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A B S T R A C T

Environmental applications of selective lignin-degrading fungi and enzymes are of great interest as alternate
technologies for paper industry (biopulping), biofuels, organic fertilizers, animal feeds. For this reason, the
current study aimed to isolate selective delignifying fungi to convert the abundant lignocellulosic agricultural
wastes into value-added products. From five lignocellulolytic fungi isolated from agricultural soil rich with
partial decayed wooden trimmings, one isolate was selected due to its selectivity towards lignin degradation. The
selected non-cellulolytic fungus isolate was identified according to morphological and molecular techniques as
Aspergillus flavus EGYPTA5 with accession number MH425453. This fungal strain has been proven to cause an
efficient and selective degradation of lignin in agricultural lignocellulosic wastes without affecting cellulose
content. Lignin peroxidases, laccase, polyphenol oxidase, nitrate reductase and cellulase enzymes from in-
vestigating strain were assayed in the current research. All the tested enzymes except cellulase were produced
with various activity degrees. Lignin peroxidases were the most active enzyme produced under experimental
conditions (reached to 2.45 U/ml). Physical and chemical analysis of lignocellulosic agricultural wastes as well
as FTIR analysis confirmed that A. flavus EGYPTA5 could be used as an alternative technology for biotreatment
of lignin-rich cellulosic wastes to degrade lignin without affecting cellulose fibers. The isolated fungus and/or its
specific-lignolytic enzymes could be applied in various environmental and industrial applications.

1. Introduction

Covering the demands of tremendous increased human populations
requires a continuous searching for sustainable resources. The abun-
dant lignocellulosic agricultural wastes are of great interest in this re-
gard as a feedstock for many applications such as paper industry, bio-
fuels, organic fertilizers and animal feeds (Paramjeet et al., 2018;
Ruqayyah et al., 2013). Lignin, the most abundant terrestrial aromatic
compound (Hammel, 1997), is a heterogeneous polymer of 4- hydroxyl
phenyl propanoid units that support rigidity and strength to plants
(Hasanin et al., 2018). It represents around 25% in woody plants and
around 10% in case of non-woody plants (Tandon, 2015). Presence of
lignin with cellulose fibers considered as a disadvantage in some ap-
plications such as paper industry. The recalcitrant of lignin towards
both biological and chemical degradation is a mandatory reason to look
after active degradation methods (Sette and Santos, 2013). Non-biolo-
gical treatments of lignocellulosic wastes could be effective step for
delignification of biomass but it not an ecofriendly strategy (Kong et al.,
2017). Thermochemical treatments produced many toxic and corrosive

by-product substances (black liquor) which liberated due to lignin de-
gradation. Also, the hydrolysis of cellulose and hemicellulose could be a
main drawback in some industries (Fang et al., 2018).

Many microorganisms (bacteria or fungi) known to degrade xeno-
biotic compounds (includes organic pollutants, pesticides etc.) as well
as decaying of agricultural organic wastes such as lignocelluloses with
the superiority of fungus in this regard (Abdel-Hamid et al., 2013;
Abou-Shanab et al., 2012; Fernández-Fueyo et al., 2016; Hoballah et al.,
2014). Selective lignin-degrading microorganisms or their lignin-de-
grading enzymes are attractive choice to pretreatment lignocellulosic
agricultural wastes for bioethanol production and paper industry in
(bio-pulping process) (Fang et al., 2018; Singh and Singh, 2014; Wang
et al., 2013). Lignolytic microbes produce extracellular enzymes that
convert lignin into smaller intermediates (through different metabolic
pathways) enabling it to involve in “the central carbon metabolism”
(Beckham et al., 2016). White-rot fungi were the most studied lignin-
degrading fungi due its high degradation ability. Brown-rot fungi also
are well-known for production of oxidative enzymes (Wang et al.,
2013). Aspergillus sp. reported to has the ability to produce lignin
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degradation enzymes (Su et al., 2016). Lignolytic activity reported for
different lignin-degrading microorganisms usually attributed to perox-
idases (lignin peroxidases and manganese peroxidases), laccases and
polyphenol oxidases (Abdel-Hamid et al., 2013; Remédios et al., 2016;
Upadhyay et al., 2016).

