&+WB; d - IS and RS Marupd+MWB
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Table 2. Lignin degradation and Polysaccharides in substrates
grown with Pleurotus osfreatoroseus

- LDI PDI
L
Woods Enrichment 'neage
Pleurotus (%) (%)
WB Manaus-AM 5.56 ¢ 3.94b
M 3 Sdo Paulo-SP 926 a 7.09 a
arupa WE Manaus-AM  0.98d  0.50d
Sdo Paulo-SP 490c 3.88b
WB Manaus-AM 7.55b 4.03b
L, Sdo Paulo-SP 0.10d 0.10d
Cajui
Manaus-AM 8,33 a 7.12a
MWB -
Sdo Paulo-SP 4.63 C 2.36 C
Mean Manaus-AM 5.61 3.90
Mean Sdo Paulo-SP 4.72 3.36

LDI = Lignin degradation index; PDI = Polysaccharide degradation index; Numbers shown are
equivalent to the average values of residual substrates. Means followed by the same letter do not
differ statistically by the Tukey test at a probability level of 5%

NIR
intferpreted as changes quantitative and/or qualitative

spectrum changes of substrates are
in terms of reducing absorption in a single wavelength
which may indicate a removal of aromatic structures
thus providing carbon and energy source for fungal
development Pleurotus. Dashtban et al. (2010) report that
certain basidiomycetes besides degrading the cellulose
and hemicelluloses also produce decomposition of lignin.

Wang et al. (2019), working with P. osfreatus
inoculated cotton stalk reported preferential degradation
of lignin with a ~10% decrease after 30 days of incubation.
While, Segura et al. (2008) freating the grass Pennisetum
purpureum x Pennisetum typhoides for the same period
in the process of selective solid state fermentation with
Ganoderma strains detected about 70% of aromatic
compounds relative to aliphatic compounds.

In the RS Marupd+MWB-POAM and Cajui+WB-
POSP, we observed low LDI (<1%), giving the idea that
the phenolic complex present in the substrates, was not
degraded by the tested microorganism, implying that
there has been an increase in this substance. Schmidt et
al. (2003) studying lignin degradation hay for Brachiaria
by P. ostreatus, found behavior similar to that observed in
the research, that is, there was an increase of lignin in the
substrates. In this case of substrates Marupd and Cajui,
for these samples the spectral study, in the range defined
in the work, was not efficient to detect degradation in
the specified band. Krongtaew et al. (2010a) states the
existence of other characteristic bands in the aromatic
CH bond vibration for lignin af 5,980, 5,800 and 5,479 cm!
(Table 3), which could explain more efficacy the lignin
degradation in these substrates.

The residual substrates Marupd+MWB-POAM and
Cajui+WB-POSP were observed. PDI < 0.50%, when the
5,290-5,201 cm™ band was used. This result is considered

Table 3. Characteristic bands for lignocellulosic components

Chemical Band | i
emica Link/Vibration* ane location
component (cm)
CH stretch 6,916, 6,060,
1° overtone 5,980 and 5,479
Lignin C=0 stretch 6,420 and 6,372
OH stret
stretch 6913
1° overtone
CH sfrefch
1° t
overtone/ 6,488
Glucose
ino
Pol harid C=0 stretch
olysaccharides stretc 6,952

2° overtone/ Xilose
OH sfrefch

1° overtone/

Glucose/xilose
*Krongtaew et al. (2010a); Schwanninger et al. (2011); Ma et al. (2018)

7,142, 6,757, 6,024,
5,290 and 5,208

anomalous, since in practice fungi of the genus Pleurotus
are excellent polysaccharide degraders. An explanation
for this discrepancy according to Nascimento et al. (2012)
is associated with the defined spectral region (5,290
cm') in this same range can be found water molecule
(H-O-H) and so the absorbance read can be combined
with the molecular vibration of water and not with the
polysaccharide structure. Further characteristic bands
should be invesfigated later, which may validate the
degradation of the substfrates in question.

In agricultural residues the most abundant
polysaccharides are cellulose and hemicelluloses. The
first is formed entirely by B-D glucose sugar, and for
hemicellulose is a complex of D-xylose, L-arabinose,
D-galactose, D-mannose as well as to a lesser extent
L-rhamnose, L-fucose and other sugars neutral (Carvalho
et al., 2009; Carvalho et al., 2013).

