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Abstract Thermophilic fungi are potential sources of
thermostable enzymes and other value added products.
Present study has focused on optimization of different
physicochemical parameters for production of thermostable
cellulases and xylanase by Thermoascus aurantiacus
RCKK under SSF. Enzyme production was supported
maximally on wheat bran fed with 20 % inoculum, at
initial pH 5, temperature 45 °C and moisture ratio 1:3. The
supplementation of wheat bran with yeast extract, Tween-
80 and glycine further improved enzyme titres (CMCase
88 IU/g, FPase 15.8 IU/g, PB-glucosidase 25.3 IU/g and
xylanase 6,543 IU/g). The crude enzymes hydrolyzed
phosphoric acid-swollen wheat straw, avicel and untreated
xylan up to 74, 71 and 90 %, respectively. In addition, T.
aurantiacus RCKK produced antioxidants as fermentation
by-products with significant %DPPH" scavenging, FRAP
and in vivo antioxidant capacity against H,O,-treated
Saccharomyces cerevisiae. These capabilities show that it
holds potential to exploit crop by-products for providing
various commodities.
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Introduction

Continuous depletion in non-renewable energy resources has
attracted researchers to exploit renewable energy resources,
especially secondary agriculture resources such as ligno-
cellulosic biomass, which have potential to be converted to
various valuable products [1]. Lignocellulose is the most
abundantly available and sustainable raw material, it con-
sists of cellulose, a homopolymer of glucose; hemicellulose,
a heteropolymer of pentoses and hexoses; and lignin, an
amorphous polymer of phenyl propanoid units [2]. Enzy-
matic release of monosaccharides from cellulose and he-
micelluloses is mediated by glycoside hydrolases (cellulases
and xylanases mostly). Cellulases and xylanases selectively
catalyze reactions that produce smaller carbohydrate
(monosaccharides) units from polysaccharides which even-
tually could be converted to various products [3].

Among glycoside hydrolases, cellulases hold more
potential in deconstruction of cellulose to hexose sugars,
which in turn can easily be converted to ethanol. Cellulase
is a family of at least three groups of enzymes: first en-
doglucanases (EC 3.2.1.4) which act randomly on soluble
and insoluble cellulose chains; second exoglucanases
(cellobiohydrolases EC 3.2.1.91) that act to liberate cello-
biose from the reducing and non-reducing ends of cellulose
chains and finally, B-glucosidases (EC 3.2.1.21) which
liberate glucose from cellobiose. Similarly, Xylanases (EC.
3.2.1.8) act on xylan, present in wood biomass and release
pentose sugars.

Majority of cellulases and xylanases known are from
mesophilic microorganisms and act optimally in meso-
philic range, i.e., 40-50 °C. However, for efficient utili-
zation of lignocellulose, thermostable enzymes possess
certain advantages, such as more compatible with pre-
treatment strategies [4], increased flexibility for process
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parameters [5], reduced risk of contamination, easy storage
and transportation, and finally higher stability allows
extended hydrolysis time which subsequently reduces the
enzyme requirement and cost [5]. These advantages are
significant because approximately one-half of the projected
process costs in biomass conversions are estimated to be
associated with enzyme production, and all these benefits
attributed to thermostable enzymes, will result in an
improvement to the overall economy of the process [6].

Currently, strategies for the usage of lignocellulosic
material are focused on individual production chains, mainly
its conversion to biofuels. However, for an economic and
environmental perspective, optimal utilization of renewable
sources can be achieved by generating multiple products
following an integrated biorefinery strategy, in which
material flows are combined or coupled so that the residues
of the previous processes become an input for the next one
[7]. Thus, following a biorefinery approach some industri-
ally important enzymes and bioactive compounds can be
produced together in a single process, and this in turn can
help in improving economic viability of the process.

The filamentous fungi are reported to synthesize sec-
ondary metabolites in addition to industrially important
glycosyl hydrolases [8]. Among thermophilic fungi, an
ascomycetous fungus Thermoascus aurantiacus, isolated
first time by Hugo Miehe in 1907 from self heating hay,
was reported to produce cellulases and xylanases but has
not been exploited to its fullest potential. Keeping this in
view, T. aurantiacus RCKK isolated from Aravali forest
area of University of Delhi South Campus, New Delhi was
studied for hyper production of cellulase and xylanase. In
addition, the fungus was also observed to produce bioactive
compounds (antioxidants) in medium during preparation of
fungal inocula for enzyme production. The crude fungal
enzymes were also evaluated for their potential in hydro-
lysis of cellulose and hemicellulose. This is a first report of
its kind, in which cheaper production of cellulase, xylanase
and bioactive compounds in a single process has been done
and further their utility has also been evaluated. Here we
report an economic method for production of cellulase,
xylanase and bioactive compounds in a single process and
their application has been evaluated.