The potential environmental and industrial applications of lig-
nolytic enzymes could be summarized as following: Food industry
(enhance color appearance due to degradation of phenolic compound
using laccases); bio-pulping and paper industry (delignification of wood
pulps); textile industry (Enzymatic dye bleaching); bioremediation
(degradation of xenobiotics industries wastewater) as well as different
applications in the fields of pharmaceuticals, medicals and nano-
technology (Darwesh et al., 2014, 2015, 2018; Maciel and Ribeiro,
2010).

In this context, screening and isolation of selective lignin degrading
(non-cellulolytic) fungi with high efficiency extracellular lignolytic
enzymes is an important issue to investigate. Hence, this article aimed
to isolate such fungi adapted with Egyptian conditions to be used in
fibers-delignification related industries as well as other environmental
applications.

2. Materials and methods

2.1. Samples and isolation sources

Lignocellulosic agricultural wastes samples i.e. citrus trees trim-
mings were collected from some local farms located in Giza governorate
at Egypt to be used as a substrate in this study. Collected raw materials
were subjected to drying in air oven at 70 °C followed by mechanical
grinding and sieving. Samples for isolation of lignin-degrading fungi
were obtained from soil containing partial decayed wooden trimmings
under trees in the same citrus farms.

2.2. Isolation of non-cellulolytic lignin decomposing fungi

Samples suspected to contain lignin-degrading fungi were enriched
in liquid mineral salts medium (MSM) (Darwesh et al., 2014) contained
10% (w/v) of grinded oven-dried citrus trees waste material as a sole
carbon source. Enriched cultures were inoculated with 10ml fungal
spore suspension (106 spore/ml) and incubated at ambient temperature
on orbital shaker (120 rpm) for 2 weeks followed by sub culturing
under the same conditions for another 2 weeks. A liquate of 0.1 ml from
each enriched flask was spread on the surface of MSM agar plates
amended with 10% (w/v) wood trimmings (very fine grinded) as a sole
carbon source. Emerged fungal colonies (after 7 days of incubation)
were re-cultured (by fungal discs) on fresh MSM agar plates with the
same conditions to insure its ability for utilization and degradation of
lignin-rich wastes. The most active lignin-degrading fungal isolate was
selected on the base of good growing and production of lignolytic en-
zymes. Purification of obtained isolate was performed by streaking on
PDA plates supplemented with 200mg/l amoxicillin antibiotic followed
by maintenance on PDA slants for further studies.

From one day to ten days treated fibers harvest were washed with
distilled water several times. The treated fibers were centrifuged for
5min at 3000 rpm several times to eliminated the fungal mycelia and
spores. The fibers dried in oven at 70 °C overnight and subjected to
further investigations.

2.3. Identification and characterization of the selected lignolytic fungus

The selected lignolytic fungus was identified according to its mor-
phological characteristics and molecular biology techniques. The mor-
phological characteristics were examined using light microscope
(Olympus cx41) after 4 days of growth on PDA agar plates. A loop of
aerial mycelia of the tested fungi was conducted on glass slide and
examined by light microscope at magnification of 40x. For molecular

