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Abstract

Starch is one of the most abundant renewable carbohydrate reserves of higher plants. It can be used to produce many valuable
food products in the food processing industry. Furthermore, starch is also used as an important feedstock in the fermentation
industry to produce value-added products. Lignocellulosic materials such as agriculture and forestry wastes are considered
as a renewable feedstock for bioenergy production through a biochemical conversion process. Converting lignocellulosic
biomass into fuels and chemicals entail a physicochemical pretreatment of the biomass, followed by enzymatic hydrolysis of
the polysaccharide components such as cellulose and hemicellulose into monomeric sugars. These sugars can then be further
fermented into other desired compounds of interest. During the deconstruction processes, various inhibitory compounds are
released due to the partial over-degradation of lignocellulose biomass, which inhibits the cell growth and metabolic capacity
of fermenting strains. Cellulosic materials such as waste paper in large quantities can also be used as potentially cheap feed-
stock for sustainable production of value-added products. The present investigation is mainly focused on the utility of starchy
hydrolysates (wheat, potato, and rice) and lignocellulosics hydrolysates (bagasse and wheat straw) in cellulase production
under liquid state fermentation. It also depicts the potential of cellulosic hydrolysate (waste newspaper) in product formation.
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Introduction

Bioconversion of lignocellulosic and starchy waste bio-
mass is still a significant area of research. It holds tremen-
dous potential for sustainable product formation to meet
the increasing worldwide demand. The large quantities of
byproducts generated during the processing of plant food
involve economic and environmental problems due to their
high volumes and disposal costs. Agricultural wastes are
important feedstocks under such categories as this can be
converted into commercially important and valuable prod-
ucts such as ethanol, glucose, enzymes, and single-cell pro-
teins [1-4]. Cellulases are the main industrial enzyme used
to depolymerize plant biomass into simple sugars.

Starch is a polymer of glucose and mainly consists of
amylose and amylopectin [5]. Wheat starch is comprised of
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around 1/4th amylose and around 3/4th amylopectin with
little proportions of protein (0.8%) and lipid degradations
(0.2%). 1t consists of a large number of glucose units joined
by glycosidic bonds [6]. Amylose (16-30%) is essentially a
linear polymer in which the glucose residues are connected
by the a-1, 4 linkages while the other main component
of starch is amylopectin (65-85%), which is a larger and
branched molecule having both a-1, 4 and a-1, 6 linkages
[7, 8]. Acid treatment of various starches showed a decre-
ment in amylopectin fraction and increment in amylose frac-
tion. During the initial stages of hydrolysis, the branching
point of amylopectin was degraded and further both alpha
1 —4 and1 — 6 linkages were hydrolyzed [9]. Luo et al.
(2018) [10] reported the feasibility of butanol production
from wheat starch wastewater by Clostridium acetobutyl-
icum. Soluble inducers derived from starch were investi-
gated for cellulase production by T. reesei. Acid-hydrolysed
starch was found to be most effective [11]. Izmirlioglu and
Demirci (2015) [12] reported the enhanced bioethanol pro-
duction from industrial potato waste. Acid hydrolysis of
potato tuber-based starch at different ratios of plant mate-
rial to the acid solution was investigated and found that final
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reducing sugars concentration in the hydrolyzates mostly
depends upon the type and concentration of acid but not on
the type of potato. The treatment ratio of plant material to
acid solution also plays a significant role in hydrolysis [13].
Sulfuric acid-based hydrolysis of rotten potato produced a
significant amount of reducing sugar [14]. Acid hydrolysis
of the granular potato starch decreased the molecular mass
of amylose and amylopectin [15]. Miao et al. (2011) [16]
investigated the structure and digestion properties of waxy
maize starch by mild acid hydrolysis. The results demon-
strated that the amorphous regions of starch granules are
preferentially hydrolyzed first. Moniruzzaman and Ingram
(1998) [17] investigated the ethanol production from dilute
acid hydrolysate of rice hulls using genetically engineered
Escherichia coli. As the literature suggested that the water-
soluble acid hydrolyzed starch is an excellent inducer for
growth and cellulase production, which induces the enzymes
to the same extent as pure cellulose [18, 19].