Materials and methods

Raw materials

Avicel, carboxy methyl cellulose (CMC), birchwood xylan,
oat spelt xylan 2,2'-diphenyl-1-picryl-hydrazyl (DPPH),
2,4,6-tri(2-pyridyl)-triazine (TPTZ), phenolic acid stan-

dards such as gallic acid, protocatechuic acid, caffeic acid,
4-hydroxy benzoic acid, 4-hydroxy 3-methoxy benzoic
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acid, trans-cinnamic acid and ferulic acid were procured
from Sigma-Aldrich (USA), while cellulose powder was
obtained from Hi-Media laboratories (India). MGYP (malt
glucose yeast extract and peptone media) was prepared in
the lab using HI-Media laboratories’ media components
(malt extract 3 g/L, glucose 20 g/L, yeast extract 3 g/L,
peptone 5 g/L). DMSO (dimethylsulfoxide) is of cell cul-
ture grade (Fishers). Phosphoric acid-swollen cellulose
(PASC) and phosphoric acid-swollen wheat straw was
prepared by treating avicel and wheat straw with phos-
phoric acid as reported elsewhere [9] and used directly. All
other chemicals were of analytical grade.

Organism and culture conditions

The fungal isolate RCKK was isolated from Aravali forest
area of University of Delhi South Campus, New Delhi and
maintained by periodical subculturing on potato dextrose
agar (PDA) at 45 °C and stored at 4 °C.

Identification of the fungal isolate
Genomic DNA isolation

Fungal isolate was grown in potato dextrose broth at 45 °C
under liquid static condition for 72 h. The mycelium was
harvested and processed as described by Kuhad et al. [10].
Further, mycelium was crushed with liquid nitrogen and
processed for genomic DNA isolation as per manufacture’s
protocol using mdi genomic DNA isolation Kit (mdi Cor-
poration, India).

Phylogenetic studies of the fungus

ITS sequence of fungal isolate RCKK was amplified by
PCR using pITS-1 (5-TCCGTAGGTGAACCTGCGG-3')
and pITS-4 (5-TCCTCC GCTTATTGATATGC-3') pri-
mer pair. Following PCR program composed of an initial
denaturation at 94 °C (4 min), followed by 30 cycles of
denaturation at 94 °C (1 min), primer annealing at 58 °C
(30 s) and elongation at 68 °C (1 min). A final elongation
time of 10 min was provided at 68 °C for end filling. The
PCR product was eluted using gel extraction kit (mdi
Corporation, India) and sequenced. Sequence obtained was
compared with ITS sequences available in Gen Bank, by
BLAST analysis and deposited to Gen Bank. Further
dendrogram was constructed using MEGA-5 [11] program
to establish the taxonomic rank of the fungus.

Enzyme production under solid-state fermentation

Solid-state fermentation was carried out in 250 mL Erlen-
meyer flasks, each having 5.0 g of dry wheat bran moistened
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with mineral salt solution (g/L:Ca(NOs),.4H,0 0.5; KH,PO4
0.5; MgS0,4.7H,0 0.5 and pH 7) to attain final substrate-to-
moisture ratio of 1:3. The flasks were sterilized by auto-
claving at 121 °C (15 psi), and thereafter cooled to room
temperature and inoculated with 5 % (v/w) fungal biomass.
The contents of the flasks were mixed well with sterilized
glass rod to distribute the inocula throughout the substrate
and incubated at 45 °C. Fermented wheat bran (mycobran)
was aseptically removed from flasks after an appropriate
interval, harvested in 50 mL sodium citrate buffer (50 mM,
pH 4.8) and shaken gently for 45 min. The mycobran was
squeezed through muslin cloth for maximizing the enzyme
extraction and enzyme extract centrifuged at 10,000g at 4 °C
for 10 min. The enzyme solution thus obtained was assayed
for cellulase and xylanase activities.