identification, fungal mycelium from a 3 days old culture in potatoes
dextrose broth (PDB) was harvested using Whatman No. 1 filter paper.
The total genomic DNA was extracted using CTAB protocol (Benito
et al., 1993). In brief, the fungal mycelium was dried and grinded using
liquid nitrogen and incubated at 60 °C for 1 h with CTAB buffer.
Chloroform/isoamyl buffer was added and incubated in ice water bath
for 10min. Genomic DNA was purified by isopropanol after cen-
trifugation of the previous mixtures as previously described by (Barakat
et al., 2017). DNA of the fungal isolate was amplified by polymerase
chain reaction (PCR) using ITS1 (5′- TCCGTAGGTGAACCTGCGG-3′)
and ITS4 (5′-TCCTCCGCTTATTGATATGC - 3′) designed for sequencing.
The PCR amplification was carried out in a 50 μl reaction mixture
containing 1×PCR buffer (NEB, England), 1 nmol of dNTPs, 1 pmol of
2mM MgSO4, 0.25 pmol of forward and reverse primers, 1 unit Taq
DNA polymerase (NEB, England) and 10 μl template DNA. The PCR
started with the following conditions: initial denaturation at 95 °C for
10min and 35 cycles of denaturation at 95 °C for 30 s, annealing at 56°C
for 30 s and elongation at 72 °C for 60 s with final extension at 72 °C for
10min. Agarose gel (1% in 1X TBE buffer) was used to electrophorese
PCR products (Kheiralla et al., 2016). The gel was visualized under UV
light (254 nm). The PCR product is purified by QIAquick Gel Extraction
Kit (QIAGEN, USA) according to the manufactures. The identification
was achieved by comparing the contiguous DNA sequence with data
from the reference and type strains available in public databases Gen-
Bank using the BLAST program (National Centre for Biotechnology
Information) (http://www.ncbi.nlm.nih.Gov/BLAST). The obtained
sequences were aligned using Jukes Cantor Model and the isolate was
registered in Gen Bank (Eida et al., 2018).

2.4. Lignocellulolytic enzymes assays

Liquid filtrate from various incubation times (0–10 days) old fungal
cultures grown on PDB or liquid MSM amended with waste as sole
carbon source were collected and used directly as the crude enzyme in
enzymes assay experiments. All experiments were carried out in tri-
plicate and the numbers appeared in average value. On the other hand,
to treat the fibers, the fungal isolate was used directly with the raw
material.

2.4.1. Cellulase enzyme assay
In order to detect ability of fungal isolate to produce cellulases

enzymes, one disc of fungal growth was inoculated on MSM agar plates
containing 1% microcrystalline cellulose (MCC) as sole carbon source.
After incubation at 28 °C for 3 days, the formation of clear zone around
fungal disc was noted as a positive result for cellulases. On the other
hand, for quantification of cellulase enzymes production, one disc of
fungal strain was inoculated in cellulose-containing MSM broth
medium and incubated in an incubator shaker at 28 °C with speed of
120 rpm for 3 days. Cellulase activity was determined using the 3,5-
dinitrosalicylic acid (DNS) method (Ghose, 1987).

2.4.2. Lignin-peroxidases assay
Lignin peroxidases activity of culture filtrate was determined spec-

trophotometrically at 420 nm in a reaction mixture containing 2.4ml of
100mM potassium phosphate buffer pH 6.0, 0.3ml of 5.33% pyr-
ogallol, 0.2 ml of 10mM H2O2 according to the method described by
Darwesh et al. (2014).

2.4.3. Laccases enzymes assay
Spectrophotometric assay for Laccases activity was performed at

460 nm by the oxidation of 10mM 2.6-dimethoxyphenol (DMP) in
100mM sodium acetate buffer (pH 5) by Laccase enzyme (culture su-
pernatant) according to the method of Darwesh et al. (2014).

2.4.4. Polyphenol oxidase enzyme assay
Polyphenol oxidase activity was determined for culture filtrate in a
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reaction mixture of 2ml, containing 0.01% catechol in 0.1 M phosphate
buffer (pH 6). Absorbance (495 nm) measured after 3min of incuba-
tion. The enzyme activity was expressed as changes in absorbance
min−1 mg−1 of protein (Darwesh et al., 2014).

2.5. Analysis of fibers composition

2.5.1. Lignin contents
Lignin was determined as Klason lignin method. In brief, about one

g of the air-dried sample was treated with 15ml of 72% sulfuric acid for
2 h at room temperature (25–30 °C), then 3% sulfuric acid, followed by
refluxing for 4 h. The mixture was filtered on a pre-weighed ash-less
filter paper and washed with hot distilled water till neutrality, and then
the lignin was gravimetrically estimated (El-Saied et al., 2012).