Complete degradatfion of
depends
xylanases
produce
lignocellulolytic substrates, e.g., such as the high secreting
Phanerochaete chrysosporium and Coriolus
versicolor a-glucuronidase levels, while Cuninghamella

polysaccharides

on different enzymes such as cellulase,
among Basidiomycetes

large amounts of enzymes that degrade

others. usually

fungi

subvermispora produces xylanase in wood sawdust
(Carvalho et al., 2009; Menezes et al., 2010).

Pleurotus ostreatus, Pleurotus sajor-caju and
Trametes versicolor are also producers lignocellulolytic
where the endoxylanase found

microorganisms results in the production of xylanases with

enzymes, in these
rigorous specificity in different substrates (Milagres et al.,
2005).Understand the degradation process of compounds
such as lignin and polysaccharides in substrates grown by
Pleurotus may explain growth strategies/routes of these
organisms in mushroom culfivars.
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Conclusions

Near infrared spectroscopy (NIR) has potential as
analytical tool for monitoring the degradation of Pleurotus
ostreatoroseus. Through the analysis of NIR absorption
bands, it was possible to observe the degradation
of characteristic lignin structures/bonds on different
substrates.

The data obtained in this work indicate a possible
indication of spectroscopy in the to assist in elucidation
of biotransformation processes of chemical components
of agro-industrial substrates, quickly in relafion to the
conventional study
advances in the near future in the area of biotechnology
about Pleurotus production, with process improvement
and control of quality.

fechniques. This indicates new

Acknowledgements

Thanks to MCTI/CNPq (PCI/INPA), MEC/CAPES
(Ph.D. Candidate CFT/INPA to 88882.4444 19/2019-01)
and financial support from the CNPg/FAPEAM Project
“Aproveitamento de residuo da cadeia produtiva da
agroindUstria do estado do amazonas para producdo de
um produto de valor agregado: cogumelos comestiveis”.
Erica Mafra Toledo and Ana Julia O. Godoy reviewing the
English text.

References

Carvalho, C. S. M., Aguiar, L. V. B., Sales-Campos, C.,
Minhoni, M. T. A., Andrade, M. C. N. 2013. Cultivo in
vitro de Pleurotus ostreatus em residuos de bananeira.
Ambiéncia 9: 651-660

Carvalho, W., Canilha, L., Ferraz, A., Milagres, A. M.
F. 2009. Uma visdo sobre a estrutura, composicdo e
biodegradacdo da madeira. Quimica Nova 32: 2191-
2195.

Dashtban, M., Schraft, H., Syed, T.A., Qin, W. 2010. Fungal
biodegradation and enzymatic modification of lignin.
International Journal of Biochemistry and Molecular
Biology 1:36-50.

Garuba, T., Abdukkareem, K. A., Ibrahim, I. A., Oyebamij,
O. 1., Shoyooye O. A., Ajibade, T. D. 2017. Influence
of substrates on the nutritional quality of Pleurotus
pulmonarius and Pleurotus osfreatus. Ceylon Journal of
Science 46: 67-74.

GOmUstas, O., Bayram, |. 2018. Determination of
acid detergent fiber (ADF) in corn grain by using NIR
technology. In: ISPAB (Ed.) International Conference on
Sustainable Agriculture and Environment. Institut Supérieur
de la Péche et de I'Aquaculture de Bizerte, Hammamet,
Tunisia. p. 49-54.

Krongtaew, C., Messner, K., Ters, T., Fackler, K. 2010a.
Characterization of key parameters for biotechnological
lignocelluloses  conversion  assessed by  FT-NIR
spectroscopy. Part I: Qualitative analysis of pretreated

straw. BioResources 5: 2063-2080.

Krongtaew, C., Messner, K., Ters, T., Fackler, K. 2010b.
Characterization of key parameters for biotechnological
lignocelluloses  conversion  assessed by  FT-NIR
spectroscopy. Part Il: Quantitative analysis by partial least
square regression. BioResources 5: 2081-2096.

Ma, Y., He, H., Wu, J., Wang, C., Chao, K., Huang, Q.
2018. Assessment of polysaccharides from mycelia of
genus Ganoderma by mid-Infrared and near-infrared
spectroscopy. Nature 8: 1-10.