Preparation of inocula

Different types of inocula such as fungal disc (4 x 8§ mm
diameter), spore suspension (5 % v/w), crushed mat (5 %
v/w) were applied for enzyme production. Fungal discs
were cut with a borer from a 48-h-grown culture plate. A
spore suspension was prepared from fully grown fungal
culture slants by adding 5 mL 0.1 % (v/v) Tween-80 to
each slant. To produce crushed mat inoculum, each
Erlenmeyer flask (250 mL) containing 50 mL of potato
dextrose broth (PDB) was inoculated with four mycelial
discs (0.8 cm diameter each) and incubated at 45 °C under
static cultivation conditions for 48 h. The inoculum mat
thus obtained was homogenized with pestle and mortar
under sterile conditions and used as inoculum.

Optimization of cellulase and xylanase production

The cellulases and xylanase production by the fungus was
optimized following one factor at a time (OFAT) method.
The effect of various factors such as initial pH (3.0-10.0),
incubation temperature (40-55 °C), substrate-to-moisture
ratio (1:1-1:4), carbon and nitrogen sources, surfactants,
amino acids, inoculum size and inoculum age on cellulase
and xylanase production was studied.

Thermostability of crude enzyme

The concentrated crude enzyme extract obtained from SSF
was kept at higher temperature range (50-80 °C) for 6 h and
then kept on ice for 10 min. Thereafter, it was centrifuged at
10,000g at 4 °C and the supernatant was run on SDS PAGE.

Extraction of bioactive compounds

The PDB medium after separation of the fungal mat was
processed to isolate the bioactive compounds by extraction

with ethyl acetate. The upper organic phase was collected
and evaporated. The dried material was dissolved in
DMSO/methanol as per required assay. Its antioxidant
activity was evaluated using DPPH and FRAP assay.

In vivo antioxidant capacity using S. cerevisiae

Primary culture of S. cerevisiae was prepared by inocu-
lating single colony in 50 mL of MGYP and incubated at
30 °C for 24 h at 150 rpm. The primary culture was
inoculated (1 % final concentration) in culture tubes con-
taining 5 mL of MGYP media and incubated at 30 °C and
150 rpm. After 6 h of incubation, 100 pL of ascorbic acid
(10 mg/mL) as positive control and fungal extract (26 mg/
mL) dissolved in DMSO were added. Then 10 pL of
hydrogen peroxide (H,O,) as oxidant was added in each
tube. Growth of the yeast was monitored measuring
absorbance at 600 nm at the end of 20 h. Effect of phenolic
extracts in the presence of oxidants on the net growth of
yeast cells was determined according to the following
equation [12].

o Atestsample — Acontrol
Ayeastgrowth = A x 100
control

where Aycast grown = net growth of H,O»-induced yeast

cells after treatment with fungal extract, Aconwo = absor-
bance of yeast cells in presence of HyO;, Aiest sample =
absorbance of yeast cells in presence of H,O, and fungal
extracts.

TLC analysis

The fungal extract was filtered through 0.45 um Supor®-
450 membrane disc filters (Pall Gelman Laboratory, USA)
and analyzed by thin layer chromatography (TLC). Chol-
oroform:methanol:formic acid (85:15:1; v/v/v) was used as
mobile phase. Mixture of different phenolics (1 mg/mL)
was used as standard (gallic acid, protocatecheuic acid,
4-hydroxybenzoic acid; 4-hydroxy-3-methoxybenzoic acid,
caffeic acid, ferulic acid, trans-cinnamic acid).

Enzymatic hydrolysis

The crude enzyme preparation was tested for its sacchari-
fication efficiency at 3 % substrate consistency using
avicel, carboxymethyl cellulose (CMC), cellulose power,
phosphoric acid-swollen avicel (PASC) and phosphoric
acid-treated wheat straw. While xylan hydrolysis ability
was tested at 4 % substrate consistency of birchwood and
oat spelt xylan. 10 IU/g FPase and 1,000 IU/g of xylanase
were used for the hydrolysis of cellulose and xylan,
respectively. The reaction was carried out in Na-citrate
buffer (pH 5) at 60 °C. The saccharification efficiency of
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crude enzyme preparation was calculated as reported
elsewhere [13].

Saccharification (%)
= (Amount of glucose or xylose released/
Total glucose or xylose present in substrate)
x 100

Analytical methods

The total cellulase (filter paper cellulase, FPase), car-
boxymethyl cellulase (CMCase) activities were determined
in accordance with the International Union of Pure and
Applied Chemistry procedures as reported by Ghose [14].
While, B-glucosidase and xylanase activities were mea-
sured using methods used by Wood and Bhat [15] and
Kapoor et al. [16], respectively. All enzyme assays were
carried out at 60 °C. One unit of enzyme activity was
defined as the amount of enzyme required to liberate
1 pmol of glucose, xylose or p-nitrophenol, from the
appropriate substrate, per mL per min under the assay
conditions. Reducing sugar content was measured follow-
ing DNSA method of Miller [17].