2.5.2. Holocellulose and cellulose contents
Holocellulose was quantified with sodium chlorite according to the

procedure of (Wise et al., 1946) as adapted by (Timell, 1961) with
slight modifications. In brief, 150ml of 0.2 M acetic acid buffer was
poured on 2.5 g of extractives-free sample. Then, 1 g of sodium chlorite
was added, followed by 0.2 ml of glacial acetic acid and the sample was
put in a water bath for 1 h at 70–80 °C. Sodium chlorite with acetic acid
was further repeated for successive cycles of chlorination. After the
necessary number of chlorination, the solution was filtered, washed
with 500ml of cold water followed by 50ml of acetone and the holo-
cellulose content as the remaining residue was determined gravime-
trically. Holocellulose was treated with 17.5%(w/w) NaOH to obtain
alpha-cellulose and calculated gravimetric according to El-Saied et al.
(2012).

2.5.3. Resin and wax contents
Resins and waxes content of the used oven-dried grinded plant-

origin wastes were gravimetrically calculated. Soxhlet extraction using
methanol: benzene mixture (1:1) was accomplished for 6 h. The ex-
tracted substances were air-dried followed by oven heating at 100–105
ºC for 8 h (El-Saied et al., 2012).

2.5.4. Ash estimation
Ash content was gravimetrically estimated by igniting of the waste

material in muffle furnace in a porcelain crucible first at 400 °C for
30min, then raised the muffle temperature up to 850 °C for 45min (El-
Saied et al., 2012).

2.5.5. Fourier transform infrared (FTIR)
The structure change between treated and untreated fibers was

studied by attenuated total reflectance Fourier transform infrared (ATR-
FTIR) spectroscopy (Spectrum Two IR Spectrometer - Perkin Elmer,
Inc., Shelton, USA). All spectra were obtained by 32 scans and 4 cm−1

resolution in wave numbers ranging from 4000 to 450 cm−1.

2.5.6. Differential scanning calorimetry (DSC)
The DSC instrument (SETRAM DSC evo-131, France) with scan rate

5 °C/min is used to study the thermal behavior of treated and untreated
fibers. The crystallinity was calculated via CALISTO software for
thermal analysis data acquisition and processing by SETRAM Company,
France.

3. Results and discussion

3.1. Isolation of selective lignin-degrading fungus

Partially decayed wooden trimmings samples of citrus trees were
collected from some agricultural soils for isolation of highly selective
lignin degrading fungi. Hardness and color of woody particles in soil
samples supported the supposition of containing lignin-degrading fungi.
Enrichment of isolation sources in liquid mineral salts medium (MSM)

containing 10% (w/v) of grinded oven-dried citrus wood as a sole
carbon source results in the growth of lignin degrading microorganisms.
Sub culturing after two incubation weeks under the same conditions
was conducted to obtain more selectivity towards lignin degradation.
Similar isolation procedures were reported in several studies and found
to be useful for isolation of lignin-degrading microorganism (Sasikumar
et al., 2014). Representative fungal colonies were selected according to
morphological features and re-inoculated on solidified (MSM) with
same conditions. Five fungal isolates were selected based on growth
and secretion of lignolytic enzymes in agar plates amended with lignin-
rich wastes as sole carbon source as tabulated in Table (1). All selected
isolates were examined against their ability for cellulase production.
Only one fungal isolate gives negative results against cellulase and
considered as non-cellulolytic lignin degrading fungus. The selected
isolate showed good growth on the medium containing agriculture
waste as the sole carbon source while it can’t grow on cellulose as the
sole carbon source under the same conditions. This isolate was purified,
slanted and subjected for identification. This is not the first report
isolation has non-cellulolytic activity in ascomycetes fungi (Juhász
et al., 2003) isolated A. niger that lake the ability to degrade cellulose
which has potential industrial applications.