Fermentation performances of different microorgan-
isms in lignocellulosic hydrolysates are different, which are
strongly associated with inhibitory compounds generated
from diversified feedstock and pretreatment approaches
[20]. During pretreatment processes, various inhibitory com-
pounds are generated because of the partial over-degradation
of lignocellulose, which effects cell growth and metabolic
capacity of fermenting strains [21]. It has also been reported
that hemicellulose depolymerized into its monomeric con-
stituents, mainly xylose and their subsequent conversion into
value-added products via microbial fermentation. Dilute
acid hydrolysis is a well- established process for hemicel-
lulose depolymerization [22]. Sugarcane bagasse can be
hydrolyzed using dilute acid to obtain a mixture of sugars
with xylose as the major component [23, 24]. The compo-
sition of the different phenolic compounds-formed during
pretreatment varies and depends on plant source as well as
pre-treatment method. Generally, it is made up of phenolic
acids, phenolic aldehydes, phenolic alcohols, and phenolic
ketones, all of which are inhibitory to cells [25, 26]. Dilute
acid pretreatment targets the hemicellulose fraction of bio-
mass thereby liberating pentose sugars and also redistribut-
ing lignin as well as disrupting the crystalline structure of
cellulose fibrils thereby increment in porosity and overall
surface area of the treated material [27].

Furan aldehydes, 2-furylaldehyde (furfural) and
5-hydroxymethyl-2-furaldehyde (HMF) produced by the
dehydration of pentose and hexose sugars, respectively.
Aliphatic carboxylic acids, especially acetic acid produced
by the deacetylation of hemicellulose and lignin whereas
formic acid produced by the degradation of furans [28, 29].
2,6-Dimethoxyhydroquinone has been reported a recent
inhibitor in a hemicellulose hydrolysate [30]. Reaction time
influences xylose and furan derivatives concentrations in
hydrolysates but not phenolics or acetic acid content [31].
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The pretreatment with H,SO, is one of the widely employed
procedures for structural plant cell wall depolymerization
and solubilization of its sugars forming mainly xylose in
the hemicellulosic fraction and cellulignin [32]. Hydrolysis
of wheat straw hemicellulose generally produced xylitol. It
has been performed using a mixed solution of formic and
hydrochloric acid under which xylan can be hydrolyzed
effectively [33, 34]. Mardetko et al. (2018) [35] reported
bioethanol production from dilute-acid treated wheat straw
liquor hydrolysate by genetically engineered Saccharomyces
cerevisiae.

Fermentability of lignocellulosic hydrolyzate decreases
by retarding microbial fermentation due to the presence of
inhibitors released during hydrolysis. These inhibitors can
be removed by applying the proper detoxification process
[36]. Several detoxification methods such as neutralization,
overliming with calcium hydroxide, adsorption with acti-
vated carbon, ion exchange resins, laccase enzyme [37—40]
are known for removing various inhibitory compounds from
lignocellulosic hydrolysates.

Removal of volatile inhibitory compounds such as fur-
fural and hydroxymethyl furfural (HMF) has been achieved
overliming process [41]. The effects of overliming and
activated carbon (AC) detoxification on the removal of
inhibitors and butanol fermentation of the poplar hydro-
lysates were investigated. Overliming removed 75.6% of
furan derivatives and 68.1% of aromatic monomers. It also
removed 2,5-furandicarboxyaldehyde, 5-ethylfuran-2-car-
baldehyde and 2,5-hexanedione [42].The most significant
effect of overliming was a sharp decrease in the concen-
tration of furfural and hydroxymethylfurfural, whereas the
concentration of acetic acid remained unchanged along with
these, decrement in the total phenolic compounds were also
observed [43]. Detoxification with calcium hydroxide and
ammonia resulted in better fermentability. The treatment
of dilute acid lignocellulosics hydrolysates with calcium
hydroxide or carbonate (overliming) is known to improve
the fermentability of carbohydrate-rich hydrolyzate streams
[44, 45]. Multiple contaminants removed by the overliming
treatment were also identified [46]. Toxins generated during
acid hydrolysis of rice hulls were mitigated with Ca(OH),.
The treated hydrolysate was fermented with Escherichia coli
KO11 to produce ethanol with 92% of theoretical yield [17].
It has also been reported that phenol removal from urban
drinking water with powdered eggshell. The main compo-
nent of eggshell powder is calcium carbonate (CaCOj) [47].