The free radical scavenging activity of different frac-
tions was measured by the DPPH radical scavenging
method according to Brand-Williams et al. [18]. DPPH
solution (0.1 mM) in methanol was added to 0.5 mL of
properly diluted phenolic extracts. The change in absor-
bance at 515 nm was measured after 30 min of incubation.
The DPPH radical scavenging activity of fungal extract
was calculated according to the following equation.

% of DPPH scavenging activity
= [(AbC — AbS)/AbC] x 100

where, AbC denotes absorbance of control and AbS stands
for absorbance in the presence of the test compound.
FRAP was estimated by the method of Wong et al. [19] with
slight modifications. Extract (100 pL) at different concentra-
tions (0.13-2.6 mg/mL) was mixed with 1.5 mL of FRAP
reagent (10 parts of 300 mM sodium acetate buffer at pH 3.6, 1
part of 10 mM TPTZ solution and 1 part of 20 mM FeCl;.6-
H,O solution and incubated at 37 °C in a water bath for
30 min. Increase in absorbance was measured at 593 nm.
FRAP values were expressed in terms of mM ascorbic acid
equivalent (AAE)/mg using L-ascorbic acid as standard.

Results and discussion
Identification of the fungal isolate

The fungal isolate RCKK was identified based on the
sequence variation present in internal transcribing spacer
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Fig. 1 a Time course of cellulase and xylanase production using
T. aurantiacus RCKK under SSF. b Effect of pH on cellulase and
xylanase production using 7. aurantiacus RCKK under SSF. ¢ Effect of
different lignocellulosic substrate on cellulase and xylanase production
using T. aurantiacus RCKK under SSF. WB wheat bran, CS cotton
stocks, CSP cotton stem part, RS rice straw, SB sugar cane bagasse

(ITS) region. The sequence was analyzed using blast
(NCBI), which showed that it has 100 % similarity with T.
aurantiacus. Phylogenetic analysis also confirmed the
maximum closeness of the isolate with T. aurantiacus
(supplementary data). Thus, the fungal isolate was identi-
fied as T. aurantiacus and named as T. aurantiacus RCKK.
The sequence had been deposited in NCBI Genbank
database with accession number: JIN676149.
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Table 1 Comparison of cellulase and xylanase production using various fungi under SSF
Enzyme Strain Activity (IU/g) Carbon source References
CMCase Myceliophthora sp. 26.6 Wheat bran [42]
Pleurotus ostreatus 1ES 0.18 Sugar cane bagasse [43]
Thermoascus aurantiacus MIEHE 60 Agricultural residues [44]
Thermoascus aurantiacus RCKK 88 Wheat bran Present work
Fpase Myceliophthora sp. 0.74 Wheat bran [42]
Aspergillus niger 2.9 Wheat bran [45]
Pleurotus ostreatus 1E8 0.013 Sugar cane bagasse [43]
Trichoderma reesei rut C-30 3.75 Wheat bran [46]
Thermoascus aurantiacus MIEHE 0.86 Agricultural residues [44]
Thermoascus aurantiacus RCKK 15.8 Wheat bran Present work
B-Glucosidase Myceliophthora sp. 3.83 Wheat bran [42]
Aspergillus niger 0.0169 Wheat bran [45]
Thermoascus aurantiacus RCKK 25.3 Wheat bran Present work
Xylanase Thermoascus aurantiacus MIEHE 107 Agricultural residues [44]
Thermoascus aurantiacus ATCC 204492 1,567 Sugar cane bagasse [40]
Thermoascus aurantiacus RCKK 6,543 ‘Wheat bran Present work

Time course of cellulase and xylanase production

T. aurantiacus RCKK grown under SSF started producing
cellulases and xylanase after 48 h of incubation (Fig. 1a).
However, the maximum production of all three cellulases
and xylanase peaked at 72 h of incubation (8.3 IU/g of
FPase, 45.3 TU/g of CMCase 1U/g, 14.3 1U/g of B-gluco-
sidase and 4,000 IU/g of xylanase). Further increase in
incubation caused drying of the medium and brought down
enzyme production. The comparison of cellulase produc-
tion by different strains of 7. aurantiacus and other fungi
from earlier reports (Table 1) revealed that the enzyme
production by 7. aurantiacus RCKK is much higher.
However, the exact comparison of cellulase and xylanase
production with other reports could be different possibly
because of difference in assay procedures and conditions
followed by different laboratories. Moreover, in the present
study the spent broth also has been used for the extraction
of antioxidant compounds along with enzyme production.
This signifies the use of whole fermentation broth for dual
applications and thus fungus could be used for the pro-
duction of multiple useful products.