3.1.1. Morphological and molecular identification of the most potent
isolated fungus

The selected non-cellulolytic lignolytic fungal isolate (encoded
EGYPTA5) was subjected to morphological characterization and mole-
cular techniques identification. The colonies of this isolate on the sur-
face of PDA medium were contained yellow-green spores on the upper
surface and reddish-gold below as shown in Fig. 1. Microscopic ex-
amination showed that, hyphae are hyaline and septate, and the conidia
produce thick mycelial mats while the conidiophores are rough and
colorless, phialides are arranged in one and two rows. All previous
morphological features are related to Aspergillus flavus (Rodrigues et al.,
2007).

The identification was completed and confirmed using molecular
techniques. Total fungus genomic DNA of isolate EGYPTA5 was ex-
tracted and applied for their rRNA amplifications. The obtained se-
quences of this amplification were compared with related sequences on
the National Centre for Biotechnology Information (NCBI) data base
and found closely with Aspergillus flavus confirming the morphological
identifications. This sequence was recorded in GenBank under acces-
sion number of MH425453 with the name of Aspergillus flavus isolate
EGYPTA5. The closely phylogenetic tree illustrated in Fig. 2.

Most studies referred to white rot fungi as the most potent selective-
lignin degrading microorganisms. Nevertheless, few researchers re-
ported different fungi as non-cellulolytic lignin degrading fungus other
than white rot fungi such as Aspergillus sp. (Milstein et al., 1984; Otjen
et al., 1987; van Kuijk et al., 2016). Aspergillus flavus proven to produce
some lignin degrading enzymes such as laccases (Ghosh and Ghosh,
2017).

Table 1
Enzymes activity of fungal isolates grown on MSM agar medium.

Isolate No. Lig. peroxidase laccase NO3

reductase
Polyphenole
oxidase

Cellulase

EGYPTA1 + + + ++ +
EGYPTA2 + + + + +
EGYPTA3 + +++ + + +
EGYPTA4 +++ + + + +
EGYPTA5 +++ +++ ++ +++ Un

* (+) weak productivity, (++) moderate productivity, (+++) strong pro-
ductivity and (Un) undetected productivity.
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3.2. Assay of enzymes related for lignolytic agriculture wastes

Microbial enzymes as biological catalysts play a crucial role in many
biochemical reactions and involve in many industries. Many enzymes
are useful in agriculture wastes decomposition as lignin peroxidases,
laccase, polyphenol oxidase, nitrate reductase and cellulase enzymes
(Darwesh et al., 2015). Lignolytic enzymes were assayed during study
to determine the ability of isolated strain i.e. Aspergillus flavus EGYPTA5
to degrade lignin of wooden agricultural wastes. Enzymes assay helps to
recognize the optimum period for production of the highly amount of
lignolytic enzymes (Brito et al., 2008; Chan Cupul et al., 2014). The
cellulase enzyme activity was absent over all tested days. This result
indicates that this fungal strain was not cellulolytic organism, and that
was confirmed by its negative ability to grow on cellulose as a sole
carbon source in liquid MS medium and this is in agreement with other
previous study (Juhász et al., 2003).

In case of lignolytic enzymes of A. flavus EGYPTA5 cultivated in
lignin-free PDA medium for 10 days, various activities were recorded as
illustrated in Fig. 3. The results indicate that the activities of tested
enzymes increased up to 6 or 7 days of incubation then started in de-
creasing. Despite lignin peroxidases recorded, the highest activity in
PDA medium, all activities of the examined enzymes generally were
very low (doesn’t exceeded 0.15 U/ml). This finding indicates that

lignolytic enzymes could be secreted but in low concentrations even in
the absence of lignin in cultivation medium. Asemoloye et al. (2018)
reported the production of lignin peroxidases and laccase by different
rhizospheric fungal strains including A. flavus in lignin-free cultivation
media.