Waste paper sludge is a residue material originating from
pulp mills. Paper sludge consists of mainly cellulose and
hemicellulose. Paper sludge, is believed to be one of the
most promising feedstocks for the production of bio-ethanol
and value-added chemicals [48, 49]. The newspaper contains
almost 61% cellulose and 16% hemicelluloses whereas office
paper contains around 90% cellulose [50]. The enzymatic
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hydrolysate of wastepaper was evaluated for its cellulase-
inducing capability. The wastepaper hydrolysate was found
to have cellulase inducing strength and to induce a complete
set of cellulase components. The hydrolysate was also con-
cluded to be a better soluble inducer than sophorose [51].
Acid hydrolysis of cellulose can be combined with hydro-
genation to produce sorbitol and mannitol [52]. Dilute acid
hydrolysis produced “hydro-cellulose,” a product with a
reduced degree of polymerization in cellulosic components.
It is known that strong mineral acids hydrolyze cellulose
more effectively than weak acids [53]. Franceschin et al.
(2010) [54] investigated the hot water pretreated waste paper
as a carbohydrate source for biofuel production. The present
paper describes the utilization of various hydrolysates as
carbon sources such as starchy (Wheat, Potato, and Rice),
Lignocellulosic (Boiled baggase, bagasse, wheat straw) and
cellulose based (waste newspaper hydrolysate) under liquid
state fermentation by fungal strains.

Experimental section
Materials

All the chemicals and reagents used to perform the experi-
mental work were of Himedia, Sigma Aldrich, and Merck
make. Trichoderma reesei NCIM 1186, Neurospora crassa
NCIM 1021 and Aspergillus niger 777 were procured from
National Chemical Laboratory, Pune. Separate sets of batch
experiments were carried out in 250 mL Erlenmeyer flasks
containing following production media in (g/L) Urea, 0.3;
(NH,),S0,, 1.4; KH,PO,, 2.0; MgSO,.7H,0, 0.3; Peptone,
1.0; Tween 80, 0.2; FeSO,.7H,0, 0.005; MnSO,.7H,0,
0.0016; ZnSO,.7H,0; 0.0014; CaCl,.2H,0; CoCl,.6H,0,
0.02; acid hydrolysates solution. Production media were
autoclaved and then inoculated with specific volume (g/L
cell dry weight) of potato dextrose and M, broth culture
solution of Trichoderma reesei, Aspergillus niger and Neu-
rospora crassa, respectively. A separate set of batch experi-
ments were performed to investigate the effect of boiled
baggase, bagasse, wheat straw, waste newspaper, and starch
hydrolysate. All the hydrolysates containing production
flasks inoculated with culture solution were placed in an
incubator shaker at 30 °C with 180 rpm for 5 days.

Methodology

Preparation of bagasse and wheat straw hydrolysates

Raw materials were collected from the local market.
Chopped and grounded bagasse and wheat straw of definite

particle size (850 pm) were used for the acid pretreatment.
Acid treatment of raw materials has been performed using

5, 10 and 20% H,SO, (v/v) solution with maintaining solid
to liquid ratio of about 1:20. Further, these solutions were
kept at room temperature for 1 h and then subjected to steam
treatment under pressure of 15 1b at 121 °C for 1 h dura-
tion. After steam treatment solutions, were cooled out and
filtered with muslin cloth. Due to acid treatment at a higher
temperature several toxic components were released in the
hydrolysates. To minimize the effect of toxic substances,
overliming process has been conducted. Calcium salt solu-
tion was used to perform overliming process. The hydro-
lysates were added into calcium salt solution and boiled for
1 h and kept it at room temperature for further an hour. The
resulting detoxified hydrolysates suspension was diluted
to 100 mL with distilled water and make up the resulting
solution pH at 7.0 with dilute NaOH solution. The resulting
solution which has been obtained under these treatments was
used in the production medium.

Preparation of waste news paper hydrolysates

The hydrolysates of waste newspaper were prepared by acid
digestion. Old newspapers (Times of India) were collected
from the local market. Before acid pretreatment, the deinking
process of the chopped and grounded waste newspaper has
been performed using effective chemicals and surfactants
(Tween-80). Deinked waste newspapers were further used
for the acid pretreatment. Acid treatment of WNP (waste
newspaper) has been performed using a 20-70% H,SO,
(v/v) solution with maintaining the definite solid to liquid
ratio. Waste newspaper was soaked in an acid solution at
room temperature for an hour. These solutions were cooled
out, filtered and make up the resulting solution pH at 7.0 by
dilute NaOH solution. The resulting hydrolyzates were used
in the production medium.