Preparation of different types of inocula

Different types of inocula such as fungal disc, spore sus-
pension, crushed mat were used for cellulase production.
The use of crushed fungal mat as inoculums resulted in
higher fungal growth and enzyme titers as compared to
procedures using spore suspension and fungal discs
(Table 2). Deswal et al. [20] have also reported maximum
production of cellulase under SSF when wheat bran was

inoculated with fungal mat. The choice of inocula has been
reported to influence the minimal temperature of growth of
thermophilic fungi [21] and in turn might be affecting
enzyme production.

Effect of physiological and nutritional parameters
on cellulase and xylanase production

Temperature is one of the most important physical vari-
ables affecting solid-state fermentation [22]. The optimi-
zation of incubation temperature for production of
cellulases from 7. aurantiacus RCKK under SSF condi-
tions revealed that the enzyme production gradually
increased from 40 to 45 °C (Table 2) and maximum pro-
duction of all the four enzymes viz. CMCase (60.3 1U/g),
FPase (10.4 1U/g), B-glucosidase (20.3 1U/g) and xylanase
(3,954 1U/g) was achieved at 45 °C, thereafter the pro-
duction declined. This may be attributed to the release of
more proteases from dead cells and folding deformity
while translation of the protein [23]. Kalogeris et al. [24]
also reported the decrease in enzyme production on
increasing the temperature beyond 50 °C.

The pH of the medium is one of the most critical
environmental parameters affecting the mycelial growth,
enzyme production and transport of various components
across the cell membrane [20, 25]. The enzyme production
by T. aurantiacus RCKK was also tested at different pH
ranging from 3.0 to 9.0. Fungus produced maximum
CMCase (70.1 IU/g), FPase (11.8 IU/g), B-glucosidase
(20.5 TU/g) and xylanase (4,163 IU/g) at initial medium pH
5.0 (Fig. 1b). Increasing the initial pH of the medium from
5.0 to 7.0 slightly decreased the enzyme production and on
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Table 2 Effect of different Physiological factor

Fpase (IU/g)

CMCase (IU/g) B-glucosidase (1U/g) Xylanase (IU/g)

physiological factors on

cellulase and xylanase Type of inoculum (48 h)

production Spore suspension 56+034 464 +032 6.7 + 0.62 2,386 + 3.22
Crushed mat 6.9 £ 0.23 423 £ 1.2 8.3 £0.32 3,463 + 7.33
Fungal disc 43 £ 1.01 324 +£0.54 6.2 £ 0.34 1,832 £ 5.34

Temperature
40 72 +0.23 48.2 £+ 0.69 104 £ 043 2,120 + 4.24
45 104 £ 0.33 60.3 + 0.43 20.3 £ 0.85 3,954 £ 6.2
50 83 £ 021 45.5 £ 0.62 14.3 + 0.60 3,954 £ 3.21
55 7.1 £0.22 40.2 £ 0.67 104 + 043 3,954 £ 1.21
Moisture ratio
1:02 9.9 £ 0.39 552 £ 0.17 142 £ 0.71 2,103 + 8.6
1:03 12.3 £ 0.49 70.2 + 0.22 22.1 £ 044 4,220 £ 13
1:04 6.2 +0.24 394 + 0.12 17.1 £ 0.73 3,561 £ 99
Inoculum age (h)
48 103 £ 0.51 594 + 0.78 20.2 £+ 0.46 4,210 £ 84
72 122 £ 041 71.2 £ 0.93 21.3 £ 0.85 4,560 £ 9.1
96 82 £ 0.18 543 £ 0.71 18.3 £ 0.21 3981 £ 79
Inoculum size (%v/w)
10 9.8 £0.23 583+ 12 21.4 £+ 083 4,134 £3.32
20 11.2 £ 0.32 69.2 £+ 0.64 22.1 £ 0.54 4,560 + 2.32
30 10.5 £ 041 543 £ 1.21 17.3 £ 0.22 3,721 £ 4.32
40 10.1 £ 0.12 52.6 +£0.43 16.3 + 0.27 3,431 £ 321

further increase in pH caused almost 60 % reduction in
enzyme production. Kalogeris et al. [24] and Narra et al.
[26] have also observed the effect of initial medium pH on
the production of cellulases under SSF.