Menezes, C. R., Silva, I. S., Pavarina, E. C., Faria, A. F.,
Durrant, L. R. 2010. Production of xylooligosaccharides
from enzymatic hydrolysis of xylan by white-rot fungi
Pleurotus. Acta Scientiarum Technology 32: 37-42.

Milagres, A. M. F., Magalhdes, P. O., Ferraz, A.
2005. Purification and properties of a xylanase from
Ceriporiopsis subvermispora cultivated on Pinus faeda.
FEMS Microbiology Letters 253: 267-272.

Mitsui, K., Inagaki, T., Tsuchikawa, S. 2008. Monitoring
of hydroxyl in wood during heat treatment using NIR.
Biomacromolecules 9: 286-288.

Monteiro, D. M., Sales-Campos, C., Nascimento, C.S.2014.
Avdliacdo de extrativos e compostos lignoceluldsicos
de substratos antes e apds o cultivo de Pleurotus
osfreatoroseus. In: INPA (ed.)] CONIC. INPA, Manaus,
Brazil. p. 5-8.

Nascimento, C. S., Varejdo, M. J. C., Vianez, B. F.
2012. Espectroscopia de infravermelho préximo com
fransformada de Fourier na predicdo de exirafivos e
polifendis totais em cascas de espécies florestais da
Amazdnia.In:Vianez, B.F. et al. (eds.) Potencial tecnolégico
de madeiras e residuos florestais da Amazénia Central.
INPA, Manaus, Brazil. p.213-224.

Sales-Campos, C., Nunes, A. S., Ancelmo, M. L., Pedreno,
G. Y. O., Galucio, V. C. A., S4, D. L. A. Santos, M. J. 2017.
Use of bananiculture residues for the culfivation of
Pleurotus ostreatus. In: EMBRAPA/USP (ed.) IX Simpdsio
Internacional sobre Cogumelos no Brasil. EMBRAPA/USP,
Sdo José dos Campos, Brazil. p.160-166.

Schmidt, P., Wechsler, F. S., Nascimento, J. S., Vargas
Junior, F. M. 2003. Tratamento do feno de braquidria pelo
fungo Pleurotus osfreatus. Revista Brasileira de Zootecnia
32: 1866-1871.

Schwanninger, M., Rodrigues, J. C., Fackler, K. 2011. A
review of band assignments in near infrared spectra of
wood and wood components. Journal of Near Infrared
Spectroscopy 19: 287-308.

Segura, S. F., Echeverri, R. F., Mejia, A. I. G. 2008.
Delignificacién selectiva del pasto Pennisetum purpureum
X  Pennisetum typhoides usando basidiomicetos
ligninoliticos. Vitae: Revista de la Facultad de Quimica
Farmaceutica 15: 41-50.

Wang, Y., Li, G., Jiao, X., Cheng, X., Abdullah, M., Li, D., Lin,
Y., Cail, Y., Nie, F. 2019. Molecular characterization and
overexpression of mnpé and vp3 from Pleurotus osfreatus

Comunicata Scientiae, v.14: e3305, 2023



Nascimento et al. (2023)

Use of NIR spectroscopy to monitor su...

revealed their involvement in biodegradation of cotton
stalk lignin. Biology Open 8: 1-9.

Wei, M., Geladi, P., Xiong, S. 2017. NIR hyperspectral
imaging and multivariate image analysis to characterize
spent mushroom substrate: a preliminary study. Analytical
and Bioanalytical Chemistry 409: 2449-2460.

Xiaoyu.Z.,Honbo, Y., Huiyan, H., Youxun, L.2007. Evaluation
of biological prefreatment with white rot fungi for the
enzymatic hydrolysis of bamboo culmos. International
Biodeterioration & Biodegradation 60: 159-164.

Zhang, L., Sun, X. 2014. Changes in physical, chemical
and microbiological properties during the two-stage
co-composting of green waste with spent mushroom
compost and biochar. Bioresource Technology 171: 274-
84.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

All the contents of this journal, except where otherwise noted, is licensed
under a Creative Commons Attribution License attribuition-type BY.

Comunicata Scientiae, v.14: e3305, 2023