Preparation of starch hydrolysates

Acid pretreatment of starches was carried out using a 2% and
5% HCI (v/v) solution. 10 g of wheat, potato, and rice starch
powdered biomass were taken separately; further 40 mL of
diluted HCI solution with specific strength was added to
maintain the slurry of about 25%. Afterward, starch slurries
were subjected to steam treatment under a pressure of 15 psi
at 121 °C for 1 and 3 h time duration separately. The treated
starch slurries were used in the production medium as pure
hydrolyzates.

Inoculum development
For inoculum development separate experiment was per-
formed in 250 mL Erlenmeyer flasks containing 100 mL of

potato dextrose broth (PDB) medium (In g/L peeled potato,
200; dextrose, 20; and yeast extract, 0.1) and M, broth
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medium (In g/L Glucose, 10; Glycerine, 10; Yeast extract,
5; KH,PO,, 0.3; MgS0,.7H,0, 0.1) each, in which five loop-
full cultures of mycelial conidia were added and shaken at
180 rpm at 30 °C in an incubator shaker for 3—4 days [55].
A definite volume of prepared cultures in broth suspension
was used as inoculum for further production studies.

Dry weight determination

5.0 mL of culture solution was taken from potato dextrose
and M, broth medium. It was then filtered on a dried and
preweighed Whatman filter paper No 1. Further, the solids
collected were washed thoroughly with cold distilled water
and subsequently with 5.0 mL of 0.9% sterile saline solu-
tion. The filter containing mycelium residue was then dried
for 24 h at 105 °C until attainment of constant weight and
weighed. The determination of fungal growth by cell dry
weight was expressed as the mean of three independent
readings.

Preparation of production media

Four types of production medium were used for production
studies. (I) Normal basal salt media was used for production
studies having the following constituents (g/L): urea, 0.3;
(NH,),S0,, 1.4; KH,PO,, 2.0; MgS0O,.7H,0, 0.3; peptone,
1.0; Tween 80, 0.2; FeSO,.7H,0, 0.005; MnSO,.7H,0,
0.0016; ZnSO,.7H,0; 0.0014; CaCl,.2H,0; CoCl,.6H,0,
0.02. (IT) Modified basal salt media, in which 5% (w/v)
untreated starch were incorporated in the earlier described
production media separately. (II) Modified basal salt media,
in which 50% (v/v) dosages of boiled bagasse, bagasse
hydrolysate, wheat straw hydrolysate, and waste newspa-
per hydrolysate solution were incorporated in the earlier
described production media separately. (IV) Modified basal
salt media, in which 10% (v/v) dosages of potato, wheat,
and rice starch hydrolysate solution were incorporated in the
earlier described production media separately.

Submerged fermentation

Separate set of batch experiments were carried out in 250 ml
Erlenmeyer flasks containing 100 ml of production media
having components in (g/L) Urea, 0.3; (NH,),SO,, 1.4;
KH,PO,, 2.0; MgSO,.7H,0,0.3; Peptone, 1.0; Tween80, 0.2;
FeS0O,.7H,0, 0.005; MnSO,.7H,0, 0.0016; ZnS0O4.7H,0;
0.0014; CaCl,.2H,0; CoCl,.6H,0, 0.02; hydrolysates solu-
tion (v/v). Flasks containing production media were auto-
claved, cooled and then inoculated with specific volume
having (0.56 g/L cell dry weight) of Potato dextrose and M,
broth culture solution of respective strains. The autoclaved
and inoculated flasks were placed in incubator shaker at
30 °C with 180 rpm for 5 days.
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Extraction of enzyme

The fermented sample was then filtered and the crude extract
obtained was centrifuged at 6000 rpm. The resulting super-
natant was stored and used as an enzyme source. All extrac-
tions were conducted in duplicate.

Filter paper activity (FPA)

Filter paper activity (FPA) was determined by the method
recommended by Ghose (1987) [56]. As follows: 0.5 mL
of culture supernatant was added to 1 mL of 0.05 M citrate
buffer, pH 4.8 and filter paper (50 mg, Whatman filter paper
no#l), mix well and incubated at 50 °C for 60 min. The
enzymatic reaction was terminated by the addition of 3 mL
dinitrosalicylic acid reagent (DNSA). All reducing sugar
determinations were performed by the 3,5-dinitrosalicylic
(DNS) method at 540 nm. One unit of enzyme activity was
defined as the amount of enzyme that released 1 pmol of
reducing sugar equivalent to glucose/min under the assay
conditions.