The moisture level at which free liquid occurs shows a
discrepancy among substrates depending on their water
holding/binding characteristics [27]. Low moisture may
reduce the solubility of lignin and swelling capacity of
substrate causing high water stress, and consequently
decrease the growth and enzyme production [28]. This
study has shown that an increase in the initial moisture
ratio from 1:1 to 1:3 greatly influenced the enzyme pro-
duction (Table 2), However, any further increase in mois-
ture level in SSF lowered the same. This may be attributed
to particles sticking, limited gas exchange and higher
vulnerability to bacterial contamination, while low mois-
ture leads to reduced solubility of nutrients and substrate
swelling [29]. Pal and Khanum [30] have reported maxi-
mum production of xylanase at 70 % moisture ratio and
either low or high initial moisture significantly decreased
the enzyme production.

The inoculum size and age also play pivotal role in
fungal growth and enzyme production. On one hand lower
amount of inoculum is not sufficient for optimal fungal
growth and on other hand a higher level may cause com-
petitive inhibition [31]. 20 % v/w of 72-h old inoculum
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was found optimum for cellulase and xylanase production
(Table 2).

Extracellular enzyme production largely depends on the
constituents of the medium. Solid substrate provides
maximum necessary nutrients to the growing microorgan-
ism for optimal function [32].Various lignocellulosic sub-
strates were tested as carbon source for their effect on
production of hydrolases. Among carbon sources tested,
wheat bran was observed to induce maximum production
of CMCase (71.2 1U/g), FPase (12.3 1U/g), B-glucosidase
(22.4 TU/g) and xylanase (4,562 IU/g) (Fig. 1c). According
to Sun et al. [33] wheat bran has all nutrients required and
probably some oligosaccharides which stimulate the pro-
duction of biomass hydrolyzing enzymes. The unsuitability
of the other lignocellulosic substrates to support enzyme
production under SSF might be because of their inappro-
priate physical properties like particle size, geometry and
compactness of the substrate [22].

Different nitrogen sources differently affected cellulase
production by T. aurantiacus RCKK (Table 3). Among
organic nitrogen sources, yeast extract stimulated maxi-
mum enzyme production (CMCase 74.2 IU/g, FPase
13.4 1U/g, B-glucosidase 23.2 TU/g and xylanase 6,245 1U/g).
Yeast extract is a complex nitrogen source, which has
growth factors, blend of amino acids, peptides, water sol-
uble vitamins which affect fungal growth and enzyme
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Table 3 Effect of Additives

Fpase (IU/g)

CMCase (IU/g)  B-Glucosidase (IU/g)  Xylanase (IU/g)

supplementation of various
additives on the cellulase and
xylanase production using 7.

Amino acids (0.2 %w/w)

anrantiacus RCKK under SSF Alanine 13.2 £ 0.21 76.4 + 0.71 22.3 + 0.27 5,127 £ 3.23
Arginine 124 £ 020 723 £0.67 21.6 £ 0.20 5,364 £+ 12.33
Asparagine 12 + 0.19 68.5 + 1.64 204 +£0.43 5,037 £ 4.77
Aspartic acid 14 +0.22 80 £ 0.75 24.8 £+ 0.30 5,123 +£9.29
Cystine 135+ 022 76.6 £ 0.72 23.7 + 0.29 5,832 £+ 13.74
Glutamic acid 11.7 £ 0.19 67 + 0.62 18.5 + 0.62 5,433 £+ 3.86
Glutamine 14.5 + 0.32 82 + 0.77 23.6 + 0.32 4,641 £ 8.13
Glycine 15.8 + 0.25 88 + 0.82 253 + 041 6,543 £+ 15.70
Isoleucine 10 £ 0.23 60 £ 0.56 20.1 + 0.24 3,932 £ 94
Leucine 13 £0.21 74 £ 0.69 23.6 + 0.34 5,367 £ 8.98
Lysine hydrochloride 9.6 £0.16 58 £ 0.54 18.3 £0.22 3,781 £ 7.44
Methionine 7.5 +£0.12 64 + 0.60 20.1 + 0.28 3,461 + 8.23
Serine 10.6 +£ 0.17  53.5 £ 1.50 16.3 + 0.14 4,623 £ 11.09
Threonine 11 £ 0.18 67 + 0.62 17.2 £ 043 5,321 £ 16.22
Valine 9.6 £ 0.15 56 + 0.52 124 £ 1.15 4,582 £+ 9.62
Phenylalanine 11.7 £ 0.19 67 + 0.62 18.5 + 1.22 4,364 £+ 6.26
4-Hydroxy-L-proline 153 £0.25 86.6 £ 0.81 247 £ 0.76 6,273 £+ 1.28
Tryptophan 12.3 £ 0.21 62.4 £ 0.58 174 £ 0.73 5,634 + 14.2
Tyrosine 10 + 0.28 60 £ 0.56 20 + 0.34 4,328 + 72.12
Histidine hydrochloride ~ 13.5 4+ 0.23 76.6 + 0.72 23.7 £ 0.76 5,721 £ 13.73