For induced lignolytic enzymes assay, Aspergillus flavus isolate
EGYPTA5 was cultivated in MSM medium containing lignin-rich agri-
culture wastes as a sole carbon source. The results illustrated in Fig. 4
clearly show that, the activity of tested enzymes was increased when
using the induction medium comparing with PDB medium (Fig. 3).
Lignin peroxidase enzyme was the superior one in this experiment and
their activity reach to 2.45 U/ml after 9 days of incubation followed by
the other enzymes. These results clearly indicate that, the presence of
suitable substrate i.e. lignin induce the production of related enzymes
(lignolytic enzymes). Results obtained from other researcher support
our data regarding secretion of lignolytic enzymes in presence and
absence of lignin (Han et al., 2014). Additionally the other researchers
reported the highest value of lignin peroxidases enzymes was 0.51 U/ml
(Pant and Adholeya, 2007). This indicated that the reported isolate has
the potential and recommend as Lignin peroxidase enzymes producer.

Fig. 1. Colonies of non-cellulolytic lignolytic fungal isolate EGYPTA5 on PDA plate (a) and its image using light microscopic (b).

Fig. 2. Phylogenetic tree of Aspergillus flavus isolate EGYPTA5 and closely related strains.
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3.3. Fibers analysis before and after enzymatic decomposition of agriculture
waste

The untreated agricultural wastes were analyzed as a control and
the 1–10 days treated wastes were analyzed as well to understand the
effect of the producing enzymes on the fibers constituent. Lignin, ho-
locellulose (alpha, beta, and gama celluloses as well as hemicellulose),
ash, wax and resin are estimated. The analyses were tabulated in Table
(2). The cellulose and ash content were increased by the incubation
time until day eight in which these components contents were not
changed. Fibers analysis cleared that the lignin content was affected by
incubation period; this emphasized that the enzymes of fungal isolate

Fig. 3. Non-inducible lignolytic enzymes activities of Aspergillus flavus isolate EGYPTA5 grown in lignin-free medium (PDB medium).

Fig. 4. Inducible changes in lignolytic enzymes activities of Aspergillus flavus
isolate EGYPTA5 grown in MSM medium containing lignin-rich agriculture
waste as carbon source.

Table 2
Changes in agriculture waste content (%) before (control) and after fungal
treatment during 10 days of incubation.

Incubation days Lignin, % Holocellulose, % Ash, % Wax/
Resin,
%Alpha-

cellulose
Hemicellulose

0 (Control) 17 68 6.5 7.21 1.03
1 17 68 6.7 7.21 1.03
2 17 67 6.7 8.2 1.03
3 17 67 6.7 8.2 1.03
4 17 69 4.6 8.2 1.03
5 17 71 2.7 8.2 1.03
6 17 72 1.6 8.2 1.03
7 16.5 71 1.6 9.4 1.5
8 15.5 70 1.6 11 1.8
9 11 73 1.6 12 2.24
10 9 75 1.6 12 2.24

Fig. 5. FTIR of original (untreated) lignin-rich agricultural wastes (C) and
biologically treated with Aspergillus flavus EGYPTA5 during the 10 days of in-
cubation (1−10).
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have the ability for selective lignin degradation without any cellulytic
activity on fibers. These results are in parallel with lignin degradation
enzymes assay. The obtained results clear that Aspergillus flavus isolate
EGYPTA5 could be used for selective fibers-delignification pretreat-
ments to reduce lignin content without negative effects on cellulose
content.

3.4. Fiber instrumental analysis

FTIR spectroscopy tool was used to give conformation on the lig-
nocellulosic constituent changing during treatment with fungal en-
zymes (Khalil et al., 2017). Fig. 5 illustrate FTIR spectra of original
(untreated) lignin-rich agricultural wastes as well as changes occurred
through ten days (from day 1 to day 10) cultivation with Aspergillus
flavus EGYPTA5 isolate. Each lignocelluloses constituent has been
characteristic peaks identified in the literature, and this characteristic
peak must be found only in this constituent not in others. The most
characteristic peaks of cellulose were b-glycosidic linkage at around