Carboxymethyl cellulase activity (CMCase)

Carboxymethyl cellulase activity was determined by the
method recommended by Ghose (1987) [56], as follows
0.5 mL of culture supernatant, diluted with citrate buffer
was added to 1 mL 2% carboxymethyl cellulose solution
prepared in 0.05 M citrate buffer, pH 4.8, mix well and incu-
bated at 500 °C for 30 min. The enzymatic reaction was ter-
minated by the addition of 3 mL dinitrosalicylic acid reagent
(DNSA). All reducing sugar determinations were performed
by the 3,5-dinitrosalicylic (DNS) method at 540 nm.

Results and discussions

Effect of starch hydrolysates on the growth of fungal
strains under submerged cultivation

To investigate the role of starch hydrolysates in cellulase
production, a separate set of experiments was performed.
Pretreatment of starches was performed by taking 2% and
5% HCI with varying pretreatment time of 1 and 3 h. From
the above experimental observation, we found that after
hydrolysis potato and wheat starch becomes more soluble
than rice starch. 2% HCI treatment was more favorable than
5% HCI for starch hydrolysis.

Under 5% HCI treatment overhydrolysis of starch mol-
ecules occurred, upon increasing the pretreatment time,
the condition becomes more extreme and unfavorable for
a microbial system, as the essential components or sugars
present in the starch solution were destroyed or burnt out.
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Pretreatment of wheat starch with 2% HCI having pretreat-
ment time of 1 h was found most suitable for the microbial
growth in comparison to higher acid dosages with higher
pretreatment time. Therefore, 5% HCl treated starch with 3 h
pretreatment time was unsuitable for the microbial growth
as has been observed from Table 1.

Effect of starch hydrolysates on cellulase production
under submerged fermentation

Individual sets of batch experiments have been performed
to study the effect of untreated as well as 2% and 5% HCI
treated wheat starch hydrolysate as carbon source on cellu-
lase production by various fungal strains under submerged
cultivation at 180 rpm. Maximum cellulase activities (IU/
mL) in terms of FPA and CMCase attained by T.reesei,
N.crassa and A.niger were 1.40, 1.24; 0.184, 0.375; 0.118,
0.849, respectively, under 2% wheat starch hydrolysate-
based fermentation medium. It was observed from Figs. 1

and 2 that fungal strains produce significantly higher cel-
lulase activities under 2% HCI treated wheat starch hydro-
lysate-based fermentation medium as compared to untreated
and 5% HCl treated one. This may be presumably due to the
release of some dimeric sugars (sophrose) in the hydrolyz-
ates, which induces more cellulase production rather than
growth enhancement. The inducing ability of the acid-hydro-
lyzed starch may be attributed to the reversion product of
glucose. By increasing the acid strength, resulting in more
reversion products of glucose in the hydrolyzates, which
are responsible for the induction capability of the starch.
But when the starch is over hydrolyzed, other byproducts
may be generated, which might have served as inhibitors
for cellulase production [11, 57]. When compared, the
effectiveness of wheat starch hydrolysates for various used
fungal strains than it has been observed that T reesei and A.
niger performed much better in terms of cellulase activity
under wheat starch hydrolysate-based fermentation medium
as compared to N.crassa fungal strain. Wheat hydrolysate

Table 1 Visual observation of fungal growth under acid pretreated wheat, potato and rice hydrolysates containing production media by at 48 h of

incubation period under submerged cultivation

Starch type Acid Pretreat- Growth of Trichoderma reesei Growth of Aspergillus niger Growth of Neurospora crassa
treatment ment time  (starch hydrolysate-based (starch hydrolysate-based (starch hydrolysate-based
dosages (h) medium) medium) medium)

Potato 2% HCl 1 Very good growth Very good growth Good growth

3 Good growth Very light growth Light growth
5% HCl 1 Very light growth Very light growth Very light growth
3 Least growth Not suitable Not suitable
Wheat 2% HCl 1 Good growth Good growth Good growth
3 Very light growth Very light growth Good growth
5% HCl 1 Very light growth Very light growth Very light growth
3 Not suitable Not suitable Not suitable
Rice 2% HCl 1 Good growth Moderate growth Very light growth
3 Very light growth Very light growth Least growth
5% HCl 1 Least growth No growth Least growth
3 Not suitable Not suitable Not suitable