Surfactants (0.2 % w/w)
Tween-20 132+ 0.3 764 £ 1.0 223 +0.73 6,237 £ 14.3
Tween-40 124 +1.09 723 +£0.79 21.6 + 0.59 6,023 £+ 1.8
Tween-60 12 +£0.52 685+ 1.73 20.4 £ 0.80 6,021 £ 2.4
Tween-80 14.3 £ 0.19 82.1 £ 0.77 24.3 + 0.50 6,545 £ 7.8
Triton X-100 135 +£072 76.6 £ 1.0 237 £ 097 4,348 £ 2.0
PEG-4000 11.7 + 0.46 67 + 0.2 18.5 + 0.42 4,540 £+ 10.44
PEG-6000 10.2 + 0.47 60 + 0.79 16.5 + 043 3910 + 3.8
PEG-8000 123 +£0.09 624 + 0.58 17.4 + 0.26 4,367 £+ 10.04

Nitrogen sources (0.05 % N, Eq.)
Peptone 10.6 = 0.28  60.3 + 1.6 20.1 +0.53 4,210 £ 1.67
Yeast extract 134 +£032 742+ 1.0 232 £ 0.57 6,245 + 1.7
Tryptone 9.6 £ 042 582 +053 18.1 £ 0.20 4,348 + 114
Soya bean meal 11.7 + 0.1 64.2 + 0.59 20.2 + 0.34 4,640 + 7.8
CSL 10.6 + 0.23 535+ 12 16.2 + 0.36 3910 + 8.7
Urea 11.3+£0.19  67.1 £0.19 16.2 + 0.40 4,367 £ 1.1
Control 122 +£ 020 71.1 £ 0.11 22.3 +0.21 4,542 £ 44

production [34]. Recently similar observations have also
been made by Gautam et al. and Mridula et al. [35, 36] in
case of cellulase production by Trichoderma virdae and
Aspergillus niger, respectively.

Surfactants probably act by increasing the permeability
of the cell membrane, allowing more rapid secretion of
enzymes [20, 37]. Moreover, this increase may be attrib-
uted to the release of non-specific, unproductive enzyme
adsorption on the solid substrate used under SSF [38]. In
present study, Tween-80 maximally enhanced CMCase

(82.1 1U/g), FPase (14.3 TU/g), B-glucosidase (24.3 1U/g)
and xylanase (6,545 IU/g) followed by Triton X-100 and
Tween-20 (Table 3). Some of the surfactants did not sup-
port the enzyme production positively, which might be due
to instability of various proteins in the presence of these
surfactants.

Among various amino acids and their analogs tested, the
maximum enzyme production was obtained in the presence
of glycine (CMCase 88 1U/g, FPase 15.8 IU/g, B-glucosi-
dase 25.3 [U/g and xylanase 6,543 IU/g) (Table 3). Our
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results are in accordance with an earlier report on cellulase
production [20] where increase in cellulase production has
been observed in presence of glycine. Dhawan and Kuhad
[39] also found similar effect of glycine in case of laccase
production by Cythus bulleri under SSF. Changes in the
membrane permeability in presence of glycine had been
responsible for release of enzymes extracellularly [39].

In comparison to the enzyme production under unopti-
mised medium (FPase 54.24 %, CMCase 51.47 %, B-glu-
cosidase 56.52 % and xylanase 61 %) more than 50 %
increase in the enzyme production has been achieved after
optimization of enzyme production by 7. aurantiacus
RCKK following OFAT method.

Thermostability of the hydrolases secreted by 7.
aurantiacus RCKK

The hydrolytic enzymes produced by T. aurantiacus
RCKK under SSF were found stable at 70 °C up to 6 h
(supplementary data). However, after 6 h at 80 °C, degra-
dation of the proteins was noticed. This is well in agree-
ment with earlier reports [40].