900 cm−1 and O-H stretching vibration around 3417 cm−1 (broad
band) (Brienzo et al., 2009). Aromatic skeleton vibrations at around
1600 cm−1 are standard for lignin indicator bands, so presence of these
bands confirms the presence of lignin and acetyl or uronic ester groups
which characterized the lignin structure and not found in any other
lignocelluloses material constituents also appeared from 1730 to
1750 cm−1. Untreated fibers showed bands at 3431, 2951, 1749,
1651 cm−1 which refer to free starch O-H of cellulose, C–H stretching
vibration which characterized all lignocellulosic fibers, C-O stretch of
lignin and C-C in plane symmetrical starch of lignin respectively. On the
other hand, the biologically treated fibers (with Aspergillus flavus
EGYPTA5) after one day and up to 7 days showed the same peaks ap-
proximately with non-significant changes. Where, the peak of free
starching of O-H was shifted to higher frequency from day 1 to day 7 by
about 3 cm−1 as well as the peaks which characterize lignin were
shifted to low frequency with little value 5 cm−1. In contrast the treated
fibers from day 8 to day 10 showed the highly significant difference. At
day 8, spectra recorded remarked break down in lignin from 1749 cm−1

Fig. 6. DCS of original (untreated) lignin-rich agricultural wastes (C) and biologically treated with Aspergillus flavus EGYPTA5 during the 10 days of incubation
(1−10).
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at day 7–1696 cm−1. Additionally, the peak of O-H stretching shift to
higher frequency at 3467 cm−1 this refer to liberation the OH group as
results to eliminate the lignin and hemicellulose. Day 9 spectra showed
little pit changes in the two main peaks (cellulose and lignin). Day 10
spectra showed the highly efficacy of enzymes effect where the char-
acteristic peak of ß-glyscidic linked which characterize cellulose is
appear at 903 cm−1 and increased in O-H frequency to3524 cm−1. This
is related to removal of impurities from fibers and liberated the O-H as
free starching frequency (El-Saied et al., 2018). Also peak of lignin was
shifted to 1677 cm−1. This is indicating to elimination of adequate
amount of lignin, which makes cellulose characteristic bands appeared.
Obtained FTIR results of lignin-rich agricultural wastes in this study are
compatible with fibers chemical analysis (Mohamed et al., 2015).

Fig. 6 showed the two DSC curves for started untreated fibers (a)
and 10 days treated fibers (b). Untreated fibers curve shows after ad-
sorbed water region two peaks. First one has onset 156 °C and offset
216 °C with as well as peak temperature (TP) 194 °C. The second peak
with onset 313.0 °C and offset 360.61 °C as well as peak temperature
(TP) 340.915 °C. Similarly, in 10 day treated fibers the DSC curve has
two humps peaks after adsorbed water peak with TP189 °C for first and
345 °C for second. The increase in lignocellulosic material crystallinity
is referring to elimination of lignin, hemicellulose, and/or the amor-
phous region. In our work the fungal isolate showed no cellulolytic
activity, so the increase of crystallinity emphasized to the partial
elimination of lignin and hemicellulose (Basta et al., 2016; Basta, El-
Saied et al., 2018). Hence, crystallinity percentage showed the sig-
nificant difference in both fibers’ types where the crystallinity percen-
tage in treated fibers increase by about 10% in comparison with un-
treated ones (Ibrahim et al., 2018). This result is confirming that the
undesirable materials, which found in amorphous form (lignin and
hemicellulose) are eliminated and that in agreement with all further
investigations.

4. Conclusion

In this paper, the main aim was to isolate and characterize of se-
lective lignin degrading fungi to be used in various industrial and en-
vironmental applications. Aspergillus flavus EGYPTA5 considered as ef-
ficient non-cellulolytic lignin degrading fungus. Production of lignolytic
related enzymes (lignin peroxidases, laccase, polyphenol oxidase, ni-
trate reductase) were proven to be produced in low amounts in lignin-
free medium and in reliable amounts when lignin-rich substrate was
used as carbon source in cultivation medium. Thus, it could be con-
cluded that lignolytic enzymes are inducible in certain fungal isolate. A.
flavus (EGYPTA5) would be used as a biological treatment for lignin-
rich cellulosic wastes to degrade lignin without affecting cellulose
content of fibers. The isolated fungus and/or its specific-lignolytic en-
zymes could be applied in various environmental and industrial appli-
cations.
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