Fig. 1 FPA (IU/mL) activity
achieved by various fungal
strains under acid treated starch
hydrolysate-based fermentation
medium at 30 °C and pH 5.0.
WSH wheat starch hydrolysate,
UTR untreated, HYL hydro-
lysate, UTWS untreated wheat
starch, UTPS untreated potato
starch, UTRS untreated rice
starch, Actr acid treated
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Fig.2 CMCase (IU/mL) activ- 1.4
ity achieved by various fungal

strains under acid treated starch 1.2
hydrolysate-based fermentation

medium at 30 °C and pH 5 1

0.8

CMCase(IU/mL)

UTWS

WSH

contained a glucose-rich solution with potential nutrients,
therefore, it is a prospective supplement for the bioconver-
sion process [58].

On the other hand maximum cellulase activities (IU/mL)
in terms of FPA and CMCase attained by T.reesei, N.crassa
and A.niger were 0.802, 0.670; 0.275, 0.543; 0.121, 0.567,
respectively, under 2% potato starch hydrolysate-based fer-
mentation medium. It has been observed from Figs. 1 and
2 that N.crassa showed higher cellulase activities under
potato starch-based fermentation medium compared to
wheat starch-based medium, whereas T.reesei and A. niger
showed somewhat lower cellulase activity under potato
starch hydrolysate-based medium as observed from which
might be due to the fact sugars released after hydrolysis are
growth-inducing nature rather than cellulase induction for
T.reesei and A. niger system.

Maximum cellulase activities (IU/mL) in terms of FPA
and CMCase attained by T reesei, N.crassa and A.niger were
1.01, 0.797; 0.186, 0.390; 0.174, 0.895, respectively, under
2% rice starch hydrolysate-based fermentation medium as
shown by Figs. 1 and 2. A. niger showed higher cellulase
activities under rice starch hydrolysate-based fermentation

2%Actr S5%Actr
WSH PSH PSH RSH RSH

H T.reesei
0.6 M N.crassa
0.4 | A.niger
Nl h L
0 | I = =y IS} 11§

UTPS 2%Actr 5%Actr UTRS 2%Actr S5%Actr

medium compared to wheat and potato starch hydrolysate,
whereas N.crassa showed somewhat lower cellulase activity
under rice starch hydrolysate-based medium.

Effect of bagasse and wheat straw hydrolysates
on the growth of fungal strains under submerged
cultivation

To study the effects of bagasse and wheat straw hydrolysates
on the growth and production system of fungal strains, acid
pretreatment of bagasse and wheat straw have been per-
formed with 5%, 10% and 20% H,SO, (v/v) solution with
maintaining the solid-liquid ratio of 1:25 and 1:20, respec-
tively. Detoxification of acid hydrolysates was performed by
overliming process. Over-liming, considered as a promis-
ing detoxification method for dilute sulfuric acid-pretreated
hydrolysate of lignocellulosic biomass [59].The resulting
detoxified hydrolyzates were used in the production medium
as pure hydrolyzates. Growth of Trichoderma reesei has
been observed in the form of tiny and minute filament under
pure hydrolyzate system as evident from Table 2. Distinctly
longer lag phase ~20 h were observed in the cell growth

Table 2 Visual observation of growth of various used fungal strains under acid pretreated bagasse and wheat straw hydrolysates containing pro-
duction media at 48 h of incubation period under submerged cultivation

Waste biomass ~ Acid treatment dosages ~ Growth and production  Trichoderma reesei Aspergillus niger growth Neurospora crassa

medium growth growth
Wheat straw 5% H,SO, Pure wheat straw Good growth Very good growth Good growth
hydrolysate-based
10% H,SO, Pure wheat straw Moderate growth Good growth Moderate growth
hydrolysate-based
20% H,SO, Pure wheat straw Not suitable Not suitable Not suitable
hydrolysate-based
Bagasse 10% H,SO, Pure bagasse hydro- Good growth Moderate growth Good growth
lysate-based
20% H,S0, Pure bagasse hydro- Not suitable Not suitable Least growth

lysate-based
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under hydrolysate-based medium presumably because of
the presence of hydrolysis by-products. On the other hand
growth of A.niger was observed in the form of smaller round
shaped beads, whereas N.crassa showed diminished growth
under hydrolysate-based production medium. 20% H,SO,
treated wheat straw and 10% H,SO, treated bagasse was
found quite unsuitable for the growth as compared to lower
acid dosages as observed from Table 2.