Antioxidant activity of the bioactive compounds
extracted from spent medium

T. aurantiacus RCKK was grown in PDB for inocula
production. The spent broth after separating fungal mass,
when analyzed was found to contain some metabolites
produced by fungus after 72 h. The culture-free ethyl
acetate extract was found to possess antioxidant properties
when tested using DPPH® scavenging properties and
FRAP, the two most commonly used assays.

The %DPPH® scavenging activities of colored com-
pounds produced by T. aurantiacus RCKK at different
concentrations are depicted in Fig. 2a. Increasing the
concentration of bioactive compound (5.2-20.8 mg/mL)
the %DPPH® scavenging activity enhanced from 14.37 to
51.8 % (Fig. 2a). It exhibited an ICsy value of 17.9 mg/
mL, which indicated that it had 50 %DPPH" scavenging
activity at 17.9 mg/mL concentration. The fungal extract
showed maximum 0.51 mM AAE FRAP at the 2.6 mg/mL
concentration (Fig. 2b) which revealed that fungal extract
had reducing power as well as electron donor capability
that increased (0.03-0.51 mM AAE) with the increase in
concentration from 0.13 to 2.6 mg/mL.

The fungal extract was also evaluated for its in vivo
antioxidant activity against H,O, in yeast cells. Figure 3
shows that the fungal extract (26 mg/mL) showed almost
similar % yeast cell survival as ascorbic acid standard
(ascorbic acid C; 10 mg/mL). Thin layer chromatogram of
the filtered fungal extract revealed the presence of two
clear and distinct bands when observed under UV light
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Fig. 2 a Antioxidant activity of different concentration of fungal
extract using DPPH"® scavenging activity assay, b using FRAP

(Fig. 4). However, it did not match with any of the phe-
nolic acid standards ran on TLC but it might be polymer of
phenolic compounds, but further it needs to be identified.

Application of cellulase and xylanase in hydrolysis
of cellulose and xylan

The crude enzyme preparation from 7. aurantiacus RCKK
hydrolyzed Phosphoric acid-treated wheat straw maximally
(74 %) in 24 h and PASC up to 71 % followed by CMC,
cellulose power and avicel up to 22, 8 and 4 %, respec-
tively, in 36 h (Table 4). It showed that the crude enzyme
solution was quite efficient in hydrolysis of phosphoric
acid-treated wheat straw (feedstock) as well as amorphous
form of avicel. This could be because of phosphoric acid
treatment, which might have resulted in generation of more
reducing ends in wheat straw and PASC, Thus, making
available more attackable sites for the exoglucanase [41].
Moreover, efficient hydrolysis of pretreated wheat straw
also suggests that the enzymes system is resilient to



Bioprocess Biosyst Eng (2015) 38:787-796

795

40 q

35 4

30 1

25 4

20

15 4

% Yeast cell growth

10 -

Ascorbic acid (10 mg/ml)  Bioactive compound (26

mg/ml)

Fig. 3 In vivo antioxidant activity of ascorbic acid (standard) and
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Fig. 4 TLC profile of fungal extract under UV light (/) Phenolic
standards 1 mg/mL (2) fungal extract (GA gallic acid, PCA proto-
catecheuic acid, HBA 4-hydroxybenzoic acid; HMBA 4-hydroxy-3-
methoxybenzoic acid, CA caffeic acid, FA ferulic acid, TCA trans-
cinnamic acid, SU unknown compound in short wave UV, LU
unknown compound in long wave UV)

pretreatment degradation products as well. Interestingly the
crude enzyme solution containing cellulases and xylanases
from 7. aurantiacus RCKK hydrolyzed both the xylans by
almost 90 % in 48 h (Table 4). The results demonstrate the
efficiency of the crude enzyme preparation and could be
used for hydrolysis of crop residues to fermentable sugars.

Conclusion

In the present study, 7. aurantiacus RCKK turns out to be a
potential fungus with the ability to produce all the three

Table 4 Application of cellulase and xylanase produced using
T. aurantiacus RCKK

Substrate Time (h)  Saccharification
(%)
Avicel 36 4
CMC 36 22
Cellulose power 36 8
PSAC 36 71
Birchwood xylan 48 88
Oat spelt xylan 48 92
Phosphoric acid-treated wheat straw 24 74

thermostable cellulases and xylanase, which could be used
for exploiting crop residues for biofuel production. More-
over, the fungus was also observed to produce some anti-
oxidant compounds as byproduct of its inoculum
preparation process. However, the enzyme production may
be enhanced using statistical approaches and modern
molecular biology techniques.
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