Effect of boiled bagasse syrup on cellulase
production under submerged fermentation

Individual sets of batch experiments have been performed
to study the effect of boiled bagasse syrup a carbon source
on cellulase production by various fungal strains under sub-
merged cultivation at 180 rpm. Maximum cellulase activities
(IU/mL) in terms of FPA and CMCase attained by T.reesei,
N.crassa and A.niger were 0.841, 0.709; 0.142, 0.187; 0.080,
0.298, respectively, under boiled bagasse syrup-based fer-
mentation medium. It was observed from Figs. 3 and 4 that
Trichoderma reesei produces significantly higher cellulase

Fig.3 FPA (IU/mL) activity 0.9
achieved by various fungal
strains under boiled bagasse 0.8
syrup, bagasse and wheat straw 0.7
hydrolysate-based fermenta-
tion medium at 30 °C and pH 0.6
5. BBS boiled bagasse syrup, f’—;f
BH bagasse hydrolysate, WSH = 0.5
wheat straw hydrolysate 3 0.4
&
0.3
0.2
0.1
o
Fig.4 CMCase (IU/mL) activ- 0.8
ity achieved by various fungal
strains under boiled bagasse 0.7

syrup, bagasse and wheat straw
hydrolysate-based fermentation
medium at 30 °C and pH 5

CNMCase(IU/mL)

i

activities as compared to N.crassa and A.niger under boiled
bagasse syrup-based fermentation medium. This might be
due to the release of superficial sugars such as sucrose in the
medium, which induces the cellulase production as well as
growth enhancement. Autohydrolysis or hot water extrac-
tion mainly focused on the removal of the hemicellulose
barrier. It also allows the recovery of a significant portion
of hemicellulose as sugars. It also produces a cellulose-rich
solid with increased digestibility [60].

Effect of bagasse hydrolysates on cellulase
production under submerged fermentation

An individual set of batch experiments have been performed
to study the effect of bagasse hydrolysates used separately
as pure hydrolysate (carbon source) on cellulase produc-
tion by various fungal strains under submerged cultivation at
180 rpm. Maximum cellulase activities (IU/mL) in terms of
FPA and CMCase attained by T.reesei, N.crassa and A.niger
were 0.813, 0.601; 0.125, 0.146; 0.059, 0.306, respec-
tively, under 10% acid-treated bagasse hydrolysates-based

\!

BH(10%)

M| T.reesei
| N.crassa

m A.niger

L

BH(20%) WSH(5%) WSH(10%)

m T.reesei
B N.crassa

u A.niger

BH(10%) BH(20%) WSH(5%)  WSH(10%)
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fermentation medium. It was observed from Figs. 3 and 4.
that Trichoderma reesei produces significantly higher cel-
lulase activities as compared to N.crassa and A.niger under
bagasse hydrolysates-based fermentation medium. This
might be because acid hydrolysis of bagasse may release C-6
and C-5 sugars such as glucose, xylose, arabinose, mannose,
galactose, as well as few dimers (cellobiose) and oligosac-
charides. In all the released sugars, few ones are involved
in the enhancement of fungal growth as well as others can
induce fungal system for cellulase production. In bagasse
hydrolysate, there may be the possibility of releasing more
hemicellulose degradation products such as xylose and ara-
binose as compared to others, which ultimately affects the
fungal growth and cellulase production system of different
fungal strains. Xylose is also known to induce cellulase syn-
thesis, although not as effectively as cellulose. The nonglu-
cose sugars present in the hydrolysates also facilitated the
induction of cellulase synthesis. Available literature shows
that acid attacks especially on hemicelluloses portion of raw
materials than cellulose and lignin. Hydrolysates with less
than 20% of oligomers supported active cellulase biosyn-
thesis [61, 62].

Effect of wheat straw hydrolysates as carbon
source on cellulase production under submerged
fermentation

Individual sets of batch experiments have been performed
to study the effect of wheat straw hydrolysate used sepa-
rately as a carbon source for cellulase production by vari-
ous fungal strains under submerged cultivation at 180 rpm.
Maximum cellulase activities (IU/mL) in terms of FPA and
CMCase attained by T.reesei, N.crassa and A.niger were
0.568, 0.522; 0.045, 0.091; 0.047, 0.257, respectively,
under 5% acid-treated wheat straw hydrolysates-based fer-
mentation medium. It was observed from Figs. 3 and 4 that
Trichoderma reesei produces significantly higher cellulase
activities as compared to N.crassa and A.niger under bagasse
hydrolysates-based fermentation medium. The decremen-
tal rate of enzyme activities was somewhat higher in the
case of N.crassa followed by A. niger under wheat straw
hydrolysate-based fermentation medium.

When compared to the enzyme activities attained by fun-
gal strains under wheat straw and bagasse hydrolysate-based
fermentation medium, it has been observed that bagasse
hydrolysate-based medium was found much suitable for
growth and production system of fungal strain compared
to wheat straw hydrolysate. 20% H,SO, treated wheat straw
and 10% H,SO, treated bagasse were found quite unsuitable
for the growth and cellulase production by fungal strains,
which might be due to the fact that under higher acid dos-
ages overhydrolysis of monomers, dimmers, and oligomeric
sugars are taking place which discharges certain inhibitory,
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toxic, noxious and lethal components. In conclusion, despite
the potentially inhibitory effects, the hydrolysates supported
cell growth and induced active cellulase biosynthesis.

Effect of waste newspaper hydrolysates as carbon
source on cellulase production under submerged
fermentation

To investigate the effect of waste newspaper hydrolysates
as carbon source on cellulase production under submerged
fermentation separate set of experiments have been per-
formed with utilizing 20, 30, 40, 50 and 70% acid (H,SO,)
treated waste newspaper hydrolysate. Newspaper was the
second inducer of cellulase enzyme and found to be the best
for releasing maximum reducing sugar and saccharification
[50]. Carbohydrates, organic acids, furfural, and 5-HMF
were not detected in the liquid fraction after acid pretreat-
ment, probably due to the moderate conditions in this step
(50 °C, 150 rpm, duration 3 h).

It has been observed from Figs. 5 and 6 that 40% acid-
treated waste newspaper was found much more suitable
for cellulase production by fungal strains as compared to
higher acid dosages. Maximum cellulase activities (IU/mL)
in terms of FPA and CMCase attained by T.reesei, N.crassa
and A.niger were 0.986, 1.04; 0.216, 0.390; 0.121, 0.605,
respectively, under 40% acid-treated waste newspaper
hydrolysates-based fermentation medium. Trichoderma ree-
sei showed higher cellulase activities followed by N.crassa
under such fermentation medium this might be because acid
hydrolysis of waste newspapers released sophrose, cellobi-
ose, xylose, glucose, etc., which may induce the cellulase
production by fungal strains. Inducers derived from the
waste newspaper (or discarded office paper) were investi-
gated for their use in cellulase production by 7. reesei. Par-
tially enzymatically saccharified newspaper was found to be
most effective [63, 64].

Conclusion

Acid-hydrolysed starch was found to be the most effective
for cellulase production. Waste papers are also suitable
and potentially cheap resources for sustainable produc-
tion of value-added products. Utilization of bagasse and
wheat straw hydrolyzates for growth and production is a
better approach for the complete utilization of waste raw
material. As the pretreated solid waste biomass used as
solid bed under solid-state fermentation and on the other
hand remaining liquid residue in terms of hydrolyzates
can also be used for cellulase production under submerged
fermentation system, which revealed the complete utili-
zation of sugars present in the waste lignocellulosic bio-
mass. 2% acid-treated starch hydrolysate was found a quite
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effective inducer for cellulase production by most of the
fungal strain, in between starch hydrolysates wheat starch
hydrolysate was found quite effective for cellulase produc-
tion followed by rice starch hydrolysate. When compared
the cellulase activity produced by fungal strains under
lignocellulosic hydrolysate, boiled bagasse syrup, as well
as bagasse hydrolysate were found much effective for cel-
lulase production as compared to wheat straw hydrolysate.
40% acid-treated waste newspaper hydrolysate was found
quite effective for cellulase production as compared to
other treatment dosages under liquid state fermentation.
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